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Ki hiéu, viét tit Tiéng Anh Nghia tiéng Viét
AS Acetosyringone
BAP Benzylaminopurine
bp base pairs Cap bazo nito
CCM Co-cultivation medium Moi trudong dong nudi cy
cDNA Complementary DNA bb sung
CHI Chalcone isomerase
C4H Cinnamate 4-hydroxylase
CHS Chalcone synthase
4CL 4-Coumarate CoA ligase
CcS Cong sy
CTAB Cetyltrimethyl ~ ammonium
bromide
DFR Dihydroxyflavonol 4-
reductase
DNA Deoxyribonucleic acid
dNTP Deoxynucleoside
triphosphate
FAP Fatty-acid-binding proteins
F3H Flavanone-3-hydroxylase
ELISA Enzyme-linked Xét nghiém ELISA
immunosorbentassay
FLS Flavonol synthase
FNS 11 Flavone synthase 11
GA; Gibberellic acid Axit gibberellic
GM Germination medium Méi truong nay mam
GmCHI Glycine max chalcone Gen GmCHI phan lap tu

iIsomerase cay dau tuong
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IAA Idole acetic acid Axit idole acetic

IBA Idolbutylic acid Axit idolbutylic

IFS Isoflavone synthase

ITS Internal transcribed spacers

Kb Kilo base

kDa Kilo Dalton

LB Luria Bertani Moi truong dinh dudng co

ban nuoi cay vi khuan

LDOX Leucoanthocyanidin
oxygenase
L-Tyr L-tyrosine Axit amin L-tyrosine
MRNA Messenger ribonucleic acid RNA thong tin
MS Murashige va Skoog, 1962 Moi truong dinh dudng co
ban nudi céy mo thuc vat
NAA Naphthaleneacetic acid Axit naphthaleneacetic
oD Optical density Mat d6 quang
Ori Origin Diém khai dau sao chép
PAL Phenylalanine ammonia-
lyase
PCR Polymerase chain reaction Phan g chudi polymerase
Ri-plasmid Root inducing- plasmid
RM Rooting medium Moi truong tao ré
RNA Ribonucleic acid Axit ribonucleic
Rol Root locus Gen rol
rpm Revolutions per minute S6 vong/ phut
scFv Single-chain variable
fragment
SDS Sodium dodecyl sulfate

SEM Shoot elongation medium MBoi truong kéo dai chdi
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SIM

Taq DNA

polymerase

T-DNA

T0, T1
T0

T1
TL-DNA
TR-DNA
uv

Vir

vvm

WT
X-gal

ZT

Vi

Tiéng Anh

Shoot induction medium
Thermus aquaticus DNA
polymerase

Transfer DNA

Transfer left -DNA

Transfer right -DNA

Ultraviolet
Virus interferon resistance

Volume volume minute

Wild type
5-bromo-4-chloro-3-indolyl-
S-D-galacto-pyranoside
Zeatin

Nghia tiéng Viét

Moi truong cam g tao choi

bPoan DNA duoc chuyén
vao thuc vat

Céc thé hé cay chuyén gen
Cay chuyén gen tai sinh tir
choi trong 6ng nghiém

Hat cta cdy chuyén gen TO
nay mam thanh cay T1
Vung bién trdi doan DNA
duoc chuyén vao thuc vat
Vung bién phai doan DNA
duoc chuyén vao thuc vat
Tia cuc tim

Gen vir

Thé tich khi/thé tich chat
long/ phut

Cay khong chuyén gen
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DAI HOC THAI NGUYEN
TRUONG PAI HQC Y DUQC

THONG TIN KET QUA NGHIEN CUU
1. Thong tin chung
- Tén dé tai: “Nghién ctru tao dong ré to va biéu hién gen lién quan dén tong
hop flavonoid & cdy Thé nhan sim (Talinum paniculatum Gaertn.)”
- M s6: DPH2017-TN05-04
- Chui nhiém dé tai: TS. Vii Thi Nhu Trang
- T6 chirc chu tri: Truong Pai hoc Y Dugc — Dai hoc Thai Nguyén
- Thoi gian thyc hién: Tir thang 01 nam 2017 dén thang 12 nam 2018
2. Muc tiéu
Xay dung duogc hé thong tai sinh da chdi in vitro va tao duoc dong ré to nham
tdng sinh khdi phuc vu khai thac mdt sb6 duoc chat tir cay Tho nhan sam; Chiét rat
va so sanh dugc ham lugng flavonoid tir dong ré to véi ré cAdy Tho nhan sam trong
tu nhién cung thoi diém; Biéu hién dugc gen chalcone isomerase (GmCHI) va tao
dugce dong cdy Thé nhan sim chuyén gen c6 ham lugng flavonoid cao hon cay doi
chirg khong chuyén gen.
3. Tinh md¢i va sang tao
Két qua nghién ctru trong dé tai 1a co sé tng dung k¥ thuat tao dong ré to va
chuyén gen vao viéc nang cao ham luong cac hop cht ¢ hoat tinh sinh hoc & cdy
Tho nhéan sam va mot sb loai cdy duoc liéu khac. Cac dong ré to va dong cay Tho
nhan sam chuyén gen lam vat lidu cho chon gidng Thd nhan sim c6 ham lugng
flavonoid cao.
4. Két qua nghién ctru
4.1. L4 mam 13 vat liéu nhan gen thich hop trong k¥ thudt chuyén gen & cdy Thod
nhan sam. Moi truong MS co ban + 50 ml/l nudc dura + 1,5 mg/l BAP 1a thich hop
cho su phat sinh va sinh trudng chdi tir nach 14 mam.
Lan dau tién biéu hién thanh cong gen GMCHI ¢6 ngudn gbc tir cay dau twong

& cay Thd nhan sam. T 730 mau bién nap tao dugc 28 cay chuyén gen GmCHI
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trong diéu kién nha ludi. Protein tai to hop GmCHI d3 dugc biéu hién & hai dong
Tho nhan sdm chuyén gen T1-2.2 va T1-10 & thé hé T1 voi ham luong lan luot 1a
6,14 ug/mg va 4,29 pg/mg. Hai dong Thé nhan sam chuyén gen T1-2.2 va T1-10 c6
ham luong flavonoid tong sé ting 7.4 1an va 4.8 1an so véi cdy dbi ching khong
chuyén gen.

4.2. Mb 14 1a vat liéu thich hop cho cam tng tao ré to & cdy Tho nhan sim. Lay
nhiém mo 14 boi A. rhizogenes véi ODggg = 0,6; ndong do AS 100 umol/l; thoi gian
nhiém khuan 10 phut; thoi gian dong nudi cay 2 ngay; nong do cefotaxime 500 mg/l
1a nhirng diéu kién thich hop cho cam tng tao ré to & cy Tho nhan sim va 5/7 dong
ré to dd duoc tao ra. Moi truong MS & trang thai 1ong khong bd sung chat diéu hoa
sinh truéng, nudi trong diéu kién lac 1a thich hop cho su ting truéng ré to & cay Tho
nhan sam. DONg ré to chuyén gen sd 8 ¢6 ham lugng flavonoid cao nhat (2,34 mg/g)
tang 520 % so v6i ré bat dinh ctia cdy Tho nhan sam.

5. San pham

5.1. San pham khoa hoc

- Sb bai bao ding trén Tap chi qudc té trong hé thdng 1SI (SCI-E; SCImago:
Q2): 01 bai

1. Thi Nhu Trang Vu, Thi Hong Trang Le, Phu Hiep Hoang, Danh Thuong
Sy, Thi Thu Thuy Vu, Hoang Mau Chu (2018), “Overexpression of the Glycine max
chalcone isomerase (GmCHI) gene in transgenic Talinum paniculatum plants”, Turk
J Bot, 42, pp. 551 — 558 (SCI-E; SCImago: Q2).

- S bai bao ding trén Tap chi qudc gia: 04 bai

1. Vii Thi Nhu Trang, HO Manh Tuong, Lé Van Son, Nguyén Thi Tam, Chu
Hoang Mau (2018), “Piac diém hinh thai cdy Tho nhan sam (Talinum paniculatum)
va trinh tu nucleotide viung ITS, gen rpoC1 va rpoB”, Tap chi Cong nghé Sinh hoc,
16(3), tr. 451- 458.

2. Vii Thi Nhu Trang, Chu Hoang Mau (2018), “Str dung ma vach matK dé
nhan dién mau Tho nhan sam (Talinum paniculatum) thu tai mot s6 dia phuong phia
bac Viét Nam”, Tap chi Khoa hoc va Céng nghé PH Thdi Nguyén, 184(08), tr. 101-
106.
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3. Vii Thi Nhu Trang, Chu Hoang Mau (2017), < Nghién ctru tao ré to & ciy
Thé nhan sam Viét Nam (Talinum paniculatum Gaertn.)”, Tap chi Khoa hoc Pai
hoc Quéc gia Ha Noi, 33, tr. 233 - 241,

4. Vii Thi Nhu Trang, Nguyén Thi Tam, Chu Hoang Mau (2017), “Phat trién
hé thong tai sinh in vitro phuc vu chuyén gen ¢ cdy Thd nhan sam (Talinum
paniculatum Gaertn.)”, Tap chi Khoa hoc va Cong nghé DH Thai Nguyén, 161(01),
tr. 73-79.

5.2. San pham dao tao

- La mot phan s6 lidu cua dé tai NCS:

Vii Thi Nhu Trang, (2019), “Nghién citu biéu hién gen GmCHI lién quan dén
tong hop flavonoid va cam ing tao ré to ¢ cdy Thé nhdn sim (Talinum
paniculatum)”, Luan an Tién si Sinh hoc, Truong Pai hoc Su Pham, Pai hoc Thai
Nguyén.

6. Phwong thirc chuyén giao, dia chi ing dung, tic dong va loi ich mang lai ciia
két qua nghién ciru

- Pé tai ¢6 thé duoc sir dung lam tai li¢u tham khao trong hoc tap, giang day
phan sinh hoc.

- San pham ctia dé tai dugc sir dung 1am co sé tng dung nang cao ham luong
flavonoid trong cay Thé nhan sim bang k§ thudt chuyén gen phuc vu cho y dugc

hoc.
Ngay 20 thang 9 nam 2019

Té chirc chii tri Chii nhiém dé tai

(ky, ho va tén, déng ddu) (ky, ho va tén)

Vil Thi Nhu Trang
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INFORMATION ON RESEARCH RESULTS

1. General information

Project title: “THE STUDY ON THE INDUCTION OF HAIRY ROOT AND
THE EXPRESSION OF GmCHI GENE INVOLVED IN FLAVONOID SYNTHESIS
IN TALINUM PANICULATUM”.

Code number: DH2016 - TNOS - 04

Coordinator: Ms. Vu Thi Nhu Trang

Implementing institution: Thai Nguyen University of Medicine and
pharmacine

Duration: from 01-2017 to 12- 2018
2. Objective (s)

Establish an in vitro multi-shoot regeneration system and create hairy roots
line to increase biomass for the extraction of some pharmaceuticals from Talinum
paniculatum. Extract and compare the flavonoid content from the hairy roots line
with the wild-type plants roots grown naturally at the same time. Overexpressed
chalcone isomerase (CHI) in the T. paniculatum and created transgenic T.
paniculatum lines with higher flavonoid content than the wild-type plants.

3. Creativeness and innovativeness

The research results of the dissertation will be the basis for applying the
technique of creating hairy roots and transgenic plants to improve the
pharmaceutical content in T. paniculatum and some other medicinal plants. The
hairy roots and the transgenic T. paniculatum lines provide materials for selecting T.
paniculatum varieties with high flavonoid content.
4. Research results
4.1. The cotyledonary and the lateral shoot bud explants are suitable material to
create multiple shoots in T. paniculatum. The MS medium supplemented with 50
ml/l coconut water + 1,5 mg/l BAP is the suitable for shoot emergence and growth
from axillary cotyledons. The MS medium supplemented with 50 ml/l coconut

water + 2.0 mg/l BAP is the suitable for shoot emergence and growth from the
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lateral shoot bud explants.

The cotyledons are suitable materials to create multiple shoot for gene transfer
in T. paniculatum plants. From a total of 730 samples, 28 GmCHI transgenic plants
were survived in the greenhouse. Recombinant CHI protein was expressed
successfully in two transgenic T. paniculatum lines of T1-2.2 and T1-10 in the T1
generation with contents of 6.14 pg/mg and 4.29 pug/mg, respectively.

Two transgenic T. paniculatum lines of T1-2.2 and T1-10, that contain 4.24
mg/g and 2.74 mg/g of flavonoid, respectively, which reflect increases of 7.4-fold
and 4.8-fold, respectively, compared to that in wild-type plants.

4.2. Leaf tissue is a suitable material for transforming and inducing hairy roots in T.

paniculatum. Density of bacteria corresponding to ODggo value=0.6; concentration

AS 100 pmol/l; Infection time of 10 minutes; 2 days of co-culture; cefotaxime

concentrations of 500 mg/I are suitable conditions for inducing hairy roots from leaf

tissue. In state of the liquid MS medium without growth regulator, shaking culture
conditions are suitable for hairy roots growth in T. paniculatum. The transgenic

hairy roots line 8 had the highest flavonoid content (2.34 mg/g), an increase of 520

% compared to the indeterminate root of the T. paniculatum.

5. Products

5.1. Science

1. Thi Nhu Trang Vu, Thi Hong Trang Le, Phu Hiep Hoang, Danh Thuong Sy, Thi
Thu Thuy Vu, Hoang Mau Chu (2018), “Overexpression of the Glycine max
chalcone isomerase (GmCHI) gene in transgenic Talinum paniculatum plants”,
Turk J Bot, 42, pp. 551 - 558.

2. Thi Nhu Trang Vu, Manh Tuong Ho, Van Son Le, Thi Tam Nguyen, Hoang Mau
Chu (2018), “Morphological characteristics of Talinum paniculatum, and
nucleotide sequences of ITS region, rpoCl and rpoB genes, Journal of
Biotechnology, 16(3), pp. 451- 458.

3. Vu Thi Nhu Trang, Chu Hoang Mau (2018), “Use of matKk DNA barcode for
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MO DAU
1. Dit vin dé

Thé nhan sam (Talinum paniculatum) 14 loai cdy than thao duoc biét dén voi
gia tri duoc liéu cao. Cac nghién ciru vé thanh phan hoa hoc ctia cAy Thé nhan sdm
cho thiy, trong 14 va r& c6 rat nhiéu cac hop chit c6 hoat tinh sinh hoc khac nhau
nhu: alkaloid, flavonoid, saponin, tannin, phytosterol, phytol; trong d6 cac phytol
chiém ty 1€ cao (69,32 %). Tu lau, Thd nhan sam di duoc st dung trong y hoc )
truyén, dac biét 1a trong diéu tri bénh tiéu duong type 2, viém da, r6i loan tiéu hoa,
yéu sinh 1y va rdi loan sinh san. Galactogue trong 14 c¢6 tac dung chdng viém, kich
thich tang tiét sita & phu nit cho con bu va c6 kha ning chira bénh viém loét. RE cia
cdy Thd nhan sam duoc sir dung dé thuc ddy kha ning sinh san va chita cic bénh
phu khoa nhu bt thuong trong chu ky kinh nguyét. Steroid saponin trong ré cdy
Tho nhan sam c6 tac dung phong va chira bénh xo v& dong mach, dong thoi con 1a
nguyén liéu dé tong hop nén hormone sinh duyc.

Flavonoid 1a mot hgp chat co vai trd quan trong ddi véi con ngudi nhu ¢ tac
dung chéng oxy hoa, bao vé gan, khang khuan, chong viém, chéng ung thu... Tuy
nhién, chua thdy nghién ctru vé thu nhan flavonoid ¢ cdy Tho nhan sdm vi ham
luong flavonoid & cac loai thude chi Talinum, trong d6 co cdy Tho nhin sam rat
thap. Van dé dat ra 1 1am thé nao dé nang cao ham luong flavonoid & cac loai thudc
chi Talinum néi chung va cay Thé nhan sam (T. paniculatum) néi riéng dé co thé six
dung trong chim soc strc khoe cong dong.

Cho dén nay, da c6 mot sb cach tiép can chu yéu duoc ap dung ddi véi cay
duoc liéu dé 1am ting ham luong flavonoid. D6 1a st dung phuong phap chon loc tir
quan thé hoic lai hitu tinh hay dot bién thuc nghiém, tir 6 chon loc cac dong cay c6
ham luong flavonoid cao. Tuy nhién, di véi cdy Tho nhan sdm chua thdy cong bd
nao vé tmg dung phuong phap nay dé nang cao ham lugng flavonoid; nhung viéc
mg dung coéng nghé sinh hoc thyc vat nhu chuyén gen va nudi cdy mé té bao thuc
vat & cay dugc liéu da dugc quan tdm va mang lai hi€u qua cao trong thu nhan cac

hop chét c6 hoat tinh sinh hoc, trong do6 cé flavonoid.
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O thuc vat, flavonoid dugc tong hop qua duong phenylpropanoid, chuyén
phenylalanine thanh 4-coumaroyl-CoA va sau d6 4-coumaroyl-CoA s¢ di vao qua
trinh tong hop flavonoid. Co rat nhidu cic enzyme tham gia vao con duong tong
hop flavonoid nhu phenylalanine ammonia-lyase, cinnamate 4-hydroxylase, 4-
Coumarate CoA ligase, chalcone synthase, chalcone isomerase... Trong do,
chalcone isomerase (CHI) 1a enzyme chia khoa trong qué trinh sinh tong hop
flavonoid bang viéc xdc tac cho phan tir naringenin chalcone mach hd dugce dong
vong dé hinh thanh cac naringenin. Sau d6, hop chat nay s& dugc chuyén hoa thanh
nhiéu loai flavonoid chinh nhu flavanone, flavonol va anthocyanin. Do vay, biéu
hién manh gen ma hoa enzyme CHI s€ lam tang hoat do cuia enzyme chia khoa CHI
va ham luong cic loai flavonoid trong cay chuyén gen s& dugc cai thién.

Ngoai ra, Th nhan sam 13 loai cay c6 ré cu, nhiéu hop chat thi cap duogc tap
trung & 1é, trong d6 co6 flavonoid. Do vdy, dé ting thu nhan flavonoid ¢ cdy Tho
nhan sam, cach tiép can tng dung k¥ thuat nudi cAdy mé té bao thuc vat bang
phuong phép cam Gng tao ré to nham ting sinh khdi ciing dugc quan tim nghién
ctru. Khi moé thyc vat (14, doan than, 14 mam...) bj ldy nhiém Agrobacterium
rhizogenes thi T-DNA trong céu trac Ri-plasmid mang c&c gen rol va cac gen ma
hoéa sinh tong hop auxin loai IAA s& dugc chuyén vao mé thuc vat. Su biéu hién
ddng thoi ciia cac gen rol va cac gen tong hop auxin s& tao nén kiéu hinh ré to & mo
té bao thyc vat dugc l1ay nhiém A. rhizogenes.

Xuat phat tir nhitng co s trén chung toi di chon va tién hanh dé tai: “Nghién
ciru tao dong ré to va biéu hién gen lién quan dén tong hop flavonoid & cAy Thé

nhan sam (Talinum paniculatum Gaertn.)”.

2. Muc tiéu dé tai

(i) Xay dung duoc hé thdng tai sinh da chdi in vitro & cdy Tho nhan sam.

(ii) Tao dugc dong ré to c6 ham luong flavonoid cao hon ré cay Thd nhan sam
trong tu nhién cung thoi diém.

(iii) Biéu hién duoc gen chalcone isomerase (CHI) va tao dugc dong cdy Tho nhan

sam chuyén gen c6 ham lugng flavonoid cao hon cdy doi chirng khong chuyén gen.



3. N¢i dung nghién ctru

(i) Nghién citu tai sinh da chdi in vitro & cAy Thé nhin sam

- Nghién ctru anh huong cia diéu kién khir tring, cac chat kich thich sinh truéng
dén sy tai sinh da choi, ra r& in vitro va gia thé thich hop dwa cdy ra méi truong tu
nhién.

(i) Tao dong ré to in vitro va so sanh ham lwgng flavonoid & cac dong ré to véi
ré cAy Thoé nhan sim trong tw nhién

- Nghién ctru cam tng tao dong ré to tir cdy Tho nhin saim nho vi khuan
Agrobacterium rhizogenes;

- Nghién ctru chiét rut flavonoid tir cic dong ré to va ré cia cAy Tho nhan sim trong
tu nhién;

- So sanh ham luong flavonoid cua cac dong 1& to so voi ré ciia cdy Tho nhan sim
trong tu nhién.

(iii) Nghién ciru chuyén gen GmCHI va tao dong cAy Tho nhan sim chuyén gen
- Nghién ctru chuyén cau trac mang gen GMCHI vao cdy Tho nhan sam thong qua
nach 14 mam va tao cac dong cdy Tho nhan sdm chuyén gen. Phan tich sy hop nhét
va sy biéu hién cua gen chuyén GmCHI & cdy Tho nhan sim chuyén gen;

- Phan tich, so sanh ham lugng flavonoid tong s6 trong cac dong cdy Tho nhan sam

chuyén gen va cay khong chuyén gen.



Chwong 1. TONG QUAN TAI LIEU

1.1. CAY THO NHAN SAM
1.1.1. Phén loai va dic diém sinh hoc ciia cAy Thé nhan sim

Theo P& Tat Loi (2004), cdy Tho nhan sam (T. paniculatum) thudc chi
Talinum, ho Rau sam (Portulacaceae), bo Cam chuéng (Caryophyllales), phan 16p
Cam chuéng (Caryophyllidae), 16p hai 14 mam (Magnoliopsida) [3]. Thé nhan
sam la loai cay cé moc héng nam, than mau xanh, moc thrfmg, c6 thé cao téi 0,6 m,
phia dudi chia canh. La moc so le, hinh trimg ngugc, hodc hinh thia, phién 14 day,
hoi thdm, hai mat déu bong, dau 14 nhon hoic tu, phia cuéng hep lai, cuéng rat
ngén, 14 dai 5-7 cm, rong 2,5-3,5 cm. Vao mua ha ¢ dau canh xuat hién cum hoa
hinh chum nhiéu hoa nho, duong kinh 6 mm, 5 canh hoa mau tim nhat, hon 10 nhi
dai 2 mm. Bau hoa hinh cau. Qua nhd, khi chin ¢6 mau xam tro, duong kinh udc
3mm. Hat rit nho, mau den nhanh hoi det, trén mit hoi ¢6 van ndi. Mua ra hoa
vao thang 6-7-8, muia qua vao thang 9-10-11. R& ci hinh tru mang nhiéu ré con, bé
ngoai mau nau den. Luc mdi duoc thu hoach, bén trong cti mau trang, phoi kho s&
chuyén thanh mau den, hinh dang ct gan giéng voi ca Nhan saim. Cdy Tho nhin
saim moc hoang va duoc trong nhiéu noi trong nudc ta vi nhiéu ngudi nham 1 cay
Nhén sam. Tuy nhién, giita cdy Tho nhan sdm va cdy Nhan sdm khac nhau vé hinh
thai cling nhu vé ho thuc vat. O mot sb tinh cua Trung Qudc nhu Triét Giang,
Giang To, An Huy..., cdy Tho nhan sim ciing moc hoang va duoc trong lam canh,
nguoi ta goi cdy nay voi nhitng tén Cao ly sdm, Tho cao ly sdm... va ciing dung
n6 lam thudc bo thay sam [3]. Cdy moc rat khoe, c6 thé trong bang hat hoic bang
mdt mau than ré. Cay phat trién nhanh, sau mot nam c6 thé thu hoach, dé 1au nam
than ré s& to hon. Thong thudng, dan dia phwong trong dé 1dy 14 nau canh [1], [3].
1.1.2. Thanh phén héa hoc cAy Tho nhan sim

Cay Tho nhan sam chira rat nhidu cac thanh phan hop chét co hoat tinh sinh hoc
dugc quan tAm sir dung. Trong 1a c6 galactogue, tannin [94] va 12 thanh phan hop
chat: (1) hiodrocarbon hentriacontane; (2) dotriacontane; (3) tritriacontane; (4)
pentatriacontane; (5) heneicosanoic acid; (6) ester nonacosyl nonacosanoate; (7)
urea; (8) 3-O-B-Dglucosyl-B-sitosterol; (9) B-sitosterol; (10) stigmasterol; (11)


http://vi.wikipedia.org/wiki/H%E1%BB%8D_La_b%E1%BB%91_ma

5

pentaciclyc triterpene 3-O-acethyl-aleuritolic acid; (12) kali nitrat [24]. Ngoai ra, theo
Catthareeya va cs (2013) trong 14 cay c6 4 loai phytosterol do la: B-sitosterol (10,6
%), stigmastanol (2,76 %), stigmasterol (0,85 %) va campesterol (0,8 %) va cac hop
chat khac nhu phytol (69,32 %), a-tocopherol (0,99 %), acid béo (0,43-3,41 %) [10].

Theo Manuhara va cs (2012), ré ciia cdy Tho nhan sim giau cac hop chét saponin
steroid va c6 thé dugc sir dung v6i nhiéu muc dich khac nhau trong y hoc [57]. Céc chiét
xuat tir ré cia Thd nhan sim c6 thé cai thién kha nang sinh san cda chudt co luong
testosterone thap tot hon nhiéu so v&i chiét xuat tir r& Nhan sam Han Qudc. Céc
phan tich vé thanh phan héa hoc chinh trong ré& ctia cidy Thé nhan sdm twong tu véi
Nhan sdm Trung Quédc va Han Quéc, do ¢6 Thod nhin sim di duge sir dung thay thé
cho Nhan sam [94]. Phan tich GC/MS cua dich chiét xuét tir ré cho thdy su xuat
hién cua 5 phytosterol do la p-sitosterol (17,37 %), stigmasterol (4,23 %),
stigmastan-3-ol (4,10 %), stigmast-22-en-3-ol (1,84 %) va campesterol (1,56 %); co
12 hop chat 13 acid béo (0,50 % -11,32 %) va 2 hop chat khong rd tén da xac dinh
duoc ham luong. Ngoai ra, trong 14 va ré con cd cac hop chat nhu: alkaloid
(berberine, coptisine, piperine, palmatine, tetrahydropalmatine), flavonoid (chrysin,
quercetin, rutin, kaempferol, cyadinin, genistein, diadzien), saponin (ginsenoside,
vinaginsenoside-R5 va vinaginsenoside-R6), tannin (totarol, ellagitannin,
gallotamine, gallic acid, hexahydroxydiphenic acid [10]. Hién nay, chua c6 cong
trinh nghién ctru cong bd ham lugng flavonoid trong cdy Tho nhan sam. Tuy nhién,
& loai Talinum triangulare (Talinum fruticosum) cung chi Talinum véi ciy Thd
nhan sam di duoc xac dinh c6 ham lugng flavonoid rat thap (khoang 0,897 mg/g 14
tuoi) [8].
1.1.3. Nghién ciru dinh danh cAy Tho nhan sim

Tho nhan sam 13 loai ca thao duoc moc tu nhién khép noi trén thé gio1, nhu
Thai Lan, Nigeria, Mexico, Trung Qudc... [10], [23], [66]. O Viét Nam, Tho nhan
sim vira moc ty nhién, vira 1a cay tréng dé lam thudc. Cay gip nhiéu & cac tinh nhu
Ha Giang, Tuyén Quang, Thai Nguyén, Quang Ninh, Hoa Binh, Bic Giang, Lang
Son, Cao B?lng...[3]. Trudc day, dé xac dinh duoc loai thao duoc dang su dung la

cy Tho nhan sdm thi chu yéu dua vao phuong phap hinh thai so sanh. Phuong phap
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phan loai nay dua vao sy khéc biét vé hinh thai cta cac co quan trong co thé thuc
vat, dic biét 1a co quan sinh san [66], dua vao dic diém cua phan hoa [67] hay dua
vao cau tric cta hoa [85]... dé nhan dién cac loai trong chi Talinum. Tuy nhién,
phuong phap nay gip rat nhiéu kho khin khi can xac dinh nhimg miu Thd nhan
sam dang trong giai doan phat trién (chua ra hoa), hodc kho nhan biét duoc mau vat
do ¢6 nhiéu diém twong ddng vai loai cung chi (T. triangulare) [82], hodc mau vat
da duoc ché bién mot phén hay ¢ dang bot [40]. Tt gilra nhitng nam 1990, vai sy
phat trién manh mé cua sinh hoc phan tir, phan loai hoc phan tir 1a phuong phap méi
dang duogc Ung dung rong rai va hi€u qua trong linh vuc phan loai hoc. Phuong
phap nay dung dé dinh danh loai dya trén cac dir liéu thong tin vé hé gen nhan hodc
ngoai nhan hay céc san pham cia chung, cho mirc dd chinh xéac cao va dic biét hitu
dung voi cac loai gan giii ma nhitng quan sat hinh thai, sinh truéng va phat trién
chua du co s& dé dinh danh hodc phan biét loai [47].

Viéc lya chon cac gen hodc cac doan DNA dé dinh danh loai phu thudc vao
muc dich hodc dbi twong nghién ctru va la nhitng ving DNA bao thu, it bi dot bién
[31]. Can ctr vao muc do dot bién co thé xac dinh duoc mdi quan hé gén hay xa
giita cac ddi tuong nghién ctru. Mot chi thi DNA 1y tuéng dung dé dinh danh loai
can co6 nhirng yéu cau sau: (i) Poan DNA chi thi phai du d6 bién thién dé phan biét
giita cac loai nhung ciing phai khong khac nhau qua mirc gitra cac ca thé trong clng
loai; (ii) Hé thong dinh danh bang DNA phai dugc chuan hoa, véi cing mot ving
DNA c¢6 thé dugc st dung cho cac nhom phan loai khac nhau; (iii) Poan DNA chi
thi can chita du thong tin phat sinh loai dé c6 thé dé dang dinh danh loai vao céc
nhém phan loai (chi, ho,...); (iv) C6 kha nang ap dung vodi cac mau vat tho, voi vi
tri cap mdi nhan gen c6 d6 bao thu cao, d& dang thuc hién phan tmg khuéch dai va
doc trinh tw DNA, diéu nay dic biét quan trong khi DNA tach chiét tir miu phan
tich 1a mot hon hop DNA cua nhiéu loai can nhan dang trong cung mdt thoi diém;
(v) Poan DNA chi thi cin c6 chiéu dai vira phai (400-800 bp) dé co thé duoc
khuéch dai tir DNA khudn 1a cac DNA bi dut giy [41]. Theo do, mot sé ma vach
DNA da dugc nghién ctru va ung dung trong viéc nhan dang cay dugc liéu nhu ITS,

matK, rpoC1, rpoB... ITS 1a trinh tw khong ma hoa nim & hai bén cua trinh twy ma
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hoa ribosome 5,8S bao gdm c6 ITS1, ITS2 [90]. Bé danh gia duoc da dang di truyén
trong cac giéng laa mach va gitta cac giéng lua mach véi loai lta mach hoang dai
Sharma va cs (2002) da str dung trinh tu vung ITS [76]. Rowena va cs (2012) da
phan biét dugc cac loai trong cung mot chi va 96 % céac gidng trong cung loai tir 78
loai khac nhau nho viéc st dung ma vach ITS [72]. Trong sé cac gen luc
lap, matK 1a mét trong nhitng gen tién hod nhanh nhét, c6 kich thudc khoang 1550
bp va mi hoéa cho maturase lién quan dén qua trinh loai bo céc intron sau phién ma.
Do matK tién hoa nhanh va c6 mit hau hét trong thyc vat nén da dugc s dung nhu
mot chi thi trong nghién ciru mdi quan hé gitra céc loai va phat sinh loai ¢ thuc vat.
D3 c6 rat nhicu cong trinh nghién ctu stir dung gen matK dé dinh danh mot sé loai
nhu Co bién [29], Bach tat 18 (Tribulus terrestris), Aerva javanica, Haplophyllum
robustum, Tribulus pentandrus, Tamarix aucherana... [21]. Gen rpoB, rpoCl1 méa
hoa hai trong 4 tiéu don vi cia RNA polymerase luc lap. Khi nghién ctru ho
Dipterocarpaceae, Tsumura va cs (1996) dd nhan thiy gen rpoB Ia thich hop dé
nghién ctru phat sinh loai. Hién nay, gen rpoB dugc str dung nhiéu trong nghién ciru
phat sinh loai va x4c dinh cac loai vi khuén, ddc biét nghién ctru cac ching c6 quan
hé gan giii. Cing v6i gen 16S rRNA, rpoB dugc sir dung trong nhiéu nghién ctru dé
xéc dinh loai vi khuan méi, do vay gen nay duoc dé xuat 1a chi thi barcode doc lap
hodc két hop voi mot sé gen khac [87]. Madesis va cs (2012) khi nghién ciru phan
loai 25 giéng cay ho Pau & Pia Trung Hai bang viéc sir dung gen rpoC1 va mot so
gen khac d3 c6 nhan xét rang, khi str dung két qua phan tich gen rpoC1 c6 kha ning
xéc dinh duoc 72 % trong téng sb giong cay ho Pau nghién ctru [55].

Trén thé gidi, dd c6 mot sé cong trinh nghién ctru st dung ma vach DNA dé
dinh danh miu Tho nhan sdm. Chen va cs (2010) da so sanh hiéu qua sir dung 7 ma
vach DNA (psbA-trnH, matK, rbcL, rpoC1, ycf5, ITS2 va ITS) dé nhan dién mot sd
loai cay duoc liéu, trong d6 c6 cdy Thd nhan sam. Két qua cho thiy, ving 1TS2 ¢6
thé sir dung nhu mot ma vach DNA chuén véi ty 18 thanh cong 1a 92,7 % [12]. Liu
va cs (2018) di cong bd két qua giai trinh tir toan bo hé gen luc lap cia cdy Thd
nhan sam véi kich thude 1a 156929 bp, trong d6 co gen matK, rpoC1 va rpoB. Két
qua ndy 1am co so thiét 14p ma vach DNA dé dinh danh mau Thd nhén sam [53]. O
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Viét Nam, hi¢n chua c6 cong trinh nghién ctru vé ung dung ma vach DNA dé dinh
danh cic mau Tho nhan sdm trong tu nhién. Chinh vi vay, chung toi két hop ca
phuong phap hinh thai so sanh va phuong phap phan loai hoc phan tir dé nhan dién
mau Tho nhan sam thu thap tai mot s6 dia phuong.
1.2. NGHIEN CUU NUOI CAY IN VITRO O CAY THO NHAN SAM
1.2.1. Tai sinh in vitro & cAy Thé nhin sim

Dén nay, trén thé gidi dd c6 mot s6 thanh cong trong nghién ctru tai sinh da
chdi & cdy Tho nhan sam (T. paniculatum). Zhang va cs (1995) da nghién ctu téi
sinh cay tir t& bao tran phan 1ap tir 14 va mo seo ctia cdy Tho nhan saim. Két qua cho
thay, cac té bao tran cua phan thit 1a khong c6 kha ning phan chia binh thudng va
song 1au nhat 13 mot tuan trong moi trudng nudi cdy. Tuy nhién, cac té bao tran tir
moé seo duoc nudi cdy trong moi trudng P4 (K8p + 0,2 mg/l 2,4-D + 1,0 mg/l NAA
+0,5mg/l ZT + 50 ml/l nuéce dura + 0,5 mol/l glucose) da phan chia sau 3 ngay nudi
cdy, tan s6 phan chia 1a 36,7 % sau 7 ngay nudi ciy. Tan sb tai sinh ctia mé seo l1a
0,31 % trong moi trudng long va 0,34 % trong nudi ciy hai 16p. Cay in vitro co
ngudn gbc tir t& bao tran duoc trong trong chiu hodc cdy truyén tiép trong ong
nghiém thu dugc cay truong thanh sau khoang 2 - 3 thadng [95]. Nghién ctru anh
hudng cuia moi trudong dén su hinh thanh mé seo va sy hinh thanh cic cum chdi tir
cac doan than, 14 va hat ctia cidy Tho nhan sam, Zhao Jun va cs (2009) da nhan xét
moi trudng cam tng tao md seo tét nhat ciia doan than 1a MS + 1,0 mg/l NAA + 1,0
mg/l BAP, sau 5 ngay mé seo hinh thanh, tuy nhién mé seo van con chwa 6n dinh
va dé v&. Ty 1& cam g mo seo ctia doan than c6 thé dat 100 % sau khi nudi cdy 15
ngay. Moi truong t6i wu cliia md seo cam Gng tir 14 13 MS + 1,0 mg/l NAA + 2,0
mg/l BAP. Sy hinh thanh mé seo dugc phat hién dau tién sau 10 ngay va cac mo
seo dugc hinh thanh nhiéu hon sau 20 ngay. Mbi trudng ting sinh tbi wu ctia cac mod
seo 1a MS + 0,5 mg/l BAP + 0,5 mg/l NAA. Nhirng cum chdi ¢6 thé duoc tao ra va
sinh so6i tir doan than trong méi truong MS + 1,0 mg/l BAP + 0,1 mg/l IAA. Trong
moi trudng MS khdng c6 chat kich thich sinh truéng, ty 18 ra ré 1a cao nhat. Cac cay

con phat trién tot sau khi dugc cay va ty 1é sdng 1én dén 90 % [96].
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1.2.2. Nudi céy ré to' & cdy Thé nhin sam
1.2.2.1. Cam teng tao ré to théng qua A. rhizogenes

Cong nghé tao ré to 1a huéng nghién ciru nham ting sinh khéi in vitro d6i voi
ciy duoc liéu dé thu hop chét thir cap ¢ hoat tinh sinh hoc. R to 13 tén goi dung dé
chi cac 16ng ré duoc san sinh ra manh mé tai vi tri bi nhiém boi vi khuén A.
rhizogenes. Khi vi khuén A. rhizogenes nhiém vao vét thuong cua thuc vat, vung T-
DNA trong mot plasmid 16n cia A. rhizogenes (Ri-plasmid) s& chuyén vao céc té
bao thyc vat tai vi tri 1ay nhiém [44]. Ri-plasmid dugc chia thanh nhiéu vung nhu
ving gay doc (goi tat 1a vang vir), ving chuyén gene (T-DNA), viing ori, ving
phién ma... Chi c6 doan T-DNA ciia plasmid méi dugc chuyén vao hé gen cia thuc
vat va viéc chuyén gen nay thong qua su hd tro boi cac doan DNA trong ving Vir
cta Ri-plasmid. Vung vir ¢6 kich thudc khoang 35 kb trong Ri-plasmid va mé hoa
sau locus phién ma (vir A, B, C, D, E, G), c6 tac dung kich thich cho sy cit doan T-
DNA (tai viing bién trai va bién phai) dé gin vao hé gen thyuc vat trong qué trinh
chuyén gen. Su phién ma cua ving vir duoc cam ung véi nhiéu hop chat thudc
nhom phenol, dién hinh 1a AS - hop chat dugc xac dinh 13 ¢6 vai tro 1am tang tan s6
clia qué trinh chuyén gen thong qua Agrobacterium & nhiéu loai thuc vat do cam
g sy biéu hién ciia gen vir & mirc d6 cao. T-DNA ¢ Ri-plasmid bao gdm 2 ving
chinh 1a viing bién trai (TL-DNA) va bién phai (TR-DNA). Hai ving nay déu c6
kich thudce khoang 15 - 20 kb va dugc xen k& bo1 mot doan DNA, doan DNA nay s€
khong duoc chuyén vao hé gen cia té bao vat chi. Ving TR-DNA mang cac gen
ma hoa sinh tong hop auxin loai IAA (tmsl va tms2), ving TL-DNA bao gém 18
khung doc (ORFs) mang cac gen rolA, rolB, rolC va rolD. Cac gen rolA, rolB va
rolC déng vai trd quan trong trong qua trinh cam tng tao ré to & md té bao thyc vat.
Sy biéu hién ddng thoi cua ba gen nay két hop voi sy biéu hién cac gen ma héa sinh
tong hop auxin gy nén kiéu hinh ré to & md té bao thuc vat bi xam nhiém. Cac ré to ¢6
kha ning sinh truéng va phat trién nhanh hon rit nhiéu so véi ré binh thuong [42].

Nhiéu chat chuyén hoa thur cép quan trong cua thuc vat dugce tich lity trong ré,
tuy nhién, viéc thu ré s& lam cay trong chét, do d6 nghién ctru phat trién ky thuét

nudi cay ré to ng dung & mot so loai cay thuoc dé thu sinh khoi 1a can thiét. Nudi
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ciy ré to nhd A. rhizogenes dé thu nhan cac hop chét thir cip c6 hoat tinh sinh hoc
13 mot giai phap hiéu qua, co thé khic phuc duoc nhitng han ché cua phuwong phap
nhan gidng truyén thong va phuong phap nudi ciy tao sinh khéi té bao thuc vat (do
t6n du cua cac chat diéu hoa sinh trudng trong sinh khéi t& bao nudi cdy anh hudng
tryc tiép dén san pham va stc khoe ngudi st dung). Pong thoi, ré to ¢ kha ning
sinh truéng nhanh, phat trién tot trén méi trudng khong can bod sung cac chét diéu
hoa sinh truéng va 1a co quan biét hoa nén ré to co sy di truyén 6n dinh hon nudi
ciy té bao huyén phil va mé seo [35].

Sy phat trién cua ki thuat tao dong ré to nho 1ay nhiém vi khuan A. rhizogenes
13 mot budc tién quan trong dé san xuét cac chat chuyén hoa thir cip trong nudi ciy
in vitro. Loai nguyén liéu tao ré to, tudi ctia nguyén liéu, chung vi khuan, mat do vi
khuan va quy trinh lay nhiém... anh hudng 16n dén tan sé bién nap ciing nhu sy ting
trudng va nang suat ciia 1é to. Pong thoi toi wu hoa moi truong nudi ciy cé thé lam
tang kha ning phat trién cta ré to va tao ra cac hop chat co gia tri [46].

Mot s6 chung vi khuan hoang dai A. rhizogenes chira Ri-plasmid thudc loai
agropine thuong dugc str dung tao 1é to & cay duoc li¢u nhu A4, 15834, 1855, LBA
9402. Tuy nhién, ¢ cdy Kanhkina xam (Cinchona officinalis), mot s chung vi
khuan bién d6i gen véi Ri-plasmid dugc stra d6i di duoc sir dung cho qua trinh bién
nap tao ré to. Cac tac gia di phat trién mot vector nhi phan gém c6 T-DNA véi cau
tric biéu hién (CaMV35S promoter) ciia hai gen ma hoa cac enzyme tham gia vao
qua trinh téng hop auxin, d6 1a tryptophan decarboxylase va strictosidine synthase
cua dua can (Catharanthus roseus), cung voi gen chi thi gus va gen chon loc
hygromycin phosphotransferase. Vector nhi phan nay dugc bién nap vao ching vi
khuan A. rhizogenes LBA 9402 dé thu duoc gen tryptophan decarboxylase va
strictosidine synthase trong cac dong ré to bién doi gen cua cdy Kanhkina xam [28].

Loai m6 thyc vat duoc s dung cho qué trinh iy nhiém ciing dong vai tro
quan trong quyét dinh higu suat chuyén gen. Sy thanh cong cuia qua trinh lay nhiém
phu thudc vao cac yéu td khac nhau ctia mo thuc vat 1y nhidm nhu loai va tudi cua

mo thyc vat; véi nhitng mé con non thi nhay cdm hon voi sy nhiém khuan. Céc loai
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mo thuc vat phé bién nhét duoc st dung dé lay nhiém 1a cac doan tru dudi 14 mam,
14 mam, cudng va 1a non [74].

Su lay nhiém vi khuéan vao té bao thuc vat duoc thue hién b@ing cach bd sung
tryce tiép huyén phu vi khuin vao méi trudng nudi cdy hodc bang cach ngdm cac mé
thuc vat trong huyén phi vi khuan [86]. Trudc khi thyc hién 1ay nhiém thi mé thuc
vat phai duoc 1am ton thuong dé lam ting bé mit tiép xtc gitta vi khudn va mé thyc
vat. Trong mot sb thi nghiém, AS dugc bd sung vao méi trudng ldy nhiém co tac
dung kich hoat cac gen vir cta A. rhizogenes dé ting hiéu suat chuyén gen ngoai lai
vao hé gen cua ciy [42]. Nong d6 t6i wu ctia AS khic nhau tuy thudc timg thi
nghiém. D6i v6i su lay nhidm cua cdy Hoa mat meéo (Torenia fournieri) chi cin
noéng do6 AS thap (10-30 pM) da lam ting hiéu suat chuyén gen. O cay Thudc 14
(Nicotiana tabacum) hodc cay Thudc phién (Papaver somniferum), ndong d6 AS dao
dong tir 50 dén 150 pM. Thoi gian dong nudi cay khoang hai dén ba ngay. Sau do,
cac mau cdy duoc chuyén sang moi trudng ran cd bo sung khang sinh dé diét khuan.
Khang sinh thudong dung dé loai bo vi khuan la cefotaxime (250-500 mg/l va
timentin (200-300 mg/1). Tiép theo, cac mau cay dugc chuyén sang méi trudng rin
khong bd sung kich thich sinh truéng trong diéu kién 20-25°C ¢ trong tdi va céac 1é
to dau tién xuat hién sau vai tuan (thuong 1-4 tuan). R& to dugc chuyén sang cac
binh nudi 16ng khong bé sung kich thich sinh truong dé thu sinh khdi. Hinh thai ré to
dién hinh 12 mot ré chinh dugc bao phi bdi mot sé luong 16n cac 1ong ré nho 1i ti [48].

Trén thé gidi, di c6 rat nhiéu cong trinh nghién ctru tao r& to va nhan nudi sinh
khéi 18 to dé ting cuong san xuat cic hop chat thir cip tu nhién cé trong ré.
Camptothecin 1a mot hop chat diéu tri ung thu va khang virus dugc chiét xuat tir cay
cdy Hanh phic (Camptotheca acuminata) va mot s6 loai khac thudc ho
Apocynaceae, Olacaceae va Rubiaceae. Mot s6 nghién ciru dugc thuc hién dé san
xuét camptothecin bang viéc nudi cAy huyén phu té bao. Tuy nhién, san luong thu duoc
thap. Lorence va cs (2004) da tién hanh nudi ciy 1é to ciia cdy Hanh phiic tir 14 mam, 14
that duoc 14y nhidm boi chung vi khuin A. rhizogenes ATCC 15834 va R-1000. Sau khi
lay nhiém, mé dugc nudi cay trén moi trudng B5 bo sung 3 % sucrose U trong toi 4

ngay lién tuc & 25°C. Tiép theo cic mé lay nhiém dugc chuyén sang méi trudng B5
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ran c6 bd sung timentin (300 mg/l) & 25°C, véi 16 gid chiéu sang. Cac ré to xuat
hién sau 4-10 tuan 1y nhidm duoc chuyén sang moi trudng B5 10ng bd sung 3 %
sucrose, nudi lic 90-110 rpm. Két qua cac ré to di dugc hinh thanh va san xuat
camptothecin, 10-hydroxycamptothecin v6i ham lwong twong déi cao lan luot 14 1,0
mg/g va 0,15 mg/g [54]. Nghién ciru ciia Le Flem-Bonhomme va cs (2004) vé cam mng
tao 18 to & cdy Thudc phién (Papaver somniferum L.) véi muc dich ting ham luong
alkaloid tong sb. Hai chung A. rhizogenes (15834, LBA 9402) va mot chung A.
tumefaciens [GV 3101 (PMP90RK, p35SGUS-2)] cung véi 4 mdi trudng nudi cay
da dugc thir nghiém tu doan tru dudi la mam cua cay Thube phién. Sau 5 tudn
nhiém vé6i A. rhizogenes LBA 9402, ré to xut hién trén 80 % mAu cdy. Kiém tra
bang PCR cho két qua ca 6 dong ré to dugc chuyén gen thanh céng va ham luong
alkaloid tong sb trong dong ré to chuyén gen (0,46 mg/g) cao hon trong ré khong
chuyén gen (0,32 mg/g). R& chuyén gen tich lily codeine (0,18 mg/g) nhiéu gip ba
lan so voi ré khong chuyén gen (0,05 mg/g). Hon nita, trong méi trudng nudi cay
long cia ré to da xac dinh duoc ham lugng ctia morphine va sanguinarine 1an luot 13
0,255 mg/g va 0,014 mg/g [48]. Dhakulkar va cs (2005) da nghién ctru cam ung tao
& to & cdy Ldi tho (Gmelina arborea Roxb.) dé san xuat hop chéat verbascoside
bang cach 1ay nhiém véi chiing A. rhizogenes ATTCC 15834 hoang dai vao 14 mam.
Két qua ctia nghién ctru cho thy, ty 16 mau cdy hinh thanh ré to 12 32 %. Kiém tra
cac dong ré to bang phuong phap PCR véi cip moi dic hiéu RolB va phan tich cac
san pham PCR bang ki thuat Southern blot cho thiy 6 dong 1& to duoc chuyén gen
c6 khdi lugng ré to ting gip 7 lan sau 4 tuan nudi ciy so véi ré cdy non khong
chuyén gen. Pong thoi, 1& to c6 khd ning tong hop verbascoside, 1a mot
phenylpropanoid glycoside c6 gia tri vé y hoc [16]. Chang va cs (2005) da nghién
clru cam Ung tao ré to & ciy Giao c6 lam (Gynostemma pentaphyllum Thunb.) dé
san xuat gypenoside nhu mot giai phap thay thé saponin Nhan sim. Mau 14 non
dugce dung dé 1ay nhidm véi A. rhizogenes ATCC 15834 ¢ bo sung thém 20 uM
AS. Cac mau 14 duge cay chuyén sang méi truong MS rin ¢ 25°C va nudi trong
diéu kién tdi. R& to thuong xuat hién ¢ cic miu ciy sau khi 1ay nhiém 2 tuan. Cac

r& don (chiéu dai 15-20 mm) duoc cit va chuyén sang méi truong MS rin bod sung
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carbenicillin 300 mg/1 dé diét khuan. Sau mot khoang thoi gian (khoang 7-10 ngay),
ré to phat trién nhanh chéng ma khong bi nhiém vi khuan lai duge cdy chuyén sang
moi trudng méi. Kiém tra két qua bang PCR véi cap moi ddc hiéu RolB d3 xac dinh
qua trinh chuyén gen thanh céng. Sinh khdi ré to kho phat trién trong moi truong
MS sau 49 ngay 1a 7,3 g/l, ham luong gypenoside 13 38 mg/g [11]. Mot sb cong
trinh nghién ctru tao r& to dé cai thién ham luong cac chit chuyén hoa tht cip tu
nhién nhu ting ham luong glycyrhizin tong s trong ré to ctia cdy Cam thdo
(Glycyrrhiza glabra) [61], ting ham lugng plumbagine trong ré to cdy Plumbago
rosea [93], ting ham luong saponin trong ré to cua rau Ping bién (Bacopa
monnieri) [56], ting ham luong anthraquinone tong sb trong ré to cay Ha thia 6 do
(Polygonum multiflorum Thunb.) [83]...

O Viét Nam, di c6 mét sd cong trinh nghién ctru cdm Ung tao ré to & cay duogc
liéu voi muc dich thu sinh khéi. Ha Thi Loan va cs (2014) da nghién ctru tao ré to &
Sam Ngoc Linh (Panax vietnamensis) tir 1a va cudng 14 nhd A. rhizogenes. Két qua
cho thdy, ty 16 miu cam Gmg tao ré tir md cudng 14 (14,8 %) cao hon md 14 (3.3 %);
s6 18 tao ra trén miu cudng 14 (2,8 r&/mau) cao hon so v6i mau 14 (1,6 r&/miu). Thoi
gian dé cudng 14 cam ng tao r& 1a 5 tuan, trong khi d6 v6i mau 14 13 trén 6 tuan.
Két qué phan tich ré to trén sic ki UFLC cling kh:flng dinh su hién dién cua 3 hoat
chét saponin dic trung trong Sam Ngoc Linh 13 MR2, Rbl va Rgl. R& to sinh
truong tot trong moi truong nudi 10ng lic va khong bod sung cac chat diéu hoa sinh
truong, do d6 gitp giam duoc nhitng anh huéng khong mong mudn dén sirc khoe
ngudi st dung va tinh an toan ctia san pham [2]. Ninh Thi Thao va cs (2015) da
nghién ctru nudi cdy ré to cdy Pan sam (Salvia miltiorrhiza Bunge.) tir 14, cubng 14,
doan than nho A. rhizogenes ATCC 15834. Két qua cho thiy, mé 14 1a vat liéu thich
hop nhét dé cam g tao ré to Pan sam. Mat do vi khuén t6i vu cho cam mg tao ré
1a ODggo = 0.,2. Két qua kiém tra su c6 mit ciia gen rolA bang phuong phap PCR
khang dinh 4 dong ré to da dugc cam tng thanh cong. Cac dong 1é to c6 kha ning
ting truéng nhanh va on dinh khi nudi cdy trong méi trudng khéng bd sung chat
kich thich sinh truéng. Toc do ting truong cua dong ré to A5.14 khi nudi ciy trén

moi trudng B5 cao hon khi nudi cdy trén méi trudng MS [4].
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Nhu vay, trong thoi gian gan dy trén thé gidi va Viét Nam di c6 nhiéu cong
trinh nghién ctru tao ré to & thuc vat. Su thanh cong trong tao dong ré to, nudi céy
sinh khéi ré to va ting cuong san xuét cac hop chét thtr cap, san xuat cac protein tai
t6 hop c6 trong 18 to & cay duoc lidu dd dong gop dang ké cho cong tac cham soc va
bao vé strc khoe cong dong.
1.2.2.2. Tinh hinh nghién ciru nuéi cdy vé to & cdy Thé nhin sam

Dbi v6i cdy Tho nhan sam, c6 rat it cong bd vé nghién ctru tao ré to va nudi
ciy sinh khoi 1é to. Noi bat 1a ba cong bd cia Manuhara va cs trong cac nim 2012,
2014, 2015. Nam 2012, Manuhara va cs da nghién ctru anh huong cia viéc suc khi,
mat d6 ciy dén sinh khdi va ham luong saponin & 1é to ciia cdy Tho nhan sim trong
binh bioreactor. Sau hai tudn bién nap A.rhizogenes, ré to dai 2-5 cm duoc cdy
chuyén sang moi trudng 16ng trong binh bioreactor. Két qua cho thiy, mat do ciy 1a
59 ré to/l va téc d6 suc khi 0,25 vvm 1a diéu kién t6t nhat cho san xuét sinh khoi va
ham luong saponin. Thoi gian nudi cdy ré to 2 tudn trén moi truong ban 1ong cho
khéi lugng khd va ham luong saponin cao nhat [57]. Tiép tuc theo huéng nay,
Manuhara va cs (2014) di xac dinh khoang cach thoi gian giita cac 1an ngam nudéc
1a 3 gio, 6 gio va 12 gio, trong thoi gian ngdm 1 phat, 3 phat, 5 phat va 7 phat dén
sinh khdi ré to va ham lugng saponin. Su két hop tot nhat da duoc tim thdy & thoi
gian ngdm nude 5 phat va khoang thoi gian giita cac 1an ngam 12 gio cho két qua
3,67 g, tbc do tang truong 1a 0,027 g/ngay, dién tich diém cua saponin la 12,56
mm?/0,01g va bé day cua dién tich diém 1a 4+ [58]. Dong thdi Manuhara va cs
(2015) da hoan thién quy trinh nuéi cay ré to cia T. paniculatum bang cach két hop
nghién ctru diéu kién moi trudng tdi wu voi mat do cdy ban dau cua ré to T.
paniculatum trong binh suc khi bioreactor. Piéu kién nudi cay di dugc sir dung
trong nghién ctru 1a sy két hop cua téc do suc khi (0,25; 0,5 va 0,75 vvm) va mat do
ciy ban dau (0,5; 1; 2 g/400 ml). Cho 400 ml méi trudng MS 16ng c6 bd sung IBA
2 mg/l vao binh bioreactor c6 thé tich 1000 ml, sau d6 b sung nudc vo triing thong
qua vi loc (0,2 pm) véi luu luong nude khac nhau. RE ngau nhién dugce tao ra tir mo
la ciia T. paniculatum trén moi truong MS ran bo sung 2 mg/l IBA di duoc dua vao

mdi binh bioreactor véi mat do cdy khac nhau. Méi trudng nudi cdy duoc duy tri
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trong 14 ngay va phan tich mau méi truong hai ngay mot lan dé xac dinh ham luong
duong, d6 dan dién va do pH ciia moi trudong. Cac két qua cho thay, su két hop cia
tdc do suc khi 0,5 vvm va mat do cdy 1 g r&/400 ml 1a diéu kién tSt nhat c6 thé 1am
tang sinh khdi r& ngiu nhién, trong khi sy két hop cua téc do suc khi 12 0,75 vvm va
mat d6 cay cua 2g ré/400 ml 1a diéu kién t6t nhat co thé lam gia ting ham luong
saponin [59]. O Viét Nam, hién chua tim thiy cong bd vé tao dong ré to & cdy Thd
nhan sam.

Pén nay, ¢ Viét Nam ciing nhu trén thé gii s6 luong cong trinh nghién ciru
hé théng tai sinh in vitro va tao ré to ¢ cay Thd nhan sdm con rat it, dic biét viéc
tang hiéu qua khai thac cac hop chit c6 hoat tinh sinh hoc tir cAy Tho nhan sam
bang cong nghé sinh hoc con kha khiém ton. Chinh vi vdy, viéc ting sinh khdi Tho
nhan sam va cai thién ham lugng cac chét thu cép ¢6 hoat tinh sinh hoc, trong do6 co

flavonoid bang cac k¥ thuat hién dai duoc chung toi quan tdim nghién ciru.
1.3. FLAVONOID VA TONG HQP FLAVONOID O THUC VAT

1.3.1. Flavonoid
1.3.1.1. Vai tro cua flavonoid

Déi véi thue vit

Flavonoid dong vai trd rat quan trong trong thuc vat. Chiing hoat dong nhu céc
phan tir tin hiéu trong mbi quan hé cong sinh gitra cac loai thyc vat va vi sinh vat,
gilp qué trinh hinh thanh nét san & ré cdy ho Pau. Pong thoi, flavonoid giéng nhu
1a cac chét phytoalexin, khi tich lily t6i mot ndng d6 nao do6 sé tc ché su phat trién
clia vi sinh vat (nam, vi khuén, virus, tuyén tring). Flavonoid con 1a cac chat chong
oxy hoa, loai bd cac géc tu do va céc kim loai ddc hai cho cay. Khi nudi céy té bao
ctia Bach qua in vitro trong diéu kién c6 dong sulfat, két qua flavonoid dugc tich
lity ting 12 1an so véi dbi chimg. Tuong tu, khi nudi ciy md seo cua cdy ho Pau
ononisarvensis, su tich lity flavonoid ciing ting 1én trong méi trudng cé dong sulfat.
Flavonoid tiét ra tir ré cay kich thich sy ndy mam cta mot s6 bao tir nAm trong dat
c6 kha ning cong sinh véi 1é cay. Flavonoid duoc tich lily véi ham lugng cao trong
hat c6 tac dung bao v¢ hat chéng lai mdm bénh va tham gia vao qua trinh phat trién

va ngu nghi cua hat. Cac sac to6 do flavonoid cau tao nén dugc phan bod trong cac té
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bao biéu bi c6 kha ning hip thy tia UV-B bao vé mé khoi bi hu hai, lam giam sy
xam nhép tia UV-B vao cac mo bén trong do d6 khong céan tr¢ qua trinh quang hop.
Flavonoid c6 mat trong tat ca cac bo phan cua cac loai thyc vat bac cao, dac biét la
& hoa, tao cho hoa nhitng mau séic ruc r& dé thu hut cac loai con tring giup cho su
thu ph'fln cua cay. Mot s6 con co hoat tinh sinh hoc va anh huong dén viéc van
chuyén hoocmon auxin cia thuc vat, mot sd flavonoid khac lai ¢6 vai tro diéu hoa
qua trinh phién ma [9].
Doi véi con nguwoi

Flavonoid c6 hoat tinh nhu chat chdng oxy hoa, c¢6 tac dung khir cac gbe tu do
va do d6 trc ché cac yéu té gy bénh. Hoat tinh ndy manh hay yéu phu thudc vao
ddc diém, cau tao hoa hoc cua ting chat flavonoid cu thé. Hoat dong chéng oxy hoéa
cta flavonoid duogc giai thich nhu sau: trong co thé con ngudi c6 mot sb enzyme
ngan ngira nhiéu loai gdc ty do lam nguy hai té bao. Tuy nhién, vi s6 lugng goc tu
do trong co thé qua nhiéu (nhu superoxide, peroxyl, alkoxyl va hydroxyl) nén phai
nhd dén cac chat chong oxy hoa bd sung tir ngodi vao co thé theo dang thirc an,
nuéce udng... Khi dua flavonoid vao trong co thé, ching c6 kha ning giai phong cac
dién tir trén mach vong cua nhan thom (vong B) va hé thdng ndi déi lién hop, 1am
triét ti€u cac géc tu do hoat dong dugc hinh thanh trong qua trinh bénh 1y (viém
nhiém, ung thu, 130 hoa...). Két qua la han ché qua trinh bénh ly (ung thu, r6i loan
tim mach, hé hap, viém khép va 140 hoa sdm) do cat dut ddy chuyén phan tng oxy
hoa. Ngoai ra, flavonoid con kim ham sy phét trién cta cac goc tu do nhd c6 kha
ning tao phirc v6i cac ion kim loai chuyén tiép nhu Fe*, Cu®*... dé chung khong
thé xlc tac cho phan ung sinh ra cac gdc tu do hoat dong nhu OH', O,. Gbc
hydroxyl ciia vong B 1a yéu to quyét dinh phan ung véi cac goc tu do vi né cung
cap hydro va mot dién tir cho cac gbc ty do hoat dong nhu hydroxyl, peroxyl va
peroxynitrite dé 6n dinh chung va tao ra mot gdc flavonoid twong dbi 6n dinh [77].

Mot s6 flavonoid nhu catechin, apigenin, quercetin, naringenin, rutin va
venoruton c6 tac dung bdo vé gan. Cac b¢nh man tinh nhu tiéu duong, lao, ung thu
c6 thé 1am hai cac té bao gan. Dalton va cs (2000) d3 nghién ctiru ¢ chudt dai thao

duong va thay rang sy biéu hién cia gen ma hoa glutamate-cysteine ligase bi giam
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& trong gan chudt. Glutamate-cysteine ligase c6 vai trd xtc tac tong hop glutathion.
Glutathion 14 mét tripeptide noi sinh dugc tong hop trong té bao tir 3 amino acid:
cysteine, glutamate va glycine. Pay 1a chat chdng oxy héa manh dé giai doc cho co
thé va ting cudng hé théng mién dich [14]. Anthocyanin cyanidin-3-O-p-glucoside
(12 mot loai flavonoid) dd duoc chimg minh lam ting biéu hién cua gen glutamate-
cysteine ligase, do d6 lam giam ndng d6 cua cac gbc tu do & gan. Hon nita, diéu tri
bang anthocyanin cyanidin-3-O-p-glucoside 1am giam su peroxide héa lipid va ngin
can sy nhiém m& gan [97].

Silymarin 13 mot loai flavonoid déng vai trd quan trong trong diéu tri viém gan
cép, man tinh va xo gan. Silymarin gém 3 chét chinh: silibinin, silydianine va
silychristine duoc chiét Xuat tir qua va hat ctia cdy Ké sita (hay con goi 1a Clc gai)
thudc ho Compositae voi 4 tic dung da dugc chiing minh. (1) Silymarin tdng cuong
tong hop RNA ribosom, gitp ting tong hop protein nham thiic ddy phuc hdi céc té
bao bi ton thuong va kich thich sy phat trién cac té bao gan méi; (2) Silymarin gitp
6n dinh mang té bao gan va ngin chin chat doc tir ngoai nhiém vao trong té bao
gan. Trong nhiéu nghién ctru thir nghi€m trén chudt, silymarin c6 tac dung bao vé
mo gan tu sy nhiém doc cta cic chat gay doc & gan nhu paracetamol, rugu, CCly...;
(3) Silymarin 1a chat chdng oxy hoa c6 thé vo hiéu hoéa gdc ty do gdy hai nhu
lipoperoxid (chat duoc sinh ra nhiéu khi gan bi viém, bi ton thuong); (4) Silymarin
lam giam sy hinh thanh cac sgi collagen, do d6 ngan can qua trinh xo gan [77].

Mot s flavonoid bao gdm apigenin, galangin, flavone, flavonol glycoside,
isoflavone, flavanone va chalcone di dugc ching minh c6 hoat tinh khang khuan
manh [13]. Chung c6 kha ning khang nhiéu loai vi khuin khac nhau nhu E.coli,
salmonella typhy, anti-bacterium... nho kha ning ¢ ché va tiéu diét. Co ché hoat
dong chong vi khuan ciia flavonoid co thé lién quan dén kha ning lam bét hoat cac
chat két dinh vi khudn, enzyme, cac protein van chuyén ctia mang té bao ... Cac
flavonoid lipophilic ciing c¢6 thé phd v& cac mang té bao vi khuan [77].

Viém 13 mot dap ang bao vé co thé ciia hé mién dich trude sy tin cong cia
mot tdc nhan bén ngoai (vi sinh vat, tdc nhan hda, ly) hodc ctia tdc nhan bén trong

(hoai tr do thiéu mau cuc bd, bénh ty mién). C4c bach ciu theo mach mau xam
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nhap vao mé, tiét cac chat prostaglandin, cytokine lam ting gidn mach, bai tiét
chit nhdy, kich thich than kinh va sy co co tron. Phin 16n tic dung chdng viém
cua flavonoid 13 dya trén sy téng hop céac cytokine trung gian lam ting su két dinh
ctia bach cau trong mau dén céc vi tri bi thuong tich. Mot s6 flavonoid 1a chat trc
ché san xudt prostaglandin va leukotrien thong qua wc ché enzyme
cyclooxygenase lipooxygenase, do d6 lam giam céac triéu chung viém [77].

Trai cAy va rau cai 13 nhitng thuc pham c6 chtra flavonoid da dugc ching
minh 13 chat chéng ung thu hiéu qua. St dung hanh tay hodc tdo 1a hai ngudn thuc
pham chinh c6 chira quercetin, c6 lién quan ty 1é nghich v6i ung thu tuyén tién liét,
phéi, da day va via. Ngoai ra, nhitng ngudi udng ruou vang ciing giam nguy co mic
ung thu phéi, ndi1 mac tr cung, thuc quan, da day va rudt két. Vai trd cua viéc an rau
qua c6 tac dung phong chdng ung thu da dugce chimg minh bang thuc nghiém. Tur
do6, cac nha khoa hoc da dua ra 101 khuyén dbi vai viec bao vé suc khoé cong déng
c6 thé dat duoc bang viéc ting cudng sir dung nhitng thuc pham nay [77].

Céc co ché phan tir co ban cua hoat dong chdng ung thu cia flavonoid duoc
dé xuat 1a (1) 1am giam sy biéu hién cua protein dot bién p53, (2) ngin can chu ky
té bao, (3) tc ché tyrosine kinase; (4) trc ché protein gay sdc nhiét; (5) c6 kha ning
gan két v6i thu thé estrogen; (6) trc ché sy biéu hién ciia protein Ras [77].

Céc dot bién gen p53 1a nhitng bt thudng di truyén phd bién nhit trong cac
bénh ung thu ¢ ngudi. Sy e ché biéu hién cia p53 ¢ thé ngin can sy phat trién
clia cac té bao ung thu trong giai doan G2-M cua chu ky té bao. Flavonoid da duoc
ching minh 1a ¢6 thé 1am giam sy biéu hién cua protein p53 dot bién dén mirc gan
nhu khong thé phat hién duoc trong cac té bao ung thu v clia con ngudi. Tyrosine
kinases 1a mot ho cac protein nam trong hodc gan mang té bao c6 vai trd quan trong
trong cac qud trinh sinh trudng, chuyén hoa, phan chia va ton tai cua té bao. Dot
bién di truyén 1am cho cic enzyme nay gia ting sé lvong qua mirc va c6 kha ning
tu kich hoat trong té bao din dén sy tang truong va nhan do6i mot cach mat kiém
soat ctia cac té bao lién quan. Pay 1a tién dé cua viéc hinh thanh cac té bao ung thu.
Thudc tc ché hoat tinh cia tyrosine kinase duoc cho 1a cac chat chéng ung thu hiéu

qua ma khong co tac dung phu giy doc cho té bao gibng nhu héa tri liéu thong
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thuong. Quercetin 13 hop chit e ché tyrosine kinase dau tién duoc thir nghiém &
ngudi. Cac protein gay sdc nhiét tao thanh mot phtrc hop véi p53 dot bién, cho phép
té bao khdi u tranh duoc su chét theo chuong trinh cua té bao. Protein soc nhiét
cling cho phép cai thién su séng cua té bao ung thu do cic stress cua co thé.
Flavonoid c6 kha ning ngin can san xuat protein sdc nhiét trong mot sé dong té bao
ac tinh, bao gdm ung thu v, ung thu rudt két va ung thu rudt gia [77].

Gan day, mot s6 nghién ctru di chi ra flavanol epigallocatechin-3-gallate trc
ché tong hop acid béo va md trong cac té bao ung thu tuyén tién liét, ngin can su
ting truong va chét té bao. Str dung cic phytoestrogen, bao gdm isoflavone va
flavonoid khéc, c6 kha ning chong lai nguy co ung thu tién liét tuyén bang kha
nang chong oxy hoa, loai trir cac gbc tu do [77]. Ngoai ra, cac két qua thuc nghiém
cho thdy mot sb flavonoid co tac dung chéng ung thu théng qua kha ning hoat hod
cac enzyme trong gan c6 nhiém vu chuyén hoa cic chat gy ung thu. Nhiing san
pham chuyén hod thudng c6 tinh gdy ung thu thip hon [92].
1.3.1.2. Céu tritc héa hoc ciia flavonoid

Flavonoid 1a mot trong nhirng nhém hop chit phong phu va da dang nhét
trong tu nhién. Cac flavonoid dugc kham pha bdi mdt nha sinh hoa noi tiéng ctia thé
ki 20, Albert Szent-Gyorgyi (1893-1986). Cho dén nay da xac dinh dwoc hon 4.000
loai flavonoid [62]. Flavonoid chii yéu c6 mau vang, ngoai ra mot sd flavonoid c6
mau xanh, tim d6 va ciing c6 mot sd khac lai khong mau. Flavonoid 1a cac chat
thudc nhom hop chat phenolic da vong. Ciu trac héa hoc cua flavonoid dya trén co
s0 bo khung 15 nguyén tr C gém hai vong benzen lién két voi mot dudng thang co

3C (C6-C3-C6) (Hinh 1.1) [77].

3I
2 4
; B |
2 c e 5
4 | :
5 C,_,HC

Hinh 1.1. Khung co ban cua flavonoid
(Ngudn: Shashank va cs (2013) [77])
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Trong mdt $6 truong hop, & mot dau mach 3 carbon c6 mot nhom chire
carbonyl, chiing dugc xem 1a dan xuat 1,3-diphenylpropan-1-one, hop chat nay la

dihydrochalcone dugc phéan lap tir nAm Stinkhorn (Hinh 1.2).

A=
F

O

Hinh 1.2. Khung co ban cua hop chét chalcone
(Ngudn: Shashank va cs (2013) [77])
Hodc 3 carbon déng vong véi vong A va tao nén di vong cd oxi (vong C), di

vong C ¢6 thé 1a dihydropyran, y-pyron, dihydro- y-pyron, pyrilium (Hinh 1.3).

0 O 0 o
/
O O
Dihydropyran  Y-PYron dihydro y-pyron Pyrilium

Hinh 1.3. Cac dang di vong C cta major flavonoid, isoflavonoid, neoflavonoid

(Nguon: Shashank va cs (2013) [77])

Nhu vay, da s6 cac loai flavonoid (major flavonoid, isoflavonoid,
neoflavonoid) c¢é cdu tric chung 1a vong phenyl-benzopyran lién két véi vong aryl

(vong B) c6 thé & cac vi tri 2, 3 hodc 4 cuia vong benzopyran (Hinh 1.4).

Hinh 1.4. Cau trac chung ctia nhém major flavonoid

(Ngudn: Shashank va cs (2013) [77])
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Trong mét sd trudong hop, di vong 6 canh con duge thay thé bang di vong 5

canh (furran) nhu aurone va auronol (Hinh 1.5).

Hinh 1.5. Cau truc chung ctia nhém aurone
(Ngudn: Shashank va cs (2013) [77])

Nhu vay, dua vao vi tri ctia goc aryl (vong B) va cac mitc do oxi hoa ciia mach
3C nguot ta chia flavonoid ra lam 3 loai chinh. D6 la: (1) Euflavonoid 1a céac
flavonoid c6 gdc aryl (vong B) & vi tri C-2 gom c6 flavonol, flavone, flavanon,
flavanol, anthocyanidin; (2) Isoflavonoid 14 cac flavonoid c6 gbc aryl (vong B) & vi
tri C-3 gém c6 isoflavone, isoflavanone, isoflavanol, isoflavane; (3) Neoflavonoid
la céc flavonoid c6 gbc aryl (vong B) & vi tri C-4 gdm c6 4-arylcoumarin,
neoflavene; Ngoai ra con c6 biflavonoid va triflavonoid la cac flavonoid c6 di vong
6 canh (vong C) hodc 13 mé, nhu trong chalcone, hodc thay thé bang mét di vong 5

canh, nhu trong aurone (aurone va auronol) [25].

1.3.2. Con dwong tong hop flavonoid & thue vat

Con duong sinh tong hop flavonoid 1a mdt trong nhing linh vuc dugce nghién
ctru nhiéu nhét cua cac hop chét phenolic ¢ thuc vat. Flavonoid duoc chia thanh céac
phan nhém (flavanone, flavon, flavonol, leucoanthocyanidin, anthocyanin va
isoflavonoid) va tap trung chil yéu & hoa, qua va 1a [77]. Hop chat flavonoid dugc
tong hop theo con dudng phenylpropanoid, ddy chinh 1a con dudng tong hop thi
cap chu yéu cua thyc vat bac cao (Hinh 1.6). Nguyén liéu dau tién 1a amino acid L-
phenylalanine (L-Phe) hoic trong vai truong hop 1a L-tyrosine (L-Tyr) duoc chuyén
hoa hanh 4-coumaroyl CoA (hodc mét este thiol twong tng voi su xuat hién cua 4-
hydroxycinnamate khac). Sau d6, nhiing este nay duoc str dung nhur 1a tién chat dé
tong hop cac hop chat nhu: flavonoid, lignin, lignan, coumarin, furanocoumarin va

stilbene [20]. Cac giai doan cua con duong phenylpropanoid dugc xuc tac boi hé
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théng cic enzyme chi chdt nhu: phenylalanine ammonia- lyase (PAL), cinnamate
4-hydroxylase (C4H), 4-coumarate CoA ligase (4CL), chalcone synthase (CHS),
chalcone isomerase (CHI), flavone synthase Il ((FNS II), flavanone-3-hydroxylase
(F3H), flavonol synthase (FLS), dihydroxyflavonol 4-reductase (DFR),
leucoanthocyanidin oxygenase (LDOX), isoflavone synthase va isoflavone

reductase (IFS), cac enzyme nay duoc mi hoa bai hé thdng gen twong tg [7].
Phenylalanine

Phenylalanine ammonia lyase (PAL)
Cinnamate
Cinnamic acid 4-hydroxylase (C4H)
p-Coumarate- - - -y - )
4Coumarate: CoA ligase (4CL) =»Lignin
p-Coumaroyl - CoA> -
Chafkcone synthase (CHS)

Chalcone reductase (CHF.‘V

Isoliquintigenin

Chalcone Flavone
isomerase / T 11
(CHI) ravorne Sy aoe (VY
Liquintigenin Naringenin

Isoffavone F_/J, anone Flavonol
S oe 3 ﬁ)'d{' sSe
Daidzein (/~5) Genistein " /;’9*'0"-’97
Synthase (FLS)

y * Dihydroflavonol
fsoflavone hydroxylase (12'H)

V Dihydroffavono!
/soffavone reductase (IFR) reductase (DFR)
Pterocarpan synthase (PTS) | Flavan-3,4-diol
Anthocyanidini Flavan-3 4
; avan-3,4-dof
Glyceollins synthase ( /‘-’VSJ 4 reducitase (LAR)
X )

3-hydroxyanthocyanidi X
b e y r\ : R |

A ,'7.'/79;,‘*/&!7/0/{7}\ Condensed tannins
Anthocyanins reductase (BAN)

Hinh 1.6. Con duong phenylpropanoid (phan trng xtc tac boi CHI mau xanh)
(Ngudn: Oliver va cs (2005) [70])
1.3.3. Enzyme CHI va biéu hién gen ma héa CHI
1.3.3.1. Enzyme CHI

CHI 1a mot protein enzyme, gdm khoang 220 amino acid, duoc phan lap tir
hau hét cac loai thuc vat bac cao. CHI c6 cau triic gdom 7 chudi xodn a va 7 phién
gap B [91]. Céu tric tong thé cua MtCHI cua cidy Medicago truncatula giéng nhu
mot bo hoa 10n nguoc v6i mot phién gap P 1on duoc tao nén bdi nam phién gip p
nho d6 1a B3a, p3b, B3c, p3d, B3e va bay chudi a (al-a7) dong vai tro 12 16i enzyme.
Hai phién gap p nho (Pla, f1b) & phia ddi dién cta tim B 16n (Hinh 1.7) [33].
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Co s0 dit liéu ciia PSI-BLAST cho thiy, trinh tu cac chudi CHI chi tim thy ¢
cac cdy thuc vat bac cao, két qua nay ngu y rang cau trac khong gian ba chiéu va
hoat dong enzyme 1a duy nhét & gidi thuc vat [33]. So sanh trinh ty amino acid cila
CHI tir nhiéu loai thuc vat hat kin cho théy coO sy tuong déng cao, tir 49 % dén 82 %.
Cac phién gap p3a, B3b va cac chudi xodn 04 va a6 trong cau trac khéng gian bac
ba 13 nhitng ving bao thi cia CHI. Pang cha ¥, nhitng yéu tb ciu trac nay tao thanh

mot trung tdm hoat dong trén bé mit cua enzyme [91].

Chalcone (R=0OH)
6'-Deoxychalcone (R=H)

o] R

(2S)-Naringenin (R=0OH)
(25)-5-Deoxyflavanone (R=H)

Hinh 1.7. C4u trac va cac vi tri amino acid hoat dong ctuia enzyme CHI
(a): Cau tric ciia MtCHI (M. truncatula) tir Ngan hang dit liéu protein. Céc chudi o
dwoe danh dau mau do nhat va phién gdp B dwoc danh dau mau vang. Amino acid hoat
dong (mau xanh) c¢é cau triic phan tir dwgc thé hién trén protein va vi tri ciia (25)-
naringenin; (b): phan tw naringenin chalcone mach ho dwoc dong vong tao thanh (2S)-
naringenin.
(Ngudn: Joseph va cs (2000) [33])
CHI phan 13p tir thuc vat dugc phan thanh hai loai chinh Ia loai I va loai II.
CHI loai I ¢6 thé xtic tac cho 6-hydroxychalcone tao thanh 5-hydroxyflavanone (2S-
naringenin) va dugc tim théy trong hau hét cac loai thue vat (thuc vat ho Dau ciing
nhu khong thudc ho Pau) [73]. CHI loai II chu yéu tim thay trong cdy ho Pau, co
thé xtGc tac cho ca 6-hydroxychalcone tao thanh 5-hydroxyflavanone (2S-
naringenin) va xuc tdc cho 6-deoxychalcone tao thanh 5-deoxyflavanone (2S-
liquiritigenin). Sau d6, 5-deoxyflavanone s& dugc chuyén hoa thanh isoflavone va

cac dan xuat cua flavone [78].
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Vi tri lién két cua (2S)-naringenin trong ciu trac CHI d3 giup cho viéc xac
dinh trung tAm hoat dong cta enzyme (Hinh 1.7). Mic du da sir dung hon hop co
chét 1a (2S)-naringenin va (2R)-naringenin trong phan tng, nhung chi cé phan tir
(2S)-naringenin gin véi trung tim hoat dong cia CHI. Trung tdm hoat dong cua
CHI phan 16n 12 amino acid khong phan cuc tir phién gip B3a (Arg 36, Gly 37,
Leu 38), phién gip B3b (Phe 47, Thr 48, Ile 50), chudi xoan a4 (Tyr 106, Lys 109,
Val 110, Asn 113) va chudi xoan a6 (Thr 190, Met 191) (Hinh 1.8) [34].

L101 K97, K97
4 Y106 r Y106
Y106 ) 48
) 3 \

K109 1
o

b0 0 {( ' - e
2 s ¥ Y110 ‘
F112 /| N113@ss N113 @
¥ 4 ~N1I3 ~/. ﬂ : ~f / :
M191 ﬁ- Y152 3\' Y152 3\
T190 T190
a) b)

Hinh 1.8. Su gén két cua 28 - naringenin v&i cac vi tri hoat dong ciia CHI
(a): Hinh dnh cdc goc amino acid trong trung tam hoat dong cua CHI (2S)-
naringenin va phdn tir nuée. Lién két hydro dwoc thé hién bang dwong cham nho;
(b): Hinh anh mé ta lién két giita trung tdm hoat déng ciia CHI va co chat
(naringenin chalcone mach hé hodc 7,4 -dihydroxyflavanone).

(Ngudn: Joseph va cs (2000), (2001)[33], [34])

Cac nguyén tur carbon methylene khong bao hoa (khong no) cua Arg 36 duogc
dinh vi bang twong tac tinh dién giita cAc nhom guanidinium véi Glu 200. Ngoai ra,
cac nguyén tir carbon methylene cua Lys 109 ciing duoc ¢b dinh béi su tuong tac
tinh dién gitta nhém amino va Glu 112. Ngoai trr Thr 190 va Met 191, cac lién két
giita amino acid véi (2S)-naringenin giéng hét nhau cia cac CHI tir cac loai thuc
vat khac nhau. Mic du céc lién két van der Waals chiém uu thé trong su tuong tac
giita CHI va (2S)-naringenin, tuy nhién van c6 hai tap hop mang ludi lién két hydro
tdn tai.

Sy tuong tac gita enzyme va co chat xay ra dau tién 13 gifra nhom hydroxyl
ctia Thr 190 v6i nhém 7-hydroxyl cua (2S)-naringenin; lién két thir hai 1a lién két

cua mét phan tor nudc vo1 nhoém axeton cua naringenin (Hinh 1.8). Viéc kiém tra
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ciu trac phirc hop CHI-naringenin cho thdy mét mang luéi lién két hydro ¢ day cia
khe ho duoc tao thanh do lién két cua phan tir nudc voi nhém axeton cua (2S)-
naringenin (Hinh 1.9). Trong s6 5 amino acid (Thr 48, Ala 49, Lys 97, Tyr 106 va
Tyr 152) gép phan vao mang luéi ndy, chi ¢ Thr 48 va Tyr 106 dugc bao ton trong
tat ca cac CHI. Phan tir nuwéc nim giita (2S)-naringenin va Tyr 106, trong do
tyrosine kich hoat nudc, dé no6 hoat dong nhu mot acid. Khi do, nudc dong vai tro 1a
chét cho electron va két hop v&i mot lién két doi giita carbon-carbon cia (2S)-
naringenin cé vai trd 1a mot chat nhan electron ciia phan ting cong Michael. Két qua
phan tir chalcone-naringenin mach ho duoc déong vong dé tao thanh naringenin
mach vong (Hinh 1.10). Trong co ché nay, hinh dang b6 sung va cac tinh ning tinh
dién giita trung tim hoat dong ctia CHI va cdu tao ciia co chét trudc phan Gng hinh
thanh (2S)-naringenin, ciing nhu phan cuc ctia nhdm axeton cua chalcone tao diéu

kién cho phan tmg cong Michael, ddy nhanh téc d6 phan tng 107 1an [34].

T48  AQ9 N113 T190

K97z\t{/ni,.,g‘
Y106 == r(\]

—
Y152
Hinh 1.9. Mang luéi lién két hydro cia phirc hop CHI - naringenin (duoc thé hién
bang bang duong cham mau hong (Ngudn: Joseph va cs (2001)[34])
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Hinh 1.10. Hinh anh phan tir nudc ndm giira (2S) - naringenin va Tyr 106 trong
phic hop CHI - naringenin
(Ngudn: Joseph va cs (2001)[34])
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1.3.3.2. Gen CHI

Shimada va cs (2003) da phéan 1ap cac gen tir ciy ho Pau Lotus japonicus, két
qua da xac dinh dugc 4 gen CHI (cDNA), d6 1a CHI1, CHI2, CHI3 va mot CHI gia
dinh (CHI4) c6 kich thuéc khoang 15 kb. Trong d6 gen CHI2 c6 chudi amino acid
suy dién turong doéng véi CHI cua cac cdy khong phai ho Pau, do d6 CHI2 thudc
CHlI loai I. Con CHI1 va CHI3 tao ra san phém la 1soflavone thudoc CHI loai II dac
trung cia cay ho Pau. Pang cht ¥, CHI cung loai tir cac loai khac nhau cho thiy
mirc d6 twrong dong 13 70 %, trong khi trinh tw cta cac loai CHI khac nhau thudc
cung mot loai chi ¢6 khoang 50 % tuong dong [78].

S6 gen CHI phu thudc vao loai va trong hau hét cac loai thuc vat, chi c6 mot
vai gen CHI, trong khi CHS lai c¢6 nhiéu gen ma héa. Nhin chung, cac loai cay ho
P4u c6 nhiéu gen CHI hon 14 cac loai thuc vat khac. O céc loai cay khong phai ho
Pau, chi c6 mdt gen duy nhat ma hoa enzyme CHI [78]. Céac nghién ciru trude diy
cho thdy, trong cac cay ho Pau, so gen CHI thay d6i tir mot gen trong loai dau M.
truncatula dén hai gen trong Madia sativa va Glycyrrhiza echinata, 1én dén bon gen
trong L. japonicus va nim gen trong Glycine max [65]. Do s lugng gen CHI ting
ma cac nghién ciru gan day lai chia gen CHI thanh cac phan ho: CHI (bao gdm
CHI1 va CHI2), CHIL va FAP (gdm FAPal, FAPa2 va FAPa3). Hai gen
LangCHIL trong hé gen cua loai dau Lupinus angustifolius 1a twong dong vai hai
gen GmCHI4 (A va B) duogc phan 1ap tir dau twong. Dastmalchi va cs (2015) da xac
dinh muoi hai gen GmCHI ¢ dau tuong thudc bon phan ho dua trén cac trinh tu
amino acid twong ddng va cac co chat dic hiéu cua protein CHI [15]. O hau hét cac
loai thuc vat, gen CHI c6 bon exon va ba intron [78].

Tim hiéu gen CHI trén GenBank cho thay kich thudc ctuia gen CHI phan lap tir
mot s6 loai thuc vét da dugce cong bd. Druka va cs (2003) di xac dinh trinh ty gen
CHI (ma sb AF474922) ¢ Lua véi kich thude 1a 1160 bp, doan ma héa co 702 bp
mi héa cho phan tir protein gdbm 233 amino acid [18]. Ralston va cs (2005) da phan
lap va xac dinh trinh ty cac gen GmaCHI 1A (AY595413), GmalB1l (AY595414),
GmalB2 (AY595419), Gma2 (AY595415), Gma3 (AY595416), Gmad (AY595417)
clia dau tuong. Cac gen nay c6 kich thude 1an luot 1a 1157 bp, 809 bp, 786 bp, 902
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bp, 1037 bp va 952 bp. Doan ma hoéa cua cac gen nay cé kich thudce lan luot 13 657
bp, 681 bp, 681 bp, 681 bp, 846 bp va 630 bp. Phan tir protein do cac gen nay ma
héa c6 ma sé trén GenBank lan luwot 1a AAT94358, AAT94359, AAT94364,
AAT94360, AAT94361, AAT94362 va cob s luong amino acid 1an luot 1 218, 226,
226, 226, 281, 209 amino acid (Hinh 1.11) [71].

Chromosome 20-NC 016107.2

[472327300 (47264800
LOC100801711 CHILA CHIZ-A
LOC100803121 CHI1EL

Hinh 1.11. Vi tri cdc gen GmMCHI trong ban do gen
Cdc gen GmCHI nam trén NST sé 20 trong hé gen cia ddu twong, tir vi tri
nucleotide 47255707 dén vi tri nucleotide 472581435.
(Ngudn:https://www.ncbi.nlm.nih.gov/gene?LinkName=nuccore_gene&from_ui
d=51039621)

1.3.3.3. Nghién ciru biéu hign gen CHI

Pé khang dinh cho quan diém cho rang CHI déng mét vai tro quan trong trong
con dudng tong hop flavonoid, Forkmann va cs (1980) di nghién ctru thé dot bién
gen CHI & hoa Cam chuéng nhan thiy rang hoa c6 mau vang do tich liy
naringenin-chalcone-2'-glucoside, trong khi dang hoang dai c6 mau tring hodc mau
d6 [26]. O Hanh tay, dot bién gen lam xuat hién sém ma két thuc & gen CHI di lam
cho enzyme CHI dugc tong hop bi mat hoat tinh, ddn dén giam déng ké ham luong
quercetin [38]. Fatemeh va cs (2016) da nghién ctru sy biéu hién gen CHI ¢ cay Da
yén thao voi bon mau hoa khac nhau: d6, hong, trang va xanh. Két qua cho thdy hoa
mau do ¢6 sy biéu hién cua gen CHI cao nhat va ham luong flavonoid téng sb cao
hon so v&i cdc mau hoa con lai [22]. Pong thoi dé nghién clru chiic nang sinh hoc
ctia CHI, d3 c6 mot sé cong trinh nghién ciru ting cuong biéu hién gen CHI & mot
sO loai thyc vat. Muir va cs (2001) nghién ciru chuyén gen CHI dugc phan lap tir Da
yén thao va dugc gin vao vector pBBC50 cua virus kham Sup lo (CaMV) vao Ca
chua, két qua 13 dong Ca chua bién d6i gen san xuat flavonol ting dén 78 1an trong

vo trai cay so véi cay khong chuyén gen, chu yéu 1a do su tich tu cia rutin, dong


https://www.ncbi.nlm.nih.gov/gene?LinkName=nuccore_gene&from_uid=51039621
https://www.ncbi.nlm.nih.gov/gene?LinkName=nuccore_gene&from_uid=51039621
https://www.ncbi.nlm.nih.gov/pubmed/?term=Muir%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=11329019
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thoi khong ¢ su khac biét vé kiéu hinh giira dong bién ddi gen va dbi ching khong
chuyén gen. Qua 4 thé hé kiém tra thiy rang gen chuyén di truyén on dinh qua céac
thé hé [64]. Li va cs (2006) phan lap gen SmCHI & loai Saussurea medusa
(Asteraceae). Ving mi hoa ciia gen gdm 699 bp va protein suy dién gdm 232 amino
acid voi khéi lugng phan tir du doan la 24 kDa. Gen SmCHI da dugc chuyén vao
cay Thudc 14 va d3 tao dugc cdy Thude 14 chuyén gen c6 ham luong flavonid tong
s6 ting gap 5 1an so v4i dang hoang dai chu yéu 1a do ting tich tu cac rutin [49].
Kim va cs (2007) da nghién ctru chirc ning ctia CHI dugc phan lap tir nét san & ré
ctia cay Nhot. O thé dot bién TT5 cua cdy Arabidopsis, gen CHI bi dot bién dan dén
khong san xuadt duoc enzyme CHI, lam cho chalcone naringenin khong duoc
chuyén thanh naringenin, két qua 13 hat c6 mau vang do thiéu proanthocyanidin.
Khi biéu hién qua mic gen CHI phan 1ap tir ndt sin cia ré ciy Nhot ¢ thé dot bién
TTS, két qua 1a mau vo hat binh thuong da dugc phuc hoi. O dong cay bién d6i gen,
naringenin duoc san xuit nhu ¢ cay khong chuyén gen, trong khi n6 khong c6 & cac
dot bién TT5 [39]. Lin va cs (2014) di nghién ctu vai trd ciia CHI trong cdy Mau
don ddi véi co ché tao mau hoa. Gen Ps-CHI1 duoc phén 1ap tir cAy hoa Mau don,
kich thudc 13 924 bp, doan ma hoa dai 654 bp ma héa mot peptide gdm 217 amino
acid c¢6 khdi lugng phan tir du doan 23,3 kDa. Gen Ps-CHI1 biéu hién cao nhat
trong canh hoa, mirc do vira phai trong dai hoa, murc thip trong 14 va 14 nodn va
mic thip nhéat trong nhi hoa. Chuyén gen Ps-CHI1 vao Thudc 14 thong qua
Agrobacterium da thu duoc ciy chuyén gen & thé hé T; c6 ham luong flavonol va
flavone tang gap 3 lan so voi cdy khong chuyén gen [52]. Lim va cs (2016) da
nghién ctru va thiy rang Ca chua trong tu nhién c¢6 ham lugng anthocyanin rat thap.
Nhung & Ca chua tim chuyén gen, ham lugng anthocyanin cao hon nhiéu so véi cay
khong chuyén gen, boi sy biéu hién manh cia hai gen mad héa nhan t6 phién
ma Delila (Del) va Roseal (Rosl) tir cay hoa Mdm chd (Snapdragons). Tuy nhién,
nhan t6 phién mi Del/Rosl (DR) duoc chuyén vao Ca chua khong thé diéu hoa tat
ca cac gen noi sinh quan trong, dac bi¢t la gen CHI. Trong nghién ctru nay, gen CHI
tir Hanh tay duoc gin vao DR ciia Ca chua dé ting cudng san xuét anthocyanin

trong ca vo va thit qua. Két qua thu duogc cay chuyén gen c6 ham luong anthocyanin
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ting 400 1an trong vo ca chua va 260 1an trong thit so v6i cdy khéng chuyén gen.
Trong khi dong cay Ca chua chi mang DR c¢6 ham lugng anthocyanin ting 100 lan
trong vo va 80 1an trong thit Ca chua so véi cdy khong chuyén gen. Hon nita, sy
biéu hién CHI/DR d3 lam ting ham luong flavonol téng sb trong thit Ca chua Ién
dén 200 lan so voi Ca chua khong chuyén gen. Nhu vy, su két hop CHI véi DR ¢
thé 1am ting dang ké ham lugng anthocyanin va flavonol trong qua Ca chua [51].
Tir két qua cia nhing thyc nghiém trén c6 thé rit ra nhan xét rang, k¥ thuat ting
cudng biéu hién gen CHI co thé dugc sir dung nhu mot phwong phép hitu ich dé
nang cao ham luong flavonoid trong ciy chuyén gen.

Trén thé gi6i da c6 mot sd cong trinh nghién ciru biéu hién manh gen CHI &
cay Thudc 14, Ca chua, Mau don... Két qua thu dugc ham luong flavonoid tong s6,
flavonol, anthocyanin ting nhiéu 1an so v6i cay d6i chimg khong chuyén gen. Cay
Tho nhan sdm va céc loai thudc chi Talinum chira nhiéu hop chét thir cap co gia tri
duoc hoc, trong do co flavonoid, nhung ham lugng rat thép. Hién nay, chua tim
thay cong trinh nghién ctiru chuyén gen CHI vao cay Tho nhan sam. Do vay, hudng
g dung céng nghé ting cuong biéu hién gen ma hoa enzyme chia khoa trong con
duong chuyén héa tong hop flavonoid ¢ cidy Thd nhan sim can dwoc quan tam va

tap trung nghién cuu.
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Chuong 2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. VAT LIEU NGHIEN CUU
2.1.1. Vat li¢u thue vat

Hat va mau cdy Tho nhan sim dugc thu tir thang 9/2015 dén thang 3/2016 tai
5 dja phuong: huyén Tan Yén, tinh Bic Giang (BG); thanh phd Thai Nguyén
(TN1); huyén DPai Tu, tinh Thai Nguyén (TN2); thi xa Son Tay, Ha No¢i (HT);
huyén Hoanh BJ, tinh Quang Ninh (QN) (Hinh 2.1)

Tién hanh gieo tréng c4c mau Tho nhan sdm phuc vu nhan dién va tao nguyén

liéu cho céac phan tich hinh thai va sinh hoc phan tu.

TN1 TN2 QN

HT BG
Hinh 2.1. MAu cdy Tho nhan sdm thu tai thanh phd Thai Nguyén (TN1)
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2.1.2. Chiing vi khuén va cac loai vector

Chung A. rhizogenes ATTC 15834 duoc cung cip tir Vién Cong nghé sinh hoc
- Vién Han 1am Khoa hoc & Cong ngh¢ Viét Nam.

Chung vi khuan Agrobacterium tumefaciens CV58 mang vector chuyén gen
pCB301-GMCHI dugc cung cép bdi BO mon Sinh hoc hién dai & Gido duc sinh
hoc, Trudng Pai hoc Su pham, Pai hoc Thai Nguyén. Gen GmCHI trong cau tric
pCB301-GmCHI duogc phan lap tir mMRNA cia gidng ddu twong DT26 c6 kich thudce
657 bp ma hoa 218 amino acid c6 mi sb trén GenBank 1a LT594994.1
(https://www.ncbi.nlm.nih.gov/nuccore/LT594994.1) [5]. Cau trac 35S-GmCHI-
cmyc-KDEL trong vector pCB301 duoc thé hién & hinh 2.2.

Hind Il Notl Hindlll Notl

—. Nos> nptll | Ter F—CaMV35S cmyc | KDEL | PolyA

Ncol

Hinh 2.2. So d6 ciu triic vector chuyén gen pCB301-GmCHI
nptll: gen khang kanamycine; CaMV35S: promoter 35S; CHI: gen ma hoa chalcone
isomerase phan Idp tir cdy ddau twong, C-myc: trinh tu nucleotide ma hoa peptid c-myc;
KDEL.: trinh ty nucleotde ma hoa peptide KDEL. LB: bo trai; RB: bo phdi.
(Ngudn: Lé Thi Hong Trang va cs (2016) [6])

2.2. HOA CHAT, THIET BI VA PIA PIEM NGHIEN CUU
2.2.1. Héa chit, thiét bi nghién ciru

Tinh sach san phém PCR duoc thuc hién theo kit GeneJET PCR Purification
ciia hing Fermentas, My. Cac hod chit: bacto pepton, yeast extract, agarose,
sucrose, glucose, trypton, X-gal, KCI, Tris HCI, EDTA, NaOH, MgSO,, MgCl,,
Glycerol, CaCl,; cac loai khang sinh kanamycine, rifamycine, cefotaxime,
carbenicilline,... ciia cdc hang Fermentas, Invitrogen, Sigma, Amersham va mot )
héng khac.

May PCR System 9700 (Appied Biosystem, My), may dién di Powerpac300
(Bio-Rad, M¥), may soi DNA (Mini-transllumminatior, Bio-Rad, M¥), may Voltex
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(Mimishaker, IKA, DPuc), may ly tdm, may xung di¢n Plulser, may xac dinh ham
lugng nucleic acid NanoDrop, cung véi cac thiét bi hién dai khac.
Céac loai mdi duge st dung trong nghién ctru dugc thé hién & bang 2.1.

Bang 2.1. Thong ké cac trinh ty mdi st dung trong nghién ctru

Kich thudc | Tai liéu
.. doan DNA | tham
Céap moi Trinh ty nucleotide 5> — 3’
(bp) du | khao
kién
ACGAATTCATGGTCCGGTGAAGTGT
TCG
ITS-F/ITS-R | TAGAATTCCCCGGTTCGCTCGCCGTT | 665 [40]
ACT
GATCCCAGCATCACAATTCC
matK-F/ ATCCATCTGGAAATCTTAGTTC
matK-R CTTCCTCTGTAAAGAATTC 508 140]
rolC-F/ ATGGCTGAAGACGACCTGTGT
rolC-R TTAGCCGATTGCAAACTTGCA >20 140]
virD-F/ ATGCCCGATCGAGCTCAAG
virD-R GACCCAAACATCTCGGCTG 338 [40]
CATGCCATGGATGGCAACGATCAGC
CHI-Ncol-F/ | GCGGTT
CHI-Notl-R | TTGCGGCCGCGACTATAATGCCGTG ol Bl
GCTC

2.2.2. Pia diém nghién ciru

Céc thi nghiém nudi cdy in vitro va chuyén gen vao cdy Tho nhan sam duoc
thuc hién tai Phong thi nghiém Coéng nghé té bao thuc vat, Khoa Sinh hoc, Truong
DPai hoc Su pham - Pai hoc Thai Nguyén.

Céc thi nghiém phan tich cdy chuyén gen duoc tién hanh tai phong Cong nghé
ADN tng dung, phong Cong nghé T¢é bao thuc vat va Phong thi nghiém trong diém
Cong nghé gen thudc Vién Cong ngh¢ sinh hoc - Vién Han 1am Khoa hoc va Cong

ngh¢ Viét Nam.
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Pé tai duoc hoan thanh tai B6 mén Sinh hoc, khoa Khoa hoc co ban, truong
bai hoc Y Dugc - Dai hoc Thai Nguyén.
2.3. PHUONG PHAP NGHIEN CUU

Céc thi nghiém dugc tién hanh theo so dd mo ta & hinh 2.3.

Thu hat va mau cay Tho nhan sim

v
Dinh danh mau Thé nhan sdm

v

Thu hat Thd nhan sim

v
v v

Xay dung hé thér}g tai sinh phuc Tao dong ré to & cdy Thd
vu chuyén gen nhan sim nho vi khuan A.
v rhizogenes
Chuyén ciu triic mang gen
GMCHI vao cay Tho nhan sam v
thong qua A.tumefaciens Xéc dinh dong ré to mang
v gen rolC

Phan tich cay Th6 nhan sim
chuyén gen GmCHI ¢ T0, T1

v

Panh gia chuc nang sinh hoc cua

gen chuyén ¢ T1

Hinh 2.3. So d6 thi nghiém tong quat

Cac phuong phap nghién ctru dugc trinh bay theo 5 nhom chinh: (1) nhom
phuong phép dinh danh cdc mau Thé nhan sdm; (2) nhém phuong phap nudi cdy in
vitro; (3) nhém phuong phép tao cdy chuyén gen; (4) nhom phuong phap phan tich
ciy chuyén gen; (5) nhom phwong phap phan tich, xir 1i s6 liéu.
2.3.1. Phwong phap dinh danh miu cAy Thé nhéin sim

Dinh danh méu cdy Thé nhan sim dua vao phwong phap hinh théi so sanh va
phuong phéap phan loai hoc phan tir.

Phuong phap hinh thai so sanh: Tai mdi dja phuwong, thu 5 cdy Tho nhan sim

non va thu hat cta 5 cay Thd nhan sdm khac dem tréng tai vuon Thuc nghiém khoa
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Sinh hoc, truong Pai hoc Su pham, Pai hoc Thai Nguyén. Pac diém hinh théi cua
cay Thé nhan sdm dugc quan sat truc tiép va mod ta dic diém ré, than 14, hoa, qua, hat.
Nhan dién mau cdy Tho nhan sim theo mo ta cia Pham Hoang Ho (1999) [1], P Tt
Loi (2004) [3] va tra ctru trén http://www.tropicos.org/Name/26200178 tai B moén
Thuc vat hoc, khoa Sinh hoc, truong Pai hoc Su pham, Pai hoc Thai Nguyén.

Phuong phép phan loai hoc phan tr dua vao mot s6 mi vach DNA nhu ving
ITS va doan gen matK. La non cua tit ca cac cdy Tho nhan sim trong vuon Thuc
nghiém dugc sir dung cho tach chiét DNA bang phuong phap CTAB theo Shanghai-
Maroof va cs (1984) [75]. DNA tong sé duoc kiém tra bang dién di trén gel agarose
0,8 %.

Trinh ty nucleotide cta cac cip mdi matK-F/matK-R, ITS-F/ITS-R sir dung
trong PCR duoc tong hop theo Kress va ¢s (2005) [40] duoc thé hién & bang 2.1.

Chu trinh nhiét cia PCR d6i voi cap moi ITS-F/ITS-R 1a 94°C trong 5 phdit,
lap lai 40 chu ky va & mdi chu ky, bién tinh & 94°C trong 1 phdt, gan modi & 58°C
trong 1 phit va tong hop & 72°C trong 1 phuat; sau 40 chu ky 1a budc két thac ¢
72°C trong 5 phit, luu giit & 4°C. Chu trinh nhiét cia PCR voi cdp mdi matK-
F/matK-R 1a 95° trong 2 phut, lip lai 35 chu ky va & mdi chu ky, bién tinh & 95°C
trong 30 gidy, gan moi & 52°C trong 30 gidy va tong hop & 72°C trong 45 gidy; sau
35 chu ky 1a bude két thic & 72°C trong 5 phut, luu giit ¢ 4°C.

San pham PCR duoc kiém tra bang dién di trén gel agarose 1 %. San pham
PCR tir gel dién di dugc tinh sach bang bd Kit QiAquick Gel Extraction (Qiagen,
Pric). San pham nay duoc str dung 1am khudn cho phan ung giai trinh ty tryc tiép
bang thiét bi tu dong ABI PRISM 3500 XL (Applied Biosystems, M¥) theo nguyén
li cuia Sanger véi bo kit BigDye terminator cycler v3.1. Trinh tu nucleotide dugc so
sanh véi cac trinh ty dd c6 trén GenBank bang phian mém BLAST trong NCBI
(http:www.ncbi.nlm.nih.gov/BLAST). Trinh ty DNA sau khi doc dugc hi€u chinh
v6i su tro gitp ciia phan mém Bioedit v7.0.5.2.

X4y dyng cdy phat sinh chung loai biang phwong phap Neighbor-Joining nhd
phan mém Mega 7 [43].


http://www.tropicos.org/Name/26200178
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2.3.2. Cac phwong phép nudi ciy in vitro
2.3.2.1. Phwong phap khur trung hat

Dé c6 duge cay sach bénh trong dng nghiém, ching t6i di tién hanh nghién
clru quy trinh khir tring hat Thé nhan sam bang con 70 % trong khoang thoi gian 1
phut, rira sach lai bang nudc cét, sau d6 khtr tring hat bang dung dich javel 60 %
véi cac khoang thoi gian 5 - 10 - 15 - 20 phat va HgCl, 0,1 % véi khoang thoi gian
3-5-7-9 phit. Tiép tuc rira sach hat bang nudc cit vo tring 8 - 10 1an, sau do6 ciy
1én méi trudng nay mam GM (Phu luc 1). S6 mau hat dua vao cdy 50 - 60 hat/binh.
TAt ca céc thao tac khur trung hat dugc thyc hién trong box céy. Sau khi céy hat,
binh tam giac dugc dit trén gia ciia phong nudi cdy mo té bao thuc vat voi diéu kién
chiéu sang theo quang chu ky 16 gid sang va 8 gid t6i, nhiét do phong 25°C + 2°C,
cudng do chiéu sang 2000 lux. Theo ddi kha ning sinh trudng phat trién cua hat
trén moi trudng MS co ban. Thi nghiém 13p lai 3 lan va tinh trung binh cta 3 lan
gieo hat.
2.3.2.2. Phuong phdp tdii sinh da chéi é ciy Thé nhan sim
Thi nghiém nghién ciru dnh huéng ciia BAP dén sw phat sinh va sinh truong choi tie
ndch ld mam

La mam 2 tudn tudi dugc gdy ton thuong bang mili kim nhon & nach 14, sau d6
Céy 1én moi truong MS co ban, bod sung 50 ml/l nuéc dua va 0,5 mg/l; 1,0 mg/l; 1,5
mg/l; 2,0 mg/l BAP. Sy phat sinh chdi va sinh truong cua chdi duoc danh gia bang cac
chi tiéu vé s6 chdi/mau, chiéu cao chdi, s6 14/chdi, chat luong chdi sau 2 tuan va 4 tuan
nudi cay.
Thi nghiém nghién citu anh huéng BAP va anh hwéng két hop giita BAP va IBA dén
sw phdt sinh va sinh trudng choi tir doan thdn mang mdt choi bén

DPoan than c6 kich thude 1,0 - 1,5 cm mang mét chdi bén sau 6 - 8 tudn nudi

ciy duogc gy ton thuong bang dao ché doc qua giita 2 mat chdi bén, dung kim chdm
gdy ton thuong ¢ mat chdi bén, sau d6 cdy 1én méi truong MS co ban, bd sung 50
ml/l nuée dira va 0,5 mg/l; 1,0 mg/l; 1,5 mg/l; 2,0 mg/l, 2,5 mg/l, 3,0 mg/l BAP va
két hop gitta BAP (ndng d6 téi wu) véi 0,2 mg/l; 0.4 mg/l; 0,6 mg/l; 0,8 mg/l; 1,0
mg/l; 1,2 mg/l IBA. Sy phat sinh va sinh truéng cta choi duge danh gia bang cac
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chi tiéu vé& s6 chdi/mau, chiéu cao choi, sb 14/chdi, chét luong choi sau 2 tuan va 4
tudn nuodi cay.

Thi nghiém nghién ciru anh hwéng ciia IAA va NAA dén kha ndng ra ré cia cdy Tho
nhan sam

St dung chdi tai sinh sau 4 - 6 tudn nudi cay in vitro c6 kich thuge 1,0 - 1,5
cm cay 1én moi trudng MS co ban, bd sung IAA va NAA véi cac nong do 1an luot
1a 0,3 mg/l; 0,5 mg/l; 0,7 mg/l; 0,9 mg/l; 1,1 mg/l. Kha ndng ra 1é cua cay Thd nhan
sam duogc danh gia bang sb lugng ré/chdi, chiéu dai ré sau 2 tuan va 4 tuan nudi cay.
Ra cdy trén gid thé

Chon cdy Thd nhan sim sau 8 tuan nudi cdy in vitro co bo ré dai, khoe, 14
xanh dé dua ra moi trudng tu nhién. Tiéu chuan ciy con: kich thudc trung binh cay
khoang 5 cm. R& dai khoang 3 - 4 cm. S6 14 dat 8 - 10 4.

Phuong phép ra cay, trudc khi dua cdy con ra trong ngoai tu nhién tién
hanh huan luyén dé cay quen dan véi didu kién méi truong bén ngoai bang cach:
bat binh cay ra diéu kién anh sang va nhiét do tu nhién, khong cho anh sang chiéu
truc tiép vao binh nudi cdy. Thoi gian nay kéo dai khoang 7 ngay, ting dan cuong
d6 chiéu sang vao nhitng ngay cudi dé ting nhanh kha ning thich nghi cua cay.
Sau d6, cac binh cay duoc mé nip, dd6 nudc vao ngdm 15 phat, lic nhe dé thach
r0i ra khoi ré, dung panh gip nhe cac cay ra khoi binh khong dé dap nat. Rura sach
phan thach va dudng bam vao vi ching thuong 1a méi truong thich hop cho ndm
bénh phat trién hodc con trung tin cong. Sau do, ngdm cay trong chau nude sach
dé tranh hién tuong mat nude roi dem trong vao gia thé. Céc gia thé sir dung trong
thi nghiém bao gdm: dét thit trung binh, dat thit pha cat 2:1, dat thit trung binh +
trdu hun (2:1), dat thit trung binh + cat + trdu hun (2:1:1).

Ché do cham soc cdy con trén cac gia thé, trong 2 - 3 ngay dau tudi nudc
sach bang cach phun swong 4 1an/ngay (giit 46 am gia thé khoang 75 % - 80 %). Sau
do, tudi nudc bang binh phun 2 - 3 1an/ngdy. Sau khi cdy song, ra ré méi, 14 méi co
thé dua ra ngoai nha ludi. Cac cong thirc duoc bd tri véi 3 1an nhéc lai, mdi 1an nhéc
lai 60 cay/cong thirc. Panh gia két qua sau khi ra cdy 45 ngay. Theo ddi ty 18 cay

song, kha nang sinh trudng cta cay (chi€u cao cay, kich thudc 14, mau sac 14).
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2.3.2.3. Phwong phdp nuéi cdy tao vé to ¢ cdy Thé nhin sim
Thi nghiém khdo sat vt ligu thich hop tao ré to ¢ cdy Thé nhan sam

Hau hét cac mé va co quan thyc vat gom 1& mam, than, 14 hay cubng 14 déu c6
kha niang nhiém A. rhizogenes va cam ung hinh thanh ré to. Tuy nhién, hiéu qua
bién nap gen cam &ng tao ré to phu thudc vao sy tuong tac giita A. rhizogenes véi
ting loai md, ting loai té bao [50], [89]. Vi vay, thi nghiém duoc thuc hién nham
xac dinh miu phu hop cho hiéu suét tao ré to cao. Theo d6, 14 mam hai tuan tudi
dugc gy ton thuong bang mili kim nhon ¢ nach 14. La va doan than mang mét choi
bén duoc tach ra tir cdy Tho nhan sdm sau nudi cay in vitro 6-8 tuan, cac manh la
duoc cat voi kich thudc khoang 1 cmz, doan than c¢6 kich thuoc 1,0 -1,5 cm mang
mat chdi bén dugc gay ton thuong bang dao ché doc qua giita 2 mét choi bén, dung
kim cham gy ton thuong & mat choi bén. Sau d6 cac mau vat duoc sir dung lam vat
licu 1ay nhidm. Su phat sinh va sinh truéng cua ré to duoc danh gia bang ty 16 mau
tao ré to, s6 ré/mau, chiéu dai ré, ty ¢ ré to sinh truong phat trién tét sau 4 tuan.
Thi nghiém nghién citu dnh hwdng cia mat do vi khudan A. rhizogenes, nong dé AS,
thoi gian nhiém khudn, thoi gian dong nudi cay dén hiéu qua chuyén gen tao ré to
tir mé 1é Thé nhédn sém

Chung A. rhizogenes ATTC 15834 gbc dugc cdy ria trén méi truong LB dic,
nudi trong ti am 28°C trong 48 gio. Lay mot khuan lac nudi phuc hoi trong 20 ml
LB 16ng, nudi lic 110 rpm & 28°C qua dém. Nhan nudi thu sinh khdi: 1dy 5ml dich
khuan phuc hoi cho vao 45 ml LB 1ong, nudi lic 110 rpm & 28°C trong 4 - 5 gio
va xac dinh mat d6 vi khuan bang may do quang phd & budc séong 600 nm
(ODggo), ODgoo dat 0,2 - 0,4 - 0,6 - 0,8 - 1,0 1 ¢6 thé str dung cho bién nap [37].
Cac moi trudng nudi khudn déu khong bod sung khang sinh do vector pRi 15834
khong c6 gen khang khang sinh. Dich khuan duoc ly tam 4000 rpm, & 4°C trong
10 phat thu sinh khoi, loai bo méi trudng nudi cdy. Can khuan duge hoa tan
trong méi truong % MS 1ong c6 bd sung AS véi cac ndng d6 50 umol/l; 75
umol/l; 100 pmol/l; 125 pmol/l; 150 umol/1 tao dich huyén phu vi khuan. Mau
cdy (mo 14) duogc cit, tao vét thuong boi dao cdy va duoc nhung vao dich khuin

trong khoang thoi gian 5 - 10 - 15 - 20 - 25 phit. Sau d6 chuyén mau cay 1én
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gidy thAm di khir trung, thdm kho va cdy l1én méi trudng MS co ban trong
khoang thoi gian 1 - 2 - 3 - 4 - 5 ngay nudi trong diéu kién t6i. Anh huéng cia
mat do vi khuan A. rhizogenes, nong d6 AS, thdi gian nhiém khuan, thoi gian
ddng nudi cdy dén hiéu qua chuyén gen tao ré to tir md 14 Tho nhan sim duoc
danh gia bang ty 1¢ mau tao ré to sau 4 tuan nudi cay.
Thi nghiém xdc dinh ngwéng diét khudn cia cefotaxime

Két thuc giai doan déng nudi cay, mau cdy duoc chuyén sang moi trudng diét
khuan MS co ban c6 bo sung khang sinh cefotaxime 350 mg/l; 400 mg/l; 450 mg/l;
500 mg/1; 550 mg/l; 600 mg/l; 650 mg/l trong diéu kién téi. Xac dinh ngudng diét
khuén cua cefotaxime duoc danh gia bang cac chi tiéu ty 1¢ dia cdy khong bi nhiém,
ty 16 mau séng sot va ty 18 mau tao ré to sau 4 tudn nudi cdy.
Thi nghiém phdn tich dong ré to chuyén gen bang ki thudt PCR

Phuong phap PCR sir dung cac cip moi dic hiéu cua gen rolC dé kiém tra sy
chuyén gen tir vi khuan vao té bao thyc vt va su ving mat ctia gen VirD2 trong ré
to dé khang dinh té bao thuc vat da chuyén gen khong bi nhiém vi khuan trén bé
mit té bao (Bang 2.1) [17], [84], [88]. DNA cua ré to dugc tach chiét bang phuong
phap CTAB theo Shanghai-Maroof va cs (1984) [75]. DNA tong sé duoc kiém tra
bang dién di trén gel agarose 0,8 %. Mdi phan ing PCR duoc thuc hién voi thé tich
hdn hop 14 25 pl gdm 1 ul DNA tong sb (hay Ri plasmid), 2 ul dNTPs 2 mM; 0,5 ul
DreamTaq DNA polymerase (1unit/ul); 1 pl mdi mdi véi ndong do 10 pmol; 1,5 pl
DreamTagq buffer va bd sung nudc cat vo trung dé du thé tich. Piéu kién cho phan
g PCR khuéch dai gen rolC 1a bién tinh ban dau & 95°C trong 2 phut, 30 chu ky
(95°C trong 30 giay, 55°C trong 45 gidy va 72°C trong 60 gidy) va 10 phut kéo dai &
72°C [84]. Piéu kién cho phan tmg PCR khuéch dai gen virD2 14 bién tinh ban dau
& 94°C trong 5 phut, 30 chu ky (94°C trong 60 gidy, 62°C trong 30 giay va 72°C
trong 60 gidy) va 10 phut kéo dai & 72°C. San pham khuéch dai PCR duoc phan tich
va kiém tra kich thu6c bang phuwong phép dién di trén gel agarose 1 %. Gel sau d6
s€ dugc ngam voi1 dung dich nhudm ethidium bromide va quan sat dudi den UV.

Thi nghiém nghién cuu trang thdi moi truong toi wu dé nuoi cay sinh khoi ré to
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Sau khi x4c dinh duoc dong ré to chuyén gen nho ki thuat PCR, lya chon dong
1é to sinh trudng, phat trién tot nudi cdy trong méi trudng MS co ban véi cac trang
thai méi trudng khac nhau (dic, ban 1ong, 16ng) dé khao sat kha ning ting trudng
ctia ré to Thd nhan sdm. Moi trudng dic 12 moi truong c6 chira 8 g agar/l, moi
truong ban 1ong chira 4 g agar/l va mdi truong long khong chira agar nudi lac 90
rpm & 28 + 2°C. Chi tiéu theo ddi 1a khdi lwong ré tuoi va khdi luong ré kho sau 4
tudn nuoi cay (khéi lwong ré khé duoc xac dinh bang cach ré to sau khi thu sinh
khéi duoc say ¢ nhiét do 45°C dén khoi luong khong doi [27]).

2.3.3. Phwong phap chuyén gen GmCHI & ciy Tho nhan sim

2.3.3.1. Khdo sdt vt liéu thich hop tao da chéi sau khi bién nap A. tumefaciens
vao cdy Tho nhén sam

Chudn bi nguyén liéu chuyén gen: Vat liéu duoc s dung dé lay nhiém A.
tumefaciens 1a 14 mam va doan than mang mat chéi bén. Theo d6, 14 mam hai tuan
tudi duoc gy ton thuong bang miii kim nhon & nach 14. Poan than mang mét chdi
bén dugc tach ra tir cdy Tho nhan sam sau nudi ciy in vitro 6-8 tuan co kich thuéc
1,0 - 1,5 cm, duoc gy tén thuong bang dao ché doc qua gitra 2 mat chdi bén, dung
kim cham gay ton thuong & mat chdi bén. Sau d6 cac mau vat duoc st dung lam vat
liéu lay nhiém.

Tao dich huyén phu vi khudn A. tumefaciens: Nudi chung A. tumerfaciens C58 chira
vector chuyén gen pCB301-GmCHI trong méi truong LB long ¢6 bo sung khang
sinh chon loc kanamycin (50 mg/l) va rifamycin (50 mg/I) trong ta 6n nhiét 28°C,
nudi lic 150 rpm, trong 48 gid. Lay 4 ml dich huyén phu té bao vi khuan nay nudi
phuc hdi trong 25 ml LB long ¢ bd sung khang sinh kanamycin va rifamycin ¢
28°C, nudi lac 150 rpm trong 3 - 4 gio. Lay dich huyén phu vi khuan nudi cay lan 2
ly tam va&i tbe do 5000 rpm trong 15 phit & 4°C. Loai bo dich ndi va hoa tan té bao
ling vao trong méi truong ¥ MS long va pha lodng cho toi mat do té bao vi khuan
ODggonm= 0,6 1a dat s6 lugng té bao tdi wu dé bién nap.

Nhiém vi khudn va dong nuéi cdy: La mam va doan thin mang mét chdi bén duoc

ngim trong dich huyén phu vi khuan c6 bo sung AS 100 pmol/l trong 10 phut, sau
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d6 thAm kho va cdy trén méi truong dong nudi cdy dic CCM khong bd sung khang
sinh (Phu lyc 1). Qué trinh ddng nudi cdy dién ra trong tdi & 25°C trong 2 ngay.
Diét khuan va tao da choi: L4 madm va doan than mang mét chdi bén sau khi lay
nhiém dugc rira bang dung dich %2 MS ¢6 b sung cefotaxim 500 mg/l. Tham kho
mau bang gidy thim khir tring, dung panh va dao cat bo phan chdi chinh xuét hién
trén cac manh 14 mam, cfiy mau trén mdi trudng tao cym choi SIM dic 1an 1 (Phu
luc 1). Sau thoi gian 2 tuan, mau dugc chuyén sang moi truong SIM dac lan 2
(Phu luc 1). Sy phat sinh choi va sinh truong ciia choi duge danh gia bang céac chi
tiéu vé s6 chdi/mau, chidu cao chdi, sd 14/choi, chat lugng choi sau 2 tuan va 4
tuan nudi ciy.
Kéo dai chéi: Sau 3-4 tuan cac cum chdi séng sot trén moi trudng chon loc dugc
chuyén sang moi truong kéo dai chdi SEM (Phu luc 1).
Tao ré: Khi cac chdi phat trién dat kich thudc 4 - 5 cm thi cdy chuyén sang moi
trudng tao r& RM (Phu luc 1) dé tao cdy hoan chinh.
Ra cay: Nhiing cdy tai sinh hoan chinh c6 bo ré khoe, 14 xanh, dep s& duoc
chuyén ra gia thé trong bau dat mun + trdu hun véi ty 1& 1:1. Sau khoang 1 - 2
tuan, cac cdy sdng sot duoc trong trong nha ludi. Tinh toan thoi gian bién nap va
tai sinh dé thoi diém ra cay trung véi thoi tiét mua xuén.
2.3.3.2. Chuyén gen GmCHI vao cdy Tho nhin sam théng qua A. tumefaciens

So d6 thi nghiém chuyén gen GMCHI vao 14 mam Tho nhan sam duoc md ta

téng quat trong hinh 2.4 va thanh phan méi trudng tai sinh phu Iyc 1.
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Hat Thé nhan sam dwoc A tumefacienstaitd hop
khi¥ tring bé mat mang gen GmCH!

Hat Thé nhén sam nay Nu i Idng va nudi phuc
mam trén madi trrdrng GM hoi A.fumefaciens

v v

Tao dich huyén ph
A tumefaciens

y Y

Gay ton thuong néch lamamva
l&y nhiém A.tumefaciens taitd
hop

v

Cam ng tao da choitir la
méam da lay nhiém, choc loc

v

Loai bé 1d mém, chuyén sang
mdi tredrng ra re, choc loc

v

Ra céy tfrong nha lwi

Thu Id mam 15 ngay tudi

Hinh 2.4. So d6 thi nghiém chuyén gen GmMCHI vao ciy Tho nhan sim qua nach 14 mam

2.3.4. Phwong phap phan tich ciy chuyén gen
2.3.4.1. Ky thugt PCR kiém tra sw c6 mt ciia gen chuyén GmCHI

Phan (mg PCR v&i cip moi dic hiéu CHI-Ncol-F/CHI- Notl-R (Bang 2.1) dé
xac dinh su c6 mit ciia gen GMCHI trong cdy chuyén gen, kiém tra két qua bang

dién di trén gel agarose 1 % véi kich thude du kién khoang 0,66 kb.

2.3.4.2. Ky thugt Southern blot xdc dinh sw hgp nhit ciia gen chuyén GmCHI vao
hé gen cay T hé nhén sam

Dénh gia két qua hop nhét ctia gen chuyén GmCHI vao hé gen cia cdy Thd
nhan sam chuyén gen dugc thyuc hién theo phuong phap Southern blot cta Southern
(1975) [80] theo cac budc co ban sau:
(1) Tach chiét DNA tong sb cta cdy chuyén gen can phan tich, dat nong d6 10 pg
mau DNA tong sd. Sau d6 tién hanh tinh sach DNA tong sé dé phuc vu cho phan

ung cat enzyme gioi han.
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(2) Thuc hién phan tng cit DNA bing enzyme gidi han véi thanh phan gém 5 ul
enzyme Notl (10u/ul), 5 pl buffer 10X, 30 pul DNA 30 pg/ul, 10 pl nude khir ion.
Phan tmg ¢ 37°C dé qua dém.
(3) Pién di san pham cit DNA tong sb trén gel agarose 1 %, & dién thé thip trong
thot gian 6 gio.
(4) Chuyén 1én mang nitrocellulose hay con goi 13 blotting: Mang lai dugc cit vira
vl ban gel va dat dudi ban gel, mot cot giéy dugc dit phia dudi nham tao ap luc
tham thau trong khi dung dich chuyén méang thim truyén tir trén thong qua cac tim
gidy loc duogc cap tir khay dung buffer. Qua trinh chuyén mang hoan tat sau 3 gio
vo1 ban gel day dudi 5 mm, hodc qua dém. Sau d6 mang lai dugc rira vo1 dung dich
2X SSC va tién hanh lai véi mau do.
(5) Téng hop mau do (probe): San pham PCR nhdn gen GMCHI bang cip mdi dic
hiéu CHI-Ncol-F/CHI- Notl-R dugc tinh sach dé lam khudn cho phan ung tong hop
mau do theo huéng dan ciia b Biotin DecalLabel DNA Labeling Kit DNA.
(6) Tién lai va lai: Mang lai dugc c6 dinh bang dung dich tién lai (200pl/cm?) trong
4 gid & 44°C trong Ong lai. Sau d6 d6 bo dung dich tién lai, bd sung dung dich lai
(60 pl/cm?), lai qua dém & 44°C.
(7) Rura mang: Mang lai duogc rua 2 lan véi dém rira 2x & nhiét do phong, 1 lan
voi dém rira 1x & 65°C trong 15 phat, 2 lan v&i dém rira 0,1x & 65°C trong thoi
gian 15 phat.
(8) Hién mang: Phirc hop enzyme streptavidin-AP c6 kha ning gan bam dic hiéu
v6i gbc biotin trén mau do. Ngoai ra, enzyme alkaline phosphatase c6 kha ning
phan huy BCIP-T (5-bromo-4-chloro-3-indolyl phosphate, p-toluidine salt) thanh
hop chét c6 mau tim den. Nho vay co thé phat hién mau do gan v6i doan DNA can
nghién ctru trén mang lai. Quy trinh nay duoc thuc hién theo huéng dan cta b kit
Biotin Chromogenic Detection Kit (hdng Themosience).
2.3.4.3. Phan tich sw biéu hién ciia protein GmCHI tdi t6 hop 6 cdy Thé nhin
sdm chuyén gen bang Western blot

Céc cdy chuyén gen cho két qua lai Southern duoc sir dung cho phan tich su

biéu hién protein GmCHI tai to hop bang Western blot. Protein tong s6 duoc chiét
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rit tir 0,5 g mau nghién trong nito 16ng va hoa tan trong 1 ml PBS + Tween 0,05 %,
ly tim 13000 rpm trong 15 phut. Dién di bién tinh protein trén gel polyacrylamide -
SDS 10 % va chuyén protein tir gel dién di 1én mang lai nitrocellulose bang may
Pierce G2 Fast Blotter (25 V, 1,3 mA trong 20 phut). Mang chtra protein khang
nguyén c-myc dugc phi bang 5 % sita tich béo pha trong dung dich PBS va Tween
0,05 % trong 16 gid. Lai khang thé 1 bang cach ngdm mang trong 15 ml dung dich
PBS 5 % sita tach béo c6 chira khang thé so cip anti-c-Myc monoclonal v6i d pha
lodng 700 1an, lic trong 3 gio' & nhiét 46 phong. Ngam mang trong 15 ml dung dich
PBS + 5 % sita tach béo co chira khang thé thir cip anti-mouse IgG c¢6 gan HRP
(Horse Radish Peroxidase) trong 2 gid dé tién hanh lai v6i khang thé tht 2. Hién
mau trong dung dich c6 chtra co chat TMB (3,3°,5,5-tetramethyl benzidine) hoic
DAB (3,3-diaminobenzidine tetrahydrochloride), hién thi két qua dudi anh sang
thuong [45].

Hiéu suat chuyén gen ¢ mdi giai doan duogc tinh bang sé dong cdy dwong tinh
v6i PCR, hodc duong tinh véi Southern blot, hodc v6i Western blot trong tong sb
mau bién nap theo cong thirc sau:

S6 dong ciy chuyén gen

Hiéu suét chuyén gen (%) = x 100

Tong s6 mau bién nap

2.3.4.4. Phén tich dinh lwong protein GmCHI tdi t6 hop trong cdy chuyén gen
bang ELISA

K¥ thuat ELISA dinh lugng protein GmCHI téi to hop duoc tién hanh theo
phuong phap cia Sun va cs (2006) [81]. Dich chiét protein tong sd tir cAdy Tho nhan
sam chuyén gen T1 dugc pha lodng dén ndéng d6 200 pg/ml, 14y 100 ul mau tra vao
dia microplate, mdi mau ldp lai 3 1an. Luong protein tai to hop dugc xac dinh bang
s dung khang thé 1 khang cmyc, khang thé 2 1a khang thé khang chudt IgG
cong hop HRP va co chat mau 1a dung dich TMB (3,3°,5,5 -tetramethyl
benzidine). Két qua do mau & budc séng 630 nm cho phép xic dinh nong do
protein tai t6 hop gin dudi c-myc. Péi chimg duong 13 protein scFv dugc pha

lodng bang dung dich coating buffer. Dy pha lodng protein scFv gin dudi c-myc
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duoc tra vao cac giéng voi luong 25; 50; 100; 200; 400 ng/giéng dé gian tiép
dyng duong chuan dinh lugng.
2.3.4.5. Xdc dinh ham lwong flavonoid tong sé trong cdy Thé nhin sim bing ky
thudt quang phé hdp thu

Flavonoid trong cdy Thé nhan sdm chuyén gen T1 dugc chiét bang methanol,
sau d6 cho phan tmg voi AICI; r6i dem do quang phd & bude séng 415 nm theo
Kalita va cs (2013) [36]. Buong chuin quercetin dugc xdy dung bang cach phan
tich ddy chuan c6 nong do tir 10 pg/ml dén 100 pg/ml. Pudng chuan mé ta sy phu
thudc cua d6 hap thu phan tir (truc tung) vao nong d6 dung dich chuin tuong tng
(ug/ml). Mau cay Tho nhéan sam twoi duoc nghién min, tron déng nhat. Can mot
lwong khoang 0.1 - 0,5 g mau (twong duong 10 mg quercetin). Lic déu, siéu am
30 phut va dinh mtc bang methanol dén vach cia binh dinh mac 100 ml. Liy
chinh xac 0,5 ml dich chiét hoic day chuan; 1,5 ml MeOH; 0,1 ml dung dich
AICl; 0,1 %; 0,1 ml dung dich kali acetat 1M; 2,8 ml nuédc cat, lac déu rdi tién
hanh do quang pho tai budc séng 415 nm trén may UV-VIS.

Két qua duoc tinh toan theo cong thic:

\Y
cm:%.cc.kE

Trong d6: Cp: ndng dd cia mau phén tich dugc tinh bang pg duong luong
quercetin/g mau tuoi (Mg/g); Ce: ndng do quercetin trong dung dich chuin 1am viéc
(ng/ml); Anm; Ag: d6 hap thu cua mau va cua dung dich chudn; V: thé tich cudi
(ml) ; m: khéi luong mau (g) ; k: hé sé pha lodng.

Sau khi x4c dinh dwoc ham lugng flavonoid téng sd trong cac mau nghién
ctru, tién hanh doi don vi tir pg/g thanh mg/g.

2.3.5. Cac phwong phap phan tich, xir Iy s6 liéu

Céc s6 liéu trong nghién ciru dugc xur 1i thong ké bang phan mém SPSS dé xéac
dinh cac gia tri trung binh, phuong sai, d0 1¢ch chuén, sai s6 trung binh mau. Phan
tich so sanh cac tri sb trung binh theo phép kiém dinh Duncan cta phin mém SPSS
véi p < 0,05. Cac gia tri trung binh theo sau bai cac chir cai kh&c nhau (a, b, c, d,
e...) trong cing mdt cot biéu thi sy sai khac c6 y nghia théng ké, con cac gia tri
trung binh theo sau boi cac chir cai giong nhau trong cing mot cot biéu thi khong

sai khac ¢ ¥ nghia théng ké theo phép kiém dinh Duncan véi p < 0,05.
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Chuong 3. KET QUA VA THAO LUAN

3.1. NGHIEN CUU HE THONG TAI SINH PA CHOI IN VITRO O CAY THO
NHAN SAM
3.1.1. Két qua dinh danh cic miu Thd nhén sim

Céac miu cay Tho nhan sam thu thap tai mot s6 dia phuong phia Bac Viét Nam
dugc dinh danh biang phuong phap hinh théi so sanh va phan loai hoc phan tir. Chi
tiéu hinh thai duoc lya chon 1a dic diém co quan dinh dudng (1€, than, 13) va co
quan sinh san (hoa, qua, hat); ddi chiéu, so sanh v&i mod ta vé cay Thd nhan sim
theo Pham Hoang Ho (1999) va B4 Tat Loi (2004). Tiéu chi phan tir dugc xac dinh
dua trén ty 16 twong dong cua ving ITS va doan gen matK phan 1ap tir mau thu thap
s0 v0i cac trinh tu cung loai, c4c loai cung chi, cac chi cung ho trén GenBank.

3.1.1.1. Péc diém hinh thdi cdc méu Thé nhin sim thu 6 mét sé dia phwong

Két qua so sanh naim mau Tho nhan sam thu tir cac dia phuong (Tan Yén, tinh
Bic Giang; thanh phd Thai Nguyén; huyén Pai Tur, tinh Thai Nguyén; thi xd Son
Tay, Ha Noi; huyén Hoanh Bd, tinh Quang Ninh) cho thiy cac mAu Tho nhan sdm
gidng nhau vé hinh théi, gém ré, than, 13, hoa (Hinh 3.1 A). R& Tho6 nhan sam 4 ré
ct, hinh tru va mang nhiéu r& con (Hinh 3.1 B), bé mit ngoai mau nau den, luc méi
thu hoach bén trong cii mau trang, nhung khi phoi khé chuyén mau den, hinh dang
gidng ci Nhan saim. Than Tho nhan sim moc thang, thdn mau xanh, chia thanh
nhiéu canh (Hinh 3.1 A). L4 moc so le, hinh trimg nguogc, hodc hinh thia hoac hinh
mudng, khong 16ng, khong cé 14 be, phién 14 day, hoi thim, hai mit déu bong, dau
14 nhon hodc ti, phia cudng hep lai, cudng rit ngan (Hinh 3.1 C). Pau canh xuét
hién cum hoa hinh chum nhiéu hoa nho, duong kinh 6 mm, 5 cadnh hoa mau tim
nhat, hon 10 nhj dai 2 mm, bau hoa hinh cau, hoa c6 2 14 dai (Hinh 3.1 D). Qua nho,
khi chin c6 mau xam tro, duong kinh wéc 3 mm (Hinh 3.1 E). Hat Tho nhan sam rat
nho, mau den nhanh hoi det, trén mat hoi c6 van noi (Hinh 3.1 F).

Sau khi ddi chiéu cac dic diém hinh thai quan sat dugc ¢ cic mau Tho nhan
sim voi cac dic diém cay Tho nhan sam theo mé ta cia Pham Hoang Ho (1999) [1],

Dd Tat Loi (2004) [3] va ddng thoi tra ciru trén http:/Aww.tropicos.org/Name/26200178
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cho thfiy cidc mau Thd nhan sim BG, TN1, TN2, HT, QN thu tai thanh phé Thai
Nguyén; huyén Pai Tu, tinh Thai Nguyén; thi xa Son Tay, Ha No1; huyén Hoanh
Bé, tinh Quang Ninh thudc cung loai T. paniculatum, chi Talinum, ho Rau sam
(Portulacaceae), bd Cim chuéng (Caryophyllales), phan 16p Cim chudng
(Caryophyllidae), 16p Hai 14 mam (Magnoliopsida), nganh Thuc vét c¢6 hoa; Moc
lan; Hat kin (Magnoliophyta).

Tuy nhién, sir dung phuong phap hinh thai so sanh rat kho xac dinh dugc mau
Tho nhan sam khi cdy dang trong giai doan phat trién (chua ra hoa) va d& nham lan
v6i loai T. triangulare. Vi vay, dé c6 thé tranh duoc su nhdm 14n véi cac thao duoc
khac, can két hop phuong phap hinh thai so sanh vdi viée st dung ma vach DNA

trong nhan dién mau cady Tho nhan sam.

Hinh 3.1. Cay Tho nhéan sdm

A: cay T hé nhén sam; B: ¥é va cu; C: canh, 14, D: nu va hoa; E: qua, F: hat.
3.1.1.2. Pdc diém trinh tw nucleotide ciia viing ITS va doan gen matK
Dic diém trinh tw viing ITS
DNA téng s6 duoc tach chiét tir 14 non cia 5 mau Tho nhan sim duoc st dung
dé thyc hién phan tng PCR véi ciap mdi ITS-F/ITS-R. Két qua giai trinh ty
nucleotide dd xac dinh duoc vung ITS c6 kich thuéc 643 bp. Bing phin mém

BLAST trong NCBI cho thiy ving ITS phan 1ap tir 5 mau nghién ciru (ITS-TN1,
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ITS-TN2, ITS-BG, ITS-HT, ITS-QN) c¢6 ty 1¢ twong dong 1a 99 % véi ba trinh tu
ving ITS cing loai T. paniculatum, mang mi s6 JF508608 [68], L78094 [32],
EU410357 trén GenBank; két qua ndy da khang dinh trinh tu nucleotide phan lap
duoc 1a vung ITS thudc loai T. paniculatum.
Diic diém trinh tw dogn gen matK

DNA téng s6 duoc tach chiét tir 14 non ciua 5 mau Tho nhan sim duoc st dung
dé thuc hién phan tng PCR véi cip mdi matK-F/matK-R. Két qua giai trinh tu
nucleotide thu dugc doan DNA ctia ca 5 miu Tho nhan sam co6 kich thude 808
nucleotide. Bang BLAST trong NCBI cho thiy trinh ty doan DNA phan 1ap tir 5
mau nghién ciru (matkK-TN1, matK-TN2, matK-BG, matK-HT, matK-QN) co ty 1¢
tuong déng 99 % vai 3 trinh tu gen matK cung loai T. paniculatum, mang mai s6
AY015274 [19], KY952520 [79], GQ434150 [12] trén GenBank, két qua nay di cho
thay trinh ty nucleotide phan 1ap dugc 1a doan gen matK cua loai T. paniculatum.

Nhu vay, dua vao dir liéu phan tir hé gen luc lap trén GenBank va két qua nhan

dién cac miu Tho nhan sam, c6 thé thay su két hop phuong phéap hinh théi so sanh
cac dic diém cua ré, than, 1a, hoa, qua, hat voi hai ma vach DNA 1a vung ITS va
doan gen lyc lap matK du co sé xac dinh chinh xac cac mau Thd nhan sdm trong tu
nhién.
3.1.2. Hé thong tai sinh da chdi in vitro & cAy Tho nhan sim
3.1.2.1. Két qua khir triing hat

Sau khi khir tring hat bang dung dich javel 60 % va HgCl, 0,1 % & céc
khodang thoi gian khac nhau, két qua dugc thé hién ¢ hinh 3.2 va bang 3.1.

Hinh 3.2. Hat ndy mam sau 10 ngay nudi cay
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A: hat ndy nam sau khi khir triing bang dung dich javel 60 % trong 10 phat; B: hat
nay nam sau khi khir triing bang dung dich HgCl, 0,1 % trong 5 pht.

Két qua & hinh 3.2 (A) va bang 3.1 cho thay, thoi gian khir tring trong javel
60% tang 1én da 1am giam kha ning nhiém cua hat, cao nhét & thoi gian xir Iy hat 20
phut cho ty 1& binh khong bi nhiém 13 94,52 %. Tuy nhién, ty & ndy mam cua hat lai
ty 1€ nghich véi thoi gian khir trung. Khi thoi gian khir tring cang cao thi ty 1€ hat
khong nay mam cang 1én. O thi nghiém khong xir 1y, ty 1& hat nay mam cao nhat 1a
94,04 %; thap nhat 12 30,33 % ¢ thoi gian khir trung hat 20 phat. Choi phat trién tot
& thoi gian khir tring hat 5-10 phut (chdi map, dai, c6 mau xanh binh thuong). Thoi
gian xtr Iy mau cang cao thi chdi mam c6 sirc sdng giam, chdi giy, mau vang. Nhu
vay, thoi gian khtr tring hat t6i wu & nong do6 javel 60 % la trong 10 phat (ty 1é binh
khong bi nhiém 13 92,23 %, ty 1¢ hat nay mam dat 91,55 %, ch6i mam phat trién tot
(chdi map, mau xanh binh thudng, kich thudc chdi 1a 1,58 cm).
Bang 3.1. Anh huong cua javel 60 % va HgCl, 0,1 % dén ty 1é nay mam cua hat sau

10 ngay nudi cay (n=30)

Thoi gian Ty 1€ binh Ty 1€ hat ndy | Kich thude Hinh thai mam
khtr tring khong bi mam (%) mam sau 10
(phut) nhiém (%) ngay (cm)
Anh hwong cua javel 60 % dén ty 1¢ ndy mam ciia hat
Khong xtr 1y 6,02° 94,04° 1,62 Map, xanh binh thuong
5 66,66° 92,21° 1,59° Map, xanh binh thuong
10 92,23° 91,55° 1,58° Map, xanh binh thudng
15 92,46° 76,24° 1,25° Gay, ngan, vang
20 94,52° 30,33° 1,17 Gay, ngan, vang
Anh hwong cua HgCl, 0,1 % dén ty 1é nay mam ciia hat
3 68,32° 83,15° 1,40° Map, xanh binh thuong
5 91,25° 82,26° 1,39° Map, xanh binh thuong
7 94,22° 40,51° 0,78° Gay, ngin, vang
9 95,32° 34,14° 0,52° Gay, ngan, vang

Ghi chu: Gid tri 0 moi cot voi cdc chit cdi di kem giong nhau thé hién khong co su

sai khdc voi p < 0,05.
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Két qua ¢ hinh 3.2 (B) va bang 3.1 cho thiy, thoi gian khir trung trong HgCl,
0,1 % tang lén da lam giam kha nang nhiém cua hat, cao nhét ¢ thoi gian xir 1y hat 9
phut cho ty 1& binh khong bi nhidm 13 95,32 %. Tuy nhién, ty 1é ndy mam cua hat lai
ty 1€ nghich véi thot gian khir trung. Khi thoi gian khir tring cang cao thi ty 1€ hat
khong nay mam cang 16n. O thi nghiém khong xtr 1y, ty 1¢ hat ndy mam cao nhat 1a
94,04 %; thip nhat 1a 34,14 % ¢ thoi gian khir tring hat 9 phut. Khi thoi gian khir
tring tir 9 phut trd 1én thi ty 18 hat khong ndy mam cang cao. Thoi gian xir Iy miu
anh huong dén hinh thai chdi mam. Chdi phat trién t6t & thoi gian xir Iy dudi 5 phit
(chdi map, dai, c6 mau xanh binh thuong). Thoi gian xtr Iy mau cang cao thi choi
mam c6 sirc song giam, chdi gdy, mau vang (trén 5 phuat). Can ctr vao bang két qua
nghién ctru trén thi thoi gian xtr Iy mau 5 phut thu dugc két qua cao nhat: ty 1& khu
triung hat thanh cong 1a 91,25 %, ty 1é hat nay mam dat 82,26 %, chdi mam phat
trién t6t (choi map, mau xanh binh thudng, kich thudc choi 1a 1,39 cm).

Khi so sanh 2 khoang thoi gian khir tring t6i wu 12 javel 60 % 10 phdat va
HgCl, 0,1% 5 phuat, két qua cho thdy khir tring bang javel 60 % c6 hiéu qua cao
hon HgCl, 0,1 %, trong khi hiéu qua lam giam kha ning nhiém cta hat 1a twong
duong (Bang 3.1). Tuy nhién, thity ngén 13 kim loai ning rat doc, nén diéu kién khu
trung tdi wu duoc lya chon v6i hat Thd nhan sam la dung dich javel 60 %, thoi gian
khtr trung 10 phaut.
3.1.2.2. Két qud tao da choi va ra ¥é in vitro 6 cdy Thé nhin sim

Hi¢u qua chuyén gen vao mo thyc vat phu thudc vao nhiéu yéu td, nhu loai
mau nudi céy, hé s6 tai sinh da choi caa mau, chung vi khuin, mat do vi khuan va
quy trinh 1ay nhiém..., trong d6 hé sb tai sinh da chdi cia mau sau khi l1ay nhiém vi
khuan 12 mot yéu té quan trong. Do d6, dé 1am ting hiéu suat chuyén gen, viéc danh
gi4 hiéu qua tai sinh da chdi cia mau nudi cdy 1a rat can thiét. L4 mam va doan than
mang mat chdi bén ciia ciy Tho nhan sim dugc khao sat cling véi sy bd sung cac

chét kich thich ting truéng nhu BAP, IBA & thoi diém trude va sau khi 1ay nhidm
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khuan A. tumefaciens. Chi tiéu danh gia bao gém: sd chdi/mau, chiéu cao choi, sb
14/chdi, chat lugng choi.
Anh hwong ciia BAP dén sw phdt sinh va sinh truéng choi tiv ndch ld mam

Két qua phan tich anh huong caa BAP dén su phét sinh va sinh truong chdi tir

nach 14 mam duoc trinh bay & bang 3.2.

Bang 3.2. Anh huong caa BAP dén sy phat sinh va sinh truéng chdi tir 14 mam (n=30)

Nong | S6 mau S6 % so véi | Chiéu cao S6 Chat lugng choi
d6 BAP | tao chdi | chdi/mau | dbichimg | chdi(cm) | 1a/chdi
(mg/l)
Sau 2 tuan
0 14,128 | 1,23 100 0,72 3,01 Gdy, vang
0,5 18,23 1,43 116,26 0,79° 4,21° Gay, vang
1,0 20,45° | 152° 123,57 0,81° 4,57° Gay, vang
1,5 23,56° 1,68 136,58 0,87 4,74° Mép, XBT
2,0 21,11° | 149° 121,14 0,78 5,22° Map, XBT
Sau 4 tuan
0 14,45% | 1.34° 100 1,92 5,68 Gdy, vang
0,5 18,68° 1,57 117,16 2,59° 5,89 Gay, vang
1,0 21,01° 1,60° 119,40 2,61° 5,96 Gay, vang
1,5 2412° | 1,78 132,83 2,88° 6,14% Map, XBT
2,0 21,56° 1,59 118,65 2,67 6,52 Map, XBT

Ghi chu: Gid tri 0 moi cot voi cdc chit cdi di kem giong nhau thé hién khong co suw

sai khac voi p < 0,05; XBT: xanh binh thuong.

Két qua & bang 3.2 cho thdy méi trudong MS co ban bd sung 0,5-2,0 mg/l BAP ¢6
s6 chdi tang so véi ddi ching tir 16,26 % dén 36,58 % (¢ giai doan 2 tuan) va 17,16 %
dén 32,83 % (& giai doan 4 tuan); chiéu cao cua chdi ting tir 9,72 % dén 20,83 % (giai
doan 2 tuan tudi) va 34,89 % dén 50 % (giai doan 4 tuan tudi). Trong d6, méi truong co
bo sung 1,5 mg/l BAP c6 kha ning tao chdi va kich thich sinh truong chdi 16n nhat, sb

chdi/mau dat 1,68 (giai doan 2 tuan) va 1,78 (giai doan 4 tuan); kich thuéc caa chdi dat
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0,87 cm (giai doan 2 tuan) va 2,88 cm (giai doan 4 tuan). Khi néng d6 BAP cao hon
1,5 mg/l thi hé s6 nhan chdi va chiéu cao chdi giam dan.
Anh huéng BAP, su két hop BAP va IBA dén sw phdt sinh va sinh truwéng choi tiv
doan than mang mdt choi bén
Két qua phan tich anh hudng cia BAP dén sy phét sinh va sinh truéng chdi tir
doan than mang mit chdi bén dugc trinh bay & bang 3.3 va hinh 3.3.
Bang 3.3. Anh hudng cia BAP dén su phat sinh va sinh trudng chdi tir doan than

mang mat choi bén (n=30)

Nong do BAP S6 choi/ % so voi Chiéu cao S6 14/ Chat luong
(mg/l) mau bC chdi (cm) chdi choi
Sau 2 tuan
0 1,39 100 0,72° 3,01 Gay, vang
0,5 1,86 133,8 0,79% 4,21° Gay, vang
1,0 2,29° 164,7 0,82 4,57 Gay, vang
1,5 2,43° 174,8 0,83° 4,74 Map, XBT
2,0 3,04° 218,7 0,87 5,22° Map, XBT
2,5 2,84° 204,3 0,85 5,03 Map, XBT
3,0 2,81° 202,1 0,82 4,92° Gay, vang
Sau 4 tuan
0 1,50 100 1,92 5,68 Gay, vang
0,5 2,15° 143,33 2,59 5,89° Gay, vang
1,0 2,49° 166,00 2,61° 5,96 Gay, vang
1,5 2,86" 190,60 2,79° 6,14 Map, XBT
2,0 3,24° 216,00 2,88 6,52° Map, XBT
2,5 2,91° 194,00 2,64° 6,22° Map, XBT
3,0 2,86° 190,60 2,44° 5,91° Gay, vang

Ghi chu: Gid tri 0 moi cot voi cdc chit cdi di kem giong nhau thé hién khong co su

sai khac voi p < 0,05; XBT: xanh binh thuong.

Két qua & bang 3.3 va hinh 3.3 A, B cho thdy moéi trudng MS co ban bb sung
0,5 - 3,0 mg/l BAP cho sé chéi tang so voi doi ching tir 33,8 % dén 118,7 % (6 giai
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doan 2 tuan) va 43,33 % dén 116,0 % (& giai doan 4 tuan); chiéu cao cua chdi ting
tir 9,7 % dén 20 % (giai doan 2 tuan) va 27 % dén 50 % (giai doan 4 tuan). Trong
d6, moi truong c¢6 bd sung 2 mg/l BAP c6 kha niang tao chdi va kich thich sinh
truong choi 16n nhat, s6 chdi/mau dat 3,04 (giai doan 2 tuan) va 3,24 (giai doan 4
tuan), hé s6 nhan chéi ting 118,7 % so voi ddi chimg; kich thudc trung binh cua
chdi dat 0,87 cm (giai doan 2 tuan) va 2,88 cm (giai doan 4 tuan) ting 20 % dén 50

% so vé6i dbi ching.

Hinh 3.3. Anh hudng ctia BAP, su két hop BAP va IBA dén su phat sinh, sinh
truong chdi tir doan than mang mét chdi bén
A, B: Anh huéng cia 2,0 mg/l BAP dén sy phdt sinh va sinh truéng choi tir doan thén
mang mdt choi bén sau 2 tuan va 4 tuan. C, D: dnh hwéng ciia 2,0 mg/l BAP két hop
0,8 mg/l IBA dén sw phdt sinh va sinh truéng chéi tir doan thdn mang mdt choi bén

sau 2 tuan va 4 tuan.

Khi ndng do BAP cao hon 2,0 mg/1 thi hé s6 nhan choi va chiéu cao choi giam

dan. So sanh két qua ¢ bang 3.2 va bang 3.3 cho thy su phat sinh va sinh truéng
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chdi tir doan thdn mang mét chdi bén hiéu qua hon su phat sinh va sinh truéng choi
tir nach 14 mam & cung ndng do BAP. Vay doan thin mang mat chdi bén 1a vat liéu
thich hop dé tao da chdi & ciy Tho nhan sam.

Bang 3.4. Anh huong cua to hop 2 mg/l BAP va IBA dén sy phat sinh, sinh

truong chdi tir doan than mang mit chdi bén (n=30)

Néng . . o .
¢ BAP Nong do ‘Sé ) Ch‘léu cao Sé‘ Chit lugng chdi
M/l IBA (mg/l) | choi/mau choi (cm) la/choi
Sau 2 tuan
0 3,04° 0,87 5,22% | Mép, xanh binh thudong
0,2 2,26° 0,69? 5,43% |Map, xanh binh thuong
0,4 2,45% 0,91% 5,65% | Map, xanh binh thudng
2,0 0,6 2,56% 0,92% 5,77 | Map, xanh binh thudng
0,8 2,782 0,95? 5,97% | Map, xanh binh thuong
1,0 2,52 0,90 5,23 Gay, vang
1,2 2,25 0,86 5,192 Gay, vang
Sau 4 tuan
0 3,24° 2,88 6,52° | Map, xanh binh thuong
0,2 2,322 2,872 6,19° | Map, xanh binh thudng
0,4 2,542 2,96% 6,25° | Map, xanh binh thuong
2,0 0,6 2,65° 2,992 6,29° | Map, xanh binh thudng
0,8 2,95% 3,10° 6,38* | Map, xanh binh thudng
1,0 2,84° 3,01° 6,33 Gay, vang
1,2 2,35 2,97 6,27° Gay, vang

Ghi ch: Gid tri & méi ot véi cde chir cdi di kem giéng nhau thé hién khong co su
sai khac voi p < 0,05.

Két qua bang 3.4 va hinh 3.3 C, D cho thay, méi truong bd sung 2 mg/l BAP
két hop véi IBA & cac nong ndng do tir 0,2 - 1,2 mg/l 1am cho chiéu cao cua chdi ¢6
tang hon so voi ddi ching (d6i ching 1a méi trudong cé bd sung 2 mg/l BAP, khong
bd sung IBA) nhung khéng nhiéu. Tuy nhién, s lwong chéi/mau giam so véi doi

chang, dong thai chdi gay va c6 mau vang. Nhu vay, 2 mg/l BAP 14 chét kich thich
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tang truéng thich hop tao da chdi & cay Thé nhan sam.
Két qua anh hwéng ciia IAA va NAA dén kha nang ra vé ciia cdy Thé nhén sim
in vitro

Két qua phan tich anh huéng cia IAA dén kha ning ra ré cua cdy Thd nhan
sam dugc trinh bay ¢ bang 3.5.

Bang 3.5. Anh hudng cuia IAA dén kha ning ra r& ctia cdy Thd nhan sam (n=30)

Nongdd | Tyléchoiraré| , _ | Chiéu dai ré
So ré/choi

IAA (mg/l) (%) (cm)
Sau 2 tuan

0 30,12 1,65 0,21°

0,3 76,67° 4,16° 0,78

0,5 80,17° 5,13¢ 0,92°

0,7 71,13° 3,85° 0,70°

0,9 68,56° 3,72° 0,65°

1,1 50,67" 3,51° 0,61°
Sau 4 tuan

0 89,91 9,12° 2,01°

0,3 95,45° 10,31° 2,89°

0,5 98,12° 13,23° 3,79°

0,7 94,43° 11,97° 3,33°

0,9 93,45 11,01° 3,12°

1,1 92,34 10,45" 2,98°

Ghi chu: Gid tri 0 moi cot voi cdc chit cai di kem giong nhau thé hién khong co su

sai khdc voi p < 0,05.

Bang 3.5 cho thay, khi bo sung vao méi trudng nudi cay 0,3 - 1,1 mg/l IAA thi
kha ning tao ré ciia cdy Tho nhan sam déu cao hon ddi chung. O méi truong MS
bo sung 0,5 mg/l IAA cho ty 18 cay ra ré cao nhat dat 80,17 % tiang 2,66 lan (giai
doan 2 tuan) va 98,12 % tang 1,09 1an (¢ giai doan 4 tuan) so v6i d6i ching. S6
r& 14 5,13 (giai doan 2 tuin) cao gip 3,11 1an va 13,23 (giai doan 4 tuan) cao gip
1,45 1an so v6i dbi ching. Nhung ty 1& nay giam khi b6 sung nong d6 IAA cao
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hon 0,5 mg/l. Viy ndng do IAA tbi uvu kich thich ra ré in vitro & cdy Thd nhéin
sam la 0,5 mg/I.

Két qua phan tich anh huong cia NAA dén kha ning ra ré in vitro ciia cay Tho
nhan sém dugc trinh bay ¢ bang 3.6.

Bang 3.6. Anh huong ctia NAA dén kha ning ra ré ctia cdy Thd nhan sam (n=30)

Nong do Ty 1é choi ra ré N Chiéu dai ré

NAA (mg/l) ) S6 ré/choi (cm)
Sau 2 tuan

0 30,12° 1,65% 0,21

0,3 45,83¢ 2,01° 0,25

0,5 58,33° 3,21° 0,312

0,7 16,66° 2,31° 0,18

0,9 14,33° 1,67 0,16

11 9,67 1,12 0,122
Sau 4 tuan

0 89,91° 9,12° 2,01

0,3 90,12° 9,56 2,21°

0,5 94,36° 10,43° 2,79°

0,7 89,68" 9,97° 2,32°

0,9 88,23 9,012 1,98

11 85,45 8,89° 1,77°

Ghi chii: Gid tri & moi cot véi cde chir cdi di kem giéng nhau thé hién khong co sy
sai khac voi p < 0,05.

Bang 3.6 cho thay, khi bd sung vao méi truong nudi ciy NAA nong do tir 0,3 -
1,1 mg/I thi kha ning tao ré ctiia cdy Tho nhan sim chénh 1éch khong nhiéu so véi
d6i chimg. O mai truong MS b6 sung 0,5 mg/l NAA cho ty 1 ciy ra ré cao nhat dat
58,33 % tang 1,93 lan (giai doan 2 tuin) va 94,36 % ting 1,05 1an (¢ giai doan 4
tuan) so v4i d6i chimg; sb 1é dat 3,21 ré (giai doan 2 tuan) cao gip 1,94 1an va 10,43
ré (giai doan 4 tuan) cao gap 1,14 1an so véi ddi chimg. Nhung ty 1é nay giam hon
so v6i ddi chimg khi bo sung néng d6 NAA cao hon 0,5 mg/l. Vay ndng d6 tdi wu

NAA kich thich ra r& ¢ cay Tho nhan sam 14 0,5 mg/1.
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Khi so sanh cac chi tiéu vé ty 18 ra r& va sd ré ¢ cung thoi diém cta 2 nong do
t6i uu 0,5 mg/l IAA va 0,5 mg/l NAA cho thay IAA hiéu qua hon NAA. O ndng do
0,5 mg/l IAA cho ty 1¢ cay ra ré dat 80,17 % (giai doan 2 tu?m) cao hon 1,37 1an va
98,12 % (& giai doan 4 tuan) cao hon 1,04 1an so vdi 0,5 mg/l NAA & cing thoi
diém; s ré/chdi 1a 5,13 (giai doan 2 tuén) cao hon 1,60 1an so v4i NAA (3,21
r&/chdi). Vay chat kich thich ra r& t6i wu ¢ cay Thé nhan sim 1 0,5 mg/l IAA.

Nhu vay, vat liéu thich hop dé tao da chdi & cay Tho nhan sam 1 doan than mang
mat choi bén. Mbi truong MS co ban bo sung 2,0 mg/l BAP thich hop cho su phét sinh
va sinh trudng chdi tir doan thdn mang mat chdi bén. Chat kich thich ra ré tdi wu & cay
Tho nhan sdm 13 0,5 mg/l IAA. Gia thé t6t nhat cho cay Tho nhan sdm ra méi truong
tir nhién 1a dét thit trung binh + tru hun (2:1).

3.2. TAO DONG RE TO TU CAY THO NHAN SAM

3.2.1. Két qua tao dong ré to tir cAy Tho nhin sim
3.2.1.1. Khdo sdt vit li¢u thich hop tao ré to ¢ ciy Thé nhin sam

Sau 4 tuan lay nhidm vai vi khuan A. rhizogenes tai mat do khuan tuong g
VGi gia tri ODggo= 0,6; nong d6 AS 100 pumol/I; thoi gian lay nhiém 10 phdt, thoi
gian dong nudi ciy 2 ngay, nong do cefotaxime diét khuan 500 mg/l [60], két qua
khao sét loai mé thich hop cho cam @ng tao ré to dwgc thé hién qua bang 3.7 va
hinh 3.4.

Bang 3.7. Két qua khao sat vat lidu thich hop tao ré to & cay Thé nhan sim (n=150,

sau 4 tuan)
Loai mo Ty 1é mau tao | SO ré/mau | Chiéu dai ré
r& to (%) (cm)
L4 mam 58,2° 2,32° 1,82°
Poan than mang
o 55,6 1,89° 1,59°
mat choi bén
L& 65,9° 3,45° 3,25°

Ghi chu: Gid tri 0 moi cot voi cdc chit cdi di kem giong nhau thé hién khong co su

sai khdc voi p < 0,05.
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Hinh 3.4. Khao sat vat liéu thich hop dé tao ré to & cay Tho nhan sim sau 4 tuin
bién nap
A: ré to dwoc cam ing tir & mam, B: ré to diroc cam ing tir dogn than mang mdt
choi bén, C: ré to dirgc cam ung tir mo 14.

Két qua bang 3.7 va hinh 3.4 cho thdy, trong 3 loai mé khao st cho cam tng
tao ré to thi mo 14 cho ty 1¢ tao 1é to cao nhét 65,9 % (4 tuan tuéi), thép nhat 1a doan
than mang mat choi bén cho ty 1¢ tao ré to 1 55,6 % (4 tuan tudi). Pong thoi ré to
cling sinh trudng va phat trién tot tir mé 14 chuyén gen. Nhu vy, mo 14 cta cdy in
Vitro sau 4 - 6 tudn nudi cdy 1a ngudn vat liu thich hop cho tao 1& to & cay Thd

nhan sam.

3.2.1.2. Anh huéng ciia mgt dp A. rhizogenes, noéng dp AS, thoi gian liy nhiém
khudn, thoi gian doAng nuoi cd'y dén hiéu qua tao ré to tir mé ld Thé nhén sam
Mat d6 A. rhizogenes 1a mot trong nhirng thanh t6 c6 anh hudng 16n dén hiéu
qua cam Ung tao ré to cua thuc vat. Pé xac dinh dugc anh huong cua mat do vi
khuan dén hiéu qua cam tng tao ré to tir md 14 Thd nhan sdm, tién hanh nhidém
khuan mo 14 trong 10 phut, bo sung AS 100 pmol/l, thoi gian dong nudi cdy 2 ngay
& cac mat do vi khuan khac nhau. Két qua & bang 3.8 cho thiy su khac nhau vé ty 1¢
mAu tao ré to sau khi mo 14 Thd nhan sim duoc nhidm A. rhizogenes ¢ cac mat do
vi khuén khac nhau tuong ung voi cac gia tr1 ODggo 12 0,2; 0,4; 0,6; 0,8; 1,0. Ty 1¢
mo 14 cam ung tao 1é& to cao nhat khi mat d6 vi khuan c6 gia tri ODgo= 0,6 (65,9
%). O mat do vi khuan thip hon (ODgg= 0,2; 0,4) hay cao hon (ODgg= 0,8; 1,0)
cho ty 16 mé 14 cam tng tao ré thap hon. Do vy, mat do vi khuan tuong tng véi gia

tri ODggo= 0,6 1 thich hop dé cam tng tao ré to tir mo 14 Tho nhan sam.
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AS la mot loai phenol dugc tiét ra tir thuc vat bj ton thuong, c6 tac dung dan
du vi khuan A. rhizogenes xam nhap vao té bao thuc vat tai noi ton thuong. Vi vay,
AS duoc bd sung vao mdi trudng 1ay nhiém dé nang cao hiéu qua xam nhap cua vi
khuén vao m6 14 Thd nhan sam. Pé xac dinh dugc anh huong néng dd AS dén hiéu
qua cam Ung tao ré to tir mo 14, tién hanh nhiém khuan mo 14 trong 10 phut, mat do
vi khudn twong tng vé6i gid tri ODggo = 0.6; thdi gian dong nudi ciy 2 ngay & cc
ndéng d6 AS khac nhau. Bang 3.8 cho thay, bd sung AS véi cac ndong do khac nhau
thi anh huong khac nhau dén ty 1é tao ré to & mo 14 Tho nhan sam. Ty 18 mo 14 cam
g tao ré& to cao nhat 13 65,9 % khi nong d6 AS 100 umol/l. O ndng do AS thap
hon (50 umol/I; 75 umol/l) hay cao hon (125 umol/l; 150 pmol/1) cho ty 1é mau cam
ing tao ré to thap hon. Do vy, ndng d6 AS 100 umol/1 13 thich hop dé cam ng tao
ré to tir mo 14 Tho nhan sam. Két qua nay ciing pht hop voi nghién ciru Manuhara
va cs (2015) [60].

Béang 3.8. Anh hudng ciia mat do vi khuan A. rhizogenes, néng do AS, thoi gian
nhiém khuan, thoi gian dong nudi cay dén hiéu qua tao ré to tir mo 14 Tho nhan sdm

(n=150, sau 4 tudn)

Anh huong cia | Anh huong cianong | Anh hudng cua thoi Anh hudng cia thoi
mat d6 khuan do AS gian nhiém khuédn gian dong nudi cay
OD| Tylémau | Nongdo | Tylé Thoi Ty 1é Thoi Ty 1é mau
600 tao 1é to AS mau tao gian mau tao gian tao ré to
(%) (umol/l) | réto (%) | nhiém | réto (%) | dong (%)
khuan nudi ciy
(phat) (ngay)
0,2 23,42° 50 43,23° 5 45,23° 1 36,12°
0,4 34,56° 75 47,32° 10 65,9° 2 65,9°
0,6 65,9° 100 65,9° 15 40,07° 3 23,34°
0,8 43,24° 125 45,14° 20 34,12 4 14,12
1,0 29,43 150 40,10 25 12,51° 5 4,12°

Ghi chu: Gia tri 0 moi cot voi cdc chit cdi di kem giong nhau thé hién khong co su

sai khdc voi p < 0,05.
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Anh hudng cua thoi gian 1dy nhiém A. rhizogenes dén hiéu qua cam tng tao ré
to & mo 14 Tho nhan sim d3 dugc nghién ctru. Tién hanh nhiém khuan moé 14 & cac
khoang thoi gian khac nhau, mat dg vi khuén tuong g vai gia tr1 ODgye = 0,6; thoi
gian dong nudi cdy 2 ngay, ndng do AS 100 pmol/l. Két qua bang 3.8 cho thiy, ¢
cac khoang thoi gian nhiém khuén khac nhau, ty 1€ mau tao ré to 1a khac nhau. Thoi
gian nhiém khuan 10 phat thu dugc ty 16 mé 14 cam ng tao 1é& cao nhét (65,9 %). O
thoi gian ngdm thap hon (5 phat) hay cao hon (15-20-25 phit) cho ty 1& miu cam
g tao ré thap hon, thdi gian ngdm cang cao thi ty 16 miu cam ung tao ré to cang
thap, c6 thé do thoi gian ngdm 1au 1am cho mAu 14 bi nat va hong.

DPong nudi cay 1a khoang thoi gian vi khuan di bam vao miu mé c6 diéu kién
tang sinh s6 lugng trén moi truong ran. Sy chuyén doan T-DNA vao hé gen thuc
vat cling xay ra vao giai doan nay. Bang 3.8 cho thiy, & cac khoang thoi gian dong
nudi cay khac nhau, ty 16 mau tao ré to 1a khac nhau. Thoi gian dong nudi cay 2
ngay thu duoc ty 18 mo 14 cam Gmg tao r& cao nhat (65,9 %). O thoi gian ddng nudi
ciy thap hon (1 ngdy) hay cao hon (3, 4, 5 ngay) cho ty 16 mau cam ung tao r& thap
hon, ¢6 thé 14 do khi thoi gian déng nudi ciy ngan vi khuan xam nhap vao it nén
qua trinh bién nap c6 thé khong hoan toan, nhung néu thoi gian dong nudi cay dai
hiéu qua chuyén gen lai giam do luwong vi khuan phat sinh 16n s& gay hai truc tiép
dén mo 14 Tho nhan sam.
3.2.1.3. Nghién cvwu xdc dinh ngwong diét khudn ciia cefotaxime

B6 sung khang sinh vao méi truong nudi cay thuong it duoc sir dung do khéang
sinh ¢6 trong méi trudng s& lam cham sinh truang cua mo va té bao. Tuy nhién, mot
s6 té bao thuc vat dé bi nhidm va dé ngin chan su phat trién cua cac vi sinh vat nay,
can thiét phai bé sung khang sinh. Trong nghién ctru nay, khang sinh duoc sir dung
dé diét khuan sau khi bién nap 1a cefotaxime. Cefotaxime 13 khang sinh duoc st
dung phé bién vi chi phi ré, ¢ tac dung loai trir ching vi khuan A. rhizogenes ra
khoi moi truong va md nudi cdy sau khi bién nap. Két qua xac dinh ngudng diét
khuan cua cefotaxime dwoc thé hién ¢ bang 3.9.

Bang 3.9 cho thay, ting ndng d¢ cefotaxime lam giam kha ning nhiém cua

qua trinh bién nap, cao nhat & nong do 650 mg/l cho ty I dia ciy khong bi nhiém 1a
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100 % va khi khong bé sung cefotaxime trong qua trinh chuyén gen thi ty 1& nhiém
ctia cAC mau cay 1a 100 %. Tuy nhién, ty 1& mau tao ré to lai ty I& nghich véi nong
do cefotaxime. Khi nong do cefotaxime cang cao thi ty I¢ miu tao ré to cang thap.
O thi nghiém khong bé sung cefotaxime thi ty 16 mau tao ré to cao nhét 70,1 %,
nhung 100 % mau bi nhiém.

Bang 3.9. X4c dinh ngudng diét khudn cua cefotaxime sau 4 tuin

Nong do Ty 1é dia cdy khong | Ty 1é mau tao
cefotaxime (mg/l) bi nhiém (%) ré to (%)

0 0 70,1°
350 45,6° 68,6°
400 78,54° 66,23"
450 87,25° 66,01°
500 93,76° 65,9
550 96,23° 49,23°
600 97,23° 45,12°
650 100 32,24°

Gid tri & moi ¢ot véi cdc chir cdi di kem giéng nhau thé hién khong co su sai khac
voi p < 0,05.

Nhu vy, ndong do cefotaxime toi wu diét khuan 1a 500 mg/I cho ty 1é dia cdy
khong bi nhiém 1a 93,76 % va ty 1& mau tao 1& to 1 65,9 %. Két qua nay phu hop
v6i nghién ctru cia Manuhara va cs (2015) [60].
3.2.1.4. Phan tich dong ré to mang gen rolC béing ki thuidt PCR

Khi A. rhizogenes nhiém vao mé 14 Thé nhan sam, chi c6 ving TL-DNA mang
céc gen rol (A, B, C, D, E, G) va viing TR-DNA (mang c4c gen ma hda tong hop
auxin loai IAA) duoc chuyén vao mé 14 tai vi tri 1ay nhidm gay cam ng tao ré to,
con ving mang cac gen vir & Ri-plasmid khong duoc chuyén vao mé 1a. Dé kiém tra
su chuyén gen cua A. rhizogenes vao md la gay cam tng tao ré to Tho nhan sam, tién
hanh tach chiét DNA cua hé gen ré to & 7 dong ré to Tho nhan sam, phan tng PCR
dugc thuc hién vai cap moi rolCF/rolCR dé khuéch dai ving dic hiéu 520 bp cua
gen rolC va cip moi gen virDF/virDR dé khuéch dai ving dic hiéu mét trinh ty 338

bp caa gen virD2. Két qua dién di kiém tra san pham PCR ctia hai cip mdi nhan gen
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rolC va gen VirD2 cho thdy, doan gen rolC co kich thuéc khoang 0,5 kb va doan
gen VirD2 c6 kich thudc khoang hon 0,3 kb dwgc khuéch dai ¢ giéng ddi ching
duong (pRi plasmid 15834); c4c giéng chay san pham PCR cua cac dong ré to
(dong 2, 3, 6, 7, 8) (Hinh 3.5 A) déu c6 sy hién dién cua mot bing DNA duy nhat
sang rd nét & vi tri 520 bp (cuing vi tri véi dbi chimg duong gen rolC) va khong cé
bang DNA & vi tri 338 bp caa gen VirD2 (Hinh 3.5 B); nguoc lai véi céc giéng dbi
chiang duong, cac giéng dbi ching am va ddi chung ré khdng chuyén gen (ré bat
dinh) déu khong c6 bang vach & cac vi tri 338 bp va 520 bp.

Tir két qua trén c6 thé két luan gen rolC tir Ri-plasmid ciia A. rhizogenes
15834 da duoc chuyén vao 5/7 dong ré to Tho nhan sam. Su vang mit ciia gen
VirD2 trong nhiing dong ré to dem phan tich ciing khang dinh vi khuan sau khi lay
nhiém véi mé 14 da dugc khir sach hoan toan va khong con sot lai trén bé mit té bao

ré to.

1kb

0,5kb
0,5kb >

A B
Hinh 3.5. Hinh anh dién di kiém tra san phdm PCR nhéan doan gen rolC (A) va
doan gen virD2 (B)

M: Thang chuan 1kb; (-): nuéc; (+): san phdm PCR cua Ri plasmid; 1. Ré khdng
chuyén gen; Cac giéng tir 2 dén 8 (A): san pham PCR nhan gen rolC cua 7 dong ré
to Thé nhan sam; Cac giéng 2, 3, 6, 7, 8 (B): san pham PCR nhan gen virD2 cua
cac dong ré to mang gen rolC.
3.2.1.5. Anh hwong ciia trang thdi méi truwong dén sw ting truéng ré to Thé nhéin
sam

Trong ba trang thai méi trudng thir nghiém goém dic, ban long va long thi ré to

trén maoi trudng long nudi lac cho tde d6 tang truong cao nhat (4,11 g ré tuoi), tiép



sau 12 méi truong ban long (3,02 g ré tuoi) va cudi cung 1a méi trudng dic (2,12 g

ré tuoi) tang lan luot 12 7,47; 5,49 va 3,85 lan so véi khdi lugng ré ban dau sau 4

tuan nudi cay (Bang 3.10).

Bang 3.10. Anh hudng ctia trang thai méi truong dén sy ting truong ré to Thod nhan sdm
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Trang thaiméi | Khoilwong | Khoilugng ré | Khoi lugng | Khoi lwong ré
truong réban ddu | tuoisau 4 tudn 1é ting kho (g)
C) ©) (lan)
Long nudi 5 0,55 411° 747 0,34°
Bén long 0,55 3,02° 5,49 0,23
bac 0,55 2,12° 3,85 0,18°

Ghi chii: Gid tri ¢ moi cot véi cdc chik cdi di kém giong nhau thé hién khong cé suw
sai khac voi p < 0,05.
Nhu vy, moéi truong 16ng nudi lac gidp ré to Thoé nhan sam ting truong tot

nhat. Hinh anh két qua nudi cdy tao ré to & cdy Thd nhan sim dwogc thé hién &

hinh 3.6.

Hinh 3.6. Hinh anh cam Gng va nudi cay ré to Tho nhan sam

A- md 14 Thé nhan sam; B- ré to cam ing sau 4 tuan; C- nudi cdy ré to trén méi

triwong ban long sau 2 tuan; D- nubi ré to trong méi triong long nudi ldc sau 2

tuan; E- ré to tang triong sau 4 tuan.
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3.2.1.6. Xdc dinh ham lwong flavonoid tong sé trong cdc dong ré to chuyén gen
Két qua ham luong flavonoid trong nim dong ré to chuyén gen 2, 3, 6, 7, 8 va
ré bat dinh duoc thé hién ¢ bang 3.11.

Bang 3.11. Ham luong flavonoid tong s6 ctia ndm dong 1 to chuyén gen va ré bét dinh

Cac mau nghién ciru | Ham luong flavonoid tong | Tang so voi ddi ching khong
s6 (mg/g) chuyén gen (%)
RE bét dinh 0,45° 100
Dong 2 1,05% 233
Dong 3 1,11° 246
Dong 6 1,57° 348
Dong 7 0,93° 206
Dong 8 2,34 520

Bang 3.11 cho thdy, 5 dong ré to chuyén gen c6 ham luong flavonoid dao
dong tir 0,93 mg/g dén 2,34 mglg. DONg ré to chuyén gen s6 8 c6 ham luong
flavonoid cao nhit (2,34 mg/g) ting 520 % so v&i ré bat dinh cua ciy Thd nhan
sam. DOng 7 ¢6 ham luong flavonoid thip nhat (0,93 mg/g) ting 206 % so v&i ré
bat dinh. Két qua nay da ching minh sy xAm nhap cta vi khuan A. rhizogenes vao
mo 14 Tho nhan sim da tao 1é to ¢ 5 dong 2, 3, 6, 7, 8 c6 ham lugng flavonoid ting
dang ké so véi ré bat dinh (r& khong chuyén gen).

Nhu vay, trong 3 loai vat liéu dugc nhiém véi A. rhizogenes (14 mam, doan
than mang mat chdi bén, mod 14) thi mo 14 1a vat liéu thich hop tao 1é to & cay Thé
nhan sdm. Mat d6 vi khuan twong tng véi gia tri ODggo = 0,6; nong do AS 100
umol/l; thoi gian nhidm khuan 10 phut; thoi gian dong nudi cdy 2 ngdy; nong do
cefotaxime 500 mg/l 13 nhiing diéu kién thich hop cho cam tng tao 1& to tir mo 1a
cdy Tho nhan sadm. Moi trudng MS & trang thai 1ong khong bd sung chat diéu hoa
sinh truong, nudi trong diéu kién lac 14 thich hgp cho su ting trudng 1é to & ciy Tho
nhan sdm. Két qua kiém tra su c6 mit gen rolC bing phuong phap PCR va sy ving
mat cta gen virD2 da khéng dinh 5/7 dong ré to 2, 3, 6, 7, 8 duoc tao ra tir cay Thé
nhan sam. DONg ré to chuyén gen sd 8 ¢6 ham lugng flavonoid cao nhat (2,34 mg/g)

tang 520 % so v6i ré bat dinh cua cdy Tho nhan sam.



64

3.2.2. Thao ludn két qua tao dong ré to tir cAy Tho nhin sim

Nudi ciy sinh khdi 1 to nhd vi khuan A. rhizogenes dé thu nhén cac hop chit
tht cép co hoat tinh sinh hoc 1a mot giai phap hi¢u qua, co thé khic phuc duogc
nhirng han ché ctia phuong phap nhéin gidng truyén théng va phuong phap nudi ciy
tang sinh khéi té bao. Cac san pham nhéan gidng d& nhiém dich bénh, c¢6 ton du cac
thudc bao vé thuc vat, dé nhiém cac kim loai nang...; dong té bao thuc vat nudi céy
tao sinh khoi c6 thé tén du cua cac chat diéu hoa sinh trudng anh hudng truc tiép
dén san pham va strc khoe nguoi sir dung. Trong khi d6 cac dong ré to c6 kha ning
sinh truong nhanh, phat trién tot trén moi trudng khong can bod sung cac chét dicu
hoa sinh truéng va 1a co quan biét hoa nén ré to co sy di truyén 6n dinh hon nudi
ciy té bao huyén phi va md seo [30], [35].

Trén thé giéi da co nhiéu cong trinh nghién ciru tao ré to va nhan nudi sinh
khéi ré to dé ting cudng san xuat cac chat chuyén hoa thir cip tu nhién co trong ré.
Do 1a céc nghién clru ting ham lugng camptothecin va 10-hydroxycamptothecin &
r& to ctia cdy Hanh phuc [54], ting ham luong alkaloid tong sb trong ré to ciy
Thudc phién [48], ham Lrong verbascoside gia ting trong ré to' & cay Loi tho [16],
ham luong gypenoside gia ting trong ré to ¢ cay Gido ¢6 lam [11]... Pdi voi cay
Tho nhan sim, nghién ctru 1é to va ung dung k¥ thuat nhan nudi ting sinh khéi ré to
d3 dugc Manuhara va cs (2012) cong bd [57]. O Viét Nam, nghién ciru tao dong ré
to tir thuc vat va dic biét 1a ¢ cdy Tho nhan sam con rat méi mé. Trong nghién ctru
ndy, ba loai vat liéu (14 mam, doan thin mang mat chdi bén, mo 14) dugc st dung
tao 1& to thong qua 1ay nhiém A. rhizogenes cho thy, mé 14 1a vat liéu thich hop tao
1é to & cAy Thé nhan sam. Mat do vi khuan tuong tng véi gia tri ODggy = 0,6; n6ng
d6 AS 100 umol/I; thoi gian nhidm khuan 10 phat; thoi gian dong nudi ciy 2 ngay;
nong do cefotaxime 500 mg/1 13 nhimng diéu kién thich hop cho cam tng tao ré to tir
mo 14 cAy Tho nhan sam. Két qua ndy ciing phu hop véi nghién ctru Manuhara va cs
(2015) [60]. Mbi truong MS & trang thai 1ong khong bo sung chit diéu hoa sinh
trudng, nudi trong diéu kién lac 1a thich hop cho su ting truong 1é to & cay Tho
nhan sdm. Két qua kiém tra sy c6 mit gen rolC bing phuong phap PCR va sy ving
mat cua gen virD2 da khrflng dinh 5/7 dong ré to dugc tao ra tir ciy Thd nhan sam.

Nhu vay, c6 thé két luan rang, A. rhizogenes da duogc bién nap thanh cong vao mau
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Thé nhan sam va thu dugc 5/7 dong ré to Thd nhan sim di co su thay ddi thong tin
di truyén so v6i ré khong chuyén gen bang su ¢6 mit ctia gen rolC, két qua nay phu
hop v6i nghién ciru cia Thwe va cs (2016) [84]. Budc dau nudi cdy thanh cong ré to
Thé nhén sdm trong moi truong 16ng. Tuy nhién, dé sir dung cic dong ré to Thd nhan
sim nay trong san xuat thu nhan flavonoid ndi riéng va cac chat chuyén hoa thir cap
n6i chung thi can tiép tuc nghién ctru, so sanh kha ning sinh trudng, ting sinh khéi va
ham luong cac hop chit c6 hoat tinh sinh hoc giita dong ré to voi 1é ctia ciy Thd nhan

sam tu nhién 1am co s& chon duoc dong ré to theo diing muc dich.
3.3. TAO DONG THO NHAN SAM CHUYEN GEN GmCHI

3.3.1. Két qua chuyén gen GmCHI va tao cdy Tho nhan sim chuyén gen
3.3.1.1. Két qua khdo sdt vit ligu chuyén gen thong qua A. tumefaciens

La mam va doan thin mang mat chdi bén sau khi lay nhiém A. tumefaciens duoc
rira bang dung dich % MS ¢6 b6 sung cefotaxim 500 mg/l. Sau d6 cac mau duoc ciy
trén moi truong SIM dac (Phu luc 1). Két qua tao da choi tr 14 mam va doan than
mang mat choi bén sau khi bién nap A. tumefaciens duoc thé hién qua bang 3.12 va
hinh 3.7.
Bang 3.12. Hiéu qua tao da chdi tir 14 mam va doan thin mang mit chdi bén sau khi

lay nhiém A. tumefaciens (n=150)

Vit licu S6 cNh(*)i/ Chiéu cao choi | SO }é/ Chét Iuong chdi
mau (cm) choi
Sau 4 tuan
Poan than 1,15° 0,65 3,12 Gay
L4 mam 2,14° 0,74% 4,24 Map
Sau 6 tuan
Poan than 1,40° 1,13 3,43 Gay
L4 mam 3,02° 1,34 5,21° Map

Ghi chu: Gid tri 6 moi cot voi cac chir cdi di kem giong nhau thé hién khong co sy

sai khac voi p < 0,05.
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Hinh 3.7. Hiéu qua tao da chdi tir 14 mam va doan than mang mit chdi bén sau khi
lay nhiém A. tumefaciens
A, B: Su phat sinh va sinh truong choi tir ld mam dwoc bién nap A. tumefaciens sau 4
tudn va 6 tuan. C, D: Sy phdt sinh va sinh truong choi tiv doan than mang mdt choi
bén duwoc bién nap A. tumefaciens sau 4 tuén va 6 tuan.

Két qua ¢ bang 3.12 va hinh 3.7 cho thdy, hiéu qua tao da chdi tir 14 mam sau
khi bién nap A. tumefaciens cao gap 1,86 1an (¢ giai doan 4 tuan) va cao gap 2,15 lan
(6 giai doan 6 tuan) so v&i doan than mang mat chdi bén. Pong thoi chdi duoc tao
ra tir 14 mam c6 chiéu cao, sé 14, chat lwong chdi tét hon so voi chdi dugc tao ra tir
doan than mang mét choi bén. Nhu vay, 1a mam chinh 1a vat liéu thich hop tao da

chdi phuc vu chuyén gen ¢ cay Thé nhan sam.

3.3.1.2. Chuyén ciu tricc mang gen GmCHI va tao cdy Tho nhin sim dwoc
chuyén gen

CAu trac mang gen GMCHI dugc chuyén vao cdy Thé nhan sim thong qua
A.tumefaciens l1ay nhidm qua nach 14 mam. Hat Tho nhan sdm duoc khir tring bang
con 70 %, dung dich javel 60 % va nay mam trén méi trudng GM, thu 14 mam dé
lam vat liéu nhan gen. Cac manh 14 mam dugc ngam trong dich huyén phu A.

tumefaciens tai t6 hop. Tai sinh in vitro cdy Thd nhan sdm trong moi trudng



67

chon loc bang khang sinh va trong cay chuyén gen trong nha ludi duoc thé hién

& hinh 3.8.

E

Hinh 3.8. Hinh anh biép nap va tai sinh cdy Thd nhan sam chuyén gen
A: hat da khir tring ndy mam trén méi truwong GM; B: dong nudi cdy trong téi trén
méi trwong CCM; C: cam ung tao choi; D: tdi sinh da chéi sau 4 tuan; E, F: raré
va tgo cdy hoan chinh trén méi truong RM; G: cdy duroc chuyén gen trong trén gia
thé; H: cay trong trong vieon wom & diéu kién nha lwéi.

Két qua bién nap cau trac mang gen GMCHI nho vi khuan A. tumefaciens qua
nach la mam dugc trinh bay & bang 3.13. Két qua ¢ bang 3.13 cho thay, trong tong
s6 730 mau, c6 200 mau tao chdi trén moi truong chon loc SIM chtra khang sinh
kanamycin 50 mg/l va cefotaxim 500 mg/l va trong d6 63 chdi ra ré va dem trong
trén gia thé c6 43 cAy Thd nhan sim duoc chuyén gen c bd ré phat trién, sau d6
dugc tréng ra vuon wom trong diéu kién nha ludi. Két qua theo ddi trong nha ludi

cho thdy c6 28 cdy Tho nhan sim duoc chuyén gen séng sot.



68

Bang 3.13. Két qua bién nap cu tric mang gen GMCHI vao cdy Thé nhan sim

Doi chung vathi | Tong | S6 mau | Sb choi Sb Sb cay song | So cay
nghiém sé miu| taochdi | kéodai | chdira | tréngidthé | sbng sot
bién 18 trong nha
nap ludi
bCo 40 0 0 0 0 0
bCl1 40 30 70 68 40 35
Lan1 | 250 75 40 25 17 11
Thi | Lan2 | 300 80 42 27 20 13
nghiém | 13,3 | 180 45 20 11 6 4
Tong | 730 200 102 63 43 28

Ghi chii: DCO: cdc mdu Thé nhdn sam khéong chuyén gen dwoc cdy trén méi truong
tGi sinh c6 bé sung khing sinh; PCI: cic mau Tho nhan sim khéng chuyén gen
duege cdy trén méi truong tdi sinh khéng bé sung khang sinh.

Nhu vy, trong 730 mau bién nap qua cac giai doan tai sinh va sinh truong
choi, chon loc béng khang sinh tao dugc 28 cay duoc chuyén gen GmCHI trong
diéu kién nha ludi, chiém 2,46 %. Song song véi thi nghiém chuyén gen GmCHI,
tién hanh hai 16 ddi chung 1a BCO va DC1. Két qua ¢ 16 DCO, 14 mam Tho nhan
sam khong dugc chuyén gen ciy trén moi trudng tai sinh bd sung khang sinh chon
loc, cac 14 mam déu khong phat sinh chdi va chét; ¢ 16 PC1, 14 mam Thd nhan
sam khong chuyén gen cdy trén mdi trudong tai sinh khong bo sung khang sinh
chon loc, két qua thu duoc 30/40 mau tao chdi, sb choi kéo dai 1a 70, s chdi ra
18 13 68, s cay sdng sot trén gia thé 40 va sb cay sbéng sot & vuon wom la 35 dé
st dung lam ddi ching.

3.3.2. Két qua phan tich cAy Tho nhin sim chuyén gen
3.3.2.1. Xdc dinh sw hop nhit ciia gen chuyén GmCHI trong hé gen cdy Tho
nhén sdm thé hé T0

Két qud kiém tra cdc cdy Thé nhdn sam dwoc chuyén gen bang PCR
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Phan tng PCR véi cap moi dic hiéu CHI-Ncol-F/CHI- Notl-R duoc sir dung
dé khuéch dai doan gen chuyén GMCHI tir hé gen cua cdy Tho nhan sam duogc
chuyén gen. Kich thuéc gen chuyén GmCHI 1a 0,66 kb. Két qua dién di kiém tra
san pham PCR trén gel agarose cho thiy cac lan chay chi xuat hién mot bang duy
nhat v6i kich thude khoang 0,66 kb twong tng véi kich thude gen GmCHI duoc
chuyén vao cay Tho nhan sam (Hinh 3.9).

123456 7TM#HCE & 91011121314

g < 0.66 kb

<— 0.66 kb

Hinh 3.9. Hinh anh dién di kiém tra sin pham PCR nhan gen GmCHI tir cac cdy Tho

nhan sim duoc chuyén gen ¢ thé hé TO bang cap mdi CHI-Ncol-F/CHI- Notl-R
M: thang DNA chudn 1 kb; (+): déi ching dwong la plasmid pBT-CHI; (-) sdn
pham PCR nhdn gen GmCHI tir cdc dong Thé nhdn sam khéng chuyén gen; 1: T0-
1;2: TO- 2.1; 3: TO- 2.2; 4: TO- 3; 5: TO- 4; 6: TO- 5.1; 7: TO- 5.2; 8: TO- 6; 9: TO-
7; 10: TO- 8.1; 11: TO- 8.2; 12: TO- 9.1; 13: TO- 9.2; 14: TO- 10; 15: TO- 11.1; 16: TO-
11.2; 17: TO- 12; 18: TO- 13.1; 19: TO- 13.2; 20: TO- 14; 21: TO- 15.1; 22: TO- 15.2;
23: T0- 15.3; 24: TO- 16; 25: TO- 17.1; 26: TO- 17.2; 27: TO- 18.1; 28: TO- 18.2.

Trong 28 cdy Thd nhan sdm & thé hé TO chi c6 8 cdy gdm: TO- 2.1; TO- 2.2;
TO- 4; TO- 7; TO- 10; TO- 12; TO- 14; TO- 16 c6 mit cta gen chuyén GmCHI va c6
thé nhan xét rang, ciu trac mang gen chuyén GmMCHI ¢ kha ning di xam nhap vao
hé gen cua cdy Thod nhan sdm duoc chuyén gen; con 20 cay: TO- 1; TO- 3; TO- 5.1;
T0-5.2; TO- 6; TO- 8.1; TO- 8.2; TO- 9.1; TO- 9.2; TO- 11.1; TO- 11.2; TO- 13.1; TO-
13.2; TO- 15.1; TO- 15.2; TO- 15.3; TO- 17.1; TO- 17.2; TO- 18.1; TO- 18.2 khong
xuét hién bing DNA. Nhu vay, trong 730 mau bién nap thu duoc 8 cay Thd nhan
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sim & thé hé TO dwong tinh v6i PCR. Hiéu suit chuyén gen GmCHI & giai doan nay
dugc xéac dinh dat 1,09 % (8/730 = 1,09 %).
Két qua kiém tra cdc cay Thé nhdn sam dwoce chuyén gen bang Southern blot

Tam cay Tho nhan sim duoc chuyén gen & thé hé TO duong tinh véi PCR 1a
TO- 2.1; TO- 2.2; TO- 4; TO- 7; TO- 10; TO- 12; TO- 14; TO- 16 va cay d6i ching
khong chuyén gen da duogc sir dung dé phan tich Southern blot. DNA tong sb cua 8
ciy chuyén gen va cdy ddi ching khong chuyén gen duogc cit boi enzyme Notl va
phan tich Southern blot, két qua thé hién & hinh 3.10.

KB M & 1 2 3 4 5678
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Hinh 3.10. Két qua phan tich ciy Thd nhan sim chuyén gen béng lai Southern ¢ cac cay
duogc chuyén gen duong tinh voi PCR véi doan do GmCHI duoc danh du bang biotin
M: thang DNA 1 kb; (+): vector pCB301-GmCHI; (-): cay Thé nhan sam khdng chuyén
gen; 1: TO- 2.1; 2: TO- 2.2; 3: TO- 4; 4: TO- 7; 5: TO- 10; 6: TO- 12; 7: TO- 14; 8: TO- 16

la nhiing cay Thé nhdn sam dwroc chuyén gen dirong tinh véi PCR.

Két qua ¢ hinh 3.10 cho thay, bang DNA xuat hién & 6 cdy dugc chuyén gen
TO- 2.1; TO- 2.2; TO-4; TO- 7; TO- 10; TO- 14; cdy Tho nhan sim dugc chuyén gen
T0-12, TO-16 va ciy d6i chimg khong chuyén gen khong xuét hién bang DNA. Cay
TO- 7 xuat hién 2 bang DNA (2 ban copy), cac cdy con lai TO- 2.1; TO- 2.2; TO- 4;
TO- 10; TO- 14 c6 1 ban copy. Hiéu sut chuyén gen tinh dén thdi diém phan tich lai
Southern 1a 6/730 = 0,82 %. Nhu viy, c6 thé khang dinh gen chuyén GmCHI d3
dugc gin vao hé gen cia cdy chuyén gen. Cac cdy Tho nhan sim chuyén gen cho
két qua lai Southern TO- 2.1; TO- 2.2; TO- 4; TO- 7; TO- 10; TO- 14 tiép tuc duoc
cham soc va uu tién phét trién phyuc vu nhing phén tich tiép theo vé kha nang hoat

d6ng va biéu hién manh ctia gen chuyén GmCHI trong cy chuyén gen.
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3.3.2.2. Phan tich sy biéu hi¢n protein GmCHI tdi t6 hop trong cic dong Thé
nhén sam chuyén gen 6 thé h¢ T1

Theo d&i 6 ciy Thd nhan sam c6 két qua dwong tinh véi Southern blot & thé hé
TO (TO- 2.1; TO- 2.2; TO- 4; TO- 7; TO- 10; TO- 14) cho thiy ca 6 cay déu sinh
trudng va phat trién binh thudng, ra hoa va tao qua, dong thoi khong c6 su khac biét
vé hinh thai giita cdy chuyén gen va cay khong chuyén gen. Thu qua va hat cua 6
cay Thd nhan sam chuyén gen dem gieo trong thi chi ¢ hat cua 4 cay (T1- 2.2; T1-
4: T1- 10; T1- 14) nay mam va tao cac dong cdy chuyén gen T1, con lai hat cua 2
cay khong nay nam ( T1- 2.1; T1- 7). Thu l4 cua cac dong Thé nhan sam chuyén
gen T1 (T1- 2.2; T1- 4; T1- 10; T1- 14) dé phan tich biéu hién va danh gia hoat
dong caa protein GmCHI tai to hop & thé hé chuyén gen T1.

Chiét rat protein cua 4 dong Thé nhan sam chuyén gen T1 (T1- 2.2; T1- 4; T1-
10; T1- 14) va céc cay doi ching khong chuyén gen tién hanh phan tich dién di
protein SDS-PAGE trén gel polyacrylamid va phan tich Western blot. Két qua lai
Western phén tich biéu hién protein tai t6 hop tir 14 ciia 4 dong cdy Thd nhan
sam chuyén gen & thé hé T1 va cay d6i chung khong chuyén gen dugc thé hién

hinh 3.11.

Hinh 3.11. Két qua phan tich Western blot tir 4 dong Tho nhan sam chuyén gen thé
hé T1 va cdy ddi chirng khéng chuyén gen

M: thang protein chudn; (-): protein cy Thé nhdn sdm doi chitng khong chuyén

gen; (+): protein scFv (150 ng); 1: TI- 2.2; 2: T1- 4, 3: TI- 10; 4: TI- 14: protein

ciia 4 dong cdy Tho nhan sam chuyén gen dirong tinh véi Southern blot.
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Két qua phéan tich Western blot ¢ hinh 3.11 cho thdy, trén mang lai xuat hién
bang mau & vi tri kich thudc khoang 25 kDa & 2 dong cdy Tho nhan sim chuyén
gen T1- 2.2; T1- 10 & thé hé T1. Dong T1- 4; T1- 14 va cay ddi chimg khong
chuyén gen khong xuét hién bing protein. Piéu d6 ching t6 gen chuyén GmCHI da
duogc di truyén tir thé hé TO sang T1 & 2 dong Tho nhan sam chuyén gen T1 (T1-
2.2; T1- 10) va di dich m3 tong hop protein GmCHI tai t6 hop. Nhu vdy, hiéu suat
chuyén gen & giai doan nay dat 0,27 % (2/730). Két qua phan tich Western blot da
chting minh protein tai to hop GmCHI da dugc biéu hién thanh cong trén 2 dong
Tho nhan sam chuyén gen va chimg minh gen chuyén GmCHI dugc di truyén qua
sinh san hitu tinh tir thé hé TO sang T1 va hoat dong 6n dinh & hai thé hé cdy Tho
nhan sadm chuyén gen.

Ham lugng protein tai to hop GmCHI trong cdy cta hai dong Thd nhan sam
chuyén gen T1- 2.2, T1- 10 duoc phan tich bang phwong phap ELISA, két qua dugc
thé hién & hinh 3.12.
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Cay khéng qhuyén gen (WT) va hai dong cay
tho nhan s&dm chuyén gen

Hinh 3.12. Két qua phan tich ELISA xac dinh ham luong protein tai t6 hop GmCHI
ctia hai dong Thé nhan sam chuyén gen (T1- 2.2; T1- 10) va cay d6i chimg khong
chuyén gen (WT)

Biéu d6 ¢ hinh 3.12 cho thiy, hai dong Tho nhan sim chuyén gen (T1- 2.2,
T1- 10) tong hop protein tai t6 hop GmCHI c6 ham lwong lan luot 13 6,14 pg/mg
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va 4,29 pg/mg. Dong T1- 2.2 ¢6 ham lugng protein GmCHI cao hon dong T1- 10.
Két qua nay da chirg minh rang & hai dong Tho nhan sdm chuyén gen, protein tai

t6 hop GmCHI duoc ting cuong biéu hién.

3.3.2.3. Xdc dinh ham lwong flavonoid tong sé trong cdc dong cdy Tho nhin sim
¢ thé h¢ T1

M4u cdy Tho nhin sim cua hai dong T1- 2.2; T1- 10 va cay ddi chimg khong
chuyén gen (Hinh 3.13) gém 14, than, ré& duoc nghién min, tron déng nhat. Can mot
luong khoang 0,1 - 0,5 g miu bang can phan tich. Flavonoid trong mau dugc chiét
bang methanol, sau d6 duoc cho phan Gng véi AlCl; rdi dem do quang phd ¢ bude
song 415 nm. Céan ctr vao do hép thu va néng dd cta chit chuén, 1ap dugc duong
chuan cua quercetin, sau do tinh ra néng d0 cua mau thur dua vao do hép thu cua
mau. Két qua ham luong flavonoid trong hai dong cdy Tho nhan sam chuyén gen va

cdy d6i chig duoc thé hién & bang 3.9.

WT Dong T1-2.2 Dong T1-10

Hinh 3.13. Hinh anh cac dong cdy Tho nhan sim chuyén gen ¢ thé hé T1 va cay doi
chtng khong chuyén gen trong trong vudn thuc nghiém
WT: cay Thé nhdn sam doi chieng khéng chuyén gen; Dong T1-2.2; Dong T1-10:
cdac dong Thé nhan sam chuyén gen T dwong tinh véi Western blot.
Bang 3.14 cho thiy, 2 dong Thé nhan sim chuyén gen GMCHI & thé hé T1
(T1-2.2 va T1-10) c6 ham luong flavonoid 1an luot 1a 4,24 mg/g va 2,74 mg/g.

Dong Thd nhan sdm chuyén gen T1-2.2 c¢6 ham luong flavonoid cao nhat (4,24
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mg/g) ting 743,86 % so véi cdy dbi chimg khong chuyén gen. Dong T1-10 c6 ham
luong flavonoid thap hon (2,74 mg/g) ting 480,70 % so véi ciy ddi ching khong
chuyén gen. Két qua nay di chirng minh su biéu hién manh gen GmCHI & hai dong
Thé nhan sim chuyén gen T1-2.2 va T1-10 da tac dong lam ting téng hop flavonoid
& cac cay chuyén gen.

Bang 3.14. Ham luong flavonoid tong sb ciia hai dong Thd nhan sdm chuyén gen

T1-2.2; T1-10 va ciy ddi chimg khong chuyén gen

Cac mau nghién ciru Ham luong flavonoid | % so véi doi chung
tong sé (mg/g) khong chuyén gen
Céc cay doi chizng khong chuyén gen 0,57 100
Dong T1- 2.2 4,24° 743,86
Dong T1- 10 2,74° 480,70

Ghi chii: Gid tri & moi cot véi cde chik cdi di kém giéng nhau thé hién khong co su
sai khac voi p < 0,05.
3.3.3. Thao luin két qua tao dong Tho nhin sim chuyén gen GmCHI

Pé cai thién ham luong cac hop chat c6 hoat tinh sinh hoc ¢ cay Tho nhan sam
(trong d6 c6 flavonoid), cho dén nay cac nghién ctru chil yéu tiép can theo hudng
tang sinh khdi té bao, ré to. Zhang va cs (1995) di nghién ctru tai sinh cay tir t& bao
tran cua cdy Tho nhan sam véi su diéu chinh cac chit kich thich ting trudng. .. voi
muc dich dé thu sinh khéi [95]. Nghién ctru ctia Zhao va cs (2009) dé cap dén chon
vat liéu thich hop va nong do cac chat kich thich tang trudng tdi wu dén su hinh
thanh mo seo, cum chdi, ty 18 ra ré, ty 1& séng sot cua cdy con trong vudn wom [96];
Muhallilin va cs (2013) d& nghién ctru cam tng tao ré cta cdy Tho nhan sam tir mo
14 véi su diéu chinh chat kich thich ting truéng auxin trong nudi cdy in vitro [63].
Trong khi d6, Manuhara va cs (2012) da nghién ctru anh hudng cia viéc suc khi va
mat do cdy dén sinh khéi ré to ctia cdy Tho nhan sim trong binh bioreactor bang
c4ch bién nap A. rhizogenes vao mau 1a ciia cdy Tho nhan sim [57]. Nhu vay, & ciy
Thé nhan sam cac hudng nghién ciru hién nay chu yéu tap trung vao nudi cay in
vitro dé ting sinh khéi ma chua thiy cong trinh nghién ctru thiét 1ap moét phuong

phap chuyén gen hiéu qua dé cai thién duoc ham luong cac hop chéat co hoat tinh
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sinh hoc trong cdy Tho nhan sam, trong d6 c6 flavonoid. Nghién ctru cua ching toi
chon cach tiép can tmg dung nguyén 1y biéu hién manh gen nham nang cao hiéu qua
biéu hién protein tai t6 hop trong muc dich ting cudng hoat dong cua enzyme chia
khoa tham gia vao con dudng sinh tong hop cac hop chat thir cip & thuc vat. Gen
GmCHI mé& hoa enzyme chia khéa CHI phan lap tir cdy dau twong dugc lua chon
chuyén vao cay Thd nhan sim. Thd nhan sim la thyc vat hai 14 mam, ki thuét
chuyén gen thong qua A.tumefaciens duogc sir dung c6 hiéu qua khi 1ay nhiém qua
nach 14 mam [69]. Hat Thé nhan sdm va 14 mam c6 kich thudce rat nho, do vay tao
vat liéu bién nap ¢ Thd nhan sam kho hon cac loai thuc vat co hat kich thude 16n
nhu dau twong, dau xanh. Chinh vi vay, ki thuat gay ton thuong néch 14 mam can
phai khéo 1éo hon. La mam di ton thuong dugc ngam trong dich khuin
A.tumefaciens va dong nudi ciy. Tai sinh da chdi va tao cdy Tho nhan sam chuyén
gen. Két qua nghién ctru cho thay, 1a mam chinh 1a vat liéu thich hop tao da choi
phuc vu chuyén gen & cay Thd nhan sam. Méi truong MS co ban bd sung 2,0 mg/l
BAP 1a moéi truong thich hop cho su phat sinh va sinh truéong chdi tir 14 mam sau
khi bién nap A.tumefaciens. IAA 0,5 mg/l 13 méi truong thich hop dé tao r& cua cay
Thé nhan sim. Trong tong sb 730 miu bién nap, c6 200 mau tao chdi trén moi
truong chon loc SIM va trong d6 63 chdi ra ré va dem trong trén gia thé c6 43 cay
Thé nhan sam chuyén gen c6 b ré phat trién, sau d6 dugc trong ra vudn vom trong
diéu kién nha ludi. Két qua theo ddi trong nha ludi cho thdy c6 28 cdy Tho nhan
sam duogc chuyén gen séng sot. Nhu vdy, trong 730 miu bién nap qua céac giai doan
tai sinh va sinh trudng chdi, chon loc bang khang sinh tao duogc 28 cay dugc chuyén
gen GMCHI trong diéu kién nha ludi, chiém 2,46 %.

Phan tich hi¢u suadt chuyén gen & thé hé TO dwa trén két qua phan tich
Southern blot dat 0,68 %. O thé hé T1, dya trén két qua Western blot thi hi¢u suét
chuyén gen dat 0,27 %. Xac dinh dugc protein tai to hop GmCHI biéu hién & hai
dong cay Tho nhan sam chuyén gen thé hé T1 (T1-2.2 va T1-10) c6 kich thudc
khoang 25 kDa. Ham lugng protein tai t6 hop GmCHI cua hai dong Tho nhan sam
chuyén gen T1- 2.2; T1- 10 lan luot 12 6,14 pg/mg va 4,29 pg/mg. Dong T1- 2.2 ¢6
ham lugng protein GmCHI cao hon dong T1- 10. Két qua phén tich tac dong cua
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enzyme tai to hop dén su tong hop flavonoid ¢ hai dong cdy Thd nhan sdm chuyén
gen T1 cho thdy, ham lugng flavonoid tong sb cta hai dong Tho nhan sam chuyén
gen T1- 2.2; T1- 10 lan luot 13 4,24 mg/g va 2,74 mg/g ting 7.4 1an va 4,8 1an so
v6i cay ddi chimg khong chuyén gen. Két qua nay phu hop v6i nghién ciru cua
mot sb tac gia trén thé gidi. Li va cs (2006) di nghién ciru chuyén gen SMCHI cia
loai S. medusa vao cay Thudc 14, két qua 1am ting ham luong flavonoid téng sd gip
5 1an so v6i cac cdy khong chuyén gen [49]. Nghién ctru ctiia Kim va cs (2007) da
phan 1ap gen CHI tir nét san & ré ciia cdy Nhot va chuyén vao thé dot bién TT5 &
cay Arabidopsis. Két qua & thé dot bién chuyén gen phuc hdi mau vo hat binh
thudng va naringenin duoc san xuat nhu & dang hoang dai, trong khi n6 khong ¢6 ¢
cac thé dot bién TT5 [39]. Gen CHI duoc phan 1ap tir ciy hoa Mau don (Ps-CHI1)
va duoc chuyén vao Thudc 14 thong qua Agrobacterium da thu duoc ciy chuyén gen
& thé hé T1 c6 ham luong flavonol va flavone ting gip 3 lan so voi cdy khong
chuyén gen [52]. Nghién ctru chuyén gen CHI phan 14p tir cdy Da yén thao chuyén
vao Ca chua ctia Muir va cs (2001) da tao dugc cac cdy Ca chua chuyén gen c6 ham
luong flavonol ting dén 78 1an trong vo qua so v6i cay khong chuyén gen [64]...
Nhu vay c6 thé thay, khi chuyén gen CHI phan lap tir loai ndy sang loai khac da 1am
taing ham luong flavonoid, flavonol va flavone & ciy chuyén gen va cach tiép can
lya chon k¥ thuat biéu hién manh gen GMCHI co nguén géc tir dau twong lam tang
ham lugng enzyme CHI tham gia tong hop flavonoid va dan dén ting ham lugng

flavonoid & cdy Tho nhan sam 13 hop 1y.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Muir%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=11329019
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KET LUAN VA PE NGHI
1. Két luin

1.1. Cac miu Théd nhan sam thu tai mot sb dja phuong dugc xac dinh thudc cung
loai T. paniculatum, chi Talinum, ho Rau sam (Portulacaceae) bang phuong phap hinh
thai so sanh két hop v6i phan tich ma vach DNA.

1.2. L4 mam 1a vat liéu nhan gen thich hop trong k¥ thuat chuyén gen ¢ cay Tho
nhan sdm. Mo6i truong MS co ban + 50 ml/l nudc dura + 1,5 mg/l BAP 1a thich hop
cho su phat sinh va sinh trudng chdi tir nach 14 mam.

Ttr 730 mau bién nap tao dugc 28 ciy chuyén gen GmCHI trong diéu kién nha
lu6i. Protein tai to hop GmCHI da dugc biéu hién & hai dong Tho nhan sim chuyén
gen T1-2.2 va T1-10 & thé hé T1 véi ham luong 1an luot 13 6,14 pug/mg va 4,29
Hg/mg. Hai dong Tho nhan sim chuyén gen T1-2.2 va T1-10 c¢6 ham luong
flavonoid tong sb ting 7,4 1an va 4.8 1an so v6i cdy ddi ching khong chuyén gen.
1.3. M6 14 1a vat liéu thich hop cho cam tng tao 1é to & cdy Thd nhan sam. Lay
nhiém mé 14 boi A. rhizogenes véi ODggo = 0,6; ndng d6 AS 100 umol/I; thoi gian
nhiém khuan 10 phut; thoi gian dong nudi cay 2 ngay; néng do cefotaxime 500 mg/1
1a nhirng diéu kién thich hop cho cam ung tao ré to & cdy Tho nhan sim va 5/7 dong
ré to da duoc tao ra. Moi truong MS & trang thai 16ng khong bd sung chat diéu hoa
sinh trudng, nudi trong diéu kién lic 13 thich hop cho su ting trudng ré to & cdy Tho
nhan sam. DONg ré to chuyén gen sd 8 ¢6 ham lugng flavonoid cao nhét (2,34 mg/g)
tang 520 % so v6i ré bat dinh cua cdy Tho nhan sam.

2. Pé nghi

2.1. Tiép tuc phén tich va danh gia 2 dong Tho nhan sam chuyén gen (T1- 2.2; T1-
10) & cac thé hé T2, T3,... nham chon duoc dong Thd nhan sim chuyén gen ¢c6 ham
luong flavonoid cao va 6n dinh.

2.2. Tiép tuc phan tich va danh gia 5 dong ré to (2, 3, 6, 7, 8) nham chon dugc dong

ré to c6 ham lugng flavonoid cao va 6n dinh.
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PHU LUC

Phu luc 1. Thanh phan méi truong tai sinh cay Thé nhan sdm chuyén gen

Hon hop Thanh phan cho 1 lit dung dich
Stock I (N1) 16,6 g CaCl,.2 H,0O
Stock Il (N2) 95 g KNO; + 8,5 g KH,PO, + 82,5 g (NH,)NO; + 18,5 g
MgS0O,4.7H,0
1,24 g H3BO; + 4,469 MnS0O,.4H,0 + 5 mg CuSO,.7H,0
Stock 111 (N3) + 1,729 ZnSO,4.7H,0 + 50 mg Na,M00,.2H,0 + 166 mg

KI+5 mg COC|26H20

Stock IV (N4)

5,56 g FeS0O,4.7H,0 + 7,46 g Na,EDTA

20 mg Thiamine HCI + 100 mg pyridoxine HCI + 100 mg

Stock V (N5) o _ o
nicotic acid + 0,4 g glycine + 20 g Myoinositol
20 ml stock I/l + 20 ml stock 11/ + 5ml stock (I11, 1V, V)/I
MS0 + 8 g agarose
GM MSO0 + 30 g/l sucrose + 50 ml/l nudc dira
cCM MSO0 + 30 g/l sucrose + 100 pmol/l acetosyringon + 50
ml/l nudc dura
Moi truong SIM lan 1: MSO + 30 g/l sucrose + 50 ml/l
nude duoa + 1,5 mg/l BAP + 500 mg/1 cefotaxim + 50 mg/1
SIM kanamycine ‘
Moi truong SIM lan 2: MSO + 30 g/l sucrose + 50 ml/l
nude dua + 1,5 mg/l BAP + 500 mg/l cefotaxim + 50 mg/1
kanamycine
SEM MSO + 30 g/l sucrose + 50 ml/l nuéc dura + 500 mg/I
cefotaxim + 50 mg/l kanamycine
M MSO + 30 g/l sucrose + 0,5 mg/l IAA + 500 mg/I

cefotaxim + 50 mg/l kanamycine

* Ghi chii: Cdc méi truong déu dwoe chudan pH = 5,8 va khir trimg. Thi nghiém

dwege tién hanh & nhiét dg 25 + 2°C, thoi gian chiéu sang 16 gio sang/ngay.




