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TOM TAT

Dau tuong la cay trong phd bién va quan trong hang dau trong nen ndng nghiép thé gigi. Do do, day 1a loai cay
nhan duoc nhiéu quan tam Jrong cai tao giong, nang cao nang suat chét lwong. Hién nay, dau tuong b1en doi gen
la mot trong nhu'ng cay trong cong nghe sinh hoc chinh dugc trong Iy nhleu nuée. Nghlen ctru chuyén gen tao
astaxanthin vao déu tuong s& giup ning cao gid tri hglt dau, tao san_ pham c6 tiém nang ung dung cao. Trong
nghién ctru nay, nhiéu phuong phap tao vét thuyong mau khac nhau gom dung dao mo, dao mo két hop tham hat
chan khong, song siéu 4m da dugc su dung dé kiém tra dnh huorng ciia moi phuong phap dén hiéu qua chuyen
gen. K&t qua cho thay viée két hop tham hit chan khong hodc séng siéu am da gitp tang dang ké hiéu qua
chuyén gen vao dét Ia mam. Nghlen ciru da tao duoc cac dong dau tuong chuyen gen san xuat astaxanthin
chuyén biét ¢ hat. Cac dong nay da duoc kiém tra bang PCR, Southern blot va tinh khang v6i thude diét co
Basta. Hat ctuia cac dong dau twong chuyén gen c¢6 su phan ly mau, hat chuyén gen mau do, hat khong chuyén
gen mau trang. Ham hrong astaxanthin trong hat cua hai dong chuyen gen duoc xac dinh bang phuong phap
HPLC-MS cho ket qua lan luot 0,31 va 0,77 ug/g. Céc dong dau tuong chuyén gen phat trién tir hat c6 sy sinh
truo’ng, phat trlen binh thuong, khong khac biét dang ké so véi doi chung Céc dong chuyén gen TL déu tao dugc
cac hat T2 chuyen gen mau do. Nhu véy, nghién clru da tao dugc cdc dong dau tuong san xuét astaxanthin
chuyén biét ¢ hat ¢6 biéu hién 6n dinh qua nhiéu thé hé.

Tuwr khoa: Agrobacterium tumefaciens, astaxanthin, chuyen gen, dau tuong, dbt 14 mam, mot nira hat.

MO PAU

Astaxanthin la mét loai carotenoid co nhiéu cong dung trong bao vé, tdng cwdng strc khoe. Nhléu nghlen clru cho
thay astaxanthin cé tinh chéng oxy héa manh, c6 tac dung bao vé DNA, ting cwong hé mién dich, gidm sw phat
trién ctia khdi u ung thw, hiéu qua trong hd tro' diéu tri bénh tiéu duong, stress oxy hoa, viém, tim mach, mét s6 van
dé vé cac chirc nang than kinh...(Goswami_et al., 2010; Fassett va Coombes, 2011). Ngoa| ra, astaxanthin con
dwoc st dung lam chét tao mau tw nhién phd bién trong chan nudi, thuy san. Hién nay, nhu cau astaxanthin rat Ion
va ngay cang tang, thi trwong thé gioi tiéu thy khoang 280 tan, dat gia tri 447 trieu USD nam 2014, wéc tinh dén
nam 2020 dat mérc 1,1 ti USD. Do dd, gia astaxanthin trén thj truong rét cao, véi astaxanthin tw nhién 1a 2500-7000
USD/kg, astaxanthin tong hop khoang 1000 USD/kg (Shah et al., 2016; Molino et al., 2018). Nghién ctru chuyén gen
tao astaxanthin vao thyc vat gitp tao cac san pham chtra astaxanthin tw nhién la mot hwéng nghlen ctu tlem nang
nham da dang héa ngudn cung astaxanthin. Nhiéu nghién ctru chuyen gen tao astaxanthin, c6 ngudn gbc tir vi
khuan, t&o,... vao cac loai cay trong khac nhau nhw ca chua, lua gao da duwoc thwe hién (Huang etal., 2013; Zhu et
al., 2018). o] dau tuong, Pierce va dong tac gia (2015) s dung cac gen ma hoa enzyme B- ~carotene ketolase va
phytoene synthase ¢6 ngudn géc tlr vi tdo Haematococcus pluwal/s va vi khuan Pantoea ananatis, Brevundimonas
sp. d& chuyé&n gen da tao dwoc dong dau twong cé kha nang tdng hop astaxanthin véi ham lwong dat 2 - 7 pg/g.
Astaxanthin dwoc hinh thanh ti phan tor B -carotene, bang cach thém mot nhoém hydroxyl (OH) va moét nhom
cacbonyl (CO) tai nguyén tlr cacbon sb 3 va 4 & méi vong B. ba sb thuc vat déu cé enzyme co thé thém nhom
hydroxyl vao vong (3 carotenoid (K|m et al., 2009), nguoc lai viéc thém nhom cacbonyl & vi tri cacbon thr 4 dé tao
thanh astaxanthin chi c6 & mét s6 loai thuoc chi Adonis. Chuyen hda tao astaxanthin tir B-carotene & hoa Adonis
aetivalis bt diu v&i phan &ng kich hoat carbon sb 4 cla véng B duwoc xuc tac b&i enzyme carotenoid (- rlng
4- dehydrogenase (CBFD). Sau do, enzyme carotenoid 4-hydroxy-B-ring 4- dehydrogenase (HBFD) khir thém H cua
carbon nay dé tao thanh mét cacbonyl Phan &ng cudi cung bd sung mot nhém hydroxyl & carbon sb 3 dwoc xtc tac
b&i enzyme CBFD. Nhuw vay, tir vong B-carotene da dwoc chuyen thanh vong B-3-hydroxy-4-keto clia astaxanthin
(Cunnlngham va Gantt, 2011). Hai gen cbfd va hbfd dong vai trd cha yéu gidp chuyen héa B-carotene thanh
astaxanthin & cay hoa Adonis aestivalis, do d6 duwgc chon dé nghién clru bién nap tao cay dau twong cé kha nang
tdng hop astaxanthin.

NGUYEN LIEU VA PHUONG PHAP
Gidng dau twong, chiing vi khuan, plasmid

Gibng dau MTD 176, tir B6 mén Di truyén - Gidng ndng nghiép, Khoa Néng nghiép & Sinh hoc Ung dung -
Trwong Pai hoc Can Tho.

Chuing vi khuan Agrobacterium tumefaciens EHA 105 dung dé bién nap gen.
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Plasmid pITB-AST (phong Céng nghé Gen - Vién Sinh hoc Nhiét d&i) co kich thuwdc khodng 15,5 kb. T-DNA
mang t6 hop gen Pglycm/n -cbfd2- TglyC/n/n/Pg/ycmln hbfd1-Tg/ycm/n/Pglycm/n-ZmPsy-Tglycm/n va gen chon loc
Pnos-bar-Tnos. Nhw vay, cac gen cbfd2, hbfd1 va Zm-Psy duoc diéu khién bdi promoter va terminator clia gen
ma hda glycinin glup cac gen nay co bidu hién chuyén biét & hat. Gen Zm-psy biéu hién enzyme phytoene
synthase tang cwéng tdng hop phytoene thic ddy gia téng téng hop B -carotene trong hat (Buckner et al., 1996);
gen cbfd2 ma hoa enzyme carotenoid B-ring 4-dehydrogenase va gen hbfd1 ma hoa enzyme caroten0|d
4-hydroxy-B-ring 4- dehydrogenase cla Adonis aestivalis gilp chuyén héa B-carotene thanh astaxanthin
(Cunningham, Gantt, 2005; Cunningham, Gantt, 2011). Ngoai ra, gen bar quy dinh tinh khang phosphinothricin
cling dwgec str dung nhw yéu to6 chon loc mé va cay chuyén gen.

Méi trwéng va diéu kién nudi cay mo
Céc moi trwdng trong nghién cteu tham khéo theo Paz va ddng tac gia (2006), trong dé néng dd BA trong moi

trucmg Sl thay béng 2 mg/L. Cac bwéc nudi cdy méd dwoc thue hién trén dan sang véi chu ky 18 sang: 6 tdi,
cwdng dd sang 2000 - 3000 lux, nhiét dé 24°C.

Chuan bj vi khuén, chuyén nap gen, chon loc va tai sinh cay chuyén gen

Vi khuén A. tumefaciens dwgc nudi cdy l&c qua dém trong 50 ml méi trwdng LB 1dng bé sung kanamycm va
rifamycin ndng d6 50 mg/L & 28°C, 220 vong/phut (ODe20nm = 0.8 - 1.0). Sau do, ly tam thu phan Iang vi khuén &
4000 vong/phut, 10 phat, 22°C. Hoa vi khuan trong 50 ml méi trwdng lay nhiém, lac nhe khodng 1 gi¢r trudc khi
st dung.

M3u dét l& mam dwoc chuén bj theo phwong phap cta Olhoft va dong tac gia (2003), mau mét nlra hat theo
phuong phap cla Paz va dbng tac gia (2006) Mau dbt 4 mam duoc tao vét thu@ng bang nhiéu cach: dung dao mé
15 cét nhe 5 lan theo phuwong vuéng goc voi hypocotyl két hop ding dao mo v&i x ly song siéu am 30s; két hop
ding dao md v&i xir ly thAm chan khéng 60s (-20 in Hg). M&u sau khi tao vét thuong duwoc ngam vao dung dich vi
khuan da pha loang trong 30 phut, sau d6 tham boét dich vi khuén trén mo bang glay loc vb trung va cay chuyen
sang moi truo’ng ddng nudi cy véi mat trong clia la mam tlep xuc véi moi truong, & nhiét do khoang 24°C trong tbi,
thoi gian 5 ngay. Trén bé m&t moi trwéng dat mot I6p gidy tham dé han ché sy phat trién cla vi khuén.

Chon loc, tai sinh cay chuyén gen: Sau qua trinh dong nudi cdy, mau duoc loai bo vi khuan bé&ng dung dich rtra
bd sung 500 mg/L cefotaxime. Sau dd, chon loc chdi chuyén gen trong 4 tudn béng cach cay Ién moi trwdng tai
sinh choi Sl b sung cefotaxime 500 mg/L va PPT 6 mg/L. Chbi hinh thanh dwoc phat trién chiéu cao than trén
moi trwong SE, glam ndng d6 chét chon loc PPT con 4 mg/L. Khi chdi cao khoang 3 cm, chuyen sang moi tredng
tao ré, hinh thanh cay hoan chinh véi 1 mg/L IBA. M3u dwoc ciy chuy&n sang méi trudng méi sau méi 2 tuan.

Kiém tra cay chuyén gen bang PCR: DNA tdng s6 dwoc tach tlr cac dong dau twong bang bd kit The
DNeasy Plant Kit — QIAGEN. DNA nay la nguyén liéu dé thwc hién cac kiém tra cay chuyén gen béng PCR va
Southern blot. Kiém tra su hién dién cta gen hbfd1, ‘cbfd2 Zm-Psy, bar trong cay dau twong chuyén gen ‘bang ky
thuat PCR v&i cac cap moi dac hiéu. Gen hbfd1, moi 1: 5° - CTT TCC CAC ACC TTT TCC AA-3 vamaGi 2: 5 -
GCA AGC AGA GAA GTG CAC AG - 3, khuéch dai doan DNA 400 bp, chwong trinh nhiét: 94°C 4 phut, 35 chu
Ky (94°C/90 giay, 60°C/90 giay, 72°C/ 2 phut), 72°C 5 phat, bdo quan & 4°C. Gen bar, mdi 1: 5- ATG AGC CCA
GAA CGA CG -3’ va mbi 2: 5- TCA GAT CTC GGT GAC GG -3, khuéch dai doan DNA 500 bp, chwong trinh
nhiét: 94°C 5 phat, 35 chu ky (94°C/60 giady, 62°C/60 giady, 72°C/1 phat 30 gidy), 72°C 5 phut, bdo quan & 4°C.
Gen cbfd2, moi 1: 5" -GAT AGC GAA CAC GTC GTT GA - 3’, moi 2: 5 - AGC CTC CTT GCC TTC TTT TC - 3,
khuéch dai doan DNA 500 bp, chwong trinh nhiét: 94°C/4 phut, 35 chu ky(94°C/90 giay, 60°C/90 giay, 72°C/ 2
phut), 72°C/5 phat. Gen Zm-Psy, moi 1: 5-TTG GAT GCT GCT CTT TCA GA-3', mai 2: 5-CCT CTT TCA GCT
TCC TCG AA-3', khuéch dai doan DNA 446 bp, chu’crng trinh nhiét: 94°C/5 phut, 35 chu ky (94°C/1 phut
58°C/1 phut, 72°C/1 phat 30 giay),72°C/5 phuat. Dién di sén phdm PCR trén gel agarose 1% véi thang chuan
1kb Promega. Xem két qua, chup hinh gel b&ng may Gel Documentation - Biorad.

Kiém tra cay chuyén gen bang Southern blot: Dung phwo’ng phap tao mau do va phat hién bang CDP-Star
ctia Amersham (GE Healthcare - RPN3680, RPN 3682) dé phan tich cac dong cay dau twong chuyén gen. DNA
ca mdi dong cay chuyen nap gen va dbéi chirng am (cay khong duwoc chuyen nap gen) U véi enzyme gi¢i han
Hindlll & 37°C trong 4 gi¢&r. Bdi chirng dwong 1a plasmid pITB-AST dwoc cét véi emzyme Hindlll & 37°C. Mau
DNA dwoc dién di trén gel agarose 1% & 25 vol qua dém cuing voi thang chuén AHindlll. Chuyén DNA lén mang
lai Hybond-N (GE healthcare), lai qua dém v&i mau do la trinh tw DNA 500bp d& dugc tinh sach ctia gen cbfd2
tao ra tlr phan r’ng PCR. MAu do cho thang chuén AHindlll ciing dwoc thuc hién cung voi mau do cho gen cbfd2.
Trong giai doan lai, bd ddng thei hai mAu do nay vao budng lai. Hién phim theo hwéng dan ctia Amersham.

Phén tich ham lwgng astaxanthin trong hat: Astaxanthin trong hat dau twong dwoc dinh tinh va dinh lveng
bdng phwong phap sac ky léng ghép khéi phd (HPLC-MS) thwe hién tai Trung tam Phén tich Trwong Dai hoc
Khoa hoc Ty nhién, Dai hoc Quéc gia Thanh phé HS Chi Minh.

Thtr nghiém anh hwéng cua thuqc trir cé Basta trén la cay dau twong ex vitro: Pha lodng thudc trir cd
Basta (200 g/L glufosinate)‘dé dat nong d6 100 mg/L, bé sung thém 50 pL tween 20 trong 50 ml dung dich. Dung
tam bong tham dung dich roi quét Ién mat trén cach phan ngon la khoang 1,5 cm. Ghi nhan két qua sau 7 ngay.
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KET QUA VA THAO LUAN
Két qua chon loc, tai sinh, tao cay khang PPT

M&u dét 1a mam va mét niva hat sau khi x& Iy chuyén gen véi vi khudn dwoc chon loc trén méi trwong tai sinh
choi bd sung 6 mg/L PPT. Sau giai doan nay, da nhan dwoc cac dong dau twong khang véi chéat chon loc PPT
v&i hiéu qua tao dong khang khac nhau phu thudc vao cach thirc tao vét thwong va loai mau: & phwong phap
dung dao mé tao vét thwong trén dét 1a mam, ghi nhan tan sb tao dong khang 1a 1/150 (0,67%), ki hiéu dong la
D1; phwong phap tao vét thwong két hop séng siéu am 30s la 3/150 (2%), ki hiéu dong la D2, D3, D4; phuong
phap tao vét thwong két hop thdm chan khéng 60s la 3/150 (2%), ki hiéu dong la D5, D6, D7. Ngoai ra phuong
phap dung mau moét n&ra hat ciing ghi nhan két qua tao dong khang kha tbt véi tan sbé 1a 2/200 (1%), ki hiéu dong
la D8, D9. Cac dong cay khang PPT cao khoang 3 cm dwoc chuyén ra trdng ngoai vieon wom. Nhw vay, két qua
trén cho thay su két hop séng siéu &m hoéc thdm chan khong trong qua trinh tao vét thuong mau dét la mam da
giup tang dang ké hiéu qua tao dong khang chét chon loc. Song siéu am, thdm chan khong gitip tang kha nang
tiép xtc cta vi khuan véi cac té bao thwe vat, dac biét véi cac t& bao ndm bén dwdi Iép biéu mé nhw md phan
sinh, qua dé gilp nang cao hiéu qua chuyén gen. Diéu nay phu hop voi nghién ciru cua nhiéu tac gia khac
(Mariashibu et al., 2012; Arun et al., 2015). Ngoai ra, st dung mau mét nira hat ciing dat dwoc tan sé tao dong
khang kha cao, cho thy day la loai mau tiém nang st dung dé chuyén gen do viéc chuan bi va xt ly mau twong
ddi nhanh, don gian.

Kiém tra sw hién dién cta gen bién nap trén cac dong khang PPT bang phwong phap PCR

Cac cay dau twong khang PPT duwoc kiém tra sw hién dién clia cac
gen bién nap bar, cbfd2, hbfd1, Zm-Psy v&i cac cap mdi dac hiéu.
Két qua cho thay tat ca cac cay khang PPT déu cé sw hién dién |?
cla gen bién nap véi kich thwéc doan DNA khuéch dai dac trung
béng vé&i déi chirng dwong: gen bar, 500 bp (hinh 1 a); gen cbfd2,

500 bp (hinh 1 b); gen hbfd7, 400 bp (hinh 1 c); gen Zm-Psy, 446 | snuhlmem

M P N DI D2 D3 D4 D5 D6 D7 D§ D9

500 bp—

500 bp—+

bp (hinh 1 d). Do do, co6 thé khdng dinh day 1a cac cay da dwoc

chuyé&n gen thanh céng. ~Tuy nhién, khi cay dwoc tréng trong diéu i
kién vwon wom, trong sé 9 cay chuyé&n gen, chi 5 cay D2, D3, D5,
D8, D9 c6 kha nang thich nghi, phat trién, 4 cay khong thé thich
nghi va chét dan.

446 bp

Hinh 1. Két qua dién di san phdm PCR
gen bar (a), cbfd2 (b), hbfd1 (c), Zm-Psy
Lz . 2 N (d) nhirng dong dau twong khang PPT.
Kiém tra cay chuyén gen bang Southern blot M: thang chudn 1kb (Promega); P: déi

A ur z .2 s n X ~ N , hi d ITB-AST: N: céy déi chi
Phan tich Sothern blot dé kiém tra s hda nhap bén virng ctia cac Iihggg chﬁ%ﬁ gen. D1 D2 D(;a};)‘,O'D% ang

gen bién nap vao bo gen cia cay, dong thoi xac dinh dong chuyén  p7' pg po: cac cay cy chuyén gen gia
gen riéng biét, dwa trén lai phan t& véi mau do la doan trinh tw cla dinh

gen cbfd2 cé kich thwéc 500 bp. Két qua ghi nhan trén hinh 2 cho
thdy c6 sw hién hién ctia bang lai & cac vi tri, kich thudc khac nhau

v&i cac cac dong chuyén gen, trong khi ddi chirng am khong hién

b&ng lai. Biéu nay chirng té cac dong kiém tra cé sw gén chén cua

gen bién nap trong by gen céy, day la cac dong chuyén gen riéng ik \
biét, v&i s6 ban sao ghi nhan dwoc tr 1 dén 3. Nhw vay, nhin

D2 D3 D5 DE D9

chung cac cay chuyén gen nhan duwoc co sb lwgng ban sao cla ggﬂ:  § -
gen chuyen trong b gen khdng qua nhiéu, phu hop véi phwong ) - i -
phap chuyen gen thdng qua vi khuin A. tumefaciens thucyng tao it D !
ban sao. T4t ca cac dong nay déu duoc tiép tuc phat trién, tréng -—— o
trong vwen wom dé kidm tra anh hwéng cua viéc gan chén cac z t" 3

. ‘|

Hinh 2. Két qua phan tich DNA cay dau

ban sao gen dén kidu hinh, sy sinh trwdng, phat trién ciing nhw
kha nang sinh san cay chuyén gen.

Kiém tra tinh khang cta cady chuyén gen vé&i thubc diét
co Basta

Thi nghiém s dung dung dich Basta (100 mg/L glufosinate) quét
Ién mat trén phién la dé kiém tra biéu hién gen bar dong thoi han
ché anh hwéng dén sinh trwédng, phat trién cla cay nham tang kha

twong chuyén gen bang Southern blot.
M. Thang chuén A Hindlll: P. Béi chimg duong
plasmid pITB-AST: N. Méu dau tuong khéng
chuyén gen; D2, D3, D5, D8, D9. Cac méu déu
tuong duong tinh PCR

nang thu nhan hat chuy&n gen. Két qua ghi nhan sau 7 ngay cho thy la cta tat ca cac dong chuyén gen (D2, D3,
D5, D8, D9) d&u hau nhw khdng bi anh hudng, van gitr mau xanh, trong khi d6 1& cla cay déi chirng bi mat mau
xanh, chay kho tai ving quét Basta (hinh 3). Diéu nay ching t& gen khang thubc diét cd bar trong cay chuyén
gen da biéu hién giup cay khang dwoc thude diét cé & ndng dd gay chét véi cay dbi chirng.
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Tém lai, két qua kiém tra bang PCR, Southern blot va tinh khang
cla cay voi thube diét cé Basta cho thdy cac dong cay nhan dwoc
qua qua trinh chon loc vé&i PPT la cac dong chuyén gen, c6 sw gan
chén clia gen chuyén trong bd gen cay nhan va cé sy bidu hién
clia gen gilp cay khang véi thubc diét cd.

Két qua thu nhan hat cia cac dong chuyén gen

Trong 5 dong dwong tinh PCR, Southern blot va khang Basta chi 2
dong D2 va D8 c¢6 kha nang dau trai (hinh 4), cac dong con lai (D3,
D5, D9) khéng tao trai, ma sau mét thoi gian phat trién 14 vang,
rung, cay chét dan. Trai ctia hai dong D2 va D8 chin, vé trai kho,
mau vang sau khoang 4 thang. Dong D2 thu dwoc hai trai, méi trai
1 hat, gém 1 hat mau dé (D2-1) va 1 hat mau trang (D2-2). Dong
D8 thu dwogc 1 trai hai hat, gom 1 hat dé (D8-1) va 1 hat trang (D8-
2) (hinh 5) Mau dd clia cac hat thé hién dam va rd & phan ré mam,
nhat hon & phan phéi nhii. Nghién ctru chuyén gen tao astaxanthin
trén nhiéu cay khac nhau cho thay s tich Iy astaxanthin trén cac
bd phan cta cay chuyén gen dan dén mau cla cac bd phan nay
chuyén sang dé nhw & bap, tao... (Farré et al., 2016; Jia et al., 2019).

Hat clia hai dong D2 va D8 duoc tiép tuc gieo trdng trong vuon
wom d& kidm tra, theo ddi khd ndng ndy mam, sinh trwdng, phat
trién, sinh san cla cay so véi dbi chirng.

Kiém tra sw hién dién, biéu hién ctia gen bién nap, kha ning
sinh san va kiéu hinh cta cac dong T1.

Cay moc tir hat thu dwoc tir cac cay chuyén gen déu phat trién kha
tbt, gdm 4 cay, 2 cay tlr hat trdng va 2 cay tlr hat d3 (hinh 6). Cac
cay nay phat trién kha ddng déu, khong khac biét dang k& so voi
cay doi chirng. DNA clia cac dong D2-1, D2-2, D8-1, D8-2 va dbi
chirng dwoc ly trich, kiém tra sw hién dién clta cac gen bién nap
béng PCR.

Két qua dién di san phdm PCR khuéch dai cac gen bién nap st
dung cac cap mdi dac hiéu dwoc thé hién trén hinh 7
cho thdy c6 sw hién dién cua tat ca cac bang déc hiéu
cla cac gen bar, cbfd2, hbfd1 va Zm-Psy & dong D2-1
va D8-1, la cac dong phat trién tir hat dé. Ngwoc lai, &
dong D2-2, D8-2 (dong phat trién tir hat trang) va dbi
ching déu khong c6 sy hién dién clia cac bang dac
hiéu, do d6 khéng c6 sw hién dién cGa gen bién nap.
Céc két qua PCR chirng té hai dong D2-1 va D8-1 nhan
duwoc sy di truyén cac gen bién nap tir cay bd me, trong
khi dong D2-2 va D8-2 khéng nhan dwoc sw di truyén.

Kiém tra tinh khang cua cay véi thudc diét cé Basta

Dung dich thudc diét cé Basta dwoc siv dung dé& quét [&n mét trén
l& cla cac dong D2-1, D2-2, D8-1, D8-2 va dbi chirng. Két qua
quan sat sau 7 ngay cho thy la ciia 2 dong D2-1, D8-1 van xanh
tot, hdu nhw khéng bi anh hwéng, trong khi 14 ctia dong D2-2, D8-
2 va dbi chirng déu bj chay khé & ving x& ly v&i Basta. Didu nay
chivng té dong D2-1 va D8-1 nhan duwoc sw di truyén cla gen bar
tlr cay b me, sw biéu hién ctia gen nay giup cay khang lai Basta.
Dong D2-2, D8-2 khéng nhan dwoc sy di truydn gen bar nén
khéng khang dwoc Basta, 1a bj chay khé & vung xt ly.
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Hinh 3. La cay déi chirng va chuyén gen sau
7 ngay quét dung dich Basta. a: /a cdy doi
chung; b: 14 cdy chuyén gen

Hinh 4. Dong chuyén gen D2 (a) va D8 (b)
phat trién ngoai vwon wom

Hinh 5. Hat mau dé cua dong D2 va D8. 1,
2, 3: Hat dau tuvong mau tréng cta cay déi
ching, dong D2 va D8; 4, 5: Hat dau mau
dd cua dong D2 va D8

Hinh 6. Cac giai doan phat trién cta cay chuyén
gen tréng tir hat. a. Hat ndy mém sau 4 ngay; b. cay
méam phét trién sau 7 ngay; c. cdy phéat trién & giai
doan bat dau ra hoa; d. cay chuyén gen & giai doan
trai chin.

M P N1 2 3 4
a 500bp—

b 500 bp—
¢ 300bp— — 400 bp
d 500 bp— il

Hinh 7. Két qua dién di san phdm PCR
gen bién nap & cac dong T1. a. gen bar; b.
gen cbfd2; c. gen hbfd1; d. gen Zm-Psy; M.
thang chuén 1kb (Promega); P: dbi chiing
duong plTB-AST; N: céy dbi chimg khéng
chuyén gen; 1: D2-1; 2: D2-2; 3:D8-1;
4: D8-2
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Céac dong D2-1, D2-2, D8-1, D8-2 phat trién kha
tbt trong vudn wom, khong co khac biét dang ké
vé kiéu hinh so v&i d6i chirng. Hat chin dwoc thu
hoach sau khoang 4 thang, sé lwgng hat dwoc ghi
nhan nhw sau: dong D2-1 (93 hat d6, 6 hat tréng),
dong D2-2 (0 hat dd, 102 hat tréng), dong D8-1
(97 hat do, 7 hat trang), dong D8-2 (0 hat do, 112 yinp . Thir nghiém quét Basta trén 14 cay chuyén gen va
hat trang), doi chirng (0 hat do, 109 hat trang).  aéi ching. a. cay déi ching; b. dong D2-2; c. dong D8-2; d.
Nhu vay, hat thu dwgc gom hai loai mau dé v? dong D2-1; e. dong D8-1
trang. Trong d6, cac dong D2-2, D8-2 va doi
chirng chi thu dwoc hat trdng, dong D2-1 va D8-1 thu dwoc ca hat
dd va trdng. Hat mau trdng la kiéu mau cla hat dbi chirng, khong
chuyé&n gen. Nhw da phan tich bang PCR va tinh khang Basta, hai
dong D2-2, D8-2 khéng mang gen bién nap nén toan bd hat cla
cac dong nay déu mau trdng hoan toan phu hop véi két qua phan
tich trwéc do. Hai dong D2-1, D8-1 nhan dwoc sy di truyén cla i R
gen bién nap, cac cay nay tao dwgc hat mau dé, chirng té c6 sw di —————
truyén gen chuyén cho thé hé sau. Ngoai ra, cac dong nay ciing 7 N y
tao hat mau trang, diéu nay c6 thé do day chwa phai cac dong ! A . t A
dong hop t& nén co sw phan ly gen bién nap & thé hé tiép theo. ) '
Mau d6 hat clia dong D2-1 va D8-1 déu co sy bién thién tir nhat
den dam. Hinh 9. Cac hat chuyen gen biéu hién
2 L. . R .z o . Tz . mau dé khéng dong deéu. 1. Hat mau trang
Kiém tra kha nang di truyén va bieu hién ctia gen bien nap & sy déi ching; 2. Hat mau tréng cay chuyén
the hé T2 gen; 3. Hat mau dé nhat cgy chuyen gen; 4.
Hat mau dé dam cdy chuyén gen

O mbi dong gieo tat ca cac hat mau trdng, 3 hat mau dé dam va 3
hat mau d& nhat trong gidy thAm nwéc bd sung 100 mg/L PPT. Két
qua sau 4 ngay chi nhitng hat mau dé c6 kha nang ndy mam, cac
hat trang chét dan, khong nay mam. Diéu nay cho théy, chi nhiing
hat mau dé cé mang gen bién nap (gen bar), sw biéu hién cta gen
nay gilp hat c6 kha nang khang va ndy mam trong moi treong co
100 mg/L PPT. Cac hat ndy mam dwoc trdng trong chau dat ngoai
vuwdn wom. Sau khoang 4 thang, thu nhan hat véi két qua nhw
sau: tAt ca cac cay trdng tir hat d dam déu tao hat mau dé voi
mau dam nhat khac nhau. Hat ctia cac cay trong tir hat d nhat cé
sw phan ly mau: trdng, dé nhat, d6 dam.

i ) . Hinh 10. Hat cia cac dong chuyén gen
Cac két qua ghi nhan dwoc cho thay da cé sw di truyén cla gen  T2. a. Tét ca cac hat déu mau dé cia dong
bién nap tir thé hé T1 dén T2, tAt ca cac cay T2 déu tao dwoc hat  D2-1-1; b. Hat mau dé (1) va mau tring (2)
mau dd. Ngoai ra, nhiing cay phat trién t&r hat d6 dam khong co sy cua dong D2-1-4

phan ly mau sac hat (do, trang) & thé hé sau, nhirng cay phat trién

tlr hat dd nhat co sw phan ly mau sac hat (do trdng) & thé hé sau. Didu nay co thé do sb Iwong ban sao cla gen
bién nap trong cay bd me cung nhw vi tri gdn chén ctia gen bién nap trong nhiém sac thé cay b6 me. Tuy nhién,
mau sac hat cé thé dwoc st dung dé hd tro viéc xac dinh thé ddng hop ti, tir d6 tao dong di truyén bn dinh gen
bién nap, bang viéc gieo cac hat mau dé dam nhéat qua nhiéu thé hé dé thu nhan dong tao dwoc cac hat dé dam,
dong deéu.

Phan tich ham lwong astaxanthin trong hat chuyén gen

MaAu ly trich t¥ hat cGa hai dong D2-1 va D8-1 déu cé sy hién dién peak & ti sb khéi lwong/dién tich (m/z) dac
trung clia astaxanthin 1a 597,39 (Régnier et al., 2015), dong thdi & mau déi chirng khong chuyén gen khong cé
sw hién dién cla peak nay, chirng té trong hat clia hai dong D2-1 va D8-1 déu cé astaxanthin v&i ham lwong 1an
lwotla 0,31 va 0,77 pg/g. Ham Iuc_yng astaxanthin tro ng hat ca hai dong D2-1 va D8-1 déu twong déi thap so véi
két qua trén dau twong (2-7 pg/g) clia Pierce va ddng tac gia (2015) ciing nhw trén moét sb ddi twong khac nhu
bép dat 16,77 Mg/g (Farré et al., 2016); gao voi 16,23 pg/g (Zhu et al. (2018)... Dléu nay c6 thé do nhidu nguyén
nhan nhu gen bién nap dwoc s dung, gibng dung dé chuyén gen va vj tri gan chén cla gen. Ham lwong
B-carotene trong hat cla cay dbi chirng khoéng chuyén gen MTD 176 twong ddi thap (1,76 pg/g, thuc hién béi
trung tdm sac ky Hai E)ang béng phucyng phap HPLC), c6 thé dan dén co chat ban dau cin cho sy chuyén hoa
chwa da nhidu, lam gidm hiéu qua tao astaxanthin. Cac nghién ctru trén ngoai st dung gen ma héa enzyme
phytoene synthase con s dung gen ma hoéa cac enzyme khac nhw phytoene desaturase, hodac knock-down gen
ma héa lycopene e-cyclase nham téng cwéng con dwdng tdng hop B-carotene, ti d6 lam giau co chét ban dau
cho s téng hop astaxanthin (Farré et al., 2016; Zhu et al., 2018). bay co thé 1a dinh hwéng gitp cai tién, nang
cao hon kha nang téng hcvp astaxanthin cta dau twong. Ngoai ra, s biéu hién ctia gen con phu thudc vao twong
tac gitra gen bién nap & vi tri chén vao nhiém sic thé va bd gen cla cay chu, do do viéc tao thém nhiéu dong
chuyén gen c6 thé gilp tim dwoc dong cé kha ndng tdng hop astaxanthin téi wu hon.
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Nghién clru da tao dugc hai dong dau twong chuyén gen c6 kha nang sén xuét astaxanthin chuyén biét & hat.
Cac dong nay cé kha nang di truyen va bidu hién gen bién nap qua nhiéu thé hé. Ham lwong astaxanthin trong
hat cua hai dong chuyén gen thé hé T1 dwoc xac dinh 13n lwot 0,31 va 0,77 pg/g. Nhw vay, nghién cteu da cho
thay viéc chuyén cac gen lién quan dén con dwdng chuyen hoa tao astaxanthin tir cdy hoa Adonis aestivalis vao
dau twong cé thé gip cay dau twong cé khad nang san xuét astaxanthin. Ham lwgng astaxanthin cé thé dwoc
nang cao bang cach chuyén thém cac gen gitip téi wu hon con dwdng chuyén héa.
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AGROBACTERIUM TUMEFACIENS MEDIATED GENE TRANSFORMATION
OF SOYBEAN FOR SEED-SPECIFIC ASTAXANTHIN PRODUCTION

Hoang Van Duong’2, Phan Tuong Loc’, Le Tan Duc',
Nguyen Huynh Cam Tu?, Tran Thi Ngoc Ha', Nguyen Huu Ho'

! Institute Tropical of Biology, Vietham Academy of Science and Technology
2 Graduate University of Science and Technology, Vietnam Academy of Science and Technology

SUMMARY

Soybean is one of the most popular and important crops in the world agriculture. Therefore, it receives a lot of
attention in breeding and improving its productivity and quality. Currently, genetically modified soybeans are one
of the major biotech crops grown in many countries. Biological synthesis of astaxanthinin soybean by
genetic transformation will help improve the value of beans, creating products with high potential for application.
In this study, various methods of wounding explants including scalpels, scalpels combined with vacuum and
ultrasonic were used to test the effect of each method on gene transfer efficiency. Results showed that the
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incorporation of vacuum or ultrasonic waves significantly increased the efficiency of gene transfer into cotyledon
node. The study generated transgenic soybean lines that produce astaxanthin specially in seeds. These lines were
tested by PCR, Southern blot and resistance to Basta herbicide. The seeds of the transgenic soybean lines had color
separation, the red transgenic seeds and the white non-transgenic seeds. The astaxanthin content in seeds of the two
transgenic lines determined by HPLC-MS method yielded respectively 0.31 and 0.77 pg/g. Transgenic soybean
lines developed from seeds had normal growth and development, not significantly different from the control. All
transgenic T1 lines produced red transgenic T2 seeds. Thus, the study has created specialized astaxanthin-producing
soybean lines in seeds that have shown stable performance over generations.

Keywords: Agrobacterium tumefaciens, astaxanthin, cotyledon node, half-seed, soybean, transformation.
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