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LOI CAM POAN

T6i xin cam doan luan an: “Nghién ceu nudi cay ré thir cap sam Ngoc Linh
(Panax vietnamensis Ha et Grushv.) va khao sat anh hwéng cia mét sé elicitor
Ién sw tich lity saponin” la c6ng trinh nghién ctu cua t6i dugc trg gilp cua cac
cong su dudi huéng dan cua GS.TS. Duong Tan Nhut va GS.TS. Nguyén Hoang
Loc. Luan an duoc hd trg kinh phi va diéu kién trang thiét bi tir cac dé tai caa phong
Sinh hoc Phan tir va Chon tao gidng cay trong thudc Vién Nghién ciu Khoa hoc
Tay Nguyén, cung véi su hd tro cia Trung tim Sam va Duoc liéu Thanh phé Hb
Chi Minh va Truong DPai hoc Khoa hoc — Dai hoc Hué. Céc sé liéu trong luan an
nay ciing la mot phan két qua cua cac dé tai da va dang thuc hién tai Vién Nghién
cttu Khoa hoc Tay Nguyén. Tbi xin cam doan nhiing két qua va sb liéu trong luan
an nay hoan toan trung thuc va chua duoc cong bé dudi bat ky hinh thac nao. Toi

xin hoan toan chiu trach nhiém truéc Nha truong vé 101 cam doan nay.

Da Lat, ngay 07 thang 09 nam 2017

Tac gia

Nguyén Thi Nhat Linh



LOI CAM ON

Trong bién kién thtc bao la, t6i dd thuc sy tim dwoc con thuyén Ion dé theo
dudi dam mé nghién ctru khoa hoc. Véi vai tro dau tau, Thay, GS.TS. Duong Tan Nhuyt
da chéo 141, hudng dan va gitp d& biét bao nhiéu thé hé sinh vién tién dén voi uéc mo
va gat héi thanh cong trong cudc sdng va trén con duong nghién ciu khoa hoc phuc vu
cho sy phat trién cua nudc nha. Cam on Thay luén tan tinh huéng dan, truyén dat nhiéu
kinh nghiém quy bau, ciing nhu khéng ngimg giup d& dé t6i hoan thanh duoc luan an
nay.

Dé hoan thanh luan &n nay, tdi xin tran trong g 10i cam on siu sic dén Thay
GS.TS. Nguyén Hoang Loc da goi ¥ va chi dan nhitng huéng méi cho nghién cuau,
cling nhu d ludn nhic nhd dé tdi hoan thanh tét chwong trinh hoc va luan an.

Toi xin gui 16 cam on dén tit ca quy Thay, C6 Khoa Sinh hoc va phong Pao
tao Sau Dai hoc, Truong Pai hoc Khoa hoc, Pai hoc Hué da tao diéu kién va gitp d&
t0i trong nhitng nam hoc vira qua.

Xin gui 16 cam on dén Ban lanh dao va cac c¢d chd, anh chi tai Vién Nghién
ctu Khoa hoc Tay Nguyén va Trung tdm Sam va Duoc liéu thanh phé Ho Chi Minh da
cho t6i co hoi thuc hién nghién ctru tai day. Pac biét, tdi xin cam on cac anh, chi Phong
Sinh hoc Phan tir va Chon tao Gidng Cay trong da truc tiép hudng dan t6i trong thoi
gian qua. T6i xin cam on anh Nam, anh Luan, anh Huy, chi Hién, chi Phuong, Tung va
Chién da tan tinh gitip d& toi nhu nhitng nguoi than trong gia dinh.

Thoi gian gap tuy ngan ngaii nhung cac ban sinh vién, hoc vién thuc tap tai Vién
Nghién ciu khoa hoc Tay Nguyén va Truong DPai hoc Khoa hoc — Pai hoc Hué da cho
t6i 4n tuwong rt sdu sic bai long nhiét tinh véi cong viéc cua cac ban va da tao cho toi
nhiéu niém phan khoi dé thuc hién tét luan an. Toi xin cam on sy giup d& ciia cac ban
trong thoi gian qua.

Pé 6 thé hoan thanh tot luan an nay, toi cling xin giri 101 cam on dén anh Thuc,
anh Hiéu, Kim Cuong, Vin Cuong va Tam ludn sat canh bén t6i va khong nging hd
tro va giup do téi mac cho nhirng kho khan va cach tro.

Du ¢ kho khin hay that bai va d6i ltc nan 10ng, gia dinh cling ludn 1a diém tya
viing chic giup con vuot qua nhimg khé khin va thtr thach trong cudc doi. Con xin
cam on B, Me, nhiing nguoi Thay dau tién, d diu dit con vao doi, va cho du kho
nhoc dén dau nhung van ludn ludn tao cho con nhing diéu kién tot nhat dé khong thua
kém vai ban bé cung trang lra. Con Xxin cam on ca nha da luén luén ung hg, dong vién
va d& dan cho con!

Da Lat, ngay 09 thang 07 nam 2017
Tac gia

Nguyén Thi Nhat Linh
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PAT VAN PE

Vietnamese ginseng, mot céi tén quen thudc duoc thé gidi dung dé goi tén mot
loai sam dac hiru cua Viét Nam, sam Ngoc Linh (Panax viethamensis Ha et
Grushv.). Ké tir khi duoc phat hién nam 1973 tai ndi Ngoc Linh thudc huyén Dic
T6 tinh Kon Tum, loai sdm nay da duoc nghién ciru va cho thay c6 chtra nhiéu duoc
chat hon so véi cac lodi khac cung thudc chi nhan sam [7]. Ngoai 26 hop chat
saponin tuong ty sam My va sam Triéu Tién, trong sim Ngoc Linh con phat hién
dugc hon 20 loai saponin khac nhu majonoside R1-2, vinaginsenoside R1-11 va cac
saponin khac thuoc nhom glycoside [119]. Nhirng saponin quy nay c6 tac dung boi
bo suc khoe, tang cuong sinh luc, diéu hoa huyét ap, chéng oxy hoa, phong chong
ung thu, chéng l40 hoa, kich thich hé mién dich, diéu trj cac bénh st rét, tram cam,
gan, than va tiéu duong,... [119]. Loai sdm quy va cd gié tri kinh té cao nay tuy
thuoc danh muc sach do can dugc bao tén, nhung bi khai thac qua mac ngoai tu
nhién. Hon nita, viéc sir dung cac hop chat tir sim Ngoc Linh vao san xuit duoc
pham van con gap rat nhiéu kho khan vi sim Ngoc Linh khé nudi trong va nhan
rong, dé thu hoach dugc phai can it nhat 6-7 nam.

Pén nay, nudi cay ré duoc xem la mot giai phap thay thé day tiém nang dé thu
nhan hoat chat tha cap tir lodi sdm quy hiém ndy, do kha niang san xuat 6n dinh
dugc mot luong 16n sinh khdi sach trong thai gian ngan. Phé bién nhat 1a nudi cay
ré bat dinh (RBD) phat sinh tir truc than hay nhitng md va co quan khéac nhau cua
thuc vat [9][116]. Khi cdy chuyén céc ré ndy sang méi truong c6 ham lugng auxin
cao, c4c ré thi cap (RTC) hinh thanh, tuy nhién, kha ning nay con phu thuoc vao
ting diéu kién nudi cay va thanh phan méi truong [9][10][16][130].

Trong nudi cay ré sam in vitro, viéc gay kich khang hay bo sung cac elicitor
gitp ting dang ké kha nang tich lily cac hop chat tha cap trong qué trinh nhan
nhanh sinh khéi ré [138]. Nudi cay ré sdm Ngoc Linh in vitro, di méi truong giau
dinh dudng gidp ré phét trién nhanh, nhung ham luong saponin phén tich dugc rat
thap. Hon nita, qua trinh tich liy mot s6 chat khdng dién ra do thiéu mét sb yéu tb

kich khang, din dén ham lugng saponin noi sinh thap hon so véi ré thu ngoai ty



nhién, vi du nhu luong saponin thu duoc & nudi cdy ré P. ginseng chi bing 1/3 so
véi trong ngodi tu nhién [130]. Ké tir khi cac stress do su thay ddi vé &nh séang,
nhiét d6 hay tac dong tir cac tdc nhan gay hai cdy trong duoc phét hién l1am kich
thich tich liiy cac hop chat thir cap thong qua con dudng truyén tin hiéu cua cac
elicitor. Ttr d6, cac elicitor nay dwoc nhan dién boi cac thu thé nam & mang té bao
va tao ra cac tin hiéu tha cip nhu jasmonic acid (JA), salicylic acid (SA), abscisic
acid (ABA),... lan luot kich hoat biéu hién cac gen phong vé, ddng thoi sinh tong
hop cac hop chat thtr cap [134]. Tur do, nhiing elicitor da duoc tng dung rong réi
vao nudi ciy dé gia ting hoat chat saponin trong nuéi cy nhiéu loai nhan sam [40].
Vi du: nhu trong nudi cdy RBD P. ginseng, chi véi 0,2 mM methyl jasmonate
(MeJA) di gia tang lugng ginsenoside lén gap 4 lan [40].

Vi loi ich to 16n cua cac elicitor trong viéc tang cuong kha nang tich 1y cac
hop chat saponin trong nudi cay in vitro, viéc nghién ctu anh huong cua elicitor
vao nudi cdy RTC sam Ngoc Linh 14 rat can thiét. Tuy nhién, cac nghién cau st
dung céc elicitor trén ddi twong s&m Ngoc Linh con rat han ché, dic biét trén nudi
ciy tao RTC tir nguén RBD in vitro 1a chua c6. Ung dung elicitor trén d6i tuong
sam Ngoc Linh chi duoc 4p dung trong nudi ciy tao md seo bang MeJA va gan day
nhat la trén nudi cay ré chuyén gen [13][10]. Tuy nhién, cac nghién ctu nay méi
nghién ctiru cha yéu 3 elicitor tin hiéu (ABA, MeJA va SA), chua khao sat dugc thoi
gian xu ly elicitor thich hop, ciing nhu tac dong két hop gitra cé4c elicitor, hay vai tro
diéu hoa ciia c4c gen va cac enzyme lién quan dén con dudng sinh tong hop saponin.
Do vay, két qua kich khang bang elicitor trong nudi cay sim Ngoc Linh van chua
thuc sy hiéu qua. Chinh vi thé, « Nghién ciru nudi cay ré thir cap sam Ngec Linh
(Panax viethnamensis Ha et Grushv.) va khao sat anh hwéng ctia mét sé elicitor
lén su tich liiy saponin” di duoc thuc hién nham t6i uvu hoa cac yéu té quyét dinh
dén qua trinh hinh thanh va ting truong RTC trong nudi cay in vitro RBP sam
Ngoc Linh. Tir d6, nguén RTC tét nhat dé danh gia tac dong cua céc elicitor khac

nhau 1én kha nang tang cuong ham lugng cac saponin.



Muc tiéu cia lugn an

Xac dinh dugc didu kién nudi cdy va méi trudng thich hop dé RBD cua sam
Ngoc Linh phét trién va hinh thanh nhiéu RTC, tir d6, c¢6 duoc ngudn sinh khéi 16n
va on dinh dé nhan nhanh sinh khéi r& sam Ngoc Linh trong hé théng nudi ciy c6
dung tich 16n nhu Bioreactor.

Xéc dinh dugc cac loai, ndng d6 cua cac elicitor khac nhau Ién qué trinh san
Xuit ba saponin (MR2, Rgl va Rb1) quan trong c6 trong RTC sdm Ngoc Linh in
vitro théng qua 5 loai elicitor (SA, JA, ABA, CHN va YE) hién cé tai phong thi
nghiém. Sau dé, tién hanh két hop céc elicitor c6 nguon géc khac nhau dé nang cao
hiéu qua san xuét saponin, ddng thoi tim dugc thoi diém thich hop dé bd sung céc
elicitor nay vao nudi cdy RTC sam Ngoc Linh tir RBD in vitro.

Cong bé dugc nghién ciu nay trén nhitng tap chi khoa hoc dé gidp nghién ciu
duoc ung dung vao thuc tién.
Y nghia khoa hoc

Nghién cizu nay cung cap cac dan liéu khoa hoc méi c6 gia tri vé cac nghién
ctru phét sinh hinh thai ré, nhan nhanh sinh khéi va tang cuong tich lily cac hop chat
saponin trong cac nudi cidy RTC tir RBP sam Ngoc Linh va cac loai cing chi nhan
sam hay céc cay tuong tu.

Thiét lap duoc nhitng phuong phap nghién ciu hinh thai ré in vitro, mo té
bao hoc va phan tich dinh lugng va dinh tinh ham lwong saponin c6 trong mau cay.
Poéng thoi luan an ciing 1a tai liéu tham khao hiru ich cho viéc nghién ctu va giang
day vé linh vuc chuyén hoa tht cap, sinh Iy thuc vat va nudi cdy mé té bao thuc vat.
Y nghia thuc tién

Luan &n thiét 1ap duoc méi truong nudi cdy, diéu kién nudi cdy va hé théng
nudi cay téi wu cho RBD sam Ngoc Linh ting sinh va tao nhiéu RTC trong thoi
gian ngan nhat. Pong thoi, nang cao duoc chat lwong ré thdng qua viéc sir dung cac
elicitor dé tang ham luwong cac saponin ndi sinh (MR2, Rgl va Rb1). Két qua nay c6
thé &ng dung vao san xuit sim Ngoc Linh trén quy md 16n nham giai quyét van dé

khan hiém ngudn nguyén liéu.
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CHUONG 1: TONG QUAN TAI LIEU

1. GIOI THIEU VE SAM NGQC LINH
1.1. Nguén gdc va lich sir phat trién

Sam Ngoc Linh 1a mot loai sam dac hitu cua Viét Nam, chi song trén viing nui
cao thuoc hai tinh Kon Tum va Quang Nam. Hién nay, sam Ngoc Linh duoc ca thé
gidi biét dén bai nhitng dic tinh va thanh phan vuot trai so véi mot sb loai sam noi
tiéng khac nhu sam Triéu Tién (P. ginseng C.A. Meyer), sam My (P. quinqueflium),
sam tam that (P. pseudo-ginseng (Burk). RH. Chen),... [89]

Sam Ngoc Linh 1a méot “phuong thudc giau™ cua nguoi dan toc Xé Pang song
dudi chan nii Ngoc Linh chi mat truyén dung dé chita tri cho dan lang tranh khoi
bénh tat noi rirng sau, ndi hiém; nhung dén nhitng nim khang chién chéng Phép, bi
mat vé cay "thudc giau™ bat dau duoc hé 16. Khi bi mat nay duoc moi ngudi biét tai,
cay sam quy nay da bi khai thac 6 at va dan dén nguy co gan nhu 1a tuyét ching
[12][13]. Ndm 1973, doan diéu tra dugc liéu Ban Dan Y khu 5 do duoc sy Dao Kim
Long va Nguyén Chau Giang huéng dan da phat hién dugc mot loai nhan sam hiém
moc thanh quan thé & d6 cao 1800 m tai ving Pic Lay, huyén Dic T, tinh Kon
Tum va dat tén 1a “sam D6t tric” véi tén khoa hoc so bo xac dinh 1a P. articulatus
L., ho nhan sam (Araliaceae) [7]. Nam 1985, trén co sé tiéu ban mau chuan (Typus)
va céc s6 liéu thyuc vat hoc cua Trung tam sam Viét Nam cung cap, Ha Thi Dung va
Grushvisky (1985) da xac dinh va chinh thizc cong bo tén khoa hoc ciy sam Dot
trdc 1a Panax vietnamensis Ha et Grushv., duoc cdng bé tai Vién Thuc vat Kamarov
(Lién X0 cti) [8]. Ngoai ra, loai sam nay con dugc goi la s&m Ngoc Linh, sam Khu
nam (K5), thudc giau Xé Pang hay sam Viét Nam va c6 tén qubc té 1a Vietnamese
ginseng [13]. Pay 1a mot loai sam mai cua thé gigi thuoc chi Panax L. véi nhiing
dic diém riéng biét vé hoa, qua va hat [8].

Niam 1974, qua bao céo cua dugc sy Nguyén Thoi Nham vé két qua phan tich
so bo thanh phan hda hoc cay sam K5 so véi cay sam Triéu Tién va sam Tam that.
Khu ty khu 5 dd cho bao vé chit ché ving sam nay va ciing tir ddy sam K5 duoc st

dung dé chira bénh cho cac thuong bénh binh, can bo va nhan dan [8][13].



1.2. Pic diém hinh thai va sinh truwéng

Hinh 1.1. Cay sam Ngoc Linh sinh truéng va phat trién tir ngudn cay gidng in vitro
cua Vién Nghién ctru Khoa hoc Tay Nguyén [13].

Sam Ngoc Linh truong thanh c¢6 dang than khi sinh thiang ding, mau luc
hoac hoi tim, nho véi duong kinh than khoang 4-8 cm, thuong tan lui hang nam.
Phan than ré co6 duong kinh 1-2 cm, moc bd ngang nhu ca hoang tinh trén hoic
dudi mat dat khoang 1-3 cm, mang nhiéu r& nhanh va cu (Hinh 1.1). Céc than
mang 14 va twong tng voi mdi than mang 14 1a mot dét dai khoang 0,5-0,7 cm.
Cay chi c6 mét 14 duy nhat sudt nam ther 1 dén nam thr 3 va chi tir nim thir 4 tro
di m&i moc thém 2 dén 3 14. Trén dinh cua than mang 14 kép hinh chan vit moc
vong véi 3-5 nhanh 14. Cudng 14 kép, dai khoang 6-12 mm, mang 5 14 chét, 14 chét

& chinh gitta I6n hon ca véi @6 dai 12-15 cm, rong 3-4 cm. L4 chét ¢ phién hinh



bau duc, mép khia rang cua, chép nhon, 14 ¢6 16ng & ca hai mat. Cay 4-5 nim tudi
c¢6 hoa hinh tan don moc duéi cac 14 thang vai than, cudng tan hoa dai 10-20 cm
c6 thé kém 1-4 tan phu hay mot hoa riéng 1é ¢ phia dudi tan chinh. Mdi tan c6 60-
100 hoa, cudng hoa ngan 1-1,5 cm, 14 dai, canh hoa mau vang nhat, nhi, bau 1 &
véi 1 voi nhuy (Hinh 1.1). Qua moc tap trung ¢ trung tdm cua tan 14, dai d6 0,8-1
cm va rong khoang 0,5-0,6 cm, sau hai thang bat dau chuyén tir mau xanh dén
xanh thim, vang luc, khi chin nga sang mau do cam véi mot chim den khong déu
& dinh qua (Hinh 1.1). M&i qua chira mot hat, mot sé qua chta 2 hat va s qua trén
cay binh quan khoang 10 dén 30 qua [8].

B6 phan dung 1am thudc cha yéu la than ré, cu, ngoai ra cé thé dung 14 va ré
con. Vao dau thang 1 hang nam, sam xuét hién chdi méi sau moa ngi dong, than
khi sinh 16n dan 1én thanh cay truang thanh c6 1 tan hoa [89]. Tir thang 4 dén thang
6, cdy ng hoa va két qua. Thang 7 qua bat dau chin va kéo dai dén thang 9. Cudi
thang 10, phan than khi sinh tan lui dan, 14 rung, dé lai mot vét seo ¢ dau ca va cay
bat dau giai doan ngu dong dén hét thang 12. Dya vao sé luong Vét seo trén dau ci,
ngudi ta ¢ thé nhan biét do tudi cia cay. Sau 3 nam dau, cdy mai rung 14 va dé lai
vét seo dau tién [89]. Khi thu hoach, nén thu nhan céc cu tir 3 tudi tro 18n, tot nhat 13
trén 5 tudi. Mula dong ciing 1a mua thu hoach tot nhat phan than ré caa sam [8].

1.3. Pic diém phan bé

Dén nay, ving ndi Ngoc Linh thudc hai tinh Quang Nam va Kon Tum & mién
trung cua Viét Nam, tai 14°15° vi d6 Bic, 1a noi duy nhat duoc phat hién c6 sam
Ngoc Linh. Day ciing 12 gi¢i han xa nhat vé phia Nam caa ban do phan b chi nhan
sam trén thé gii [13]. S&m Ngoc Linh c6 phan bé ty nhién & cac huyén Tu Mo
Rong, huyén DBak Glei (tinh Kom Tum), Huyén Nam Tra My, huyén Phudc Son
(tinh Quang Nam), trén vung nli Ngoc Linh. Ngoc Linh 1a ddy nui cao thi hai &
Viét Nam, 6 toa do dia Iy tir 107°5°-108°7" kinh tuyén Péng va tir 15°0°-15°1" vi
tuyén Bic, dinh cao nhét 14 Ngoc Linh cao 2598 m. Nhiing diém vén truée day cé
sam Ngoc Linh moc tu nhién tir ¢ cao khoang 1500-2200 m, cha yéu tap trung &
1800-2000 m, thudc dia ban cua hai huyén Pak T6 (Kon Tum) va Nam Tra My

(Quang Nam) [13]; nhung gidi han ciing nhu phan bé cua lodi sim nay ¢ nii Ngoc



Linh di c6 nhiéu thay doi. Loai nay di tré nén cuc hiém ngoai ty nhién, do tinh
trang khai thac kiét qué trong nhiéu nim cong vai viéc dét nwong 1am ray nén dién
tich rieng tu nhién bi thu hep [13]. Hién tai, sdm Ngoc Linh da dugc dua vao danh
muc sach do cua Lién minh Bao ton Thién nhién Quéc té (IUCN) nim 2003 va
danh séach céc loai han ché khai thac va sir dung vi muc dich thwong mai (nghi dinh
32/2006/ND-CP ngay 31/03/2006 vé quan ly thuc vat rimng, dong vat rieng nguy cap
quy hiém), theo sach dé Viét Nam (2007), sim Ngoc Linh duoc xép vao hang EN
Ala, ¢, d, B1 + 2b, c, e [3]. Pén nay, sim Ngoc Linh chi con tap trung tai 2 diém
bao ton 1a Chot Sam (xd Mang Ri, huyén Tu Mo Réng, tinh Kon Tum) va Tram
Duoc liéu Tra Linh (x& Tra Linh, huyén Nam Tra My, tinh Quang Nam) véi tong
dién tich tréng khoang 10 hecta [2][8].
1.4. Pic diém da dang di truyén

O Sam Ngoc Linh, trinh ty ving ITS-rDNA dich méi duge xac dinh ¢é chiéu
dai khoang gan 600 bp (da dugc diang Ky trén Genbank véi ma hiéu JF772113)
[19][20]. Két qua ddi chiéu trinh tu nucleotide ving gen cua nghién ctu nay cho
thay bién di giira P. vietnamensis va cac loai thudc chi dugc so sanh kha cao, chi sb
da dang di truyén dya trén trinh tu nucleotide twong dong dén 0,0436 bp. So véi cac
loai thuoc chi nhan sam c6 trinh ty trong ddng nhat trén Genbank, P. vietnamensis
c6 it nhat 14 nucleotide sai khac so véi P. ginseng va nhiéu nhat Ia 25 nucleotide (P.
stipuleanatus) va dac trung boi 6 nucleotide (autapomorphies) [12]. Tt nghién ctiu
cay phét sinh céc loai sam cho thay, loai P. vietnamensis c6 t6 tién chung va quan
hé khé gan giii voi mot s6 loai trong chi nhan sam nhu P. notoginseng, P. sinensis,
P. sipinnatifidus, P. japonicus, sém Lao (Panax sp.), sam Lai Chau [19]. Cay phat
sinh ciing chi ra mot sé loai khac trong chi nhan sam c6 su khac biét di truyén 16n
vai P. vietnamensis nhu P. Trifolius va P. stipuleanatus [20].
1.5. Tac dung dwoc ly

Sam Ngoc Linh 1a mét cay thude quy dung dé chira nhiéu ching bénh va ting
cuong stuc khoe: cam mau, chixa lanh vét thuong, 1am thube bo, tri sét rét, dau bung,
chdng tram cam, kich thich hé mién dich, chéng 30 hda, phong chéng ung thu, bao

vé té bao gan, tang thi luc, sirc dé khang, nang cao huyét &p ¢ nguoi bi huyét &p



thap,... Nhitng tac dung duogc 1y dang duwoc quan tam trong bdi canh x& hoi cong
nghiép ngay nay nhu: chdng stress (antistress), chéng 140 héa (antioxidant), phong
chéng ung thu (antitumor) da dugc chitng minh ¢6 & sdm Ngoc Linh, mé ra mot
trién vong ap dung thuc tién trén 1am sang rat kha quan [4].

Ngoai ba tac dung chinh caa ho nhan sam 1a boi bé co thé dé gia ting chuyén
hoa cac chét; ting luc gilp chéng nhugc stc va ting sirc dé khang khong dac hiéu
ctia co thé nén ting kha ning sinh thich nghi (adaptogen va antistress) [13]. S&m
Ngoc Linh con c6 tac dung ting cuong hoat dong ndo bo va sinh duc, phong chong
phong xa, khang viém, giam dau, hiép luc véi thude ha huyét ap, duong huyét va ha
cholesterol (khi dung bot md seo). Sam Ngoc Linh con c6 tac dung khang khuan
(dac biét trén cac chung thudc chi Streptococcus gay viém hong), bao vé té bao gan
va gia ting ham lugng cytochrome-P450 trong vi thé gan. Cu sdm Ngoc Linh liéu
100 mg/kg lam tang stc chiu dung cua chudt déi véi nhiét do cao (37-42°C) hay
nhiét @6 thap (-5°C) nén kéo dai thoi gian song thém cuaa chudt. Khi thi nghiém in
vitro dung dich néi ciia mé ndo, gan va phan doan vi thé gan cua chudt nhat tring
cho thay, liéu 0,05-0,5 mg/kg ci sdm gilp chéng oxy hoa, &c ché sy hinh thanh
malonyl dialdehyde (san pham cta qué trinh oxy héa lipid mang sinh hoc). Thi
nghiém in vitro va in vivo ¢ chudt nhat trang ubng liéu 500 mg/kg bot chiét sdm con
cho thdy, sam Ngoc Linh lam tang chi s6 thuc bao. Cac saponin toan phan cua cu
sam con kich thich mién dich khéng dic hiéu, chong oxy hda va bao vé gan, phuc
hdi s6 lwong hdng cau [4]. Hon nira, Konoshima va cs (1999) da ching minh MR2
ciia SAm nay con co tac dong kich hoat tac dung chéng ung thu in vitro va in vivo
[82]. Piéu nay cho thay, kha nang ung dung thyc tién rat cao cua sam Ngoc Linh,

Nhitng nghién ciu hop tac vé dugc ly véi Vién Nghién ctu Y hoc Déng
phuong, Truong DPai hoc Y Dugc Toyama va Truong Pai hoc Hiroshima (Nhat
ban), cing céc khao sat danh gia cia Vién nghién ctu sac khoe ngudi c6 tudi (Ha
Noi), vién Quan Y 175 (Tp. HCM) va vién Piéu Dudng Tp. HCM, va cac kinh
nghiém sir dung dan gian caa sdm Ngoc Linh (thu thap y kién nguoi s dung & ving
Lién khu 5, nhitg nguoi tinh nguyén thar ché pham sam Ngoc Linh,...) da khang

dinh nhitng t&c dung dugc ly nay caa sdm Ngoc Linh [3].



2. SO LUQC VE CAC HQP CHAT SAPONIN
2.1. Cau tric cha cac saponin co trong sam Ngoc Linh

Saponin hay saponoside 1a mot hop chat glycoside ty nhién c6 hoat tinh bé
mat. Pay 1a mot nhom da dang cia terpenoid duoc dic trung boi cac cau tric khéc
nhau. Saponin duoc cau tao tir mot aglycon steroid hoic triterpenoid véi mot hoic
nhiéu chudi duong [27]. Nhitng nghién ciu phan 1ap thanh phan héa hoc mai nhat
duoc cdng b cho thiy, cac hop chat saponin cua sam Ngoc Linh tong cong c6 hon
60 loai khac nhau, ma nhom chit quan trong nhat cua loai sam nay la cac saponin
triterpenoid véi cac dai dién chinh 12 MR2, Rb1 va Rgl nam trong nhém dammaran,
nhat 123 MR2 chiém gan 50% ham luong saponin toan phan [13][119].

Saponin triterpenoid cé cau tric phan genin chaa 30 carbon, ciu tao bai 6 don
vi hemiterpene. Cac saponin nay duoc chia thanh hai loai: saponin triterpenoid
pentacyclic c6 cdu tric 5 vong va saponin triterpenoid tetracyclic c6 4 vong.
Saponin triterpenoid pentacyclic gém nhom olean, ursan, lupan va hopan [119].
Nhom olean chira phan 16n c4c saponin triterpenoid trong tu nhién, phan aglycol
thuong la B-amyrin, it gap hon nhém acid oleanoid. Nhom lupan c6 vong E 1a vong
5 canh, thuong c6 ndi doi & vi tri 20-29. Nhom hopan gan giéng lupan chi khac
methyl & C18 c¢6 hudng o. Saponin triterpenoid tetracyclic gdm 3 nhom chinh Ia
dammaran, lanosan va cucurbitan. Nhém dammaran cé phan aglycol c6 4 vong: A,
B, C c6 6 canh, D c6 5 canh va mot mach nhanh 8 carbon. Nhém lanosan khac véi
nhém dammaran do c6 nhém methyl gan vao C13 thay vi C18. Nhém cucurbitan co
nhoém methyl gan & vi tri C10 thay vi C9 va c6 hudng p [25] [119].

Tir phan dudi mat dat (than ré va ré cu) caa sam Ngoc Linh hoang dai da phan
lap va xac dinh dwoc ciu trdc protopanaxatriol oxyd 11 va 52 hop chét saponin bao
gom 26 saponin da biét véi tong s6 ham luong chiém khoang 10,82% tong ham
lugng cac chat co trong ré va 26 saponin c6 cau tric méi dugc dat tén 1a vina-
ginsenoside V-R1 dén -R25 va 20-O-Me-G-Rh1 [129]. Cé4c saponin dammaran
quyét dinh tac dung sinh hoc ciia sam Triéu Tién ciing chiém mot ty 1& rat cao vé
ham luong va sé luong trong sam Ngoc Linh (50/52 saponin phan lap dugc). Trong

d6, cac saponin dan xuat caa 20(S)-protopanaxadiol gém 22 hop chat véi dai dién
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chinh 13 ginsenoside-Rb1, -Rb3, -Rd. Céac saponin dan xuat cua protopanaxatriol
gom 17 hop chét véi cac dai dién chinh 1a ginsenoside-Re, -Rg1l, notoginsenoside-
R1 [129]. Céc saponin c6 cau trdc occotillol gdm 11 hop chét voi cac dai dién chinh
la majoside-R1 va -R2 [7]. Cac hop chit saponin méi ciia sim Ngoc Linh c6 mét s6
dic diém dang cht y. V-R1 va V-R2 1a saponin ocotillol c6 nhém acetyl trén chudi
duong & C-6. V-R3 la chat duy nhat thiéu nhém -OH tai vi tri C-12 trong tat ca cac
saponin duoc phan 1ap tir loai nay [119]. V-R4 1a mot saponin din xuat caa 20(S)-
protopanaxatriol c6 mang mot trong hai chudi duong & C-3, trong khi cac saponin
nay duoc tim thay trudc day chi mang cac chudi duong ¢ C-6 va C-20, hoic C-6 va
C-12. V-R5 va -R6 12 hai saponin c6 chta cau néi a-glycoside hiém gap trong tu
nhién. V-R7 14 G-Rd xylosyl hoa. V-R8 c6 mét mach c6 lién két doi co hudng tai -
OH ¢ C-25. Cau triic nay c6 diém twong dong véi majonoside-F4, c6 3-O- va 20-O-
dip-d-glucoside trén cing mot nhém aglycone. V-R9 ciing ¢6 lién két doi co huéng
tai C-36 va c6 cau tric twong dong véi majonoside-F1. Cac saponin V-R10, -R12, -
R13, -R14, -R15, -R16, -R17, -R19, -R20, -R21 cd céu trdc aglycone mdi
[119][129]. V-R13 la mot glycoside dau tién phat hién trong mot loai sam co
aglycone l1a dammarenediol. Chéat nay c6 thé la mot chat trung gian trong qua trinh
sinh tong hop cua 20(S)-protopanaxadiol va 20(S)-protopanaxatriol [7][40].

Tur phan trén mat dat (than va 1a) phan lap duoc 19 saponin, bao gom 11
saponin d3 biét va 8 saponin c6 ciu tric méi duoc dat tén 13 vinaginsenoside-L1-L.8
[119]. Khéc vai phan dudi mat dat, cac saponin dan xuat caa 20(S)-protopanaxadiol
chiém ty Ié rat cao trong thanh phan saponin tir phan trén mit dat véi dai dién chinh
la notoginsenoside-Fc, G-RB3, N-Fe va V-L2. Cac saponin 20(S)-protopanaxatriol
gom c6 P-RS1, G-Re va G-Rgl véi ty 1¢ thdp. Ngoai ra, sam Ngoc Linh con c6 cac
saponin c6 cau trdc ocotillol voi dai dién chinh 12 V-R1 chiém ty Ié thap [7][40].
2.2. C4c tinh chat hda ly caa cac saponin trong sam Ngoc Linh

Theo B4 Hitu Bich (2003), saponin trong sim Ngoc Linh da s6 ¢6 vi ding [2].
Vé mat hoa ly, cac saponin cd tinh chat 1a dé& tan trong nudc, con; it tan trong
acetone, ether, hexan va lc s& tao bot bén, cho nén saponin con cé kha ning pha v&

hong cau mot cach dé dang khi di vao mau.
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Vé mat hoa hoc, saponin c6 kha nang tao phiic véi cholesterol: nhitng saponin
triterpennoid tao phic kém hon loai steroid, trong d6 digitonin két hop voi
cholesterol gan nhu hoan toan. Ngoai ra, nhitng hop chat nay c6 kha ning tao cac
phan tng mau, khi hoa tan cac saponin vai sulphuric acid dam dic, mau sé thay doi
tr vang, do, xanh la hay tim, végi vanillin 1% trong HCl ho néong (phan ung
Rosenthaler) chuyén thanh mau tim, phan &ng véi antimoin trichloride trong dung
dich chloroform thi phat huynh quang xanh hoac vang [2].

2.3. Vai tro cuaa saponin trong cay

Céc ginsenoside saponin chu yéu tap trung & ngoai tang phat sinh cua ré va
nhiéu nhat ¢ phan vo chu bi (periderm) va vé nhu md (cortex) bén ngoai phloem
[84]. Céc saponin nay c6 tinh khang khuan, diét virus, hodc chong lai con tring [51].
Theo quan diém nay, c6 thé n6i saponin la mét trong nhitng thanh phan cua co ché
bao vé thuc vat va xép vao nhém phytoalexin thuoc mot nhém 16n cua cac phan tir
¢ chiic ning bao vé, duoc goi 1a phytoprotectant [95]. Phytoalexin khong cé sin
trong cay khoe manh, ma cy chi tong hop céc saponin nay khi bi thuong hoac khi
phai chong lai cac cudc tin cong cua sau hai, ca&c mam bénh tir c4c vi sinh vat hoic
khi bi stress tir méi treong xung quanh. Viéc tong hop cac saponin chi giéi han
trong cac md bi xam chiém va xung quanh ving té bao bi thuong hay nhiém bénh
nhu mot phan cua co ché bao veé thuc vat [51]. Do vay, di cac phytotoxic nay cé thé
lam giam kha ning phat trién cua cay, nhung ching can cho mét hé thdng canh tac
bén viing [95].

2.4. Con dwong tong hop cac triterpene saponin

Sinh tong hop saponin 1a mot qué trinh phuc tap qua hai con dudng trung
gian la con duong mevalonate (MAV) va methyl-D-erythritol 4-phosphate (MEP),
ca hai déu dan dén sy hinh thanh isopentenyl diphosphate (IPP) va dong phan
dimethylallyl diphosphate (DMAPP), d6 14 nhiing tién chat dé hinh thanh tat ca cac
terpene (Hinh 1.1) [50]. Tich hop nhém gen mé dau dén két thic cua IPP va
DMAPP gitp hinh thanh cac geranyl diphosphate (GPP) va trong budc nay tao ra
san pham trung gian 13 GPP synthase (GPS). Dudi xuc tac cua FPP synthase (FPS),

mot don vi IPP dugc gan vao GPP tao FPP. Sau d6, squalene synthase (SS) s& x(c
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tac cho phan mg ngung tu hai don vi FPP tong hop nén squalene, d6 1a tién than
cho ca steroid va triterpene saponin (Hinh 1.1) [94]. Sau do, thdng qua phan ng
oxy hoéa, squalene epoxidase (SE) chuyén hoéa squalene thanh 2,3-oxidosqualene,
diém khoi dau thuong thdy dé tao vong trong sinh téng hop triterpene saponin [94].
Viéc tao vong cua 2,3-oxidosqualene phu thudoc vao B-amyrin, o-amyrin va
dammarenediol dudi xUc tac cua oxidosqualene cyclases (OSCs) [109]. Hon 40
cyclases da dwoc nhan 1én trong té bao thuc vat bac cao. Trong d6, mot sé da xac
dinh duoc cau tric va chirc niang nhu p-amyrin synthase, a-amyrin synthase va
dammarenediol-I1 synthase [90]. Bo khung triterpenoid sau d6 trai qua nhitng thay
d6i khéc nhau, chang han nhu qua trinh oxy héa, chuyén hoa va glycosyl hoa, ciing
nhu qua cac trung gian xtc tac boi cac enzyme khac nhau. Tuy nhién, cd rat nhiéu

céc enzyme tham gia vao cac budc sau sinh tong hop saponin van chua biét ti [88].
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3. NUOI CAY IN VITRO SINH KHOI RE BAT PINH VA RE THU CAP

Saponin triterpenoid c6 cau tric phic tap nén tong hop héa hoc khong cé
kha ning canh tranh kinh té khi san xuat trén quy mé Ion. Do d6, ngudn saponin tir
sam Ngoc Linh cha yéu dugc chiét xuat tir cay trong ngoai tw nhién nhung phai doi
mat véi rat nhiéu khé khan.

Khi so sanh hiéu qua san xuat cac saponin chinh trong nudi cay tao cac phan
khac nhau cua cay sdm Ngoc Linh ciing thdy ham lwong saponin trong nudi ciy mo
seo la thap nhat (1,04 mg/g MR2; 0,08 mg/g Rgl; 0,06 mg/g Rbl), RBP cao hon
(3,79 mg/g MR2; 0,48 mg/g Rgl; 0,30 mg/g Rbl. Dya trén phan tich TLC da két
luan rang, thanh phan ginsenoside trong in vitro gidng véi ngoai tu nhién [53][81].
3.1. Khai ni¢m vé ré& bat dinh

Ré bat dinh (RBP) la nhiing ré phét sinh tir truc than hay nhitng co quan tu
nhién khac nhau. V& co ban, RBD c6 ngudn gdc noi sinh, do sy phan biét héa cua té
bao nhu md nam xung quanh hé théng md mach dudi tac dong cua auxin. Trong
qua trinh phan biét hda, té bao tir ving tay dén ving vo hoi phuc lai kha nang phan
chia té bao. Tuy nhién, chi c6 mét sb té bao nhat dinh nhu té bao nhu md libe thugc
md phan sinh mé&i c6 kha ning biét héa thanh so khdi ré [32].

Céc té bao phan chia khac thusc nhdm té bao phan chia ngang khdng tham gia
vao su biét hoa so khai tao ré. Hon nita, sy phan chia té bao ciing xuat hién & nhing
mau cdy khong phai 1a r& khi xir ly véi auxin. Vi vy, sy phan chia té bao ¢ ving
nhu md khdng hoan toan c6 kha ning tao so khéi RBD; chi ¢6 sy phan chia cua té
bao & nhing vi tri xac dinh va chuyén biét mai dan dén hinh thanh mam ré [32].

3.2. Khai niém veé ré thir cap

R& thtr cap (RTC) hay con goi 1a ré bén, r& phy, 1a mot trong nhitng phan quan
trong khéng thé thiéu caa hé théng ré. Cac so khoi RTC duoc hinh thanh tir cac
vung ngoai Vi cua tru bi trudng thanh ¢ nhitng khoang cach khac nhau tir cac mé
phan sinh dinh cua ré [86]. Ngudn gbc cia RTC Ia tir cAc md sau bén trong ré chu
khong phai tir bé mat bén ngoai. Sy hinh thanh ré bat dau tir su phan chia song song
tir tru bi tao ra mot 16p té bao d6i. Ngay sau do, cac so khoi ré bit dau biét hoa té

bao, bang chiing la biéu hién gen khac biét trong cac 16p té bao bén trong va cac 16p
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té bao bén ngoai [55].

So khéi RTC phat trién thdng qua mot chuong trinh phan chia té bao rat dic
trung dé tao ra mot cau trdc giong hét khudn mau caa ré chinh. Sau khi mam RTC
duoc hinh thanh, nd s& tro thanh mot ré truong thanh théng qua mot qué trinh gém
hai giai doan [55]. Dau tién, c4c té bao quanh tru bi gia ting kich thudc hinh thanh
cac mam ré noi 1én xuyén qua cac mé té bao bao phu [86]. Sy gia ting kich thudc té
bao dic biét rd rang trong cac té bao gan mam ré, trong khi sé lwong té bao van
khong c6 thay d6i 16n. Thi hai, cac RTC moéi bat dau moc dai ra va tai dau ré sé
lugng té bao taing manh. Pay 1a dic trung cua su kéo dai ré truong thanh thong qua
viéc phan chia té bao trong cic mo phan sinh dinh r& nén RTC c6 ngudn goc noi
sinh. TUy thudc vao thir tu cac ré moc ra, ma sau d6 goi la RTC bac 1, RTC bac 2,
RTC bac 3,... [32]. Thong thuong, RTC cua thuc vat hat tran va thuc vat hat kin
hinh thanh tir tru bi caa ré chinh hodc trén RBD. V& mit ly thuyét, tat ca cac té bao
tru bi ¢6 kha nang cam @ng hinh thanh RTC, nhung dudi diéu kién binh thuong chi
c6 cac té bao tru bi gan cuc xylem hoic cuc phloem nhat va tly thudc vao cac loai
thuc vat khac nhau mai thyc hién chiic nang nay. Trai lai, & mot sb cay, ré phat sinh
tir ndi bi nhu c&c cdy thudc nganh duong xi [32].

3.3. Mot s6 yéu té anh hwéng dén nudi cay ré thir cap va ré bat dinh
3.3.1. Logi mdu cdy

Dé tao RBD, 14 non hoic cac chdi non cho kha ning hinh thanh RBP hiéu
qua hon cac loai mau khac. Piéu nay cé thé 1a do 14 non 1a noi san xuat auxin va
chdi 1a noi tich trir auxin. Vi tri cit caa 14 duoc sir dung 1am mau ciy ciing cd tac
dong 1én s luong ré duoc hinh thanh [86]. Cac doan than c6 chdi bén hoic choi
ngon hoic 14 trén dét cat thuong kich thich sy hinh thanh RBD manh hon [86]. Su
chuyén vi cua cac carbohydrate tir 14 gop phan vao su tao ré [32]. Khi dwa mau tir
bén ngoai vao nudi cay in vitro, qua vai lan cay chuyén mau cay s& duoc tré hoa
thong qua tac dong cua cac cytokinin [32]. Tuy nhién, dong thuc vat duoc tré hoa
khong thé tiép xdc véi BA qua lau, vi khi 6 cytokinin s& mat kha nang kich thich
phét sinh co quan, gay ra hién tuong thiy tinh thé. Chinh vi thé, tinh trang tré hoa

ciia mau in vitro dugc duy tri nho sy xen k& gitra cac lan ciy chuyén sang moi
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truong c6 va khong c6 BA [106].

Trong nudi cdy RTC, hau hét cac nghién cau thuc hién vai ré cay hoan chinh
nham danh gia anh huong cia cac yéu tb moi trudng dén su dinh hudng cua ré, su
hap thu chat dinh dudng, sinh ly cua ré, anh huong cua ré dén cy trong va dua vao
rng dung ngoai déng [55]. Tuy RTC duoc ghi nhan chu yéu trong cac nghién ciu ¢
ré cay hoan chinh nhung mét sé nghién ciu khac con sir dung RBD nhan nhanh
RTC dé nghién ciru thu nhan sinh khéi va san xuat cac hop chat thir cap. Trong mot
ré& hoan chinh, mdi phan khac nhau cua ré déu cé vai tro khac nhau, trong d6, phan
phét sinh RTC chi dién ra tai ving kéo dai & mién sinh truong cua ré [86].

3.3.2. Vitriphatsinh

R& bat dinh chu yéu ¢ ngudn gdc tir nhirng vi tri té bao xung quanh md mach,
mé tay hay & nhu md, vai truong hop c6 ngudn géc la ngoai sinh, tir té bao biéu
bi. Cach hinh thanh va vi tri hinh thanh so khéi ré & nhiéu loai cay khac nhau ciing
khong gidng nhau. O cay thudc ho lidu va cay than gd, so khai ré chii yéu khai dau
& vling tuong tang phét sinh gd (Acer pseudoplatanus), nhu méd cia mach ray
(Populus simonii), khoang khdng bao caa 14 va choi (Lonicera japonica, Malus
spp.) [55][89]. So khai ré ciing c6 thé bat dau tir cac cum té bao nhu md libe cua
tru dudi 14 mam cay huéng duong (Heliathus annuus) hoac tir twong tang bé mach
& d6t tha sau bén duéi dinh ngon cua cay khoai lang (Ipomoea batatas) [89].

Dbi véi cay hat tran, sy hinh thanh r& thuong gap nhiéu khé khin vi than
thuong khdng c6 san céc tién so khai ré [86]. Vi vay, RBD cua cay hat tran thuong
goi 12 ré do vét thuong cam ung. So khai caa nhirng ré hinh thanh tir vét thuong c6
ngudn gdc tir cac té bao ¢ mat trong cua vo (Cercis canadensis), té bao nhu mé libe
va vlng phét sinh gé ¢ cdy tdo (Mallus domestica), khoang khéng bao ¢ 1a va
chdi Malus pumila, tru bi Abies procera va tir md seo Abies firma. Di vgi cay than
thao, so khai RBD hinh thanh tir cac mé: tru bi caa than ¢ cdy ca chua, be‘ip; nhu
md & mach ray giira tru bi va tuong tang phét sinh gd (Lonicera japonica); cum
nhu md (Azukia angularis); bé tuong tang phat sinh gd va noi bi (Portulaca
oleracea); b6 tuong tang phat sinh g, noi bi va libe (Begonia) [89].

Vi tri phat sinh RTC lién quan t&i cau trdc xylem & trung tru. O cay
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Arabidopsis thaliana, trung tru gém hai vong va cadc RTC phat sinh tir cac té bao
nén tru bi (TBTB) nam & cac ngin gan ké véi cac cuc cua trung tru [55]. Do vay,
cac ré so cap cay A. thaliana tao thanh hai cot hay hai day & vi tri 180°. Khdng phai
tat ca c4c té bao try bi nim dung vi tri giai phau nay déu hinh thanh cac mam RTC
ma chi c6 mét s truc tiép khoi dau chu trinh phat trién RTC [86]. Diéu nay c6 thé
do cac té bao try bi ¢d dinh dwgc nhan dang ¢ giai doan sém hon dam nhan nhiém
vu nay va kéo theo sau d6 1a chu trinh phat trién di dinh tru6ce. Tuy nhién, khi st
dung céc auxin ngoai sinh, tach bo dau chop ré hay bo sung thém cac khoang chat
cling 1am gia ting kha nang khoi tao RTC Ién rat nhiéu lan. Hon nita, khdng phai tat
ca c4c té bao try bi nim dang vi tri dac biét & cac cuc md gd so cap mai co kha
nang kich thich hinh thanh RTC khi vang mat céc yéu t6 quyét dinh ban dau [55].

Nhiéu quan diém cho rang, tat ca qué trinh khoi tao RTC gom ca quéa trinh
phan biét hda cac té bao tru bi nam trong mét chu trinh té bao. Dua trén danh gia vé
d6 dai cua chu trinh té bao va tdc to phat trién caa ré chinh cho thay rang, mot sb
RTC phat trién tir cac té bao tru bi da duoc 1én chuong trinh truéc théng qua chu
trinh té bao lién tuc tir lGc bat ddu & md phan sinh dinh. Gan day, cac dit liéu da
duoc nghién ctru sau hon dé chang minh cho gia thuyét nay. Pa sé cac nghién ciu
cho thay cac té bao tru bi cuc xylem tiép tuc chu trinh biét hda va khong bi gian
doan sau khi da tach bé md phan sinh dinh ré [55]. Do d6, hau hét try bi van & pha
G1, va chi c6 cac té bao tru bi & cuc xylem duoc 1ap trinh tir pha G1 18n G2. Céc két
qua nay hop thanh mot luan ct hd trg cho luan diém vé qua trinh hinh thanh mé
phan sinh don bao & ving dinh con non cua ré nam trén vang kéo dai. Nguoc lai,
cac RTC phat trién tir cac ving truong thanh cua ré so cap hau hét chac chan can
phan biét hoa va duoc chuyén hoa tir cac té bao tru bi duoc thiét lap trude d6 trong
chu trinh té bao [55].

O cay A. thaliana, hién tuong phat sinh hinh thai dau tién lién quan dén viéc
khoi tao RTC dién ra khi hai TBTB nam & cling mét ¢ot gan nhu ddng thoi phan
chia bat ddi xrng va theo chiéu ngang. Qua trinh nay tao ra hai dan xuat tru bi ngan
nam tir dau nay sang dau kia trén ciing mot cot duoc bao boc & phia trén va phia

dudi boi hai dan xuat tru bi dai hon. Tiéu chuan phat sinh hinh thai nay cho phép
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nhan dang chinh xac vi tri khoi tao RTC. Tiép theo d6, cac TBTB trai qua cac qua
trinh phan chia theo kiéu bat déi xang, theo chiéu nghiéng, vong cung, 16i 1én va
Xién qua 1am gia ting cac nhém dan xuat chira cac mam RTC. Hinh thanh md phan
sinh 1a mot qué trinh gom hai giai doan: giai doan dau, cic té bao phan chia rat
nhanh va kha dong déu dé tao thanh mam ré; giai doan tiép theo 1a sy hinh thanh
cac md phan sinh mai bén trong mam ré [55].

3.3.3. Vai tré diéu hoa cia auxin

Hau hét cac nudi cdy md seo, RBD va dich huyén phu té bao déu st dung cac
auxin ngoai sinh. Tuy nhién, auxin cé thé c6 mot tac dong tiéu cuc dén qua trinh
sinh tong hop céc chat chuyén héa thir cap [15][18].

Mac du chua dugc chiang minh, vai tro cua auxin trong su hinh thanh RBD
duoc thira nhan mot cach hién nhién. Trén thyuc té, day Ia chat duy nhat gia tang su
hinh thanh r& mot cach dang ké khi st dung véi ndng do va thoi gian thich hop.
Auxin noi sinh do thuc vat tong hop tén tai ¢ dang tu do va dang lién két. Auxin
dang lién két 1a auxin tu do lién két véi mot amino acid (aspartic acid, glutamic acid)
hay glucidic acid. Dang lién két nay khéng cé hoat tinh auxin nhung dé& dang
phdng thich auxin nho xuc tac cua cac enzyme. Pay la dang du trit (khéng bi pha
hity boi IAA-oxidase) va van chuyén caa auxin [38]. Auxin lién két 1a mot co ché
khir doc hay diéu hoa ham luong auxin tu do [55].

IAA, IBA va NAA la nhitng hop chat auxin thuong duogc st dung dé kich thich
su phét sinh ré [118]. Pé auxin dat hiéu qua cao nhat, nong do st dung phai cao cho
giai doan dau tién dé khoi dong su phan chia té bao. Néu ham luong auxin ban dau
quéa thap, su kich thich tao ré s& khong c6 hiéu qua ddi khi con kim hdm qua trinh
hinh thanh ré. C6 y kién cho ring, nén cung cip mét lrong auxin nhat dinh theo
chu ky trong sudt qué trinh nudi cay tao ré [32].

Trong qua trinh hinh thanh RTC, da s cac nha nghién ciru déu dong y rang
auxin 1a tin hiéu mo khoéa cho sy khoi tao va phat trién cua RTC, ciing da co rat
nhiéu bang chang lam séng to vai trd cua auxin trong qué trinh hinh thanh RTC
[118]. Con duong dan truyén auxin déng vai trd quan trong trong viéc diéu hoa

dong phytohormone giita nguon IAA va cac mé bén trong, diéu nay tac dong lén su
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phét trién RTC. Cac dot bién 1am gian doan con duong van chuyén auxin ¢ cay A.
thaliana ciing 1am thay doi ciu tric cua RTC nhu dot bién gen tir3 gay giam cac
cuc van chuyén auxin dan téi giam sb luong RTC [111]. Tai cau tric ré dot bién
thiéu md phan sinh chdi da lam mét di tinh hudng ngon trong qué trinh phat trién do
nhitng sai s6t trong viéc hinh thanh nhu mé 14 dan t&i thiéu hut IAA can cho viéc
tao RTC [38]. Cac dot bién alf4 gay sai sot trong viéc khoi tao RTC ¢ cay non, con
dot bién alf3 c6 qué trinh khai tao RTC xay ra binh thudng véi viéc tao ra protein
ALF3 can dé sinh téng hop indole (tién chét cua IAA) [38]. Kiéu hinh tuwong phan
cua cac dot bién alf3 va alf4 cho thay rang IAA can cho hang loat cac giai doan phéat
trién cua RTC. Khi nghién ciru cac dot bién trong cau trac ré bi bién doi gen, AUX1
duoc cho l1a chat mang trong dong van chuyén auxin nho tc dung ngan chin sy van
chuyén phytohormone giita nguon I1AA vao md bén trong va dan téi lam giam 50%
s6 RTC. Nguyén nhan cho viéc giam s6 lugng RTC cua dong aux1 khdng lién quan
dén tin hiéu khoi tao RTC cua auxin nhung lam giam ty 1é khoi tao RTC [55]. Biéu
nay co thé do qué trinh khoi tao RTC ¢on chiu tac dong cua lugng nitric oxide (NO)
tao ra trong qua trinh van chuyén auxin [32].

Van chuyén auxin phan cuc cho phép cac té bao ré dap tng lai véi céc kich
thich cia méi truong. 1AA van chuyén tir cac 14 dang phat trién dén hé thong ré
thong qua cac bom coé chu ky séng ngan trong ré, diéu nay dong vai trd rat quan
trong khi khai tao RTC so cap trong giai doan dau cua qua trinh phét trién cay con
[55]. Giai doan hinh thanh RTC so cap thudng bi tc ché khi cat di mo phan sinh
dinh hay do viéc sir dung tién chat naphthylphthalamic acid (NPA) dung dé nhan
dién cac bom IAA trong ré nén gay tc ché sinh téng hop auxin, nhung NPA & liéu
cuc thap lai ¢ tac dung khai tao RTC so cap [55]. Dua vao day, mo hinh hinh
thanh RTC cua cdy con dugc chia thanh hai giai doan: pha khoi tao RTC dya vao
ngudn 1AA & chdp ré va pha khai tao RTC dua vao viéc van chuyén auxin tir 14 [55].

IAA di vao cac té bao thdng qua cac kénh hap thy auxin duoc ma hda trén gen
auxl. Gan day, nhiéu bang chiing cho thay rang AUX1 thuc hién chtc ning van
chuyén auxin theo hai hudng trong dau ré, van chuyén hudng Ién ngon va hudng

xuéng ré trong libe nguyén sinh va cac té bao dau ré tuong tng [55]. Auxin khdng
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duoc van chuyén theo md dan truyén ma di xudng tir té bao nay sang té bao khac,
su di chuyén mét chiéu va c6 18 do sy van chuyén tich cuc va doi hoi nang luong. O
than, auxin di chuyén tir dinh ngon than xudng phan géc, trong khi & r&, su di
chuyén huéng tir ngon ré dén than [55]. Con dudng van chuyén auxin & cac té bao
thuc vat dién ra théng qua cac phic mang van chuyén ra ngoai nhay cam véi cac
chét &c ché sinh tong hop auxin nhu NPA (mot sb hop chat duoc biét toi 1a c6 it
nhat hai chudi polypeptide). Polypeptide dau tién cua cac chit mang nay I chat van
chuyén gan trén mang té bao dugc ma hda bai nhém gen tong hop protein PIN [55].
Céc protein PIN dinh vi bat d6i xtng trén mang plasma dong vai tro kiém soat su
phan cuc cua viéc van chuyén auxin. Rat nhiéu trinh tu cua nhém gen tong hop
protein PIN trong cdy A. thaliana c6 chtra nhiéu chat mang auxin véi cac biéu hién
riéng biét. Polypeptide thir hai caa phuc hop chat mang auxin ra ngoai biéu hién
hoat dong nhu mot tiéu don vi diéu hoa va diém gan két véi cac chat e ché dong
auxin in vitro. Céac protein gan két voi NPA dudng nhu 1a mot polypeptide riéng
biét tir protein PIN vi chiing c6 lién két voi mang té bao ngoai vi va nam & té bao
chat. Cac protein gan két voi NPA ciing 1a cac hop chat diéu hoa noi sinh nhu
flavonoid. P-glycoprotein ABCB19/PGP19 la thanh vién cua cac gen khang thudc
duoc xac dinh ¢6 ba thanh phan tich cuc I&n chat mang auxin ra ngoai. Diéu nay thé
hién méi tuong tac giita PIN1 va ABCB19/PGP19 trong mang plasma 1am ting ty
I¢ va do dac hiéu cua dong chay auxin va sy tuong tac nay lam giam chu Ky nang
lugng cua PIN1 va c6 chic nang 6n dinh PIN1 trong mang plasma.
3.3.4. Twong tdic giira auxin va cytokinin

Qua trinh hinh thanh RTC rat phtc tap phu thuoc vao nhiéu van dé nhu cac
yéu té tu nhién duoc diéu hoa bai cac phytohormone khéi tao RTC nhung chua
duoc biét rd. Tuy nhién, 4p dung cac thanh tyu cia cong nghé di truyén phan ta ¢
cdy md hinh A. thaliana da lam ting kha nang tim ra cic yéu té méi va cha chét
trong con duong khoi tao RTC [32]. Bén nay, cac con duong truyén tin hiéu boi
phytohormone tro nén rd rang va thé hién vai trd thiét yéu trong viéc khoi tao va
hinh thanh mam RTC va nhiéu nghién cau cho rang viéc kiém soat hinh thanh RTC

s& dé dang hon néu phan tich mdi tuong tac gitta cac phytohormone hon 13 tap trung
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vao tac dong cua mot phytohormone riéng biét cia auxin [55].

Nong do auxin va cytokinin doc theo r& chinh duoc cho 1a diéu hoa viéc khai
dong, hinh thanh mé phan sinh va phat sinh cdc mam RTC. Vi duy, trong cac ré dau
dugc tach bo hoat dong tru bi phu thuoc vao ty I auxin/cytokinin ngoai sinh, cac
két qua cho thiy riéng auxin giup ting cuong khai tao RTC, con cytokinin c6 nhiém
vu hinh thanh mot loat day tru bi va két hop véi cac phytohormone sap xép thuong
tang chirc ning [32]. Gan day, auxin duoc cho 1a yéu té gian tiép diéu hoa am rat
nhanh dong cytokinin bang cach ngin chan qué trinh sinh tong hop théng qua con
duong doc lap vaéi isopentenyladenosine-5’-monophosphate. Nguoc lai, khi gia ting
qua mic cytokinin 1am toan bd dong auxin & thyuc vat di chuyén cham hon [55].
3.3.5. Nhiét do

Nhiét do cao kich thich su bién dudng cua té bao, thich hop cho su khoi tao so
khoi ré. Nguoi ta cho rang, néu nudi cay ra ré trong diéu kién sang thi nhiét do kich
thich ra ré 1a 30-35°C, con néu nudi trong diéu kién tdi thi nhiét do khoang 20-25°C
la thich hgp [55].

3.3.6. Anhsang

Anh sang thuong duoc cho la tac nhan e ché sy hinh thanh ré, dac biét 1a &
giai doan hinh thanh so khai ré. Biéu kién tdi co loi cho giai doan dau caa qua trinh
ra r&. Chu ky téi thich hop 1a 3-10 ngay tdy thudc vao loai thuc vat khac nhau
[55]. Chat lwong &nh sang c6 thé anh huong Ién su ra ré, &nh sang tring kich thich
sy ra ré dudi thong qua vai tro cta cac phytochrome. Trong d6, véi cac anh sang don
sic, 4nh sang do thich hop cho sy ra ré, trong khi 4nh sang do xa lai c6 tac dong wc
ché sy hinh thanh RTC [55]. Anh sang xanh khong anh huang dén sé leong ré tao
thanh nhung l1am gia ting su kéo dai r&. Nguyén nhan la do anh sang xanh thic day
su phan hay IAA nho tang cuong tong hop cac phenylalanin va mot sé phenol mach
don [55].

3.3.7. Giathé nudi cdy

C6 thé noi sy tang truong cua ré chiu anh huong boi cau tric va thanh phan

cia gia thé nudi cdy. Agar la mot din xuat cua rong bién, 1a mot hop chat

polysaccharide cao phan tir. Agar dugc st dung nhu mét nhan té 1am dong trong
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hau hét mdi truong dinh dudng [55]. Vi agar lién két vai nudc va hap thu cac hop
chét tir mdi trudng nén ngudi ta nghi rang, agar han ché sy hap thu cac chét diéu
hoa tang truong. Agar c¢6 thé co nhirng anh huong vé vat ly nhu han ché su kéo dai
ré, va ré tré nén day hon nhd su truong phong, toéa tron cua té bao. O cay Radiate
pine, cay con kéo dai ré trong mdi truong agar: ré khd héo va hda den khi chuyén ra
dat [32]. Khi nudi ciy trén moéi truong thach, RTC c¢6 khuynh hudng phat trién
huong 1&n bé mit thach dé hap thu khong khi & bén trén [106].

Gelrite 1a cac polymer sinh hoc tinh chiét tir nudi cay vi khuan Sphingomonas
elodea Gelrite hay Phytagel 1a c4c tao ra gel cang ¢ nong do thap hon nhiéu so véi
agar hoic agarose. Chung ciing gan nhu trong sudt giup dé dang quan sat hon, vi du
nhu dé xac dinh 6 nhidm ¢ giai doan dau. Tuy nhién, nhiing loai gel nay c6 xu
huéng bi long sau mot thoi gian dai do sy thay doi d6 pH hoac sy can kiét cac mubi
can thiét cho cac lién két. Kha niang mau tiép xdc véi moi trudng nay tdi vu hon so
V6i agar, nén thong thudng mau s phat sinh hinh thai nhu tao md seo xop tot hon
[6]. Tuy nhién, mot sé nghién ciu lai cho thay hiéu qua tiéu cuc cua ching 1én su
phét trién cia mau cay [10].

Dé c6 d6 thoang khi cao trong nudi cdy mot s6 nghién ctu da sir dung gia thé
bong gon, c6 ngudn goc tir bong cay Gossypium herbaceum, tro vé mat hda hoc.
Tuy nhién, chua c6 nhiéu nghién ctru vé hiéu qua cua bong gon trong nudi cay mo.
Theo nghién ciru cta Trinh Thi Huong (2017), bong gon ciing c6 thé sir dung dé
nudi cay ré chuyén gen sam Ngoc Linh, nhung hiéu qua khong cao bang agar [10].
3.3.8. C&c hé théng nudi cdy

Céc hé thong lic theo quy dao bao gom céc binh tam giac dit trén mot may
lic tao ra cac chuyén dong tron. Bang cach diéu chinh céc kep bén trén, ngudi ta co
thé sir dung chung dé lac cac binh nudi ciy cd thé tich tir 50-2000 mL. Cac may lac
quy dao thuong cé tde do thay doi trong khoang 30-150 vong/phut. Nhin chung, téc
d6 lac trén 200 vong/phat 1a khdng phu hop cho nudi ciy thuc vat. Nhip caa may
lic nén duoc diéu chinh & khoang 1,9 va 3,8 cm theo quy dao chuyén dong. Toc do
lic t6i wu (dya vao tée do ting truong, tong luong té bao va kha ning phan tach té

bao tét nhat) tiy thudc vao timg truong hop nudi ciy, méi trudng nudi cay, binh
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nudi cdy va luong thé tich nudi ciy twong quan véi kich thugc va hinh dang binh
[6]. Nubi ciy cac ré bat dinh thuong st dung 20-25 mL méi trudng trong binh thé
tich 100 mL hozc 70 mL mdi trudng trong binh thé tich 250 mL [38][56].

Céc hé thong nudi cay khudy hoic suc khi dugc sir dung dé nudi cay mé 16n
(thé tich 5-10 L) [56]. Trong nhitng hé thong nay, té bao duoc duy tri va phan b
trong suét qua trinh nudi cdy, su trao ddi khi duoc thuc day nho su thoang khi do ap
lyc va su thoang khi bén trong do mdi truong bi khudy dong nho tir tinh. Hé théng
nudi cay khuay c6 thé dé dang gan két véi cac thiét bi diéu khién su ting truong té
bao va thay d6i mdi trudng nudi ciy, két ndi véi nguon cung cap moi truong va
ngudn cung cap khi dé thay d6i diéu kién nudi ciy [66]. Cac hé théng nay co thé
duoc phét trién thanh hé thong nudi cay lién tyc trong dé nhiét do ciia méi truong
nudi cay cd thé diéu khién duoc nho cudn day dét ndng [38].

Cac hé thong nudi ciy té bao va ré caa P. ginseng da duoc thiét ké dé so sanh,
danh gia kha ning phat trién va san xuat saponin trén quy moé I6n [84]. Tong ham
lwgng saponin cu thé 12 ginsenoside c6 nhiéu khéc biét trong ting nudi cy va trong
tirng hé thdng thir nghiém. Trong nudi cay ré, tinh chat va thanh phan cac hop chat
ginsenoside dic biét twong ty nhu trong cti S&m thu ngoai tu nhién. Tuy nhién, tong
ham lugng saponin chi chiém 1,8% KLK tir binh tam giac Ién va 1,5% trong
Bioreactor sinh hoc, thap hon so véi tong ham lugng saponin trong cu P. ginseng
ngoai tu nhién (3,3% KLK). Tuy nhién, ning suit thu nhan saponin trong nudi cay
té bao P. ginseng rat cao, dic biét nudi ciy huyén phl té bao trong Bioreactor 1én
dén 4,3%, trong khi nudi cdy mé seo chi dat 1,3% [126][131]. Trong truong hop
nudi cdy huyén phu té bao da phat hién dugc mot loat cac saponin riéng Ié khac,
trong d6 c6 chira cac ginsenoside Rb1 va Rgl véi ham luong san xuat ra rat cao. Do
d6, hé thdng nay s& phu hop hon cho viéc san xuat cac hop chat riéng Ié. Ngoai ra,
do tinh trang biét héa khac nhau & cac té bao thuc vat nén gap kho khin khi thu
nhan céc hop chat mong muén [55].

3.4. Mt s6 nghién ciru nudi cay thu nhan sinh khdi ré cac loai sam
3.4.1. Mt s6 nghién cizu trén thé gidgi

Viéc nudi cay RBD mot s6 loai saim phuong Pong dé san xuét saponin ciing
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d3 co nhitng thanh céng nhat dinh. Nudi cay RBD hay ré to P. ginseng duoc chd
trong nhiéu nhét trong cac phuong phap nudi cdy mé va co quan, do cac nudi cay
nay thu nhan sinh khdi hiéu qua va nhiéu nhat trong thoi gian rat ngan. Hon nita,
cac ginsenoside quy tir P. ginseng ciing chu yéu tap trung va tich trir trong ré P.
ginseng cho nén lugng saponin thu dwgc ciing cao hon han cac nudi ciy khac. So
VvGi nudi cay ré to chuyén gen hay ré trdng, nudi cdy RBD ciing ¢6 nhiéu uu diém
hon vi viéc quan 1y quy trinh nudi cdy rd rang, don gian hon va cac nudi ciy ciing
6n dinh va an toan hon [79].

Ké tir nam 1998, hé thong Bioreactor c6 canh khuay da duoc nghién ctiru nham
thu nhan sinh khéi tir nudi cdy ré [104]. Két qua cho thay, nudi cay ré duoc xem
nhu 14 hiéu qua nhat cho viéc san xuat sinh khéi boi vi ching sinh truong nhanh va
san xuat hop chat 6n dinh. Tir d6 dén nay, hé thong nudi cay nay da dugc nghién ciu
va ng dung rong rdi vao nudi cdy RBD véi sé lwong 16n phuc vu cho muc dich
thuong mai [130]. Hé théng Bioreactor dac biét rat hiéu qua trong nudi cay trén
quy mo lé6n RBD P. ginseng [55].

Déi vai céc loai sam, kha ning tich liiy cac hop chat saponin c6 ¥ nghia rat Ion
trong cac nganh san xuat dugc pham. Do vay, Hahn va cs (2003) ciing d3 xac dinh
cac loai va nong do auxin toi wu 1én su hinh thanh co quan va san xuat saponin tir
nudi cay RBD P. ginseng C.A. Meyer [56]. R& va chdi phat trién trong mdi truong
cé chaa 2,4-D, NAA va dac biét 1a IBA cé su gia taing ham lwong cac ginsenoside
nhém Rb hon 12 nhém Rg [56]. Palazon va cs (2003) di tién hanh budc dau san xuat
ginsenoside tir nui cy ré to P. ginseng trong Bioreactor cai tién [105]. Ngoai ra, hé
théng Bioreactor hinh cau thé tich tir 500-1000 L ciing duoc st dung trong nghién
ctru nay dé san xuét ginsenoside. Hé thong nudi cay Bioreactor di dat dén thé tich
10000 L tai Han Quédc [56][104][116]. Nghién cau anh huong cua viéc bd sung
oxygen lén sy phét trién té bao va san xuét saponin trong nudi ciy Bioreactor cua P.
ginseng cho thiay bd sung oxygen cho nudi cdy P. ginseng trong hé thdng
Bioreactor 1a can thiét cho sy phat trién cta té bao va tich liy saponin. Ngoai ra,
nudi cdy RBD con phu thudc vao CO, vi CO, tac dong lén enzyme chbng oxy hoa

va gilp san xuat ginsenoside ¢ nudi ciy long ré P. ginseng [128]. Theo két qua
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quan sat dugc, ndng do enzyme chéng oxy hoéa gia ting c6 thé anh huéng dén
phan ng chéng lai sy ton hai té bao boi CO,. Nhu vay, su gia ting nong do CO,
c6 thé anh huéng khong tét cho tich liy ginsenoside; tuy nhién, n6 1am giam stress
va gilp ré phat trién. Nudi cdy RBD con chiju tac dong cua cac diéu kién nudi cay:
pH, duong, nitrogen, phosphate, nhung day khéng phai la cac tac nhan anh hudong
dén sy phéat trién cua ré, ma con chiu anh huéng dang ké dén ham lwong saponin
[40][104][116][118]. Vi du, ham lwong saponin cao nhat thu duoc khi nudi cay
RBD cay P. ginseng ¢ pH 5,8 [133].

Nghién ciu thu nhan sinh khéi rd rang khong chi ding lai & quy mé phong
thi nghiém ma da duoc coéng nghiép hoa bang nudi cay Bioreactor [130]. Tinh hinh
nghién ctu vé tai sinh va dac biét 1a thu nhan sinh khdi théng qua nuéi ciy in
vitro da ¢ mot budc tién rat dai, ngudn sinh khdi thu duoc da gop phan lam giam
viéc khan hiém nguyén liéu cho cac nganh dugc pham va my pham [123].

3.4.2. Mgt s6 nghién cizu trong nwéc vé ré bt dinh sam Ngec Linh

O Viét Nam da c6 mot so tac gia nghién ciru vé RBD sam Ngoc Linh, tuy nhién,
chua c6 nghién ciru ndo vé RTC va nhitng nghién ctu vé nudi cay ré loai sam nay
con rat han ché.

Duong Tan Nhyt va cs (2009) di budce dau thanh cdng trong viéc nhan nhanh
RBDP cua sdm Ngoc Linh (P. vietnamensis Ha et Grushv.) va cac khao séat vé mot s6
yéu t6 anh hudng tsi sinh khoi cay sam Ngoc Linh nudi cay in vitro va budc dau
phan tich ham luong saponin ciing d duoc thuc hién [98]. Duong Tan Nhut va cs
(2012) ciing da xay dung dugc mot hé théng nudi cay phu hop dé tai sinh RBD cay
sam Ngoc Linh [16].

Gan day, hang loat cic nghién ciru trong nudc cling di tap trung vao téi uwu
hoa cac yéu té moi truong dinh dudng, cac didu kién nudi cay va gia thé nham ting
sinh kh4i RBD sam Ngoc Linh. H6 Thanh Tam va cs (2013) di xac dinh duoc trong
cac loai auxin, IBA & nong 6 5 mg/L 1a phu hop d&& RBD hinh thanh tir mau 14 véi
lwong saponin cao hon so véi st dung cac auxin khéac [18]. Ngoai ra, mot s6 nghién
ctru khac ciing cho rang méi truong phi hop cho nudi cay ré sam Ngoc Linh 1a méi
trrong SH hay MS chtra 5 mg/L IBA [14][11].
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4. ELICITOR VA SU KICH KHANG TRONG NUOI CAY IN VITRO

Dé ting hiéu qua san xuit saponin, gan diy méi twong quan giita San Xuét
saponin va biéu hién ctia enzyme quan trong trong sinh tong hop saponin di duoc
nghién cau trén cac chi P. ginseng thong qua tac dong cua cac elicitor[13].

4.1. Khai niém

Elicitor (elicitor thyuc vat) cd thé dugc dinh nghia 1a mot chat 1am céac thay doi
sinh 1y trong thuc vat. Khi dua vao hé théng té bao song cua thuc vat, cac té bao
thuc vat phan ang vai cac tac nhan gay stress nay bang cach hoat hoa mét loat cac
co ché twong ty nhu phan (ng phong vé cua thuc vat véi cac tac nhan gay bénh hay
kich thich cua méi trudong, anh huéng dén qua trinh trao d6i chat cua thuc vat va
tang cudng tong hop cac hop chat thi cap [101].

Lan dau tién, céc elicitor sinh hoc dugc md ta vao dau nhitng nim 1970; ké tir
d6, hang loat cac cng bd di ching minh cac hop chat c6 ngudn géc tir cac tc nhan
gay bénh gay ra cac phan &ng phong vé hoic cam tng chéng chiu ¢ thuc vat va gay
tich lity mét s6 hop chat sinh hoc ¢ cy trong hay trong cac nudi cay mé té bao thuc
vat [101]. Viéc ang dung cac elicitor riéng ¢ hay két hop & cac thoi diém sinh
truong cua thuc vat nhu mot cong cu dé ting cudong ham lugng cac hop chat thi
cap, nhung day khong phai 1a thuéc bao vé thyc vat hay phan bon dung dé kich
thich sy phat trién cua cay trong.

Su kich khang 1a gay dap ung phong vé bang mét lwong nho cac elicitor dé
tang cudng qua trinh sinh tong hop céc chat chuyén hda thir cap [95].

4.2. Phan loai

Elicitor c6 thé dugc phan loai dya trén co s ban chat ty nhién c6 elicitor phi
sinh hoc, elicitor sinh hoc (Bang 1.1) [95][101][137][101]. Elicitor sinh hoc
(chitosan, alginate, cellulose,...) thuong bat ngudn tir cac vi sinh vat (ndm, vi khuan,
virus) hay céc tac nhan lay nhiém tir dong vat nhu cac polysaccharide, polyamine,
glycoprotein va acid béo. Cac elicitor tir thanh té bao vi sinh vat (cell-wall elicitor)
thuong 1a cac thanh phan hoat héa & mirc do phan tir [32]. Cac elicitor sinh hoc
(galacturonide hay hepta-B-glucoside) duoc giai phong ra khi thuc vat bi tin cong

thdng qua hoat dong cua cac enzyme chéng lai cac tac nhan gay bénh [32][95].
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Bang 1.1. Phan loai elicitor trong san xuat cac hop chét tha cap [95][101].

A. Theo ban chat elicitor

Elicitor sinh hec

Elicitor phi sinh hec

- Puoc giai phong tryc tiép tir dong vat, vi
sinh vat va duoc nhan dién boi té bao thuc
vat nhu cic enzyme, cidc manh thanh té
bao, protein dong vat, cac
lipopolysaccharide; cac poly-saccharide:
pectin va cellulose (thanh té bao); chitosan,
chitin, cac glucan (vi sinh vat), alginate,
arabic gum, guar gum, dich chiét nim men;
cac oligo-saccharide: galacturonide,
guluronate, mannan, mannu-ronate.

- Puoc tao thanh baoi hoat dong cua vi sinh
vat trén thanh té bao thuc vat nhu cac
cellulase, pectolyase.

- Puoc tao thanh tir hoat dong cua céac
enzyme thuc vat trén thanh té bao vi khuan
nhu cac protein: cryptogein, glycolprotein,
oligandrin, cac hydrolysat, lactoferrin.

- C4c hop chat: noi sinh va tao thanh trong
tu nhién nhu cac CDHST ndi sinh; duoc
hinh thanh hoac tiét ra boi té bao thuc vat
khi dap tng kich thich khac nhau nhu cac
pathogen toxin nhu coronatine, cac chiét
Xuat hiru co.

Tac dung cua cac tdc nhan vat ly
hoac hoa hoc tu nhién theo duong
noi sinh tao thanh cac elicitor sinh
hoc

-Vat ly: tia UV, protein bién tinh
(Rnase), gdy dong va ra dong, cac
thanh phan khong thiét yéu cua
moi truong (agarose, thiéc,...), su
thay d6i ap suat, do am, cac thanh
phan khi nhu CO,, ozone, bi gay
vét thuong, stress mudi, nhiét do
hay do kho han.

- Héa chat c6 ai luc cao véi DNA
va c6 hoat tinh pha v& mang té bao
nhu thudc diét nam (maneb, butyl-
amin, benomyl), thubc diét co
(acifluorofen), acetic acid,
benzothiadiazole, silicon, kim loai
nang, cac prohexadione diéu hoa
sinh hoc, ethanol, ethane, cac mudi
v6 co: HgCl,, CuSO,, CaCl, va
VSO,,...

cac ion kim loai: Co*, Fe**, AI*,
Ag¥, Ag', Mn?*, Zn?*, Cu®, Pb*
va Cd*".

B. Theo nguén géc elicitor

CA&c elicitor ngoai sinh

Céac elicitor ngi sinh

- Hinh thanh tir bén ngoai té bao, bao gom
phan &ng tryc tiép hoic qua cac chat noi
sinh trung gian

- Polysaccharide: glucomanose, glucan,
chitosan,...

- Peptide va chudi cac ion duong:
monilicolin,  poly-L-lysine, polyamine,
glycoprotein,...

- Enzyme: polygalacturonase, endo-

polygalacturonase acid lyase, cellulase,...
- Acid béo: acid arachidonic, acid
eicosapentanoic,...

- Puogc tao thanh qua céac phan tng
thi cap, cam tng bang mot tin hiéu
sinh hoc nhu JA hay SA hoac phi
sinh hoc trong té bao nhu dodeca-
B-1,4-D-galacturonide, hepta-f-
glucoside, alginate oligomer,...

- Cac CDBHST: JA, MelA, SA,
ethylene, cytokinin, auxin, GA; ...
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Céac hormone thuc vat nhu salicylic acid (SA), jasmonate hay jasmonic acid
(JA),... duoc tong hop héa hoc hodc chiét xuat tir thyc vat dugc xép vao nhom
elicitor sinh hoc c6 thé tach riéng thanh nhdm céc elicitor dan truyén tin hiéu (signal
elicitor). SA, JA, methyl jasmonate (MeJA) va abscisic acid (ABA) la cac elicitor
phd bién gay cam ¢ng biéu hién gen ¢ thuc vat théng qua cac con duong chuyén
hoa sinh hoc khac nhau, va dugc dinh nghia 1 cic hormone boi cac phan ung cua té
bao & cac ndng do6 rat thap, cho nén tly muc dich ma cac elicitor ndy dwoc ung
dung theo cac cach khéac nhau. Vi du: c6 thé sir dung 0,01 hay 0,1 mM MelA &
dang khi trong phong nudi kin hay dang léng trong dung dich thuy canh dé ting
cudng cac hop chat ginsenoside trong nudi ciy P. notoginseng [60].

Elicitor phi sinh hoc dugc san sinh boi cac tdc nhan gay stress tur moi
truong. C4c tac nhan nay co thé cd ban chat tir héa hoc nhu cac mudi vo co, cac
ion kim loai,... c6 kha ning pha v& tinh todn ven cua té bao va cac tac nhan vat ly
(tia UV, vét thuong, nhiét do,...) nhu dit cdy sip lo hay cu cai 3 ngay tuéi dudi
diéu kién chiéu sang v6i cuong do cao 700 umol.m™?.s™ hay dé ¢ 4°C trong 1 ngay
lam ham luong tong phenolic tang 1én [101].

Ngoai phan loai theo ban chat, cé thé phan loai elicitor theo ngudn géc phét
sinh ra gom elicitor ndi sinh va ngoai sinh (Bang 1.1). Cac elicitor ciing duoc
phan loai dwa vao mdi tuong tac véi cdy chu nhu cac “elicitor phd cap”, céac
carbohydrate, protein thanh té bao, oligosaccharide giy ra cac co ché cam ung
phong vé khong dic hiéu trong nubi ciy va “cac elicitor chuyén biét” tir nam, Vi
khuan hay bat ngudn tir thuc vat chi dac hiéu voi mot cay chi, twong tng véi gen
gay dé khang chi c6 ¢ cay cha d6 dé chong lai tac nhan nay [95].

4.3. Co ché tac dong caa cac elicitor

Céc elicitor c6 ngudn gdc khac nhau, c6 kha ning gay nén cac dép ung vé mat
hinh thai, sinh 1y va tich liiy phytoalexin (chat dugc sinh ra & thuc vat khi chiu tac
dong cua cac tac nhan gay bénh). Viéc thuc hién gay kich khang céac cay P. ginseng
boi cac elicitor gay ra mot loat cac phan tng phong vé gilp bao vé cay, dong thoi
lam ting sy tich liy cac hop chat saponin trong nuéi cdy in vitro [137]. Mic du da

c¢6 nhitng nghién cru su Vé co ché anh huang cua elicitor 1&n sy san xuat hop chat
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thir cdp & thuc vat; tuy nhién, co ché tac dong cua cac elicitor nay van chwa duoc
hiéu ddy du. C6 nhiéu gia thuyét di duoc dua ra dé giai thich tac dong cua elicitor
thong qua mang ludi truyén tin hiéu phuac tap (Hinh 1.2) nhu co ché truyén tin hiéu
Ca?*, cac yéu té anh huong dén su nguyén ven ciia mang té bao, con dudng Gc
ché/hoat hoa noi bao hay thay doi ap sudt tham thau [27][95].

Khi G-protein tham gia vao dap ang phong vé & thuc vat nho su bat cap véi
cac thu thé dé gién tiép truyén tin hiéu elicitor dén céc effector, nhu cac kénh ion va
cac phospholipase, sau do truyén tin hiéu dén cac phan tng xudi dong dé san sinh
cac hop chét bién dudng thir cap. Sy kiém hoéa moi truong (hay apoplast) 1a mot
trong nhitg dap ung tir rat sém xay ra khi nudi cay té bao thuc vat khi dugc xir ly
véi céc elicitor. Sy acid hoa té bao chat twong ung duoc quan sat cing véi sy kiém
hoéa moi truong. Su acid hda té bao chat dong vai trd nhu 1a mot budc thiét yéu
trong con duong truyén tin hiéu, dan dén su san sinh chat oxy hoa va sinh tong hop
cac hop chat bién dudng thir cap [95].

Dong ion dugc cam tng boi elicitor 13 mot dap tng tac thoi cua té bao thyuc
vat, xay ra chi trong vong 5 phdt sau khi xtr Iy. Dong ion nhu su trao doi K*/H",
dong CI” di ra va dong Ca?* di vao nhu 1a nhimg dap tng sém nhit cua té bao thuc
vat dbi voi nhitng tac nhan khong doc hay céc elicitor. Trong sé nhitng dong ion
nay, dong ion Ca”* di vao hoat dong nhu 1a mot dap (ng quan trong nhat vi Ca* 1a
mét tin hiéu thar cAp ddi vai rat nhiéu sy thay doi sinh ly va tién trinh té bao khéc
nhau. C6 thé néi, dong Ca** dwoc cam tng bai elicitor 13 mét trong nhitng dap tng
sém nhat va hoat dong nhu mét thong tin tin hiéu kiém soat hau hét moi phan tng
xudi dong. Vi vay, dong Ca’* dugc cam ung béi elicitor dong mét vai trd quan
trong ddi véi su tich lity cac hop chit bién dudng thir cap ¢ thuc vat. Mot s gia
thiét cho rang co su lién két giira elicitor véi cac thu thé trén mang plasma dé kich
hoat qué trinh san xuét hop chét thir cip. Ca®* gin vao mang nguyén sinh chat tur
mdi trudng bén ngoai té bao va ngudn Ca** bén trong té bao. Mot sé tac gia nhan
manh dén su thay d6i nhanh qua trinh phosphoryl héa protein va kich hoat protein
kinase chinh 1a co ché tac dong cua céc elicitor [137]. Trong khi dé, nhiéu tac gia

khac nhan thay c6 su tich lily mitogen-activated protein kinase (MAPK) va kich
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hoat G-protein trong qua trinh kich thich tong hop cac saponin & P. ginseng. Hu va
cs (2004) cho thiy, cac hoat dong gay ra boi chitosan (CHN) 1én MAPK can cho
viéc tong hop saponin. EGTA va LaCl3 da tc ché hoat dong MAPK 39 kD va 42
kD. Nhitng két qua nay con chi ra ring, su gia ting Ca>* noi bao do CHN gay ra la
can thiét cho su tong hop saponin bao gdm ting hoat tinh cia NADPH oxidase va
san sinh H,0, gay uc ché phan tng oxy hdéa. Ngoai ra, elicitor con bat hoat H*-
ATPase, lam giam su phan cuc cua mang, tang pH bén ngoai mang [61]. Viéc san
Xuat cac ROS (reactive oxygen species) nhu anion superoxide va H,O, tao ra hiéu
ting khang khuan truc tiép ciing nhu gdp phan tao ra cac dan xuat cua acid béo co
hoat tinh sinh hoc [127]. Tuong ty, ROS tham gia vao qua trinh lién két véi protein
giau proline gan trén thanh té bao sau d6 hoat ddng nhu mét tin hiéu thir cap va kich
hoat dich ma cac gen phong Vvé.

Sy suy giam phosphoinositide duoc cam tng bai elicitor xay ra ¢ nhiéu loai
thyc vat khac nhau. Mot trong nhitng con duong vong phosphatidylinositol quan
trong la su thuy phan phosphatidyl inositol 4,5-diphosphate nho phospholipase C.
Enzyme nay c6 thé duoc hoat hda nho Ca®* tir khoang du trir calcium néi bao nhu
mang ludi noi chat, thé golgi hay khéng bao ¢ thuc vat. Vi vay, con dudng truyén
tin hiéu IP3-Ca®" duoc cho 1a déng vai tro trung gian trong su san sinh phytoalexin
duoc cam ung boi elicitor. Sy gia ting hoat tinh PLC hay IP; trong té bao chat cua
té bao thyuc vat dap ung lai véi viéc xir ly elicitor 1 can thiét ddi véi su tich liy mot
s6 hop chat bién dudng thir cap c6 kha nang phong vé. Mot nhém thong tin tin hiéu
thir cap khéc, cac nucleotide vong nhu cAMT hay cGMP, ciing dong vai trd quan
trong trong su tich lity cac hop chét bién dudng thir cip & mot sé té bao thuc vat
dap tng vai elicitor. Nhiéu bang chiing sinh ly, sinh héa va di truyén di cho ring
cAMP hay cGMP déng mot vai tro quan trong trong viéc diéu hoa cac kénh cation
trén mang plasma cua té bao thyuc vat dap ung lai vai elicitor hay cac tac nhan gay
stress khac va nhiing kénh cation cong nucleotide vong nay dong vai trd rat quan
trong trong dap ing phong vé ¢ thuc vat [43].

Theo céc gia thuyét khéac, su tich lity cac protein lién quan dén viéc bao vé té

bao khoi tAc nhan gay bénh nhu chitinase va glucanase, endopolygalacturonase giup
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giai phéng céc tin hiéu pectic oligomer (elicitor noi sinh), glycoprotein giau
hydroxyproline va chat ¢ ché protease [61]. Kich hoat sy phién ma cua cac gen
phong vé ciing da dugc cong bd trén cac d6i twong 1a P. ginseng [68][78][81].

Elicitor va cac yeu tb gay djc

Thanh té bao Ciing ¢ véch té bao
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Hinh 1.2. So @6 minh hoa mang luéi truyén tin hiéu elicitor [137].

Ngoai ra, ethylene va nitric oxide (NO) ciling dong vai trdo nhu mdt trong
nhitng tin hiéu dap tng mién dich trong phan ing phong vé caa thyc vat. R6 rang,
con duong truyén tin hiéu ethylene can thiét cho phan ang phong vé cua thyc vat
chdng lai stress nhung chi c6 rat it trudong hop tich lity cac hop chat bién dudng thi
cap ¢ thuc vat chiu anh huong bai ethylene. Nong do ethylene trong nudi ciy phai
c6 mot gia tri toi han dé hoat dong boi ethylene & néng do cao cé thé wc ché qua
trinh sinh tong hop cac hop chat bién dudng tha cap; trong khi ¢ néng do thap,
ethylene thuc day su san sinh cac hop chat bién dudng thir cip duoc cam tng bai
elicitor. Nitric oxide (NO) duoc biét dén 1a mot hop chét tin hiéu & thuc vat. NO
hoat dong nhu mét tin hiéu cho sy ting truang, phét trién va phong vé cua thuc vat.

Nghién ctiru quéa trinh phién ma cho thay, NO cam ung cac gen phong vé va cac gen
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thanh phan truyén tin hiéu lién quan dén céc tac nhan gy bénh va stress, diéu nay
da chi ra rang con dudng truyén tin hiéu NO c6 lién quan dén qué trinh san sinh cac
hop chat bién dudng thir cap [68].
1.1. Cach xir ly va tac dong cuaa elicitor

Tang cuong san xuat hop chat thir cip tir nudi cly md té bao thuc vat thong
qua vai tro cua cac elicitor d@ mé ra mot hudng nghién ciru mai trong cong nghiép
dugc pham [120]. Cac tham sb nhu thanh phan va ndng d¢ elicitor, thoi gian xu 1y,
tudi nudi cdy, dong té bao, phytohormone, thanh phan dinh dudng va dic diém
thanh té bao phu hop c6 thé ting kha ning tich lily cac san pham tht cap [95].
4.4.1. Nong dé elicitor

Nong do elicitor dong vai tro rat quan trong trong qua trinh kich thich sinh
tong hop cac hop chat thir cap. Sy tich lily ajmalicine cao hon trong nuéi cay cay
dira can dugc xu Iy bang dich chiét Trichoderma viride, Aspergillus niger va
Fusarium moniliforme vé&i cac nong d6 khac nhau. Sy tich lily ajmalicine trong céc
té bao duoc xir Iy ndng do elicitor cao (5%) cao hon so véi xir Iy ¢ nong do thap
(0,5%). Tuy nhién, néng do elicitor cao hon 10% anh huéng bat lgi 1én sy tich liy
ajmalicine. Nong do elicitor cao gy ra hién tuong dap Gmg qua ngudng, din dén
chét té bao [95]. Ngoai ra, khi bo sung JA, YE va CHN ¢ cac néng do khac nhau sé
c6 tac dong khac nhau 1én kha nang tich lily azadirachtin trong nudi cdy té bao
Azadirachtin indica; JA va YE & nong d6 cao (100 mg/L) giap tich liy hop chat
nay t6i vu hon & nong do thap, nhung CHN ¢ nong d6 thap (50 mg/L) lai cho ning
suit tich lily cao hon khi ting ndng d6 1én, trong d6 YE cho két qua tot nhat [1].
4.4.2. Thei gian tiép xuc véi elicitor

San xuit ajmalicine ting khoang 3 lan khi té bao dira can duoc xt 1y véi dich
chiét cua T. viride trong 48 gio, va tang 2 1an khi xir Iy véi dich chiét caa A. niger
va F. moniliforme. Tuy nhién, thoi gian tiép xic cao hon 96 gid lam giam
ajmalicine tich liiy [95]. Ngoai ra, thoi gian tiép xtc khac nhau ciing tac dong I1én
kha nang tich liiy cac saponin & nhan sam [13][58][67][76].
4.4.3. Thei kp nudi cay

Thoi diém cay chuyén 1a mot yéu té quan trong trong san xuat cac hop chat c6
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hoat tinh sinh hoc nhd tac dong cua cac elicitor. Két qua san xuat ajmalicine tir té
bao dira can cho thiy ajmalicine cao nhat (166 pg, dw) duoc tich lity trong té bao
20 ngay tudi duge xir 1y vai dich chiét caa T. viride [95].
4.4.4. Thanh phan dinh dwéng

Thanh phan méi trudng cling dong mot vai tro quan trong dé ting cudng sinh
téng hop cac hop chat thir cap khi xir ly vai elicitor. Su tich lily ajmalicine trong
moi truong Zenk ting nhiéu hon so v6i méi trudng MS [95]. Ngoai ra, anh hudng
cua elicitor ciing con phu thudc vao dic tinh cua ching, dong té bao, dong vi sinh
vat sir dung 1am elicitor, su c6 mat cia cac CDHST, thanh phan dinh dudng va cac
diéu kién nudi cdy, ... [95].
1.2. Mt sé elicitor phé bién trong nudi cay nhan sam
4.5.1. Chitosan

Chitosan (CHN) 1a mot elicitor ngoai sinh hay mét elicitor sinh hoc c6 nguén
géc tir thanh té bao cua dong vat giap sat, thuoc dang deacetyl hoa cua chitin [138].
Chitin 12 mét polysaccharide bao gom déng tring hop N-acetyl-D-glucosamine va
c4c tiéu phan D-glucosamine lién két véi nhau nho cau ndi B-1,4 glycosidic. Chitin
hién dién & rat nhiéu loai nhu trong vo cua céac loai gidp xac, trong 16p voé cutin cua
con tring va trong véach té bao cia nam va mot vai lodi tao [22]. CHN la mot
polymer sinh hoc c6 rat nhiéu @ng dung trong cac linh vuc xtr Iy nudc thai, cong
nghiép gidy va bot gidy, trong cac loai duoc pham va do trang sic, trong céng nghé
sinh hoc, thuc pham, thic 4n gia stic va cac loai mang sinh hoc [32]. Trong nhiing
nghién ctru gan day, mot anh huong tich cuc cia CHN di duoc ghi nhan trén sy
phat trién cua ré, chdi va 14 cua nhiéu loai thuc vat nhu cay hoa dong tién va nhiéu
cay trong khac [22]. Ngoai ra, CHN con duoc biét dén nhu mét elicitor sinh hoc véi
kha nang gay ra cac phan ung oxy hoa khur va phong vé ¢ thuc vat va giap kich
thich kha ning sinh tong hop mot sé hop chat thir cip [85]. Vi du, CHN gilp hoat
hoa cac mitogen-activated protein kinase (MAPK) nhu squalene synthase, ginseng
squalene epoxidase (cua cac gen gss va gse), hay B-Amyrin synthase (B-AS), tir do

lam tang kha ning sinh tong hop ra cac saponin [61].
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4.5.2. Dich chiét ném men

Dich chiét nam men (Yeat extract - YE) ciing 1a mét elicitor ngoai sinh ¢6
ngudn gdc sinh khdi té bao nam men Saccharomyces cerevisiae, trong d6 YE chta
hang loat thanh phan c6 thé kich thich phan &ng phong vé thuc vat va dan dén sy
gia tang cac hop chat tht cap nhu chitin, N-acetylglucosamine oligomers, B-glucan,
glycopeptides va ergosterol [138]. Trong tu nhién, c6 rat nhiéu vi sinh vat cé ich
cho su phaét trién va tich litly cac hop chat saponin quy trong ré, do vay céc vi sinh
vat nay 14 rat can thiét cho cay [125].

Céc hop chét phenol c6 thé tuong tac véi protein giau proline cua YE dé tao ra
chat két dinh, c6 kha ning twong tic voi protein da dan téi tim quan trong cua
ching trong nganh cong nghiép thuc pham, dugc pham va nong nghiép [57]. Ung
dung YE ngay cang tré nén rong réi bai nhitng dac tinh co lgi ctia YE nhu lam tang
san lugng va ning suit san pham cua cay dau nanh. Hon nira, YE con c6 ich cho
thuc vat tang treong va sinh san thdng qua viéc cai thién su hinh thanh hoa va mot
s6 cay trong do ham luong auxin va cytokinin cao va ting cuong tich liy
carbohydrate [57]. Xir Iy 14 voi YE con lam ting ty 18 dam va thanh phan
carbohydrate trong cdy. YE c6 tac dung kich thich d6i v&i sy phan chia va gia ting
té bao, tong hop protein, nucleic acid va sy hinh thanh chlorophyll [32]. YE con c6
chtra chat bao vé, tirc 1a duong, protein, amino acid, ciing nhu mét sé vitamin cai
thién su tang truong, ra hoa va két qua cia mot sé cay trong bang cach nubi ciy 14
VGi chiét xuat tir ndm [57]. Hon nita, nhiéu nghién ctu cho thiy YE ciing co tac
dung nhu cytokinin gitp kich thich kha niang nay choi cay dau.

Vai tro caa YE tuy chua dwoc ¢ng dung rong réi trong nudi cay sam Ngoc
Linh, nhung d3 c6 rat nhiéu nghién cau cho thdy hiéu qua ting cuong san xuit cac
hop chét thi cap trong nudi cay thuc vat [57][112]. Khi bé sung 250 va 500 mg/L
YE di lam ting dang ké luong noradrenaline trong nudi cay ré to Portulaca
oleracea L. [107].

4.5.3. Elicitor c6 nguén géc tir chdt diéu hoa sinh truwéng thuc vt
Salicylic acid

Salicylic acid (SA) la mét elicitor noi sinh hay elicitor sinh hoc ¢6 nguon géc
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la cac hormone noi sinh, duoc biét nhiéu nhat véi vai trd 1a mot chat cam tng
truyén tin hiéu dén trong hé théng khang tap nhiém & thuc vat [138]. SA nhanh
chong duoc tich lity & vi tri bi xam nhiém trong sudt qua trinh tin cdng cua tc nhan
gay bénh va no lan sang nhitng phan khéc cua cay dé cam ung dap ung phong vé
trén dién rong [110]. Bong thoi, SA cam tng sy biéu hién gen lién quan dén sinh
téng hop va san sinh mot s hop chat bién dudng tha cap & thuc vat [134].
Jasmonic acid

Jasmonic acid (JA) la mot elicitor ndi sinh trong nhom elicitor sinh hoc cé
ngudn goc la cac chat diéu hoa sinh truong thuc vat (CBDSTTV) co tiém ning
thwong mai cao, c6 tac dong truyén tin hiéu kich thic manh phan tng phong vé, lam
e ché sinh truong va phat trién thuc vat [137][138]. JA duoc xem Ia "hormone"
boi vi chlng gay ra nhitng phan tng cua té bao ¢ néng do thap. Ham luong JA
trong thuc vat thong thuong khoang 0,01-3 ng/g trong luong tuoi (FW) [137]. JA
duoc tong hop qua con dudng octadecanoid, bat dau tir acid linolenic va két thic ¢
(+)-7-epi-JA (cac thé tiép hop va dong phan cua ching) [137]. Tir lau, JA di duoc
xem nhu 12 nhitng hop chat chuyén dbi c4c tin hiéu elicitor dé san sinh cac hop chat
bién dudng thir cap. Jasmonic acid (JA) va nhiéu dan xuat khac nhu MeJA, HEJ,...
la cac tin hiéu JA ngoai sinh dugc sir dung pho bién trong linh vuc nudi cidy mo té
bao va co quan thyc vat gay kich thich sinh tong hop cac hop chat thir cap, hinh
thanh co quan dy trit, cam tng hé théng bao vé chdng lai cac stress sinh hoc (dong
Vvat dn c¢6 va cac mam bénh) va phi sinh hoc (han han va ozons), Gc ché su ting
truong trong c4c mé nhu ré cay va chdi non [137].

Ngoai ra, JA c6 thé tuong tac véi hormone khac dic biét 1a ethylene 1am anh
huéng dén su ting truong va phét trién cua thuc vat [137]. Cac JA chu yéu duoc
hinh thanh nho qua trinh oxy hoa cac acid béo chua bao hoa nhu linoleic acid, hoat
dong cong hop voi lipase, lipoxygenase hay nhom cytochrome P450 (CYP74) nhu
allene oxide synthase (AOS) va hydroperoxide lyase (HPL). Hau hét ¢ c4c loai thyuc
vat cam tng tich liiy cac hop chat bién dudng déu nhod con duong truyén tin hiéu JA
nhu terpenoid, flavonoid, alkaloid va phenylpropanoid. Vi vy, con dudng truyén

tin hiéu JA dong vai tro nhu mét tin hiéu khong thé thiéu trong qué trinh sinh tong
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hop nhiéu hop chét thir cap ¢ thuc vat [137]. Khi xt Iy JA trong nudi cay P. ginseng,
nhiéu nghién ctru da xac dinh dwoc qua trinh sinh tong hop cac saponin phu thudc
vao tin hiéu JA gan nhu hoan chinh trong hoat héa qué trinh trao ddi chat va cac
chat trung gian trong con dudng sinh tong hop saponin [40]. Nhiéu nghién ctu ciing
cho thiy, tin hiéu oxylipin JA lién quan dén con duong sinh tong hop cac
cyclonpenenone thong qua con duong octadecanoide hay con duong khong qua hé
thng enzyme [137].

Abscisic acid

Abscisic acid (ABA) la mét elicitor noi sinh hay elicitor sinh hoc ¢6 ngudn
g6c 1a cac hormone noi sinh [138]. ABA hoat dong nhu mét phan tir tin hiéu quan
trong dé diéu hoa su biéu hién cac gen phong vé. ABA ciing dong vai tro diéu hoa
qua trinh sinh tong hop cac hop chat bién dudng thi cap trong nudi cy té bao mot
s6 loai thuc vat. ABA ciing c6 thé 1a mot tin hiéu dé tich liy cac hop chat bién
dudng thtr cap ¢ thuc vat dugc cam tng bai stress tham thau. Do6i khi ABA lai 1am
giam su tich liy mot s chat bién dudng tha cap [137].

Ngoai ra, con rat nhiéu elicitor ngoai sinh khac nhu 4nh sang, nhiét o, pH,...
va elicitor noi sinh khéc chiét xuat tir té bao thuc vat c6 thé tac dong 1én qua trinh
tich lity cac hop chat thir cAp hay céc saponin trong céc loai sam [50][95].

1.3. Ung dung elicitor trong nudi cac loai nhan sam in vitro

Tang cudng tong hop saponin triterpene dwoc nghién ciu chii yéu bang cach
bo sung cac elicitor vao nudi cay P. ginseng, P. notoginseng, P. quinquefolium va P.
vietnamensis (Bang 1.2). MeJA & nong d6 0,2 mM lam ting san Xuit céac
ginsenoside gap 4 lan trong RBD P. ginseng [50] va 1,8-3,1 lan trong nudi cay
huyén phu té bao P. ginseng [60] so véi dbi ching. Trong phan ¢ng vai 0,2 mM SA,
saponin ting gap 3 lan trong nudi cdy RBD P. ginseng va HEJ ting san luong
ginsenoside gap 2-4,4 lan trong nudi ciy huyén phi té bao [40]. Hon nita, khi
nghién cuau céc elicitor sinh hoc cling c6 hiéu qua manh Ién kha nang tich liiy cac
hop chét thir cap [32]. Ngoai ra, mot s6 elicitor sinh hoc khac ciing dugc ung dung
rong réi trong nudi cay P. ginseng in vitro nhu CHN ciing lam ting kha nang tich

lay triterpene trong P. ginseng [61][62]. Hao va cs (2013) xac dinh trong 38 chung
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nam phan lap duogc tir ré P. Ginseng, Fusarium sp. c6 tiém nang 16n trong viéc gia
tang ham lugng saponin [125].

N6i chung, str dung nhirng elicitor khac nhau dé ting cudng san xuat saponin
trong nudi cay bang Bioreactor it ¢4 hiéu qua so véi cac nudi cay & quy md nho,
nhung sinh khéi thu duoc lai cao hon. Wang va cs (2005) di nghién ctu sy khac
biét trong san xuat ginsenoside trong nudi cay té bao sam Tam that trong binh tam
giac va Bioreactor [122]. Trong binh tam giac, 6 sy gia ting manh trong tong ham
lwong ginsenoside tir ngay 8 dén ngay 15 sau khi cam ¢ng téi mac téi da vao ngay
15 gap 2,6 lan so v&i ddi chimg. Nguoc lai, cac té bao truong thanh trong
Bioreactor di cho thidy mot sy gia ting cham trong san xuét saponin, dat téi uu vao
ngay 15 tang gap 1,8 lan so vé4i dbi chimg. Tuy nhién, twong ty sau 5 ngay bo sung
MeJA ngay tir dau nudi cay va két hop véi nong do sucrose thich hop cho khong
nhitng c¢6 hiéu qua khi nudi ciy trong Bioreactor ma con gitp ting cuong san Xuat
cac saponin 1én gap 4 lan [122]. Nam 2005, cac nghién ctru ciing da cho thay, ham
lwong saponin trong sam Triéu Tién (P. ginseng) ciing c6 thé gia ting nhd bd sung
céc elicitor vao mdi truong long khi nudi cdy RBP hay ting lugng bilobalide va cac
ginkolide trong nudi ciy té bao cay Ginkgo biloba, ciing nhu x4c dinh con duong
truyén tin hiéu caa cac elicitor 1én kha nang tao ra cac san pham thir cap [71]. Nam
2006, Jeong va cs da nghién ctru anh hudong cta oxygen, carbon dioxide va ethylene
|én sy ting truéng va qué trinh san xuat thanh phan duoc chat trén qua trinh nuéi
cay RBD sam Triéu Tién bang Bioreactor [67].

Thanh phan méi truong hay cac elicitor ciing tac dong dén viéc cam tng va
phat trién ré toc, cling nhu san xuét cac dugc chat tir mot sé cay duoc liéu. Ali va cs
(2008) di cho thiy, anh huéng cua carbon dioxide 18n enzyme chéng oxy héa trong
san xuat ginsenoside & ré sam Triéu Tién khi nudi cay long [27]. Kim va cs (2005)
khi tién hanh nghién ciu ting kha niang san xuat saponin tir RBD cia sam Triéu
Tién, méi trudng 1an didu kién nudi cdy déu anh huong dén ham lwong saponin [76].

Xt Iy véi MeJA hodc SA thuong lam giam tang truong cac mau cay. Doi voi
nudi cay ré P. ginseng, sinh khéi ré sut giam nghiém trong khi xir Iy hon 9 ngay voi

0,2 mM MeJA hozic SA [96]. Ngoai ra, nhiéu nudi cay cac loai nhan sam in vitro c6
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thé bo sung thém cac phytohormone két hop voi cac elicitor dé ting tich lity
saponin. Yun-Soo va cs (2003, 2009) da chieng minh, viéc bd sung 0,025 mg/L
thidiazuron c6 thé ngan chin nhitng tac dong tiéu cuc cia MeJA 1én ting trudng
toan bo cay va tang san lugng saponin cao hon vai viéc chi dung MeJA [134][76].
Tuy nhién, mic ting nay trong cy chu yéu do ting sinh khdi hon 1a kich thich trao
d6i chat thir cap, bai vi, chi khao sét tang truong ré khi them MeJA [134].

Trong mot sé truong hop, xir 1y elicitor trong nuéi ciy in vitro khéng chi lam
ting san Xuat saponin ma con 1am thay doi thanh phan hoéa hoc cua céc tién chat va
san pham cudi cung cua chu trinh. Vi du, trong nudi cay quy md I6n té bao sam
Tam that voi 200 mM MeJA hoic HEJ [122], Xiang-Yang va cs (2003) da xac dinh
dugc mot sd tac dong cia enzyme NADPH oxidase, H,O, va céc elicitor 1&én kha
ning trao d6i chat cua mang té bao trong viéc sinh téng hop saponin [127]. Squalene
synthase va SE gilp murc phién ma ting gip 6 lan sau 24 gio xu ly véi 200 mM
HEJ. Tong sb ginsenoside ting tir 12 gid dén 10 ngay sau khi bé sung HEJ hoic
MeJA. Khi bd sung céc chét uc ché jasmonate DIECA (NA-diethyldithio-carbamat),
jasmonic acid giam di va ham lugng ginsenoside cling giam theo. DIECA cling GiC
ché sinh téng hop HEJ can cho viéc tao SS (squalene synthase) va squalene
epoxidase (SE) lién quan dén con dudng truyén tin hiéu jasmonate trong tong hop
saponin [50]. Trong nudi cay té bao sdm Tam that, khi ting hoat dong enzyme
UGRAGT (glucosyl transferase) sé ting xtc tac chuyén hoa Rd1 thanh Rb1l (mot
trong hai saponin chinh cua P. ginseng) [122]. Nhung ginsenoside-a-
arabinofuranase xuc tac thuy phan ginsenoside-Rc thanh Rd van chua duoc phat
hién. Con dudng sinh téng hop tir Rd dé tao Rb1 hién dién trong cac dong té bao va
MeJA la tac nhan kich hoat qua trinh nay théng qua hoat dong UGRAGT [37]. Cac
két qua khac ciing cho thay, xir Iy véi MeJA hoiac HEJ 1am hoat dong gen UGRAGT
gia ting cung v&i ham lwong ginsenoside Rb1 [50]. Ngoai nhiing elicitor phé bién
trén, Kim va cs (2009) cho thay, tia y ciing 1a mot elicitor khéng nhiing thuc day
sinh tong hop saponin ma con 1am ting sinh khdi, hiéu qua chiéu xa cho ty Ié phét
sinh RBP cao nhat dén 75% & muc chiéu xa 30 Gy, cac dong dot bién cd sinh khéi

gap 100 lan so véi dbi chung va c6 su gia ting ca 7 loai saponin trong nudi cay [75].
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Cho dén nay, cac nghién ciru ng dung elicitor vao nudi cay in vitro sam Ngoc
Linh nhim nang cao ham luwong c4c chuyén héa thi cip con rit han ché. Duong
Tan Nhut va cs (2012) da bude dau nghién ctiru déanh gia tic dong cua elicitor, JA
lén viéc tich liy saponin cua md seo va RBP cua cdy sam Ngoc Linh di cho thay
hiéu qua cua cac elicitor trong viéc ting cuong kha ning san sinh cac san pham thir
cap trén loai sam nay [13][15]. Trinh Thi Huong (2017) ciing da cho thay, mot sb
elicitor c6 ban chat 1a CDHST nhu MeJA, SA va ABA d gilp ting cudng duoc cac
hop chat saponin trong nudi cay ré to sim Ngoc Linh [10].

Bang 1.2. Mot s6 nghién ctru vé céc elicitor trong nudi cdy chi nhan sam [50].

] X ly Elicitor Luon Tai
. Hé thdng Nong N9 ey
Loai N . n .| saponin
nuoi cay Loai do | Ngay t3n tham
(mM) & | khao
RBbD/ MeJA 0,2 7 4,0x [28]
P. ginseng Bioreactor SA 0,2 7 3,0x [28]
RBD IBA 0,025 | 10 16% [140]

MeJA | 02 | 4 3,0x | [60]

Té bao HEJ | 02 | 4 2,0x | [60]
Te bao/ MeJA | 02 | 4 | 26x | [140]
Bioreactor
P. notoginseng bin-kl;etabrfloéiéc MeJA 0,2 15 2,6% [122]
Tebaol e 102 | 15 | 18x | [122]
Bioreactor
Té bao MeJA | 0,2 14 3,1x [96]

HE] | 02 | 14 | 44x | [96]
RCG ABA | 0,004 | 60 5x [10]

P. vietnamensis Mb se0 MeJA | 007 | 14 10x [13]

P. quinquefolium L&4/RTC Nhiét | 30°C | 90 2,0x [53]

MeJA: Methyl jasmonate, HEJ: 2-hydroxyethyl jasmonate, YE: dich chict nam men,
RBD: ré bat dinh, RCG: r¢ chuyén gen, ABA: abscisic acid, SA: Salicylic acid.
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CHUONG 2: VAT LIEU VA PHUONG PHAP NGHIEN CUU

1. VAT LIEU NGHIEN CUU
1.1. Nguén miu

Mau ré bat dinh (RBD) 30 ngay tudi dugc tach ra tir cac cum RBD nudi ciy
trén moi truong SH bé sung 5 mg/L IBA [18] hién c6 tai Phong Sinh hoc Phan tu
va Chon tao Gidng cay trong, Vién Nghién ciu Khoa hoc Tay Nguyén.
1.2. Thiét bi, dung cu va hoa chat

Thiét bj va dung cu

Thiét bi dung trong nudi cay ré thi cdp (RTC) sam Ngoc Linh: can dién ti,
bép ga, may cat nudc, may do pH, ndi hap, ti cdy vo tring, may bom khi, hé
théng loc khi.

Hé thdng Bioreactor gdm 2 dang Bioreactor tu tao (binh tam giac 3L Merck,
Puc) va Bioreactor hinh cau 3L (Han Qudc) (Hinh 2.2); duoc thiét ké véi hé
théng bom khi cia may nén khi TW-OF550-9L (Wing, Viét Nam) vai van diéu &p
R72G-2GK-RMN dua téc d¢6 dong chay vé 0,05 vvm; ludng khi di qua hé théng
loc tu thiét ké (binh 1am mét, binh 1am khd khdng khi, binh chira khéng khi) va di
qua mang loc Millipore (kich thudc 16 0,2 um, duong kinh 4 cm) vao Bioreactor
qua Sparger mét 16 khi tao ra céac bot khi c6 dudng kinh duéi 0,5 pm (Bioreactor
hinh cau); Sparger nhiéu 16 tao cac bot khi c6 duong kinh duéi 0,5-1 pm
(Bioreactor binh tam giac) [38]. Ludng khi di ra ciing duoc loc qua mang
Millipore.

Dung cu ding nudi cay: dao cdy, dia cay, pank cdy, binh nudi cay 250 mL,
binh tam giac 250 mL va 3 L, mang loc Millipore (kich thudc 16 0,2 um, dudng
kinh 4 cm va 2 cm). Dung cu khtr trung ¢ 121°C, 1 atm trong 20 phut.

Thiét bi dung trong phan tich HPLC: Méay HPLC cuaa Shimadzu véi hé
thdng bom LC-20A-D, Degasser DGU-20A5, dau do DDA SPD-MZOA va cot
Sapelco C18; May siéu am Ultrasonic LC 60H, ta cidy Sanyo MOV-112, ta Say
Menmert, can ky thuat Prescisa (Nhat Ban), dén UV hai budc song 254 nm, 365
nm, Viber Luormat (Phép), bé cach thay Menmert WB. 14, ban moéng trang san
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Silica gel 60F254 (Mérck), may soxhlet, binh sic ky.

Hoa chat

Céc elicitor: jasmonic acid-JA (95%), salicylic acid-SA (99%), absisic
acid-ABA (98%), dich chiét nAm men (yeast extract-YE) cua hang Duchefa
Biochemie, Ha Lan. YE Ia hon hop cac amino acid, peptide, vitamin tan trong
nudc va carbohydrate. CHN (chitosan) tr vo tdm cua hdng Merck KGaA,
Darmstadt, Buc. CHN chira 75% deacetylated, 10 mg/L acetic acid 1M.

Chat chuan: G-Rgl (d6 tinh sach > 98%), G-Rb1 (d6 tinh sach > 98%),
MR2 (d6 tinh sach > 90%) c6 tai Trung tam Sam va Duoc liéu Tp. Ho Chi Minh.

Thanh phan da luong, vi lugng va céc vitamin cua hdng Duchefa
Biochemie, Ha Lan; cac chat diéu hoa sinh truong (IBA, NAA, 2,4-D, KIN, TDZ,
BA,...) ctia hang Merck KGaA, Darmstadt, btc.

Dung moi phén tich HPLC

Methanol, diethyl ether, n- butanol, acid acetic, acid sulfuric, ethanol.

n-butanol:acid acetic:nudc (7:1:2)

Chloroform:methanol:nudc (65:35:10)
1.3. Pia diém va thoi gian thwc hién luan an

Luan an duoc thuc hién tai Phong Sinh hoc phan tir va Chon tao gidng cay
trong, Vién Nghién ciru Khoa hoc Tay Nguyén — Vién Han 1am Khoa hoc va Cong
nghé Viét Nam.

cung hop tac thuc hién luan an tai Trung tdm Sam va Duoc liéu Thanh phé
HG6 Chi Minh va Truong Pai hoc Khoa hoc — Pai hoc Hué.

Thoi gian thuc hién luan an tir 11/2014 dén 12/2017.
2. PHUONG PHAP BO TRI THI NGHIEM
2.1. T6i wu cach chon miu va mdi trweong nudi cay ré thi cap tir nudi cy ré

bat dinh sam Ngoc Linh in vitro
2.1.1. Khdo sat anh hweéng cua cach cdt mdu ré bdt dinh 1én sw hinh thanh va
ting trréng cia ré thik cap sam Ngec Linh tir nudi cdy ré bat dinh in vitro
Cac RBD sam Ngoc Linh dai 2,5 cm ¢ ngudn gdc tai sinh ban dau tir 3 loai

mau khéc nhau [Ia (1x1 cm), cubng 14 (dai 1 cm) va than cu (duong kinh khoang
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0,5 cm, d6 day 0,1 cm)] duoc khao sat va danh gia kha nang hinh thanh va tang
truong RTC sau 56 ngay nudi cdy trong téi. Ngoai ra, thich thudc va vi tri cat mau
duoc khao sat véi 2 cach cat mau ¢ 2 kich thuée RBD dai 1 cm va 2 cm. Cach cit
th 1, mau duoc cat ngang qua RBD va loai bo hoan toan phan mé tai sinh (l4,
cudng la hay ci) véi chiéu dai mau cy duoc tinh tir vi tri cat dén chop ré; cach cit
thir 2, mau RBP cit trén phan mo tai sinh, nhung khong loai bo hoan toan phan mo
nay, chi cat bo phan md khong tai sinh RBD va chiéu dai mau ciy duoc tinh tir vi tri
phat sinh RBD dén chdp ré (Hinh 2.1). Mbi truong nubi ciy duoc duy tri tiép trén
mdi trudng tai sinh RBP luc ban dau chira 5 mg/L IBA va 30 g/L sucrose cua HO
Thanh Tam va cs (2012) [18].

PV . AN Kich thwé'c mau RBD
0,5x0,1 cm

Hinh 2.1. So db cach cit mau cay tir cac RBD c6 ngudn gbc khac nhau.
Céc chi tiéu theo ddi nhu khoi luong tuoi (KLT), chiéu dai RTC (cm), so

RTC/RBD, ty Ié hinh thanh RTC/RBD (%) duoc thu nhan sau 48 ngay nudi cay.
KLK dugc xac dinh sau khi say khd ¢ 55-60°C cho dén khi khéi luong khong ddi.
2.1.2. Khdo sat anh hwéng cia auxin 1én se hinh thanh va ting trwéng cia ré

thee cdp sam Ngec Linh te nudi cdy ré bt dinh in vitro

Ké thira két qua tir thi nghiém vé cach chon mau cay va thoi gian nudi cay, cac
mau RBD don 1¢ (dai khoang 2 cm) duoc tai sinh tir cudng 14 duoc tach ra va cay
1én mai truong SH ¢6 30 g/L sucrose va 8 g/L agar, dugc b sung cac loai auxin
riéng Ié khac nhau (NAA, IBA va IAA) ¢ c4c nong do tir 0; 3; 5; 7 mg/L. Nudi ciy
duoc duy tri dudi diéu kién tdi hoan toan trong 56 ngay nudi cdy dé danh gia tac

dong cua cac auxin 1én sy hinh thanh va tang truong RTC sdm Ngoc Linh. C4c chi
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tiéu vé KLT - khéi luong twoi va KLK - khéi lugng kho (mg), chiéu dai trung binh
cia RTC (cm), sb r& (RTC/RBD), ty & tao RTC (%) duoc thu sau 56 ngay nudi cay.
2.1.3. Khdo sat anh hwéng cia vige két hop gia auxin va cytokinin 18n si hinh
thanh va #ing trwéng cia ré thir cdp sam Ngec Linh ti ré bt dinh in vitro
Ap dung méi trudng, diéu kién nudi cdy va két qua tét nhat cua thi nghiém vé
auxin & trén, cac miu RBD don 1¢ (dai khoang 2 cm) véi loai RBP tai sinh tir cudng
14 duoc ciy 1én moi truong SH ¢d bd sung 7 mg/L IBA va két hop vai cac cytokinin
& cac néng do khac nhau cua Kin, BA (0,0; 0,1; 0,5; 1,0; 2,0 mg/L) va TDZ (0,0;
0,01; 0,05; 0,1; 0,2 mg/L) dé cai thién chat luong RTC sam Ngoc Linh tir nudi cay
RBD. Nubi cdy dugc duy tri dudi diéu kién toi hoan toan va sau 56 ngay nubi cay,
cac chi tieu KLT (mg), KLK (mg), chiéu dai trung binh cua RTC (cm), sé ré
(RTC/RBP), ty 1& tao RTC (%) duoc x4c dinh.
2.1.4. Khdo sat @nh hwong cia méi trwong khoang Ién su hinh thanh va ting
trwéng cua ré thir cdp sam Ngec Linh tir nudi cdy ré bat dinh in vitro
Ap dung méi truong, didu kién nudi cay va két qua tét nhat caa thi nghiém vé
auxin két hop voi cytokinin ¢ trén, cac mau RBD don 1é (2 cm) dugc tai sinh tir
cubng 14 duoc tach ra va cay Ién 3 loai méi treong khac nhau MS, SH, va B5 ¢6 b
sung 30 g/L sucrose va 8 g/L agar va auxin két hop véi cytokinin ¢ nong do thich
hop. RBD nubi dudi diéu kién t6i hoan toan trong 56 ngay nudi cay voi cac chi tiéu
theo dbi 1a KLT (mg), KLK (mg), chiéu dai trung binh caa RTC (cm), sb ré
(RTC/RBD), ty 1 tao RTC (%).
2.1.5. Khdo séat d@nh hwéng ciia ty 1é¢ NH, INO3™ trong méi truwomg MS I€n sur hinh
thanh va #ing trwéng cia ré thie cap sam Ngec Linh ti ré bt dinh in vitro
Ké thira tir nghiém thire tt nhat vé loai mau cay, méi truong, diéu kién nudi
cay (thoi gian nubi ciy, pH, nhiét do), vé auxin két hop véi cytokinin, cac mau
RBD don 1¢ (dai khoang 2 cm) duoc tai sinh tir cuéng 1a duoc tach ra va cay vao
méi truong MS duoc cai bién bang cach thay ddi ty 16 NH,/NO3. Cac mudi da
lugng (KNO;, NH;NO;) trong modi truong MS duoc thay bang hai mudi
NH;H,PO,:KNO; Vi khbi luong la 0,0:1870,4; 827,1:1870,4; 1654,1:1870,4;
2481,2:1870,4; 1654,1:0,00; 1654,1:1900,7; va 1654,1:2851,0 mg:mg [130], tuong
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ang ty 18 NH,/NO5™ 13 0/2, 1/2, 1/1, 3/2, 210, 2/2 va 2/3. Ty 1& K* va PO, thip hon
trong méi trudng MS duge diéu chinh vé méi trudng MS bang KOH hay H,PO,.
Céc thanh phan mai trudng khac ciia moi truong MS khong ddi va chinh pH vé 5,3,
nhiét do & 22°C. Ngoai ra, két qua téi wu cua thi nghiém nay ciing duoc so sanh véi
cac moi truong MS, SH, va cac méi truong cai bién khac (¥2MS, ¥%MS, ¥2SH, ¥%.SH).
Cac chi tiu vé KLT (mg), KLK (mg), chiéu dai trung binh caa RTC (cm), sé ré
(RTC/RBD), ty 1é tao RTC (%) duoc thu sau 56 ngay nudi ciy.
2.1.6. Khdo sat anh hweng cia cac logi dwong carbohydrate 1én sy hinh thanh va
ting truéng cua ré thir cap sam Ngec Linh tir nudi cdy ré bat dinh in vitro
Ap dung méi truong, didu kién nudi cay va két qua tét nhat caa thi nghiém vé
auxin két hop voi cytokinin ¢ trén, cac mau RBD don 1é (2 cm) dugc tai sinh tir
cudng 14 duoc tach ra va cdy 1én moi truong MS cai tién tét nhat tir thi nghiém trén
bd sung 8 g/L agar va auxin két hop voi cytokinin ¢ nong do thich hop khao sat
duoc. Sau d6 tién hanh danh gia va cai tién céc loai duong carbohydrate (sucrose,
maltose va D-glucose) ¢ cac nong do khéac nhau lan lwoc 1a 10, 30, 40, 50 va 60 g/L.
Céc nghiém thire nay duoc nudi cay trong cac binh 250 mL chira 30 mL méi truong
long, l4c véi the do 100 vong/phut, va dugc dit trong diéu kién 80% tdi ¢ giai doan
dau nudi cay. Cac chi tiéu vé KLT (mg), KLK (mg), chiéu dai trung binh cia RTC
(cm), s6 r& (RTC/RBD), ty 1¢ tao RTC (%) duoc ghi nhan sau 56 ngay nudi cy.
2.1.7. Khdo sat anh hweéng cia gia thé nudi cdy 1én sw hinh thanh va ting truéng
ciia ré thar cdp sam Ngec Linh tie nudi cdy ré bt dinh in vitro
Ap dung méi truong, diéu kién nudi cdy va két qua tét nhat caa thi nghiém vé
auxin két hop véi cytokinin ¢ trén, cac cum RBD duoc tai sinh tir cudng 14, véi
chiéu dai 2 cm duoc tach ra va nudi ciy trén méi truong téi vu tir thi nghiém trén
véi 7 mg/L IBA, 0,5 mg/L BA va 30 g/L sucrose va sir dung ba loai gia thé khac
nhau la agar (8 g/L), gelrite (2 g/L) va bong gon (kich thudc khoang 4x4 cm,
khoang 2 g). Cac chi tiéu vé KLT (mg), KLK (mg), chiéu dai trung binh cua RTC
(cm), sb ré (RTC/RBD), ty Ié tao RTC (%) duoc thu sau 56 ngay nudi cay dé xéac
dinh gié thé phu hop cho RTC hinh thanh.
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2.2. T6i wu diéu kién nudi ciy ré& bat dinh sam Ngoc Linh dé ting cwong sw
hinh thanh ré thir cip va tich liiy saponin trong nudi cay in vitro
2.2.1.Khdo sat dnh hwéng cia thoi gian nudi cdy |1én sw ting sinh va tich liy
saponin cza ré thir cdp sam Ngec Linh tir nudi cdy ré bdt dinh in vitro
Thoi gian nudi cay quyét dinh rat Ion dén luong sinh khéi tbi da thu dwoc, do
d6, khao sat vé thoi gian nudi cdy duoc tién hanh dau tién dé xac dinh thoi gian
nudi cdy tdi da cho RBD sdm Ngoc Linh hinh thanh RTC va ting truéng. Cac mau
RBD tai sinh tir 14 (chiéu dai 2 cm, khdi luong twoi 25 mg) dugc ciy trén moi
truong SH chira 5 mg/L IBA va duoc thiét ké theo céc thoi gian khac nhau lan luot
la 14, 28, 42, 56 70 va 84 ngay nudi ciy dudi diéu kién téi hoan toan. Trong thi
nghiém nay, cac chi tiéu vé KLT va KLK cia RBD (mg), s6 RTC/RBD. cac chi tiéu
vé thu nhan saponin gom: ning suat tong hop ca ba loai saponin (mg/L), ham
lwong % céc saponin (Rb1, Rgl, va MR2), % tong 3 saponin duoc xac dinh sau 56
ngay nudi cay va theo ting giai doan nudi cay.
2.2.2.Khdo séat anh hwéng cia nhiét dé nudi cdy 1én sw ting sinh va tich liy
saponin cza ré thie cap sam Ngec Linh tir nudi cdy ré bt dinh in vitro
Sau khi xac dinh duoc thoi gian nudi cdy phu hop, va dua vao khoang nhiét do
thich hop cho da sd cac cdy trong phat trién va ting truong RTC 14 tir 20-27°C
[114][140], cung diéu kién thich hop nhat dé ré P. ginseng phat trién trong tbi Ia
23+2°C [116]; cling nhu nhiét d6 duy tri & da sé cac phong nudi ciy 25°C, thi
nghiém nhiét do nudi cay thich hop cho RTC sam Ngoc Linh duoc thiét ké tir 22°C,
25°C dén 28°C. Cac mau RBD téi sinh tir 14 sam Ngoc Linh duoc nudi cay trén moi
truong SH ¢6 5 mg/L IBA, duoc dat trong ti téi hoan toan va diéu chinh dén nhiét
d6 khong d6i. Sau 56 ngay nudi cdy, cac chi tiéu sinh truong ty 16 tao RTC va KLT
va KLK cta mau cay (mg), sé RTC/RBD, chiéu dai trung binh cia RTC (cm), ham
lwong % céc saponin (Rb1, Rgl, va MR2), % tong 3 saponin va ning suat tong hop
ca ba loai saponin (mg/L) duogc xac dinh bang TCL va HPLC.
2.2.3. Khdo sat anh hweng ciia pH 18n sw ting sinh va tich lily saponin cia ré thir
cdp sam Ngec Linh tie nudi cdy ré bat dinh in vitro

Ké thira két qua tét nhat vé thoi gian nudi cay va nhiét ¢, cdc mau RBD téi
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sinh tir 14 (chiéu dai 2 cm, khéi lugng khoang 25 mg) duoc cay trén méi truong SH
c6 chira 8 g/L agar, 30 g/L sucrose va bd sung 5 mg/L IBA. Truéc khi hap khir
trung, moi trudng duoc diéu chinh pH vé 4,3; 4,8; 5,3; 5,8 va 6,3 trudc khi nudi cay.
Sau 56 ngay nudi cay, cac chi tiéu sinh truong ty 16 tao RTC va KLT va KLK cua
mau cay (mg), s RTC/RBD, chiéu dai trung binh cia RTC (cm), ham luong % céc
saponin (Rb1l, Rgl va MR2), % téng 3 saponin va ning suét tong hop ca ba loai
saponin (mg/L) duogc x4c dinh bang TCL va HPLC.
2.2.4.Khdo sat danh hwéng cua giai dogn nudi cdy toi va sang |én sw ting truéng

ciia ré thir cdp sam Ngec Linh tie nudi cdy ré bt dinh in vitro

Ké thira két qua tét nhat tir tat ca cac thi nghiém trén (mau RBD, moi truong
cai bién, pH, nhiét do, thoi gian nudi cay), cac cum mau RBD tai sinh tir cudng 14
(chiéu dai mdi ré khoang 2 cm, khéi lugng khoang 25 mg) duoc cay 1én méi truong
t6i wru tir cac thi nghiém trén dé khao sat cac diéu kién chiéu sang khac nhau 1én su
hinh thanh va tang truéng RTC sdm Ngoc Linh in vitro. Thi nghiém duoc bé tri nhu
sau: 100% téi (cac nudi cay duoc dit trong téi hoan toan sudt ca qua trinh nudi ciy
56 ngay); 80% toi (42 ngay dau nudi cay dé trong t6i va 14 ngay con lai dé ngoai
sang); 50% t6i (28 ngay dau dat trong téi, con lai 28 ngay sau dit ngoai sang); va
100% sang (cac nudi cay duy tri hoan toan ngoai sang). Giai doan sang c6 chu ky la
16 gio/ngay duéi anh sang dén huynh quang c6 cudong do chiéu sang khoang 40-45
umol.m?2.s™, giai doan ti 14 hoan toan dé trong tdi va khong chiéu sang. Cac chi
tiéu sinh truong ty & tao RTC va KLT va KLK ciia mau ciy (mg), s6 RTC/RBP va
chiéu dai trung binh cia RTC duoc thu sau 56 ngay nudi ciy.
2.2.5.Khdo sat dnh hwéng cia thé tich nudi cdy 1én sw ting trwéng cia ré thi

cdp sam Ngec Linh tie nudi cdy ré bat dinh in vitro

Theo nhiéu nghién ctu, moi trudng thoang khi rat tét cho su ra ré, dic biét
trong nudi cay long lic, chat luong va chiéu dai ré tot hon khi nudi cay trén moi
truong ran hay long tinh [18][9][38]. Do vay, nudi ciy & diéu kién long lic dugc
tién hanh nham khao sat anh hudng cua thé tich méi truong 18n kha nang hinh thanh
va tang truong RTC tir nudi ciy RBD sdm Ngoc Linh in vitro dé 1am tién dé cho

nudi cay long trong cac hé thong 16n. Ké thira két qua tot nhat tir tat ca cac thi



46

nghiém trén (mau RBD, méi trudng cai bién, pH, nhiét do, thoi gian nudi cay), céc
cum RBD tai sinh tir mau 14 (mdi ré dai khoang 2 cm, ning 25 mg) duoc nudi cay
trong méi truong long lic ¢ 100 vong/phut va thé tich moi truong thay dbi & 10 mL,
30 mL, 50 mL, 70 mL va 90 mL (cé4c chai thay tinh c6 thé tich 250 mL), va nudi
ciy trong 56 ngay. Sau dé, cac chi tiéu sinh truong ty 16 tao RTC va KLT va KLK
cia mau cay (mg), sé RTC/RBD, chiéu dai trung binh cua RTC, ham luong céc
ginsenoside-Rb1, Rgl, va MR2 dugc ghi nhan.
2.2.6.Khdo sat dnh hwéng cua hé théng nubi cdy |én sw ting sinh va tich liy

saponin cua ré thi cap sam Ngec Linh tie nudi cdy ré bt dinh in vitro

Ké thira két qua tét nhat tir tat ca cac thi nghiém trén (mau RBD, moi truong
cai bién, cac diéu kién nudi cay khac nhau va thé tich méi truong), cac cum RBD
véi chiéu dai khoang 2 cm, khéi lugng khoang 25 mg duoc cay vao binh tam giac
250 mL chtra 30 mL mdi trudng t6i vu khao sat dugc tir cac thi nghiém trén; va sau
khoang 15 ngay, khi mau da thich nghi véi moi truong 16ng, 8 ¢ RBD thu duoc tir
cac binh nay duoc ciy chuyén vao 3 hé théng nudi cay khac nhau chaa 1,5 L moi
truong. Hé théng nudi cay gom cd Bioreactor hinh cau 3 L, binh tam giac 3 L két
hop lic véi toc dd 100 vong/phit va binh tam gidc 3 L c6 két hop véi suc khi
(Bioreactor tu tao) (Hinh 2.2, Hinh 2.3). Viéc suc khi dugc thuc hién théng qua cac
sparger va mot may bom khi tir ngoai vao trong véi van diéu 4p R72G-2GK-RMN
dua tbc @6 dong chay vé 0,05 vvm. Bioreactor hinh cau c6 mot sparger & vi tri tai
duéi cing cua Bioreactor, duoc sir dung dé tao ra cac bot khi c6 duong kinh duéi
0,5 um. Sparger & Bioreactor tu tao co rat nhiéu 15 khi, nén tao nhiéu bot khi véi
duong kinh dudi 0,5-1 um (bioreactor tu tao); [38]. Cac dong khong khi di ra va di
vao cac Bireactor dugc loc thdng qua cac hé thong loc khi va mang Millipore kich
thuge 16 0,2 pm. Cac hé thong nudi ciy nay duoc duy tri ¢ pH 5,3, nhiét do 22°C
trong 56 ngay. Cac chi tiéu vé KLT (mg), KLK (mg) caa RTC, chiéu dai trung binh
cia RTC (cm), sé ré (RTC/RBD), ty 1é tao RTC (%), ham lwong cé4c ginsenoside-
Rb1, Rgl, va MR2, % tong 3 saponin va ning suét tong hop ca ba loai saponin

(mg/L) duoc xac dinh sau 56 ngay nudi cay.
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Hinh 2.2. Hg thong Bioreactor tu tao 3 L va h¢ thong Bioiegétor hinh cau 3 L.
A. buong dan khi ra qua mang loc Millipore, B. Buong dan khi vao qua mang loc
Millipore, C. Hé thong loc khong khi, D. May bom khong khi vao.

’ Hinh 2.3. Thao tac trén h¢ théng Bioreactor [16]. 7
A. Lap rap cac bo phéan va boc nylon chiu nhiét va hap khu tring; B. b6 moi
truong; C. Cay mau; D. Dan kin miéng binh; E. Noi hé thong vao may bom khi.
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2.3. T6i wu kha niing tich lity saponin cia ré thi cap hinh thanh tir ré bat dinh
sam Ngoc Linh nho tac dgng cua cac elicitor

Ké thura két qua tét nhat tir tat ca céc thi nghiém trén vé mau RBD, CDHST,
moi truong cai bién, diéu kién nudi cy, cac thi nghiém vé tac dong cua céc elicitor
da duoc tién hanh.
2.3.1. Khdo sat @nh hwong cia chitosan Ién sw tdng sinh va tich liiy saponin cua

ré thir cdp sam Ngec Linh tir nudi cdy ré bt dinh in vitro

Theo Hu va cs (2002), chitosan (CHN) bé sung vao mdi truong nudi cdy co
thé gitp ting cuong tich lily saponin trong nudi cay té bao P. ginseng [62], cho nén,
nghién ciru nay ciing da khao sat anh huong cua CHN vao nubi ciy tao RTC sam
Ngoc Linh. Cac cum RBD 30 ngay tudi va dai khoang 2 cm duoc st dung dé khao
sat anh huong cia CHN 1én sy tang truong va tich lily cac hop chat saponin (MR2,
Rg1, va Rbl). Nong d6 CHN bd sung vao méi truong nudi cay: 0, 50, 100, 150, va
200 mg/L. CHN duoc bd sung vao méi truong nudi cay trudc khi hap khir tring.

Céc nudi cay duoc tién hanh dudi diéu kién nudi cdy long lac vai toe o 100
vong/pht trong binh 250 mL chira khoang 30 mL méi truong toi uu tir cac thi
nghiém trén véi ty 16 NH,/NO3 1a 1/2, dugc bd sung 7 mg/L IBA, 0,5 mg/L BA va
30 g/L duong sucrose. Cac két qua vé céc chi tiéu tang truong vé KLT va KLK
(mg), nang suét tong hop ca ba loai saponin MR2, Rgl va Rb1 (mg/L) trong sinh
khéi thu duoc, ham lwong % hay pg/L caa ting saponin trén 1 g sinh khéi RTC kho
duoc thu nhan sau 56 ngay nudi cay.
2.3.2. Khdo sat dnh hwong cua dich chiét ndm men 18n sw ting sinh va tich liy

saponin cua ré thir cdp sam Ngec Linh tir nudi cdy ré bt dinh in vitro

Gan day, dich chiét nim men (Yeast extract-YE) dugc xem nhu mét elicitor
c6 hiéu qua Ion trong viéc tich lity cac hop chat thir cap. Dé danh gia hiéu qua cua
YE trong tich liiy saponin, c4&c cum RBD 30 ngay tudi va dai khoang 2 cm duoc st
dung dé khao sat & cac nong do tir 0, 50, 100, 150, va 200 mg/L trong nudi ciy tao
RTC sam Ngoc Linh. YE duogc bo sung vao mdi trudong nudi cay trudc khi hap khir
tring. Cac nudi cay duoc tién hanh dudi diéu kién nudi ciy long lic vai toe d¢o 100

vong/pht trong binh 250 mL chira khoang 30 mL méi truong tdi uu tir cac thi
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nghiém trén véi ty 16 NH,/NO3 1a 1/2, dugc bd sung 7 mg/L IBA, 0,5 mg/L BA va

30 g/L duong sucrose. Cac két qua vé céc chi tiéu tiang truong vé KLT va KLK

(mg), ning suit tong hop ca ba loai saponin MR2, Rgl va Rb1 (mg/L) trong sinh

khi thu dugc, ham lwong % hay pg/L caa ting saponin trén 1 g sinh khéi RTC kho

duoc thu nhan sau 56 ngay nudi cay.

2.3.3. Khdo sat @nh hwong cia abscisic acid 1én sw tang sinh va tich liiy saponin
ciia ré thar cdp sam Ngec Linh tie nudi cdy ré bt dinh in vitro

Abscisic acid (ABA) 1a mot CDHST, giup diéu hoa qua trinh 140 hoa & thuc
vat. Tuy nhién, trong cac phan (ng phong vé thuc vat va trén con dudng sinh tong
hop cac hop chat thir cdp, ham luong ABA noi sinh thuong ting 1én. Khi nghién
ctru co ché cua qua trinh nay, Zhao va cs (2005) ciing da khang dinh kha nang tang
cudng hop chat thi cap cia ABA trén nhiéu loai thyc vat [137]. Vi vay, nghién cau
nay di tién hanh danh gi4 tac dong cua ABA (0, 50, 100, 150 va 200 pg/L) véi vai
tro nhu 1a mét elicitor trong viéc tang tich lily saponin & nudi ciy tao RTC sam
Ngoc Linh tir RBD in vitro 30 ngay tudi va dai khoang 2 cm. ABA duoc bo sung
vao mdi trudng nudi cay sau khi dd hap khir tring bang cach loc qua mang loc vo
khuan c6 kich thuéc 15 12 20 pm.

Céc nudi cay duoc tién hanh dudi diéu kién nudi cay long lac vai toe do 100
vong/phut trong binh 250 mL chtra 30 mL méi truong ti wu tir cac thi nghiém trén
vé6i ty 18 NH,*/NO5 1a 1/2, dugc bd sung 7 mg/L IBA, 0,5 mg/L BA va 30 g/L
duong sucrose. Cac két qua vé cac chi tidu ting truong vé KLT va KLK (mg), ning
suit tong hop ca ba loai saponin MR2, Rgl va Rb1 (mg/L) trong sinh khéi thu duoc,
ham lugng % hay pg/L cua tirng saponin trén 1 g sinh khéi RTC khé dugc thu nhan
sau 56 ngay nudi cay.

2.3.4. Khdo sat @nh hwong cua salicylic acid 1én sw tang sinh va tich liiy saponin
ciia ré thir cdp sam Ngec Linh tir nudi cdy ré bt dinh in vitro

Salicylic acid (SA) ciing 14 mét CDHST, nhung duoc sir dung pho bién voi
vai tro 1a mot elicitor hon. Nghién ciru nay da khao sat SA bo sung vao méi trudng
nudi cay: 0, 50, 100, 150 va 200 pg/L nham gia ting ham lugng saponin trong nudi

cdy RTC sam Ngoc Linh in vitro. SA duoc bo sung vao moi truong nudi cay sau
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khi d3 hap khu tring bang cach loc qua mang loc vo khuan (kich thuéc 16 1a 20 pm).

Cac RBD 30 ngay tudi va dai 2 cm duoc nudi cay dudi diéu kién long lic véi
tbc d6 100 vong/phat trong binh 250 mL chtra 30 mL moi truong tdi wu tir cac thi
nghiém trén véi ty 16 NH, /NO3 1a 1/2, dugc bd sung 7 mg/L IBA, 0,5 mg/L BA va
30 g/L duong sucrose. Cac két qua vé céc chi tiéu tang truong vé KLT va KLK
(mg), ning suét tong hop ca ba loai saponin MR2, Rgl va Rb1 (mg/L) trong sinh
khéi thu dugc, ham lwong % hay pg/L cua ting saponin trén 1 g sinh khéi RTC kho
duoc thu nhan sau 56 ngay nudi cay.

2.3.5. Khdo sat dnh hwong cua jasmonic acid |én su tang sinh va tich liiy saponin
ciia ré thir cdp sam Ngec Linh tir nudi cdy ré bat dinh in vitro

Jasmonic acid (JA) ngoai la mot CBDHST, con 1a mét elicitor co hiéu qua cao
trong viéc tang cuong tich 1y saponin & cac loai sam. Cho nén, cdc cum RBD 30
ngay tudi va dai khoang 2 cm duogc str dung dé khao sat anh huong cua JA Ién sy
tang truéng va tich Iy cac hop chat saponin ¢ 0, 50, 100, 150, va 200 pg/L. JA
duoc bd sung vao mdi trudng nudi cay sau khi da hap khtr tring bang cach loc qua
mang loc vo khuan c6 kich thugc 15 12 20 pm.

Céc nudi cay duoc tién hanh dudi diéu kién long lic véi tbe do 100 vong/phat
trong binh 250 mL chira khoang 30 mL mdi truong ti uu tir cac thi nghiém trén voi
ty 18 NH,"/NO; 1a 1/2, dugc bd sung 7 mg/L IBA, 0,5 mg/L BA va 30 g/L duong
sucrose. Cac két qua vé cac chi tiéu ting truong vé KLT va KLK (mg), ning suét
téng hop ca ba loai saponin MR2, Rgl va Rb1 (mg/L) trong sinh khéi thu duoc,
ham lwong % hay pg/L cua tirng saponin trén 1 g sinh khéi RTC khé dugc thu nhan
sau 56 ngay nudi cay.

2.3.6. Khdo sét anh hwréng két hep ciia elicitor ngogi sinh va elicitor ngi sinh 1én

Sw ting sinh va tich liiy saponin cia ré thir cdp sam Ngec Linh in vitro

YE 1a mot elicitor ngoai sinh tir thanh té bao vi sinh vat, trong khi SA la mot
elicitor ndi sinh c6 ban chat 14 hormone thuc vat, mdi elicitor nay s& c6 tac dong
khac nhau 1én qué trinh ting truong va tich lily saponin ctia nudi ciy RBP sam
Ngoc Linh. Chinh vi thé, viéc két hop SA (0, 25, 50, 100 va 150 pg/L) véi YE (O,
25, 50, 100 va 150 mg/L) duoc thuc hién dé khao sat hiéu qua két hop 1én su gia
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tang hoat chat saponin trong nudi cdy tao RTC tir RBP sam Ngoc Linh nudi cay in
vitro. SA dugc bd sung vao moéi trudng nudi cdy sau khi dd hap khu tring bang
cach loc qua mang loc vo khuan cé kich thudc 16 1a 20 pm; va YE thém vao trudc
lic khtr trung méi truong.

Cac cum RBD 30 ngay tudi va dai khoang 2 cm duoc st dung trong thi
nghiém nay duoc tién hanh dudi diéu kién nudi cay long lic véi toc do 100
vong/pht trong binh 250 mL chira khoang 30 mL méi truong tdi wu tir cac thi
nghiém trén véi ty 16 NH, /NO3 1a 1/2, dugc bd sung 7 mg/L IBA, 0,5 mg/L BA va
30 g/L duong sucrose. Cac két qua vé céc chi tiéu tang truong vé KLT va KLK
(mg), ning suit tong hop ca ba loai saponin MR2, Rgl va Rb1 (mg/L) trong sinh
khoi thu dugc, ham lwong % hay pg/L caa ting saponin trén 1 g sinh khdi RTC kho
duoc thu nhan sau 56 ngay nudi cay.

2.3.7. Khdo sat anh hwong cua thoi gian xu ly elicitor 1€n su tang sinh va tich liiy
saponin cua ré thie cap sam Ngec Linh tie nudi cdy ré bt dinh in vitro

Ké thira két qua cua thi nghiém trén, két qua tét nhat (150 mg/L YE) duoc tién
hanh khao sat anh huéng cua thoi gian bd sung elicitor nay 1én kha ning ting
truong va tich liiy cac hop chat saponin caa RTC sam Ngoc Linh véi thoi gian khao
sat duoc bd tri nhu sau: céc elicitor duoc bo sung vao moi truong trudce khi nubi cay
(ky hiéu 1a 0), vao ngay tha 10, 20, 30 va 40 khi nudi cay. YE duoc pha sin va hap
khtr tring trudc mdi thoi diém bo sung.

Cac cym RBD 30 ngay tudi va dai khoang 2 cm duoc st dung trong thi
nghiém nay duoc tién hanh duéi diéu kién nudi cay long lic véi toc do 100
vong/pht trong binh 250 mL chira khoang 30 mL méi truong tdi wu tir cac thi
nghiém trén véi ty 16 NH,/NO3 1a 1/2, dugc bd sung 7 mg/L IBA, 0,5 mg/L BA va
30 g/L duong sucrose. Cac két qua vé céc chi tiéu tang truong vé KLT va KLK
(mg), nang suét tong hop ca ba loai saponin MR2, Rgl va Rb1 (mg/L) trong sinh
khéi thu duoc, ham lwong % hay pg/L caa ting saponin trén 1 g sinh khéi RTC kho

duoc thu nhan sau 56 ngay nudi cay.
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2.4. Phwong phap xac dinh chi sé ting trwéng, ty 1& chit kho, ty 1é hinh thanh
va tiang sinh ciia miu cay

Chi sé tang truong = [Khéi lugng kho thu dugc (mg) — Khdi luong kho ban
dau (mg)]/Khdi lugng kho ban dau (mg)

Ty & chat khd (%) = (Khéi lwong khd/Khéi lwgng twoi)x100

Ty & tao RTC (%) = (Tdng s mau tao RTC/Tong sé mau nudi cay)x100

Ty 1¢ tang sinh (1an) = Khéi luong twoi thu dugc/Khdi lugng twoi ban dau
2.5. Mbi trwdng nudi cay

Moi truong dinh dudng khoang MS [93], SH [113] va B5 [52] ¢6 b sung 30
g/L dudng sucrose, 8 g/L agar, pH = 5,8 va thay doi tly vao tirng thi nghiém.

Chat diéu hoa sinh truéng thuc vat (CDHST) bao gdm: IBA, NAA, IAA, 2,4-
D, Kin, BA,... duoc b6 sung vao mdi trudng véi nong do thich hop trudc khi diéu
chinh pH vé 5,8 (trir thi nghiém khao sat pH). Cac elicitor, duong, mudi khoang va
pH cho cé4c thi nghiém cd thé thay doi tuy theo ting thi nghiém.

Moi trudong duoc rét vao binh thay tinh 250 mL, mdi binh chira 30 mL moi
truong; trir thi nghiém vé thé tich méi trudng va hé thong nudi ciy. Sau dé, duoc
hap khtr tring & 121°C, 1 atm trong 20 phdt.

2.6. Piéu kién nudi cay

Céc thi nghiém duoc tién hanh ¢ nhiét do 25+2°C (trir thi nghiém khao sét
nhiét d6 nudi ciy), dd6 am trung binh 50-60%, tat ca cac thi nghiém déu dit trong
diéu kién toi hoan toan (trir thi nghiém khao sat vé thoi gian chiéu sang), céac thi
nghiém ngoai sang duoc dé dudi anh sang dén huynh quang c6 cudong do chiéu sang
khoang 40-45 umol.m2.s™ véi chu ky chiéu sang 16 gio/ngay.

Céc mau RBD dugc nudi ciy trén méi trudng long trong vong 56 ngay dudi
diéu kién t6i hoan toan dugc dat ¢ nhiét do 25+2°C, do am trung binh 50-60% trén
may lic Innova 2100 plantform shaker (Hermle, Pic) véi tbe do 100 vong/phdit.

3. PHUONG PHAP SINH HOA PINH TiNH VA PINH LUQNG SAPONIN
3.1. Phwong phap dinh tinh bang sic ky l6p méng
Phuong phép sic ky 16p mong (TLC) 1a ki thuat dung dung dich mau thi

cham trén ban mong hap phu (thuodng 1a silica gel) dé xac dinh sy hién dién cua cac
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chat phd hop véi moét dung mai 16i kéo. Dung dich pha dong nay di chuyén doc
theo ban mong s& 1am di chuyén céc cau tir cua mau thir theo mot van toc khac nhau,
tao thanh mot sic do ¢6 nhiéu vét Rf khac nhau [21].
Rf cua mot chat A 14 ty sb gitra doan duong di chuyén cua chat A (1) va doan
duong di chuyén cua dung mdi (Io) tinh tir vach xuat phat cia mau thu:
Rfa = I/l
Tri s6 Rf ludn ludn < 1,00 va chi ly dung 2 s6 I¢é.
Cic buwéc thuc hign dinh tinh saponin trong mdu can phan tich [21]:
Chudn bi mdu

Chiét siéu am 5 g mau véi MeOH (30 mL/lan, mdi lan 15 phat, 5 1an), loc va
cd dich loc dén can. Hoa can voi 30 mL nudc va 30 mL diethylether, lic déu, loai
bo dich diethylether. Dich nudc duoc tiép tuc lic véi n-BuOH bao hoa nudc, dem
cd céach thuy dich n-BuOH dén cén, hoa can trong MeOH Iam mau thir.

Chudn b;j ban mong silica gel

Cit tam silica gel véi kich thuéc ph hop, cach mép dudi 1 cm ké mot duong
thang, phia dudi duong thang ghi tén cac chat can sac ky, & sat mép trén ghi tén
dung mai, ban mong silica gel Fys,.

Chudn bj dung moi
Chloroform:methanol:nuéc (65:35:10, 16p dudi);
n-butanol:acetic acid:nudc (7:1:2, 16p trén).

Tién hanh

Cham dong loat mau thtr (cac nghiém thic) cung dbi chiéu voi chuan MR2,
G-Rb1, G-Rgl Ién ban silica gel.

Cho ban mong da cham mau thir vao binh sic ky dén khi dung méi chay trén
tam silica gel cach dinh trén 1 cm lay ra dé khd. Phun thudc thir H,SO, 10% trong
con va say kho.

Quan sat cac vét hién mau va xac dinh gia tri Rf cua cac vét chat so voi vét
ctia cac chat chuan.

3.2. Phwong phap dinh lwong bang sic ky 16ng hiéu niing cao
Phuong phép sac ky long hiéu niang cao (HPLC) la ky thuat sac ky tach hén
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hop trén cot duoc nhoi day bang cac hat c6 kich thuéc < 10 pm. Do vay, phai ding
mot bom c6 ap sudt cao khoang 300 atm dé day pha dong qua cot véi toe do dong
khoang vai mL/phdt va cho phép phan giai nhanh mot luong mau nhé ¢& 20 pg [21].
Vé mit ky thuat, viéc dinh lugng cac chat bang HPLC c6 thé dua vao sy so sanh
chiéu cao cua dinh hay so sanh dién tich dinh cua chat can xac dinh véi mot hay
nhiéu mau chuan [21].

C6 nhiéu phuong phap dinh lwong, nhung thi nghiém nay dung chit chuan dé
so sanh truc tiép chiéu cao hoic dién tich dinh cia mau thtr véi chiéu cao hoic dién
tich dinh cia mot dung dich chat chuan twong ang c6 nong do da biét. Phuong phap
nay dugc ap dung phd bién trong HPLC dé dinh lugng céc chat. Uu diém cua
phuong phap nay 1a chinh xéc, chi can luu ¥ dén su phan tach cia hop chat can xac
dinh nén tién hanh dinh luong kha don gian. Nhuoc diém cia phuong phap nay 1a
sai 56 c6 thé xay ra khi nap mau s& anh huong truc tiép dén két qua dinh luong [21].
Cic bwéc thuc hign dinh lweng saponin (MR2, Rb1 va Rgl) bing HPLC:

Dung dwong chudn dinh lwong saponin (chuan MR2, Rgl, va Rb1):

Can chat chuan: 3,6 mg MR2; 0,97 mg G-Rg1; 1,2 mg G-Rb1 pha trong binh
dinh mic 10 mL voi acetonitrile va nudc (ty 16 7:3) dé c6 duoc dung dich me, tir
dung dich me pha dai mau.

Nap cac mau chuan & nong do khac nhau vao may HPLC, ghi nhan dién tich
dinh twong (ng véi mdi nong do, dung dudng chuan (y = ax + b) biéu dién méi
tuong quan tuyén tinh giita dién tich dinh va nong do.

Ap dung quy trinh dinh lwong saponin (MR2, Rgl, va Rb1) trén ci sam tu nhién cho
mau RTC sam Ngoc Linh nhw sau:

Chuan bi mau twong ty nhu sac ky I6p mong.

Can n-butanol hoa véi 10 mL methanol, trich 2 mL cé céach thuy dén can. Hoa
can voi nudc va acetonitrile (1:2), loc qua mang loc 0,45 pum, dich loc bom vao may
HPLC véi diéu kién thé tich miu 20 pL, téc do dong 0,5 mL/phit, cot RP C8
Supelco (250 mm, 4,6 mm, 5 um), nhiét d6 cot 25°C, detector la PDA & budc song
190, 196 va 203 nm.
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3.3. Phwong phap x4c dinh niing suit téng hep saponin

Ning suat tich liiy saponin trong RTC sim Ngoc Linh ty 18 thuan véi su gia
tang sinh khéi kho va tong ham luong saponin (MR2 + Rb1 + Rgl), dugc xac dinh
bang céng thic [135]:

NS (mg/L) = (KLKXST)/V

NS: Ning suét tich liiy saponin (mg/L)
KLK: Téng khéi lwvgng khd (mg)
ST: Téng 3 saponin (MR2 + Rb1 + Rgl) trong 1 g mau phan tich (mg)
V: Thé tich méi truong nudi cay (L), V = 30 mL mai truong/binh/1000 mL.
4. PHUONG PHAP QUAN SAT TE BAO HQC

Hinh théai ré duoc quan sat bang cach cat mong ré theo chiéu doc (song song
véi truc than cua ré) va chiéu ngang (vudng goc véi truc than cua ré) va tién hanh
nhuoém kép véi thudc nhuém 2 mau nhu sau: mau sau khi giai phau dugc ngam
trong Javel 10% dén khi mau trang, nhung toi da khong qua 30 phat. Tiép d6, mau
duoc rira sach bang nudc cat va ngdm khoang 15 phat trong dung dich acid acetic
45% dé cb dinh miu. Sau d6, 1ay mau ra va ria sach bang nudc cat cho dén khi mat
mui acid va ngdm vi phau trong xanh methylene 1 phit. Rira sach bang nuéc cat va
ngam vao thuéc nhudém iodine-carmine (Merk KgaA-Germany) trong 5 phat. Cudi
cuing, rira lai bang nuéc cat va bao quan vi phau trong nudc cat hoac glycerine [106].

Quan sat mau trén lame kinh dugc day bang lamelle va chup anh véi may anh
k§ thuat s6 Sony DSC-W570 dudi kinh hién vi quang hoc Olympus CH30 & vat
kinh x10. Mau nhuém véach té bao thay dbi theo ban chat cua véch: véach té bao
bang cellulose (t& bao biéu bi, mé mém, md day va libe) c6 mau hong hay mau
hong tim, véch té bao tam suberin hay suberoid (ban, mé cang, gd) c6 mau xanh.
5. PHUONG PHAP THONG KE VA XU LY SO LIEU

Mai thi nghiém duoc bd tri hoan toan ngau nhién va duoc lap lai 3 1an véi moi
lan 10 binh (s6 lwong mau trong binh tiy thudc ting thi nghiém). Sau dé, cac két
qua trung binh caa 3 1an 13p lai duoc xac dinh va xir Iy baing ANOVA mét yéu th
cua phép thir Duncan véi p < 0,05 bang phan mém SPSS 20.0 [49]. Céc biéu d6 vé

bang phan mém Excel 2010 ciing thé hién +SE va phan hang cua Duncan [49].
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CHUONG 3: KET QUA NGHIEN CUU

1. TOI UU NUOI CAY RE THU CAP SAM NGOQC LINH TU NHUNG MAU

RE BAT PINH IN VITRO

1.1. T6i wu cach chon miu va méi truwong nudi cay ré thir cAp sam Ngec Linh

1.1.1. Anh hwéng ciia cach cdt méu ré bét dinh 18n sw hinh thanh va #ing truéng
ciia ré thar cdp sam Ngec Linh tie nudi cdy ré bt dinh in vitro

Bang 3.1. Anh huong caa cach cat mau ré bat dinh 1én kha nang hinh thanh va ting
trudng ré thur cap sdm Ngoc Linh in vitro

Miu L KT TYR'ngi‘o sé Ch;.;‘ga' KLT
RBD (cm) (%) RTC (cm) (mg)
1 31,67 0,33" 0,37 29,33¢

T 9 2 4667° 2000 083 3967
L& 1 8233* 2,33 2,00° 65,00°
2 2 0333F 733 333" 73.00°

T: c1 1 46,009 1,33 1,67° 30,337
Cué‘; 2 53,679 10,00 5,23° 49,67°
ng 1 7900°  3,00° 3.13% 57.67°
la 2 2 9433 13677  560° 78,007
c1 1 4833 0,67 0,67" 42,33

Tu 2 60,00  6,00° 4,03 51,00°
than cu co 1 75,00°  8,33° 2.33% 56,33¢
2 83,33 13,33° 5,00° 71,33°

*Céc chir céi khac nhau trong mot cot thé hién su khac biés 6 y nghia Véi p < 0,05
trong phép thi Duncan. KLT: Khoi luwong twoi, TM: Cach cat mau, C1: mau duoc
cat ngang RBD dé bé phan mau tai sinh, C2: mau cat trén phan mau tai sinh, KT:
Chieu dai mau cat.

Sy phét trién caa RBD sam Ngoc Linh sau khi cdy chuyén sang moi truong
khac van phu thudc vao thanh phan dinh dudng va lugng hormone cé trong phan
moé (14, cuéng 14 va than ci)) da tai sinh nén phan RBD nay. Piéu nay lam anh
huong 1én kha nang hinh thanh va tang truong RTC cua cAc RBD dugc téi sinh tu
cac loai md khéc nhau. Do vay, dé xac dinh tac dong nay Ién sy hinh thanh cac RTC
ciia RBD, cac miu RBD tir 3 loai mé tai sinh 14, cubng 14 va than ca duoc cit theo 2
cach khac nhau (C1 Ia cat bo toan bo khdi md tai sinh ban dau, C2 van giir lai phan

mo tai sinh nay), ngoai ra, 2 kich thudc (1 va 2 cm) ciing duoc khao sat. Két qua
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nudi cdy sau 48 ngay nudi cay duoc ghi nhan ¢ Bang 3.1, Hinh 3.1 va Hinh 3.2 cho
thy, cac RBD tai sinh tir mau cudng 14 hinh thanh RTC tt hon cac RBD tai sinh tir
phién 14 va than cu. Bén canh d6, cdc miu RBD nay cit theo cach C2 cho két qua
tang truong tét hon C1 (Bang 3.1, Hinh 3.1). G mau RBD téi sinh tir cudng 14, khi
phan md téi sinh khdng con, sé luong RTC (1,33 RTC/mAu) va chiéu dai RTC (1,67
cm), KLT (30 mg) thip hon dang ké so véi cac mau khéac (Bang 3.1, Hinh 3.1). So
sanh gitta cac mau RBD 1 cm, ty 18 tao ré tét nhat thu duoc & mau ré tai sinh tir
phién 14, nhung cac chi tiéu khac van khong bang RBD tai sinh tir cudng la. Giira 2
kich thuéc 1 cm va 2 cm, kich thudc 2 cm cho két qua tét nhat ¢ tat ca cac loai
RBP (Bang 3.1). Quan sat md té bao tai ving ting truéng cia RBP 2 cm, ngoai
nhitng RTC di dam ra khoi 16p vo ngoai cia RBD, con d& dang tim thay rat nhiéu
mam RTC dang phat trién, trong khi & mau RBD dai 1 cm c6 rét it mam RTC (Hinh
3.2). Do d6, RBD 2 cm tai sinh tir cudng 14 cho két qua tot nhat vé su hinh thanh va
tang sinh RTC sdm Ngoc Linh, véi KLT (78 mg), chiéu dai RTC (5,6 cm), sb
RTC/RBP (16,67 RTC) va ty Ié tao RTC (94,33%) déu dat cao nhat. Ngoai ra, su
hinh thanh RTC theo cac cach cat mau khac nhau ciing ty 18 thuan véi kich thudc
RBD vi RBD cang dai s6 RTC cang ting.

Hinh 3.1. R& tht cap hinh thanh va ting trudng tir ré bat dinh tai sinh tir c4c loai
mau tai sinh khac nhau cia sim Ngoc Linh.
A. RBD tai sinh tir cudng 14, B. RBD tai sinh tir than cu, C. RBD tai sinh tir l4. 1.
RBD 1 cm khdng cé mo téi sinh, 2. RBD 2 cm khdng ¢ m6 téi sinh, 3. RBD 1 cm
con phan md tai sinh, 4. RBP 2 cm con phan m tai sinh.
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Hinh 3.2. Cac giai doan phét sinh ré tha cap tir ré bat dinh sam Ngoc Linh in vitro.
A. Mau RBP tai sinh tir nhu md cuéng 14, B. Mau cat RBP c¢d chtra phan md tai sinh, C. Phan chdp RTC tir RBD 1 cm, D. Mam RTC cua
RBD 1 cm khéng c¢6 md tai sinh, E. Mam RTC tir RBD 1 cm ¢6 md tai sinh, F, G, H. C4c mam RTC tir ving ting trudng RBD 2 cm ¢6
md téi sinh, 1. RTC trudng thanh ting trueéng, J, K. Lép cat ngang caa RTC, L. Lép cit ngang ciia RBD tai vi tri tao RTC.
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Quan sat hinh théi giai phau cua cac RBD sdm Ngoc Linh c6 ngudn gdc khéc
nhau cho thdy, RTC hinh thanh tir RBD 2 cm tai sinh tir mau cudng 14 c6 cau tric
tuong tu ré chinh (Hinh 3.2). Theo I6p giai phau cat doc, cac RTC nay c6 day du
cac ving tang trudng, ving 1dng hat, chdp ré va mii bao vé ré; theo Iop cat ngang
cho thiy, RTC nay duoc to chic thanh mét khéi hinh tru déng tdm vaéi mot 16p
ngoai bi (epidermis) mau xanh, dén 16p nhu md vo (cortex) day mau hong, 16p noi
bi (endodermis) mau xanh, gitra | trung tru (pericycle) va cac mach dan trung tam
véi céc cuc xylem nam xen k& vai 4 b6 mach phloem c6 libe mau hong va gé mau
xanh, chinh gitra 12 nhu mé tay mau hong (Hinh 3.2J,K). Cac RTC duoc hinh thanh
& tru bi tai vi tri cua b6 mach dan trung tdm cia RBP (Hinh 3.2L). Ngoai ra, RBP
nay cling trai qua day du cac giai doan hinh thanh RTC nhu & céc ré cua cac cay
hoan chinh. Qué trinh phét trién RTC ¢ sdm Ngoc Linh 1a mot quéa trinh phét sinh
hinh thai thdng qua qua trinh phan biét hda va biét hoa té bao tai vi tri cac té bao
xylem cua nén tru bi ¢ ving tang truong dé chuyén thanh nhiing tién té bao tao ra
cac so khoi RTC va mam RTC, sau d6 cac RTC nay kéo dai va truong thanh, roi
tiép tuc qua trinh hinh thanh cac RTC khéac (Hinh 3.2). Quan sat tai phan mé cudng
|4 tai sinh RBD cho thay, cac RBD van dinh lién voi phan md tai sinh, nén qua trinh
dan truyén cac tin hiéu, phytohormone va chat dinh dudng tir md tai sinh (phan than
xuéng) van dién ra va kich thich hinh thanh RTC tét hon; néu khong dé lai phan mo
nay s& lam giam rd rét kha nang hinh thanh va phat trién RTC (Bang 3.1, Hinh 3.2).

Tom lai, RTC sam Ngoc Linh hinh thanh tir try bi va tai vi tri c6 cac manh dan,
trong d6, ngudn RBD in vitro tai sinh tir cudng 14, ¢ kich thude 2 cm, khdng tach
bo phan cudng 14 1a tét nhat cho RTC sdm Ngoc Linh hinh thanh va ting trudng.
1.1.2. Anh hwéng cia auxin Ién si hinh thanh va ting trwéng cua ré thir cap

sam Ngec Linh tir nudi cdy ré bat dinh in vitro

Ké thira két qua tir thi nghiém vé cach chon mau ciy va thoi gian nubi cay,
viéc bd sung cac loai va nong do cua auxin khac nhau da duoc khao sat dé tang hiéu
qua thuc day su hinh thanh RTC sam Ngoc Linh tir RBD in vitro. Két qua thu duoc
& Bang 3.2 sau 56 ngay nudi cdy cho thiy, trén moéi truong khong bd sung auxin,
RTC khong hinh thanh; nhung khi ¢6 mat auxin sy hinh thanh RTC tang 1én r6 rét.



60

Bang 3.2. Anh hudng cua auxin Ién kha nang hinh thanh va ting truong ré thi cap
tir ré bat dinh sdm Ngoc Linh in vitro

Auxin Ty Ié tao S6 Chiéu dai KLT KLK
(mg/L) RTC (%) RTC RTC (cm) (mg) (mg)

0 0,00™ 0,00' 0,00 23,33" 1,33

3 60,00° 7,67 0,83° 40,29 2,70"

NAA 5 78,33° 13,67° 1,83¢ 47,67 4,00™
7 59,33° 15,672 3,13° 62,67° 5,70°

9 63,33% 7,33 4,67° 65,00° 5,00%

3 78,33° 9,00° 1,77° 54,67° 5,67°
IBA 5 93,67% 16,00° 517° 115,33° 11,00°
7 96,33  17,67° 6,00? 158,332 15,272
9 98,672 14,67° 4,60" 140,33° 11,63°

3 66,67° 5,33" 1,03¢ 32,00¢ 1,33'

IAA 5 90,00° 6,33¢ 1,83¢ 48,33 3,17%
7 91,67° 12,33¢ 3,33° 56,33° 4,67%

9 90,00° 12,67° 3,56° 66,67° 6,83°

*Céc char cai khac nhau trong mot cot thé hién s khac bjét co ¥ nghia voi p < 0,05
trong phép thi Duncan. KLT: Khoi luong twoi, KLK: Khoi lwong Kho.

Sau 40 ngay nudi cay, quan sat hinh thai giai phiu cia RBP ¢ nghiém thic bo
sung 7 mg/L IBA cho thay, ci&c mam RTC da bat dau hinh thanh & phan r& nim gan
mau cudng 14; Tiép do, sau 56 ngay, ngoai cac RTC da hinh thanh trudc dé, con rat
nhiéu mam ré méi xuat hién & phan ré cach chép ré khoang 0,2 cm (Hinh 3.2).

O giai doan dau caa sy hinh thanh RTC ¢ cac nghiém thac bo sung 1AA va
NAA, kha ning cam ung tao ré khong tét bang IBA, voi ty 1& tao RTC rat thap
(Bang 3.2). Sau 56 ngay nudi cay, cac nghiém thic bd sung 7 mg/L NAA, 1AA va
5-7 mg/L IBA quan sat khong c6 khac biét vé mat hinh thai va kha niang ting
truong déu dat tdi wu véi RBD hoi vang va hinh thanh nhiéu RTC ¢6 mau tring tuoi,
dai va rat manh (Hinh 3.3). Tuy nhién, theo két qua xtr Iy théng ké, 7 mg/L IBA cho
kha niang hinh thanh va phat trién RTC tt nhat voi 17 RTC/RBD, con chiéu dai,
KLT va KLK cao gap khoang 2 lan nghiém thac tét nhat cua IAA (9 mg/L) va
khoang 1,5 lan so véi nghiém thirc tét nhat cia NAA (5 mg/L) (Bang 3.2, Hinh 3.3).
Hon nita, khi ndng d6 NAA ting qua 5 mg/L, cac RBP bit dau hinh thanh md seo,
trong khi, IBA khdng c6 hién tugng nay.



Hinh 3.3. Anh huong cua auxin 1&n su hinh thanh va ting truong ré thir cAp sém Ngoc Linh cua ré bat dinh in vitro tai sinh tir cudng 14,
A.1AA 6 nong d6 0, 3,5va 7 mg/L; B. IBA ¢ nong d6 0, 3,5 va 7 mg/L; C. NAA ¢ nong d6 0, 3, 5 va 7 mg/L (tu trai sang phai)
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Nhu vay, trong c4c loai va day nong do auxin di khao sat, IBA ¢ nong d6 7
mg/L 14 thich hop nhat cho RTC hinh thanh va ting truong. Nong d6 nay sé duoc
st dung cho tat ca thi nghiém sau dé cai tién moi truong nudi cay RTC sdm Ngoc
Linh tir RBD in vitro, ciing nhu dé tang cuong tich lily saponin.

1.1.3. Anh hwéng ciia viéc két hop auxin véi cytokinin Ién sg hinh thanh va ting
trwéng cia ré thir cdp sam Ngec Linh tir nudi cdy ré bat dinh in vitro

Sau khi xac dinh loai mau va nong d6 auxin téi vu, dwa vao cac két qua tot
nhat & trén, dé tiép tuc cai thién kha ning ting truong RTC, cytokinin duoc bd sung
vao mdi truong SH ¢6 7 mg/L IBA véi cac nong do thap tir 0,01-2 mg/L. Céc két
qua thu sau 56 ngay nudi cay thé hién & Bang 3.3.

Bing 3.3. Anh huong cua IBA két hop véi cytokinin 1én sy hinh thanh va ting
trudng re thu cap tur ré bat dinh sém Ngoc Linh in vitro
IBA  Cytokinin Ty I8 sé Chieu KLT KLK

(Mmg/l)  (mg/l) taoRTC RTC da(icfn;C (mg) (mg)

0  9453* 13,75° 5,25° 155,00  14,25%
01 8153 5,75° 0,95% 85,507 6,50™
05 68,75%  4,00% 0,75 121,00 13,75%"

Kin =0 47500 275% 0457  22900°  17,00%

20 25009 1,50 0,20%" 70,259 5,98"

20 0,1 8500° 10,25 1,952 125,25' 7,75"
’ Ba 05 92,50°  12,50° 2,23 260,252 21,502
1,0 77,50  4,75® 1,25 132,25 12,25

20 5625  1,75% 0,70° 164,25  11,78"

0,01 82,75  4,00% 1,50° 117,50° 10,23°

1Dz 005 65,00 2,75  0,85%™" 233,00  15,25%

0,1 30009 1509 0,65 187,25° 18,50°
0,2 10,00" 0,75° 0,13" 60,00° 5,00'
*Cac chir cai khac nhau trong mét cét thé hién sw khac biét ¢6 y nghia véi p < 0,05
trong phep th:z Duncan.

Céc két qua va hinh anh thu duoc cho thdy, RTC sdm Ngoc Linh hinh thanh

va ting truong trén moi trudng MS c6 su két hop 7 mg/L IBA véi cytokinin lam
tang sy phan chia va kéo dai té bao theo chiéu ngang, dic biét & phan nhu md vé
ciia RBD, nén vo RBD day 1én va lam duong kinh ré to 1én va khéi lugng cuoa ré
cling tang 18n, nhung ddng thoi ciing Gc ché qua trinh tao RTC vai ty 16 tao ré va

chiéu dai ré giam xudng khi ting nong do cytokinin Ién cao (Bang 3.3, Hinh 3.4,
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Hinh 3.5). Theo quan sat trong cac nghiém thirc két hop vai cytokinin, 7 mg/L IBA
két hop véi 0,5 mg/L Kin hodc 0,05 mg/L TDZ cho két qua tét nhat vé hinh thai
RTC sam Ngoc Linh nudi cy tir RBD in vitro sau 40 ngay nudi cdy. RTC hinh
thanh trén moi trudng ¢ 2 cytokinin nay, c6 mau tring twoi va giau stc song. Tuy
nhién theo két qua thu duogc sau 56 ngay nudi ciy, RTC kéo dai va tao RTC tét hon
khi khéng c6 cytokinin vai ty 1€ tao RTC dat 94,53%, s6 RTC/RBP trén 13,75 va
chiéu dai dat tét nhat véi 5,25 cm. Mac du vay, nghiém thicc bo sung 7 mg/L IBA
két hop vai 0,5 mg/L BA cho két qua vé cac chi sb nay khong khac biét vé mat
théng ké véi 92,50% RBD hinh thanh RTC, ¢6 12,5 RTC/RBD; hon nira, KLT va
KLK cua ré dat cao nhat (twong @ng 1a 260,25 mg va 21,5 mg (Bang 3.3).

GV_, ok

2 58 gl -
Hinh 3.4. Lép cat ngang va cat doc cua ré thir cip sdm Ngoc Linh & méi truong
khong bé sung cytokinin va c6 bo sung 0,5 mg/L BA.
A. Lop cat ngang cua RTC khong c6 BA; B. Lép cat doc cua RTC khong c6 BA;
C. Lé6p cat ngang cua RTC c6 BA; D. Lép cat doc cua RTC ¢ BA.

Nhu vay, viéc két hop IBA va cytokinin van kich thich RTC hinh thanh, con
gilp thiét lap thuong tang chirc ning, 1am ting duong kinh RTC so véi nghiém thic
khong c6 cytokinin, dic biét khi bd sung BA, thanh té bao tré nén day hon (Hinh
3.4). Tom lai, viéc két hop 7 mg/L IBA véi 0,5 mg/L BA 1a hiéu qua nhit dé RTC

sam Ngoc Linh hinh thanh va ting truéng tir ngudn RBD in vitro.



Hinh 3.5. Anh huéng 7 mg/L IBA két hop véi cac cytokinin 1&n su hinh thanh va ting truong RTC sam Ngoc Linh in vitro.
A. Kintr 0; 0,1; 0,5; 1 va2 mg/L; B. BAtr 0; 0,1; 0,5; 1 va 2 mg/L; C. TDZ tir 0; 0,01; 0,05; 0,1 va 0,2 mg/L (tur trai sang phai).
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1.1.4. Anh hwong cia méi trwong khoang 1én s hinh thanh va ting trweéng ciia
ré thir cdp sam Ngec Linh tir nudi cdy ré bt dinh in vitro

Bang 3.4. Anh huéng cia cac moi trudng khac nhau 1én su hinh thanh va phét trién
ré thir cip sdm Ngoc Linh tir ré bat dinh in vitro
Ty Ié Chiéu
Moi tao S6 daii  KLT KLK
trwong RTC RTC RTC (mg) (mg)
(%) (cm)

Pic diém ré

RTC mau trang trong va
SH 78,70 16,50° 3,63° 206,75° 20,75° manh, r& chinh mau tring
trong va manh
RTC map, mau tring
MS 92,50 18,26 4,50° 346,25 31,25 duc va ré chinh mau
vang, day
RTC mau vang va manh,
B5  8250° 14,00° 1,35° 312,25" 21,75° r& chinh héa nau, phdng
day Ién
*Cac chir cai khac nhau trong mét cét thé hién sw khac biét ¢6 y nghia véi p < 0,05
trong Duncan’s test. KLT: Khoi lwong tiroi, KLK: Khéi lwong khd, RTC: Ré thit cap.

Ap dung méi truong, diéu kién nudi cay va két qua tét nhat caa thi nghiém vé
auxin két hop véi cytokinin & trén, cac mau RBD duoc nudi ciy trong cac moi
truong SH, MS va B5 bo sung 7 mg/L IBA va 0,5 mg/L BA c6 nhiing khac biét
nhét dinh trong qué trinh phét sinh RTC sau 56 ngay nudi cay trén (Bang 3.4).

Theo két qua thu dugc cho thay, RTC hinh thanh trén méi trudng MS tét hon
va nhanh hon trén méi treong B5 va SH, véi tat ca cac chi tiéu thu duoc déu dat cao
nhat, trung binh c6 18,26 RTC/RBD, chiéu dai 4,5 cm va nang 346,25 mg (Bang
3.4). Tuy nhién, theo quan séat, mac di trén mdi trudng SH da s hinh théi ré thuon
dai, déu, rat manh, khdng c6 hién twong bat thuong, mau sic rat twoi va cé sic song
t6t hon méi trudng MS va B5, nhung sinh khbi RTC thap hon MS (Hinh 3.6).

Ngoai ra, trén moi truong MS, RBD it hoa vang hon trén méi truong B5, sinh
khi cao va duong kinh ré to hon trén méi trudng SH; nhung RTC khong kéo dai va
mau sic khong twoi nhu trén méi truong SH (Hinh 3.6). Déi véi véi moi truong B5,
RTC bi hoa nau, gay bién dang va phong day 1én, dé 1au bi hoai tir va chét dan, khéc
han véi trén moi truong SH va MS. Hon nita, hau hét céc chi tidu thu duoc s ré (14
RTC/RBD), chiéu dai ré (1,35 cm), KLK (21,75 mg) trén mdi trudng B5 déu thap
nhét, di ty Ié tao RTC cao hon MS, nhung khong khéc biét vé thong ké (Bang 3.4).
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Nhu vay, RTC hinh thanh va ting sinh khdi tot nhét trén méi truong MS; tuy
nhién, & moi trudng SH, hinh thai va sy phat trién RTC va RBD tét hon moi trudng
MS. Vi thé, méi truong MS can duoc cai tién hon dé han ché sy héa vang caa mau,

ma van duy tri duoc su gia ting sinh khoi.

A >~ s - W .

Hinh 3.6. Anh huong cua céc loai moi truong SH, MS, B5 1én phat trien ré thir cap
cua mau reé bat dinh tir cuéng 1a sam Ngoc Linh.
A. Mbéi truong MS, B. Moi truong SH, C. Moi truong BS

1.1.5. Anh hwong cia ty 1¢ NH,INO5” trong méi trwong MS [én see hinh thanh va
ting trwong cua ré thir cap sam Ngec Linh tir nudi cdy ré bat dinh in vitro
Tir méi truong thi nghiém trén, viéc cai tién moi trudng MS da duoc thuc hién
bang cach thay doi ty 16 NH,/NO3 trong méi truong ndy. Két qua thu nhan sau 56
ngay nudi cay cho thay, cdc moi truong MS cai bién (MSCB) c6 ty 1&é NH,/NO;
giam xudng gitp RTC sdm Ngoc Linh phét trién t6t hon; trong d6, RTC phat trién
va ting sinh tot nhat & ty 1é NH,"/NO3 14 1/2 (Bang 3.5).

Bing 3.5. Anh huong cua ty 18 NH,"/NO3 Ién sy hinh thanh va ting truong ré thi
cap cua re bat dinh sdm Ngoc Linh in vitro

Chiéu dai

NH,*/NO;5 S6 RTC RTC KLT KLK
(cm) (mg) (mg)

0/2 15,22%* 4,33 323,67° 24,33

Y 19,33? 6,57° 396,007 26,672

1/1 16,83° 3,50 281,00° 22 83¢

3/2 13,00° 2,67° 219,67° 21,50¢
2/0 4,00 2,87¢ 63,33° 567

2/2 15,67 2.60° 316,67° 24.67°

2/3 11,00° 4,67 99,67¢ 9,27°

*Cac chir céi khac nhau trong mot cot thé hién su khac bjét co y nghia voi p < 0,05
trong phép thiz Duncan. KLT: Khoi luong twoi, KLK: Khoi lwong khé.
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Biéu dd 3.1. So sanh giita moi truong cai bién vai cac moi truong nudi cay khac.
Céc chir cai khac nhau (a, b, c...) trén moi cot thé hién sy khac biét co y nghia véi p
< 0,05 trong phép thu Duncan.

Tir Biéu dd 3.1 con cho thay, so véi méi truong MS, SH va cac mdi truong cai
bién khéc, moi truong MSCB ¢6 ty 18 NH, /NO3™ (1/2) cho két qua tot nhat, cac chi
tiéu sinh truong thu dugc dat cao nhat. Méi truong MS ¢6 ty 16 NH,/NO5 khoang
2/2 khi thay d6i con 1/2 rd rang da cai tién dang ké su tang truong cia RTC cua
sadm Ngoc Linh. Méi truong SH co ty 18 NH,/NO3 khoang 1/2; nhu vay, ty Ié
NH,"/NO5 cia mdéi truong MSCB méi nay xap xi bang vai ty 16 NH,/NO; ™ cua
moi trudng SH va cao hon mdi truong B5 (ty 16 NH,/NO3 1/4). Theo két qua quan
sat cho thdy, hinh thai phét trién cia RTC trén méi truong MSCB cd ty 18
NH,"/NO5 (1/2) ciing phat trién tot nhu trén méi trudng SH, diéu nay cé thé do ty
1& nay pht hop cho RTC sam Ngoc Linh phaét trién (Hinh 3.6, Hinh 3.7).

Hinh 3.7. Anh huong cua ty 1€ NH, /N03 Ién sy hinh thanh va ting truong ré tha
Cap tir nu0| Cay ré bat dinh sam Ngoc Linh in vitro.
Ty 16 NH,"/NO; duogc sap xép lan luge nhu sau: A. 0/2; B. 1/2; C. 1/1; D. 3/2; E.
2/0; F. bC; G. 2/3.
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Nhu vy, méi trudng MS véi ty 16 NH,/NO5 ™ (1/2) 1a tdi wu cho sy hinh thanh
va tang truong cua RTC sdm Ngoc Linh tir nudi cay RBD in vitro. Vi thé, moi
truong nay duoc st dung dé khao sat gia thé va céc loai dudng trong nudi ciy, ciing
nhu thi nghiém vé cac giai doan chiéu sang, thé tich moi truong va hé théng nudi
cdy, vé cac elicitor.

1.1.6. Anh hwéng céc logi dwong carbohydrate 1&n sw hinh thanh va ting truwéng
ciia ré thir cdp sam Ngec Linh tir nudi cdy ré bt dinh in vitro

Tur cac két qua tét nhat vé cach chon mau, CDHST, méi trudng nudi cay va
diéu kién nudi cay, dé cai thién chat luong RTC sdm Ngoc Linh nudi cay tir RBD in
vitro, céac loai va néng d6 duong carbohydrate ciing duoc khao sat. Két qua thu
duoc sau 56 ngay nudi cay thé hién tai Bang 3.6.

Bang 3.6. Anh’ huong loai duong carbohydrate 18n sy hinh thanh va ting truéng ré
thir cap tur ré bat dinh sam Ngoc Linh in vitro

o Ty ¢
Loaidwong ~ KLT  KLK o &, Pic diém ré

(9/L) (mg)  (mg) (%)

0 5167 333" 6,42°  trong, nhiin, khong phét trién

10 160,33 1500%  9,82°°  tring, dai, phan nhanh it

30 206,67° 18,33Y 8,89 tring, rat dai, phan nhanh it

D- 40 37933° 4157°  10,96® trang, rat dai, map, it nhanh

Glucose —55 57767 51,93 8,997 tréng, rat dai, map, nhidu nhanh

60 523,00° 67,40° 13,03* trang, rat dai, map, nhiéu nhanh

10 374,33° 29.33" 885" tring duyc, tron déu, map, it nhanh

30 641,33 5533 864" dai, tring duc, map, nhiéu nhanh

Sucrose 40 572,33 56,00° 9,79  dai, tring duc, map, nhiéu nhanh

50 533,33" 47,83°® 9,16 dai, tring duc, map, nhiéu nhanh

60 526,67° 46,33  7,80°  dai, hoi vang, map, nhiéu nhanh

10 91,67° 9,00hi  8,22° vang, it phan nhanh va kéo dai

30 182,67° 1533" 954  vang, it phan nhanh

Maltose 40 181,67 17,33" 9,76  vang, it phan nhanh

50 102,73° 7,67"  7,37°  vang, mong nudc, it phan nhanh

60 6253 433" 6,94 vang, khong phan nhanh

*Cac chi cai khac nhau trong ciing mét cét thé hién sw khac biét ¢é y nghia véi p <
0,05 trong phép thz Duncan.

Theo két qua nay cho thay, trong ba loai duong carbohydrate b6 sung vao moi
truong nudi cdy, maltose khong c6 hiéu qua cho sy hinh thanh va ting truéng RTC
tir mau RBD in vitro, KLT va KLK thu duoc déu rat thap, nhiéu ré bi vang va mong

nude, cang ting ham lwong maltose thi ty 1¢ chat kho cang giam, diéu ndy cho thay
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ré khong hap thu va chuyén hoa maltose nhiéu trong qué trinh hinh thanh va ting
truong RTC. Bé ré hap thu chét dinh dudng va nudc tdt thi D-glucose va sucrose co
hiéu qua hon, r& c6 mau sic tring twoi, hau hét cac nghiém thirc c6 D-glucose RTC
déu kha dai (Bang 3.6, Hinh 3.8).

Nghiém thirc téi vu 1a 60 g/L D-glucose véi KLK 1én dén 67,4 mg, ty 1& chat
khé ciing dat cao nhat 13,03%. Tuy nhién, sucrose ciing c6 nhiéu vu diém hon D-
glucose, ndng do sucrose can thiét cho RTC ting sinh vé ca KLT, KLK va ty Ié chat
kho chi can 30 g/L va tbi vu & 30 g/L véi KLT (641,33 mg) cao nhit va KLK
(55,33 mg) cling kha cao so véi cac nghiém thac khac (Bang 3.6). Trong khi do6, D-
glucose str dung trén 50 g/L, kha nang tiang sinh méi ¢ khéc biét dang ké (Bang 3.6,
Hinh 3.8). Mic du KLK va ty Ié chat khé dat cao nhat khi st dung 60 g/L D-
glucose, nhung KLT thap hon khi sir dung 30 g/L sucrose; va két qua vé KLK va ty
1& chat kho khdng co céach biét qué 16n. Hon nira, RTC sdm Ngoc Linh nubi cay trén
moi truong st dung duong sucrose ¢c6 mau tuoi va it vang hon trén moi truong su
dung D-glucose va maltose (Hinh 3.8). Xét vé mat kinh té, dudng sucrose duoc san
Xuat dai tra va c6 gia thanh ré hon; chinh vi thé, rd rang 30 g/L sucrose Ia tét nhat
khong nhitng cho ré phét trién ma con cho viéc dau tu nudi cay trén quy mé I6n.

Nhu vay, 30 g/L sucrose Ia téi wu cho RTC sdm Ngoc Linh in vitro hinh thanh

va ting truong, va mang lai nhiéu loi ich nhat vé kinh té va kha niang wng dung rong

rdi. Vi vy, 30 g/L sucrose duoc st dung trong tat ca cac thi nghiém khéc.

~

Hinh 3.8. Anh ué’ng cua cac loai duong arbohydrate Ién sy hinh thanh va ting
truong re thur cap tu ré bat dinh s&m Ngoc Linh in vitro.
A. 60 g/L D-Glucose, B. 30 g/L Sucrose, C. 30 g/L Maltose.
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1.1.7. Anh hwéng cia gia thé nudi cdy 1én sw hinh thanh va ting trwéng cia ré

thee cdp sam Ngec Linh tr nudi cdy ré bt dinh in vitro

Trong nudi cdy md té bao thuc vat, bén canh cac yéu td nhu thanh phan moi
truong, nong do cac chat dinh dudng, ham luong duong, anh sang,... thi gid thé
cling déng mot vai trd hét stc quan trong trong qua trinh sinh truéng va phat trién
cia mau cay. Do vay, tir cac két qua tot nhat vé cach chon miu, CBDHST, moi
truong nudi cay va diéu kién nudi cay, hiéu qua nudi cay cua cac gia thé agar,
gelrite va bong gon dugc da khao sat cho su tang truéng RTC sdm Ngoc Linh.

Bang 3.7. Anh huong cua gia thé nudi cdy lén kha nang hinh thanh va tang truong
ré thur cap sdm Ngoc Linh in vitro

Giathd  Tylétao Solwgng ré  Chieu dai KLT KLK
RTC (%) (re/mau) re (cm) (mg) (mg)

Agar 100,00 48,45 2,70 121,40 12,47°
Gelrite 100,00 13,83" 0,94 121,03 13,23
Bong gon 93,34 8,80° 0,68° 77,20 8,27°

*Cac chir céi khac nhau trong mgt cot thé hién su khac bjét co y nghia voi p < 0,05
trong phép thi: Duncan. KLT: Khoi lwong twoi, KLK: Khoi lwong Kho.

Két qua sau 56 ngay nudi cay cho thiy, gia thé agar la thich hop nhat cho sy
hinh thanh va tang truéng RTC sdm Ngoc Linh in vitro, véi cac chi tiéu ty 1€ tao
RTC (100%), s6 RTC/RBD (48 RTC), chidu dai RTC (2,7 cm), KLT (121,4 mg) va
KLK (13,23 mg) dat cao nhat (Bang 3.7, Hinh 3.9). Trén ba loai gia thé, agar va
gelrite khdng co su khac biét vé ty Ié phat sinh ré (100%), con gia thé bong gon
thap hon (93%). Tuy nhién, RTC phat trién trén gia thé agar la tét nhat vi so vai gia
thé gelrite, s6 RTC/RBPD cao gap 3,5 lan va chiéu dai ré gap 2,87 lan; so vai gia thé
bong gon, sé RTC/RBD cao gap 2,87 lan, chiéu dai r& gip 3,97 lan, KLT gip 1,6
lan va KLK gap 1,5 lan (Bang 3.7). Trén gia thé agar, RTC hinh thanh nhiéu c6
mau tring va dong déu vé kich thudc; trén gia thé gelrite, RTC hinh thanh c6 mau
trang, map va ngan; con trén gia thé bong gon, RTC hinh thanh thuong manh va cé
mau vang va ty 1é tao RTC va s6 RTC rat it (Hinh 3.9). Vi vay, béng gon khong
thich hop cho qua trinh hinh thanh va tang truong RTC sdm Ngoc Linh (Bang 3.7).

TOm lai, gia thé agar thich hop nhat cho sy ting trusng RTC sdm Ngoc Linh

tir RBD in vitro. Vi thé, n duogc sir dung cho tat ca thi nghiém ding méi trudng ran.
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Hinh 3.9. Anh huong cua gia thé nudi cay khac nhau Ién sy hinh thanh va tang
truong re tha cap sam Ngoc Linh in vitro.
a. Agar; b. Gelrite; c. Bong gon.

1.2. T6i wu diéu kién nudi cy ré thi cAp tir ré bat dinh sam Ngec Linh in vitro
1.2.1. Anh hwéng cia thei gian nudi cdy |én s ting trwong cia ré thie cdp sam

Ngoc Linh tir nudi cdy ré bdt dinh in vitro

300 271,78
250
203,3°
200
150
100
28 582 56,3 54,30
50 © 27,80
’ 17,7° 16,39
,63¢ 11° ] 153
O ——
14 28 42 , 56 70 84
Thoi gian nudi cay (ngay)
mm K hoi luong kho (mg) Khdi luong tuoi (mg)
mm S§ [uong ré thir cdp/mau —— Hudng phat trién cta ré thir cap

Biéu @ 3.2. Anh huong cua thoi gian nudi ciy dén kha niang hinh thanh va ting
trrdng re thu cap tu nudi cay re bat dinh sdim Ngoc Linh in vitro.

Hinh 3.10. Anh hung cua thoi gian nudi cy den kha nang hinh thanh va tang
truong ré tha cap tir ré bat dinh sém Ngoc Linh in vitro.
Thoi gian sau 42, 56, 70 va 84 ngay nudi cay (tht tu tur trai qua phai).

Trudc khi nudi cdy dugc toi wu, dé c6 thé duy tri tdi da sy phat trién caa RTC,
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sdm Ngoc Linh tir RBD in vitro, cac khao séat vé thoi gian nudi ciy da duoc thuc
hién. Sau 14 ngay nudi cay, cac két qua cho thay, RBD chua c6 sy cam tng hinh
thanh RTC (Biéu db 3.2). Sau 28 dén 42 ngay nudi cdy, cac té bao bat dau phan
chia va cam tmg nhanh dé hinh thanh RTC (Biéu db 3.2, Hinh 3.10). Pic biét, vao
ngay thir 56, s6 lwong ré, KLT va KLK ting manh va gap déi ngay thtr 42 (Biéu d6
3.2). Tuy nhién, khi kéo dai thoi gian nudi ciy 1én 70-84 ngay thi khong nhan thiy
c6 sy thay doi dang ké vé sé lwong ré; ngoai ra, KLT va KLK lai giam.

Dua vao két qua & Biéu dd 3.2, cho thay su sinh truéng cia RTC sdm Ngoc
Linh c6 thé chia thanh 3 giai doan: (1) trong 14 ngay dau tién mau thich nghi véi
moi trudng nubi cay; (2) sau do, su phan chia nhanh chong cua té bao dé cam tng
hinh thanh RTC dién ra tir ngay tha 14 dén 56 va (3) téc do phan chia cua té bao
giam & céac giai doan phat trién tiép theo sau 56 ngay nudi cay.

Nhu vay, cac nudi cay tao RTC tir RBD sam Ngoc Linh in vitro tang truong
va tao sinh khéi 16n nhat sau 56 ngay nubi cay, nén thoi gian nay la thich hop dé
duy tri cho céc thi nghiém tiép theo.

1.2.2. Anh hwéng cia nhiét dg 18n sw ting trwéng cia ré thie cap sam Ngec Linh
tie nUdi cdy ré bat dinh in vitro

Bing 3.8. Anh huong cua nhiét do dén kha ning ting truéng cia ré thir cap tir ré
bat dinh sdm Ngoc Linh in vitro

Nhiétdd TylétaoRTC S6RTC Chiéu dairé KLT KLK
(C) (%0) (ré/mau) (cm) (mg) (mg)
22 100" 41,67 1,00 127,33 8,33
25 100 23,67 0,73 102,00° 6,67
28 100° 18,00° 0,50° 62,00° 4,33°

*Céac chai cai khac nhau trong mot cot thé hién suw khac bi¢t c6 y nghia voi p < 0,05
trong phép thiz Duncan. KLT: Khoi luong twoi, KLK: Khoi luwong khé.

Sau khi xac dinh duoc thoi gian nudi cay tét nhat cho RTC sam Ngoc Linh
tang truong tir RBD in vitro, thi nghiém vé nhiét do duoc tién hanh; dya vao cac két
qua cua Schneider (2005) cho thay, khoang nhiét do thich hop nhat cho da sb cac
cay trong phat trién va ting truong RTC 14 tir 20-27°C [114]; va dya theo nghién
ctru cua Sivakumar va cs (2005) vé nudi cdy ré P. ginseng cho thay, 23+2°C 1a nhiét
d6 tét nhat dé ré phat trién [116]. Chinh vi thé, nhiét do nudi cdy RTC caa sam
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Ngoc Linh tir RBD in vitro da duoc khao sat & khoang nhiét do tir 22 dén 28°C. Céc
két qua sau 56 ngay nudi cay cho thay, nhiét do nudi cay anh huong rd rét dén sy
hinh thanh va ting truéng RTC sam Ngoc Linh (Bang 3.8, Hinh 3.11).

Khi cang ting nhiét d6 phong nudi cdy, sy hinh thanh va ting truong RTC
cang giam, thé hién qua cac chi tiéu vé sb luong ré, chiéu dai ré, KLT va KLK cua
mau; tuy nhién, ty 1& hinh thanh r& déu dat 100% (Bang 3.8). O diéu kién nhiét do
phong nudi 22°C, RTC phét trién tot nhat vai 41,67 ré&/mau, chiéu dai ré trung binh
1,00 cm, KLT va KLK lan luot 1a 127,33 mg va 8,33 mg. Ré bat dinh phat trién
kém nhat ¢ 28°C véi 18,00 ré/mau, chiéu dai ré trung binh, KLT va KLK lan luot 12
0,50 cm; 62,00 va 4,33 mg.

Nhu vay, trong thi nghiém nay, nhiét ¢ phong nudi 22°C la thich hop cho su

hinh thanh va ting trusng RTC sdm Ngoc Linh sau 56 ngay nudi cay; cho nén nhiét

d6 nuéi cay & 22°C duoc sir dung cho tat ca cac thi nghiém sau.

Hinh 3.11. R thir cap hinh thanh va tang trueng tir ré bat dinh sam Ngoc Linh in
vitro dudi cac dieu kién nhiét do khac nhau.
A. 22°C; B. 25°C; C. 28°C.

1.2.3. Anh hwéng cia pH méi trwong 18n s ting trwéng cia ré thie cdp sam
Ngec Linh tir nudi cdy ré bat dinh in vitro

pH méi trudng 14 mot trong nhirng yéu td quan trong cho qua trinh hap thu céc

chat dinh dudng va van chuyén cac chat qua mang té bao; vi thé, sau khi téi wu cac

diéu kién nudi cdy vé thoi gian nudi ciy va nhiét do, thi nghiém khao séat vé pH da

duoc tién hanh véi day nong do pH tir acid dén kiém (4,3-6,3) 18n sy hinh thanh va

tang treong cua RTC sam Ngoc Linh tir nudi cdy RBD in vitro.
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Bang 3.9. Anh huong cia pH dén kha ning hinh thanh va ting trudong ré thir cip
sam Ngoc Linh in vitro

pH TyRITg(t:z'lo S6 RTC ChFleeilrjcOI " KLT KLK

(%) (cm) (mg) (mg)
43 100*" 18,67° 0,80° 91,67 9,67°
48 100° 36,67" 1,07° 169,67" 16,33
5,3 100° 56,00 1,37 210,67° 20,67°
5,8 100° 30,00 1,00 116,33 11,33
6,3 100° 21,33° 1,00 77,33° 8,00°

*Céc chir céi khac nhau trong mot cot thé hién s khac bj_ét co ¥ nghia voi p < 0,05
trong phép thiz Duncan. KLT: Khoi luong twoi, KLK: Khoi luwong kho.

Sau 56 ngay nudi cay, két qua thu duoc cho thiy, khi pH ban dau cua mai
truong chinh tir 4,3 dén 6,3, tit ca cac mau déu cho ty 18 hinh thanh ré dat 100%.
Tuy nhién khi ting pH méi trudng tir 4,3 dén 5,3, s6 luong ré, chiéu dai ré, KLT va
KLK ting dan va dat cao nhat khi pH = 5,3. Khi pH méi trudng cao hon 5,3, sy
hinh thanh va ting truéng RTC giam dang ké (Bang 3.9, Hinh 3.12).

Chinh vi thé, pH = 5,3 12 téi wu va thich hop dé duy tri sy hinh thanh va ting
truong cua RTC sdm Ngoc Linh tir RBD in vitro. Do vay, pH nay dugc duy tri

trong tat cac thi nghiém sau vé mai truong nudi cay va CDHST.

Hinh 3.12. Kha nang hinh thanh va ting truong ré thar cp sém Ngoc Linh tir nudi
cay ré bat dinh in vitro duéi diéu kién pH khac nhau.
A.pH 5,3; B. pH 5,8.
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1.2.4. Anh hwong cia giai dogn nudi cdy toi va sang lén sw ting trwéng cia ré
thee cdp sam Ngec Linh t nudi cdy ré bt dinh in vitro
Ké thira két qua tét nhat tir tat ca cac thi nghiém trén (mau RBD, moi truong
cai bién, pH, nhiét d6 va thoi gian nudi cay), thi nghiém vé cac giai doan nudi cay
ti va sang duoc tién hanh.

Bang 3.10. Anh huong cua cac diéu kién chiéu sang lén sy hinh thanh va ting
tredng RTC sam Ngoc Linh in vitro

’ . Chiéu dai
Thoi diém Ty 16 tao Sé
chidusang  RTC (%) RTC lZ:-Ir-nC): KLT (mg) KLK (mg)
100%T5i 94,00%" 18,67° 5,66° 365,33° 26,67
80% Téi 94,672 19,002 5,00? 369,00° 34,332
50% Toi 64,67° 8,67° 2,83° 188,67° 13,67°
100% Sang 12,33° 1,00° 0,83° 24,67° 1,67

*Cac chir cai khac nhau trong mét cét thé hién su khac biés c6 y nghia véi p < 0,05
trong phep ther Duncan. 80% tdi ¢ thoi gian dau nubi Cay 100% toi 14 thoi gian
nudi cay hoan toan trong tol 50% tai 1a nira thoi gian dau nudi cay trong téi hoan
toan; 100% sang la nudi cdy ngoai sang véi chu ky chiéu sang 16 gio/ngay.

Céc két qua sau 56 ngay nudi cdy ¢ Bang 3.10 cho thay, khi RBP sam Ngoc
Linh dugc nudi cdy hoan toan ngoai sang (100% sang), qua trinh hinh thanh RTC bi
¢ ché, sé mau RBD tao RTC chi ¢6 12,33%, va RBP hau nhu khong ting sinh
khéi voi KLT bang véi KLT trudc khi nudi cay khoang 25 mg. O diéu kién 50% tdi
& giai doan dau nudi cdy (28 ngay dau) va nira thoi gian con lai ngoai sang, cac chi
tiéu thu dugc dat cao hon; tuy nhién, thoi gian dé trong téi van chua da cho RTC
sam Ngoc Linh hinh thanh va phat trién tir RBP in vitro (Bang 3.10). Do vay, khi
kéo dai thoi gian nubi cay téi 1én dén 45 ngay dau (80% tdi) va toan bo thoi gian
nudi cay t6i (100% ti), kha ning phat trién cia RTC duoc cai thién rd rét, véi ty 18
tao RTC, s6 RTC/RBD, chiéu dai RTC va KLT déu dat cao nhat (Bang 3.10). Giira
hai diéu kién 100% tdi va 80% t6i, RTC sam Ngoc Linh ting sinh tot nhat & nghiém
thirc 80% t6i, KLK (34,33 mg) thu duoc cao hon (Bang 3.10). Ngoai ra, & diéu kién
80% t6i nay, RTC sdm Ngoc Linh khong nhiing ting truong tét hon 100% téi; ma
con tich lity cac chat kho cao hon véi KLK cao gap 1,6 1an so véi diéu kién toi hoan

toan (Bang 3.10, Hinh 3.13). Bén canh d6, hinh thai cua cac ré sam Ngoc Linh tai
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nghiém thirc nay tét hon cac nghiém thac khac, cac ré chinh trong nghiém thirc nay
to, map va dai hon so véi cac nghiém thic khac, mac di c6 mot sé ré bi chuyén
sang mau xanh nhat (Hinh 3.13).

Nhu vay, anh sang cé thé tc ché qua trinh tao RTC sam Ngoc Linh, khi cac
méau RBD duoc dit & ngoai sang subt ca giai doan nudi cdy, nhung & diéu kién nudi

ciy 80% thoi gian dau dit trong tbi lai thich hop cho RTC sam Ngoc Linh hinh

thanh va tang truéng tir cac mau RBPD tai sinh tir mau cudng l4.

Hinh 3.13. Anh hudng cua diéu kién chiéu sang lén kha ning tao ré thir cap cia mau
ré bt dinh tir cung 14 sam Ngoc Linh in vitro.
A. 80% thoi gian dau trong t6i; B. 100% thoi gian nudi cay trong téi; C. 50% thoi
gian dau nudi cay trong t0| va 50% thai gian con lai ngoai sang; D. 100% thoi gian
nudi ciy ngoai sang véi chu ky 16 gio/ngay.

1.2.5. Anh hwéng ciia thé tich méi trwong nudi cdy 1én sw tiang trwéng cia ré thir
cdp sam Ngec Linh tir nudi cdy ré bat dinh in vitro

Bang 3.11. Anh huong cua thé tich méi trudng nudi cay 1én kha niang hinh thanh va
tang trudng RTC s&m Ngoc Linh in vitro

Thétich Tylétaoré s§ lwong ré Chiéu dai ré KLT KLK
(mL) (%) (ré/mau) (cm) (mg) (mg)
10 93,34° 8,2%* 2,12° 117,20° 12,80°
30 100° 70,60° 3,18 455,60° 45,60°
50 100° 38,80" 2,84° 176,40 18,20
70 100° 14,40° 2,38° 134,00° 13,40°
90 93,34° 12,60° 1,32° 114,00° 12,00°

*Cac chir céi khac nhau trong mgt cot thé hién s khac bjét co y nghia voi p < 0,05
trong phep thi Duncan. KLT: Khoi luong twoi, KLK: Khoi lwong Kho.

Ké thira cac két qua trén, cac thi nghiém vé thé tich méi trudng da duoc thyc hién
dua trén cac két qua ndy, nham budc dau tim ra thé tich méi truong long pha hop dé
nhan nhanh RTC sédm Ngoc Linh tr RBD in vitro trén quy mé Ion.
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Hinh 3.14. Anh huong cua céc thé tich moi treong nudi cay khac nhau 1én kha ning hinh thanh va ting truong ré thar cap sam Ngoc Linh tir
9 nudi cay ré bat dinh in vitro.
A, B. Céc thé tich moi truong tir 10, 30, 50, 70 dén 90 mL (twr trdi sang phai).
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Khi khao sét thé tich nuéi cay tir 10-90 mL, céc két qua cho thiy kha ning
hinh thanh va tang truéng RTC sdm Ngoc Linh tir RBD in vitro cé khéc biét ¢ cac
thé tich moi truong nudi cdy khac nhau; bai vi thé tich méi truong nudi cay lién
quan dén lugng chat dinh dudng va luong khi trén bé mat cung cap du cho ca qua
trinh ting truong RBD (Bang 3.11, Hinh 3.12). Hiéu qua phét trién RBD dat cao
nhat & nghiém thirc ¢6 30 mL thé tich méi trudng, voi cac chi tiéu vé sé luong ré,
chiéu dai ré, KLT va KLK dat cao nhat (Ian luot 1a 70,6 ré/mau; 3,18 cm; 455,6 mg
va 45,6 mg) (Bing 3.11, Hinh 3.12).

Nhu vay, thé tich méi truong téi uu cho 25 mg RBD sam Ngoc Linh hinh
thanh va tang truong RTC 1a 30 mL moi treong trong binh 250 mL; twong ung, 8 g
RBD trén 1,5 L moi truong nudi cay.

1.2.6. Anh hwéng ciia hg thong nudi cdy 1&n sw hinh thanh va ting trwéng cia ré
thee cdp sam Ngec Linh tir nudi cdy ré bét dinh in vitro

Dua vao két qua toi wu vé diéu kién nudi cay nhu thoi gian, pH, nhiét do, thé
tich mdi truong nudi cay, dé ré dé dang hap thu chat dinh dudng va trao doi khi, cac
hé thdng nudi cay véi cac hinh dang va hé théng diéu khi khac nhau da dugc khao
sat. Céc két qua thu duoc sau 56 ngay nudi cay thé hién ¢ Bang 3.12 va Hinh 3.15

Bing 3.12. Anh hudng cia h¢ thong nudi ciy dén su hinh thanh va ting truéng ré
thur cap sdm Ngoc Linh in vitro

Hé thong nudi cay 3 L K(Ig_)T K(:)K ;)I;Lé (té::sg L&hlﬁé (%Djt
Bioreactor tu tao 72,82% 6,742 9,712 9,252
Binh tam giac két hop lic 30,54° 2,65° 4,07° 8,68"
Bioreactor hinh céu 51,30 4,63 6,84 9,03%

*Cac char cai khac nhau trong mét cot thé hi¢n s khac bi¢t co y nghia véi p < 0,05
trong phép thi Duncan. KLT: Khoi luong twoi, KLK: Khoi luwong kho.

Két qua sau 56 ngay nudi cay 8 g RBD trong 1,5 L mdi truong nudi ciy & cac
hé thong khac nhau cho thay, ca 3 hé théng nudi ciy déu cho sy tang sinh va tich
lity saponin & RTC (Bang 3.12, Hinh 3.15). Hé théng nudi ciy Bioreactor ty tao cho
két qua tot nhat vé KLT (72,82 g), KLK (6,74 g) va ty ¢ tang sinh (9,71 1an). Trong

khi d6, ré dugc nudi cay trong binh tam giac két hop lac lai cho két qua kém hon vé
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KLT (30,54 g), KLK (2,65 g) va ty ¢ ting sinh (4,07 1an) (Bang 3.12). Cung diéu
kién nudi cay long, nhitng mau ré nudi ciy trong hé thong binh tam giac két hop lic
khong cd kha ning gia ting sinh khbi manh nhu hé thdng Bioreactor hinh cau va
Bioreactor tu tao (Bang 3.12, Hinh 3.15).

T6m lai, hé théng Bioreactor ti tao di cho hiéu qua ting truéng tot nhat, boi
lwong bot khi tao ra tir du6i day nhiéu hon Bioreactor hinh cau, cho nén khong
nhitng tao luc diy cho RBD sam Ngoc Linh di chuyén lién tuc Ién trén bé mat ma

con gitp cung cap lwong khi can thiét cho RTC hinh thanh va phat trién.

Hinh 3.15. Ré thir cap sam Ngoc Linh trong céc hé thong nudi cay khac nhau.
A. Bioreac'gor tu tao tur binh tam giac 3L c0 suc khi dudi day, B. H¢ thong binh tam
giac 3L ket hop lac ¢ 100 vong/phut, C. Bioreactor hinh cau c6 suc khi dudi day.
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2. TANG CUONG TiCH LUY SAPONIN CUA RE THU CAP SAM NGQC
LINH NUOI CAY TU RE BAT PINH IN VITRO
2.1. Anh hwéng cia mét s6 diéu kién nudi cdy Ién sy tich liy saponin cia ré
thie cap sam Ngoc Linh tir nudi cy ré bét dinh in vitro
2.1.1. Anh hwoéng cia cdc giai doan nudi cdy 18n sw tich liiy saponin ciia ré thir
cap sam Ngec Linh nudi cdy tir ré bdt dinh in vitro

Bang 3.13. Anh huéng cua thoi gian nudi cdy dén kha ning tich lily saponin tir r&
thir cap cua nudi cay re bat dinh sam Ngoc Linh in vitro

Ham lwgng saponin (%o)*

Thoi gian 2 NS
(ngay) Rgl Rbl MR2 'oN9 (3%12; Rb1+ (mg/L)
14 0,00 0,000 0,00° 0,00¢ 0,00°
28 0,05 0,02° 0,74° 0,81° 0,14¢
42 0,06 0,03 1,05° 1,14° 0,51°
56 0,05 0,01° 241° 2,47° 2,292
70 0,06° 0,02° 313 3,21° 1,89°
84 0,08 0,02° 3,26° 3,36° 1,83°

*Trung binh 3 lan chay mau tinh trén 1 g char khé; NS: nang suat tong hop ca 3
saponin trén toan bg sinh khoi khé thu dwoc.

Sau khi danh gi4 su ting trudng va ting sinh khéi caa RTC & cac giai doan
tang truong khac nhau, cac phan tich TLC va HPLC dugc tién hanh dé xéac dinh
ham luong saponin & mdi giai doan ting truéng cua RTC sdm Ngoc Linh tir nudi
cdy RBPD in vitro. Két qua cho thay c6 su hién dién cua ca ba loai saponin (MR2,
Rg1 va Rb1) & tit ca cac nghiém thirc véi sy thay doi ham luong saponin khéac nhau
trong timg giai doan (Bang 3.13, Hinh 3.16). Tong ham luong saponin va dic biét
ham luong MR2 ting dan khi kéo dai thoi gian nudi cay Ién. Két qua thi nghiém
cho thay, khi thoi gian kéo dai qua 56 ngay, kha niang phat trién ré kém dan; nhung
kha nang tich lily saponin ting lén. Tuy nhién, dya vao tong sinh khéi kho thu duoc
va téng 3 loai saponin, ning suét thu ca 3 saponin dat cao nhét khi duy tri nudi cay
chi t6i ngay thir 56 v6i nang suat tang gap 3 1an so vai 42 ngay nudi cay va gap 1,2
lan khi kéo dai thoi gian 1én 70 va 84 ngay nudi cay.

Chinh vi thé, thoi gian nudi cdy tét nhat dé thu sinh khdi RTC sam Ngoc Linh

tir RBD in vitro c6 ham lwong ca ba saponin cao nhat la sau 56 ngay nudi cay.
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Hinh 3.16. Két qua dinh tinh saponin cua ré thir cap theo thoi gian nudi cay.
Thoi gian sau 28, 42, 56, 70 va 84 ngay nudi cay.

2.1.2. Anh hwoéng cia nhigt dé 1én sw tich liiy saponin ciia ré thie cdp sam Ngec
Linh nudi cdy tir ré bét dinh in vitro

Sau 56 ngay nudi cay, 1 g sinh khéi khd cia RTC sdm Ngoc Linh dugc dung
dé dinh tinh va dinh luong ba saponin (MR2, Rgl va Rb1) bang phuong phap TLC
va HPLC, két qua cho thiy déu co su hién dién 3 loai saponin Rgl, Rb1 va MR2;
nhung c6 sy khac biét vé ham luong cua ting saponin (Bang 3.14, Hinh 3.17). Khi
nhiét do tang cang cao, su tich liiy saponin cang giam, thé hién qua ham luong Rgl,
Rb1, MR2 va téng ham luong saponin (Bang 3.14). Két qua con cho thay, nhiét do
22°C cho ham lugng Rgl, Rbl, MR2, tong 3 saponin va ning suat thu nhan 3
saponin 1a cao nhit (twong ng 0,06%o; 0,7%o; 0,64%o; 1,40%0 va 0,40 mg/L);

Hinh 3.17. Binh tinh saponin (MR2, Rg1, Rb1) ciia miu ré thi cap sdm Ngoc Linh in
vitro ¢ nhiét @6 22°C, 25°C va 28°C.
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Bang 3.14. Anh huong cua nhiét do dén kha ning tich liiy saponin cua ré thir cip
sam Ngoc Linh nudi cay tu ré bat dinh in vitro

Nhiét do Ham lwgng saponin (%0)* NS

(°C) Rgl Rbl  MR2 Tong 3 saponin (mg)
22 0,06° 0,76  0,64° 1,40 0,40°
25 0,07° 0,73° 035" 1,12° 0,23
28 007" 062° 039 1,08° 0,17°

*Trung binh 3 lan chay mau tinh trén 1 g char kho; NS: Nang sudt tong hop ca ba
saponin trén toan bg sinh khoi khé thu duroc.

2.1.3. Anh hwong ciia pH |én sw tich liiy saponin cia ré thie cdp sam Ngec Linh
nudi cdy tir ré bét dinh in vitro

Bang 3.15. Anh huong cua pH dén kha nang tich liy saponin ¢ ré thr cip sam
Ngoc Linh nudi cay tur ré bat dinh in vitro

H Ham lwong saponin (‘:/;o)* NS
P Ryl Rbl  MR2 _ Téng 3 saponin (mg)
4.3 0,03 001° 1,25 1,29° 0.42°
4.8 0,03° 001> 145 1,49° 0,81°
53  0,04° 002 1,62 1,68° 1.16°
5,8 0,04° 0,022 2457 2,561° 0,95%
63  006* 002° 1,61 1,67° 0.45°

*Trung binh 3 lan chay mau tinh trén 1 g char khé; NS: Néng suat tong hop ca ba
saponin trén toan bg sinh khoi khé thu dwoc.

Sau khi danh gia sy ting truong va tang sinh khéi cia RTC & pH dugc diéu
chinh ngay ban dau tir 4,3-6, két qua vé sy thay d6i ham luong cac saponin & mdi
pH sau 56 ngay nudi ciy dugc xac dinh. Tuy két qua cho thiy RTC ¢ pH = 5,3 ¢6
KLK (20,67 mg) cao nhét véi sy ting truéng RTC ciing tét nhat; nhung tong ham
lugng saponin thu duoc (1,68%o) lai thap hon so véi RTC ¢ pH = 5,8 (KLK 11,33
mg va tong ham lugng 3 saponin 13 2,51%o). Vi vay, khi tinh ning suat thu nhan
saponin cho thiy ning suét tong hop 3 saponin trong toan bo KLK cua RTC thu
duoc ¢ pH = 5,3 (1,16 mg/L) 1a cao hon so véi RTC thu dugc ¢ pH = 5,8 (0,95
mg/L). Vi vy, trong thi nghiém nay pH = 5,3 khong nhitng thich hop nhat cho su
tang sinh khéi ma con ca cho su thu nhan tong 3 loai saponin tir RTC sam Ngoc

Linh nudi ciy in vitro.
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Nhu vay, d¢ RTC vira ting sinh, vira san xuat nhiéu saponin, cac nudi cay tao

RTC tir cac cum RBD sdm Ngoc Linh in vitro nén nudi cay ¢ pH = 5,3.

Hinh 3.18. Dinh tinh saponin & mau ré sam Ngoc Linh in vitro & cac pH khac nhau.
Pi. 4,3; P,. 4,8; P;5.5,3; P,4. 5,8; Ps. 6,3.

2.1.4. Anh hwéng cia hé thong nudi cdy |1én sw tich liiy saponin cia ré thir cdp
sam Ngec Linh nudi cdy ter ré bt dinh in vitro

Bang 3.16. Anh huong cua hé th,éng nudi cay dén kha nang tich lity saponin cuia ré
thir cap sdm Ngoc Linh tir nudi cay re bat dinh in vitro

Hé thong nudi ciy 3 L Ham lwong saponin (%o)* NS
Tong
Rgl Rbl MR2 3 saponin (mg)
Bioreactor tu tao 0,12° 1,03° 3,00 4,15 0,93°
Binh tam giac kéthop Iic ~ 0,35° 1,90* 1,15° 3,40° 0,30°
Bioreactor hinh ciu 0,25 1,41* 6,86 8,52° 1,31°

*Trung binh 3 lan chay mau tinh trén 1 g char kho, NS: nang suat tong hop ca ba
saponin trén toan bg sinh khoi khé thu dwoc.

Tur nhitng két qua t6i wu vé ting truong RTC cua hé théng nudi cdy, ham
lwong saponin trén ting hé théng ciing duoc khao sat. Két qua dinh tinh bang TLC
thu duoc trong thi nghiém nay cho thay, cac mau ré sam Ngoc Linh nudi ciy trong
cac hé thdng khac nhau déu c6 su xuit hién cua ca 3 vét mau hong tim tuong ng
véi 3 vét saponin trén bang sac ky (Hinh 3.19). Biéu nay chiing to rang, trong cac

mau ré sam Ngoc Linh trong cac hé théng nudi ciy déu c6 sy hién dién cia MR2,
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Rb1 va Rgl. Ngoai ra, trén sic ky dd con xuat hién nhiéu vét khac tuong Gng voi
mau saponin toan phan caa sam Ngoc Linh ngoai ty nhién (Hinh 3.19). Nhu vay,
trong ré sam Ngoc Linh duoc nudi cay trong cac hé thdng con cé chira nhiéu loai
saponin khac tuong tu vai sdm Ngoc Linh ngoai tu nhién.

Khi phan tich & buéc séng 190 nm, két qua quan sat dugc sau khoang 25 pht
xuat hién dinh Rg1, 28-30 phut xuat hién dinh MR2 va 37 phdt xuét hién dinh Rb1
(Hinh 3.19). Két qua dinh lvong bing phuong phap HPLC ciing cho thy, RTC sam
Ngoc Linh nudi cay trong céc hé thdng khac nhau cho ham luwong saponin khéc
nhau va dat cao nhat & hé théng Bioreactor hinh cau (Bang 3.12). Hé thong
Bioreactor hinh cau cho két qua cao dang ké vé Rgl (0,25%0), Rb1 (1,41%o), va
nang sut thu nhan 3 saponin (1,31 mg/L) dat cao nhat, dic biét tong ham luwong 3
saponin phan tich (8,52%o), ham lugng MR2 (6,86%0) cao vuot troi, gap trén 2 lan
cac nghiém thtic khéc. Trong khi d6, hé thong binh tam giac két hop lic lai cho két
qua vé tong ham lugng cac saponin dugc phan tich (3,40%o0) va ham lugng MR2
(1,15%o0) 13 thdp nhit nhung ham luong Rgl (0,35%0) va Rb1 (1,90%0) lai & cao
nhat (Hinh 3.15). Biéu nay lai mét 1an nira khang dinh vai trd cia viéc suc khi trong
cac hé théng Bioreactor.

Két qua thu dugc trong Bang 3.12, Hinh 3.19 va Hinh 3.15 cho thay, hé thong
Bioreactor ty tao cho ty ¢ ting sinh (9,71 1an) va KLK (6,74 g) cao hon; nhung
tong ham lugng cac saponin thu dugc (4,15%0) lai thdp hon so véi hé thdng
Bioreactor hinh cau (ty Ié tang sinh ré 12 6,84 lan, KLK 12 4,63 g va tong ham lugng
cac saponin 1 8,52%o). Tuy nhién, ning suét tong hop 3 saponin trong toan bo sinh
khdi kho thu dugc tir hé théng Bioreactor hinh cau (1,31 mg/L) 1 cao hon so Vi
Bioreactor tu tao (0,93 mg/L) va hé thdng binh tam giac két hop lic (0,30 mg/L).

Vi vay, trong thi nghiém nay hé théng Bioreactor hinh cau 1a phi hop nhat cho

viéc thu nhan ca 3 saponin cua RTC sam Ngoc Linh in vitro.
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Hinh 3.19. Pinh lwong va dinh tinh saponin cua ré thi cip sdm Ngoc Linh in vitro
trong céc hé théng nudi ciy khac nhau.
a. binh tinh saponin (MR2, Rg1, Rb1); b, ¢, d. Pinh lugng saponin ciia RTC sam
Ngoc Linh trong Bioreactor hinh cau, binh tam giac két hop lic va Bioreactor tu tao.

2.2. Anh hwéng cia mot sé elicitor 18n sy ting sinh va tich lily saponin cia ré
thir cap sam Ngoc Linh nudi cay tir ré bat dinh in vitro
2.2.1. Anh hwéng cia chitosan |én sw ting sinh va tich liiy saponin ciia ré thir
cap sam Ngec Linh nudi cdy tir ré bdt dinh in vitro

Bang 3.17. Anh huong cua chitosan 18n sy tang sinh va tich liy saponin cta ré thi
cap sam Ngoc Linh tir mau r¢ bat dinh in vitro

CHN KLT KLK Ham lwong (% trén 1 g RTC kho)
(mg/L) (mg) (mg) Rgl Rbl MR2  Tong 3 saponin
0 456,90 41,85* 0,339  0,144° 0,395 0,88"
50 271,82° 26,93° 0,260° 0,466  0,164° 0,89¢
100 159,93° 1585° 1,632 0,142  0,251¢ 2,03
150 202,87 20,32° 0,676° 0,328" 0,433 1,43°
200 298,33b 29,50° 0,368°  0,231° 0,415 1,02¢

*Céc chir cai khac nhau trong mot cot thé hién s khac bjét co ¥ nghia voi p < 0,05
trong phép thiz Duncan. KLT: Khoi luong twoi, KLK: Khoi luwong khé.
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Trong thi nghiém nay, sinh khéi ré sam Ngoc Linh sau 56 ngay nudi cay dudi
tac dong cua CHN lam giam dang ké KLT va KLK; nhung ham lwong céc hop chat
saponin ciing duoc cai thién dang ké vai tat ca két qua thé hién tai Bang 3.17 va
Hinh 3.23. Sinh khéi ré ¢ tat ca nghiém thic b6 sung CHN giam hon mét nira so
véi mau dbi chang, trong khi tong saponin lai ting gip 2 lan tai nghiém thac bo
sung 100 mg/L CHN. Trong 3 loai saponin, ham lugng Rgl ting cao nhét Ia
1,632% trén 1 g mau phan tich ¢ nghiém thic b6 sung 100 mg/L va giam déu
xuéng con 0,368% tai nghiém thirc bd sung 200 mg/L; ham lwong Rb1 thu dugc
cao nhat 1 0,466% tai nghiém thirc chira 50 mg/L va giam dot ngot tai nong d6 100
mg/L con 0,142%, sau d6 tang dan 1&n ¢ cac ndng do tiép theo; ham luong MR2 lai
giam khi b6 sung 50 mg/L va ting dan 1én dén mic cao nhat 1a 0,433% & nong do
150 mg/L va giam cham xudng con 0,415% & nghiém thirc 200 mg/L (Bang 3.17).
Ngoai ra theo quan sat, mot s6 mau RTC khi bd sung tir 150 mg/L CHN thi mau
ngoai tao thém cac RTC, con phat sinh rat nhiéu phdi tai vi tri cit nén KLT va KLK
tang |én, nhung RTC rét it va ham luong tong ba loai saponin ciing giam di.

Tom lai, nghiém thic bo sung 100 mg/L CHN 1 t6i uu trong tat ca nghiém
thirc voi tong ba loai saponin va Rgl trong 1 g miu phan tich dat cao nhit, hon nita
khi danh gia ning suat thu nhan saponin trong toan bo sinh khdi thu dugc sau 56
ngay nudi cay, rd rang nghiém thirc ndy cho ning suét tich lily saponin dat cao nhat
trong tat ca cac nong ¢6 CHN (Biéu db 3.3).

2.2.2. Anh hwéng cia dich chiét ndm men 1én sw ting sinh va tich liiy saponin
ciia ré thar cap sam Ngec Linh nudi cdy tir ré bdt dinh in vitro

Két qua xu ly bang dich chiét nAm men (YE) duoc thé hién tai Bang 3.18 va
Hinh 3.23B.

Theo két qua thu duoc cho thay, xir Iy bang YE trong nudi cay RBP véi liéu
thap (50 mg) lam ting kha ning ting sinh RTC cua sdm Ngoc Linh tir 456,9 Ién
510,83 mg va dong thoi ciing 1am ting cac hop chét saponin, dic biét 1a RTC va
RBPD déu c6 mau vang twoi va khong bi hda nau hay bi truong nude nhu céc elicitor
khac (Bang 3.18, Hinh 3.23B).
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Bang 3.18. Anh huong cua dich chiét nAm men Ién sy tang sinh va tich lily saponin
cua re thur cap sém Ngoc Linh tir mau ré bat dinh in vitro

YE KLT KLK Ham lugng (% trén 1 g RTC kho)
(mg/L) (mg) (mg) Rgl Rbl MR2  Tong 3 saponin
0 456,90 41,85° 0,339°  0,144° 0,395¢ 0,88
50 510,83% 51,25a 0,502°  0,251° 0,679° 1,48"
100 473,30° 47,25° 0534°  0,200° 0,743° 1,42°
150 250,039 25,03% 2,482%  0,2442 0,786" 3,512

200 154,60° 15,39° 0,544° 0,256 0,8422 1,67°

*Céc char cai khac nhau trong mot cot thé hién s khac bjét co ¥ nghia voi p < 0,05
trong phép thi Duncan. KLT: Khoi luong twoi, KLK: Khoi lwong Kho.
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Hinh 3.20. Peak Rg1, MR2, Rb1 trén sic ky do cua mau ré thir cap sém Ngoc Linh
dudi tac dong cua dich chiét nam men.
DPinh luong saponin ¢ nghiém thac 150 mg/L YE trén xuong dudi.

Péi véi mdi saponin, Rgl, Rbl ting manh khi b6 sung 150 mg/L YE (Hinh
3.20), dat 2,482% va 0,244% tuong Gng; MR2 c6 su gia ting rd rét tir nong do 50-
200 mg/L va dat t6i uu 0,842% khi b6 sung 200 mg/L YE. Nhin tong thé, 150 mg/L
YE t4i wu vi hau hét cac saponin déu ting dang ké, nhat 1a tong ba loai saponin thu
duoc cao nhat tai nghiém thizc ndy. So véi CHN, YE gitp tang luong Rgl va MR2
cao hon (Bang 3.18).
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2.2.3. Anh hwéng cia abscisic acid 18n sw ting sinh va tich liiy saponin cua ré

thee cdp sam Ngec Linh nudi cdy tir ré bét dinh in vitro

Tu két qua thu duoc tai Bang 3.19, Hinh 3.23, Hinh 3.21 cho thay abscisic
acid (ABA) lam giam manh kha ning phat trién cua ré, KLT va KLK giam 1/4 so
v6éi mau déi ching. Ngoai ra, lwgng RTC hinh thanh ciing thdp hon va mau sic
RTC dan chuyén sang mau nau; nong do cang cao, cac biéu hién nay cang ro rét.
Tuy nhién, ham lwong saponin cua Rgl, MR2 va ba téng saponin cao hon céc thi
nghiém trén, Rgl ting manh ngay tir nghiém thic bd sung 50 pg/L ABA va ting
dan dén diém cao nhat 1a 1,506%; MR2 ciing ting ngay tir nghiém thic chira 50
ng/L ABA va dat toi wu & ca hai ndng do 150 va 200 pg/L va ham luong saponin
tong s6 khi bo sung ABA ciing khac biét rd rang so véi khi bo sung YE va CHN.
Riéng ham lugng Rbl gia ting dan tir nong d6 50 pg/L dén 200 pg/L ABA, nhung
khdng khéc biét nhiéu so véi YE va CHN.
Bang 3.19. Anh huong cua abscisic acid 1én su ting sinh va tich lily saponin cua ré

thir cap sam Ngoc Linh tir mau ré bat dinh in vitro

ABA KLT KLK Ham luwong (% trén 1 g RTC khd)

(ug/L)  (mg)  (mg) Rgl Rb1 MR2  Téng 3 saponin
0 456,9° 41,850 0,339 0,144 0,395¢ 0,88°

50 156,33 16,67° 0,703° 0,198° 1,058" 1,96°

100 107,17° 10,59° 1,234° 0,204 0,973° 2.41°

150 82,479 825% 1506%° 0,219° 1,651% 3,372

200 76,30 7,58% 0,731° 02772 1,637% 2,65°

*Cac chit ¢ di a, b, c, ... thé hi¢n sy khac biéz cd y nghia véi p < 0,05 trong phép thi:
Duncan. KLT: Khoi luong twoi, KLK: Khoi lwong kho, RTC: Re thiz cap.

ABA ciing gop phan diéu hoa trung gian trong qua trinh sinh tong hop cac hop
chat bién dudng tha cip trong nudi cdy mo té bao mot sb loai thuc vat. Trong thi
nghiém nay, ABA c ché manh su sinh truong cua ré sam Ngoc Linh, nhung ¢6
hiéu qua rd rét 1én su gia ting cac saponin, trén 1 g mau phan tich HPLC, su gia
tang su tich lily ham luong saponin manh hon YE va CHN. Két qua dinh tinh va
dinh lwong saponin cho thdy ¢ tit ca cac nghiém thiac déu cé sy hién dién céc

saponin rd rét va tang manh ca ba loai saponin Rgl, MR2 va Rb1l (Bang 3.19, Hinh
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3.21). Ham lugng saponin tong thu dugc & cac nghiém thac c6 bo sung ABA vao
moi trudng nudi cdy déu cao hon so voi nghiém thuc dbi chimg, va ham luong
saponin dat cao nhat & nong d6 200 mg/L ABA; nhung hiéu qua thuc su thu duoc
S0 V6i tong khéi lwong thu duoc thap hon ca mau ddi ching vi sinh khéi giam manh
(Biéu db 3.3).
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Hinh 3.21. Peak Rgl, MR2, Rb1 trén sic ky do cua mau ré thir cdp sam Ngoc Linh
dudi tac dong cua ABA.
Dinh lugng saponin ¢ nghiém thac 150 pg/L ABA.

2.2.4. Anh hwéng cia salicylic acid 1én sw ting sinh va tich liiy saponin cia ré
thaz cdp sam Ngec Linh nudi cdy ter ré bdt dinh in vitro

Bang 3.20. Anh huong cua salicylic acid 1én sy tang sinh va tich liiy saponin cua ré
thar cap tir mau re bat dinh sdm Ngoc Linh in vitro

Ham lwgng (% trén 1 g RTC kho)

SA KLT KLK Tong 3
(ng/L) (mg) (mg) Rgl Rb1l MR2 saponin
0 456,9%" 41,85° 0,339 0,144° 0,395° 0,88"
50 433,07° 4352° 0,675 0,248° 0,867° 1,79°
100 200,03° 19,8"  0,455° 0,385° 0,599" 1,44
150 84,23 818" 0,503 0,176° 0,576" 1,25°
200 67,37 6,79° 0,439° 0,356" 0,398° 1,19°

*Cac chir céi khac nhau trong mot cot thé hién s khac bjét co y nghia voi p < 0,05
trong phép thiz Duncan. KLT: Khoi luong twoi, KLK: Khoi luwong kho.
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Tir Bang 3.17 dén Bang 3.20 cho thay salicylic acid (SA) tuong tu cac elicitor
khac déu l1am giam kha ning phat trién cua ré; bat dau tir nong do 150 ug/L 1a gay
rc ché sinh truong manh 1én sy hinh thanh va tang trusng RTC, nhung tac dong
nay cia SA khéng manh bang ABA, mau sic cua ré it bién doi (Hinh 3.23). Két qua
phan tich sic ky I6p méng va HPLC trong nghién ctru nay ciing cho thay c6 sy hién
dién cua ca ba loai ginsenoside ¢ tat ca cac nghiém thic bo sung SA. Lugng MR2
quyét dinh tac dung dwoc Iy chinh caa sdm Ngoc Linh, thu dugc & cac nghiém thic
c6 b6 sung SA déu cao hon so v6i nghiém thirc khac, va dat cao nhét 1a ¢ nghiém
thizc ¢6 bo sung 50 pg/L SA (Bang 3.20, Hinh 3.22).

Kha ning kich thich tich lity hop chat thi cdp cia SA tir 1 g mau kho dem
phan tich cao hon CHN. Mac du tong 3 loai saponin (1,79%), va Rgl (0,675%) dat
cao nhat cao nhat & nong do 50 pg/L SA, nhung luong Rb1 dat t6i wu & 100 pg/L
SA (0,385%). Khi d4nh gia ning suit san xuat tong saponin trong toan bo sinh khoi
thu duoc sau 56 ngay, nong do 50 pg/L SA téi wu cho RTC tich lity saponin voi
ning sut dat 0,78 mg ma luong Rgl va MR2 ciing cao hon cac nong d6 SA khac
(Biéu db 3.3).
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Hinh 3.22. Peak Rgl, MR2, Rb1 trén sic ky d6 cua mau ré thir cdp sam Ngoc Linh
dudi tac dong cua SA.
Dinh luong saponin ¢ nghiém thac 50 pg/L SA.
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2.2.5. Anh hwéng cia jasmonic acid 18n sw ting sinh va tich liiy saponin ciia ré
thee cdp sam Ngec Linh nudi cdy tir ré bét dinh in vitro

Bang 3.21. Anh hudng cua jasmonic acid 1én sy ting sinh va tich lily saponin cua ré
thir cap tr mau ré bat dinh sdm Ngoc Linh in vitro

JA KLT KLK Ham lugng (% trén 1 g RTC kho)

(ug/L)  (mg) (mg) Rgl Rb1 MR2  Téng saponin
0 456,90 41,85% 0,339° 0,144° 0,395° 0,88"
50  166,24° 1589° 2227° 0,849° 1,855 4,93°
100  12556° 12,76° 3,219° 0,718 1,302¢ 5,24°
150  81,56° 859¢ 2,524° 0,582° 2,464° 5,57
200  7556% 7,599 1,975 0,401° 2,826° 5,21°

*Céc char cai khac nhau trong mot cot thé hién s khac bjét co ¥ nghia voi p < 0,05
trong phép thi: Duncan. KLT: Khoi luong twoi, KLK: Khoi lwong Kho.

Céc két qua anh huong caa jasmonic acid (JA) thé hién ¢ Bang 3.21, va Hinh
3.23. Tat ca céc elicitor trén déu gitp tang lwong saponin, nhung tr 1 g mau dem
phan tich, ning sut tich lily saponin tot nhat 1a JA véi cac peak thé hién cao va
rong rd rét, phan trim cac saponin ciing cao dang ké so vi CHN, YE, ABA va SA
(Bang 3.17-Bang 3.21, Hinh 3.23). Tac dong &c ché kha nang ting truong ré trong
cac nghiém thirc bo sung JA ciing manh nhat, r& héa nau dam ¢ tat ca mau ré nudi
cdy, nhung luong saponin trong 1 g mau dem phan tich rt cao (Bang 3.21, Hinh
3.23). Trong tung saponin, Rgl ting cao ¢ tat ca cac nong do va dat tdi uu & nong
d6 1a 100 pg/L JA va lugng Rbl dat cao nhat 1a 0,849% tai nong do 50 pg/L JA,
con MR2 ting cao tai tit ca cac nghiém thac va cao nhat 12 2,826% & nong do 200
ug/L JA. Tdng sé saponin cao nhat ghi nhan tai ndng do 150 pg/L JA. Nhu vay,
RTC tich lily saponin cao nhat tai ndng do 150 pg/L JA, nhung khdi luong RTC tai
nong d6 150 pg/L JA lai rat thap giam xudng 5 1an so véi ddi ching nén niang suét
thu nhan saponin téi wu chi khi sir dung 50 pg/L JA (Biéu d6 3.3, Bang 3.21).

Ngoai ra, do RTC bi wc ché sinh truéng manh nén tong saponin thyc thu trén
toan bo sinh khéi khd thap hon cac nghiém thuc sir dung SA, YE va CHN.
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2.2.6. S0 sanh tdc dgng cia cac elicitor don 16 18n suw téng hep saponin cia ré thir

cap sam Ngec Linh nudi cdy tir ré bdt dinh in vitro

Sinh khéi cia RTC ciing nhu ham luong saponin cd sy khéc biét gitra cac
nghiém thirc va khong tang ty Ié thuan theo sy bién thién cia nong do (Biéu db 3.3).
Két qua so sanh giita céc elicitor cho thdy, ham luong Rb1 dat cao nhét & 50 pg/L
JA, Rgl ¢ 100 pg/L JA, MR2 ¢ 200 pg/L JA va tong ba saponin nay dat cao nhat ¢
150 pg/L JA. Dé xac dinh ning suét tich lily saponin tbi wu tir c4c nudi cy tao RTC
nén dya trén mdi twong quan giira sinh khéi va kha ning tich lity cua tirng nong do
elicitor. Két qua cho thay, viéc bo sung 150 mg/L YE cho ning suét tich liy
saponin & RTC sam Ngoc Linh dat cao nhat (23,41 mg/L), cho du xét trén 1 g mau
dem phan tich thi tong lwong saponin tai nghiém thirc nay thap hon nghiém thic bo
sung 150 pg/L JA, nhung rd rang tong sinh khdi kho 1on nhat da dem lai hiéu qua
I6n nhat cho viéc thu nhan tong 3 saponin nay. Ngoai ra, 50 pg/L cua SA va JA thi
nang suat tich liiy ciing twong ddi cao; trong khi do, bo sung 150-200 pg/L SA cho

ning sudt tich liiy thap nhat so vai cac ndng dd elicitor khac (Biéu d6 3.3).
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Biéu d6 3.3. Anh huong cua elicitor 1€n nang suét tong hop ca ba saponin trong ré
tha cap sam Ngoc Linh sau 56 ngay nudi cay.
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Biéu dd 3.4. So sanh anh huong cua elicitor Ién sy téng hop ca ba saponin trong ré
tha cap sam Ngoc Linh sau 56 ngay nudi cay.
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Hinh 3.23. Anh huéng don I¢ cua cac elicitor Ién su ting sinh cia ré thir cap tir mau
ré bat dinh sam Ngoc Linh.
A. CHN tr 0, 50, 100, 150 va 200 mg/L; B. YE tr 0, 50, 100, 150 va 200 mg/L; C.
SA tr 0, 50, 100, 150 va 200 pg/L; D. ABA tr 0, 50, 100, 150 va 200 pg/L; E. JA
tir 0, 50, 100, 150 va 200 pg/L. Cac nghiém thirc xép tir trai sang phai.
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2.2.7. Anh hwéng cia viéc két hep dong thei salicylic acid va dich chiét ném men
|én sw ting sinh va tich liiy saponin cia ré thir cdp sam Ngec Linh in vitro

Bing 3.22. Anh hudng cua viéc két hop giira acid salicylic va dich chiét nam men
I&n kha nang phat trién cua ré thir cap tir nguon re bat dinh sém Ngoc Linh

SA YE KLT KLK Chi s tiing % ty 1é
ug/L  (mg/L) (mg/L) (mg/L) truéng chat kho
0 0 453 47° 41,85 17,14° 9,230
25 25 440,00 33,67" 16,607 7,69%
50 342,20° 28,80° 12,69° 8,42
100 281,5% 21,75" 10,26% 7,73
150 219,009™ 19,00" 7,76%" 8,68
200 205,00 17,06%™ 7,20MK 8,32°%
50 25 182,22"% 15,67™ 6,29 8,617
50 217,119 18,33% 7,689 9,78°
100 255,00 24,67 9,20°™ 9,68
150 267,007 34,00° 9,68 12,732
200 174,25¢ 16,38™ 5,07% 9,40
100 25 266,33 23,67" 9,65 8,89°c%
50 240,67 23,00%" 8,63™" 9,57°¢¢
100 283,00 22,00" 10,32% 7,77°%
150 320,00 25,00 11,80 7,82¢0¢
200 198,33 16,00™ 6,93 8,07°%"
150 25 288,67" 18,33 10,55% 6,35"
50 383,67° 31,00° 14,35" 8,08°%"
100 404,33" 30,11 15,17° 7,44
150 255,00 20,00 9,20°™ 7,86°%"
200 178,70 15,00 6,15 8,397
200 25 379,33" 32,67" 14,17° 8,617°%
50 311,33 28,00° 11,45 8,097
100 290,33% 23,67 10,61% 8,15°%"
150 211,67 19,33" 7,47"K 9,130
200 192,25" 18,06™ 6,69 9,39ph°*

*Cac chir cai khéc,nhau trong mot cot thé”hién s khac biét c6 ¥ nghia véi p < 0,05 trong phép thi
Duncan. KLT: Khoi luong tuoi, KLK: Khoi luong khd, RTC: Re thi cap.

YE la mét elicitor ngoai sinh tir thanh té bao vi sinh vat, trong khi SA 1a mot
elicitor noi sinh c6 ban chat 14 hormone thuc vat, mdi elicitor nay s& cé tac dong
khac nhau 1én qué trinh ting trudong va tich liiy saponin ctia nudi ciy RBD sim
Ngoc Linh. Theo két qua nghién ciru truéc, YE tét nhét cho su ting sinh khéi va co

ning suat thu ca 3 saponin dat rat cao; SA rc ché hinh thanh va tang truong RTC it
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hon cac elicitor ndi sinh khac; hon nira, ham luvgng MR2, Rb1 thu dugc cao hon YE.
Chinh vi thé, viéc két hop SA (0, 25, 50, 100 va 150 ug/L) véi YE (0, 25, 50, 100
va 150 mg/L) duoc thuc hién. Két qua danh gia kha ning két hop cua 2 elicitor c6
ban chat khac nhau (YE va SA) Ién kha ning phat trién va tich liiy cac hop chat
saponin cua RTC tir nudi cdy RBD sam Ngoc Linh trong 56 ngay nudi cay dugc thé
hién & Bang 3.21, Biéu d6 3.5 va Hinh 3.21.
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Biéu db 3.5. Tac dong dong thoi dich chiét nAm men va salycylic acid 1én kha ning
tich liiy cac saponin trong nudi cay tao re thir cap sdm Ngoc Linh.
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Theo két qua thu duoc ¢ Bang 3.18, Bang 3.20 va Biéu d6 3.5 cho thay,
nghiém thirc két hop 25 pg/L SA véi 150 mg/L YE cho phan trim ham luong Rbl
trén 1 g mau phan tich dat tot nhat (0,47%), nhit 13 ham luong Rb1 nay cao hon ca
cac nghiém thic tot nhat khi xir Iy don 1& YE (0,24% & 150 mg/L YE) hay SA
(0,38% & 100 mg/L SA). Ham lugng MR2 (0,67%) dat cao nhat tai nghiém thirc
200 mg/L YE két hop véi 200 pug/L SA, nhung thip hon khi xir Iy don 1& YE
(0,84% & 200 mg/L YE) va SA (0,87% & 50 mg/L SA). Ham luong Rgl (0,03%)
dat cao nhat 150 mg/L YE véi 150 pg/L SA, va thap hon khi xir Iy don 18 YE
(2,48% & 150 mg/L YE) va SA (0,68% & 50 mg/L SA). Trong d6, kha ning két hop
dat t6i wu khi xir Iy mau dong thoi vaéi 25 mg/L YE va 25 pg/L SA, vi chi s6 ting
truong va KLK thu gan twong duong véi ddi chiung khong bo sung elicitor, nén
nang suat thu nhan tong ca ba saponin (9,15 mg/L) dat cao nhat trén toan bo sinh
khdi kho thu duoc. Ngoai ra, khi quan sét thay ré phat trién c6 mau tuoi va phat

trién kha manh, khéng cé bat ky hién tuong bt thuong nao.
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Biéu dd 3.6. So sanh tac dong két hop cua dich chiét nAm men va salicylic acid 1én
su tich lily cac saponin trong nudi cay tao ré thir cap sém Ngoc Linh.

Tuy nhién, tai nghiém thic tot nhat khi két hop dong thoi 2 elicitor, kha ning
tich lity ba saponin khong cao bang viéc chi xir Iy don 18 véi 150 mg/L YE (Biéu db
3.6). Nhu vay, viéc két hop dong thoi ciing 1am ting déng ké luong saponin, nhung

khong hiéu qua bang viéc chi st dung don 1¢ 150 mg/L YE.
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2.2.8. Anh hwéng cia thoi gian bé sung dich chiét nédm men 1én sw ting sinh va
tich lily saponin cia ré thir cdp sam Ngec Linh in vitro

Bing 3.23. Anh huong cia thoi gian bo sung dich chiét nam men 1én kha nang phat
trién cua re thir cap tir nguon ré bat dinh sdm Ngoc Linh

Thoi Ham hrong Nong dé (ug/mL) suy ra tir dwong
gian KLT ~ KLK (% trén 1 g RTC khd) chuin

(ngay) ™9 (M9 i MR2  Rgl  Téng  RbI  MR2  Rgl  Téng

0 254,40° 24,40° 0,0237" 0,7858* 0,2405% 1,050° 236,6° 785,81° 24,057 1046,46"

10  208,25° 20,00° 0,1793° 0,4836° 0,0042° 0,667° 327,26° 882,70° 22,16° 1232,13%

20  373,40° 33,20° 0,3112* 0,2366° 0,0097° 0,558° 567,50 431,48° 17,70° 1016,68"

30 374,75 29,50° 0,2210° 0,1020° 0,0051¢ 0,328° 405,03 186,96° 9,37 601,36

40  656,50° 64,00° 0,1655° 0,2763° 0,0122° 0,454° 301,32¢ 502,80° 7,62° 811,73

*Cac chir céi khac nhau trong mgt cot thé hién su khac bjét co y nghia voi p < 0,05
trong phép thi Duncan. KLT: Khoi luong twoi, KLK: Khoi lwong Kho.

Tir nong d6 elictor t6i vu (150 mg/L YE), viéc khao sat thoi gian bd sung cac
elicitor nay tai cac thoi diém khac nhau (nhu dau giai doan nudi cy va tai ngay thi
10, 20, 30 va 40 cua nubi ciy) duoc thuc hién va két qua thu dugc thé hién & Bang
3.23, Hinh 3.24 va Biéu d6 3.7. Sau 56 ngay nudi cay, cac két qua cho thay, tat ca
mau RTC sam Ngoc Linh nudi ciy tir RBD in vitro dem phan tich déu c6 chira ca
ba loai saponin MR2, Rb1 va Rg1.

Céc két qua con cho thay, thoi gian xt ly elicitor ty I& nghich voi su gia tang
sinh khéi cia RTC sam Ngoc Linh, thoi gian xa ly cang ngan, RTC hinh thanh va
phét trién cang tét (Bang 3.23). Do ning suat thu nhan ba saponin MR2, Rb1 va
Rgl ting theo su gia ting KLK, nén khi lugng sinh khéi thu nhan cang cao, ham
lwong ca ba saponin thu nhan dugc cang cao; vi thé, két qua cho thay, ning suat ba
saponin thu dugc dat cao nhat & nghiém thirc 6 thoi gian xu Iy ngan nhat tai ngay
thir 40 cta nudi cdy (16 ngay trude khi thu hoach) (Biéu do 3.7). Trong 1 g mau
phan tich cho thay, khi xir ly elicitor tai ngay thtr 10, 20, 30 caa nudi ciy, phan trim
ham Iuong MR2, Rgl va tong ba saponin giam rd rét so vai viéc xu ly ngay tir dau
nudi ciy, nhung phan trim ham lugng Rb1 tang dan 1én va dat cao nhat khi xt Iy &

ngay thir 20 (36 ngay trudc khi thu hoach). Dya vao nong do pg/mL suy ra tir
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duong chuan, ham luong Rb1 (567,5 pg/mL) ciing dat cao nhat khi xir Iy & ngay thi
20; ham luong MR2 (882,7 ug/mL) va tong ba saponin (1232,13 pg/mL) dat cao
nhat khi xir 1y trong 46 ngay nuéi ciy trudc khi thu hoach (tai ngay tha 10 cua nudi
cdy); con ham lwong Rb1 (24,05 pg/mL) van cao nhat khi xt ly ngay tir dau nudi
cay (trong subt 56 ngay nudi ciy) (Bang 3.23).

T6m lai, trong tat ca chi thu nhan vé kha ning tich lily saponin trong nudi cay
RTC sam Ngoc Linh tir RBD in vitro, ning suét tong ba saponin thu nhan duoc Ia
quan trong nhat, do chi tiéu nay duoc tinh dyua theo ham lugng tong ba saponin trén
tong KLK thu duoc. Vi thé, dé dat dugc hiéu qua thu nhan saponin cao nhat, thoi
gian xu ly tot nhat 1a trong 16 ngay trude khi thu hoach sinh khéi ré trong nuéi cay,

tire 12 xtr ly tai ngay thir 40 cua nudi cay.
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Biéu d6 3.7. Nang xuét tong hop saponin ¢ cac thoi diém xir Iy véi dich chiét nam
men trong nubi cay ré bat dinh sdm Ngoc Linh in vitro.
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Hinh 3.24. Anh huong cua thoi gian bo sung dich chiét nam men Ién sy ting sinh va tich Iily saponin & ré thir cap sam Ngoc Linh in vitro.
A. Xt ly tai thoi diém TO (ngay tr dau nudi cay), B. Xur Iy sau 10 ngay nuoi cay (T10), C. Xu ly sau 20 ngay nu6i cay (T20), D.
Xir ly sau 30 ngay nu6i cay (T30), E. Xu ly sau 40 ngay nudi cay (T40).
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CHUONG 4: BAN LUAN

1. TOI UU HOA NUOI CAY TAO RE THU CAP TU RE BAT PINH IN
VITRO SAM NGQC LINH
1.1. Anh hwéng cia cach chon miu ré bét dinh in vitro dé tao ré thi cap

Céac mé phan sinh so cdp, nam tai dinh chdi hay chép ré, c6 vai tro quan trong
trong viéc tao chdi va RTC. Cac ving té bao gdc caa md phan sinh chdi dinh va ré
c6 hai chire ning chinh: tu d6i mé&i nho két hop vai cac tin hiéu duy tri va bao vé
cac mo phan sinh, va phat trién cac té bao can thiét cho viéc tai sinh co quan thong
qua cac hoat dong phan chia, kéo dai va biét héa [44]. Theo quan sat hinh thai giai
phau trong nghién ciru nay, tir viing phat sinh RTC sdm Ngoc Linh caa RBD in
vitro dai 2 cm tai sinh tir cudng 14 cho dén ving té bao goc cia md phan sinh ré
duoc bao vé béi cac mii r& nam ngoai chop ré. Cac té bao ré nay dugc to chic thanh
mét khéi hinh tru ddng tdm voi mot 16p ngoai bi (epidermis), tiép d6 1 16p nhu mo
vo (cortex), 16p noi bi (endodermis), trung tru (pericycle) va cac mach dan trung
tam voi 2 cuc xylem va phloem. Hon nita, cac mau RBD nay ciing c6 cic ving ting
truong. Diéu nay cho thay, mau RBPD in vitro di truong thanh va c6 day dua chac
nang nhu mot ré chinh cua cay sim Ngoc Linh va c6 thé tao thanh cac RTC.

Ngudn gbc hinh thanh RBD thuc su rit da dang, phirc tap va van chua biét
duoc biét mot cach rd rang boi ¢d rat nhiéu yéu té tac dong 1én qua trinh nay. Trong
khi, qué trinh hinh thanh RTC da duoc nghién ctiu tir rat 1au, va cac RTC dugc Xac
dinh 1a phat sinh tir phan try bi cia mién sinh treéng cua ré, nhung khong phai & bat
Ky vi tri ndo cua tru bi déu hinh thanh RTC, dic biét cac nghién ctu vé su hinh
thanh RTC tir nguén RBD con rat han ché. Trong nghién ciru nay, cac RBD téi sinh
tir mau phién 14 nhiéu hon cudng 14 [18], nhung theo nghién ctu nay, cic mau RBD
tach ra tir phan md tai sinh cua cudng 1a va than cu phét trién nhanh hon va hinh
thanh nhiéu RTC hon cac mau RBD tai sinh tir mau phién I1a. Theo cac két qua
nghién ctru vé su tai sinh RBD, RBD tir than, 14 va tir cac phan md khong phai 1a tru
bi cta ré nhu than ca c6 mot sé diém khac nhau, tiy thudc vao viéc phat sinh RBD

tryc tiép tir than hay gian tiép thong qua viéc phat sinh mo seo. Trong d6, hau hét
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cac mau phién |4 déu hinh thanh RBP gian tiép qua md seo, cOn mau than hay
cudng 14 thudng phat sinh RBD truc tiép & 1an phan chia dau tién tir tuong tang libe
gd hay khong bao [42]. Ngoai ra, RBD duoc biét hoa tir cudng 1a c6 chira nhiéu tin
hiéu dan truyén 1AA tir phan gbc than, nén khai dong qua trinh hinh thanh RTC
nhanh hon, b&i vi cac RBD tir cudng 14 chu yéu hinh thanh tir céc té bao mach dan
phloem hay xylem [32]. Qua trinh phat trién caa hé thong RTC chi dugc khoi dong
khi chu trinh té bao chuyén sang giai doan biét hoa lién tuc khi nhan tin hiéu tir mod
phan sinh dinh tir phan phién 1a hay cubng 14 truyén toi dé huy dong dinh ky céc té
bao try bi chuyén thanh nhitng tién té bao dé tao RTC nam ¢ mién sinh truéng cua
ré. Tur d6, qua trinh ndy tao ra cic so khéi RTC va gilp hinh thanh nén cac RTC
mai [41]. Theo quan sat hinh thai cua RBD sam Ngoc Linh, qua trinh hinh thanh
RTC sé& khong bi gian doan khi phan chdp ré hay mé tai sinh bi tach bo sau khi cac
mo phan sinh d3 hoat hoa; vi mot sé RBD khi bo chop ré hay phan md tai sinh van
hinh thanh RTC, nhung s6 RTC va ty ¢ tao RTC it hon cac RBP hoan chinh. Diéu
nay cho thay, su hinh thanh RTC bi uc ché khi tach bo phan md tai sinh (phién I4,
than cu va cubng); do qua trinh hinh thanh RTC con phu thudc vao dong van
chuyén auxin tir phan ngon trén mit dat xuéng phan ré va cytokinin tir phan chop ré
lén. Nhiéu nghién cau ciing cho thay khi cat bo phan ngon cdy s& anh huong dén
viéc hinh thanh RTC [55]. Chinh vi thé , két qua trong luan an nay ciing cho thay,
cac RBD in vitro tai sinh tryc tiép tir mau cudng 14 véi chiéu dai trén 2 cm khéng
nhitng c6 cau tric giéng ré chinh ciaa cay ty nhién (gém cac mién sinh truang, mién
16ng hat, chdp ré, dau bao ré, cac bé mach xylem va pholem, tru bi va noi bi,...); ma
qua trinh hinh thanh va ting truéng ciia RTC déu trai qua day du cac giai doan phét
sinh RTC nhu & ré cia mot cay hoan chinh.
1.2. Anh hwéng caa thai gian nudi cay

Thoi gian nudi cay ¢ loai thuc vat hoan toan khac nhau do dic diém maot sb
cay trdng c6 chu ky séng ngan thi thoi gian nudi ciy ngan hon, nhung ddi voi cac
cdy lau nam nhu sdm Ngoc Linh, c6 thoi gian nudi trong kéo dai hon cac loai cay
than thao khac. Di véi P. ginseng, su sinh truéng cua ré to ciing dugc chia thanh 3

giai doan: toc do sinh truong bat dau sau 14 ngay, sau d6 chuyén sang pha can bang
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sau 28 ngdy va sinh truong cham & cac giai doan tiép theo va ngimg ting sinh sau
74 ngay nudi cay. Nén can phai cdy chuyén sau 14 ngay/lan dé duy tri su sinh
trudng nhanh chéng cua ré to [139]. Theo két qua nghién cau caa luan &n, thoi gian
nudi cay ti vu cho RTC sam Ngoc Linh phét trién 1a 56 ngay, va c6 thé chia thanh
3 giai doan phét trién: giai doan ting sinh (giai doan phat trién manh nhat bat dau tir
ngay thir 14 dén 56, giai doan 6n dinh tir sau 56 ngay dén ngay tha 70 va giai doan
suy thodi bit dau biéu hién sau ngay tha 70 va tré vé sau. Cho nén, két qua nay
trong ddng véi két qua nghién cuu trong nudi ciy ré cua loai P. ginseng [139].
Ngoai ra, Duong Tan Nhut (2016) cho rang dé phoi hay ré sim Ngoc Linh tiép tuc
phat trién RTC, sau thoi gian tai sinh phai tién hanh cay truyén, tét nhét 1a tim ra
moi truong va diéu kién phd hop cho mau tiép tuc tang truong [13]. Trong do, khi
nhan giéng cay sam Ngoc Linh, dé lam m&i méi trudng nudi ciy can phai ciy
chuyén dinh ky vat liéu sau 48-60 ngay nubi cay [13]. Trong suét thoi gian nudi cay,
su sinh trudng va ting sinh cua té bao dién ra lién tyc nén chat dinh dudng trong
moi truong nudi cdy can kiét dan; hon nita, thé tich méi trudng dinh dudng trong
binh nudi cay lai c¢6 gigi han bai kich ¢& caa binh nudi cdy [55][105]. Theo nghién
ctru caa H6 Thanh Tam va cs (2013), tai tat ca cac thi nghiém, thoi gian nuéi cay tai
sinh RBP sam Ngoc Linh déu duoc duy tri dudi 60 ngay nudi cy [18]. Piéu nay
tuong dong vai két qua cua luan an, khi thoi gian nudi ciy kéo dai vuot qua 56
ngay, kha ning hinh thanh c4c RTC sadm Ngoc Linh va su ting sinh khéi cia RBD
cham lai va giam manh sau 70 ngay nudi cay.
1.3. Anh hwéng cia cac chat diéu hoa sinh truweéng thuc vat

Pé ré phat trién co thé bd sung thém cac gibberellin acid (GA3) hay 6-
benzylaminopurine (BA) [23]. Boi vi nudi cdy RBD P. ginseng thuong trai qua hai
giai doan phat trién: Giai doan dau, cac auxin dong vai tro chinh trong diéu hoa qua
trinh hinh thanh va kéo dai ré va phét sinh RTC, tiép d6 ré me ting kich thudc theo
chiéu ngang khi cytokinin di chuyén 18n ngon [23][32]. Auxin ting cudng c4c hoat
dong ban dau cua qua trinh phat sinh RTC bao gém tao mai kich thich, chuyén hoa
c4c tién té bao va khoi tao ré ciing nhu céc giai doan hinh thanh mam ré va tao RTC
[23]. IAA, IBA va NAA la nhitng hop chat auxin thuong duogc st dung dé kich thich



104

su phat sinh r&. Dé auxin dat hiéu qua cao nhat, nong do sir dung cho giai doan dau
nudi cdy phai cao dé khoi dong duoc su phan chia té bao. Néu ham luong auxin ban
dau qua thap, su kich thich tao r& s& khéng co hiéu qua d6i khi con kim hdm qua
trinh hinh thanh r&. C6 y kién cho ring, nén cung cap mét lueong auxin thich hop
theo dinh ky trong chu trinh nuéi cay tao ré [32]. Theo két qua nay, IBA cho két
qua tét nhat 1én sy hinh thanh va phat trién RTC sam Ngoc Linh, diéu nay ciing
duoc khang dinh bai nhiéu nghién ctu khéac [66][133]. Xi-Hua va cs (2010) ciing da
chirng minh hiéu qua cuaa IBA so véi cac auxin khéac 1én kha nang hinh thanh RTC
trén moi truong MS va ré thich (ng tét hon khi cay chuyén sang diéu kién nudi cay
khac khi ban dau cdy trén moi trudng c6 IBA [128]. Ngoai ra, theo nghién cau nay
cling cho thay, nong do auxin cao thuong lam ting kha nang tich lily cac hop chat
thir cap trong nudi cay ré nhu gay tich lily ham luong phenol va flavonoid. Khi téi
sinh RBP tir phién 14 sdm Ngoc Linh, H6 Thanh Tam va cs (2013) ciing cho thay
IBA so voi IAA va NAA khong nhitng gidp phién 14 tai sinh RBD t6t hon ma con
lam ting dang ké ham luong ba loai saponin MR2, Rgl va Rb1 cao hon, dic biét
Rb1 thu duoc cao hon Rgl [18]. Nghién ciu cia Kim va cs (2005) ciing cho thay
IBA 1a mot auxin c6 hiéu qua nhat trong viéc hinh thanh RTC ciing nhu gitp ting
cuong kha nang tich lily cac hop chét ginsenoside thuoc nhdm saponin [133]. Hahn
va cs (2003) da nghién ctru hiéu qua cta auxin lén sy hinh thanh co quan va san
Xuat saponin tir nudi cdy RBD P. ginseng C.A. Meyer [56]. R va chdi cua loai sam
nay phat trién trong moi trudng ¢ chira 2,4-D, NAA ciing khong hiéu qua bang
viéc st dung IBA, va IBA ciing cho su gia ting nhom Rb cao hon nhom Rg [56].
Ty 18 auxin/cytokinin tao sy khac biét rat I16n trong tao RTC in vitro. Két hop
ca hai CBHST nay gilp thiét lap thuong ting chirc ning tt hon va khi két hop
auxin véi cytokinin ¢ néng do thap s& giup ting cuong sy hinh thanh ré mai [55].
Theo nghién ciru cua Xi-Hua va cs (2010), kha nang cai thién su hinh thanh va tang
truong RTC nho két hop auxin véi cytokinin ciing da duoc ghi nhan [128]. Theo
két qua tir nghién cau nay, 0,1 mg/L Kin khong nhitng 1am tang sinh khéi ré ma con
lam ting ham luong flavonoid 18n so véi ddi ching. Céc két qua nghién ctu cua

luan an cling cho thay, viéc bo sung 0,5 mg/L Kin hay 0,5 mg/L BA hay 0,05 mg/L
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TDZ két hop véi 7 mg/L IBA di cai thién rd rét kha ning ting truong cua RTC sam
Ngoc Linh hinh thanh tir RBD in vitro; tuy nhién, khi ty 16 vé& nong d6 auxin/
cytokinin ting 1én su hinh thanh caa ré giam di. Mot s6 nghién ctiu khéc cho thay,
trong qué trinh nudi cdy ré bo sung cytokinin véi lidu thap va duy tri ty I& auxin/
cytokinin trén 1 r& phat trién tét hon [26][35][55], tham chi chi ty 16 nay c6 thé trén
10 nhu theo méi trudng nudi cay ré P. Ginseng cua Ali va cs (2007) [26]. Két qua
trong luan an nay, ty 1€ IBA/BA cling cao hon 10, va RTC sam Ngoc Linh hinh
thanh va ting truong kha tét. Hon nita, cytokinin phan bé doc theo cac phan ré
chinh con giup diéu hoa qué trinh khoi tao RTC va hinh thanh cac mé thugng tang
chtrc nang, md phan sinh trong ré va gitip nang d& tao cac chdi RTC trong qué trinh
hinh thanh RTC. Khi nghién cau qua trinh phat trién cua ré cay dau con cho thay,
cytokinin ¢ vai trd hinh thanh cac ddy tru bi cua ré va két hop véi cac
phytohormone khac diéu hoa qué trinh ting truéng cua ré nhu giup sap Xép cac
thuong tang chirc nang [32][55]. Zhang va cs (1996) con cho thay, Kin cé thé tc
ché sy phat trién té bao cua P. notoginseng, nhung BA thi khong va 2 mg/L IAA két
hop vai 0,07 mg/L Kin c6 thé cho ham lugng saponin cao nhat [136]. Hon nita, mot
s6 dot bién 1én hoat dong caa auxin, nhu Gc ché dong van chuyén auxin da lam
giam dang ké s6 luong RTC, hay ting hoat dong ciia cac phytohormone nhu IAA d
gilp ré truéng thanh hinh thanh qua mac RTC [48]. Ngoai ra, viéc thém NPA (mot
chat ic ché van chuyén cuc auxin) hoan toan ngan chan su khai tao RTC. Ngoai tac
dong cua auxin noi sinh, kha niang tham thau cac CDHST trong moi truong ciing
anh huong 16n dén chiéu dai va khéi lugng, tée do kéo dai cua ré va sé RTC hinh
thanh & nhiéu loai cay khéac nhau [48].
1.4. Anh hwéng cia méi trwong khoang

Moi trudng khoang duoc chi trong boi day 1a yéu to quyét dinh dén ca su sinh
truong, phét trién cua mau cay, cling nhu hinh thanh cac hop chét thir cp trong qué
trinh nudi cay té bao thuc vat [106]. Trong luan an nay, kha niang hinh thanh RTC
cia cac mau RBD don khéng nhitng chiu tic dong ctia cac CDHST ma con chiu tac
dong rat 16n caa méi truong dinh dudng 18n sy hinh thanh va ting truéng RTC sam

Ngoc Linh in vitro. Pa sé cac nudi ciy ré P. ginseng déu sir dung mdi truong MS
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dé tang sinh khdi ciing nhu cac hop chat ginsenoside vi nhu cau ham luong K va P
trong nudi cay ré P. ginseng thuong kha cao va thong thudng méi truong MS giau
khoang da luong nén rat thich hop dé RBD phét trién [46][50][51][75][81][130].
Theo nghién cau vé RBP sam Ngoc Linh cia Nguyén Thi Liéu va cs (2010) khi
tién hanh tai sinh RBD tir phién 14 cho thay, RBD cd khéi lwong cao nhit trén moi
truong B5 chi ¢6 0,5 mg/L IBA, nhung mau sac va hinh théi ré khdng tét bang nudi
ciy trén moi trudng MS [11]. Nghién ctu vé viée tai sinh RBD sam Ngoc Linh tir
cac loai mau khac nhau cho thiy, méi truong SH rat thich hop cho cay sam phat
trién, cling nhu tai sinh RBD [13]. Theo két qua luan an thu dwoc, mac du vé mat
hinh thai RTC hinh thanh trén méi tredng SH tét hon trén moéi truong B5 hay MS,
nhung khdi luong ré va cac chi tiéu khac thu dugc lai thip hon méi trudng MS,
chinh vi thé r6 rang méi trudng MS hiéu qua hon trong viéc ting sinh khbi RTC.
Ngoai ra, trong méi trudng MS, khdi lugng CaCl, (2,99 mM) cao gap 2 1an moi
truong SH (1,36 mM) va B5 (1,02 mM), khong nhitng vay khdi luong CuSO4.5H,0
cua MS (0,1 pM) bang SH va cao hon B5 (0,8 uM), ma Ca®* va Cu?* 1a tin hiéu
chinh trong chu trinh té bao dé kich hoat cac hoat dong phan nhanh cua ré thuc vat,
ham lwong hai ion ndy cang cao ré phan nhanh cang manh [52][55][93][113]. Yu
(2000) ciing bao cio rang, moi truong MS cho sinh khoi ré sam Triéu Tién dat cuc
dai; hon nita, trén nén moi truong MS kha nang san xuat saponin ginsenoside cua
loai sim nay ciing hiéu qua nhat. Trong cac nghién cau khac, viéc tng dung mai
truong vao nudi cdy ré cac loai sam khac cling cho ning sudt rat cao
[75]1[761[771[78][79]. Kha ning gia ting sinh khdi ciia méi truong MS con thé hién
trong cac nudi cay ré cac loai thuc vat khac nhu theo nghién ciu cia Aye va cs
(2012), kha niang phat trién va ting sinh cia RBP ciy Huang-gi (Astragalus
membranaceus) ciing dat sinh khdi cao nhat khi nuéi cy trén méi truong MS [31].
1.5. Anh hwéng caa viéc thay ddi ty 18 NH,/NO3™ trong méi trudng MS

Ham luong cac khoang da luong nhu nitrate, potassium, ammonium va
phosphate khi ting 1én s& 1am ting kha ning phat trién cua té bao, tuy nhién c6 mot
sb c6 tac dung han ché sinh truéng thuc vat va gitp ting cudng cac hop chat tha

cap [106]. Moéi truong MS dic trung bai nong do nitrogen cao thdng qua cac dang
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ion ammonium nitrate (NH,") va potassium nitrate (NO3) cia NH,NO; va KNO;
[36]. Ham lwong NH," cao dugc ghi nhan 1a 1am wc ché qué trinh hinh thanh r& ca
nhu & cdy D. alata [50]. Theo két qua ghi nhan trong nghién ciu ndy, hinh thai
RTC phét trién trén moi truong MS thuong hda vang sau mot thoi gian nudi cay khi
moi truong c6 auxin va cytokinin. Nhung khi ty 18 NH,"/NO5 ™ tir ty 1é khoang (1/1)
cia MS thay doi con 1/2, RTC hinh thanh nhiéu va tt hon, nhung ting ty 1& nay
hoic loai b NO3 r& bi tc ché ting trudng dan. Tac dong tc ché sinh truéng nay co
thé do lugng NH," trong mai trudng van con kha cao. Theo Yu (2000), khi nghién
ctiu trén clng day nong do nay ciing cho thay ty lé NH,/NO5 (1/2) ciing cho két
qua tot nhat [130]. Nhiéu nghién ctu khac cho thay, luong NO5™ cao rét tét cho qua
trinh phat trién va tich lily cac hop chét thir cap cua RTC & céc loai nhan sam
[55][72][130]. Song song véi diéu nay, cac nghién ciu khac ciing chi ra rang, su
thiéu hut NO3- trong méi trudng nudi cdy c¢d anh huong bét loi 18n qué trinh phét
trién kiéu hinh & ré va cay trong [55]. Ré va la Zingiber officinale Rosc. phét trién
kém hon khi méi truong gitr nguyén lugng NH4NO;3 trong méi truong MS, tréi lai 14
s& dai hon va ré ting sinh tot hon khi nitrogen & duéi dang KNOs, khéng c6 NH,"
[36]. Zhang va cs (1996) nghién ctu anh hudng cua ngudn nitrogen anh hudng 1én
kha niang san sinh saponin va cac polysaccharide khi nuéi cay té bao P. notoginseng.
Ngoai ra, theo két qua khao sat dugc, moi truong SH (ty 16 NH,*/NO5 14 1/2) cho
su phat trién hinh thai RTC t6t hon MS va B3, tuy luong sinh khéi thap hon MS
nhung vi RTC duy tri trén moi truong SH tuoi hon nén nudi cay dé 1au hon 56 ngay,
RTC van tiép tuc phat trién [136]. Chinh vi vay, nghién ctu nay thay doi ty Ié
NH,"/NO; bang véi ty 16 NH, /NO; trong méi trudng SH ciing cho hiéu qua tuong
tur va RTC phat trién va thu sinh khéi tét hon trén MS.
1.6. Anh hwéng cia anh sang

Anh sang 1a yéu t vat Iy khéng nhiing tac dong dén sy phét trién cua ré ma
con tac dong dén qua trinh trao ddi chat & thuc vat. Anh sang kich thich san xuat
cac hop chat tha cdp nhu gingerol va zingiberene khi nudi cdy mé seo cay Z.
officinale. Hon nita, su twong quan ddng thuan giira cuong do anh sang va nong do

ctia cac chat phenol ciing dugc Anasori va cs (2008) ghi nhan [30]. Tac dong cua
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anh sang 1én sy hinh thanh ré ciing da dwoc nghién ctu rat nhiéu. Mac do, diéu kién
ti can cho giai doan dau ctia qué trinh ra ré, thong thudng chu ky thich hop dé ré
phat trién 1a tir 3-10 ngay tly thudc vao timg loai cay. Pac biét, 4nh sang thuong tao
tac dong tich cuc Ién kha nang phan nhanh cua RTC va tic dong nay da duoc chung
minh va nghién ctu trén cay A. thaliana; ngoai ra, Catherine va cs (2014) cling ghi
nhan céac diéu kién anh sang cao 1am ting ham lwong nitrogen noi sinh 1én, diéu nay
c6 anh huong tich cuc dén viéc hinh thanh RTC cua cay Euphorbia pulcherrima
Willd. khi bao quan va van chuyén duéi nh sang thap [35]. Tur két qua luan &n co
duoc cho thay, anh sang & giai doan sau cua qua trinh nudi cay (80% giai doan dau
trong téi, 20% thoi gian con lai dé ngoai sang) cling tao hiéu qua tich cuc cho RTC
ciia sam Ngoc Linh ting truéng va tiép tuc phan nhanh. Hon nita, theo quan sat
duong kinh r& ciing 16n hon, mac du ré hoi c6 mau xanh. Diéu nay cé thé giai thich
do duéi tac dong cua anh sang auxin bi phan hay: dong thoi do té bao bi héa moc
lam thanh té bao day 1én. Hon nira, anh sang ciing gitp tang kha ning tich liy cac
hop chit bién dudng thir cap khac nhau trong qua trinh nudi ciy nén lam gia ting
KLK [17]. Theo két qua nghién cttu ciia Hoang Van Cuong va cs (2013) ciing cho
thdy, 4nh sang co tac dong tich cuc Ién su tich liiy cac hop chat saponin Rgl, Rbl
va MR2 ¢ cdy sdm Ngoc Linh [5].
1.7. Anh hwéng caa nhiét do

Nhiét 6 anh huong rat 16n 1&n hoat dong trao ddi chat va vong doi cua thyuc
vat, nhiét do cao co thé cam tng sy gia hda caa thuc vat nhung lam ting ham luong
cac hop chat thir cap & thuc vat, thong thuong ddi véi P. ginseng nhiét do phét trién
phl hop nhat 1a 25/20°C (ngay/dém) [53]. Theo Schneider (2005), khoang nhiét do
thich hop nhat cho da sb cac cdy trong phat trién va tang truong RTC 4 tir 20-27°C
[114], ngoai ra theo nghién ctu cua Sivakumar va cs (2005), diéu kién thich hop
nhat dé ré phat trién 1a nudi cay long trong t6i ¢ 23+2°C trén mdi truong MS co 30
g/L sucrose [116]. Khi khao sat cac diéu kién nhiét do thich hop cho RTC sam
Ngoc Linh hinh thanh va ting truéng, cac két qua thé hién 13, nhiét do thap (22°C)
t6i uvu cho RTC tang sinh khéi va tich liiy diy du ca ba loai saponin véi ham luong

cao. Hon nita, do sim Ngoc Linh ty nhién phat trién & ving nui cao, quanh niam
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nhiét d6 mat dat thuong dudi 23°C nén ré thuong phat trién tot & nhiét do tir 25°C
tré xubng, trong d6 ré sam Ngoc Linh sau khi chuyén gen dwoc ghi nhan 1a phét
trién tot & 25°C [10]. Tac dong cua nhiét do Ién sy tich liy hop chat thir cip ciing
duoc Wu va cs (2007) nghién ctu 1én su tich liy cua tong ham luong caffeic acid
trong RBD cua E. purpurea nudi ciy in vitro, két qua ham luong chat nay ciing dat
t6i vu & nhiét do thap (20°C) va khi ting nhiét do 1én 25°C, 30°C, tong ham luong
caffeic acid giam [124].

1.8. Anh hwéng cia pH

pH moi truong 1a mot trong nhitng yéu to quan trong cua maéi truong ly hoa
trong qua trinh phat trién ré P. ginseng trong diéu kién nudi cay in vitro [130][133].
pH anh hudéng dén kha niang hoa tan cia cac ion trong méi trudng khoang, kha ning
dong tu agar va sy ting truong cua té bao [106]. Su thay doi pH ciing lam ion H”
xam nhap tu do vao thanh té bao, tao ra pH tdi wu cho enzyme hoat dong néi long
thanh té bao. lon H* trong méi truong s& xdm nhap vao thanh té bao, hoat hda
enzyme phan huy cac polysaccharide lién két giira cac soi cellulose long 1éo hon va
tao diéu kién cho thanh té bao gian dudi tac dung ap suat tham thau cua khong bao
trung tam, kich thich phan chia té bao [106].

Pbi vai sam Ngoc Linh, khi nghién citu anh huéng caa pH 18n nudi cay huyén
phu té bao sam Ngoc Linh, pH thich hop 1a 6,3 [6]. Theo két qua nghién ctu cua
Trinh Thi Huong (2017), ré chuyén gen sdm Ngoc Linh phat trién kém trong moi
truong acid cao voi pH dudi 4,8; va RTC phét trién tét khi pH ting 1én 5,8 va
khong phat trién khi pH ting cao hon [10]. Theo két qua nay, pH = 5,3 la thich hop
nhét cho sy ting sinh ciing nhu tich liy saponin cua RTC sdm Ngoc Linh nudi cay
in vitro. Diéu nay xay ra c6 thé do khi pH méi truong qué thap, mot sé yéu té trong
moi trudng nudi ciy nhu nhém va hydro trg nén doc ddi vai hé thdng ré nudi cay;
khi pH méi truong quéa cao, va cac chat dinh dudng nhu cac yéu té vi lugng co thé
chuyén sang dang lién két 1am gigi han kha niang hoa tan, chuyén hoa va xam nhap
vao ré nén ré khong hap thu dugc [116]. Ngoai ra, nhiéu nghién ctru ciing di khang
dinh gia tri pH cia méi trudng thay d6i vuot qua ngudng tir 5,0-6,5 s& anh hudéng

Xau dén su hap thu dinh dudng cua té bao nudi ciy, anh huong truc tiép hay gian
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tiép dén sy sinh truong cua té bao [55]. Khi nghién ctu anh huong caa pH 1én sy
tang sinh r& P. ginseng, Sivakumar va cs (2005) ciing cho thay, pH 6,0- 6,5 1a tdi uu
cho ré tang truong va tich lily cac hop chét saponin va pH duéi 4 hoac trén 7,0 ¢6
tac dong tiéu cuc 1én sy ting sinh cua ré [116].
1.9. Anh hwéng cia gia thé nudi cay

Gia thé nudi cay thuong la cac hop chit tro vé mat hda hoc va cé tac dung
nang d& mau ciy trong cac méi truong khac nhau. Cac gia thé sir dung trong nudi
cdy md thyc vt rat phong phu, trong d6 ¢ Viét nam si dung phd bién nhat 1a agar,
gelrite va bong gon. Gelrite 1a cac polymer sinh hoc tinh chiét tir nudi cay vi khuan
Sphingomonas elodea, agar 12 nhitng hop chét chiét xuat tir cac loai rong bién
Gracilaria tenuistipitata, bong gon thuong duoc san xuat tir cdy bong vai
Gossypium herbaceum. Mdi gia thé nay déu co cau tric, do toi x6p va kha nang dan
truyén dinh dudng khac nhau, trong d6 béng gon cé d6 tro vé mat héa hoc cao va
dé dan truyén dinh dudng, nhung do cau tric cua cac sgi bong xop va thuong tao bé
mat nubi cay khéng bang phing; vi thé, toan bo mau cdy thuong kho tiép xtc va
hap thu méi truong dinh dudng khi nam trén cac sgi bong gon. Do vay, trong
nghién cau ndy RTC sdm Ngoc Linh hau nhu khong phat trién trén gia thé bong
gon, nhung phét trién tét trén gia thé gelrite va agar, va dat hiéu qua téi wu trén gia
thé agar. Theo nghién cau cta Trinh Thi Huong (2017) ciing ghi nhan ré to sim
Ngoc Linh phat trién tét nhat trén gia thé agar, vi agar c6 chira mot s6 hop chat vo
co nhu Ca, Mg, K, Na,... c6 hiéu qua tich cuc 1én su ting sinh cua ré chuyén gen
sam Ngoc Linh [10]. Tuy nhién, Natalia va cs (2014) khang dinh khi nudi ciy RBD
cay Platycodon grandiflorum trong méi truong long lac thi chat lwong ré va chiéu
dai ré toi so voi méi trudong agar [96]. Hau nhu r& khdng hinh thanh Idng hat khi
nudi cay trén méi truong agar [106]. Trai lai, khi dugc nudi trong moi truong long
lac, ré& phat trién binh thuong véi day da 16ng hat [55].
1.10. Anh hwéng caa loai dwong carbohydrate

Carbohydrate dugc bd sung vao méi truong nudi cy in vitro nhu mot loai
duong carbohydrate dé duy tri viéc cung cap carbon cho thuc vat phét trién, ciing

nhu duy tri kha ning tham thau cua té bao nén giup ting kha niang hap thu dinh
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dudng cua thuc vat [117]. Cac loai carbohydrate thuong dwoc su dung la sucrose,
fructose, maltose va glucose. Sucrose dugc sir dung rong réi trong nudi cdy mé thyc
vat do day 1a mot loai duong phé bién va c6 hiéu qua tt nhat cho thuc vat ting
truong va chi phi twong ddi thap [117]. Ngoai ra, nghién ciru nay ciing noi rang
sucrose con ¢6 kha ning gitp thuc vat san xuit cac phytohormone, nht Ia tao cho
cay c6 suc séng cao hon so véi céc loai dudng khac. Theo két qua cua nghién cau
nay, trong céc loai duong carbohydrate ¢ cac ndng do khéac nhau, 30 g/L sucrose la
can thiét nhat cho sy phat trién cua cy Metroxylon sagu Rottb [117]. Vi ngudn
sucrose ro rang la mot ngudn nang luong khong thé thiéu cho sy phan chia cua té
bao va gitp ting sinh khdi trong nudi cdy in vitro [117]. Theo Baskaran va
Jayabalan (2005), cac loai duong carbohydrate con kiém soét sy phat sinh hinh thai
cua thuc vat nhu giup kéo dai té bao, ting do cang va gilp cau thanh nén thanh té
bao, trong d6 sucrose giup ting kich thudc té bao va duy tri 4p suat tham thau cua té
bao, tir d6 1am tiang duong kinh cua than cay [33]. Al-Khateeb (2001) nhan thay
rang, khi sir dung 30 g/L sucrose con giup ré kéo dai hon véi nhiéu RTC hon va
nhiéu nghién ctru khac ciing khang dinh diéu nay [29]. Theo két qua luan &n nay, 30
g/L sucrose ciing 1a tot nhat cho RTC sam Ngoc Linh hinh thanh va ting truéng tir
RBD in vitro.

Tuy nhién, mot sé nghién ctiru khac lai cho thay, céc loai duong carbohydrate
khac c6 hiéu qua Ién su phat trién cua thuc vat hon. Novero va cs (2010) da sir dung
sucrose va sorbitol trong nudi cay cay co in vitro va phét hién ra rang méi truong tot
nhat cho sy phét trién cua mau cay 1a moi truong MS c6 sorbitol (22,5 g/L) va
khong co sorbitol (7,5 g/L) [102]. Buong glucose khéng nhirng giup ting cuong Su
ting truong cua ré ma con gidp chdi phét trién tét nhat, nhung loai duong
carbohydrate cao cd thé gay doc va e ché sy phat trién caa thuc vat.

O sam Ngoc Linh, Nhut va cs (2012) da ching minh rang trong ba loai duong
carbohydrate (D-glucose, sucrose va fructose) & cac néng dé khac nhau, 30 g/L
sucrose cho hiéu qua phat sinh phdi tét nhat, phdi hinh thanh nhiéu ré va cac phoi
khong c6 bat thuong. Ngoai ra, khi nghién cau sy ting truong cua ré chuyén gen

cua sdm Ngoc Linh trén moi truong khéng c6 CBHST, Trinh Thi Huong (2017) ghi
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nhan rang 50 g/L sucrose la can thiét cho ré chuyén gen phat trién. Trong nghién
ctru cua luan an nay, ca dudng sucrose va D-glucose déu c6 hiéu qua ting trudng va
hinh thanh nhiéu RTC, nhung khi str dung 30 g/L sucrose cho su phat trién hinh thai
ré tot hon va dudng sucrose khdng nhitng dé& kiém va cé gia thanh ré hon, ma luong
st dung ciing thap hon D-glucose; cho nén, rd rang hiéu qua cua sucrose trong moi
truong nudi cady RTC sam Ngoc Linh tir RBD in vitro Ia tot nhat. Ngoai ra, theo
nghién ciru caa Yu (2000) cho thiy sucrose tot nhat cho RTC P. ginseng phat trién,
dic biét 1a hiéu qua tich lily saponin, v&i ham lwong cé&c ginsenoside cao gap doi khi
st dung D-glucose & nong d6 30 g/L [130]. Theo nghién ciu cua Kim va cs (2005)
cling cho thay, 30 g/L sucrose khong nhitng t6i uu cho r& P. ginseng phat trién, ma
con gitp tich lily duge ham luong saponin dat cao nhat trén sinh khéi ré thu dugc tir
Bioreactor 3 L, véi 2,5 g ré thu dugc tong saponin chiém dén 0,25% [76].

1.11. Anh hwéng cia thé tich méi truong nudi cay

Thé tich méi trudng nudi cay thay doi anh hudng dén mat do6 mau cay trong
binh nudi. Nghién ctru cua Lé Kim Cuong va cs (2012) di cho thay, giita cac té bao
sam Ngoc Linh ¢6 hiéu tng twong hd, néu mat do té bao khai dau qua cao ciing lam
giam muc d6 ting tredng cta mau cdy, vi didu nay gay ra sy canh tranh dinh dudng
va luong khi oxy, CO, hoa tan trong méi truong nudi cay. Theo két qua nghién ctu
trén, thé tich mdi truong phl hop nhat cho mau huyén phi té bao sam Ngoc Linh
phat trién 1a 30 mL trong binh 250 mL va khi thé tich méi truong I6n hon 30 mL thi
téc d6 phat trién cua té bao giam dan [6]. Két qua nay twong dong voi cac két qua
cua luan an, vai cdc RTC sdm Ngoc Linh hinh va tang sinh manh khi cho 25 mg
mau RBD in vitro dugc nudi cay voi 30 mL moi truong trong binh 250 mL.

Ngoai ra, theo nghién ctru caa Tran Hiéu va cs (2014), khéi lwong mau cdy c6
tac dong 1én sy ting sinh RTC sam Ngoc Linh trong binh tam giac 3 L vai ty I¢ tang
sinh khéi cua RTC dat cao nhat khi lwong mau khoang 7,5-10 g/L, tuwong Gng
khoang 25 mg trén 30 mL moéi trudng [9]. Jeong va cs (2002) ciing cho thay, lwong
mau khoang 8 g/L la thich hop nhat cho céc nudi cay ré to P. ginseng vi lugng
oxygen trong nudi cay phu hop cho kha nang ho hap caa mau [68]. Choi va cs

(2000) da chizng minh néu luong oxygen trong nudi cay thap, chu trinh citric khdng
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thé hoat dong nén ré budc vao giai doan glycolysis va 1én men lactic. Sy Ién men
nay ha thip pH cua té bao kéo theo sy 1én men ruou va 1am giam ning luong ATP
cho céc qué trinh bién dudng co ban va van chuyén cua té bao [39][67]. Khi thiéu
oxi, kha nang van chuyén caa H* vao khdng bao bi can trg, do can bang pH binh
thuong khong duoc duy tri, H* thoat dan ra khoi khong bao va té bao chét, 1am té
bao chat bi acid hoa lam qua trinh trao d6i chét cua té bao bi gian doan va dan dén
su chét té bao [56][67][69].
1.12. Anh hwéng cia hé théng nudi cay

Ké tir nam 1960, Nickell va Tulecke di sir dung k¥ thuat 1én men vi sinh vat
l&n viéc nghién ciru dong hoc phét trién caa huyén phi té bao thuc vat bac cao, cac
qué trinh chinh dién ra trong nuéi cay dich long trén quy md 1én, cung véi su cai
tién hé thong kiém soat qua trinh nudi cay [100]. Pén nam 1993, Inomata va cs da
thanh cong trong viéc chuyén gen tao ré to bang Agrobacterium rhizogenes dé san
Xuat saponin trong nudi cdy ré P. ginseng trong Bioreactor c6 canh khuay [65].
Hwang va cs (1996) di thiét 1ap mot qué trinh nudi ciy hai budc 1&n viéc nudi ciy
Va san xuat ginsenoside bang ré to, viéc s dung Bioreactor hinh cau 3 L di cho
thiy diéu kién sang thich hop cho viéc tong hop ginsenoside va diéu kién téi can
cho su ting sinh cua ré [63]. Palazon va cs (2003) di nghién ciu san xuat
ginsenoside tir nudi cay ré to P. ginseng trong Bioreactor cai tién rat hiéu qua so véi
cac nudi ciy thong thuong [105]. Ngoai ra, nghién ctru cua Wang va cs (2012) trén
RBD P. ginseng C.A. Meyer cho thay, ty I¢ ting sinh cia RBD trong Bioreactor 3 L
(51,92 1an) va 5 L (49,84 1an) ciing cao hon trong binh tam giac 0,5 L (14,87 1an)
[121]. Nam 2000, Choi va cs, Yu va cs di thanh cong trong viéc nudi ciy trén quy
md Ién RBD P. ginseng trong hé théng Bioreactor [38][130]. Cac Bioreactor da
phat trién véi nhiéu hinh dang khac nhau nhu dang hinh binh tam giac, hinh éng,
hinh cau, hinh bong béng,... duoc cho la tao hidu qua tét cho viéc nudi cay té bao va
md thuc vat. Ngoai ra, cac Bioreactor da duoc két ndi vai hé thdng kiém soat cua
may tinh da tao ra nhirng thuan loi c6 sy khac biét rd rang trong viéc san xuat nudi
ciy thuong mai dé cd thé ty dong hoa, tiét kiém nhan céng va giam chi phi san xut
[130].



114

Jeong va cs (2006) da nghién ctru anh hudng ctaa oxygen, carbon dioxide va
ethylene I&n su ting truéng va qué trinh san xuit thanh phan dwgc chat trén qua
trinh nudi ciy RBD sam Triéu Tién bang Bioreactor [67]. Két qua thi nghiém cua
luan &n nay cho thay, suc khi c6 vai trd quan trong cho su phat trién ciia mau trong
diéu kién nubi cay ngap chim hoan toan, do vay hé théng Bioreactor hinh cau va hé
thdng binh tam giac c6 suc khi gip RTC sam Ngoc Linh phét trién rat tét, dac biét
& Bioreactor hinh cau c6 ciu tao hinh cau nén dong khi suc 1én phan tan déu trong
binh nudi cdy. Su suc khi vao mdi trudng di cung cdp mot lwong O, hoda tan vao
moi trudng nudi cay, gilp cho qua trinh trao doi khi gitra té bao, md véi moi truong
xung quanh tét hon. Mot trong nhitng chtic ning chinh ctia Bioreactor 13 kha ning
van chuyén O, tir pha khi sang pha long. Do O, chi hoa tan mot phan trong nudc
nén dé dap ung da nhu cau O, cho sy sinh trudng va phat trién té bao thuc vat, mot
lwong 16n O, can duoc khuéch tan vao méi truong nudi cay [106]. Cho nén dé dap
rng t6t nhat nhu cau O, cho su phat trién cia md va té bao thyuc vat, luong O, hoa
tan trong mdi treong nudi cay ludn ludn phai lén hon ngudng O, hda tan cuc dai ma
té bao, mo hap thu. Néu luong O, hoa tan trong méi trudng nho hon ngudng O, hoa
tan cuc dai ma té bao md hép thy, niang lugng ATP cua té bao s& giam sut va diéu
nay c6 thé anh huong tiéu cuc dén sy trao doi chat cua té bao va hinh thai [106].

Céac RTC sam Ngoc Linh dugc nudi ciy trong hé thong Bioreactor suc khi con
gitip ting dang ké lwong saponin trong nudi ciy so véi hé thdng binh tam giac long
lic va suc khi. Mac du sinh khéi thu tir Bioreactor thap hon so véi binh tam giac suc
khi nhung ning suit thu nhan téng céc saponin trén tong khdi luong cubi cing thu
dugc cao hon. Két qua nay ciing tuong dong voi nghién ctu cia Kochan va cs
(2012), su phét trién cua sinh khéi trong binh tam gidc ting gip d6i trong
Bioreactor, nguoc lai ginsenoside chi dat 3 mg/g KLK trong binh tam giac va con
trong Bioreactor ting gip d6i (6 mg/g KLK) [81]. Theo Zhang va cs (2011), khi
nudi ciy cic dong RBP P. gingeng, ham luwong tong saponin ciing nhu ting
ginsenoside thu dugc trong Bioreactor cling cao hon trong binh tam giac [135]. Hon
nira, yéu cau O, cua té bao thuc vat 1a twong ddi thip cho su ting truéng té bao,

nhung c6 thé 1am ting dang ké su tong hop cac chat chuyén hoa [106]. Két qua nay
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twong tu nhu nghién ciru cia Kochan va cs (2012) trén ré to cua P. quinquefolium,
téng ham lugng cac saponin thu duoc tir hé thong binh tam giac long lic (3%o) thap
hon hé théng Bioreactor nho giot dinh dudng (6%o) [81].
2. ANH HUONG CUA ELICITOR LEN KHA NANG TiCH LUY SAPONIN
TRONG NUOI CAY TAO RE THU CAP IN VITRO

Viéc sinh tong hop c&c hop chat tha cap dién ra theo rat nhiéu con duong trao
ddi chat khac nhau. Con dudng shikimate duoc tim thiy & thuc vat va vi sinh vat,
nhung khéng c6 & dong vat; con dudng nay gdm hang loat cac budc trao doi chat
bat dau tir cip dd6i phosphoenolpyruvate va erythrose-4-phosphate tao ra acid
chorismate, tién chat cua cac aminino acid nhu phenylalanine, tyrosine va
tryptophan, ... sau do, tong hop cac phenolic, flavonoid, lignin,... dic biét la sinh
tong hop rat nhiéu hop chat thir cap chaa nitrogen [44]. Cac hop chat thir cap nhu
panaxynol va panaxydol & cay sam P. ginseng di dugc ching minh 1a sinh tong hop
theo con duong nay [80], sim Ngoc Linh ciing chira nhiéu cac hop chat nay. Tu
nhitng tién chat co dugc, cac hop chat saponin dic trung cho sim Ngoc Linh véi
cac dai dién chinh 1a MR2, va céac ginsenoside nhu Rgl, Rbl,... dugc sinh téng hop
thong qua hai con duong 12 MAV va MEP, ca hai déu hinh thanh IPP va DMAPP
dé dudi xdc tac cua cac enzyme FPS, SS va SE tao thanh 2,3-oxidosqualene la tién
chét dé téng hop cac sterol tao ra MR2 duéi xUc tc caa CAS, va c4c tién chat tao ra
cac ginsenoside nho cac enzyme BAS, DDS va cac cytochrome P450 [94]. Bé kich
thich cac gen lién quan dén cac enzyme nay, viéc sir dung céc elicitor di cho thay
su biéu hién qua mic ciia cac gen nay o trén cac loai sim nudi cay in vitro [46][94].
2.1. Anh hwéng riéng Ié caa céc elicitor 1&n kha ning tich liiy saponin trong
nudi cay tao ré thir cap in vitro

CAu trdc cua hé thong ré dugc diéu hoa dé ddi phd voi su thiéu hut ngudon
khoang va nudc do phu thude vao moi trueong sinh hoc (hé vi sinh vat, dong vat va
thuc vat xung quanh). Su diéu hoa nay duya trén sy diéu hoa phat trién cac ré so cap
thong qua cac hoat dong phan chia va kéo dai, cling nhu diéu su phan nhanh cac
RTC va RBD [44]. Hon nita, trong nghién ciru nay cho thiy méi twong tac véi moi

truong sinh hoc con gidp thyuc vat thich nghi théng qua co ché phong vé bing cac
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phytoalexin nhu cac saponin, mot dang caa hop chat thir cap chi sinh ra khi cay bj
kich thich tir m6i truong bén ngoai.
2.1.1. Anh hwéng cia chitosan

Chitosan (CHN) dugc biét dén nhu mot elicitor sinh hoc ¢6 hiéu qua Ién qua
trinh trao ddi chit sinh tong hop céc hop chit tha cdp trén nhiéu loai thuc vat
Cistanche deserticola lam ting kha ning san xuat cac glycoside phenylethanoid Ién
gap 3,4 1an so véi d6i ching khong ¢ CHN, ngoai ra khi xir Iy CHN ¢ nong d6 25
mg/L trong nudi cay ré cay Stemona sp. cho kha ning san xuat Stemona alkaloid dat
cao nhat, hon nita con gitp tang cao viéc san xuat 1', 2'-didehydro-stemofoline Ién
2,65 lan va stemofoline Ién 2,95 lan so vé&i d6i ching [97]. Hiéu qua cua CHN Ién
su tang trudng cua ré to P. ginseng ciing da duoc khao sat, két qua cho thay CHN
ic ché su tang truong cua ré, nhung c6 hiéu qua tich cuc 1én kha niang san xuat cac
alkaloid [61].

Khi sir dung chitin va CHN vao nubi cay dé sinh tong hop cac hop chat thir
cap s& lam ting cudng phan tng phong vé & thuc vat trong ca cay mot la mam va
hai 14 mam. Nhiing phan ang nay bao gom qué trinh gay ban hoa vach té bao, thay
d6i cac dong ion qua mang té bao, gay nhiém doc té bao, khir cuc mang té bao va
gay phosphoryl hoa protein; ngoai ra, con kich hoat cac enzyme chitinase va
glucanase, sinh tong hop phytoalexin, tao ra cac loai phan ang oxy hda, sinh tong
hop JA, va gy biéu hién sém cac dap wng mién dich dic trung, cing cac gen lién
quan dén phan ung phong vé. Ngoai ra, CHN da dugc bao céo 1a gay cam ¢ng hinh
thanh callose, chat ¢ ché proteinase, va sinh tong hop phytoalexin & nhiéu loai cay
hai 14 mam nhu ¢ P. ginseng. Phan ung cua thuc vat véi chitin, CHN, va céc
oligosaccharides rat khac nhau tiy thudc vao mirc do acetyl héa caa mdi loai [22].
Ngoai ra, theo nghién ctru cua Laura va cs (2013), CHN cé hiéu qua 1én viéc sinh
téng hop H,0, noi sinh ¢ nong do 1000 pg/mL bo sung sau 1/3 thoi gian xi ly 14
Capsicum annuum L. [85].

Nghién ctru trén sdm P. ginseng ciing cho thay, nong d6 xu ly ti uu 1a khoang
100 mg/L CHN cho té bao phat trién va tich lily saponin véi thoi gian bd sung l1a
khoang 2/3 thoi gian nudi cay [62]. CHN dic biét kich thich hoat dong cua kinase
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protein 39 kD va 42 kD trong té bao P. ginseng, nhung PD98059 c¢6 thé wc ché con
duong tin hiéu protein kinase hoat hoa phan bao (MAPK) [62]. Viéc sir dung
phuong phéap giy két tia mién dich (IP) khi sir dung khang thé MAPK hozc thir
nghiém kinase in vitro ciing cho thiy, enzyme protein kinase 39 kD va 42 kD duoc
hoat hoa béi CHN thuéc nhdm MAPK. PD98059 cé thé ngin cic phién mi cua
squalen synthase va cac gen cua squalene epoxidase (gss va gse) ¢ P. ginseng dugc
tao bai CHN, ddng thoi din dén tich lity p-amyrin (B-AS) va sinh tdng hop saponin.
Nhitng két qua nay cho thay, tac dong caa CHN lién quan dén MAPK rat can thiét
cho viéc tong hop saponin. EGTA va LaCl; bi tc ché boi hoat dong MAPK 39 kD
va 42 kD. Ruthenium red (RR) cd thé chin hoat dong cua protein 39 kD. Tat ca
chung déu ¢ ché con duong tong hop saponin nhod CHN. Nhitng két qua nay con
chi ra rang, sy gia ting Ca®" trong té bao chit la can thiét cho CHN gay cam tng
téng hop saponin. PD98059 ciing di tc ché su bung phat oxy héa do CHN gay ra
(bao gom ting hoat dong cuia NADPH oxidase va san sinh H,0,), nhung diphenylen
iodoni (DPI), dimetylthiourea (DMTU) va 2,5-dihydroxycinnami (DHC) khang thé
ngan cac hoat dong MAPK do CHN gay ra, nhu vay MAPK da hoat dong nguoc
dong cua CHN lam bung phat cac phan ung oxy hoa [62].

Nghién ctu vé CHN trén sdm Ngoc Linh cho thay, nong d6 100 mg/L CHN
cho kha nang tich liiy saponin cao nhat so véi cac nong d6 CHN khac vé Rgl
(1,63%) va tong 3 loai saponin (2,02%) (Bang 1). Két qua cua nghién ctru nay ciing
phl hop véi nghién ciu Hu va cs (2004) trén P. ginseng, nong do xu ly t6i wu Ia
khoang 100 mg/L CHN cho té bao duy tri kha niang phét trién va tich liy
ginsenoside va thoi gian bo sung 1a khoang 2/3 thoi gian nudi cay, tai nong do nay
hoat dong cuia B-Amyrin synthase dugc tang cuong, day la mot trong nhitng enzyme
quan trong dé mé khda cho qué trinh sinh tong hop cac triterpenoide saponin. Theo
Caiyan va cs (2011), Viéc st dung 100 mg/L CHN trén 14 khéng gay hai cho su
tang trudng cua Artemisia annua ma con giup luong hydrogen peroxide (H,O;) va
anion superoxide (O%) lan luot tang 1,4 va 3,0 14n so v&i nhom d6i chung. Ngoai ra,
CHN con ting phan ¢ng oxy hdéa (ROS) nén lam ting téc chuyén doi

dihydroartemisinic acid thanh artemisinin [34][35].
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2.1.2. Anh hwéng cia dich chiét ném men

Dich chiét nAm men (YE) ciing 1a mot elicitor c6 hiéu qua 1én con dudng sinh
tong hop cac hop chat tha cap o thuc vat. Xa Iy YE trong nudi cdy cay Stemona sp.
c6 hiéu qua tiéu cuc I1&n sy phét trién cua ré; tuy nhién, mot sé nghiém thae nhu xir
ly chi v&i 100 mg/L YE lai c6 hiéu qua tich cuc 1én sy ting truong cua ré. Tuy
nhién, kha niang san xuét céc alkaloid ting ¢ tat ca cac nghiém thuc duoc xu Iy véi
YE va dat t6i vu & nong do 50 mg/L [97]. Trong luan &n nay, khi nudi cdy RTC sam
Ngoc Linh, YE ciing ting sinh khéi 1én so véi d6i chiing khi bo sung ¢ nong do
thap (50 mg/L YE), nhung khi ting qua 100 mg/L YE sinh khéi giam rd rét; nhung
ham luong cac saponin (Rgl, Rbl va MR2) ting 1én dang ké so véi déi chung.
Trudce day, YE ciing dugc sir dung nhu cac chat dinh dudng dé ting sinh khdi cho
cac nudi ciy té bao, md seo va ré [57][107]. YE thuong dugc sir dung nhu mot
elicitor sinh hoc c6 ngudn gdc tir thanh té bao vi sinh vat dé kich thich va ting
cudng san sinh cac chat chuyén hoa thi cap. Cac bao cdo khéac ciing cho thay, YE
lam ting cuong su phét trién cua cay, do ham luong amino acid cao [57][59][107].
Tuy nhién, c4c loai thyc vat khac nhau phan ang theo nhiing cach khac nhau déi voi
tirng ndng d6 YE, trong nudi cdy sim Ngoc Linh viéc b6 sung nong do YE qué cao
trén 100 mg/L lam &c ché sy ting truang, trong khi nong do thap hon ¢é lgi sy phat
trién ciia mau cay. Xu ly 14 voi YE con 1am ting ty Ié dam, protein va carbohydrate.
YE c6 tac dung kich thich déi véi su phan chia va gia ting kich thudc té bao, tong
hop protein, nucleic acid va sy hinh thanh chlorophyll [32]. YE con c6 chua chat
bao v&, tirc 1a dudng, protein, amino acid va ciing mot sé vitamin cai thién sy tiang
truong, ra hoa va két qua ciia mot sé cay trong bang cach nudi cy 14 vai chiét xuat
tr nAm men [57]. YE duoc cho 1a ngudn cytokinin ty nhién va co tac dong kich
thich nay chdi & cay dau [57]. Piéu quan trong 13, YE con giup ting hoat dong cua
C4C gen quan trong trong qua trinh trao d6i chat giup ting kha ning san Xuit cac
hop chat thir cap nhu saponin, alkaloid, tanshinone [32][40][138]. CAc tac gia ciing
ghi nhan, YE dong vai trd nhu mot nguon nitrogen sinh hoc gidp kich thich sy sinh
truéng cua thuc vat, cling nhu 1am ting kha ning san sinh ra cac hop chét thir cap

dac biét la cac saponin ¢ P. ginseng.
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Trong nudi cdy RBD P. ginseng, Rahimi va cs (2014) da xac dinh, YE c6 tac
dung lam gia ting dang ké ham lugng cac ginsenoside saponin & nong do 3 g/L. Tai
nong d6 nay da kich thich san xuét bacchotricuneatin C, guaiazulene, isochiapin B
va p-benzoquinone sesquiterpenoid; tir 6, gitip biéu hién céc gen IPP va FPS c6 vai
trd quan trong trong qua trinh trao d6i chét sinh tong hop cc triterpenoide saponin
[108]. Két qua cua luan an ghi nhan trong ddy nong do tir 50-200 mg/L, néng do
YE thich hop nhat cho RTC ting sinh khéi va tich lity hop chat tha cp 1a 150 mg/L
v6i ham lugng cac saponin Rgl, Rb1 va MR2 dat rét cao, dic biét tong ba saponin
(3,513%) va ning suét tich liiy saponin tir tong sinh khoi ré kho thu duoc ciing dat
cao nhat tat ca cac elicitor duoc khao sat. Trong nudi ciy ré cay Portulaca oleracea,
Pirian va Piri (2013) chi ra rang lwong YE tot nhat dé thu nhan chét noradrenaline 12
250 va 500 mg/L [107]. Theo nghién ctu caa Loc va Giang (2012), hiéu qua YE dé
gia tang ham lugng asiaticoside (thudc nhom triterpenoide saponin) cao hon khi st
dung 2-hydroxybenzoic acid va nong do tét nhat 1a 4 g/L bd sung sau 10 ngay nudi
cay té bao rau mé [88].

Hiéu qua cia YE ciing da duoc ghi nhan nhiéu trén cac dbi twong khac nhau
[57][112]. Trong nudi ciy ré cay Portulaca oleracea, Pirian va cs (2013) chi ra rang
lugng YE tét nhat dé thu nhan noradrenaline & néng d6 250 va 500 mg/L [107].
Hasanloo va cs (2009) cho thay, hiéu qua cia YE Ién nudi cay ré to Silybum
marianum L. twong quan véi thoi gian nudi cay, va sy tong hop dat téi da 1a 0,47
mg/g KLK trong 72 gio sau khi nudi cay (gap 2 lan so voi doi ching). Hoat tinh
lipoxygenase va ham luong linoleic acid dwoc kich thich bang YE; qua d6, con
duong JA lam trung gian cho sy tich lily silymarin. Ham lugng H,0, tang 24 gio
sau khi kich thich va khong co6 thay ddi dang ké giita 48 va 72 gio. Ngoai ra, ham
luong tocopherol (dac biét 1a a- va 6-tocopherol) tang 72 gio sau khi xtr ly so vai
cac moi truong khong dugc xur Iy. Ascorbate c6 sy thay doi theo thoi gian xir ly va
thip hon so v6i déi chung. Hoat tinh chéng oxy hoa dwgc xac dinh véi 1-1
diphenyl-2-picrylhydrazyl ting 1én dang ké khi dugc xir Iy voi YE, dac biét 1a 24
gio sau khi xtr ly, voi nhitng thay d6i lién quan dén ham luong H,0,. Nhitng quan

sat nay cho thay, cac loai oxy hoat tinh ¢ thé Ia tin hiéu trung gian dan dén con



120

duong tin hiéu JA gilp san xuat silymarin [59].

Ngoai ra, budc dau tién trong sinh tong hop saponin trong cay ciing lién quan
dén viéc tao vong cuaa 2,3-oxidosqualene thanh cac loai saponin ciing duoc diéu hoa
boi YE thong qua viéc diéu hoa cac enzyme B- amyrin synthase di duoc xac dinh &
P. ginseng [83].

2.1.3. Anh hwéng cia abscisic acid

Abscisic acid (ABA) 1a mét CBHST quan trong cho su phat trién cua hat, sy
phét trién cua ré va khi khong cua 14. ABA ciing lién quan dén kha ning thich nghi
cua thuc vat Véi cac stress moi truong khac nhau, nhu nuéc, han han va ap suat lanh.
Sy ¢ ché toc d6 tang truong RTC thé hién rd rang o hai loai dot bién c6 va khdng
nhay cam véi ABA (abi4 va abi5). Ngoai ra, ABA ciing dong mét vai tro trung gian
kich thich su kéo dai RTC. Véi sy hién dién cua 1 pM/L ABA, sy phat trién cua
RTC di bi tc ché ¢ A. thaliana. Biéu nay xay ra ngay sau khi sy xuat hién caa mam
RTC tir ré me va ngay trudc khi kich hoat cac mo phén sinh cia RTC. Tuy vay,
ABA ciing khong phai hoan toan gay bat loi cho s phat trién cua ré, 10 uM/L ABA
dan dén khoi tao va phat sinh nhiéu 16ng hat & cac ré méi. Két qua luan &n nay cho
thdy, viéc b6 sung ABA vao méi trudng nudi cay sé gay uc ché rat manh 1én sy
phét trién RTC sam Ngoc Linh, sinh khdi giam hon mét nira so véi dbi chang.

Péi vai kha niang diéu hoa qua trinh sinh tong hop cac hop chat tha cap, ABA
la maot elicitor c6 ban chat 1a CDHST, nhung ¢d hiéu qua cao I&n qué trinh san xuat
nhiéu hop chét thir cip ¢ cac loai thuc vat khac nhau; va tac dung nay cua ABA di
duoc khang dinh trong nudi cay ré cua nhiéu loai thyc vat in vitro. ABA giup ting
tich lity mot sb alkaloid trong céc nudi cay té bao Catharanthus roseus va cay co ré
méu [137]; hay kich thich san sinh taxol trong nuéi ciy té bao Taxus spp. [73]; cam
tmg tich liiy hydroxycinnamic, cac acid amin va tryptophan ¢ nudi cdy Hordeum
vulgare L. [95]. Nghién ctu anh huong ciaa ABA Ién sy tich Iy cua tanshinone
trong nudi ciy ré Salvia miltiorrhiza sau 7 ngay cho thiy, sy phat trién cua ré to
Salvia miltiorrhiza ciing bi uc ché bai ABA, nhung khi st dung 20 pM/L ABA thi
tac dong nay khong dang ké, ma ham luong tanshinone nhu tanshinone I,

cryptotanshinone, dihydrotanshinon I va tanshinone II A ting Ién dang ké tuong
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tng gap 5,4; 9,5; 1,5 va 1,8 1an so véi nhom ddi chiing sau khi xt Iy 210 pM/L
ABA [115]. Ngoai ra, ABA ciing kich thich kha ning san xuit cac hop chat
ajmalicin trong nudi cay ré Rauvolfia verticillata [37]. Tuy nhién, ABA d6i khi lai
lam giam su tich luy mot s6 bién dudng thi cip nhu Gc ché su tich luy cac hop chat
thir cAp va e ché sy phat trién RTC & cay dau nanh [48].

Theo nghién ctu ctia Trinh Thi Huong (2017), ABA ciing khong c6 loi cho ré
to saim Ngoc Linh phat trién, ma chi c6 hiéu qua cho sy tich lily saponin, trong dé
nghiém thirc st dung 1 mg/L ABA 14 hiéu qua nhat véi tong ham lwong saponin dat
22,9%o gap 4 lan d6i chung. Viéc bo sung ABA vao nudi cay RTC sam Ngoc Linh
trong luan &n nay c6 luong thiap hon & nghién cau caa Trinh Thi Huong (2017),
nhung kha nang phat trién cia RTC sdm Ngoc Linh van bi wc ché, mac du kha ning
tich lily saponin ctia ABA c6 hiéu qua rd rét hon. Trong d6, nong do 150 ug/L 14 tot
nhat dé tich liy MR2 véi ham lugng dat 1,65%, Rgl dat 1,5%, Rb1 dat 0,3% va
tong 3 loai saponin dat 3,5%. Ngoai ra, ham luong Rb1 con tiép tuc ting néu ting
nong d6 ABA Ién 200 pg/L. Hon nita, con dudng tong hop cac hop chét tha cap
dudi tac dong cua ABA duoc chimg minh 1a lién quan dén céc enzyme trong con
duong sinh téng hop cac triterpenoid saponin [137][138]. ABA kich thich enzyme
B-amyrin synthase lam ting phién ma 1én 2,5 1an din dén ting ham luong céc
saponin trong nudi ciy huyén phu té bao Medicago truncatula sau 1 gio xir ly voi
ABA [91]. DU ABA thuc su chiing té duoc vai trd sinh tong hop cac saponin nhung
do ching ¢ ché kha niang phat trién cua ré qua manh nén ning suat san Xuat
saponin ctia ABA thap hon cac elicitor khac dat biét 12 YE.

2.1.4. Anh hwéng cia salicylic acid

Salicylic acid (SA) la mét elicitor quan trong trong viéc kich hoat cac gen lién
quan dén phan @ang phong vé va c6 anh huong 16n dén kha nang tich liy cac hop
chat thtr cap ¢ thuc vat, dic biét & cac cay duoc liéu va céc loadi nhan sam quy. SA
4 tin hiéu gdy dap (ng mién dich ¢ tat ca loai thuc vat, nhung tac dong cua nd ¢
mdi loai cay rat khac nhau, trén ting bo phan ciing khong giong nhau [95][137]. Xir
ly véi 1,0 mM SA, ham luong ginkgolide A, va ginkgolide B san xuat ting gip 3,1

va 6,1 1an tuong tng, so vai ddi chitng, va SA con kich thich sy giai phdng céc chat
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chuyén hoa nay vao méi trudng nudi cdy [71]. SA ¢ nong do 6,7 va 10 mM SA gay
san sinh ra H,O, ndi sinh trong nudi cdy C. annuum L. dan téi hoat hoa cac enzyme
catalase (CAT) va phenylalanine amoniac lyase (PAL), ciing nhu gitip biéu hién
gen cua catl, pal, va protein lién quan dén cac gen pathogenesis (pr1) [85].

Trong cac loai elicitor da khao sat, két qua luan &n cho thiy SA cho kha ning
tich lily saponin twong d6i thap hon so v6i YE, ABA va JA trén 1 g mau khd RTC
sdm Ngoc Linh, nhung ning suit tich lily saponin trong toan bé sinh khéi ré thu
duoc cao hon JA, ABA va CHN va chi thip hon YE. Trong diy nong do duoc khao
sét tir 50-100 pg/L SA, 50 pg/L SA la téi wu cho RTC sdm Ngoc Linh phat trién va
tich lity cac hop chat saponin (Rgl 0,675%, Rb1 0,248% va MR2 0,867%), ciing
nhu tong 3 loai saponin (1,79%) cao hon so véi cac nong do SA khac, mic du RTC
bi &c ché ting truong nén sinh khéi khéng cao bang dbi ching, do tac dong kich
thich mién dich manh cua SA. Trong nghién ctu Trinh Thi Huong (2017), khi bd
sung SA vao dau giai doan nudi cay ré chuyén gen sim Ngoc Linh cho thay 20
Hg/L SA la téi wu véi tong saponin dat 2,7%o. Nghién cttu caa Mohammad va cs
(2006) trén ddi tuong P. ginseng C.A. Meyer con cho thay, viéc bo sung SA (200
M) c6 tac dung kich thich ting tich luy saponin trong nudi cay ré cua loai sam [92].
Hon nira, nghién ciru caa Rahimi va cs (2014) cling xac dinh khi xur ly cac RBD P.
ginseng vai 200 mg/L SA trong 24 gio gitp 1am ting dang ké kha nang biéu hién
cac gen lipoxygenase (LOX) tong hop JA ndi sinh I1a dan xuit quan trong dé tong
hop céc saponin ¢ P. ginseng [108]. Trong phan tng véi 0,2 mM SA, saponin tang
gap 3 lan trong nudi cdy RBD P. ginseng [40]. Ngoai ra, nhiéu nghién ciru ciing cho
thay SA c6 hiéu qua tich cuc 1én sinh téng hop cac saponin & ré P. ginseng va c6
hiéu qua tiéu cuc lén sy phat trién caa ré [27][50][69][68][104][134].

2.1.5. Anh hwéng cia jasmonic acid

Vai tro diéu hoa tong hop cac hop chat thir cap cua JA da duoc nghién ctu
rong rai trén nhiéu dbi twong thuc vat khac nhau. Jasmonic acid (JA) ¢6 rat nhiéu
dan xuat khac nhau duoc s dung trong nudi cay mé thuc vat nhu JA, MelA,
HEJ... Tur lau, JA d3 dwogc xem nhu 14 nhitng hop chat chuyén d6i cac tin hiéu

elicitor dé san sinh cac hop chét bién dudng thir cap. Khi xir ly thuc vat voi JA,
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ngoai vai tro khoi dong qua trinh 130 hoa, JA con tham gia vao con duong truyén tin
hiéu va kich thich cac enzyme xdc tac trong cac phan tng hdéa sinh, hinh thanh céac
hop chat tha cap trong cdy nhu polyphenol, alkaloid, quinone, terpnoid va
polypeptide. Vi vay, con dudng truyén tin hiéu JA déng vai trd nhu mot tin hiéu
khong thé thiéu trong qua trinh sinh tdng hop nhiéu hop chét tht cdp & thuc vat
[137].

Khi xu ly cac nudi ciy P. ginseng véi JA da hoat héa con dudng sinh tdng hop
nhiéu hop chat saponin khac nhau, dic biét 14 nhém ginsenoside. Piéu nay c6 thé
duoc giai thich 1a do trong con dudng sinh tong hop ginsenoside, JA ¢ kha ning
cam ng cac enzyme quan trong cho qué trinh tich liy ginsenoside [123]. Trong bai
téng quan cua Christensen (2009) con mé ta mot dan xuat caa JA 1a HEJ gidp lam
tang san luong ginsenoside gap 2-4,4 lan trong nudi cdy huyén phi té bao P.
ginseng, do tac dong 1&n rat nhiéu enzyme khac nhau lién quan dén con dudng tong
hop ginsenoside [40]. Khi xt ly véi 5 mg/L JA vao ngay thir 7 trude khi thu hoach,
ham luong c4c saponin trong P. ginseng ting gap 4 so véi d6i ching, chiing to JA
thuc sy ¢6 hiéu qua trong viée ting cudng tich lily cac hop chat saponin. Khi nghién
ctu trén ddi twong P. notoginseng, Hu va Zhong (2007) xir ly 2-hydroxyethyl
jasmonate (HEJ), két qua cho thay hoat tinh cua hai enzyme protopanaxdiol 6-
hydroxylase (P6H) va UDPG-ginsenoside Rd glucosyltranferase (UGRAGT) tang
lén dan dén ham luong ginsenoside-Rb1, Rgl ciing nhu ty 1&6 Rb/Rg ting. Ngoai ra,
JA c6 thé cam ung lipoxygenase va dan dén su tong hop JA nai sinh, két qua lam
tang kha ning tich lily ginsenoside trong té bao [60].

Tur luan an nay cho thay, trong sb céc elicitor khao sat, JA 1a mot elicitor gay
rc ché sinh truéng manh nhat. D6i vai tat ca cac nghiém thic bo sung JA, RBD
sam Ngoc Linh déu phat trién kém va chét rat nhiéu, ré gan nhu héa nau toan bo.
Thé nhung, JA lai kich thich ting cuong san xuat saponin manh & nudi cay RTC
sam Ngoc Linh hon so véi cac elicitor khac, trong 1 g mau phan tich ¢ trong hau hét
cac nghiém thirc déu thu dwoc ham lugng saponin (MR2, Rgl va Rb1) rat cao so
véi céc elicitor khac. Tuy nhién, do tong KLK r& thu duoc quéa thip so véi cac

nghiém thirc khac, nén hiéu qua san xuat saponin cta JA thap di, voi nang suat thu
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nhan ba saponin MR2, Rgl va Rb1 thip hon YE. Theo Knispel va cs (2013), céc
peroxidases tao lién két véi céc ion vai thanh té bao théng qua cac tién chat lignin
téng hop tir con dudng shikimate; khi oxy hoa cac peroxidases s& 1am thanh té bao
cting hon nho lién két chéo cua cac polysaccharide va glycoprotein, nhung néu tc
ché enzyme nay sé& 1am thanh té bao yéu di [26]. Trong d6, MeJA va SA déu c6 kha
nang (¢ ché cac enzyme nay & & cay sam P. ginseng, dic biét 13 MeJA [26]; vi thé,
thanh té bao cua RBD sam Ngoc Linh cd thé bi suy yéu dan khi c6 mat céc chat nay,
dan dén RTC khong hinh thanh va giam dan sinh khéi. Khi Yu va cs (2003) nghién
ctru anh huong cua JA 1én su phét trién cua ré to P. ginseng thi ciing khang dinh
day 1a mét elicitor tc ché ting trudng manh nhung co tac ddng manh nhat 18n viéc
gia taing ham lwong cac saponin trong nudi cay in vitro.

Hiéu qua tang cudng tong hop cac saponin cia cac dan xuit JA nhu MeJA
duoc Han va cs (2010) xac dinh 1a do MeJA c6 kha ning diéu hoa hai gen squalene
epoxidase (PgSQE1 va PgSQE?2) x(c tac phan tng dau tién trong sinh tong hop
triterpene saponin va phytosterol trong P. ginseng. Trong nghién cau nay, MeJA
lam tang su phién md mRNA PgSQEL1 trong ré, nhung lai ngin chan su biéu hién
cua PgSQE2. Piéu ndy gay bat hoat PgSQEL RNAI trong ré da 1am ting duoc su
kiém soat cia PgSQE2 va PNX (cycloartenol synthase) va két qua l1a su tich liy
phytosterol dugc ting cuong. Do d6, nghién ciu nay cho thay, PgSQE1 sé& diéu hoa
sinh téng hop ginsenoside, chir khéng phai cua cac phytosterol trong P. ginseng
[58]. Trong luan an nay, hiéu qua cta JA I1én kha tich 1y MR2 (mdt saponin dugc
téng hop tir cac phytosterol) ciing khong cao nhu tong hop cac ginsennoside-Rb1 va
Rg1, vi luong MR2 chi dat cao nhat khi sir dung & JA & ndng d6 cao nhat trong day
nong dd tir 50-200 pg/L. Thém vao dé, vai tro ting cudng hoat dong cua cac gen SS
quy dinh sinh tong hop triterpene va phytosterol & P. ginseng ciing chiu anh huéng
boi cac dan suat JA khac [87]. Trong P. ginseng, gen SS la cha yéu nam & choi,
nhung khong khéc biét véi phan tich liy & cac bo phan khac [87]. Tang cuong biéu
hién gen PgSS1 trong RBD P. ginseng chuyén gen ciing di duoc xac dinh 1a do JA
ting cudng didu hoa phién mi mach xudi cua cac gen théng qua SE,

dammarenediol synthase, f-amyrin synthase va cycloartenol synthase [87].
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Tom lai, elicitor dan truyén tin hiéu (JA) cd ngudn gdc tir cac hormone noi
sinh c6 hiéu qua 16n 18n kha tich lily saponin, nhung vi ¢ ché ting truéng manh
nén nang suat tong hop saponin khong cao, chinh vi vay, néu xu ly elicitor trong
thoi gian ngan sau khi thu duoc lugng 16n sinh khéi s& cho hiéu qua tét hon.

2.2. Anh hwéng két hop giira céc elicitor

Su két hop cua MeJA vai SA, SA véi YE va MeJA véi YE lam ting sy tich
lity taxol trong nudi cdy Taxus baccata, va san xuit téi da taxol di dwoc quan sét
bang cach két hop ba elicitor ndy [74]. Tuy nhién, tich lily cac chat chuyén hoa thir
cap khdng phai Iic nao ciing xay ra khi két hop céc elicitor. Vi du, mac du
arachidonic acid, SA, ammonium citrate vd MeJA déu gay ra sy tich lity taxol, hdn
hop arachidonic acid vai SA va ammonium citrate voi MeJA khong lam tang kha
nang tich lity hop chat thir cap [132].

Theo Hwa-Young va cs (2008), xu ly dong thoi voi MeJA, SA va YE khéng
lam gia ting san xuat cac alkaloid benzophenantridine nhu xu ly don 1é. Tich liiy
sinh khdi va san xuat dihydrosanguinarine va sanguinarine gia tang dong thoi khi
xt ly chi voi YE; bai vi YE lam tang tich lity sanguinarine bang cach chuyén doi
c4c dihydrosanguinarine trong qua trinh trao doi chat [64]. Khi sir dung nong do YE
cao ciing 1am chét cac té bao man cam, vi sanguinarine gay doc cho té bao [64]. Do
do, su tich lity alkaloid cua benzophenantridine ciing ¢6 két qua twong tu khi xir Iy
vé6i YE, hay xir Iy két hop YE véi MeJA va SA. Bé lam sang to tac dung dong thoi
cua cac elicitor, Hwa-Young va cs (2008) da phan tich biéu hién cua 6 enzyme,
CYP80B1 duoc cam tng dau tién khi xir Iy véi MeJA, SA hoic YE, va sau d6 giam
di, trong khi xtr Iy tuan ty 3 elicitor ddn dén biéu hién lién tuc cac enzyme [64]. Hon
nira, biéu hien OMT bang cach xir ly ddng thoi céc elicitor kéo dai 1au hon so véi
bat ky phuong phap xu ly don & nao, nhung mirc d biéu hién cua né chi xay ra
cho dén 24 gio sau khi xtr ly. Xt Iy dong thoi rat hiéu qua trén biéu hien CYP80B1,
nhung khéng lién tuc anh hudng dén sy biéu hién 4°0OMT. Do vay, cam tng manh
bang céch xir Iy dong thoi cd thé tc ché biéu hién 4°OMT [64].

Két qua nghién ciru nay cho thay rang, viéc xu ly tuan tu lan lugc ting elicitor

trong sudt qua trinh nudi cay thi hiéu qua hon. Tir dé trién vong méi vé phuong
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phap xir Iy tuan tu bang cach str dung cac tin hiéu biéu hién gen khac nhau c6 thé
lam ting ning suét tich lity cac chat chuyén hoa thir cap trong nudi cay té bao thuc
vat va phan tich ¢ cap do phan tir c6 thé chimg minh diéu nay. Trong nudi cay ré to
Salvia miltiorrhiza, san xuat cac diterpenoid tanshinone d tang 1én nhd két hop
gitta MeJA va YE. Xt ly v6i MeJA truée sau d6 xir Iy YE, tong ham luong
tanshinone cao hon khi dung MeJA hoic YE cung liéu lwong [138].

Trong luan &n nay, viéc két hop dong thai 25 mg/L YE véi 25 pg/L SA chi toi
wu cho kha ning tich lily ginsenoside-Rbl ting 1én gap 4 lan so véi viéc sir dung
YE hay SA don 1¢&; tuy nhién, két hop lai khong cé hiéu qua 1én sy tich liy tong ca
ba loai saponin nhu khi sir dung YE don 1é & néng d6 150 mg/L trong sudt qua trinh
nudi cay. Xt Iy riéng I& YE vao nudi ciy té bao E. californica ciing cho két qua tich
lity cac alkaloid ciing cao hon xtr Iy dong thoi YE va MeJA [64].

Dua vao cac nghién ciu trén va két qua dat duoc rd rang két hop co thé ting
sinh téng hop céc hop chét thir cap. Tuy nhién, viéc xir Iy dong thoi ciing mot lac
nhiéu elicitor 1a khéng khoa hoc, nén xu Iy tuan ty ting elicitor vao ting giai doan
nudi ciy cia RBD sam Ngoc Linh ¢d 1& cho hiéu qua cao hon cac xir 1y don I8.

2.3. Anh hwéng cia thai gian bé sung dich chiét nam men 1én su tiing sinh va
tich lity saponin ciia ré thir cap sam Ngoc Linh in vitro

Khéc voi cac elicitor khac, YE la mot elicitor sinh hoc ¢6 ngudn géc tir nam
men khéng nhitng c6 tac dung ting cuong sinh tong hop saponin, ma con gidp ré
phét trién tot hon & nong do thich hop, nén thong thuong YE c6 thé bo sung vao
dau giai doan nudi cdy. Tuy nhién, dé dat hiéu qua ti wu cho nudi cay tao RTC sam
Ngoc Linh, 150 mg/L YE c6 thé b6 sung tai ngay thir 40 cia nudi cay (16 ngay
trugc khi thu hoach) véi thoi gian xa Iy chiém khoang 1/3 thoi gian nudi cdy RTC
tir RBP in vitro. Trong nudi cay té bao S. melongena, Nguyén Hitu Thuan Anh
(2016) cho thay thoi gian xa ly bang YE chi can khoang 20-24 ngay trude khi thu
hoach, nhung két qua tt nhat lai dau giai doan nudi ciy té bao ca gai leo, vi sinh
khdi van ting nén su tich lity ham lugng solasodine dat nhiéu nhat. Ngoai ra, dbi
véi P. expansum thoi gian b sung YE trong vong 8 ngay truée thu hoach (chiém

1/3 thoi gian nudi cdy) ciing thu duwoc ham luong andrographolia cao nhat [1].
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2.4. So sanh hiéu qua tac dong cuaa cac elicitor 1&n ning suét tich liy saponin
cua ré thir cap sam Ngoc Linh in vitro

Trong nudi cdy RTC sam Ngoc Linh tir RBD in vitro ndy, tat ca cac elicitor da
khao sat déu gay tc ché ting trudng va ting cudng san xuat hop chat saponin, trir
YE & ndng d6 50 mg/L. Céc elicitor nay déu duoc biét dén 1a nhiing elicitor lién
quan dén con dudng tong hop cac hop chat thir cap ¢ thuc vat, chang han nhu thuc
day san sinh cac terpene hay taxol [73], hay tich liiy saponin & P. ginseng C.A.
Meyer va trén nhiéu loai sam khac [38][39][47][96]. Két qua dinh tinh saponin tir ré
sam Ngoc Linh in vitro bang TLC trong luan &n nay cho thay, su hién dién cua ca
ba loai saponin Rgl, MR2 va Rb1 ¢ tat ca cac nghiém thirc. Trong d6, khi bd sung
JA, hau hét cac saponin thu duoc déu cao hon so véi cac elicitor khac; tuy nhién, JA
tic ché sinh truong manh va lam ré mat sic séng, nhu JA xa Iy ¢ nong d6 hon 200
Hg/L, hau hét cac RBD déu chét. ABA c6 tac dong wc ché tuong tu JA Ién sy ting
truong RBD sam Ngoc Linh, boi day 1a mot elicitor ¢o tac dung kich hoat cac phan
ung gia héa ¢ thuc vat [106]. So véi YE va CHN, ABA ¢ hiéu qua gia tang ham
lugng MR2 t6t hon, con hai ginsenoside Rgl va Rb1 khong khéac biét 16n. Dac biét
la nhiéu nghién ctru ciing da ching minh, ABA c6 tac dung &c ché phat trién RTC
rd rét [48]. Trai lai, hai elicitor ngoai sinh YE va CHN lai it gay giam sinh khoi cua
RTC sam Ngoc Linh hon, véi YE & nong do thap vira cho hiéu qua lén qué trinh
tich lily cic saponin, ma lai vira tao ra luong sinh khéi cao gilp ning suit san xuat
saponin tang Ién va cao hon céc elicitor khac.

Ngoai ra, khi danh gia hiéu qua caa cac elicitor c6 nguon gbc tir cac vi sinh vat
so véi cac elicitor tir hormone thuc vat, nhiéu nghién ciru khac ciing cho thdy YE ¢6
hiéu qua hon béi kha nang kich thich sinh truéng ciia YE [138], véi 200 pg/L YE
da c6 hiéu qua tich lity cac isoflavonoid téi wu & nudi ciy té bao P. tuberrosa hon
khi b6 sung SA va MeJA [54]. Khi so sanh anh hudng caa ba elicitor YE, MeJA va
SA trong nubi ciy huyén phu té bao E. californic, viéc sir dung don 1¢ YE ciing cho
hiéu qua cao hon [64]. Trai lai, mot s6 nghién cau lai cho thay tac dong caa elicitor
c6 ban chat 1a CBHST hiéu qua hon nhu 150 uM SA 12 tét nhat cho kha nang tich

lity solasodine & nudi ciy té bao ca gai leo so véi SA va MelA [1].
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So véi céac két qua nghién ctru ting cuong san xuat hop chat saponin khéc trén
sam Ngoc Linh, viéc sir dung YE & ndng do 150 mg/L cho két qua tét nhét so voi
nghién ctu cac nghién ciu trudc day voi tong ba saponin dat 3,5% trong 1 g mau
RTC khoé phan tich, nhung KLK con dén 25,03 mg va niang sut dat 23,41 mg/L.
Theo Trinh Thi Huong (2017), khi khao sat cac elicitor c6 ban chit 1a cac CDHST,
két qua tot nhét dat duoc khi st dung 1 mg/L ABA vao nudi cy ré chuyén gen sam
Ngoc Linh véi tong saponin dat 2,29% trong 1 g mau ré chuyén gen, KLK chi dat
17 mg, cho nén ning suét thu tong saponin trén tong sinh khdi khé tinh duoc chi
khoang 13 mg/L [10]. Két qua caa luan an nay gap 2,26 lan so véi nghién ctu vé ré
chuyén gen sam Ngoc Linh & trén. So véi nghién ciru nudi cay md seo sam Ngoc
Linh, két qua tot nhat chi dat khi str dung 15 mg/L MeJA véi lugng tong 3 saponin
12 0,87% trén 1 g KLK caa mé seo va tong KLK tai nghiém thtc nay la 62 mg, nén
ning suat thu nhan saponin tinh duwgc 12 18 mg/L [13], so véi nghién ciu nay thap
hon 1,6 1an. Nang suat nay cho thay, khi st dung YE gitp thic diy RTC tang sinh &
nong do thap dudi 100 mg, nhung & néng do cao hon RTC sé ting sinh kém hon, &
nong d6 (100-200 mg YE) ré giam sinh khéi khong nhiéu nhu ABA, SA va CHN.
Cho nén, nudi cdy tao RTC sam Ngoc Linh b6 sung150 mg/L YE cho ning suat thu
nhan saponin tét nhat. Piéu nay cho thay, trong qua trinh phat trién cay sam Ngoc
Linh thuong chiu tac dong bai mot hé vi sinh vat trong dat. Tir d6, cac vi sinh vat

nay da kich thich cac con duong sinh tong hop cac saponin trong loai sam nay.
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KET LUAN

Tt nhitng cac két qua dat duoc cho thay:

1.

Cac RTC sam Ngoc Linh hinh thanh tir try bi tai vi tri cia bo mach dan trung
tam dat t6t nhat & mau RBP 2 cm tai sinh tir cudng 14 va khdng boé phan mé
cudng la nay trong khi nudi cay tao RTC.

Nhu cau vé dinh dudng, cac CDHST va duong carbohydrate dam bao tét nhat
cho RTC sdm Ngoc Linh tang trudng tir RBD in vitro 1a moi truong MS cai bién
c6 ty 18 NH,/NO3 (1/2), b6 sung 7 mg/L IBA, 0,5 mg/L BA va 30 g/L sucrose.
Piéu kién nudi cay thich hop nhat cho RTC sdm Ngoc Linh ting truéng va tich
lity saponin la nudi cay t6i da trong 56 ngay, voi 45 ngay dau trong t6i va 11
ngay sau ngoai sang; ¢ nhiét do 22°C, trong 30 mL méi truong ¢ binh 250 mL
va pH = 5,3. Hé théng nudi cay tbt nhat 1a Bioreactor ty tao 3 L chira 1,5 L mdi
truong va 8 g RBbD.

Khi sir dung don 1¢ céc elicitor, JA va ABA ¢ ché sinh truéng manh nhat, con
SA, YE va CHN it ic ché tang truong hon. Boi véi sy tich liiy cic saponin, ham
lugng Rb1 dat cao nhit & 50 pg/L JA, Rgl & 100 pg/L JA, MR2 & 200 pg/L JA
va ning suat tong hop ca ba saponin nay dat cao nhat & 150 mg/L YE.

Két hop dong thoi YE va SA khdng hiéu qua bang chi sir dung 150 mg/L YE.
Thoi gian thich hop nhat dé bd sung 150 mg/L YE vao mdi trudng nudi cay la
tai ngay thar 40 ngay (16 ngay trude khi thu hoach) trong qua trinh nudi cay ré

thir cap sam Ngoc Linh tir ré bat dinh in vitro.
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KIEN NGHI

Trong khudn khé gidi han vé kinh phi va thoi gian nghién ctu, nén luan an chi
thuc hién duoc mot sé ndi dung nhu da trinh bay. Do viy, dé nghién ciu hoan thién
hon, t6i dé nghi tiép tuc nghién ctu mot sb ndi dung sau:

Nghién ctru vé thoi gian xir Iy JA, ABA hay SA trén sinh khbi RBD saim Ngoc
Linh sau khi khi thu hoach.

Nghién ctu thoi diém xir ly tuan tu tieng elicitor khac nhau trong nudi cay
RBD sam Ngoc Linh théng qua biéu hién tuan ty caa cac enzyme xuc tac tong hop
tung saponin trong con duong triterpenoid.

Nghién ciru thém céc tac dong cua cac elicitor lién quan dén cac gen sinh tong
hop tirng hop chat saponin cu thé & sdm Ngoc Linh dé c6 thé san xuat dugc cac
saponin theo mong muén.

Ung dung nudi cdy RTC sam Ngoc Linh vao san xuét trén quy md céng
nghiép dé tao nguon nguyén liéu cho cac nganh cong nghiép dugc pham va thyc

pham.
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SUMMARY
Ngoc Linh ginseng (Panax vietnamensis Ha et Grushv.) plays critical roles in
pharmaceutical industry, because triterpenoid saponins from its roots are widely used to
produce medicine for improving health and treating various types of diseases. This study
investigated the effects of culture conditions and elicitors on the growth and saponin
accumulation in lateral root of Ngoc Linh ginseng. The results showed that the optimum
length of the ginseng adventitious root explants for the lateral roots growth were about 2
cm, which regenerated from the petioles, but were not excised completely the petiole
patterns. The optimal medium for developing lateral roots is MS medium modified with
NH4/NO;3™ (1/2), supplemented with 7 mg/L IBA, 0.5 mg/L BA and 30 g/L sucrose. The
most appropriate culture conditions for the formation, growth and accumulation of the
gingseng lateral roots from in vitro adventitious roots were cultured in 56 days with the
first 80% of culture period in dark, at a temperature of 22°C and pH 5.3. In bottle 250 mL,
25 mg adventitious roots developed highest of lateral roots and three-saponin-content
(MR2, Rb1 and Rg1) in 30 mL culture medium, respectively using 8 g explants in 1.5 L
medium contained in Balloon-type bubble Bioreactor 3 L. Elicitors enhanced significantly
the accumulation of MR2, Rb1 and Rgl, but inhibited the lateral roots growth of Ngoc
Linh ginseng. In solitary treatment of 50-200 mg/L cell-wall-derived elicitors, 150 mg/L
YE and 100 mg/L CHN is optimal for saponin accumulation, and YE is better than CHN.
From 50-200 pg/L plant’s hormone derived elicitors, 50 pg/L SA, 150 pg/L JA and 150
ug/L ABA is optimal for saponin accumulation. JA and ABA strongly inhibited the lateral
root formation and growth; therefore 150 mg/L YE was the best for saponin accumulation
among 5 elicitors. In addition, the combination of YE and SA showed effective lower than
the solitary elicitor treatment (150 mg/L YE). The elicitation time of 150 mg/L YE
treatment at the 40™ culture day (16 days before harvest) is the most optimal for saponin
accumulation in lateral root culture. The results suggest that the solitary YE elicitor
treatment is optimized for increasing MR2, Rb1 and Rgl content of Ngoc Linh ginseng;

Thus, the ginseng saponin production could be scale-up by root culture.
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PHU LUC

1. Thanh phan cha méi trwong MS (Murashige va Skoog, 1962), SH (Schenk va
Hildebrandt, 1972), B5 (Gamborg va cs, 1968).

MS SH B5 MSCB
Pa lwong (mg/L)
NH:NO: 1650 - - -
KNO: 1900 2500 2500 1870
CaCl..2H.0 440 200 113,25 440
MgS0O..7H:O 370 400 122,1 370
KH:PO. 170 - - -
(NH4).SO. - - - -
NH.H.PO. - 300 - 827
NaH.PO..H.O - - 150 -
Vi lwgng (mg/L)
KI 0,83 1,0 3,0 0,83
HsBO: 6,2 5,0 - 6,2
MnS0..4H.0O 22,3 - - 22,3
MnSO..H.O - 10 10 -
ZnS0..7H-0 8,6 1,0 2,0 8,6
Na:Mo00O..2H.0 0,25 0,1 0,25 0,25
CuS0..5H:0 0,025 0,2 2,5 0,025
CoCl..6H-0 0,025 0,1 0,025 0,025
Na.EDTA 37,3 20 37,5 37,3
FeSO..7TH.0O 27,8 15 - 27,8
Vitamin (mg/L) va chit hiru co (g/L)

Myo-Inositol 100 1000 100 100
Nicotinic acid 0,5 50 0,5 0,5
Pyridoxine HCI 0,5 0,5 1,0 0,5
Thiamine HCI 0,1 50 10,0 0,1
Glycine 2,0 - - 2,0
Sucrose 30 30 30 30
pH 5,8 5,8 5,8 58
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2. Két qua phan tich Duncan’s test (p<0,05) bang phan mém SPSS 20.0

1.1.  Anh hwong nguon ré bat dinh 1€n su hinh thanh va tang trwong RTC sdm Ngec Linh
Duncan 56 ré thi¥ cip Dunf:im - Chitu dii ré
Flehizm thire | Hubsst for alpha = 0.05 fehigm thite N : 5 Subsat i‘” alpha : 0.03 - =
H N N . B R I a TL-Thi1 B
L.L-TH-1 333 B, CThL 3| 6667
o -Th-1 3| 67| 667 b L T 3| ga3s
5.CL-ThI-1 3133|133 (1.33 S CLTMLI H L1667
2. L-Th-2 3 200|200 2.00 3 LETH 3 3 0000
3 ETML 3 233|233 11C-KTH-1 3 23333 2.3333
7CL-ETML | 3 3.00 7 L-ETM 3 3.1333| 3.1333
L0.C-TM2 | 3 6.00 4 L-ETn2 3 33333 [3.3333
+L-ETMZ 3 7.33 10.C-TM-2 3 14,0333
B.CL-TM-2 | 3 10.33 6. CL-Th-2 3 52333
12.C-ETh2 | 3 13.33 % 000 C-KThL i
BCL-KETM2 | 3 1367 |p 3 3.6000
Sig. 142 033|142 | 142 |1.000 (122 (1000 | .59F Bie. 278 125 055 619 o091 166
Mezans for groups in homogenzous subsats aradisplayad. Mzans forgroups in hemo gznzous subsats aradisplayad.
a. Usas Harmonie Mean Sample Size =3.000. a. Usas Harmonie Mzan Samolz Siza =3.000,
Ehii hrong toroi R -
Duncan Phan tram ra re
[Nehidm thire [N Subset for alpha =9.05 [MehiSm thire [N Subsat for alpha = 0.05
1 2 3 4 5 ] 7 il ] 3 4 5
1. L-Thi-1 3 293333 T 1 Thil 3 3L Go6T
%:%:LC:—I[{I\'I.!I_&-I g 3333 39.6667 %EEE CL- 3 46.0000
ten F il PP zLmz |3 466867
11.C-KTh-1 3 51.0000 - = . =
ooz |3 63333 sCL Thiz | 3 53 6667 [53 6667
3.LKTM1 |3 57.6667 Lo C-TRIZ | 3 60.0000 ]
e Lz |3 £5.0000 11.CKThL| 3 75,0000
4 L-KTh-2 3 71.3333 T CL-KTHI-L | & 7900
12C-KTh-2 3 73.0000 2. L-EEThI-1 2 =2.3333
B CL-ETM.2 |3 7e0000| zoETMZ] 3 B3 3333
Sie. £36 241 554 554 1.000 AE0 1.000 4 L-KThi-Z 3 93, 3333
Maans foreroup sin home ganaons subssts ars displayad. BCOL-KThRI2 | 3 94 3333
a. Usaz Harmonie Mam Sampla Siza=3.000. 15is. 1.0040 141 1E3 114 2340
Tests of Between-Subjects Effects
Source Dependent Type 11l Sum df Mean Square F Sig.
Variable of Squares
[NM*TM  Phan tram ra ré 840.167° 2 420083 13139 .000
S6 r‘é th cfip 67.389" 2 33.694 57.762 .000
Inv > kT Chiéu dai ré 8.961° 2 4.480 18.931 .000
th)i lwong tuoi 273.500¢ 2 136.750 18.508 .000
Phﬁn tram ra ré 13.500 2 6.750 211 811
SO r‘é tha cap 5.444 1 5.444 9.333 .005
T™ * KT Chiéu dai ré .218 1 .218 .920 .347
Khoi lugng tuoi 6.250 1 6.250 846 .367
Phérl tram ra ré .028 1 .028 .001 977
S6 r‘é tha cfip 5.056 2 2.528 4.333 .025
NM *TM * Chiéu dai ré 1.621 2 .810 3.424 .049
KT th)i lwong tuoi 223.167 2 111.583 15.102 .000
Phﬁn tram ra ré 64.389 2 32.194 1.007 .380
SO r‘é tha cap 14.000 24 .583
lerror Chif:u dai ré 5.680 24 .237
Khoi lugng tuoi 177.333 24 7.389
Phan tram ra ré 767.333 24 31.972
S ré thir cép 1968.000 36
Total Chiféu dai ré 409.000 36
th)i lwong tuoi 112495.000 36
Phém tram ra ré 172703.000 36
Corrected  S6 ré thir cap 789.222 35
Total Chiéu dai ré 116.590 35

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.
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1.2.  Anh hwéng cia auxin |én sy hinh thanh va ting truwéng RTC sam Ngec Linh

T§ I tan RTC (%) Sh ré
Nehidm Subset for alpha =005 Nehizm) Subsat for alpha = 0.05
thire N 1 2 3 4 3 L thie | N | 1j | 26 | 3h | 4 | SE | 6e 74 | Be 9b | 10a
[Duncar 0 3 10,0000 s 3500
1 3 £0.0000 3 53333
9 3 66.6667 10 3 6.3333
2 3 78.3333 4 3 7.333%
3 3 78.3333 1 3 76667
3 3 90.0000 3 3 9.0000
10 3 50.0000 1 3 12.3333
12 3 900000 1 H 126667 - cee
1 3 916667 ¢ 3 .
6 3 936667 |93.6667 5 ] M 66
4 3 935.3333 |95.3333 :
7 3 96.3333 |96.3333 £ 3 16.0000
g 3 98,6667 ! 3 L7.6667
Siz. 1000 | 1000 | 1000 | 1000 055 110 Sig. 1000 1000 1000 427 1000 427 1000 1oo0| 427 1000
Chifu dai ré
Eih;@n N Subset for alpha =0.03 Kb hegag o
1 2 3 4 5 [ " -
HNehidm Subset for aloha =0.03
i} 3 0000, I thire N 1 2 3 4 5 & 7 3
1 3 2333 Dhuncan 0 3| 233333
9 3 10333 i g 3| 32.0000| 320000
1 3 403333 403333
3 3 17667 2 3 47.6667| 47.6667
2 3 1.8333 1 3 483333 483333
10 3 1.8333 5 3 54.6667| 54.6667]
Dunean 3 3 3.1333 11 3 56.3333| 56,3333
i 11 3 3.3333 3 3 62,6667
12 3 3.5567 4 3 630000
12 3 £6.6667
8 3 +.6000 & 3 115.0000
4 3 4 6667 ] 3 143 666
P 3 5.1667 7 3 202 666
4 R £.0000 sie | A77]  194] 238  216) 094 1000 1.000] 1000
Means foreroups in homo panaous subsat: splayad.
Big 1.000 538 .B47|  224]  106]  1.000| |, Uses Harmmomie Moo Sample Size=3.000
Ehii oz khia
Bnbset faralpha=90105
Nzhitm
thirc N 1 2 3 4 5 & 7 ] g
Dunc 0 3| 13333
" a 3 13333
1 £ 27000
10 3 3.1667|3.1667
2 3 4.0000| 4.0000
11 3 46667 46667
4 3 5.0000| 50000
5 3 5667
3 E 57000
12 £ A R3%3
L] E 110000
g 3 114335
7 3 152667
Siz 1oo0f  28s| oss| 133 445|135 1o00] s3] 1004

hl=zns far zranps in homaz=n=aus suhs=ts a2
& Uses Harmanic hlzzn Sample Size= 3000,

1.3.  Anh hwéng ciia auxin két hep véi cytokinin Ién sw hinh thanh va ting truéng cia ré
thar cap sam Nggc Linh in vitro

[ Chid daish
= Subs et f Ipha =0.05
" Subset for alpha = 0.05 Nahigm ubsetiof alpha
Mghigm o
- hiks N 1 2 3 4
thike N 1 2 3 4 5 6 7 g
Duneans 12 4 1250]
Duncan? 12 4 10.000D|

4 4 2000|
4 4 25.0000)

3 4 4250 42560
11 4 30.0000)

1M 4 E500| B500|
3 4 47.5000)

i 4 DD FODD]
3 4 562500 562500 2 4 7250 7250
10 4 65.0D00) 650000 1 4 a500) a500)
2 4 687500 657500 ¥ 4 1.5000] 1.5000]
r 4 TT 5000 T7 5000 10 4 2 1750
1 4 B1.5000| 9 4 2.2500
a 4 B2.7500) 5 4 3.5000)
5 4 B5.0000| 5. 0000y & 4 4 OOOD)
3 4 925000 L+ & 4.3750)
o 4] 9450008 Sig 173 073 177 118
Sig. 1.000| 278 061 061 a14 061 139 054 Means for groups in homogeneous subsets are displayed.

a. Uses HarmonicMean Sample Size =4 000,
a Uses[ﬂarmnmcMean Sample Size =4.000. o
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Sere
= Subset for alpha = 0.06
Nahidm P
thike. N 1 2 3 4 & 6 Kbéi lrgng twai
2 12 . FEO0 . =
Rungan b Subset for alpha = 0.05
4 4 1.5000  1.5000 thike N 1 b 3 4 5 &
11 4 | 15000  1.5000) Dunears 12 4| 80.0000
4 4| 70 2500
g 4 1. 7500 1.7500
1 4| 85.5000]
3 4 27500 27500
[} 4| §7.7500)
10 4 27500 27500 9 2 117 5000
2 4 4 GOC0| 4.0000 2 A 121.0000
9 4 24,0000 4.0000 5 1 125.2500
7 4 47500 47500 7 4 1322500
8 4 164.2500
1 4 5. 7500
1 4 196.2500
& 4 10.2500
3 4 229.0000)
6 4 135000 10 4 233.0000) 233.0000
[ 4 13. 7500 & 4 260.2500
Sig. 217 133 123 337 176 1.000 73 Sig a0 365 1.000) 1.000) 785 DD
Means for groups in homogeneous subsets are displayed. Means for groups inhemogeneous subsets are displayed.
a. Uses HarmaonicMean Sample Size =4.000. 2 Uses HarmonizMean Sample Size=4.000.
Fohii heomnes kb
M ehis] BSubset for mlpha =0 05
/.
thir: T i1 = 3 4 E] & 7 =
Druncant o <1 4 _Fs00
1z a S.o0o00
a a s.e7s0| S.e7so
i a & 5000 & 5000
= a FFS00
] Y 1O 2250
-] Y 11 77sal 11 7vsa
T Y 12 2500 12 2s00
= Y 13 7500|113 7s00
10 Y 15.2500| L5 . 2500
3 S L7 D000 170000
1L 4 1E.S000
-] 4 z1.sooal
Sie LSS 135 OED 097 B E:31 .10 LIBL L.000

II=ans for erowup sin hoomoeanaons subsats aredisplas-ad.

a. Ises Harmmonic hvlsan Samples Size =<4 000,

1.4.

sam Ngec Linh in vitro

54 r thie cip
! - Subset for alpha = 0.0
thike M 1 2 3
Duncan® 2 4 14,0000
o 4 16.5000
1 4 182600
Sig. 1000 AREEH 1000

Means for groups inhomogeneous subsets are displayed.

a. Uses HarmonichMean Sample Size= 4.000.

Khai worng tueeri
. Subset for alpha = D05
nghigm.
thiec M 1 2 3
Duneans o 4 206. 7500
2 ES 312 5000
1 E] 345 2600
Sig. 1,000 1,000 1 DD
Means for groups in homogensous subs ets are displayed.

a. Uses Harmonichean Sample Size= 4.000.

Anh hwéng ciia méi treong khoang Ién sge hinh thanh va #ing trwéng cia ré thie cap

Chigw, dai 18
. Subset for alpha = 0.05
nghicém.
thiFe M 1 2 3
Pungans 2 4 1.3500
o 4 3.6250
1 4 4.5000
Sig. 1.000 1.000 1000

Means for groups in homogeneous subsets are displayed.
a. Uses HarmonicMean Sample Size= 4.000.

Khéi lwerng kKhé
r hid Subset for alpha = D05
thikc ) 1] 2
Dunzans o El 20. 750D
2 El 21. 7500
1 El 31 2500
Sig. Fel T

Means forgroups in homogensous subsets are

displayed.

a Uses Harmonichkiean Sample Size = 4. 000
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1.5. ,Avnh hwoéng cac logi dwong carbohydrate 18n sw hinh thanh va ting trwéng cia ré
thar cap sam Ngec Linh in vitro

5& s thicip B gai
- Subset for alpha =0.0b Subset for alpha = 0.05
thiez | N 1 2 3 4 5 & Nahjgm N ; > 3 ]
. 4 3 4.0000 Duncan: & 3| 26000
6 [EEEH
3 T & | 3| 26867
3 D000
3 13 4 3| 2.z887
0 3 152233 2
3 35000 3.5000
b
3 15.6667 15.6667T o 3 4. a
2 3 16.8333 &
3 A.GEET
1 3 19.3333
1 3 6.5667
Sig. 1.000( 1.0DD(  1.00D 527 10 1.000 sig 114 113 510 1000
Means for groups inhomogeneous subsets are - - _ - : :
displayed. Means far groups inhomogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000. a. Uses Harmonic Mean Sample Size = 3.000.
Khdi -
B Subset for alpha = 0.05 Khoi liegnp ko
thikg. M 1 2 3 a Nahidm Subset for alpha =0.05
[ N
Dunsan® 4 3 |e33333 i LI - 2 5 8
Duneant 4 3 |5._6667
8 3 |SDeeET
6 3 §_2ga7
3 3 219.6667 3 3 21_s0g
2 3 281.0000 2 3 22.8333
& 3 316.6667 0 3 24.3333
o 3 323.6867] B 3 246667
1 3 3060000 1 3 26_ERET
Sig. oo 1.000 DR 100D Sig. . 1.000| 1000  1.000 1.000) 548 JREEH
Means for groups inhomogenesous subsets are displayed. m::T:;;; groups inhomaogeneous subsets are
a. Uses Harmonic Mean Sample Size = 3.000. 2. Uses Harmonic Mean Sample Size = 3.000.

1.6.  Anh hwéng ciia thei gian chiéu sang I18n sw ting sinh va tich liiy saponin ciia ré thir
cap nudi cay ter ré bat dinh sdm Ngec Linh in vitro

54 ré thir cdp Chigu dii ré
nghigm Subset for alpha = 0.06 nghiém Subset for alpha = 0.05
thiFe M 1 2 3 thiFe M 1 2 3
Duncan® 3 3 REEEE Cuncan® 3 3 .8333
2 3 0.6667 2 3 2.8333
o 3 18 6667 1 3 5.ODDD
1 3 19,0000 0 3 56667
Sig. 1.000 1.000 545 Sig. 1,000, 1,000, 218
Means for groups inhomogeneous subsets are displayed. Means for groups in homogeneous subs ets are displayed.
a. Uses HarmonicMean Sample Size = 3.000. a. Uses HarmonichMean Sample Size = 3.000.
e -
Khai rernpg treri Khoi Irgng kho
nghiém Subset for alpha = 0.05 nghigm Subset for alpha = 0.05
thize N 1 2 5 thike M 1 2 3 4
Duncan® 3 3 74 GRET Duncan®* 3 3 1.6667]
2 3 188 6667 z 3 13.6667
o 3 3850000 0 3 268667
1 3 350 OO0 1 3 34 3333
Sig. 1.000 1000 2 3ig. 1.000) 1.000 1.0G00 1.000
Means far groups inhomogeneous subsets are displayed. Means for groups in homogeneows subs ets are displayed.

a. Uses HarmonicMean Sample Size = 3.000. 4. Uses HarmonicMean Sample Size = 3.000.
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ré bat dinh sam Ngec Linh in vitro

Trong lwong twoi
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Anh hwong loai dwong carbohydrate 1&n g hinh thanh va ting trwéng ré thie cap tir

Ty lé chéat khé

Duncan
Nghiém thirc N Subset for alpha = 0.05 Nghiém thtrc N Subset for alpha = 0.05
1 2 3 4 5 1 2 3 4
Khoéng dwdng 3 |51.6667 Khong dwong 3| 6.42
60mg Mantose 3 [62.5333 60mg Mantose 3| 6.94| 6.94
10mg Mantose 3 |91.6667 50mg Mantose 31 7.37| 7.37
50mg Mantose 3 1102.733 10mg Sucrose 3| 7.80| 7.80
10mg D-Glucose 3 160.3333 30mg Mantose 3| 822| 8.22 8.22
40mg Mantose 3 181.6667 30mg Sucrose 3 8.64 8.64 8.64
30mg Mantose 3 182.6667 60mg Sucrose 3] 885| 8.85 8.85
30mg D-Glucose 3 206.6667 30mg D-Glucose 3| 8.89| 8.89 8.89
50mg D-Glucose 3| 899]| 8.99 8.99
10mg Sucrose 3 374.3333 50mg Sucrose 3| 9.16| 9.16| 9.16
[40mg D-Glucose 3 379.3333 40mg Mantose 3 9.54 9.54
60mg D-Glucose 3 523.0000 10mg Mantose 3 9.76 9.76
60mg Sucrose 3 526.6667 40mg Sucrose 3 9.78 9.78
50mg Sucrose 3 533.3333 10mg D-Glucose 3 9.82 9.82
[40mg Sucrose 3 572.3333 40mg D-Glucose 3 10.96 10.96
50mg D-Glucose | 3 577.6667 60mg D-Glucose 3 13.03
30mg Sucrose 3 641.33 Sig. o70| 061 072 106
Sig. .105 141 .860 .090 1.000

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.

Trong lwong kho

Duncan

Nghiém thc

Subset for alpha = 0.05

1

7

8

.Khéng dudng

6.10mg Sucrose

9.50mg Sucrose

7.30mg Sucrose
8.40mg Sucrose

Sig.

15.60mg Mantose
14.50mg Mantose
11.10mg Mantose
1.10mg D-Glucose
12.30mg Mantose
13.40mg Mantose
2.30mg D-Glucose

3.40mg D-Glucose
10.60mg Sucrose

4.50mg D-Glucose

5.60mg D-Glucose

3.33333
4.33333
7.66667
9.00000

WWWWWWWwWwWwWwwwwwww

.155

7.66667
9.00000
15.00000
15.33333

.056

15.00000
15.33333
17.33333
18.33333

402

29.33333

1.000

41.56667
46.33333
47.83333

.105

46.33333
47.83333
51.93333

.147

47.83333
51.93333
55.33333

.054

51.93333
55.33333
56.00000
67.40000

.290 1.000

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.

1.8.

Ngec Linh in vitro

Duncan™®

MR2

Duncan™®

Subsetfor alpha = 0.05

Anh hwéng cia chitosan 18n sw ting sinh va tich liiy saponin ciia ré thir cdp sam

NT N 1

2

3 4

5 6

50CHN 3 | 16433333
100CHN k)
Doi chung 3
2008A k)
200CHN k)
150CHN k)
1508A 3
1008A k)
100YE k)
S0YE k)
180YE k)
200YE 2
508A 3

Sig. 1.000

26073333

1.000

39543333
39750000
41450000 | 41450000

43280000

238 232

57646667
53930000

139

67870000

1000

72430000

1.000

78583333

1.000

NT N

Subsetfor alpha =005

1 2 3

4

5

1] i 8 9

100CHN
Doi chung
1508A
100YE
200CHN
150YE
508A
SOYE
200YE
150CHN
2008A
1008A
SOCHN
Sig

84215000
86663333
14

3
3
3
3
3
3
3
3
2
3
3
3
3

14200000
14433333
17600000
20033333

778 1.000 1.000

23066667
24400000
24766667

060

24400000
24766667
25166667
26600000

32833333
36633333
38433333
46566667

1.000

193 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed
2. Uses Harmonic Mean Sample Size = 2.889.
b. The group sizes are unequal. The harmonic mean of the group sizes is used. Type | error [evels are not quaranteed.

Maans for groups in homogenaous subsets are displayed.

2. Uses Harmonic Mean Sample Size = 2.889.
b. The group sizes are unequal. Tha harmonic mean ofthe group Sizes is used. Type | error 1evals ars not guarantzed
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Trong lweng twoi (mg)
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Trong lrerng kha (mg)

Duncan®*

Subsetfor alpha = 0.05 Subsetfor alpha = 0.05
NT N 1 2 3 [ 5 § 7 8 3 - N 1 3 3 i 5 5 7 )
30084 3 | 67.3667 2005A 3| 67900
15084 3| 84233 1608A 1| at7e7
200YE 2 164.6000 200YE 2 153600
100CHN 3 1699333 100CHN 3 16,8467
1008A 3 2000333 1008A 3 19.5000
150CHN 3 2028667 160CHN 3 203167
150¥E 3 260.033 150YE 3 25.0287
S0GHN 3 718167 S0CHN 3 26.9267
0CHN 3 2903333 200CHN 3 29,5000
508A k] 4330687 Doi chung 3 41,8500
Doi chung 3 4569000 5054 3 436167
100¥E 3 4732000 100YE 3 47.2474
SOYE 3 5108333 | | S0YE 3 511137
sig 063 544 47 1.000 1.000 1.000 1.000 070 1,000 | | Sig 153 §10 588 055 1000 089 1.000 1.000

Means for groups in homogeneous subsets are displayed
2. Uses Harmenic Mean Sample $ize = 2.889.
b. The group sizes are unequal. The harmenic mean of the group Sizes is used, Type | error [evels are not guarantsed

1.

Duncan-=-®

Means for groups in homogengous subsets are displayed.
3 Uses Harmonic Mean Sample Size = 2 888

b

G-Rg1

The group sizes are unequal. The harmonic mean of the group sizes is used. Type | error levels are not
a

PR toan

Subsetfor alpha = 0.05

NT ™ 1

2

4

SOCHM 26000000
Doi chung
200CHMN
200SA
1008A
S0¥E
1508A
100YE
200%YE
S505A
150CHMN
100CHMN
150YE
Sig 1.000

WowwwNLWWWWWWwW

.36833333

33933333

395

43866667
45533333
50200000
S0266667

.0g1

.S0200000
S0266667
53400000
54200000

286

BY466667
E7S566667
1. 63200000
2.48233333
376 1.000 1.000

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 2.889.
b. The group sizes are unequal. The harmaonic mean of the group sizes is used. Type | errar levels are not guaranteed

9.

cdp sam Ngec Linh in vitro

Trong lweng twevi (mg)

Anh hwéng cia dich chiét ndm men 1én sw ting sinh va tich lily saponin cia ré thi

Trong lwgng khd (mg)

Duncan"® Duncanf
Subset for alpha = 0.05 Subsetforalpha = 0.05
NT M 1 2 3 4 5 NT M 1 2 3 4 5
200YE 2 | 154.6000 200YE 2 | 15.3600
150YE 3 250.0333 160YE 3 265.0287
Doi chung 3 456.9000 Doi chung 3 41.8500
100YE 3 473.3000 100YE 3 47.2474
SOYE 3 510.8333 S0YE 3 51.1137
Sig 1.000 1.000 1.000 1.000 1.000 Sig. 1.000 1.000 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed

a. Uses Harmonic Mean Sample Size = 2.727.

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 2.727.

b. The group sizes are unegual. The harmonic mean of the group sizes is used.

Type | error levels are not guaranteed.

h. The group sizes are unequal. The harmonic mean of the group sizes is
used. Type | error levels are not guaranteed

MR2 G-Rot
b G-RM Duncan®*®
Duncan ab Subset for alpha = 0.05
~ Duncan

Subsetfor alpha=0.06 NT N 1 3 3
NT N 1 3 3 s Subsetfor alpha=0.05 Dol ehung 3 | 33933333
Duichung 3 | 3954313 NT M ! 2 3 s0vE 3 50200000
100VE 3 £7670000 Dai chung 3 | 14433333 100YE 3 53400000
GOvE 3 '?2430000 100YE 3 20033333 200YE 2 .54200000

: 1R0YE 3 24400000 150YE 3 2.48233333
150YE 3 76583333 S0YE 3 251 EBEEET Sig, 1.000 512 1.000
200YE 2 84215000 200YE 2 25600000 Means for groups in homogeneous subsets are displayed.
Sig. 1.000 068 1.000 1.000 sig. 1.000 1000 235 a. Uses Harmonic Mean Sample Size = 2.727.

i b. The group sizes are unequal. The harmanic mean of the

Means for groups in homogeneous subsets are displayed Means for groups in homogeneous subsets are displayed gmuf, aies i nand ng | error levels are not

N

3. Uses Harmonic Mean Sample Size = 2.727

goc Linh in vitro

a UUses Harmonic Mean Sample Size = 2727

1.10. Anh hwéng cia salicylic acid 1&n sw ting sinh va tich liiy saponin ciia ré thi cdp sam

guaranteed



Trong lweng teei (mg)

Duncan'?

Subsetforalpha=0.05

NT N 1 2 3

2008A
1508A
1008A
508A

Doi chung
Sig. 098 1.000 1.000

67 3667
84.2333
2000333
433.0667

Lo L L W

456.8000
1.000

Means for groups in homogeneous subsets are displayed
2. Uses Harmonic Mean Sample Size = 3.000.
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Trong lweng khd (mg)

Duncan‘?

Subsetfor alpha= 005
NT N 1 2 3
2008A 3 6.7900
1508A 3 81767
1008A 3 18.8000
Doi chung 3 41.8500
508A 3 43.5167
Sig. 233 1.000 158

Means for groups in homogeneous subsets are
displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

M-R2

Duncan'®
Subsetforalpha=0.05

NT N 1 2 3
Doi chung 3| 38543333
2008A 3 | 39740000
1508A 3 57646667
1008A 3 59530000
508A 3 86663333
Sig JBE1 076 1.000

Means for groups in homogeneous subsets are displayad.
a. Uses Harmonic Mean Sample Size = 3.000.

G-Rb1 G-Ro1

Duncan-? Duncan‘®

Subsetfor alpha= 0.056 Subsetforalpha=0.05
NT N 1 2 3 4 5 NT N 1 2 3 4
Doi chung 3 | 14433333 Doi thung 3 | .33933333
1508A 3 ATE00000 2008A 3 4386666V
50SA 3 24766667 1008A 3 46633333
2008A k| 35633333 1508A 3 S0266EE7
1008A 3 .38433333 50SA 3 67466667
Sig. 1.000 1.000 1.000 1.000 1.000 sig. 1,000 130 1000 1000

Means for groups in homogeneous suhsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

Ngoc Linh in vitro

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.

1.11. Anh hwéng cia abscisc acid 18n sw ting sinh va tich liiy saponin ciia ré thir cdp sam

Trong long turod (ng) Trong lwong kha (mg) WR2
Duncan”® Duncan® Duncan®
Subsetfor alpha=0.05 Subset for alpha = 0.0 Subsetfor alpha = 0.0

NT N L 2 3 4 NT N 1 2 3 4 NT N 1 2 3 !
200ABA 3 | 76.3003 200BA 3] 78803 Doi chung 3 | 78643333

160ABA 3| 824733 150ABA 1| 89517 100ABA 3 96993333

100A2A 3 1071667 100ABA 3 105667 50ABA 3 106836667

50ABA 3 156.3333 50ABA 3 16 6667 20043A 3 163736667
Doich 3 456.9000

S'nlc " 232 1.000 1.000 oo | | 2NN ’ e I D ’ re

1. . .

g - 8ig. a0 1.000 1.000 1.000 Sig. 1.000 1.000 1.000 528
Weans for groups in homegenaous subsets are displayed Means for groups in homogeneous subsets are displayed M fi h hset displayed

= Uses Hamonic Hean Sample Size = 3,000 group g play 2ans for groups in homoganeous subsets are displayed.
2. Uses Harmonic Mean Sample Size = 3.000. 3. Uses Harmonic Mean Sample Size = 3.000
G-Rb1 G-Rg1
Duncan'® Duncan'®
Subsetfor alpha=0.05 Subsetfor alpha = 0.05

NT N 1 2 3 4 NT N 1 2 3 4

Doi chung 3| 14433333 Doi chung 3 | 33933333

50ABA 3 REEddT 50ABA 3 70300000

100ABA 3 20433333 J00ABA 3 73066667

150ABA 3 .21800000 100ABA 3 1.23433333

200ABA 3 27EEEEET 150ABA 3 1.50566667

Sig. 1.000 134 1.000 1.000 | | sig. 1.000 289 1.000 1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmaonic Mean Sample Size = 3.000.

sam Ngec Linh in vitro

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.

1.12. Anh hwéng cia jasmonic acid |1én sw ting sinh va tich liiy saponin ciia ré thir cdp

Trong lvong twei (mg) Trong lwrong khd (mg) G-Rb1

Duncan® Duncan? Duncan‘®

Subset for alphz = 0.05 Subsetfor alpha = 0.0 Subsetfor alpha=0.05
NT N 1 2 3 4 NT N 1 2 3 4 T N 1 2 3 4
200JA 3 | 755567 200JA 3| 75900 200JA 3 | 40120600
160JA 3 &1.5567 150JA 3 9.5000 160JA 3 59166400
100JA 3 125 5567 100JA k| 12,7567 100JA 3 71824800
50JA 3 166.2433 G0JA k| 16.0800 S0JA 3 54897300
Sig. 1.000 1.000 1.000 1000 || ¢ 100 | tooo | 1o0o 1000 | | s 1.000 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.

Means for groups in homogeneous subsets are displayed
2. Uses Harmonic Mean Sample Size = 3.000
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M-R2 G-Rg1

Duncan® Duncan®
Subset for alpha=0.05 Subsetfor alpha=0.04

NT i 1 2 3 4 NT N 1 2 3 4
100JA 3 1130160600 200JA 3 | 1.87508667
50JA 3 1.85463200 50JA 3 222656333
150JA 3 246352200 150JA 3 252438667
200JA 3 2 82644600 100JA 3 321942333
8ig. 1.000 1.000 1.000 1,000 Sig. 1.000 1.000 1.000 1.000
Means for groups in homogeneous subsets are displayed. Means for groups in homogeneous subsets are displayed.

3. Uses Harmonic Mean Sample Size = 3.000. 8. Uses Harmonic Mean Sample Size = 3.000.

1.13. Anh hwéng cia thoi diém bé sung elicitor 1&n suw ting sinh va tich liiy saponin ciia ré
thiz cap sam Ngec Linh in vitro

RG1 KLT
Duncan®® Duncan'®?

Subset for alpha = 0.05 Subsetfor alpha= 0.05
NT N 1 2 3 4 ] MNT il 1 2 3
10.000 4 | 7.61500 10.000 4 | 208.25000
30.000 4 9.36846 .000 5 | 254 40000
20.000 5 17.69618 20.000 5 373.40000
40.000 4 2215712 40.000 4 374.75000
000 5 24.06200 30.000 4 £§56.50000
Sig. 1000 | 1.000 1.000 1.000 1000 | LB'2 262 873 1.000

Means far groups in homogeneous suhsets are displayed.

Means for groups in homogeneous subsets are displayed. ) i
a. Uses Harmonic Mean Sample Size = 4.348.

3. Uses Harmonic Mean Sample Size = 4.348. . .
hb. The group sizes are unequal. The harmonic mean of

b. The group sizes are unequal. The harmonic mean of the group sizes is the group sizes is used. Type | error levels are not
used. Type | error levels are not guaranteed. guaranteed.
KLK RB1
Duncan-2P Duncan'*"
Subsetfor alpha=0.05 Subsetforalpha=0.05
NT I 1 2 3 NT N 1 2 3 4 5
10.000 4 20.00000 000 5 | 236.60000
-000 5 | 2a.40000 40.000 4 301.32488
40.000 4 29.50000 10.000 4 327 25559
20.000 5 33.20000 20,000 ' 405 03386
30.000 4 64.00000 20.000 5 567.50321
Sig. 064 15 1.000 )
Means for groups in homogeneous subsets are Sig. 1000 1.000 1.000 1.000 1000
displayed. Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 4 348, a. Uses Harmonic Mean Sample Size = 4,348,
MR2
Dunean-3:P
Subsetfor alpha = 0.08
MNT M 1 2 3 4 5
30.000 4 | 18695730
20.000 5 431.47597
40.000 4 502.80045
.0oa L] ¥85.81000
10.000 4 882 69635
Sig. 1.000 1.000 1.000 1.000 1.000

Means for groups in homogeneous suhsets are displayed.
a. Uses Harmonic Mean Sample Size = 4,348,

b. The group sizes are unegual. The harmanic mean ofthe group sizes is used.
Type | error levels are not guaranteed.
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3. Két qua sic ky 16p méng dinh tinh cic saponin duéi tic dgng don 1é cua cac elicitor
trong nudi cay RTC sam Ngoc Linh

K#ét qua phén tich HPLC dinh lugng cac saponin duéi tac dong don 1é ciia cac elicitor trong nudi cdy RTC sam Ngoc Linh
Mau 0: Poi chirng

mV

10007 DetA Chi
750
500
250 2
] g
4 w
M
0 ]
[ e Bt I I ——— L
10 15 20 25 30 35 40 45 50 55
min
Mau 1: Anh hwéng caa 50 mg/L chitosan
mV
1000 Det A CH
750-]
500-]
] @
- 2
250 NI
] g g
] ¥ =
0 —_—YtY———7 77—
10 15 20 25 30 35 40 45 50 55
min

M4u 2: Anh hwéng caa 100 mg/L chitosan
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Det.A Ch1

M4u 3: Anh hwéng ciia 150 mg/L chitosan
™V 4000

Det.A Ch1

M4u 4: Anh huéng ciia 200 mg/L chitosan
™V 1000

Det.ACh1

M4&u 5: Anh hwéng caa 50 mg/L dich chiét nAm men
™V 4000

Det.A Ch1

M4u 6: Anh hwdng cia 100 mg/L dich chiét nAm men



159

Det A Ch1

Mau 7: Anh hwéng cia 150 mg/L dich chiét nAm men

mV 4000

Det.A Ch1

M4u 08: Anh hwéng ciia 200 mg/L dich chiét nam men
mV

10007 DetA Chi
750
500 %
: @
] &
~
250 - =
- =3
| >
0 —— . ————— ———
10 15 20 25 30 35 50 55
min
M4&u 9: Anh hwéng caa 50 mg/L abscicic acid
mVy
10007 Det A Chi
750;

M4u 10: Anh hwéng cia 100 mg/L abscicic acid
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mV
1000 DetA Chi

750+

500

16.641
49 .541

250+

20.517

0 T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T ‘ T T T T ‘ T T T T
10 15 20 25 30 35 40 45 50 55
min
M4u 11: Anh hwéng cia 150 mg/L abscicic acid

MV 4000

Det.ACh1

750+

500+

15.579
47.089

250+

8.392

Y
10 15 20 2 30 35 40 45 50 55

min
M4u 12: Anh hwéng cia 200 mg/L abscicic acid

™ 4000

Det A Cht

750
500~

250

10 15 20 25 30 35 40 45 50 55
min



161

M4u 13: Anh hwéng caa 50 mg/L salicylic acid
mVy
1000 DetA Chi

15.675
47.373

18.639

min
M4&u 14: Anh hwéng caa 100 mg/L salicylic acid
1000, DetA Chi

L
15.628

9.505

n
)]
?
9.866

10 15 0 25 30 35 0 45 50 55
min

M4u 15: Anh hwéng caa 150 mg/L salicylic acid

mV

1000 DetA Chi

16.582

48.098

0.607

M4u 16: Anh hwéng cia 200 mg/L salicylic acid
™V 1000
DetA Ch1




M4u 17: Anh hwéng cia 50 mg/L jasmonic acid

162

nALl
s00471 90NN, m (1.00)

PBAABIS13085 (%

10 20

30 40 min

J190NMn m (1.00)

Rb:

o 10 20

M4&u 19: Anh hwéng cia 150 mg/L jasmonic acid

30 40 min

AL
9005190n'n1 B (1.00)

800

o 10 20

M4u 20: Anh hwéng cia 200 mg/L jasmonic acid
AL

30 40 min

190N 4 (1.00)

Rb:
o

125.864/12606004

30 40 min
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4. Két qua sic ky 16p méng dinh tinh cic saponin duwdi
ly trong nud6i cay RTC sam Ngoc Linh

Séc ky dé mau khdo sat cho cac vét cé gia tri Re v mau sdc fwong dong véi vét ciia cac chudn M-R2, G-Rb1, G-Rgl

tac dong két hop va thai gian xir

n- butanol : acid acetic: nwéc (7:1:2)

CoNOORLNE

Mau 01: 25 mg/L YE+25 pg/L SA
Mau 02: 25 mg/L YE+50 pg/L SA
Mau 03: 25 mg/L YE+100 pg/L SA
Mau 04: 25 mg/L YE+150 pg/L SA
Mau 05: 25 mg/L YE+200 pg/L SA
Mau 06: 50 mg/L YE+25 pg/L SA
M3u07: 50 mg/L YE+50 pg/L SA
Mau 08: 50 mg/L YE+100 ug/L SA
M2u09: 50 mg/L YE+150 pg/L SA

10 MAu10: 50 mg/L YE+200ug/L SA
11. Mgu 11: 100 mg/L YE+25 pg/L SA
12. Maul2: 100 mg/L YE+50 pg/L SA

13.
14.

16.
17.
18.
19.
20.
21.
22.

Mau13:
Maul4:
Mau15:
Mau16:
MAaul7:
Mau18:
M3u19: 15
M3u20: 15
Sam chuén

10
10
10
15
15
15

Chuén M-R2
. Chuan G-Rb1
. Chuan G-Rgl

0 mg/L YE+100 pg/L SA
0 mg/L YE+150 pg/L SA
0 mg/L YE+200 pg/L SA
0 mg/L YE+25 pg/L SA

0 mg/L YE+50 pg/L SA

0 mg/L YE+100 pg/L SA
0 mg/L YE+150 pg/L SA
0 mg/L YE+200 pg/L SA

~No o~ WwWwN -

. Mau 21: 200 mg/L YE+25 pg/L SA

. Mau 22: 200 mg/L YE+50 pg/L SA

. Mau 23: 200 mg/L YE+100 pg/L SA

. MAu 24: 200 mg/L YE+150 pg/L SA

. Mau 25: 200 mg/L YE+200 pg/L SA

. MAu 26: Thém 150 mg/L YE sau 10 ngay nudi ciy
. S4m chuén

8. Chuan M-R2
9. Chuan G-Rbl
10.Chuan G-Rg1

11.MAu 27: Thém 150 mg/L YE sau 20 ngay nuoi cay
12.M3u 28: Thém 150 mg/L YE sau 30 ngay nudi Cay
13.Mau 29: Thém 150 mg/L YE sau 40 ngay nudi Cay
14.MAu 30: Thém 150 mg/L YE giai doan dau nudi ciy
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5. Kﬁ’t qua dinh lwong cac saponin dwéi tic dong két hop va thai gian xir ly trong nudi
cay RTC sam Ngoc Linh
SAC KY PO MAU SAM

mAU
4203nm,4nm (1.00)

I
min

1190nm,4nm (1.00)

[
a
Q
o

[

454

/456283

a
o]
o]
L
kﬁ%l«%ﬁ

‘280 = 275 = 300 325 380 375  min
MAU 3

mAU

4190nm,4nm (1.00) g
T o0

] ' ' ' ' ] ' ' ' ' ] ' ' ' ' ] ' ' ' ' ] ' ' ' ' ] ' ' ' i
25.0 27.5 30.0 32.5 35.0 37.5 min

mAU
4190nm,4nm (1.00)

20|.OI o I22|.5I o I25|.OI S I27|.5I o 3OIO o 32|5 S I35|.OI o I37|.5I o I4OI.OImiIn
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mAU
2000 190Nnm,4nm (1.00) 4

25.0 27.5 30.0 32.5 35.0 37.5 min
MAU 6
mAU
2000 190Nnm,4nm (1.00)

0_
T
22.5 25.0 27.5 30.0 32.5 35.0 37.5 40.0 42.5 min
MAU 7
mAU
4190nm,4nm (1.00) N
1250

MAU 8

mAU

190Nnm,4nm (1.00)

1750

mAU
1000 190Nnm,4nm (1.00)
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MAU 10

mAU

4190nm,4nm (1.00)
2000

MAU 11

mAU
2000 190nm,4nm (1.00)

T T T T T
20.0 25.0 30.0 35.0 40.0 min
MAU 12

mAU
4190nm,4nm (1.00)
2000

MAU 13

mAU
1190Nnm,4nm (1.00)

20004

U
1190Nnm,4nm (1.00)
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MAU 15

mAU
2500-{190nm,4nm (1.00)

225 = 280 = 275 300 325 3850 375  40.0 min

190nm,4nm (1.00)

790

I25|.OI o I3C|).OI o I35|.OI o I4d.0l o I45|.OI o Imin

MAU 17
mAU
4190Nnm,4nm (1.00)
1500
10004
5004
o4
"200 = 280 30 = "3s0 " ad0o  min
MAU 18
mAU

J1190nm,4nm (1.00)

20.0 25.0 30.0 35.0 40.0 min



168

MAU 19
mAU
4190nm,4nm (1.00)
2000
15004
10004
5004
0]
] 1 ] 1 ] 1 1 '
15.0 20.0 25.0 30.0 35.0 40.0 min
MAU 20
mAU
1500__ 190nm,4nm (1.00)
-500-]
A ' 1 ' 1 ' 1 ] ] 1 ' 1 ' 1
25.0 27.5 30.0 32.5 35.0 37.5 40.0 min
MAU 21
mAU
1190nm,4nm (1.00) e
2000
15004
10004
500
0
_SOOI""I""I'"'I""I'"'I""I""I'_
10.0 15.0 20.0 25.0 30.0 35.0 40.0 min
MAU 22
mAU
1190nm,4nm (1.00)
20.0 25.0 30.0 35.0 40.0 min
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mAU
2500-1190nm,4nm (1.00)

. 450 500 550 min
MAU 24

mAU
190nm4nm (1.00)

2250

/1936798

20004

400  450min

mAU
20004 190nm,4nm (100) g
T 0,

‘225 280 = 275 300 = 325 380 375  40.0 min

MAU 26
mAU
] 190nm,4nm (1.00)
2000
1500—-
1000—-
500—-

- - 1 _ - - - - 1 - r -_T_ - - - _I1_ r - 1T _°* T
15.0 20.0 25.0 30.0 35.0 40.0 min
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MAU 27

mAU
203nm,4nm (1.00)

3000

25|.O I I I I 30|.O I I I I 35;.0 I I I I 4OI.O I I I I rlnin

mAU
190nm,4nm (1.00)

200 = 280 30 30 400 min

mAU
190nm,4nm (1.00)

S B e e e e L e e e e e B L B S e e e e e e e e L |
22.5 25.0 27.5 30.0 32.5 35.0 37.5 min

mAU
4190Nnm4nm (1.00)
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