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TOM TAT

Trong nghién ciru nay, r& bit dinh sam Ngoc Linh (c6 ngudn gbc tir nudi cdy miu la in vitro trén moi
truong thach c6 bd sung 5 mg/l IBA) va ré to chuyén gen (dwoc hinh thanh bang cach lay nhifm miu mé seo in
vitro voi vi khudn Agrobacterium rhizogenes chung ATCC 15834) duoc st dung dé danh gia kha ning sinh
truéng va tich lily saponin. Két qua cho thiy, trong thoi gian dau nudi cdy (2 thang) toc do tang sinh cua 1é to
sam Ngoc Linh thép hon 80 vdire bét dinh. Tuy nhién, & «cac khoang thoi gian nudi céy tiép theo, toc o tang
sinh cua & to lai cao hon ré bit dinh. Sau 5 thang nudi cdy, ty 1¢ ting sinh ciia ré to 1a 20,87 lan va r& to vin
con tiép tuc sinh trudng; trong khi ty 18 ting sinh cua ré bat dinh 1a 13,52 1an va hau nhu d nglmg ting sinh tir
sau thang thu 3. Két qua phan tich ham lugng saponin cho thiy, ham lwong saponin téng thu dugc trén toan bo
chét khé (thu dugce tir nu01 cdy 10 mg khéi lwong tuoi sau 5 thang) cua ré to (0,1010 mg) cao hon & bit dinh
(0,0681 mg). Ngoai ra, 1é to sinh truong & moi _truong khong bd sung chat didu hoa sinh truong thyc vat. Vi
vay, 1 to 1a ngudn vat lidu thich hop cho nudi cdy sinh khéi ré sim Ngoc Linh trong cac hé thong bioreactor.

Tir khod: Ré bdt dinh, ré to, salicylic acid, sim Ngoc Linh, tich luy saponin

GIOI THIEU

Sam Ngoc Linh 1a cay dugc liéu quy c6 chta
day du cac tac dung dugc 1y cia chi nhin sim. Tuy
nhién, loai cdy nay chi dic hitu ¢ ving sinh thai nhét
dinh, ngoai ra thoi gian sinh trudng cua cay cham,
can toi 6 ndm méi c6 thé bt dau thu hoach va 7 - 10
niam méi thu duge ct sam chit lwong tét. Trong khi
do, viéc khai thac btra bai va khong cé phuong phap
quan 1y hiéu qua da din dén ngudn sam ty nhién tré
nén khan hiém va dugc xép vao danh sach loai c6
nguy co tuyét ching. Trong nhiu nim gan day,
nhan gidng vo tinh va trdng cdy sim Ngoc Linh da
dat dugc nhing thanh tyu dang ké, gop phan bao ton
ngudn duge ligu quy h1em nay, nhung van khong du
dap tng nhu cau cung cép nguyén liéu cho cac nganh
dugc liéu, my pham,... Vi vay, viéc ung dung cong
nghé té bao thyc vat trong nudi chy sinh khoi _sam
Ngoc Linh 1a rt can thiét. Trong do6, ré to va ré bét
dinh 1a hai ngudn vat liéu thuong dugc st dung trong
cac hé thong nudi cdy 16n nhu bioreactor dé thu nhan
sinh khdi trong thoi gian ngén.

RE bt dinh la nhing r& dugc hinh thanh tr
nhiéu vung khac nhau trén co thé thyc vat nhu than,
canh, 1a... Su hinh thanh ré bat dinh dugc diéu hoa

boi nhidu yéu t6 moi trudng va cac yéu td ndi sinh
(Sorin et al., 2005). Auxin va ethylen dugc xem la
chat kich thich hinh thanh r& trong khi cytokinin va
gibberellin thi ngugc lai (Pop ef al., 2011). O cay
sam Ngoc Linh, ré b4t dinh duoc cam ung hinh
thanh bang cach nudi cdy cac miu co quan khac
nhau nhu 14, cuéng la hodac cu sam Ngoc Linh trén
mdi truong c6 bd sung IBA (Trinh Thi Huong er al.,
2012). Sau do, chung dugc nhan nhanh bang cach
cdy chuyén lién tuc trén méi truong thach hodc moi
truong long lic dé thu nhan nguén vat liéu cho nuoi
chy trong cac bioreactor. Trong qua trinh nhan
nhanh, r& bit dinh tiép tuc kéo dai va phan nhéanh.
Céc ré phan nhanh nay goi 1a ré thir cép (Tran Hiéu
et al., 2014). Trong khi d6, ré to 1a mot hoi ching
bénh ly ¢ thuc vat, dugc gay ra boi qua trinh lay
nhlem gita vi khuan Agrobacterium rhizogenes v6i
mo té bao thyc vat bi ton thuong. Hién nay, nudi chy
& to c6 ngudn gbe tir vi khuan A. rhizogenes da
dugc nghién ctu rong rai dé san xuét in vitro cac
chat chuyén hoa thir cip ¢ thuc vét, voi ham lugng
chét chuyén hoa thir cip thu dugc twong tu (Caspeta
et al., 2005) hodc cao hon (Ahn ef al., 1996) ham
luong chét chuyén hoa thi cép ¢6 mat trong 1é cay
hoang dai hoic trong cdy trong. Su 6 on dinh di truyen
clia 1é to dap ung duge cho san xudt on dinh cac chit
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chuyén héa thir cAp ctia chung. Ngoai ra, 1& to con co
ru diém 1a c6 kha ning phan nhanh manh va sinh
truong trong diéu kién khong can bd sung chit didu
hoa sinh truong thue vat. Vi vy, ddy c6 thé xem nhu
la mot nguon vt liu day hta hen dé nudi cay sinh
khéi thu nhan céc hop chit thir cdp. Tuy nhién, cho
t6i nay van chua co nghién ctru ndo & sam Ngoc
Linh chi ra ring nén sir dung r& to hay r& bat dinh
lam ngudn vat liéu dé nudi cdy thu nhan sinh khéi.
Vi vdy, nghién ciru nay thuc hién nhim muc dich so
sanh kha nang sinh truéng va tich luj hoat chat
saponin giita ré bat dinh va ré to ctia sim Ngoc Linh,
tir d6 lya chon ngudn vat liéu thich hgp cho nuéi ciy
thu nhan sinh khéi ré ¢ cay sam Ngoc Linh.

VAT LIEU VA PHUONG PHAP
Vit liéu

Nguén vat ligu thuc vat dugc sir dung trong
nghién ctru nay 1a ré bit dinh (Hinh 2A,) va ré to
chuyén gen sam Ngoc Linh (Hinh 2B,).

R bit dinh sdm Ngoc Linh dugce hinh thanh tur

nudi cdy mau 14 in vitro ¢ kich thude 1 x 1 cm trén
moi truong SH (Schenk, Hildebrandt, 1972) + 5 mg/1

Trinh Thi Huong ef al.

IBA + 30 g/l sucrose + 8 g/l agar, pH = 5,8 (Trinh
Thi Huong et al., 2012).

RE to chuyén gen (& to) dugc hinh thanh bing
c4ch 1ay nhiém miu mé seo in vitro véi vi khuin A.
rhizogenes ching ATCC 15834. Mat d6 vi khuan 1a
OD = 0,5; thoi gian lay nhiém 13 20 phut va thoi gian
dong nudi cdy 1a 2 ngay. Sau d6, cic miu cdy dugc
chuyén qua moi truong chon loc ¢6 chira 300 mg/l
khang sinh cefotaxime dé chon loc duge mot dong ré
to c6 kha ning sinh truéng nhanh va 6n dinh nhét
(Nguyén Hong Hoang et al., 2014).

B& tri thi nghiém
Ddnh gid suw sinh trwéng ciia ré to va ré bit dinh

RE bat dinh dwoc nhan nhanh trén trén moi
truong SH + 5 mg/l IBA + 30 g/l sucrose + 8 g/l
agar, pH = 5,8 (Trinh Thi Huong et al., 2012). Ré to
dugc nhan nhanh trén moéi truong truong SH + 50 g/l
sucrose + 8 g/l agar, pH = 5,8 (Nguyén Hong Hoang
etal.,2014).

Cac mau ré duge nudi cay trong chai thuy tinh
thé tich 250 ml. Mdi chai cdy 3 mau, mdi mau co
khéi lwong khoang 10 mg. Chi tiéu theo ddi 1a toc do
tang sinh ciia mot mau cdy thu dugc sau cac khoang
thoi gian nudi cdy khac nhau.

Khdi lugng tuoi miu ciy thu dugc (mg)

Téc d6 tang sinh (lan) =

Khdi lugng twoi mau cdy ban dau (mg)

Ddnh gid khd néng tich liiy saponin ciia ré to va ré

bit dinh

RE to va r& bit dinh sau 5 thang nuéi ciy o thi
nghiém trén dugc thu nhan va siy kho dén khdi luong
khéng dbi. Sau do, tién hanh dinh tinh va dinh lugng ham
luong cac saponin chinh ¢6 trong 1 g chét kho va ham
luong saponin tong sb trén toan bo chat khé thu duoc tir
nudi cdy 10 mg khdi lugng toi ctia mau ré ban dau.

Céc miu ré duge nudi cdy trong chai thuy tinh
thé tich 250 ml. Mdi chai cdy 3 miu, mdi mau co
khéi lugng khoang 10 mg. Chi tiéu theo dai 1a ty
1€ % céc saponin chinh (MRZ, Rb;, Rg)) thu dugc;
ty 1€ % saponm tong/1 g chit khé va ham lugng
saponin tong sb thu duoc trén toan bo chit kho thu
dugc tir nudi cdy 10 mg khdi lwong twoi miu ré
ban dau.

Ty 1& % saponin tong = Ty 1¢ % MR, + Rb, + Rg, (A)

Khdi lugng khé ctia ré thu dugc (mg) x A

Ham lugng saponin tong sb (mg) =

X4c dinh ham lwgng saponin

Ham lugng saponin trong ré duogc dinh tinh va
dinh luong bang k¥ thuat sic ky 16p mong va sic ky
long hiéu nang cao (HPLC) theo phuong phap cua
Bui Van Thé Vinh & Tran Cong Luén (2011).
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Piéu kién thi nghi¢m
Tat ca moi truong duge hip khir tring bang
autoclave ¢ 121°C, 1 atm trong 30 phut.

Céc thi nghiém nuéi cdy ré dugc dit & nhiét do
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phong 22 + 2°C, d6 4m 55 - 60% va nudi cay trong
diéu kién tdi.
Phuwong phap xir 1y thong ké

Mbi thi nghiém duoc 1ap lai 3 lan. S6 lidu dugc
xir 1y va phén tich bang phan mém SPSS 16.0 theo
phép thir Duncan (Duncan, 1995) véi a = 0,05.

Técd tang sinh cua ré (13n)

KET QUA VA THAO LUAN

So sdnh khd néng sinh triwéng ciia vé to va ré bét dinh

Sau 5 thang nuéi cdy, ching t6i ghi nhan dugc
su khac biét vé kha niang nhan nhanh cuia ré to va ré
bat dinh (Hinh 1).

20,78

e=m==RE bt dinh

10,10 a———RE o

Thai gian nuai cy (thang)

Hinh 1. Téc do sinh trwdng cla ré to va ré bat dinh sau cac khoang thoi gian nudi cdy khac nhau.

RE bét dinh sinh truong nhanh & giai doan dau
nudi cdy. Sau hai thang nuéi cdy toc do ting sinh
dat dugc 1a 11,87 lan. Tir thang thir ba dén thang
thu tu, tbe do ting sinh cua ré bat dinh chim, va
sau d6 nita thi khong nhan thay cé su sinh truong
tiép tuc cua ré bat dinh (Hinh 1). Quan sat vé mat
hinh thai cho thdy, sau 1 - 2 thang nudi cdy, ré bat
dinh c6 mau vang nhat, ré kéo dai va phan nhanh
nhiéu tao thanh cac ré thir cap c¢6 mau tring (Hinh
2A;). Sau 3 - 4 thang nudi céy, ré bat dinh tiép tuc
kéo dai va phan nhanh, tuy nhién véi tbc do cham
hon gian doan du; dong thoi ré nudi cdy c6 mau
vang dam, & phan gbc di c6 hién tuong chuyén
sang mau nau nhat, didu nay cho thiy da bt dau co
su suy giam vé kha ning sinh truong cia ré. Tir sau
thang thtr tu tré di, hiu nhu ré bat dinh nudi cdy
khong kéo dai va phan nhanh; ré c6 mau vang dam
va hoa nau nhiéu (Hinh 2A,). Nhu vay, trong nudi
ciy nhan nhanh r& bit dinh thi ré sinh truéong kha
nhanh ¢ giai doan va sau d¢ thi chdm dan cho dén
khi ngung sinh truong va chét di néu khong dugc
cdy chuyén sang méi truong méi. Didu nay cé the
dugc giai thich 1a do ¢ giai doan dau nuoi cay (1 -
thang) trong moéi truong nudi cay van con auxin,
nén ré sinh trudng nhanh do dé tdc do tang sinh dat
dugc cao va ré phan nhanh tao r& thir cap nhidu.
Céc thoi gian nudi cdy tiép theo, do ré da sir dung
hét lvgng auxin ngoai sinh trong moi truong nudi
cdy, thém vao d6 1a ndng do dinh dudng ciing giam

dan theo thoi gian nudi cay, nén r& khong tiép tuc
sinh truong va chét dan néu khong duoc cay
chuyen qua moi trudng mdi. Ngoai ra, cling c6 thé
gia thiét rang, chu trinh sinh truong cua ré bat dinh
ngdn, do d6 can phai dugc cdy chuyén thuong
xuyén. Nhu vay, dya vao tbe d¢ tang sinh cia 1 bat
dinh ¢ hinh 1, sy sinh truéng cia ré bét dinh sdm
Ngoc Linh ¢6 thé chia thanh 3 giai doan nhu sau:
(1) trong 1 thang dau tién miu thich nghi v4i moi
truong nudi cdy; (2) sau d6 c6 sy ting sinh nhanh
chong cua ré tir thang 1 - 2 va (3) téc do sinh
truong cua r& giam dan cho t6i khi ngimg hin va
chét di. Két qua thu dugc & nghién ctru nay ciing
phi hop vé&i nghién ctru cia Tran Hiéu et al,
(2014) khi danh gia kha ning ting sinh cta ré bt
dinh va r& thtr cap sim Ngoc Linh trong mot s hé
thng nudi cay khac nhau.

Dbi voi qua trinh nudi cdy nhan nhanh & to,
két qua thu dugc cho thdy, ré to cam tUng sinh
truong chdm & giai doan dau nudi cdy va sinh
truong nhanh ¢ giai doan sau 3 thang nudi cdy. Sau
2 thang nudi cdy, toc do tang sinh cua ré to chi dat
5,24 1an, trong khi r& bat dinh dat duoc 11,87 lan &
cung thoi diém. Sau 3 thang nudi cdy, téc d¢ ting
sinh cua ré to dat duoc 1a 10,1 1an, gén béng véi toe
d6 tang sinh ctia ré bat dinh ¢ thoi diém 2 thang
nudi cdy. O cac khoang thoi gian nudi ciy sau do,
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ré to tiép tuc sinh truong voi tdc do nhanh hon,
trong d6 ré to phat trién nhanh nhat & giai doan 4
thang nudi cdy (tc d¢ ting sinh dat 18,45 lan); sau
5 thang nudi cdy toc d¢ ting sinh dat 1én dén 20,78
lan (Hinh 1). Quan sat vé mit hinh thai r& to cho
thiy, ré to kéo dai va phan nhdnh manh ¢ khoang
thoi gian tir 2 - 4 thang nudi cdy, r& c6 mau vang
nhat, cac ré nhanh méi hinh thanh thi c6 mau tréng
(Hinh 2B3, Bs, B). O cac khoang thoi gian nudi cdy

Trinh Thi Huong ef al.

tiép theo, ré tiép tuc phan nhanh va kéo dai, tuy
nhién & phan gbc ré ciing bat dau chuyén sang mau
vang dam va bat ddu c6 sy hoa nau (Hinh 2By, B,).
Nhu vay, su sinh trudng cia ré to ¢6 thé chia thanh
céc giai doan: (1) trong 2 thang dau ré thich nghi
voi moi truong; (2) sau do co6 sy sinh trudng nhanh
chong cua & tir thang thir 2 dén thang thi 4; (3) ré
tiép tuc sinh truéng nhung véi téc d6 cham hon &
céc thang nudi céy tiép theo.

Hinh 2. Sy sinh trwéng cla ré to va ré bat dinh sam Ngoc Linh. A: ré bat dinh; B: r& to' ¢cd ngudn gbc md seo lay nhiém vi
khuén A. rhizogenes; Ai, Bs: ngudn vat liéu ban dau; A, B,: mAu cdy Iuc 0 thang; As, Bs: mau céy sau 2 thang; As, Bs: mau
cly sau 5 thang; Bs: hinh thai ré to sau 2 thang; Be: hinh thai ré to sau 4 thang; Bs: hinh thai ré to sau 5 thang, mii tén mau
dd chi vi tri gbc ré chuyén sang mau nau; Bg: ré to ding lam vat liéu d& nudi cay trong hé théng bioreactor.

Nhu vay, ¢ thoi gian dau cta qua trinh nhan
nhanh ré, tdc d6 ting sinh cia ré to cham hon so véi
1& bat dinh; nhung ¢ giai doan sau thi toc do ting
sinh r& to nhanh hon so vé6i r& bat dinh va thoi gian
sinh truong cta ré to kéo dai hon so véi ré bat dinh.
Nguyén nhan c6 thé 1 do ban chét vé ngudn gdc cia
hai loai 1& 1a khac nhau. O 1@ to ¢6 chtra cac gen ma
hoa sinh tong hop auxin va cic gen rol (Britton,
Escobar, 2008), trong khi & r& bat dinh thi hoan toan
khong c6 chire nang nay. Vi vdy trong qua trinh nhan
nhanh, r& bit dinh dugc nudi cay trén moi trudng cod
bd sung auxin ngoai sinh (5 mg/l IBA). Cling chinh
vi dugc cung cép auxin ngoai sinh, nén thoi gian aé
1& bt dinh thich nghi v6i méi truong nuéi cdy nhanh,
thoi gian sinh trudng ciing nhanh va ngén. Trong khi
0, 1& to 1a & c6 chira gen tu tong hop auxin va c6 kha
nang sinh truong va phan nhanh trén moi truong
khong b sung chét d1eu hoa sinh truong, nén trong
qua trinh nhan nhanh, r& to dugc nudi ciy trén moi
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treong khong bd sung auxin ngoai sinh, day ciing ¢6
thé chinh 1a nguyén nhan giai thich vi sao & giai doan
dAu nudi cdy clia qua trinh nhan nhanh, 1 to ting sinh
chim hon so véi ré bt dinh vi can thoi gian dé tu cam
ting sinh tong hop auxin va kich hoat cic gen lién
quan dén sy hinh thanh 1&; & cac giai doan nudi cay
tiép theo thi r& to sinh truong nhanh, trong khi tc do
sinh truong ciia r& bat dinh giam dan cho t6i khi
ngimg sinh truong & cac khoang thoi gian nudi ciy
sau d6 do da str dung hét ngudn auxin ngoai sinh.

Khd ndng tich luy saponin ciia ré to va ré bt dinh

Két qua phan tich ham luong ba loai saponin
chinh (MR,, Rb;, Rg))/1 g 1é kho bang phuong phap
sdc ky long hiéu nang cao cho thdy, kha ning tich
luy saponin cua 1é to va ré bt dinh duoc thu nhin
vao thoi diém sau 5 thang nudi cdy gan nhu 1 twong
dwong nhau (ham lugng saponin tong/1 g chit kho
cia ré to khoang 0,4859%, ré& bit dinh khoang
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0,5034%). Tuy nhién, ty 16 v& ham lugng saponin
ting thanh phﬁn lai c6 sy khac biét nhau gitta hai
loai ré. Sy khéac biét nhau nay s& dan dén sy khac
nhau vé hoat tinh dugc ly ctia hai loai ré. Ham lugng
ginsenoside MR, (ginsenoside chinh quyét dinh hoat
tinh dugc 1y chu yéu ctia sim Ngoc Linh) ¢ ré to thu
dugc cao nhat va cao hon so véi ré bat dinh 3,03 lan.
Trong khi d6, & ré bét dinh ham lugng cua hai loai
ginsenoside con lai (Rb; va Rg;) lai cao hon so voi
ré to, trong d6 dat cao nhit 1a Rb,.

Vi toc do tang sinh ctia ré to sau 5 thdng nudi
céy thu dugc cao hon ré bét dinh nén ching t6i cling
tinh toan ham luong sapomn tong sd cua toan bo
chat khé thu dugc. Két qua cho thdy, sau 5 thing
nudi cdy, tir 10 mg mau ré nuoi cdy ban diu s& thu
nhan duge 20,78 g kho ré to va 13,52 g kho ré bét
dinh tuong ung VO‘l ham lugng saponin tong s6/toan
bo chét kho cua ré to 1a 0,101 mg va ré bét dinh 1a
0,0681 mg (Bang 1).

Bang 1. Kha nang tich Illy cac saponin chinh cla ré to va ré bt dinh.

Chi tiéu theo doi Ré to Ré bat dinh
MR/ 1 mg chét khd (%) 0,4633 0,1530
Rb,/ 1 mg chét khd (%) 0,0063 0,3018
Rg:/ 1 mg chét khd (%) 0,0163 0,0486
Saponin tdng / 1 mg chét kho (%) 0,4859 0,5034
Téng khéi lwong khd clia mau (g) 20,780 13,520
Saponin téng s6 (mg) 0,1010 0,0681

Nhu vay, ty 1& % saponin tong trén 1 g chit kho
cua hai loai ré 1a twong ty nhau, tuy nhién khi tinh
toan ham lugng saponin téng sé thu duoc trén toan
b chit kho, thi ham luong saponin tong so cua 1é to
cao hon so véi ré bét dinh. Thém vao do, ré to dugc
nudi cdy trén moéi truong khong bd sung chat didu
hoa sinh truéng thuc vat, nén khong dan téi nhiing lo
ngai vé ton du cua nhiing chit diéu hoa sinh truong
trong sinh khdi r& thu dugce, vi vy déy la nguon vt
liéu thich hgp cho nudi cdy sinh khéi r& & cac quy
mb bioreactor c¢6 thé tich 16n.

KET LUAN

O giai doan d4u cta qué trinh nudi ciy (2 thang
dAu), r& to phat trién cham hon r& bit dinh; nhung & cac
thoi gian nuéi cdy tiép theo ré to lai phat trién nhanh va
manh hon nhiéu so v6i & bét dinh. Sau 5 thang nuéi
céy, ty 1é tang sinh cua ré to dat duoc 1a 20,78 lan, 18
bét dinh 14 13,52 1an, va ham luong saponin téng s6 cua
toan bo chét kho thu duoc twong tng 6 18 to 13 0,101
mg, 1é bét dinh 1a 0,0681 mg. Trong d6, ham luong
ginsenoside chinh quyét dinh hoat tinh dugc 1y chu yéu
clia sim Ngoc Linh (MR;) & 1é to thu dugc cao hon ré
bat dinh 3,03 lan. Ngoai ra, r& to sinh truéng & moi
truong khong b sung chat diéu hoa sinh truong thyuc
vat. Vi vdy, ré to 1a ngudn nguyén liéu thich hop dé
nudi cdy sinh khdi ré sim & cac hé thong bioreactor.

Loi cam on: Cdc tdc gid xin chdn thanh cam on Bo
Nong nghiép va phat trién nong thon da ho tro kinh
phi cho dé tai nghién ciru nay.
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ACCUMULATION IN HAIRY AND
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Trinh Thi Huong', Pham Bich Ngoc?, Chu Hoang Ha’, Duong Tan Nhut"*
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SUMMARY

In this study, adventitious and hairy roots of Vietnamese ginseng were used to assess the ability of growth
and saponin accumulation. Adventitious roots were derived from leaf samples in vitro (1.0 x 1.0 cm of size)

cultured on SH medium supplemented with 5.0 mgl' IBA, 30 gl

sucrose, 8 gl agar, pH 5.8, and

subcultured on the same medium for multiplication. Hairy roots were derived from callus infected with
Agrobacterium rhizogenes strain ATCC 15834, then these roots were cultured on plant growth regulators-free

SH medium supplemented with 50 g.I"

sucrose, 8 g.l‘1 agar, pH 5.8. During the early culture of two months,

the results showed that the growth rate of hairy roots was lower than that of adventitious roots. However, in the
later period of culture, the growth rate of hairy roots was higher than that of adventitious roots. After 5 months
of culture, the growth rate of hairy roots was 20.87 times and they kept growing as well as branching, while the
growth rate of adventitious roots was only 13.52 times and they did not grow further after three months of
culture. Analytical results showed that the total saponins of total dry matter of hairy roots (0.101 mg) were
higher than that of adventitious roots (0.0681 mg). The main ginsenoside of hairy roots (MR,) was also higher
than that of adventitious roots 3.03 fold. In addition, the hairy roots grew on plant growth regulators-free
medium while adventitious roots grew on medium supplemented with auxin. Therefore, hairy roots proved to
be suitable source material for Vietnamese ginseng root biomass production in the bioreactor systems.

Keywords: Adventitious roots, hairy roots, salicylic acid, saponin accumulation, Vietnamese ginseng
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