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MO PAU

1. Pit van dé

Bién d6i khi hau dang din ra trén quy md toan cau dan téi tinh trang han
han, dac biét 1a han mian ngay cang kéo dai, gay khé khin 16n cho nganh san xuét
ndng nghiép. Bén canh do, bién d6i khi hau ciing khién dién tich dat san suat nong
nghiép bi thu hep, gia tang su suy thoai dat, x6i mon rira troi, thuong xuyén khan
hiém vé ngudn nudc. Stress han da trg thanh mét tro ngai 16n dbi véi nén san xuat
ndng nghiép, gay anh hudng nghiém trong dén ning suat va san luong noéng nghiép
toan cau. Cuong do va mac do nghiém trong cia han han dugc du doan sé& con gia
tang trong thoi gian tgi [109]. Vi vy, viéc chon tao gidng cac cay trong co kha
nang chiu han nham &ng phd véi nhitng tac dong caa bién doi khi hau la van dé
mang tinh cap thiét va thoi su.

Pau tuong 1a mot trong nhitng cay néng nghiép quan trong trén thé gioi, 1a
ngudn cung cap protein bd dudng véi chi phi thap, dugc st dung 1am thie dn cho
con ngudi va gia sic véi cac san pham da dang tir sir dung truc tiép hat thé dén ché
bién thanh pham... Ngoai ra, dau tuong con giit vai trd cai tao dat néng nghiép do
kha nang ¢d dinh nito trong khi quyén. Tai Viét Nam, cay dau tuwong gitr vi tri quan
trong trong co ciu cay tréng, tuy nhién, ning suat dau twong ¢ Viét Nam con thép,
dién tich trong trot chua duoc mo rong nhiéu. Nguyén nhan chinh Ia chua co giong
dau tuong phu hop, quy md san xuit nho I¢ va diéu kién thoi tiét khéng thuan loi.
Cay dau tuong tuy c6 thoi gian sinh trudng ngan, kha nang thich wng rong, cé thé
bd tri phi hop véi nhiéu co cau cay trdng trong san xuat, nhung lai thudc nhoém cay
trong chiu han kém. Pau tuong dé bi ton thuong bai cac stress phi sinh hoc va han
la mot nguyén nhan chinh 1am giam ning suat, san luong dau twong. Nhiing anh
hudng ndi bat nhat caa han 1a giam kha niang nay mam, cdy sinh trudng phat trién
kém, coi coc, giam quang hop, giam kha niang hat khoang. Trong bdi canh hién

nay, van dé nang cao kha ning chiu han & cdy dau twong dé giam thiéu thiét hai



nang sut trong diéu kién moéi truong thiéu nudc 1a nhiém vu cap bach cua cac nha
chon giéng cay trong ndng nghiép.

Trén thé gi6i, viéc cai thién kha ning chiu han cua ciy dau twong di duoc
quan tdm nghién ctu véi nhidu hudng tiép can khac nhau, nhu sir dung ky thuat
chon loc quan thé, lai giéng hiru tinh, d6t bién thuc nghiém va tng dung cong nghé
sinh hoc hién dai. Trong d6, nhitng hiéu biét va tién bo cua cac ky thuat chuyén gen
hién nay da ma ra trién vong 16n trong viéc cai thién dac tinh chiu han cua cay dau
trong. DI véi thuc vat, dac tinh chiu han 1a tinh trang sé lwong phac tap, chiu anh
hudng cia mot hé théng cac gen muc tiéu ciing nhu su chi phdi cua cac yéu té moi
truong, vat Iy va hoa hoc. San pham cua cac gen nay tac dong truc tiép dén su biéu
hién cua dac tinh chiu han hodc diéu hoa chic nang nhém gen chiu han, nhu kiém
soat su dong ma khi khong, giam nong do6 ROS (reactive oxygen species), ting
cudng phat trién bo ré, diéu chinh tham thau, bao vé tinh toan ven cua mang, on
dinh ciu tric enzyme hoac protein. .. [68].

Khi gap diéu kién khd han, thuc vat thuong cé xu hudng ting cuong tong
hop, tich luy cac chat chuyén hoa nhu cic loai duong tan, amino acid... dé diéu
chinh &p suat tham thau cho té bao. Vi vay, mot trong cac hudng nghién cau tiép
can co ché chdng chiu han hién nay chinh 1a 1am gia ting cac chat gitp bao vé ap
suat tham thau cuaa té bao khoi su mat can bang vé nude. Trong d6, glycine betaine
(GB) la mét trong nhitng chat bao vé tham thau duoc nghién ciu rong rai nhat. Cac
nghién ctu gan day cho thay, GB la chat dong vai trd quan trong trong qua trinh
diéu chinh 4p suat tham thau noi bao khi thyuc vat séng trong cac diéu kién bat loi.
Nhiéu loai gen da duoc str dung dé tao ra ciy chuyén gen co su tang tich liiy GB da
cho thay su hiéu qua trong viéc tang cuong kha niang chiu dung c4c stress phi sinh
hoc va ting ning suat. Mot sé cdy trong chuyén gen ma hoa enzyme lién quan dén
sinh tong hop GB ciing thé hién kha ning chdng chiu voi cac diéu kién bt lgi cua
moi truong nhu chiu nong [175]; chiu lanh [134]; chiu han [171] va chiu man
[160].



Trong sb cac con dudng sinh tong hop GB & cac dbi tugng sinh vat khéc
nhau, con duong sinh tong hop GB tir tién chat choline xdc tac boi enzyme choline
oxidase (COD) dugc ma hoa boi gen codA 1a c6 hiéu qua va don gian nhat. Gen
codA da tré thanh muc tiéu nghién ctu Gng dung céng nghé sinh hoc d6i véi ky
thuat trao ddi chat cia cac loai thuc vat quan trong vé mit kinh té dé chong chiu
stress tham thau [133]. Phuong phap chuyén gen codA tir Arthrobacter globiformis
vao cac loai cay trong khong tich liy GB ty nhién nhu dau xanh [21]; khoai tay
[38]; ca chua [164]... dé nang cao kha ning chdng chiu trong cac diéu kién stress
phi sinh hoc khac nhau da chirng minh sy don gian va hiéu qua cta phuong phap
nay. Tai Viét Nam, gen codA ma hod sinh tong hop GB di dugc chuyén thanh cong
vao cay xoan [5], [9] va cay thubc 14 [78]; cac cay chuyén gen nay c6 kha ning
chiu han, chiu man hon so véi cac cay dbi chitng khdng chuyén gen. Chinh vi vay,
viéc nghién ctu tang cuong biéu hién gen codA lién quan dén sinh tong hop GB
nhiam nang cao kha ning chiu han & déu twong gilp cdy phat trién tét hon, cho
ning suit va san luong cao hon trong diéu kién moéi truong bat loi 1a nghién ctu
mang tinh thyc tién va can thiét.

Xuat phét tir co s& khoa hoc va nhu cau thuc tién vé tao gidng dau twong co
kha ning chéng chiu han bang cdng nghé chuyén gen, ching t6i lva chon thuc hién
dé tai luan &an “Nghién ceu chuyén gen codA nhiam nang cao kha ning chju han
cua cay dau twong (Glycine max (L.) Merrill)”.

2. Muc tiéu nghién céu

Bién nap duoc ciu trdc mang gen chuyén codA vao ddu tuong va tao duoc
cay dau tuong chuyén gen codA ma hoa choline oxydase ¢6 kha ning chiu han cao
hon cay khong chuyén gen.

3. Noi dung nghién cau
3.1. Nghién cau tao ciu trdc chuyén gen mang gen codA trong vector biéu hién

thuc vat



1) Thiét ké vector biéu hién gen thuc vat chtra cau tric mang gen codA.
2) Bién nap cau tric chuyén gen mang gen codA vao md cay thudc 1a. Panh gia
hoat dong va biéu hién gen chuyén codA trén cac dong thudc 1a chuyén gen.
3.2. Nghién cttu anh huéng cua mot sé yéu tb nham tham do hiéu qua chuyén gen
codA ¢ cay dau tuong
1) Nghién cau anh huong cia nong do phosphinothricin (PPT) dén kha ning tao
chéi tir 14 mam dau tuong.
2) Phan tich anh huong cia nong do khuan va thoi gian u khuan, ddng nudi cdy dén
kha ning cam ung tao chdi dau tuong.
3) Phan tich anh hudng cia nong do khang sinh va thoi gian diét khuan dén su phat
sinh va sinh truong chdi dau tuong.
3.3. Nghién ctu bién nap cau tric mang gen codA vao giong dau twong DT22 va
tao cay dau twong chuyén gen chiu han
1) Bién nap di truyén va tao cay dau tuong chuyén gen codA.
2) Phén tich cay dau twong chuyén gen codA.
3) Panh gia kha ning chiu han cia mot sé dong dau tuong chuyén gen codA.
4. Nhirng déng gép méi caa luan an

Luan &n la cong trinh nghién ctu dau tién ¢ Viét Nam tao thanh cong cay dau
tuong mang gen COdA ting kha ning chiu han so véi cdy dau tuong khong bién
nap. Luan &n 1a cong trinh c6 hé thdng véi ndi dung duogc trinh bay tir thiét ké
vector chuyén gen thuc vat, phan tich biéu hién gen va tao dong cay chuyén gen
codA c6 ham lugng GB tich luy cao.

Cu thé 1a:
1) Pi xac dinh dugc céc yéu té thich hop cho chuyén gen codA va tao da chdi &
gidng dau tuong BT22. Nong d6 PPT 3 mg/l & giai doan cam ng tao choi trong
moi truong SIM va nong do PPT 1,5 mg/l & giai doan kéo dai choi trong moi
trudng SEM; dich khuan c6 gia tri ODeso= 0,6, thoi gian @ khuan 30 phat, dong



nudi cay 5 ngay trong téi va diét khuan bang cefotaxime 500 mg/l 1 thich hop cho
cam (ng tao chdi va kéo dai choi trén méi trudng chon loc.

2) Lan dau tién gen codA dugc chuyén thanh cong va biéu hién ¢ cay dau tuong Viét
Nam. Su biéu hién cua gen chuyén codA trong cay dau tuong chuyén gen di lam ting
ham lugng GB, proline, tang hoat d§ cua POD, giam ham lugng MDA so véi cay
cay dau tuong khong chuyén gen.

3) Bbn dong dau twong chuyén gen codA ¢ thé hé T1 da duoc danh gid, ham luong
GB ¢ dong dau twong chuyén gen ting tir 248,9% - 288,3% so véi cdy khong
chuyén gen; ham luong proline ting 1,5 - 2 lan, hoat dong ciia POD ting 1én gap 4
lan va ham luong MDA giam 0,5 lan so véi cay khdng chuyén gen.

5. 'Y nghia khoa hoc va thuc tién cia dé tai luan an

Két qua nghién ciru dat duoc cua luan an co gié tri khoa hoc va thuc tién trong
tiép can nghién cau nang cao kha niang chdng chiu cac stress phi sinh hoc cua cay
dau twong bang k¥ thuat chuyén gen.

V& mat khoa hoc, két qua caa luan an da ching minh duoc sy ting cuong biéu
hién gen codA ma hoa enzyme chia khoa trong con dudng sinh tong hop GB di 1am
tang kha nang chéng chiu han & cay dau twong. Két qua nghién ciru 1a co sé khoa
hoc dé cai thién kha nang chdng chiu cac yéu t bat lgi cua ngoai canh & thuc vat
néi chung va cay ho dau néi riéng bang ky thuat biéu hién gen. Két qua ding tai
trén cac bai bao khoa hoc la tai li¢u tham khao cé gia tri phuc vu nghién ctru va
giang day sinh hoc.

V& mit thuc tién, cac dong dau tuong chuyén gen codA c6 thé duoc sir dung
lam vat liéu phuc vu chon gidng dau twong c6 kha ning chéng chiu han, dap tng
mot phan nhu cau dau twong dang thiéu trong nudc hién nay. Két qua nghién ciu
cua luan &n cé thé ap dung vao cac giéng cay ho dau va cac loai thuc vat khac trong
dinh huéng nghién ciru nham nang cao ham lugng GB gilp ting kha ning chéng

chiu véi cac diéu kién bat loi cua méi truong.



Chuong 1. TONG QUAN TAI LIEU

1.1. TAC PONG CUA HAN VA CO CHE CHIU HAN O THUC VAT

1.1.1. Anh hwéng caa stress han dén sy sinh truéng, phat trién va dic tinh
sinh ly, sinh hoéa caa thuc vat
1.1.1.1. Tdc déng ciia han dén sw sinh trwéng va phat trién

Stress han dugc hiéu va dinh nghia dudi nhiéu goc do khac nhau. Trong nong
nghiép, stress han la hién tugng xay ra khi moéi truong khong dia nudce cho su sinh
tredng va phat trién binh thudng caa cay trong tai mot thoi diém nhat dinh. Muc do
nghiém trong cua stress han phu thudc vao thoi gian va cuong do han, Iugng mua,
kha ning gilt nudc cua dat, su thoat hoi nudc cua la va stuc sdng caa thyc vat [136].

Thuce vat chiu ap luc cua stress han khi do 4m trong dat thap, lugng nudc co
san cho ré giam hoac/va khi toc d6 thoat hoi nuéc cua 14 cao hon so véi muc do
hap thu nuéc cua ré. CAc triéu chiing han ¢ thuc vat khac nhau gitra cac loai thuc
vat, tiy thuoc vao kha ning chéng chiu, diéu kién sinh truong, giai doan phét trién
va cac yéu td cua moi truong. Céc tridu chitng nay bao gém ca nhimg thay doi vé
mit hinh thai nhu héo rii, rung 14, gid hod sém ciing nhu su thay ddi & cip do té
bao: giam st truong, dong khi khong, mat can bang ap suat tham thau va ting san
xuat ROS.

Mot s6 thyuc vat c6 kha nang chng chiu véi diéu kién kho han. Kha niang chiu
han 12 mot dic diém phuc tap xay ra théng qua mot sb co ché: (i) tron han (tang toc
giai doan sinh san cua cay truéc khi bi stress c¢d thé can trg su ton tai caa no), (ii)
tranh han (chiu dung véi lugng nudc bén trong ting 1én va ngin ngua ton thuong
mé) va (iii) chiu han (kha ning chiu dung véi ham lugng nudc bén trong thap trong
khi van duy tri sy phat trién trong thoi gian khd han) [24]. Sau mét thoi gian kho
han, ty 1& cay song sot khi dugc tudi lai duoc goi 12 ty 18 séng s6t trong han han.

Stress han 1a mot yéu t6 anh huong dén hinh thai, sinh ly va su phat trién cta



cay tir giai doan hat nay mam, phat trién choi va ré, than va 1a cho dén giai doan
sinh san [109]. Giai doan hat ndy mam 1a giai doan rat nhay cam véi stress han.
Trong diéu kién han han, qua trinh ndy mam cta hat va su phat trién ctia cdy non c0
nhiéu thay doi dang chu ¥, nhu giam sé luong va ty 1é nay mam cua hat; giam chiéu
dai, khéi lugng chat kho cua ré va chdi; giam kha nang séng sot ciia cdy con, kéo
dai thoi gian nay mam cta hat [128]. 6 4m dong vai trd thiét yéu trong viéc kich
hoat enzyme trong qué trinh nay mam. Ty Ié nay mam bi giam déng ké & cay dau
ga (Cicer arietinum L.) trong diéu kién thiéu nudc [20].

Trong giai doan sinh truéng cia cdy, anh huong sém nhat khi gip stress han
la héo 14, giam chiéu cao cdy, gian doan qua trinh hinh thanh chdi va hoa. Chiéu
cao thuc vat c6 lién quan chat ché dén kich thude té bao va su gia hod cua la. Chiéu
cao cdy giam chu yéu la do giam kha ning hut, van chuyén khoang trong cdy, giam
kha ning phan chia va kich thudc té bao, ting rung 14 trong diéu kién kho han
[169]. Nudc c6 anh huaong nhat dinh dén su phan bé cua ré cay. Khi thiéu nudc,
thuc vat o6 xu hudng ting cudng hut nude tir cic ting dat siu hon bang cach phat
trién cau trac bd ré thong qua su ting trudng cua chiéu dai ré cai va su ting sb
luong, lan rong cua cac ré bén [135]. O dau tuong, su Gc ché sinh truong & choi
manh hon, sinh khéi cua chéi giam nhiéu hon so véi ré, dan dén ty 1é ré/ choi cao
hon trong diéu kién thiéu nudc [49]. Dé chéng lai han han, dau twong c6 xu hudng
phat trién hé théng ré bén 16n hon, s6 luong 16ng ré nhiéu hon va duong kinh
xylem to hon. Su thiéu hut dam sé& co thé xay ra khi stress han lam giam sb lugng
va khéi luong kho cua ndt san cay dau tuong. Khi dau tuong bi thiéu dam, ré it
phan nhanh, cdy thap coi, it qua va hat hon cdy khoe manh, anh hudng tiéu cuc dén
nang suat [92].

La 1a bd phan chinh cua cay, dién tich bé mit 14 c6 anh hudng 16n dén qua
trinh quang hop va su phat trién cta cdy. Trong diéu kién khé han, hién tuong giam
kich thudc va sb luong 14, 14 gia hod sém dd dugc quan sat thiy & nhiéu loai thyc

vat [26]. Su bién ddi hinh thai, kich thudc 14 c6 vai trd quan trong trong kha ning



chiu han cua cay trong. Pay 12 mot co ché tranh han ciia cy Vi giam dién tich 14 tc
dong t6i su thoat hoi nudc khi khong, gitip can bang luong nudc hap thu tir ré va
van chuyén nudc ¢ cac by phan khac nhau cia cay [22]. Tuy nhién, stress han kéo
dai dan t6i kha ning quang hop giam, cay cé it ning luong hon dé sinh truéng va
phat trién. Mot hién tuong hinh théi 14 khac dé quan sét 12 hién tuong cudn 14 do
mat &p suat nudce tir 16p biéu bi mat trén cua 14 khi cay thiéu nudc. O lGa mi, cay s&
bi cudn 14 ning néu chiu tac dong cua han [166].

Giai doan phat trién cua cay ciing rat dé bi anh hudng bai sy khan hiém nudc.
Stress han anh hudng nghiém trong dén thoi gian ra hoa, sy phat trién cta hoa, qua
trinh thu phén, két hat va tao qua [124]. SO hat trén moi cay giam nhiéu nhat khi
han xdy ra ¢ giai doan ra hoa. Khi do, thoi gian ra hoa bi rat ngfm, hoa tao ra it hon,
qua it hon va do d6, sd luong hat trén mdi cay it hon [147]. Trung binh mot cay dau
twong cho 25- 40 qua, mdi qua chira trung binh 2,5 hat. Khi kho han xay ra & giai
doan lam day qua, sb luong qua c6 thé giam t&i 20% [98]. Nhitng tic dong cua han
c¢6 thé anh hudng tiéu cuc toi nang suat va co thé 1am giam 73-82% ning suét hat
trén mdi cay dau tuong [165].
1.1.1.2. Tdc dgng cia hgn dén mét sé chi tiéu sinh Iy, sinh hoa
i) Tac dong caa han dén quang hop

Quang hop 1a mot trong nhitng qua trinh quan trong cho su sinh trudéng va
phat trién ¢ thuc vat. Tuy thudc vao mirc dd nghiém trong va thoi gian stress han
ma quang hop chiu tic dong ¢ cac muc d6 khac nhau. Stress han lam giam ndng do
CO2 khuéch tan dén luc lap, han ché su trao d6i chat trong té bao. Do am trong dat
thap lam ting néng d6 mudi, giam thé ning ciia nudc so voi té bao thuc vat. Picu
nay dan dén giam stc truong va tic ché sy phat trién cua té bao. Két qua cua sy mat
nuéc anh hudng dén hoat dong cua cac enzyme lién quan dén qua trinh trao ddi
chat va do d6 lam réi loan chirc ning ctia bo may quang hop [174]. Diéu kién stress
han cdp tinh ciing gy réi loan hoat dong cua enzyme Rubisco cing cic enzyme

khac lién quan dén qué trinh quang hop va 1a nguyén nhan lam mat sic té quang



hop [30].

Hiéu sudt quang hop, d6 mé khi khong, toe do thoat hoi nudc giam dang ké
trong thoi gian han han. Sy suy giam diép luc gy mat hiéu suit cia hé théng quang
hod 11, thay d6i d0 md khi khong va réi loan can bang nudc & thuc vat, tir d6 lam
giam nang suat cdy trong [167]. Ngoai ra, mot nguyén nhan khac lam suy giam
luong diép luc 1a do lugng Oz va H20; gia ting khi thuc vat chiu stress han, dan
dén qua trinh peroxy hoa lipid [85]. Theo Hao va cs (2013), ham luong diép luc cia
cay dau tuong bi tac dong stress han giam 31% so vdi cay khong bi stress [71].

Han han gay rdi loan chuyén hoa, trc ché san xuit cac san pham quang hop,
pha v& su can bang cacbon trong dau twong [49]. Su suy giam hiéu suit cia qua
trinh quang hop diéu kién kho han gy ra giam tich liiy chat kho va ty 18 vo qua la
nguyén nhan tryc tiép lam giam nang suat cta dau tuong [161].

ii) Tac dong caa han dén kha nang chong oxy hoa

Dbi v6i cac sinh vat ho hap hiéu khi, oxy rat can thiét dé duy tri cac hoat dong
song. Tuy nhién, trong qua trinh trao ddi chat néu oxy khong dugc oxy hod hoan
toan s& tao ra mot loat cac loai ROS, bao gém superoxide (O2), (H202), oxy
don (*0y), hydroxyl (-OH) va gbc oxy hitu co (RO-, ROO-)... [104]. O diéu kién
binh thuong, thuc vat ludn c6 su duy tri su can bang giita ROS vé6i hé théng chng
oxy hod. Tuy nhién, khi bi stress han, viéc san xuét va giai phong ROS bi mét cin
bang. Stress han c6 thé giy ra su gia ting cac ROS va lam cho cac té bao thuc vt
bi stress oxy hoéa. Khi ROS vuot qua kha ning ctia hé théng chdng oxy hoa s& gay
ra sy tich tu ROS va pha hay qua trinh oxy hoéa. Viéc san sinh ra cac goc ty do s&
dan dén mot loat cac tac dong té bao hoc co hai, nhu peroxy hoa lipid mang sinh
hoc, bién tinh protein, diit giy soi DNA va can tré qua trinh quang hop [169].

Hau hét cac hé théng bao vé cla té bao thuc vat duge st dung dé chéng lai
nhimg tac dong bat loi ctia cac gbc ROS do han han giy ra. Trong truong hop nay,

mot hé thong chong oxy hoéa nhanh chéng, manh mé va hiéu qua déng vai quan
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trong, then chét, cung cip kha ning chiu han cho thuc vat [80]. Hé thong nay lién
quan dén cac hoat dong giai doc enzyme va phi enzyme, gitp giam bdt va sira chira
tén thuong do cac gbc ROS gay ra. Viéc ting cuong bo may chéng oxy hoa giup
loai b6 cac gbec ROS, 1am giam sy ro ri dién giai va qua trinh peroxy hoa lipid, tir
d6 duy tri strc séng va tinh toan ven cta cic bao quan va mang té bao [62].

Khi han han, cac gbc ROS (O2, OH", 102 va H202) dugc tao ra gdy nén stress
oxy hoa. Ty 1& tao gbc ROS va hoat dong ciia enzyme chdng oxy héa diéu chinh
trang thai oxy hoa khir cia té bao. Diéu nay c6 thé dan dén viéc kiém soét cac gbc
ROS gay t6n thuong té bao hoic chét té bao khi cac gbc ROS vugt qua muc sinh
ly. Nhiéu nghién ctru thuc hién trong diéu kién thiéu nudc cho thiy su ting cudng
hoat dong cua cac enzyme chdéng oxy héa quan trong nhu catalase (CAT),
superoxide dismutase (SOD), peroxidase (POD) va ascorbate peroxidase (APX)
[32], [145]. Trong diéu kién stress han, APX ting cudng hoat tinh, tham gia thu hoi
cac gbc ROS bang cach str dung ascorbate 1am chit nén dé kich thich sy chuyén dbi
H202 thanh H20 [75]. Su thay d6i hoat dong APX & 1a pho bién hon & ré vi APX
hoat dong chii yéu trong luc lap, té bao chat va la mot enzyme quan trong dé loai bo
H>0O:> trong luc lap [34]. Theo Wang va cs (2019), hoat dong ctia cac enzyme SOD,
POD, CAT va APX duogc thay d6i va dong vai trd quan trong trong viéc bao vé cay
hoa miu don chéng lai tinh trang thiéu nuéc [159]. O cdy dau ring ngua (Vicia
faba L.), cac enzyme SOD, CAT va POX ciing dugc kich thich hoat dong khi gap
stress han, gitp giam muc do ROS va giam stress oxy hoa do han han tao ra [12].
Ham lugng cac enzyme CAT, POD va SOD trong |4 tang khi cdy cam thao
(Glycyrrhiza glabra L.) gap stress han gitp ngan chén tac hai cia H>O> [76].

iii) Tac dong cua han dén sy trao d6i khoang

Tinh trang thiéu nuédc thuong lam giam kha ning hap thy ngudn khoang trong
dat cua ré, giam toc do van chuyén chat khoang & than, cudi ciing lam giam ham
lugng ion trong cic md khac nhau cta co thé thuc vat [91]. Kha nang hap thu kali

(K) cta cay giam khi gdp diéu kién stress han. Sy suy giam K nay 1a do giam kha
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nang khuéch tan cta K, giam téc do thoat hoi nude va suy yéu hoat dong cia cac
chat van chuyén qua mang ré [77]. Luong K giam ciing dugc tim thay ¢ cdy hoa
hai duong (Malus hupehensis) khi bi stress han [126]. Cac gen ma hoa chét van
chuyén K* bi trc ché boi su thiéu hut nudc. O ciy nho, cac kénh K* bén trong duoc
kich thich bdi mot protein kinase- CIPK23; kénh K* nay bj trc ché & ré nhung dugc
kich hoat ¢ 1a [41]. V& co ban, su giam luong K* xay ra trong 14 vi sy khan hiém
nuéce 1am rdi loan hoat dong cua khi khong va su x4o tron cia té bao, dan dén giam
quang hop va cudi cung 13 san xuat sinh khdi cia cdy [140]. Mirc giam nito (N) la
duogc coi la nguyén nhan chinh gay ra su suy giam quang hop va su gia hoa cua la
[44]. Piéu kién stress han lam ting sy tich tu mangan (Mn), molypden (Mo), P, K,
dong (Cu), canxi (Ca) va k&m (Zn) trong dau twong [139].
1.1.2. Phan @ng caa thuc vat trong diéu Kién stress han

Stress han c6 tac dong manh tGi co thé thuc vat. Thiét hai do han han gay ra
cho ning suit cay tréng hang ndm con nhiéu hon thiét hai do tit ca cac mam bénh
cong lai [68]. Vi vay, viéc nghién ciru 1am séng té co ché chiu han va cai thién kha
nang chiu han & thuc vat c¢é thé cung cap cac giai phap méi cho an ninh luong thuc
trong twong lai. Hiéu dugc phan ung cua tin hiéu té bao ddi véi tinh trang thiéu
nudc s& 1a chia khoa dé 1am sang to cac van dé néng nghiép hién dai. Trong cac dot
han han, thuc vat thuong chia dong duy tri can bang nudc sinh Iy bang cach: (i) ting
kha ning hat nuéc cua ré tir dat ddng thoi dong khi khong dé giam that thoat nude
va (ii) diéu chinh &p suat tham thau trong cac mé [130].
1.1.2.1. Swphat trién bg ré

O nhiéu loai cay trong quan trong trong néng nghiép, hé thong ré 1a co quan
cam nhan dau tién véi stress han. Mac du sy phét trién ctaa choi trén mat dat bi wc
ché, nhung bo ré van tiép tuc phat trién bén dudi dat va c6 su thay ddi vé hinh thai,
ciu trac dé ting cuong kha ning hip thu nudc, mudi khoang. R& phan tng véi
nhing thay doi vé do am cta dat tir cip do té bao dén toan bd hé théng ré chéng lai

su kho han. Nhimg thay d6i nay c6 thé bit ngudn ddng bo tir viéc phan chia té bao



dén kéo dai va biét hoa ¢ dinh ré. Pé huéng am, hé thong ré phat trién va diéu chinh
cau triic theo cac hudng khac nhau, c¢6 thé sdu hon hodc nong hon vé phia cac méang
d4t c6 d6 Am cao hon nhd tin hiéu auxin [48].

Su phan bb nude khong déu trong dat ciing anh hudng dén sy hinh thanh ré
bén. Do d6, cac r& bén s& dugc uu tién phat trién vé phia nude c6 do6 am cao [23].
Nguoc lai, néu méi truong thiéu nuéc hoan toan s& ngan can su hinh thanh ré bén.
Sy phét trién cua ré bén bi giam cha yéu 1a do tc ché sy hoat hda cua cac mé phan
sinh cua ré bén.

Ngoai ra, ré phét trién thong qua cac co ché tuwong d6i don gian nhung thé
hién d6 nhay néi bat vai mot loat cac thdng s6 moi truong [107]. Su phat trién cau
trdc hé thong ré cé thé dugc xem chu yéu 1a két qua cia ba qua trinh: phét trién mo,
phan nhanh va dinh hudéng phat trién theo trong lyc. Toc do phét trién cua ré mot
phan dugc quyét dinh bdi sy gidin nd di hudng cia té bao lam kéo dai co quan va ép
phan chép xuyén qua nén dat [25]. Viéc phan nhanh cua ré 1am ting sé lwong chop
ré, tang su tiép xuc véi dat ¢ hat nudc [170].

Gao va Lynch (2016) khi nghién cau méi quan hé twong quan giita s6 lugng
chdp ré va ap luc han han & cay ngd nhan thay, stress han da wc ché su phat trién s6
lwong ré chum. Céc kiéu gen c6 it ré chum thuong phét trién hé thong ré dai hon,
c6 thé tiép can nudc ¢ tang dat sau hon [61]. Viéc gia ting chiéu dai ré duoc xem la
co ché hitu hiéu nham ting kha nang hit nudc va chit khoang tir dat, giup cai thién
sinh khéi trong co thé thyc vat [180].

Sebastian va cs (2016) cho rang, viéc uc ché sy phat trién cua ré chim s& han
ché kha ning hut nudc cua hé théng ré, do d6 ngudn tai nguyén nay dugc bao ton
trong dét lau hon. Piéu nay duoc chung minh ¢ ngd trong trong diéu kién han cé
kiém soat; loai ngd dot bién rtcs thiéu r& chum duy tri trang thai nuéc cua 4 va giir
dugc nhiéu nude hon trong dat so véi loai hoang dai. O cay co dudi cao (Setaria
viridis), ré phét trién sau hon do két qua cua su thay ddi phat trién trong cau truc ré,

tir phét trién cac nhanh c6 ngudn gdc ré chinh sang cac nhanh c6 ngudn gdc ré con
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[141]. Viéc tam ding sy phat trién ré chim trong dat kho cé thé 1a két qua cua qua
trinh tién hoa do dat kho can tré sy xam nhap cua ré [25].
1.1.2.2. Sy tich liiy cdc chét tan va ting cwong ap sudt tham thau

Sy tich luy chét tan 1a co ché co ban dé bao vé va diéu chinh &p suat tham
thau trong diéu kién stress han. Cac chat hoa tan dugc tich luy chii yéu trong té bao
khi bi stress han ma khéng can thiép vao hoat dong cua cac dai phan ti. Chdng la
cac hop chat hydroxyl nhu oligosaccharide, polyhydric, sucrose hoic cac hop chat
chtra nito nhu proline, GB, polyamines va c4c hop chat amoni [102]. Cac chat nay
thuong c6 khdi luong phan tir nho, dé hoa tan, it doc vai té bao, co thé duy tri
muc 4p suat tham thau binh thuong, bao vé hoat dong cua protein va ciu tric
mang té bao,... Sy diéu hoa thim thau cta cac ion v6 co co lién quan mat thiét
dén bom Na*, K*, H*, do d6 lam thay d6i dién thé tham thiu cua té bao. Pong
thoi, su thay doi nong do ion vo co s& gay ra su thay do6i vé hinh théi va chirc nang
cua té bao [169].

Trong thoi gian stress han, proline déng mot vai tro quan trong va hoat dong
nhu mot hop chat truyén tin hiéu dé diéu chinh hoat dong cua ty thé. Proline anh
hudng dén sy ting sinh cua té bao bang cach kich hoat cac gen dic biét dé chéng
lai cc stress [148]. Proline ¢ kha ning ngdm nudc manh, vi vay né c6 thé dong
vai trd bao vé cau tric té bao. Trong trudng hop cay bi ton thuong, proline tuong
tac voi protein tao thanh khung ky nuéc nham 6n dinh va bao vé cac dai phan to
sinh hoc va cau trdc mang té bao. Sy tich luy proline giGp duy tri tinh toan ven cua
mang va 6n dinh c&c enzyme hoic protein bing cach giam qué trinh oxy héa lipid,
bao vé té bao chdng oxy héa khir va loai bo céc gbc tu do [146]. Proline cd thé lién
két v6i protein dé tao thanh mot I6p mang bao vé véi cac phan tir nuéc trén bé mat
cua protein. Su hinh thanh mang bao vé han ché sy mat nudc ra bén ngoai té bao.
Hon nita, mang bao vé co tac dung bao vé tét dbi véi protein va cac dai phan tir
sinh hoc khéc, duy tri cdu trdc va hoat tinh cao cua cac dai phan tir sinh hoc. Déi

Vvé6i cac protein b bién tinh duéi tac dong caa han, proline cé thé cai thién tinh ua



nudc cua cac protein bi bién tinh bang cach két hop va giir trang thai hoa tan cua
c4c protein bién tinh. Két qua la tranh dugc sy ngung két cua cac protein da bién
tinh can tro hoat dong trao doi chat cua té bao [169].

GB 12 mot chat didu hoa tham thau hiéu qua, khong doc hai, c6 thé lién két véi
ca ving ua nudc va ky nudc cua cac dai phan tir sinh hoc. Viée tang cudng tong hop
va tich luy GB trong diéu kién kho han gitip cai thién kha nang chiu han cua thyc vat.
Dui ap luc han han, GB c6 thé 6n dinh cAu tric va tinh chét cta cic dai phan tur sinh
hoc, cac enzyme quan trong cua chu trinh dicarboxylic acid, cac chit oxy hoa va hé
thdng quang hoéa. .., co y nghia sinh 1y quan trong trong viéc duy tri qué trinh ho hip
va quang hop binh thuong cua thuc vat [19].

Puong tan bao gom glucose, fructose, sucrose va cac loai carbohydrate khac
la nguon nang lugng va cacbon quan trong, tham gia vao nhiéu qua trinh chuyén
hoéa trong co thé thyc vat. Su tich luy duong tan 1am giam thé nudc cia té bao, cai
thién kha nang hut nudc va gitt nude cia cay. Ngoai ra, chi cO duong tan mdi cod
thé thay thé cac phan tir nude, hinh thanh lién két hydro véi protein dé duy tri cdu
tric va chic nang cu thé cua protein khi bi stress han nghiém trong. Hon nira, su
gia tdng cacbohydrat hoa tan gilta cac mang sinh hoc c6 thé tranh duoc su sup db
tryc tiép cua hé théng mang sinh hoc [169]. Buong khdng khr, dic biét 1a duong
disaccharide, trisaccharide, tetrasaccharide co tac dung hd tro duy tri tinh toan ven
cia mang. Puong mannitol hd tro on dinh cdu tric cua cac dai phan tir nhu
glutathione, ferredoxin, thioedoxin, phosphoribulokinase va loai bo cac gdc
hydroxyl [27]. Tuong tu, trehalose gilip 6n dinh lipid mang, protein va cau trlc
sinh hoc, cai thién hoat dong quang hop trong diéu kién khd han [89]. Co ché bao
vé nay la két qua cua viéc hinh thanh cac lién két hydro giira cac chat tham thau va
dai phan tr; tir d6, tranh duoc viéc tao ra céc lién két hydro noi phan ta 1am thay
d6i khdng thé dao nguoc cau tric khong gian cua cac dai phan ti.
1.1.2.3. Khd néng chéng oxy hda

ROS Ia c4c phan tir héa hoc trong cau triic chita 0Xy nguyén tir c6 kha niang



tham gia phan (mg oxy héa khir manh hon Oz, gdm céac dang chinh 1a peroxit,
superoxit, goc hydroxyl, oxy don va alpha-oxy [162]. ROS c6 thé duoc tao ra trong
co thé thuc vat ca trong diéu kién binh thudng va trong diéu kién stress. Cac bao
quan khéac nhau cua té bao thuc vat nhu luc lap, ty thé, peroxisome, mang sinh chat
va thanh té bao déu c6 thé 1a noi san xuat ra ROS. Luc lap va peroxisome tao ROS
chinh trong diéu kién c6 anh séang, trong khi & ti thé, ROS duogc san xuét chinh
trong diéu kién t6i [63].

Viéc tao ra cac géc oxy ROS c¢ tinh hai mat, mgt mat, ROS gay hai cho cay
tré)ng. ROS ¢6 thé pha hay hé théng mang sinh hoc cua thuc vat dan dén mot loat
céc r6i loan chirc nang sinh hoc; phan hiy céc phan tir sinh hoc; lam mat hoat tinh
clia enzyme, gy gian doan qua trinh sinh trudng va phat trién cia cay thong; tuong
tac voi purin, pyrimidine va deoxyribose trong phan tor DNA gay dut gdy DNA,
lam hong vat li¢u di truyén. Mait khac, ROS khi dugc tao ra trong té bao thuc vat lai
tham gia vao qua trinh chdng lai stress bén ngoai va diéu hoa sy sinh truéng va
phat trién cta cdy. ROS ciing dong vai trd diéu tiét quan trong trong phan ung véi
stress phi sinh hoc. Hién nay, ROS con dugc coi 1a nhitng phan tir diéu hoa chinh
trong co thé thuc vat véi vai tro tin hiéu ban dau do rdi loan chuyén hoa té bao va
cac kich thich moi truong [162].

DPé bao vé khoi tac hai cua ROS, thuc vat can c6 cac hé théng bao vé chéng
oxy hoa ndi sinh, bao gém céac chit chéng oxy héa va cac enzyme chéng oxy hoa.
Tac dung hiép dong cta chat chdng oxy hoa va enzyme chdng oxy héa 1am cho
viéc san xuat va loai bo ROS trong té bao o trang thai cin bang dong, gitip cay
trong thich nghi véi stress han. Hé théng chéng oxy hoa phi enzyme trong thyc vat
cht yéu bao gdom ascorbate, glutathione (GSH), vitamin E, mannitol, carotenoids va
flavonoid. Nhitng chit ndy c6 thé phan tng truc tiép v6i cac gbc ROS hodc xuit hién
dudi dang chat nén cta cac enzyme trong co ché chéng oxy hoa. Ngoai ra, mot s6
phan tr nhé nhu vitamin ciing tham gia vao viéc loai bo cac gdc oxy tu do va ngin

chin qua trinh peroxy hoa lipid. Su biéu hién qué mtic cua cac protein chong oxy hoa
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nay c6 thé lam giam déng ké ham lugng H,02 & thuc vat sau khi xtr 1y stress phi sinh
hoc, tir d6 cai thién kha ning chong chiu stress cta cay trong chuyén gen [157].

Cac enzyme lién quan dén bao vé chéng oxy héa trong thuc vat chu yéu bao
gébm SOD, CAT, APX, DHAR, MDHAR va POD. Trong d6, SOD cé chitc ning
chinh loai bé Oz va c6 thé chuyén d6i Oz thanh H,0; [63]; CAT, POD, APX va
DHAR chiu trach nhiém loai bé H202; guaiacol peroxidase (GPX) loai bé ROS cua
qua trinh chuyén hoéa lipid va alkyl peroxit [114].

M6t vai nim trd lai ddy, quan diém vé ROS da thay ddi. Tir quan diém bi coi
san pham doc hai phai loai bo dé bao vé té bao khoi tac dong bat loi sang quan
diém 1a co ché trung tdm sinh hoc thuc vat, mot bo truyén tin hiéu trung gian quan
trong kich hoat cac con duong thich nghi véi stress phi sinh hoc. Néu té bao c6 du
nang luong, nong d6 ROS duoc can bang sé diéu chinh sy trao doi chat va xac dinh
phan tng thich nghi thich hop trong diéu kién khé han. ABA, ROS, MAPK va Ca?*
c6 thé coi 1a yéu t chinh tham gia vao viéc kich hoat cac dong tin hiéu khac nhau,
tao nén kha nang chiu dung vd&i mot loat cac stress phi sinh hoc [157].

Trong s6 cac ROS, H202 duoc sir dung nhu mot phan tir tin hiéu quan trong
gilp té bao phan tng véi cac ap luc khac nhau nho dic tinh on dinh, thoi gian ban
hity dai va kha nang khuéch tdn manh. Phuong phap chuyén gen nham muc tiéu san
Xuat va loai bo ROS c6 thé gilp giai ma chirc ning va vai trd sinh hoc cua H202
trong diéu kién stress han [157]. Viéc chon loc cac cdy trong nham nang cao kha
ning chong oxy hoa giup ting kha ning chdng chiu trong diéu kién stress han. Cay
mia c¢6 kiéu gen RB867515 c6 bd may chong oxy héa manh biéu hién kha ning
chiu han kéo dai [158]. Gen BAWRKY36 kich thich phién mi cac gen lién quan dén
stress, giam that thoat chat dién giai, loai bo ROS va tang luong diép luc, thé nude
clia cdy va cac hoat dong cua enzyme chdng oxy hoa gilip ting cudng kha ning
chiu han [151]. O ba loai thudc ho hoa méi (Linderniaceae), viéc biéu hién gen
LEA lam giam hoat dong quang hop, thiic day hé théng bao vé chdng oxy hoa giup

cai thién kha nang chéng chiu véi stress han [84].
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1.1.2.4. Sy diéu hoa cac hormone

Céc phytohormone (bao gém gibberellins, cytokinin, auxin, ABA va ethylene)
diéu chinh va kiém soat tit ca cac khia canh ctia su sinh trudng va phat trién cia
thuc vat. Cac hormone thyc vat ndy c6 lién quan dén kha nang chiu han [155]. O
thuc vat, néng do gibberellin, cytokinin va auxin giam khi thiéu nuéc trong khi
ethylene va ABA c6 xu huong tang 1én. ABA kich hoat cac co ché tin hiéu da dang
lam ting kha ning chiu han cua thuc vat [31]. ABA thic ddy hién tugng mao din
cta ré 1am ting kha ning hép thu va van chuyén nudc 6 thuc vat [119]. Bén canh
viéc kich thich su dong mé cua khi khong, cdu tric ré va diéu hoa quang hop, cac
gen cam Umg ABA mi hoa céc protein lién quan dén han han nhu mét nudc,
enzyme chdng oxy hoa, protein diéu hoa va enzyme truyén tin hiéu phospholipid c6
thé cai thién kha nang chiu han [50]. ABA lam ting san xuat cac gbc superoxide va
H202, ting cudng hoat dong cua cac enzyme chéng oxy héa. Do do, sy ting cudng
biéu hién gen do ABA géy ra c6 thé dong vai trdo nhu mot tin hiéu cai thién kha
nang chiu han. ABA giam stress han va ting kha niang chéng chiu ctia lda mi bang
cach cai thién chiéu dai than va sinh khéi thuc vat, lam giam ham luong H20; va
malondialdehyde (MDA)- mot dau hiéu cua stress oxy héa [99].

Stic truong cua té bao kiém soat d6 md cua khi khong, tao diéu kién thuin loi
cho qua trinh trao ddi khi va thoat nudc tir 1. ABA ¢6 vai trod trung tim trong viéc
diéu chinh qua trinh dong khi khéng thong qua tong hop céac loai ROS. Su tong hop
nay phai duoc kiém soat bang cac chat chdng oxy héa dé gitt cho néng 46 ROS
giam dén muc khong gay hai trong té bao. Flavonol 1a chat chuyén héa thyc vat
hoat dong nhu chat chong oxy hoéa dé loai bd ROS va do d6 diéu chinh qua trinh
dong khi khong; Ethylene gay ra su tich luy flavonol bao vé cic té bao thong qua
ethylene-insensitive protein 2 (EIN2). Sy tich luy flavonol dudi tac dong cua
ethylene trong cac té bao bao vé co thé loai bo cac loai ROS va diéu chinh do doéng
md khi khong [163].

Ngoai ra, jasmonic acid ciing rat can thiét dé giam thiéu stress han. Tuy nhién,
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jasmonic acid thuong két hop véi cac hormone khac dé ting cuong kha niang séng
sot cia thyuc vat trong diéu kién thiéu nudc. Jasmonic acid cai thién kha niang chiu
han ¢ thuc vat bang nhiéu cach khac nhau, bao gdm kich thich sy phat trién cia ré,
giam tich luy ROS va thuc ddy qua trinh dong khi khong [155]. Piéu nay ciing
dugc thé hién trong nghién ciru ctia Fang va cs (2016) vé ting cudng biéu hién gen
VaNAC26 lién quan dén tong hop jasmonic acid 1am tang kha niang loai bo ROS,
kich thich sy dong khi khong va ting trudng 1, do d6 nang cao kha ning chiu han
[54]. Trong dau tuong, methyl jasmonate (MeJA) giup tang cuong kha nang chiu
han va cai thién sy phat trién cta cay trong [105].

Auxin 12 mot phytohormone lién quan dén nhiéu qué trinh ting trudng thyc
vat va phan ung vdi cac diéu kién stress. Trong diéu kién stress han, auxin diéu
chinh dang ké mot sd chit chuyén hoa cacbon bao gdm amino acid, acid hitu co,
duong... Auxin c6 thé tham gia tich cuc vao kha ning chéng chiu stress do han han,
thong qua diéu chinh ciu trac ré, biéu hién gen dap tmg ABA, chuyén hoa ROS va
can bang ndi moi [144].

1.2. GLYCINE BETAINE, CHOLINE OXIDASE
1.2.1. Glycine betaine

1.2.1.1. Cdu truc va hoat déng cia glycine betaine

Glycine betaine (2-N, N, N-trimethylammonio axetat hoac N, N’, N" -
trimethylglycine) 12 mot dan xuat dugc thay thé hoan toan N-metyl cua glycine
(Hinh 1.1). GB Ia hop chat amoni bac bén c6 khéi lwong phan tu thap, ludng cuc
va trung tinh vé& dién ¢ pH sinh ly [43]. GB la hop chat khong doc, khdng mau,
khdng mui, khong vi, ¢ kha ning hoa tan cao va do nhét thap. GB c6 trong nhiéu
loai thuc vat, dic biét 1a cac loai thuc vat hoang dai trong dudi cac diéu kién stress.
Chinh vi thé, GB tré thanh mot trong nhitng chat hoa tan twong thich dugc nghién
ciu nhiéu nhat nham cai thién kha ning chiu dung véi stress phi sinh hoc & thuc
vat [36].
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Hinh 1.1. C4u tric khdng gian (a) va cau tric phan ti (b) ciia GB [56]

GB thudng duoc goi 1a chat tham thau, chat bao vé tham thau hoic chat hoa
tan twong thich. GB ciing ¢6 thé dugc coi 1a chat kich thich sinh hoc, dugc sir dung
& ndng do thap dé thac day su phat trién cua cay trong, ting kha ning chdng chiu
stress phi sinh hoc va nang cao san lugng cay trong. Cac loai khac nhau, c4c co
quan khéc nhau trong co thé thuc vat c6 muc do tich lily GB khong giong nhau. O
nhiéu loai thyc vat, lugng GB duoc san xuat & mic do thap, nhung ciing ¢ thé tich
lity lwgng GB 16n hon khi bi stress phi sinh hoc; su tich liy tu nhién du dé cai thién
tac dong tiéu cuc caa tinh trang mat nudc gay ra bai nhitng van dé méi truong khéc
nhau (nhitng loai thuc vat nay duoc goi la sinh vat tich lay GB tu nhién). Tuy
nhién, & nhiéu loai khac nhu lta, khoai ty, ca chua, thudc 14..., GB khong duogc phat
hién trong diéu kién trong diéu kién stress hozc khong stress (sinh vat khdng tich luy
tu nhién) [37].
1.2.1.2. Céc con dwong sinh tong hep glycine betaine

GB dugc tong hop théng qua hai con duong phd bién, tir tién chat choline
hoac glycine. Con dudng tong hop thir nhat ¢ thuc vat, GB duoc tong hop bét dau
tir choline. Qua trinh sinh tong hop choline duwoc xdc tac chi yéu nho
phosphoethanolamine N-methyltransferase (PEAMT). Sau do, choline dugc dua

vao lyc lap va trai qua hai budc phan tmg oxy hoa. Pau tién, choline bi oxy hoa
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thanh betaine aldehyde, mot chat trung gian doc hai, sau do tiép tuc dugc oxy hoa
thanh GB nh¢ xdc tac cia choline monooxygenase (CMO), mét protein hoa tan phu
thugc ferredoxin cd vi tri hoat dong kiéu Rieske [2Fe-2S] khu tri trong luc lap hoic
cac bao quan khac. Tiép theo, & budc oxy hoa thi hai, betaine aldehyde s& dugc
chuyén thanh GB duéi tac dung cua betaine aldehyde dehydrogenase (BADH)
(Hinh 1.2A). BADH c6 thé phu thuoc NAD* hoic NADP*. O thuc vat, BADH ¢
hoat tinh cao hon v&i NAD* [57]. BADH thuoc siéu ho cua aldehyde
dehydrogenase c6 tac dung khong dic hiéu ddi véi cac chat nén aldehyde khac.
Diéu nay giai thich cho su hién dién cua BADH trong thuc vat khong tich lily GB
hodc trong cac co quan cua thyc vat khong chiua GB [129].

Khac véi thuc vat, dong vat va nhiéu vi khuan lai st dung choline
dehydrogenase (CHDH) 1am enzyme xuc tac cho budc dau tién cua qué trinh oxy
hoa choline thanh betaine aldehyde; trong khi ¢ budc oxy hoa thir hai, enzyme tham
gia chuyén betaine aldehyde thanh GB van 1a BADH (Hinh 1.2B).

A CH,

0]
HC, CMO HC_ /CH3 | BADH HC,
& 7z s N T s
/N N 0H / \/[\H / \)\0-
H,C 2Fd,, 2Fd,, H3C NAD+ wapn  HsC
Choline ©; e Betaine aldehyde Glycinebetaine
B H.C CH, H.C CH, O H,C /CH3 o
% \|4+ CHDH sl | BADH N |
/"N O0H SR R /N H /7~ N > / O
H,C H.C H,C
3 NAD+ NADH 3 NAD+ NADH
Choline Betaine aldehyde Glycinebetaine
TN / COD i BADH - Betaine Aldehyde Dehydrogenase

N* N*
H C/ " OH = N > H C/ (o} CHDH - Choline Dehydrogenase
3 0, H,0, 3 COD - Choline Oxidase
Choline Glycinebetaine CMO - Choline Monooxigenase

Hinh 1.2. Cac con duong sinh tong hop GB

(A) & thuc vdt; (B) ¢ déng vdt va nhiéu vi khuan;
(C) ¢ Arthrobacter globiformis va Arthrobacter pascens [18]
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Trong khi d6, vi khuan Arthrobacter globiformis va Arthrobacter pascens chi
sir dung mot enzyme duy nhat 1a choline oxidase ma hoa bai mot gen don codA x(c
tac qua trinh oxy hda truc tiép bdn dién tor cua choline thanh GB (Hinh
1.2C). Choline oxidase chtra flavin adenine dinucleotide (FAD) duoc lién két cong
hoa tri va hoat dong qua hai phan tng chuyén hydrua, hai phan ¢ng giam flavin va
cac budc gigi han tée do [51].

Con dudng tong hop tha hai sir dung glycine thay vi choline dé tong hop GB.
Con dudng tong hop ndy chi dugc tim thdy ¢ vi khuan quang dudng
Actinopolyspora halophila va Ectothiorhodospira halochloris [14]. Céac chiét xuét
té bao cua ca E. halochloris va A. halophila déu cé hoat tinh methyltransferase trén
glycine va AdoMet (S-Adenosyl methionine) dong vai tro tao nhom methyl. Qué
trinh tong hop betaine tir glycine gém ba budc methyl hod. Dau tién glycine duoc
metyl hoa thanh sarcosine, sau d6 tiép tuc duoc metyl hoa thanh dimethylglycine
va betaine.

Ngoai hai con dudng trén, GB ciing c6 thé duoc tong hop tir serine thdng qua,
1) con duong glycerate khéng phosphoryl héa, 2) con duong phosphoryl héa
phospho-hydroxypyruvate [81] hoac 3) con duong glycolat phan tng quang sinh
nhiét do mudi gay ra [33]. Serine 1a tién chat cua phospho-ethanolamine qua
ethanolamine. Sau d6, qua trinh phosphoryl héa ethanolamine dugc xuc tac boi
choline/ ethanolamine kinase (CEK).

Tir cac con duong sinh tdng hop GB ¢ céc ddi twong sinh vat khac nhau néu
trén nhan thay, con duong sinh tong hop GB & A. globiformis va A. panescens la
don gian nhat. Tir tién chat choline dugc chuyén hoa thanh GB chi can x(c tac boi
mot enzyme duy nhat, choline oxidase dugc ma hda boi gen codA. Vi vay, gen
codA mé& hoé enzyme choline oxidase da tré thanh muc tiéu nghién cttu ttng dung
cdng nghé sinh hoc nham cai thién kha ning chdng lai cac stress tham thau [133];
san xuat cac cam bién dé xac dinh choline va cac dan xuat trong chat long sinh
hoc [138].
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1.2.1.3. Vai tro caa glycine betaine déi véi tinh chéng chju cia thuec vt

GB la mét trong nhirng chat hoa tan chinh tham gia vao nhiéu co ché bao vé
khac nhau trong co thé thuc vat dé chong lai cac rdi loan lién quan dén stress phi
sinh hoc [19]. GB la mét chéat chuyén héa ludng tinh, tan nhiéu trong nudc, trung
tinh vé dién ¢ nhiéu do pH [43]. GB khong chi hoat dong nhu mét chat diéu hoa
tham thau, ma con hoat dong nhu mét ion ludng tinh, c6 thé twong tac véi ca ving
wa nudc va ky nudc cua phuc hop protein va mang. Diéu nay gop phan 6n dinh va
duy tri tinh toan ven vé cu tric, chtrc ning cua dai phan tir va bao vé ching truéc
nhitng tac hai cia ROS [69]. GB c6 thé lam giam luu luong kali do mudi tao ra
bang cach diéu chinh céc kénh ion [164]; ting cuong hoat dong caa enzyme mang
sinh chat H*-ATPase, tang su hap thu phosphate va diéu chinh can bang noi moi
[93]. Hon nita, GB con c6 thé duy tri su 6n dinh cua cac dai phan ti, ddo nguoc su
tap hop va tap hop sai ma khdng 1am anh huong dén céc hoat dong chirc ning co

ban cuaa protein [88].

GB tich lity ¢ ndng d6 cao khdng nhiing khong gy can tré chic ning cua té
bao chit ma con cd tac dung dam bao tinh 6n dinh cu tric va chirc ning cua cac
dai phan tir. Su xuat hién cia GB nhu mot yéu té quyét dinh ti kha nang chéng
chiu véi diéu kién bt loi & cdy trong. Dudi 4p luc cua nhiét do cao, cay trong tich
lity GB dé kich thich tong hop protein D1, hd tro viéc stra chira hé thong quang hoa
Il bi anh huéng boi &nh sang [37]. Hon nita, su tich tu cua GB cai thién téc do
quang hop trong diéu kién stress. Trong thoi gian khd han, nong d6 GB khu tru
trong luc lap gia ting dong vai tro quan trong trong viéc diéu chinh luc lap, bao vé
mang thylakoid, ddn dén duy tri hiéu qua quang hop va tinh toan ven cua mang
[14]. GB c6 tac dung 6n dinh cau tric bac bon cua cac enzyme va protein phic tap,
phat trién cac thanh phan khac nhau cua bo may quang hop [143]; duy tri tinh 6n
dinh cta mang & nhiét do cuc doan [55]; giam nhe tac hai do ROS [37].

Mot s6 nghién ciu da giai thich mdi quan hé gitta GB voi kha ning chdng
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chiu stress phi sinh hoc & céc cay trong khac nhau théng qua viéc sa dung GB
ngoai sinh hoic tich lity tu nhién. K§¥ thuat sir dung GB ngoai sinh cé thé nang cao
kha niang chdng chiu stress phi sinh hoc va ting ning suét cay trong. Mot sb loai
cay trong it hodc khong tich liy GB, khi bo sung GB ngoai sinh qua md la s& duoc
hap thu va van chuyén dén cac co quan, gop phan giam thiéu cac tac dong tiéu cuc

do stress phi sinh hoc, tir 46 nang cao nang suat va sy phat trién caa cdy trong [55].

Cay dau tuong 6 luong GB tich lity thap, trung binh khoang 5 umol/g KLK,
viéc sir dung GB trén 14 ngoai sinh cho thay su tich liiy GB tiang gip 12 lan (60
umol/g KLK). Piéu nay din dén su gia ting tong thé vé dién tich 14, niang suét
quang hop, kha ning cé dinh nito va nang suat hat. Cay dau twong tréng ngoai
dong ruong khi dugc bo sung GB qua 14 cho thay, hiéu suat sinh san va dién tich
la tang 1én, di kém voi viéc ting toc do quang hop va ting cuong cb dinh N2
[131]. Tuy nhién, vai trd chinh xac cua cac chat hoa tan, bao gom ca GB, trong

kha ning chdng chiu stress phi sinh hoc phan 16n van chua duogc biét hét [64].
1.2.2. Choline oxidase
1.2.2.1. Cdu truc va hogt déng cia choline oxidase

Choline oxidase tir Arthrobacter globiformis lan dau tién dugc tinh ché boi
Tkuta ndm 1977. Enzyme nay 1a mot flavoprotein, x(c tac qué trinh oxy hda bén
electron cua choline thanh GB (N, N, N-trimethylglycine, betaine) voi san pham

trung gian la betaine aldehyde va chét nhan dién tir cudi cling 1a oxy phan tir [82].

Choline oxidase xuc tac cho qué trinh oxy hoa bén dién tir qua hai budc trung
gian flavin cua choline thanh GB (Hinh 1.3). Trong budc dau tién, choline bi oxy
hoa thanh betaine aldehyde, O2 bi khur thanh hydro peroxide (H202). Budc thur hai,
betaine aldehyde lién két véi enzyme dugc hydrat hda tao ra gem-diol choline, sau
d6 dugc oxy hoa thanh GB [58].
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Hinh 1.3. Qua trinh oxy hda choline thanh GB xuc tac bai choline oxidase [58]

Choline oxidase trong dung dich ton tai dugi dang homodimer, kich thudc
khoang 120 kDa, khdng phu thudc vao nong do, duoc chimg minh bang sac ky va
dién di trén gel polyacrylamide khdng bién tinh [52]. Giao dién dimer bao gom hai
bo sau tiép diém gitra cac tiéu don vi gibng hét nhau nam giira cac goc co dién tich
trdi diu ¢ cac canh bén ngoai cua giao dién (Hinh 1.4). Phan trung tm cua giao
dién dimer gom tap hop céac gdc khdng phan cuc hoat dong nhu cong cho phép tiép

can co chét va ra san pham dén va di tir vi tri hoat dong cua enzyme [138].

Hinh 1.4. Cu tric khdng gian cua choline oxidase d phéan giai 1,86 A [59]

Mau dé va xanh luc: cdu tric phan ti hai tiéu don vi giong hét nhau cia enzyme;
mau vang: cac phan tiz FAD trong mdi tiéu don vi.

Nép gap protein & mdi tiéu don vi cua choline oxidase tuong ty nhu ctia cac

san pham oxy hoa glucose-metanol-choline khac, véi mot nép gap p-
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hydroxybenzoate hydroxylase (PHBH). Enzyme c6 cau tric tong thé hai mién dién
hinh v&i mién lién két FAD, duoc hinh thanh bai cac géc 1-159, 201-311, 464—
527 va mot mién lién két co chit dugc hinh thanh boi cac gbc 160200, 312—463.
Flavin dugc bao boc kin trong protein va lién két cong hoa tri véi nguyén tir H99
Ne2 thong qua metyl C8. Gbc phosphat cua FAD tiép x(c gan véi nép gap
20GXGXXG? Rossman & dau N tan cung cua protein. Trong mién lién két véi co
chat, mot tim P sau soi ddi song song tao thanh day cua vi tri hoat dong, & phia bén
kia 12 ba x04n a nhé ra. Khoang vi tri hoat dong cua choline oxidase bao gém cac
gbc cua ca hai mién lién két. Cac goc E312, W331, H351, F357 trong mién lién két
co chat va cac gbc W61, S101, W331, V464, H466, N510 trong mién lién két FAD
(Hinh 1.5) [138].

’\/‘Vg/«/’ —\

GB |
K =< \ /) w331

. &N
NN, S101 ‘\&

S ‘ | " =
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? H99 \/ \0‘ /
Cr /Z W6]ﬁ /
Hinh 1.5. Vi tri hoat dong caa choline oxidase kiéu dai véi san pham hoat dong
lién két vsi GB [150]
Que mau vang: cac nguyén tz C cua FAD; que mau ndu: cac nguyén tu cua cac
phan protein dwgc chon va cia GB; mau xanh lam: nguyén tiz N; mau dé: nguyén
ti O. GB: glycine betaine; ngogi trir W61 va W331, amino acid khac: dic diém da

dét bién truce day.
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a
Hinh 1.6. Li vao vi tri hoat dong cua choline oxidase [137]

(A) Cdu tric mg vong 250-255 cia choline oxidase két hop véi GB; (B) Dang khép

kin cua choline oxidase trong phic hop véi dimethyl sulfoxide; Hinh cau xanh luc:

cac chusi bén M62, L65, V355, F357, M359 cua tiéu don vi B; mau doé: bé mat cua

tiéu don vi A tai mat phan cach dimer; cdc que mau d@é: chudi bén F253 cua tiéu don

vi A; bang quy wéc mau mé hinh phén ti véi cacbon mau vang: FAD.

Khoang vi tri hoat dong cua choline oxidase khong thé nhin thay tir bé mat
phan tir cua protein, duoc tach biét khoi dung méi va isoalloxazine cua FAD. Léi
vao vi tri hoat dong cua choline oxidase duwoc kiém soat boi mot s6 chat bam bé
mat nam & trung tdm giao dién cua céc tiéu don vi trong enzyme dimeric. Qué trinh
tao cong két ndi thdng qua sy twong tac gitta cac chudi bén M62, L65, V355, F357,
M359 cho phép co chit choline tich dién duong trugt dén khoang vi tri hoat dong

cua choline oxidase tich di¢n &m (Hinh 1.6) [59].

1.2.2.2. Vai trd cia choline oxidase trong kj thudt di truyén sinh téng hop
glycine betaine

Vai tro sinh Iy caa choline oxidase 1a sinh tong hop GB, mét trong sé it cac
chat hoa tan twong thich duogc té bao st dung dé duy tri &p suat tham thiu. Enzyme
nay dong vai trd quan trong boi vi khi tich litly ham luong cao GB trong té bao s&
gilp té bao chdng lai su khir nudc va hién tuong co nguyén sinh trong diéu kién

moi trudng bat lgi [28].
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Cho dén nay, phan 16n cac con duong tong hop GB da cong bo déu bat dau
tir choline va tién hanh thdng qua cac phan tng lién quan dén mot hoic hai enzyme
dé oxy hoa choline thanh GB. Trong d¢, con duong phan ¢ng mot enzyme xay ra
trong vi khuan dat A. globiformis va A. pascens duogc xUc tac bai choline oxidase
(COD). Phan utng hai enzyme trong luc lap cua thuc vat bac cao do xuc tac cua
choline monooxygenase (CMO) phu thudc ferredoxin va BADH phu thuéc NAD™.
VVa mot phan g hai enzyme khac dugc xdc tac bai choline dehydrogenase (CDH)
phu thuoc NAD* va BADH trong té bao dong vat c6 vi va & vi sinh vat (E. coli).
Vi vay, cac nha nghién ciu can chon ra mét con dudng téng hop GB téi wu nhat dé
dua vao céc sinh vat khong tich liiy GB. Con dudng COD rd rang co loi thé hon
con duong CDH/ BADH va CMO/ BADH vi bién nap don 1¢ vi mot gen lién quan
sé& tao ra con dudng tir choline thanh GB ma khéng can bat ky mét déng yéu té nao
cho qua trinh xtc tac. Trong thuc té, trong cac nghién ctu vé vi khuan lam va thuc
vat khac nhau, k¥ thuat di truyén véi codA cua A. globiformis va cox gen s cuaa A.
pascens da duoc ching minh 1a thanh céng nhat [175].

Choline oxidase da duogc sir dung dé tao cac cay trong chuyén gen nham
nang cao kha ning chéng chiu diéu kién bat loi va ting cuong ap suat tham thau ¢
cac cay trong quan trong vé kinh té nhung lai thiéu cac con duong sinh tong hop
hiéu qua GB. Cac cay trong chuyén gen codA ma héa choline oxidase cua vi khuan
da cho thay kha ning chdng chiu tét ddi vai cac loai stress phi sinh hoc khac nhau
nhu, nhiét o thap [72], ndong d6 mudi cao [160], &nh sang manh [16], han hén
[171], stress oxy hoa [121],... so v&i ddi ching. Céc cy trong nhu ca chua, 1aa,
khoai tay 1a ddi tuong cua nhitng nghién cau nay. Ngoai ra, mot tng dung quan
trong khéac cua choline oxidase 1 trong ki thuat cam bién sinh hoc nham phat hién
choline trong dich huyét thanh hoc, thuc pham va phat hién cac enzyme khéac c6
lién quan dén y té nhu acetylcholine va phospholipase D [39].
1.2.2.3. Diic diém ciia gen ma hoa codA

Mot trong nhimg phuong phap tiép can cong nghé sinh hoc dé ting kha ning
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chiu han & thyuc vat 12 ky thuat chuyén gen nham ting cuong trao d6i chat caa cac
chat tham thau. Qua trinh sinh tong hop cac chat c6 hoat tinh tham thau trong thuc
vat bang ky thuat di truyén c6 nhiéu cach, trong d6, viéc dua vao bo gen cua thuc
vat mot gen ngoai lai codA méi tir vi khuan A. globiformis ma hda choline oxydase
(COD) khdng ton tai trong co thé thuc vat 1a cach don gian va hiéu qua. Gen codA
ma hoa choline oxydase chiu trach nhiém tong hop GB tir tién chét choline bén
trong luc lap cua té bao thuc vat. Vi vay, nguoi ta thuong huéng enzyme nay vao
luc lap, bing cach bd sung vao trinh tu caa gen vi khuan trinh tu tin hiéu huéng
protein vao luc lap tir mot trong cac gen thyuc vat chiu trach nhiém van hanh bo may
quang dién [67].

Tuy nhién, trong cac thi nghiém bién nap, céc gen ngoai lai dugc tich hop vao
hé gen thuc vat thuong biéu hién yéu do mot sé nguy@n nhan nhu ndi bat thuong,
da boi sém. Vi vay, can phai stra di vi tri két hop nucleotide cua cac gen ngoai lai
(theo quy luat, véi ham luong A + T du thira) dé biéu hién thanh coéng. Cac gen tir
vi khuan thuong c6 ham lugng G + C rat cao, trong qué trinh chuyén nap vao hé
gen cua thuc vat c6 thé bi metyl héa manh, 1am giam hoat tinh caa chiing trong céc
thé hé tiép theo. Do d9, trinh ty nucleotide nhan tao phai dugc thiét ké sao cho ham
lugng A + T duoc ting 1én khi xem xét viéc sir dung cac codon thuong gap nhat
trong gen cua ca cay hai 14 mam va cay mot 14 mam [67].

Gen codA ¢ vi khuan A. globiformis dai 1641 bp va ma hda chudi polypeptit
547 amino acid. Trinh tu nucleotide nay dugc bao hoa bdi ham lwong G + C can tro
dang ké su dan truyén caa phan tng chudi polymerase va trinh tu tiép theo do phan
I6n cau tric kep toc c6 kha ning chéng néng chay [67]. Vi vay, dé thiét ké ma di
truyén cho trinh tu gen codA tong hop nhan tao phu hop véi su biéu hién gen trong
hé thdng té bao thuc vat can dua vao trinh tu gen codA ma s AY304485 duoc
cong bé trén Genbank. Bong thoi, bd sung vao dau 5° cua trinh ty gen nhan tao
codA mot doan nucleotide dai 216 bp transit peptide- TP (ma hoda protein van

chuyén tiéu don vi Rubisco ¢ cdy thudc 14) dé van chuyén enzyme vao trong luc
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lap. Pau 3’ cua gen nhan tao codA dugc bd sung mot doan nucleotide dai 30 bp ma
hoa khang nguyén cmyc duoc sir dung dé kiém tra sy hién dién cua protein codA
tai t6 hop ¢ cay chuyén gen bang ki thuat lai western blot. Nhu vay, gen codA duoc
téng hop nhan tao c6 chiéu dai 1887 bp (216 bp TP+ 1641 bp codA + 30 bp cmyc).
Trinh tu nucleotide caa gen codA tong hop nhan tao véi trinh tu nucleotide cua gen
codA goc ma s6 AY304485 co do twong déng 72,6%. Trinh tu amino acid cua
protein dugc ma hda bai gen codA tong hop nhan tao va protein dugc ma hda bai
gen codA goc ma s6 AY304485 gidng nhau (Phu luc 1). Chinh vi thé, chic ning
cua choline oxidase ma héa boi gen codA tong hop nhan tao khéng bi thay d6i [79].
1.3. NANG CAO KHA NANG CHIU HAN O PAU TUONG BANG KY THUAT
CHUYEN GEN

1.3.1. Cay dau twong

DPau twong bat ngudn tir Man Chau, Trung Quéc, tir mot loai dau twong dai,
than manh, dang day leo sau d6 lan truyén ra khap thé gioi. Hién nay, dau tuong
dugc trong nhiéu nhat & Chau My, tiép dén 1a Chau A. Pau tuong 12 loai cay thuc
pham quan trong duoc trong lay hat sau lta mi, laa nuéc va ngd. O Viét Nam, dau
tuong dugc trong & cac khu vuc: Pong Nam Bo (26,2%), mién ndi Bic Bo
(24,7%), ddng bang Séng Hong (17,5%), déng bang Séng Cuu Long (12,4%) va
khu vuc dong bang ven bién mién Trung, Tay Nguyén [3].

Cay dau tuong thudc b Phaseoleae, ho dau Fabaceae, ho phu canh budm
Papilionoideae, chi Glycine véi tén khoa hoc la Glycine max. Dua vao dic diém
hinh thai, sy phan b dia ly va sé lugng nhiém sac thé, chi Glycine con c6 chi phu
Soja. Chi Glycine gém 7 loai, chi Soja gom 2 loai trong d6 loai dau twong tréng la
Glycine max. Pau twong trong ¢ Viét Nam thuoc giéng phu G.Soja, chi Glycine c6
ngudn goc dia phuong hoac nhap noi [4].

Pau tuong 1a cy hai 14 mam than thao, ty thy phan. Than cy c6 nhiéu 16ng

nho, chiéu cao tir 0,3- 1m tly theo giéng. Than cay ldc non ¢ mau xanh hoac tim,
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khi vé gia chuyén mau nau nhat. Mau sac cua than cy c6 thé cho biét mau cua hoa,
than mau xanh sé& ra hoa mau trang, than mau tim sé& ra hoa mau tim do. Ré dau
tuong 1a loai ré coc gdm ré cai va cac ré bén, trén c6 nhiéu nét san chaa vi khuan
Rhizobium japonicum c6 kha ning c6 dinh dam tir N2 khdng khi. N6t san c6 thé dai
lem, duong kinh 5- 6mm, khi méi hinh thanh c6 mau tring sira, khi phat trién tot
nhat ndt san c6 mau hong. Nt san tap trung nhiéu o tang dat co do sau tir 0- 20cm,
cd dinh N2 khong khi thanh dam véi lugng dam khoang 30 - 60 kg/ha. Cay dau
tuong c6 ba loai l4: 14 mam, 14 don, 1a kép. Mdi 1a kép thuong c6 3 thuy (14 chét), 14
kép moc so le, trén phién la c6 nhiéu 16ng to. Hinh dang cua 14 thay doi theo giéng,
nhitng giéng c6 14 dai va nho thuong chiu han tét nhung cho ning suat thap, nhiing
gidng 14 to cho nang suat cao hon nhung ciing chiu han kém hon [4].

Hoa dau twong duoc phat sinh tir nach 14, dau canh hoic dau than. Hoa moc
thanh chum, mdi chum thuong cé tir 3- 5 hoa. Hoa ludng tinh nén ty 1¢ giao phan
rat thap, ~0,5- 1%. Qua dau twong dang thang hoic hoi cong, dai 2- 7cm. Mdi qua
thuong 6 2- 3 hat. Hat dau tuong c6 hinh dang va mau sac caa rén hat dic trung
cho mdi giéng. Hat c6 thé 1a hinh tron hoic bau duc véi khéi lugng 1000 hat dao
dong tir 100- 200g. Nhitng giéng c6 hat mau vang cé gia tri thuong pham cao [4].

Thai ky cay ra hoa chiu anh huéng cong gop cua diéu kién anh sang va nhiét
d6. Cay ra hoa sém hay muon, thoi gian dai hay ngan s& phu thudc vao ting gidng
va thoi vu gieo trong. Pau tuong 1a cay trong ngan ngay, thich hop vai nhiéu loai
dat va nhiéu vy trong nam nén co thé trong xen canh, géi vu rat thuan loi cho phéat
trién san xuat ndng nghiép dé khai thac loi thé cua vang khi hau nhiét doi. Trong
sudt thoi gian sinh truéng, nhu cau nudc cua cdy khong dong déu qua cac giai doan
khac nhau. Yéu cau vé d6 am dong rudng trung binh 1a 50- 60%; trong d6 giai doan
ra hoa, hinh thanh qua d6 4m phai dat 70- 80% nén dau tuong duoc xép vao nhom
cay trdng c6 nhu cau cao vé nudc. Dya vao thoi gian sinh trudng, dau tuong duoc
chia thanh nhiéu loai. Loai chin rit sém thu hoach sau 80-90 ngay; chin sém thu

hoach sau 90- 100 ngay; chin trung binh thu hoach sau 100 - 110 ngay; chin mudn
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trung binh thu hoach sau 110- 120 ngay; chin muén thu hoach sau 130 - 140 ngay
va chin rat muon thu hoach sau 140- 150 ngay [4].
1.3.2. Chuyén gen ¢ d4u twong thong qua vi khuan Agrobacterium tumefaciens

Pau twong chuyén gen 1a mot trong nhitng cay trdng bién ddi gen duoc trong
dai trd s6m nhat, véi dién tich trong nhiéu nhat trén thé gioi. Thong thuong, dé
chon loc dugc céc gidng cay trong bién d6i gen méi co gié tri tng dung, cac nha
nghién ctu can phai dugc chon loc tir hang trim, hang nghin, tham chi hang chuc
nghin su kién bién ddi khac nhau. Bo gen ddu tuwong tuy da dwgc giai trinh tu
nhung hau hét chic ning cua cic gen van con chua duoc biét rd. Vi vay, viéc
nghién cau tim ra mot phuong phap chuyén gen hiéu qua va 6n dinh sé& 1a tién dé
quan trong dé tim hiéu chirc nang cia gen & cdy dau twong va phat trién cac giong
dau twong méi bang ki thuat sinh hoc phan tu.

Hién nay, k¥ thuat chuyén gen gian tiép théng qua vi khuan Agrobacterium
dugc sir dung rong rai. A. tumefaciens 1a mot loai vi khuan gram &m, phé bién trong
dat va gay bénh khéi u o thuc vat. A. tumefaciens c6 kha ning lay nhiém mot cach
tu nhién gitra cac loai thuc vat. A. tumefaciens cé thé 18y nhiém cho cay théng qua
Ti plasmid, mot phan tr DNA vong twong d6i 16n, kich thudc khoang 150-200kb.
Tuy nhién chi c6 mot doan DNA nho (T-DNA, 2- 3 kb) nam trén Ti plasmid c6 kha
ning thadm nhap vao hé gen cua té bao chu va duoc di truyén cho thé hé sau. Cac
gen tao khdi u trén T- DNA khi x&m nhap hé gen té bao cha tham gia vao qua trinh
sinh tdng hop auxin va cytokinin, gay nén sy phan chia té bao lién tuc tao ra cac khoi
u trén co thé thuc vat [8].

Xuat phét tir nguyén ly xam nhap cua Ti- plasmid va hoat dong cua T- DNA,
cac nha khoa hoc da cai bién Ti- plasmid 1am vector chuyén gen & thuc vat. Ti-
plasmid duoc cit bo cac doan gen gay phét trién khéi u, thay thé bang cac gen quan
tdm c6 gan thém gen chi thi chon loc, dé lai doan gen vir va T-DNA tdi thiéu mang

diém c6 thé ghép gen ngoai lai.
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Hién nay, nho cai tién va hoan thién cua ki thuat chuyén gen, hiéu suat chuyén
gen dugc nang cao va rut ngan thai gian chon tao gidng cy trong, dap tng nhu cau
ngay cang cao cua san xuat néng nghiép. Su bién nap bang vi khuan Agrobacterium
la lra chon tét nhat dé chuyén ddi thuc vat do hoat dong don gian, kha nang tai tao
cao, s6 luong ban sao thap va chi phi thi nghiém thap. Phuong phap nay ciing c6
thé chuyén mot doan 16n gen ngoai lai vao hé gen cua cdy chi. Khoang 85% cay
chuyén gen thu duoc bang phuong phap bién nap qua Agrobacterium [173].

O dau twong, phuong phap chuyén gen thong qua A. tumefaciens la mot
phuong phap dugce wu tién. Ké tir khi Hinchee va cs (1988) sir dung céac nach 14
mam ddu twong 1am mau ciy dé thu duoc cdy dau twong chuyén gen dau tién bang
phuong phap bién nap qua vi khuan Agrobacterium [74]. Bén nay, nhiéu quy trinh
chuyén gen da duoc ap dung ddi véi cay dau trong, nhung pho bién van 1 bién nap
gen bang lay nhiém A. tumefaciens tai té hop qua nach 14 mam. Tuy nhién, phuong
phap nay van con mot sé han ché can duoc khic phuc nhu thao tac tao ton thuong
can c6 do chinh xac cao, nong d6 vi khuan st dung cho bién nap can téi wu theo
ting chiing, ndng do chat chon loc sir dung cho chon loc cdy chuyén gen... Ngoai
ra, hiéu qua chuyén gen con phu thugc vao kiéu gen cia ting giong dau tuong. Paz
va cs (2006), da cai tién phuong phap chuyén gen bang cach ngam hat trong moi
truong 24 gid va lay “ntra hat” 1am mau cdy, két qua bién nap dat hiéu suat 3,8%
cao hon 1,5 1an so véi sir dung c&c nach 14 mam tir cay con 5- 7 ngay tudi, nhung
van con thap so véi hiéu qua chuyén d6i ¢ cac cay trong khac [122]. Li va cs
(2017), nghién cau téi wu hoéa quy trinh chuyén gen théng qua vi khuan
Agrobacterium ¢ dau twong bang cach cai thién hiéu qua lay nhiém cua vi khuan
Agrobacterium va hiéu qua tai sinh cua mau cdy. Két qua cho thay, hiéu qua lay
nhiém dat trén 96% khi néng d6 vi khuan Agrobacterium & OD 650 = 0,6; ndng do
dithiothreitol 1a 154,2 mg/l va dong nuéi ciy trong 5 ngay. Nghién ctu nay cung
cap mot quy trinh cai tién cho qué trinh bién nap qua vi khuan Agrobacterium &

dau tuong va |2 tai lieu tham khao hiru ich dé cai thién hiéu qua chuyén nap & céc
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loai thuc vat khac [95].

Quy trinh chung dé chuyén gen théng qua A. tumefaciens & ddu twong gém
cac budc sau: tao nguyén liéu bién nap gen va chuin bi vi khuan iy nhiém; lay
nhiém va ddng nudi cdy trong tdi trén moi trudng ddng nudi cdy; cac mau bién nap
dugc nudi cdy trén méi trudng tao da chdi ¢ bo sung khang sinh; cac 14 mam séng
sot duoc loai bo khoi chdi va nudi cdy trén méi truong kéo dai chdi co bod sung
khang sinh; khi cac choi phat trién dat kich thudc nhat dinh dugc chuyén sang moi
truong tao ré co bod sung khang sinh; cudi ciing cdy hoan chinh, khoé manh duoc
chuyén ra bau dé theo ddi phan tich [8]. Trong qua trinh nay, nhiéu yéu t nhu loai
mAau cdy, ndng do vi khuan, thoi gian dong nudi cdy va thanh phan méi truong sé
anh huong dén hiéu qua bién nap. Hiéu qua tai sinh va bién nap ciing khiac nhau
giita cac gidng dau twong khac nhau [168]. Chinh vi vdy, viéc tdi wu quy trinh
chuyén gen cho phi hop véi kiéu gen cua timg gidng dau twong dugc nhiu nha
nghién ctru dac biét quan tam.

1.3.3. Nang cao kha ning chiu han ¢ dau twong bing ky thuat chuyén gen
1.3.3.1. Chuyén gen nang cao khd néng chiu han ¢ dau twong trén thé gidi

Kha nang chiu han 1a mot dic diém sb luong, kho nghién ctu do nhiéu gen
dong gop. Mot trong nhitng phuong phap dé cai thién kha nang chiu han cua cay
trong c6 nhiéu tiém ning 1a st dung cac gen chuyén- mot gen “ngoai lai” duoc
chuyén tir lodi thyc vat nay sang loi thuc vat khac [87]. Mot gen chuyén cé tén
AtMYBA44 tir cay Arabidopsis ma hda yéu té phién ma gy ra sy dong khi khong
bang cach diéu hoa tich cuc tin hiéu ABA duoc chuyén vao dau tuong gilp ting
kha nang chiu han & thuc vat [142]. Gen P5CR tir cay Arabidopsis duoc sir dung dé
chuyén vao cdy dau tuong ciing c6 thé l1am ting kha ning chiu han cua ciy dau
trong chuyén gen. Gen PSCR ma hoa L-A1-pyrroline-5- carboxylate reductase, xuc
tac cho budc cudi cuing trong qué trinh sinh tdng hop proline (NCBI, AT5G14800).
Gen P5CR ciing c6 thé ting cudng qua trinh thoai hoa proline, do d6 giup duy tri
NADP*va cho phép thuc vat thich nghi vai ap luc moéi truong [45].
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Gen Hahb-4 tir hoa hudng duong (Helianthus annuus), ma héa mot yéu té
phién ma co thé lién két vang diéu hoa phién ma mat nudc cia cac gen lién quan
dén phan tng chdng chiu han cua cay trong (ISAAA, 2019). Cong ty Verdeca LLC
da tao ra cay dau tuong chtra gen Hahb-4, dé tao ra “dic diém HB4”. Piéu nay da
dugc thuc hién bang cach chén gen Hahb-4 vao cay dau tuong bang phuong phap
bién nap qua trung gian A. tumefaciens. Hién nay, dic diém HB4 1a dic diém bién
d6i gen duy nhat duoc chap thuan dé tang kha nang chiu han & dau tuong [17].

Nam 2009, Valente va cs da nghién ctu chuyén gen BiP ma hoé chat moi
gidi phén tir gitp tang kha nang chiu han ¢ dau twong va lam cham qua trinh lao
hoa cua 14 do khd han. Két qua nghién cau cho thay, cac dong chuyén gen BiP co
lugng protein va mRNABIPD dau twong cao hon so vai cdy dbi chung, kha ning
dan truyén va thoat hoi nudc cua khi khong 16n hon. Nhiing két qua nay chang
minh rang su ting cuong biéu hién gen BiP trong ddu tuwong cho phép chdng choi
Vi stress han [156].

Gen GmFDL19 ma hoa cho mét trong nhirng yéu té thudc ho phién ma bZIP
(basic leucine zipper), 1a chat thuc ddy ra hoa va dong mét vai trd quan trong trong
qua trinh sinh truong, phét trién ¢ déu twong. Ciy dau twong chuyén gen
GMFDL19 c6 kha ning cai thién kha ning chdng chiu stress phi sinh hoc. Biéu
hién cua gen GmFDL19 dau tuong gilp tang cuong kha nang chiu han va man &
giai doan cdy con. Chiéu cao tuong dbi cua cay va khéi luong khd twong ddi cua
chdi & cdy chuyén gen cao hon dang ké so véi cdy WT sau khi xir Iy PEG va
mubi. Ngoai ra, ty Ié nay mam va chiéu cao cdy cua ciy dau twong chuyén gen
cling cao hon dang ké so voi cdy WT sau khi xt Iy mudi khac nhau. Hon nira,
GmFDL19 c6 thé 1am giam su tich tu ham luwong ion Na* va diéu chinh su biéu
hién cua mot sé gen ABA/ déap (ng véi stress & dau tuong chuyén gen [96].

Cac yéu té thudc ho phién ma WRKY co lién quan dén sy phat trién cua thuc
vat va diéu chinh cac phan ang véi stress phi sinh hoc nhu han, min va tin hiéu

ABA. Trong d6, protein GsWRKY20 c6 vai tro quan trong trong viéc tang cuong
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kha nang chiu han va diéu chinh tin hiéu ABA & cay dau twong. Ning va cs (2017),
da chuyén gen GSWRKY20 vao cay dau twong dudi sy diéu khién cua promoter
35S. Két qua cho thiy, kha ning chdng chiu han & cdy chuyén gen GSWRKY20
dugc cai thién dang ké so voi cay khdng chuyén gen. Trong diéu kién stress han,
cay chuyén gen c¢6 mutc do tén thuong mang it hon, hoat dong cua enzyme chdong
oxy hoa cao hon va ham luong proline ty do nhiéu hon gitip cay chdng chiu véi
han han. Cay ddu twong chuyén gen GSWRKY20 c6 mat do khi khong thap hon, khi
khong déng nhanh hon lam giam sy mat nudc trong diéu kién khé han. Ngoai ra,
cay dau twong GSWRKY20 con ¢6 chiéu cao ciy cao hon, ré dai hon va ning suit
hat cao hon ¢ giai doan phat trién trong diéu kién stress han [113]. Stress han ciing
lam tang san xuat cac loai ROS va ton thuong té bao. Pé giam su tich tu ROS qua
muc trong dau tuong, gen AtYUCCAG da duoc bién nap vao dau tuong thong qua vi
khuan Agrobacterium, két qua biéu hién gen AtYUCCAG trong cay dau tuong 1am
giam san lugng ROS va tang kha nang chiu han [120].

Ning suét cay trong bi thach thuc bai cac &p luc phi sinh hoc, trong d6 stress
han 1a pho bién nhat. Cac gen NF-Y, dic biét 1a cac gen NF-YA, quy dinh kha ning
chdng chiu véi stress phi sinh hoc. NF-Y la protein cam tng nhiét gom ba tiéu don vi
NF-YA, NF-YB va NF-YC chiu trach nhiém diéu khién hoat dong cua mot nhém gen
diéu hoa chu ky phan bao. S biéu hién cua protein NF-YA gop phan diéu chinh hoat
dong cua NF-Y. Cay dau twong chuyén gen va cdy Arabidopsis chuyén gen
GMNFYAS thé hién kha niang chiu han dang ké xac dinh boi cac chi sé sinh ly va
murc d6 phién ma cua cac gen lién quan dén stress han. GmNFYAS5 14 mét gen tich
cuc ¢6 thé ting kha nang chong chiu han va cd tiém nang sir dung trong tao giong
dau twong chuyén gen [101].
1.3.3.2 Chuyén gen nang cao khd ndng chiu han ¢ ddu twong é Vigt Nam

Nghién ctu chuyén gen lién quan dén kha ning chiu han, chiu néng cua cay
dau twong ¢ Viét Nam di c6 mét s6 cdng trinh nghién ciu dugc cdng bd. Nam

2010, Chu Hoang Mau va cs da phan 1ap, tao dot bién diém & gen P5CS lién quan
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dén tinh chiu han va tha nghiém chuyén vao cay dau twong Viét Nam. Téc gia da
t6i wu quy trinh tai sinh va chuyén gen théng qua nach 14 mam dau tuong va nhan
Xét rang, gidng dau twong DT84 1a d6i twong phl hop dé tién hanh céc thi nghiém
chuyén gen va di chuyén thanh cong ciu tric gen RD29A/P5CS vao giéng dau
tuong DT84, tao dugc cdy dau twong mang gen dot bién loai bo wc ché phan hdi,
lam tang cuong kha nang tong hop proline khi cay dau tuong bi han [103].

Gen EXP1 ma hoa expansin c6 kha ning nai long thanh té bao thuc vat. O
dau tuong gen GMEXP1 dugc kich hoat dic biét trong qua trinh kéo dai ré, dong
vai trd quan trong trong su phat trién cua ré. Trong thoi ky kho han, su thay doi &p
suat trong té bao va sy phét trién nhanh cua ré cho phép cdy hut nuéc tir ting dat
sau, tir d6 gitp cay sinh truong va phat trién. Lo va cs (2015) di nhan ban thanh
cdng va tao ra cau tric GmEXP1 biéu hién protein expansin tai té hop trong cay
thudc 1a. GmEXP1 dugc biéu hién trong cay thudc 14 chuyén gen va truyén cho thé
hé sau. Cay thudc 14 chuyén gen da cai thién kha nang chiu han, thé hién ¢ ca chiéu
dai va khéi luong ré [100].

Lé Thi Hong Trang va cs (2019) da chuyén gen Glycine max chalcone
isomerase 1A (GmCHI1A) c6 ngudn géc tir cay dau tuong vao ciy thudc 1a théng
qua vi khuan A. tumefaciens va tao dugc cay thudc 14 chuyén gen. Tir 90 mau bién
nap di tao dugc 30 cy thudc 14 chuyén gen sinh truong phat trién binh thuong
trong diéu Kién nha ludi, hiéu suat chuyén gen dat 33,33%. Két qua phan tich PCR
thu duoc 22 cay thudc 14 chuyén gen c6 gen chuyén GmCHILA va hiéu suét chuyén
gen & giai doan nay la 24,44%. Gen chuyén GmCHI1A dugc xac nhan da biéu hién
& cay thudc 14 bang phan tich RT-PCR. Két qua chuyén gen GmCHI1A vao cay
thudc 14 1a co sé dé tiép tuc nghién ctru tang cuong biéu hién gen GmCHI1A trén
cay dau twong chuyén gen [10].

Dic tinh chiu han ¢ cay dau twong la tinh trang da gen, san pham cua cac
gen nay lién quan tryc tiép dén sy biéu hién cua dac tinh chiu han hodc co chuc

nang diéu hoa nhom gen chiu han. Nhan t6 phién ma (DREB) la mét phan ho
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protein thuc vat duoc biéu hién khi cdy dau twong gap stress phi sinh hoc. Cac
protein DREB kich hoat qué trinh phién ma cta cac gen chiu han. Tan va cs (2015),
d3 nghién ctru thiét ké vector mang cdu triic chira gen GmDREB?2 tir gidng DT2008
chiu han. Vector tai to hop 35S- GmDREB2- c-myc dugc biéu hién trong cay thube
14 chuyén gen. Trong diéu kién kho han, sy tich liiy proline ciia cac dong thudc 1a
chuyén gen cao hon so voi cdy WT. Nhimg két qua nay di cung cip co s dé tao ra
cdy dau twong chju han nhd ting cuong biéu hién gen GmDREB2 [153]. Nam
2020, Pham va cs d nghién cttu mdi quan hé gitra su biéu hién gen GmDREB2 véi
muc do phién méa caa gen GmP5CS, su tich 1y proline va kha nang chiu han caa
dau tuong chuyén gen ciy 1am co s¢ dé chon loc cac dong chuyén gen cé kha ning
chiu han cao. Gen GmMDREB2 da dugc dua vao vector chuyén gen thuc vat va cau
trdc 35S-GmDREB2-cmyc da dugc chuyén vao cay dau twong thong qua vi khuan
Agrobacterium. Protein GmDREB?2 téi t6 hop (~20 kDa) duoc biéu hién trong bbn
dong dau tuong chuyén gen & thé hé T1. Gen GmP5CS duoc ching minh 12 di ting
biéu hién dang ké & cac dong dau twong chuyén gen T2 va cao hon so vdi Cac cay
khong chuyén gen khi xem xét ca trong diéu kién tudi du nude va diéu kién han lan
luot tir 1,06- 1,31 lan va 1,37- 1,95 lan. Ham luong proline ciia bon dong dau tuong
chuyén gen ting 155,81% 1én 187,42% sau 5 ngdy gay han va ting tir 180,52% Ién
233,74% sau 9 ngay gay han. Do dé, su biéu hién gen GmDREB2 di lam ting muc
d6 phién ma caa gen P5CS, tich liiy proline va kha nang chiu han cua cay dau
tuong chuyén gen. Viéc chuyén gen GmDREB2 vao ciy dau twong dugc xac nhan
bang két qua ciia cac dong bién doi gen & thé hé T2 c6 kha ning chiu han cao hon
so v&i cac dong cay khdng chuyén gen [123].

Nguyen va cs (2019) da nghién ctru biéu hién gen GmDREB6 dugc tong hop
nhan tao trong cdy thudc 14 trudc khi chuyén vao cdy dau twong. Gen chuyén
GmMDREB6 dugc xen cai vao trong hé gen va biéu hién trong cay thubc 1a chuyén
gen & muc do phién ma. Vector chuyén gen pBl121_GmDREBG hoat dong tét trén

cay thudc 14, va co thé duoc st dung dé chuyén gen vao cay dau tuong gitp cai
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thién kha nang chdng chiu stress phi sinh hoc [111]. Tiép ndi thanh cong trén, nim
2021, Phutthakone Vaciaxa va cs da nghién ciru bién nap gen GmDREBG6 thdng qua
A. tumefaciens vao gidng dau tuong DT22. Trong s6 450 manh 14 mam cua giéng
dau twong PT22 mang vector chuyén gen pBI121_GmDREB6 duoc bién nap thong
qua A. tumefaciens cd 185 mau tao chdi va ¢ 583 chdi duogc tao ra. Sau chon loc
bang kanamycin trong méi trudng SIM va SEM thu dugc 109 chdi chuyén sang
moi trudng ra ré, két qua cé 53 cay duoc trong trén gia thé va 12 cdy sinh truéng
binh thuong trong diéu kién nha ludi. Két qua phan tich phan ti caa 12 dong cay
chuyén gen & thé hé To cho thay, c6 8 dong duong tinh véi PCR, hiéu suat chuyén
gen ¢ giai doan phan tich dat 1,78% [11].

Nhu vay, cho dén nay, nhiing nghién ctu tng dung ky thuat chuyén gen
trong viéc cai thién kha nang chiu han & cay dau twong ¢ nudc ta méi chi dugc thuc
hién theo huéng chinh 1a chuyén céc gen chic ning lién quan truc tiép dén tinh
chiu han vao ciy ddu tuong ma chua thiy cong bd két qua chuyén gen ma hoa
enzyme lién quan dén tong hop cac chat duy tri 4p suat tham thau ting cudng kha
nang chiu han & cay dau tuong. Chinh vi vay, viéc chon tao cac giong dau tuong
chuyén gen codA ma hoa choline oxydase tham gia vao qua trinh sinh tong hop GB
& Viét Nam 1a huéng di mai, c6 tinh thoi su va cap thiét.

1.3.4. Tinh hinh nghién citu chuyén gen codA ¢ thuc vat

CodA la gen ma héa choline oxidase, enzyme chia khoa trong qua trinh téng
hop va tich lily GB, duy tri 4p suat tham thu trong té bao. Gen codA di duoc
chuyén vao mot sé loai cay trong va ching dugc tang cudng duoc kha niang chéng
chiu cac diéu kién méi truong bat lgi. Viéc chuyén gen codA cua vi khuan
Arthrobacter globiformis vao cay trong c6 thé gitp cay chuyén gen chdng chiu
dugc cac diéu kién bat loi tir moi truong. Mot sé loai cay trong chuyén gen codA
ma hda choline oxidase sinh tong hop GB ting kha nang chdng chiu vai stress phi
sinh hoc dugc thdng ké trong bang 1.1. Cho dén nay, khéng c6 b&o cao nao vé cay

chuyén gen tich lity GB thé hién cac dac diém khong mong mudn khi dugc trong



39

trong diéu kién binh thuong. Céc cdy chuyén gen tich lily GB thuc sy tét hon ciy
WT vé cé4c thanh phan ning suat. Do d6, k¥ thuat chuyén gen tich liiy GB khong
chi tang cuong kha ning chdng chiu vai stress phi sinh hoc ma con c6 thé tang tiém
ning ning suit khi cdy dugc trong trong diéu kién binh thuong, mang lai co hoi
cho nganh cdng nghé sinh hoc ndng nghiép. Nhiéu cdng trinh nghién cau chuyén
gen codA nham ting kha ning chdng chju véi diéu kién moi truong bét loi vao céc cay
trong khac nhau da dugc cong b trong nhimg nim gan day.

Niam 2011, Goel va cs da chuyén gen codA vao cdy ca chua cho thiy kha
ning chiu man cua ca cdy va l1a trong giai doan hat nay mam va cay con. L4 cua cac
cay chuyén gen codA c6 ham lugng nudc, diép luc va GB déu cao hon so véi cy
dbi chiing khi chiu tac dong cia mudi va nudc. Két qua nghién cau cho thay su
biéu hién cua gen codA & cdy ca chua chuyén gen da gay ra su tong hop GB va cai
thién kha ning chéng chiu caa cay ddi véi cac stress man va han [65].

Cheng va cs (2013) da nghién ctu anh huéng cua gen codA dbi véi kha ning
chiu han va phuc héi & mot gidng khoai tdy chuyén gen codA va mot giéng doi
chung khong chuyén gen trong diéu kién han han vira va han nang. Két qua xu ly
han bang phuong phap PEG 20% cho thdy sy biéu hién cua gen codA trong cay
khoai tay chuyén gen va su tich luy GB ; thé nuéc cua 14 cao hon so véi cdy khdng
chuyén gen. Trong giai doan phuc hdi sau stress han, cay chuyén gen codA cho
thay kha nang chéng oxy hod manh hon, hé théng quang hop hiéu qua hon, ham
lwong chat diép luc cao hon, ham lwgng malondialdehyde thap hon va phuc héi tét
hon so véi cay dbi chung [38].

Nam 2014, Li va cs dd nghién cau biéu hién gen codA duéi su kiém soét cua
promoter SWPA2 vao luc lap cia cay co linh lang (Medicago sativa L. cv. Xinjiang
Daye) va tién hanh danh gia cdy chuyén gen trong cac diéu kién stress phi sinh hoc
khac nhau. Céc cay chuyén gen codA cho thay kha nang chong chiu ting cuong dbi
vai NaCl va stress han trén toan bo cay. Khi cay dugc xi ly 250 mM NaCl trong 2

tuan, cdy chuyén gen codA duy tri ham luong diép luc cao hon va muc
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malondialdehyde thap hon so véi cdy khong chuyén gen. Trong diéu kién stress
han, tat ca cac cay chuyén gen déu cho thay kha ning chong chiu véi stress han
dugc nang cao hon thong qua viéc duy tri duoc ham lugng nude tuong ddi cao va
tang ham luong GB va proline so véi cay khdng chuyén gen [94].

Két qua chuyén gen codA ma hoa choline oxidase vao luc lap cua ciy khoai
lang duéi su diéu khién cua promoter SWPA2 cua Park va cs (2015) cho thay, kha
nang chdng chiu doi véi stress oxy héa methyl viologen va stress han. Khi xir ly
methyl viologen & ndng do 5 uM, tat ca cac cay khoai lang chuyén gen codA déu c6
tang kha ning chong chiu vai stress oxy héa thdng qua viéc duy tri ion thap va ting
muc GB so véi cay dbi chimng. Khi cay trong trong diéu kién khd han, cly chuyén
gen codA da cho thay kha nang chdng chiu va duy tri ham lugng nudc cao hon so
V6i cay dbi chung [121].

Cay duong (Populus albax Populus glandulosa) 1 loai cay c6 gia tri kinh té
va chirc ning sinh thai quan trong. Viéc nghién ciru co ché phan tng cua ciy duong
chuyén gen biéu hién gen codA ddi vai stress han c6 thé cung cap co so ly thuyét
cho viéc nhan giéng va tng dung cay duong chiu han. Theo nghién ctu cua Ke va
cs (2016), cay duong chuyén gen codA dudi su diéu khién cua promoter SWPA2 ¢6
kha ning ting trudng tét hon, tich lity lugng GB cao hon trong diéu kién stress oxy
hoa so voi cay khong chuyén gen. Ngoai ra, cac cdy chuyén gen con ting cuong
kha ning chdng chiu v&i han han va stress min do ting hiéu qua hoat dong cua hé
thdng quang hoé PSII [86]. Ciing nghién ctru trén dbi tugng cdy duong chuyén gen
codA, Sun va cs (2017) da danh gia anh hudéng cua stress han Ién sy phat trién cia
cay, ham lugng hydrogen peroxide (H202), malondialdehyde (MDA), GB va cac
hoat dong cua enzyme chong oxy hda. Két qua cho thay, trong diéu kién khé han,
cdy duong chuyén gen sinh truong tét va co khdi lugng khd cua chdi va ré cao;
ham lugng H202 va MDA trong 14 tang 1én rod rét nhung giam lién tuc sau khi dugc
bu nuéc; ham luong proline va GB tu do trong 14 cua ciy dwong chuyén gen cao

hon 2,38 1an so véi & cdy khong chuyén gen. Hoat dong cua cac enzyme SOD,
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POD, CAT va APX trong 14 tang dan khi thoi gian khd han kéo dai va sau d6 giam
sau khi bu nuéc; ngoai trir POD, ba hoat tinh enzyme chdng oxy hda khac trong
dong chuyén gen cao hon dang ké so vai hoat dong cua cac cdy déi chimg. Nhu
vay, Viéc tang ham lugng chat diéu chinh tham thau va ting cudng hoat dong cua
enzyme chdng oxy hoa cd thé 1a co ché sinh Iy noi tai cia viéc ting cuong kha
ning chong han va kha niang phuc hdi caa cay duong chuyén gen codA [152].

Pé ting kha ning chdng chiu stress phi sinh hoc, Baloda va cs (2017) da
nghién ctru chuyén gen codA vao ciy dau xanh. K¥ thuat PCR, dot-blot, ELISA va
Western blot dugc st dung dé danh gia su biéu hién on dinh cta gen chuyén codA
trong cdy chuyén gen. Tién hanh kiém tra do nhay cam cta cdy chuyén gen véi
stress man thong qua su héo cia cac manh 14 kich thudc lem dugce dat trén dung
dich NaCl (50-200 mM) trong 4 ngay cho thiy, cdc manh 14 dau xanh tir cdy khong
chuyén gen bi héo hoan toan trong khi manh 14 tir ciy chuyén gen van con xanh va
tuoi. Nghién ctru da cho thdy vai tro ctia con duong sinh téng hop GB duogc thyuc
hién boi gen codA mi hod enzyme choline oxidase dé tang cudng kha ning chdng
chiu stress ¢ cay dau xanh [21].

K¥ thuat di truyén plastid 12 mot phuong phap hiéu qua dé tao cay khoai tay
chiu han tich lity GB trong luc lap. Gen codA tir A. globiformis da duoc chuyén
thanh cdng vao bo gen luc lap caa khoai tay bang ki thuat di truyén plastid. Qua
phan tich Southern blot, mitc mRNA cua codA trong cdy khoai tay chuyén gen ¢ 1a
cao hon nhiéu so véi ¢ ci. Ham lugng GB dugc tich litly & mac d6 cao o trong ca 14
va cu cua cdy khoai tdy chuyén gen. Viéc ting ham lugng GB ¢ cdy chuyén gen
mang lai kha ning chong chiu dang ké trong diéu kién stress han. Hon nita, ham
lwgng nude, ham lugng chat diép luc, hiéu suat quang hop, hoat dong cia enzyme
chng oxy hoa khi xt ly stress han ting dang ké trong la cua cdy chuyén gen. Két
qua nghién ctu nay cho thay, sinh tong hop GB bang ky thuat di truyén plastid 1a
mot phuong phéap hiéu qua dé ting kha ning chiu han ¢ thyc vat [171].

Betaine aldehyde dehydrogenase (BADH) va choline oxidase (COD) la nhitng
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enzyme quan trong trong qué trinh tong hop GB . Trong nghién ctu cua Zhang va
cs (2020), hai loai cay ca chua chuyén gen BADH va gen codA duoc su dung dé
danh gia kha niang chiu stress nhiét. Két qua cho thay, ham luong GB trong 14 cua
mudi bén dong chuyén gen dao dong tir 1,9- 3.4 umol gt khéi lugng twoi, trong khi
GB hau nhu khong thé phat hién duoc trong la cia cdy WT. Qua trinh dong hoa
CO2 va hoat dong cua hé thdng quang hoé Il ¢ cay chuyén gen c6 kha niang chiu
nhiét tot hon so véi cay WT, dac biét 1a & cly chuyén gen codA. Cay WT ¢6 sy tich
lity hydrogen peroxide (H202), superoxide (O2) va malondialdehyde (MDA) nhiéu
hon cdy chuyén gen; trong d6, cdy chuyén gen codA tich luy it nhat. Hon nita, Su
biéu hién cua cac protein séc nhiét HSP70 duoc tim thdy & cay chuyén gen nhiéu
hon so véi cdy WT khi bi stress nhiét, dac biét 1a & cay chuyén gen codA. Két qua
nghién ctru nay chi rd vai tro tich cuc caa GB trong phan wng véi stress nhiét, gidp
taing cuong kha nang chiu nhiét & thuc vat chuyén gen. Cay ca chua chuyén gen
codA c¢0 kha nang chiu nhiét cao hon cay ca chua chuyén gen BADH va H202, mot
san pham phu tir sy biéu hién cua gen chuyén codA, dong mét vai trd quan trong
nhu mot phan tir tin hiéu trong kha nang chiu nhiét caa cay chuyén gen [175].

Ngoai ra, & mot so cdy chuyén gen codA, ngudi ta quan sat thay lugng GB
tich lily khong nhitng mang lai kha niang chdng chiu stress ma con cai thién kha
nang sinh san va ting niang sut [118]. Cay ca chua chuyén gen tich liiy GB trong
co quan sinh san cao gap 2,8- 3,8 1an so véi trong 14. Ham luong GB ting 1én da
nang cao kha nang chiu lanh ddng thoi tang kha nang dau trai tir 10-30% trong diéu
kién stress lanh [116]. Biéu hién cua gen codA dan dén cai thién sy phét trién cua
hoa va qua. Cay chuyén gen tao ra hoa to hon va qua niang hon 54% so véi doi
chting khong chuyén gen. Nhitng két qua nay chi ra rang, viéc st dung cac gen sinh
tong hop GB khdng c6 tac dung phu ma con rat c6 lgi khi co tac dong tich cuc dén
cac co quan sinh san ¢4 trong diéu Kién binh thuong va stress.

Zang va cs (2019) nhan thay, viéc chuyén gen codA va BADH ¢ cay ca chua

gay ra su hinh thanh hoa va qua to hon. Ngoai ra, cdy ca chua chuyén gen c6 toc do
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quang hop cao hon, ham lugng cac chat dong héa va ham luong diép luc trong &
cao hon ciy khong chuyén gen. Viéc gia ting kich thudc qua c6 lién quan dén ham
lugng phytohormone, chang han nhu auxin, brassinolide, gibberellin va cytokinin
duoc diéu chinh boi GB. Két qua qPCR chi ra réng muc d6 biéu hién ctia mot sb
gen lién quan dén sy ting trudng va phat trién cua qua ciing dugc ning cao & ciy
chuyén gen. Két qua phan tich mac d6 biéu hién gen & cdy ca chua chuyén gen
nhan thdy GB da thiic day phat trién hoa, qua ca chua théng qua nhiéu con dudng:
quang hop, tai ban DNA, truyén tin hiéu phytohormone va céc qué trinh sinh tong
hop. Nhu vay, k¥ thuat chuyén gen sinh tong hop GB ¢6 thé cung cip mot céch tiép
can méi dé nang cao nang sut cua ca chua va cac cy trong khac [176].

O Viét Nam, Bui Van Thing va cs (2013) da nghién chuyén gen codA tng
hop nhan tao ma héa cho choline oxidase tham gia vao sinh tong hop GB di duoc
chuyén thanh cdng vao cay Xoan ta thdng qua A. tumefaciens. Cay xoan ta chuyén
gen codA thu dugc da ting cuong kha nang chiu han va chiu man. Ham lugng GB
tich ity trong 14 ctia c4c dong xoan ta chuyén gen tir 2,1- 4,5 mM/g 14 tuoi cao hon
nhiéu so véi dong xoan ta d6i chung khéng chuyén gen (0,7 mMg 14 tuoi). Céc
dong xoan ta chuyén gen di cai thién dugc kha niang chéng chiu véi diéu kién kho
han [9]. C4c dong xoan ta chuyén gen codA thé hé To tiép tuc dugc danh gia & diéu
kién méi trudng nhiém man nhan tao. Két qua cho thiy, cac dong xoan ta chuyén
gen tang cudng kha ning chiu min so véi dong khdng chuyén gen. Ham luong GB
trong 14 cua cac dong xoan ta chuyén gen cao hon so véi dong WT, dong chuyén
gen TX4 (3,94 - 4,50 mM/g 14 tuoi), TX12 (2,38 — 2,63 mM/g 14 tuoi), TX27 (3,29
- 3,80 mM/g 14 tuoi), TX28 (3,25 - 4,27 mM/g 14 tuoi), TX54 (1,60 — 2,54 mM/g I4
tuoi) trong khi d6 dong WT ham lugng GB trong 14 tich lity dugc chi tr 0,24- 0,81
mM/g 14 tuoi. Nhu vay, cac dong Xoan ta chuyén gen codA ting cudng sinh téng
hop GB di cai thién dugc kha ning chdng chiu véi diéu kién mai trudng bi nhiém

man [5].
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Bang 1.1. Mot s6 loai cay trong chuyén gen codA ma hoa choline oxidase sinh tong

hop GB tang kha ning chdng chiu cac yéu t6 bat loi phi sinh hoc

Ham lwong . Kha nang .
.. . . Bao quan R . Tac gia,
Doi twgng GB tich luy, co . chong chiu A B
Mmuc tieu e nam cong bo
guan bat lgi
Arabidopsis 1,0 umol/g Luc Nhiét do Hayashi va cs,
a /
thaliana lathat tuoi YRR thdp, man 1997 [72]
Arabidopsis 12,0-18,0 umol/g ) Alia va cs, 1998
. R Luc lap | Nhiét do cao
thaliana hat kho [15]
Lia 5,3 umol/g Luc lap/té |  Nhiét do Sakamoto va cs,
14 twoi bao chat | thap, man 1998 [132]
Arabidopsis Chua xac dinh Luc Anh sang Alia va cs, 1999
\ a
thaliana chdi uclap manh [16]
Arabidopsis 0,7-0.9 umol/g 5 L Sakamoto va cs,
) N Luc lap Bang gia
thaliana choi khd 2000 [133]
, 1,0-2,12 umol/g Mohanty va cs,
Lda o Luc lap Man
14 kho 2002 [106]
. 0,1-0,3 umol/g Nhiét 3o Park va cs, 2004
Ca chua . Luc lap .
la twoi thap [118]
Luc lap/ Nhiét do .
. 2,0 umol/g o . Park va cs, 2007
Cachua , . te bao thap, man,
co quan sinh san . ) [117]
chat oxy hoéa
. 0,9-1,43 umol/g oxy hda, Ahmad va cs,
Cachua ) , Luc lap
la tuoi man, han 2008 [13]
. 0,17-0,29 mmol/g | Chua xac 5 Yu va cs, 2009
Bach dan i . Man
la twoi dinh [172]
. 214-297 nmol/g Goel va cs, 2011
Ca chua _ Luc lap Man, han
la tuoi [65]
. 12,0 umol/g Cheng va cs, 2013
Khoai tay _ Luc lap Han
14 tuoi [38]
2,1- 4,5 mmol/g Bui Vin Thing va
Xoan ta . Luc lap Han
14 tuoi cs, 2013 [9]
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Ham lwong . Kha ning L
. . . Bao quan . Tac gia,
DPoi tuwong GB tich luy, co muc iy chong chiu < cone b
I nam n
guan Y bat lgi cong o
o 9,6-15,5 mmol/g oxy hoa, Livacs, 2014
Co linh lang S Luc lap y
14 tuoi han, man [94]
_ 0,58- 0,60 umol/g ) Park va cs, 2015
Khoai lang o Luc lap | oxy hoa, han
la tuoi [121]
Cav d 1,13- 1,76 pumol/g Luc oxy hda, Ke va cs, 2016
ay quong la tuoi welap man, han [86]
) o ) Sun va cs, 2017
Cay duong Chua xac dinh Luc lap | oxy hoa, han [152]
. ) Baloda va cs,
Dau xanh Chua xac dinh (la) Luc lap Man 2017 [21]
Xoan ta 3,94 - 4,50 mmol/g Luc Man Chu Hoang Ha va
a a
14 tuoi we e ' s, 2017 [5]
. 1,0- 3,4 umol/g N Zhang va cs, 2020
Ca chua _ Luc lap | Nhiét do cao
la tuoi [175]
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Chwong 2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. VAT LIEU NGHIEN CUU
2.1.1. Vit lidu thuc vat

Gidng thudc 1a4 K326 sir dung lam cay méd hinh trong thi nghiém thiét ké
vector va biéu hién gen codA dugc cung cap boi Vién Nghién ctu thude 14.

Gidng dau tuong PT22 duoc cung cap boi Trung tm Nghién ciru va Phat trien
dau d6, Vién Cay luong thuc va Cay thuc pham, Vién Khoa hoc Nong nghiép Viét
Nam. Giong PT22 ¢6 uu diém vuot trdi nhu thoi gian sinh truong ngan, do thuan
cao, cho ning sut cao. Tuy nhién, giéng DT22 dugc danh gia 1a gidng dau tuong
thuoc nhom cé kha nang chiu han sinh ly, chiu man kém [2].

2.1.2. Céc chiing vi khuan va céc loai vector

Chung vi khuan E. coli DH5a va Agrobacterim tumefaciens C58/pGV2206
(IPK, Gatersleben, Dtc) duoc cung cap tir Vién Cong nghé Sinh hoc, Vién Han
lam Khoa hoc va Cong nghé Viét Nam.

Vector pIBTII kich thuéc 11605 bp, pCAMBIA kich thudc 13595 bp dugc
thiét ké va st dung tai phong Cong nghé té bao thuc vat, Vién Cong nghé Sinh hoc,
Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

Trinh ty gen codA ma hoa cho choline oxidase tur Arthrobacter globiformis
khai thac trén Genbank (M4 s AY304485) duoc téi wu héa nham ting tinh biéu
hién trén thuc vat, dugc tong hop va cung cap bai cong ty Epoch Life Science
Inc, My (hinh 2.1).

2.1.3. Cac ciap mai sir dung cho phan &ng PCR

Cac cip moi PCR dic hiéu c6 trinh ty nucleotide va san pham khuéch dai
doan DNA c6 kich thuéc du kién duogc trinh by ¢ bang 2.1. Cac cap mdi duoc
thiét ké va tong hop tai Phong Cong nghé Té bao thuc vat, Vién Cong nghé sinh

hoc, Vién Han 1dam Khoa hoc va Cong nghé Viét Nam.



47

Bang 2.1. Trinh tu cac cip moi dic hicu

Tén Trinh ty 2 cip mdi (5° - 3°) Kich thudc gen
(bp)
GTGTTGCAGTTGGATCGTTG
codA-F/R CCTACACCTGGAGAGTCAA =750
AAACCCACGTCATGCCAGTT
Bar-F/R GACAAGCACGGTCAACTTCC ~400
F/TP-Xbal | GCTCTAGAATGGCACAAATTAACA 100
R/cmyc-Sacl | CGAGCTCTCAATTCAGATCCTCTTC

ATGGCACAAATTAACAACATGGCACAAGGGATACAAACCCTTAATCCCAATTCCAATTTCCAT
AAACCCCAAGTTCCTAAATCTTCAAGTTTTCTTGTTTTTGGATCTAAAAAACTGAAAAATTCA
GCAAATTCTATGTTGGTTTTGAAAAAAGATTCAATTTTTATGCAAAAGTTTTGTTCCTTTAGGA
TTTCAGCATCAGTGGCTACAGCCTGCATGCACATCGATAATATTGAAAATCTTAGTGACAGAGA
GTTCGACTACATTGTTGTTGGAGGTGGTTCAGCTGGAGCTGCAGTGGCTGCACGTCTTTCTGAAGAT
CCTGCAGTTAGTGTTGCCTTGGTTGAAGCCGGACCTGATGACAGAGAGGGGTGCCAGAGGTGTTGC
AGTTGGATCGTTGGATGGAATTGCTTGAATCTGGATACGATTGGGATTATCCAATAGAACCACAAG
AGAATGGCAATAGTTTTATGAGGCATGCACGTGCTAAAGTCATGGGCGGTTGTTCTTCACATAACA
GTTGCATTGCATTCTGGGCCCCAAGGGAGGATTTGGATGAGTGGGAAGCAAAATATGGTGCTACTG
GCTGGAATGCTGAGGCGCATGGCCTCTTTACAAAAGGCTTGAAACTAACGAAGATGCAGGACCAG
ATGCTCCACATCACGGAGATTCAGGGCCTGTCCACTTGATGAATGTGCCACCTAAAGATCCAACAG
GCGTAGCATTGTTGGATGCATGCGAACAGGCCGGCATTCCTAGAGAGCCAAGTTTAATACCGGCAC
AACAGTCGTTAATGGAGCCAACTTCTTTCAGATTAATAGAAGGGCTGACGGGACAGGTCATCTTCA
AGTGTCTCATATATCCATCCAATCGTCGAGCAAGAAAACTTTACTTTGTTGACTGGTCTTAGGGCAC
GTCAACTTGTTTTCGACGCTGATAGACGTTGCACTGGGTTGATATAGTCGACTCTGCCTTTGGACAT
ACACATAGGCTTACAGCTAGAAACGAAGTCGTACTTTCTACTGGTGCAATTGATACACCAAAGTTG
CTTATGTTGTCTGGAATCGGGCCTGCAGCACACCTTGCTGAACATGGAATCGAGGTGTTGGTTGAC
TCTCCAGGTGTAGGGGAACACCTTCAAGATCACCCTGAAGGAGTTGTCCAGTTCGAGGCTAAACAA
CCAATGGTCGCCGAATCAACCCAATGGTGGGAGATCGGTATCTTTACTCCTACTGAAGACGGCCTT
GATAGGCCAGACCTTATGATGCATTACGGTTCAGTCCCTTTCGATATGAATACTTTGAGACATGGGT
ATCCTACAACTGAGAATGGATTCTCATTGACCCCTAATGTTACACATGCCAGGTCTAGGGGTACTG
TGAGACTTAGAAGTAGGGACTTTAGAGACAAGCCTATGGTTGATCCTAGATATTTCACCGACCCAG
AAGGCCACGATATGAGAGTAATGGTGGCAGGTATTAGAAAGGCTAGAGAGATTGCAGCTCAACCT
GCTATGGCTGAATGGACCGGTAGAGAGAGCTTTCACCAGGAGTTGAGGCCCAAACCGATGAAGAA
TTGCAGGATTATATTCGTAAGACTCATAACACCGTTTACCACCCTGTGGGTACCGTGAGAATGGGC
GCTGTGGAAGACGAGATGAGTCCACTTGATCCTGAATTGAGAGTGAAAGGAGTGACAGGACTTAG
GGTCGCAGATGCTTCAGTGATGCCTGAACATGTAACAGTTAACCCTAATATCACCGTGATGATGAT
AGGTGAGCGTTGTGCTGATTTGATTAGATCAGCTAGAGAGCAGGGGAGACTACCACCGCTGATGCT
GAACTTTCTGCAGCTTTGGCACAGAAACTCATCTCAGAAGAGGATCTGAATTGA

Hinh 2.1. Trinh tu gen codA duoc tong hop bai Epoch Life Science Inc.

Mau do: trinh t nucleotide ma héa protein védn chuyén tiéu don vi Rubisco ¢ cay
thuoc la; Mau xanh dam: trinh ti nucleotide ma hoa khang nguyén c-myc de phat hién
protein codA tai to hop.
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2.2. HOA CHAT, THIET BI
2.2.1. Ho4 chéat

Kit tinh sach DNA (QIAquick Gel Extraction Kit) va tach chiét plasmid
(QlAprep Spin Miniprep Kit) (QIAGEN); Cac loai enzyme cat gigi han va cac hoa
chat théng dung khac (X-gal, agarose...) cua céc hang Merck, Sigma, Amersham
Pharmacia Biotech; Taq polymerase, dNTPs, thang DNA 1 kb cta héng Fermentas
(M3).

Céc hoa chét yeast extract, bacto pepton, trypton, NaCl, agarose, sucrose,
glycerol, DDT, L-Cystein, Na2S203, PPT; c4c chét diéu hoa sinh truong BAP, IBA...;
khang sinh spectinomcine, rifamicine, cefotaxime... duoc cung cip boi cac hang:
New England Biolabs (Anh), Amersham Pharmacia Biotech (Thuy Bién), Chemicals
(btic), Sigma (MY), Duchefa (Ha Lan), Merck (Ptc) va Wako (Nhat Ban).

Qua trinh téi sinh va chuyén gen vao ciy dau tuong str dung cac moi trudng
MS co ban (Murashige va Skoog, 1962) b6 sung B5 (Gamborg, 1968); GM, SIM,
SEM, RM. Mbi trudng nudi khuan va tao huyén phu khuan: YEB, CCM.
2.2.2. Thiét bi

Céc thiét bi s dung trong nudi cay md té bao thuc vat va chuyén gen gom
box cay, binh tam giac, dan nudi cdy, ndi khir triing, may nudi lic, may do pH, may
do OD...

Céc thiét bj sir dung trong sinh hoc phan tr gdm may PCR system 9700
(Applied Biosystem, My), may dién di Powerpac 300 (Bio-Rad, M¥), may soi
DNA (Mini-transllumminatior, BioRad, My), may chup anh (Amersham Pharmacia
Biotech, Thuy Dién), may Vortex (Minishaker, IKA, Bic), may hit chan khdng
(Savant), may li tam (Eppendorf), may 6n nhiét, may bién nap bing xung dién, may
voltex... va cac trang thiét bi khac cua Phong Cong nghé té bao thyc vat va Phong

thi nghiém trong diém Cong nghé gen, Vién Cong nghé Sinh hoc.



2.3. PHUONG PHAP NGHIEN CUU

Thiét ké vector biéu hién gen thuc vét chira cdu tric mang gen codd va

danh gia hoat dong ciia vector mang gen chuyén codA trén cidy mo hinh

|

Nghién ctru 4nh hudng ciia mot so6 yéu to nham thdm do

hiéu qua chuyén gen codA & ciy ddu tuong

l

Bién nap céu tric mang gen codA vao gidng dau turong
PT22 va tao cdy dau trong chuyén gen chiu han

|

Phén tich cay dau trong chuyén gen codd4 & thé hé T, T,

/\

Sang loc ciy chuyén gen Kiém tra sy hgp nhat va su bi€éu

bang chiy diét co va PCR hién cua gen chuyén codA trong
cay dau twong chuyén gen

\ /

banh gia kha nang chiu han ctia mot ) dong dau
turong chuyén gen codA4 duéi diéu kién han nhan tao

,/l\;

Panh gid sirc ndy f?énh gia kha nén.g Dél’ll’.l gia cac chi sb
mam cia hat du6i sinh trudng va chiu hoa sinh cua ?ﬁy dau
didu kién han nihan han 01:1a cay dau tu’O"ng tuong ghuyén gen
tao chuyén gen dudi dicu dudi dieu kién han
kién han nhan tao nhan tao

— T ==

Chon dong dau twong chuyén gen c6 kha ning chiu han cao

Hinh 2.2. So d6 thi nghiém tong quat
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2.3.1. Nhém phuwong phap thiét ké vector chuyén gen codA va chuyén gen &
thudc la
2.3.1.1. Phwong phdp thiét ké vector chuyén gen codA
Phuwong phdp tao cdu tric mang gen chuyén codA

Thuc hién cac phan ¢ng cit enzyme gioi han, lai tao vector tai to hop.
Plasmid tai t6 hop duoc bién nap vao té bao vi khuan theo phuong phap xung dién
ciia Cohen va cs (1972) [40]. DNA tai t6 hop dugc kiém tra bang phuong phap
PCR véi mdi codA-F/R. Cat dong thoi plasmid vector pIBTII va pCAMBIA-HSP-
codA, pCAMBIA-35S-codA, pCAMBIA-rd29A-codA bing cip enzyme gidi han

HindIl1 va EcoRI dé tao cac dau dinh twong Gng.

Plasmid pIBTIl va pCAMBIA-HSP-codA, pCAMBIA-35S-codA, pCAMBIA-
rd29A-codA sau khi tinh sach duoc cat voi Hindlll va EcoRI. San pham cat dugc
dién di trén gel agarose 0,8%. Cac phan doan 8,8 Kb cua pIBTII dugc tinh sach va
2,4 kb, 2,7 kb va 2,6 kb cua pCAMBIA-HSP-codA, pCAMBIA-35S-codA,
pPCAMBIA-rd29A-codA duoc thu hdi bang phuong phap thoi gel.

San pham cit dugc tinh sach bang GeneJET PCR Purification Kit cia hing
Thermo Scientific nhu sau: Thém vao 25 pl binding buffer, tron déu. Cho toan bo
dich Ién cot ly tdm. Ly tdm 13000 vong/phuat trong 1 phut, bo dich qua cot. Thém
vao cot 500 Wash buffer. Ly tdm 13000 vong/phdt trong 1 phut, bé dich qua cot.
Ly tdm tiép 13000 vong/phit trong 1 phat. Chuyén cot ly tam sang éng 1,5 ml.
Thém vao cot ly tam 30 ul nudc khir ion vo trung, u ¢ nhiét do phong trong 2 phdt.
Ly tdm 13000 vong/phut trong 1 phat, thu lay dich.

DNA trén gel agarose dugc thu hdi bang cach u phan doan gel véi binding
buffer ti 16 1:1 dé hoa tan gel. Sau d6 thuc hién twong tu cac budc nhu bén trén.

Phwong phdp gan cau tric mang gen chuyén codA vao vector chuyén gen pIBTII
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a) pIBTII-rd29A-codA

Hindllf | | Xbal Sacl | | EcoRI
| e K s D) codd__||[tmes| |
b) pIBTII-HSP-codA
Hindlll | |Xbal Sacl | EcoRlI
| I eer K5 | codn_[|[ms] |
¢) pIBTII-35S-codA
Hindllf | | Xbal Sacl | | EcoRI
| e K s D) e

Hinh 2.3. So d6 cac vector pIBTII-rd29A-codA, pIBTII-HSP-codA, pIBT11-35S-codA

Tvsp: Terminator from soybean vegetative storage protein gene, Tnos: NOS terminator

Bar: gen khang phosphinothricin, Rd29A: promoter cam wng stress han, HSP: Heat shock

promoter, 35S: promoter CaMV35S, codA: gen ma hoa cho choline oxidase; Hindlll,

Xbal, Sacl, ECoRI...: Vi tri cdc diém cat cia enzyme gigi han

Phan doan cua pIBTIl va phan doan cua 35S-codA-Nos, rd29A-codA-Nos,

HSP-codA-Nos sau khi duoc tinh sach dugc ghép ndi véi nhau bang phan tng

ligase va duogc bién nap vao E. coli dé kiém tra vector tai t6 hop. Thanh phan phan

g ndi véi T4 ligase duoc trinh bay trong bang 2.2. So dd ciu trdc ctua cac vector
pIBTII-rd29A-codA, pIBTII-HSP-codA, pIBTII-35S-codA dugc mé ta trong hinh 2.2.

Hon hop phan tng dugc u & 22°C trong 30 phut. Sau d6 dit hdn hop phan tng

1én da lanh va tién hanh bién nap vao té bao kha bién E. coli chung DH5a. Dich

khuan sau bién nap duoc trai trén dia thach LB chta spectinomycine 50 mg/l.

Khuan lac duoc kiém tra bang phuong phap clony-PCR véi méi codA-F/R.

Céc khuan lac duong tinh véi phan ang PCR duoc nudi long va tach plasmid.

Kiém tra plasmid bang phan ung cét véi Hindlll va EcoRl.
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Bang 2.2. Thanh phan phan tng ndi v6i T4 ligase

STT Thanh phan phan tng Thé tich(ul)
1 Phan doan cua plasmid pIBTII 25 ng/ul 2
2 Poan mang gen chuyén codA 10 ng/pl 2
3 T4 DNA ligase Buffer 10X 2
4 | T4 DNA ligase (10U/pl) 1
5 H20 deion 13
Tong 20

Phirong phdp tqo ching A. tumefaciens C58 chira vector chuyén gen codA

Té bao kha bién dit trong d4 10 -15 phit. Bo sung 1 pl vector chuyén gen vao
6ng té bao kha bién va tron nhe. Rira cuvette bang con 1000, rira lai bang nuéc khir
ion, khur trang roi thim khd. Chuyén tat ca hdn hop dich A. tumefaciens C58 +
vector chuyén gen vao cuvette. Xung dién: 2,5 kv, 25uF va dién tro 400Q2. Dat
ngay vao da. Sau 5- 10 phit bd sung 300 pl LB va tron nhe. Chuyén sang 6ng
Eppendorf 2 ml. U ¢ 28°C trong 1 gid trén may lac 200 vong/phit. Cay trai dich
vao dia chon loc chtra khang sinh spectinomycine 50 mg/l va rifamicine 50 mg/l. U
¢ 28°C trong 48 gio.

Khuan lac dugc sang loc bang phuong phap clony-PCR. Dong khuan lac
duong tinh s& duoc giir lai nuoi trong méi truong LB long dé sir dung trong céc thi
nghiém chuyén gen.
2.3.1.2. Chuyén céc cdu tric vector sau thiét ké vao cay thudc 1a va kiém tra sw
c6 mdt ciia gen chuyén

Vector téi t6 hop duoc chuyén vao thuéc 14 gidng K326 theo phuong phap
cua Topping (1998) [154]. Cac dong thudc 14 chuyén gen dugc phan tich PCR véi 2
cap mdi codA F/R, bar F/R va dugc danh gia kha ning tao chdi va tao ré trong diéu
kién han sinh Iy bang polyethylene glycol (PEG) 8000 2,5%.
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2.3.1.3. Phén tich ham lwong glycine betaine trong cy thuéc la chuyén gen

L& cua cac cay thudc 14 chuyén gen sau khi gay han nhan tao dugc thu thap
va danh gia ham luong GB tich lity theo phuong phap cua Grieve va Grattan (1983)
[66]. Lay 0,5 g mau la thudc 14 da sdy khd nghién min, bd sung 20 ml nude deion,
lic 200 vong/phat & 25 °C trong 24 gio. Dich chiét duoc loai bo can va pha lodng
véi H2SO4 2N theo ty 18 1:1, dit trén da trong 1 gio. 0,50 ml hdn hop duge dua vao
6ng chtra sdn 0,20 ml thudc thir Kl-12 lanh sau d6 lac déu. Hon hop phan ang giit ¢
4°C trong 16 gid, sau do ly tam véi tbe 6 10.000 vong/ phat ¢ 0°C trong 10 phdt.
Loai bé dung dich, cin thu duoc dugc cho phan tng véi 9,0 ml thube thir 1,2-
dichloroethane. Sau 2- 2,5 gio, tién hanh do do hap thu cua hén hop phan tng ¢
budc séng 365 nm bang may do quang pho. Nong do GB trong cac mau thi nghiém
duoc x4c dinh dya trén dudng chuan cua dung dich GB chuan. Cac s6 liéu thu duoc
trong nghién ctu duoc xir Iy bang phan mém GraphPad Prism (V7.04 cua GraphPad
software Inc, My).
2.3.2. Nhém phwong phap nghién ciru diéu kién thich hep cho chuyén gen &
gidng dau twong PT22
2.3.2.1. Khe trung hat

Hat dau twong DT22 to tron déu, mau vang sang, vo hat khong bi nat duoc
chon lam vat liéu chuyén gen. Hat chin duogc khir tring bang khi Chlor (Cl2). Khi
chlore duoc tao ra bang cach b sung 3 ml HCI dam dic vao 100 ml javen thuong
pham. Viéc khur trung dugc thuc hién trong mot binh kin va dit trong ta hit 14- 16
gio. Sau khi khur trung, hat dugc gieo trén méi truong GM trong thoi gian 5-7 ngay.
2.3.2.2. Chudn bi khudn

Cac loai moi truong st dung trong qué trinh nudi cay tao dich huyén phu vi

khuan gdm: méi trudng nudi khuan dic, méi trudng nudi khuan 1ong va méi truong

tao dich huyén phu vi khuan (bang 2.3).
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Nubi cay tao khudn lac: cay trai A. tumefaciens mang gen codA tir 6ng giir
ching 1én moi trudng YEP dic c6 bo sung khang sinh phi hop, nudi trong ta 6n
nhiét 28°C trong thoi gian 48 gio.

Nubi léng khudn: ding que cdy chon mét khuan lac riéng biét trén dia khuan
ciy vao moéi trudng YEP 1ong bo sung cac loai khang sinh nhu nuéi dac. Binh nudi

long duoc lac 200 v/p ¢ 28°C trong 16 gid trong diéu kién téi hoan toan.

Bang 2.3. Moi trudng nudi khuan

yeast extract (10 g/l) + NaCl (5 g/l) +
Yeast extract peptone (YEB) dac
tryptone (10 g/l) + 15¢/l Bacto agar, pH =7

yeast extract (10 g/l) + NaCl (5 g/l) +

Yeast extract peptone (YEP) long
tryptone (10 g/l), pH=7

Tao dich huyén phu vi khuan: Liy 5ml dich khuan thu tir qua trinh nuéi long
b sung thém vira da 50ml va tiép tuc nudi phuc hdi 4- 6 gid. Sau d6 dich khuan
duoc ly thm ¢ 5000 v/p trong 10 phit & 4°C. Loai bo phan dich ndi va hoa tan cin
khuan trong méi trudng CCM long ¢ bd sung acetosyrigone (AS) dé dat mat do
huyén pht vi khuan ODeso 0,4— 1,0.
2.3.2.3. Nghién citu dnh hwéng ciia mét sé yéu té dén hiéu qud chuyén gen codA

Vector tai to hop pIBTI/rd29A-codA dugc bién nap vao chung khuan A.
tumefaciens C58/pGV2206 tao A. tumefaciens tai to hop. Chung A. tumefaciens
mang vector pIBTII/rd29A-codA duoc lay nhiém vao giong dau twong PT22 qua
nach 14 mam theo phuong phap ciia Olhoft va cs [115]. Xac dinh ham luong PPT
sir dung chon loc cac chdi chuyén gen thi nghiém tir méi treong SIM2 ¢é bd sung
PPT véi 5 mac nong do (0; 1; 3; 5; 7) mg/l. Nghién cttu anh huéng nong d6 khuan
Agrobacterium & ODgso sir dung cho chuyén gen vao dau tuong véi dich khuan cé

gia tri ODegso lan luot 12 0,4; 0,6; 0,8 va 1,0 vai thoi gian 1ay nhiém 30 phit. Nghién
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ctu anh huong cua thoi gian u khuan Agrobacterium va dong nudi cay dén hiéu
qua chuyén gen ¢ gidng dau twong PT22 duoc thuc hién vai cac khoang thoi gian o
lan lwot 1a: 15 phat; 30 phat; 45 phat; thoi gian ddng nudi ciy 2 ngay, 5 ngay va 8
ngay. Xac dinh ndng do khang sinh cefotaxime bd sung vao méi trudng rira khuan
(SIM 16ng) va thoi gian rira khuan sau 5 ngay ddng nudi cay ¢ cac ngudng nong do 1a:
200 mg/l, 500 mg/l va 1000 mg/l véi thoi gian rira khuan nghién ctu 1a 5 phat, 10
phut, va 15 phut.
2.3.3. Nhém phwong phap tao ciy dau twong chuyén gen codA
2.3.3.1. Bién nap di truyén va tao cdy ddu twong chuyén gen

Ba vector tai t6 hop pIBTII-rd29A-codA, pIBTII-HSP-codA, pIBTII-35S-
codA duoc bién nap vao gidng dau twong DT22 biang phuong phap bién nap théng
qua nach 14 mam theo phwong phap cua Olhoft va cs (2001), c6 cai tién [115].
Thanh phan méi truong sir dung trong chuyén gen codA & dau tuong dugc trinh bay
trong bang 2.4.

Céac cum da chdi sau 2 tuan phat trién trén méi truong cam Gng tao choi
SIM1 (khéng chira PPT) tiép tuc duoc chon loc lan luot trén méi trudng cam Gng
tao chdi SIM2 (c6 bd sung PPT 3 mg/l) va cac méi truong kéo dai chdi SEMI,
SEM2 (c6 bo sung PPT 1,5 mg/l)... twong tng véi sé lan cay chuyén. Cac choi
séng s6t sau c4c 1an chon loc duoc cit tao ré trén moi trudng RM c6 bd sung IBA.
Sau 7- 12 ngay, céc chdi ¢ bo ré hoan chinh duoc trong ra dat trong phong thich
nghi sinh trudong va duoc kiém tra sy c6 mit cua gen chon loc va gen dich bang
phuong phap phét chat diét co va ky thuat PCR.
Sang loc cay chuyén gen bang chdt diét cé

Cac dong dau tuong chuyén gen duoc sang loc va xac dinh bang thu tinh
khang chét diét cé theo phuong phap cuia Brettschneider va cs (1997) [29]. Dung
dich thudc diét co PPT 250mg/l bd sung 0,1 % Tween 20 duoc tham trén tim bong,
phét truc tiép 1én bé mat trén cua la cua cdy dau twong cach phan ngon la khoang

1,5 cm. Két qua duoc ghi nhan sau 3-5 ngay tién hanh.
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Bang 2.4. Thanh phan mai trudng sir dung trong chuyén gen codA & dau tuong

Moi truong

Thanh phan

Hat nay mam
(germination
medium — GM)

Mubi B5 3,052 g/l + sucrose 20 g/l + gellan 2,5 g/I, pH = 5,8
c6 bo sung vitamin B5 1000X 1 ml/l.

Dich huyén phu
(co-cultivation

medium - CCM
long)

Muébi B5 0,316g/l + MES 3,99/l + sucrose 30 g/l pH = 5,4 ¢6
b6 sung acetosyringone 40 mg/l + dithiothreitol 154 mg/l + L-
cysteine 400 mg/l + sodium thiosulfate 158 mg/l + vitamin
B5 1000X 1 ml/l + BAP 1,67 mg/l + GA3 0,25 mg/I.

Pdng nudi cay
(CCM dic)

Muébi B5 0,316 g/l + MES 3,9 g/l + Sucrose 30 g/l + 6 agar g/l
pH = 5,4 c6 bd sung acetosyringone 0,04 g/l + vitamin B5
1000X 1 ml/l + BAP 1,67 mg/l + GA3 0,25 mg/I.

Diét khuan va

tao da choi (shoot

Muébi B5 3,052 g/l + MES 0,59 g/l + sucrose 30 g/l + agar 8
g/l, pH = 5,8, b6 sung BAP 1,67 mg/l + cefotaxime 500 mg/I

induction o
_ + vitamin B5 1000X 1 ml/I.
medium- SIM)
. MS 4,3 g/1 + MES 0,59 g/l + sucrose 30 g/l + nudc dua 200
Kéo dai choi

(shoot elongation
medium- SEM)

ml/l + gellan 2,5 g/l, pH = 5,8 c6 bd sung cefotaxime 500
mg/l + vitamin B5 1000X 1 ml/l + GA3 0,5 mg/l + IAA 100

mg/l + L-asparagine monohydrate 50 mg/I.

Ra ré (rooting
medium- RM)

MS 4,3 g/l + sucrose 20 g/l + MES 0,59 g/l + gellan 2,5 g/l,
pH = 5,8 ¢6 bo sung cefotaxime 250 mg/l + IBA 0,1 mg/l +
vitamin B5 1000X 1 ml/l + L-asparagine monohydrate 50
mg/l.
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2.3.3.2. Phan tich cdy ddu twong chuyén gen
Ky thuat PCR
DNA tong s6 cua cac dong ddu twong chuyén gen duoc tach chiét tir 14 bang

phuong phap stir dung CTAB cua Delllaporta va cs (1983) [46]. Sau do, xac dinh su
c6 mit cua gen codA va gen bar bang PCR thong qua cap mdi dic hiéu codA-F/IR
va gen bar-F/R (bang 2.1). San pham cua phan (ng PCR dugc kiém tra bang dién
di gel agarose 0,8%.
K§ thuat Southern blot

Cac dong dau twong chuyén gen codA lua chon tir cc dong chuyén gen da
sang loc bang chat diét co va ky thuat PCR dugc st dung dé danh gia sy ¢ mat va
s6 ban copy trong hé gen dau tuong thong qua phuong phap lai southern blot. DNA
tinh sach tr mau 14 duoc cat biang EcoRIl. San pham cat duoc dién di trén gel
agarose 1%, sau d6 duoc chuyén 1&n va c6 dinh trén mang Zeta-Probe® GT (Bio-
Rad, Hercules, CA, M¥). DNA dugc ¢ dinh trén mang nylon bang tia UV. Poan
san pham PCR kich thudc 500 bp dwoc nhan bang cap mdi cua gen codA, duogc sir
dung lam mau do cho phan @ng lai Southern. Bo kit Prime-1t® RmT Random Primer
Labelling Kit (Stratagene, La Jolla, CA, M¥) duoc sir dung dé tao mau do bang dong
vi 32P theo hudng dan caa nha san xuat. Budc lai va rira mang duoc thyc hién ¢ 65°C
theo huéng dan cua nha san xuét Bio-Rad, Hercules, CA, My. Céc cong doan trong
phan tich Southern Blot dugc thuc hién tai Trung tdm chuyén gen thuc vat thuoc Dai
hoc Missouri, Hoa Ky.
K¥ thuat Western blot

Céc dong dau twong chuyén gen codA duoc kiém tra véi thude diét co dé chon
cac cay khong man cam. Cac cdy nay tiép tuc dugc xu ly han ddi véi ciu tric
rd29A-codA. Sau d6 1a cua cac cdy nay duoc thu dé tach va tién hanh kiém tra biéu
hién protein bang k¥ thuat Western blot véi cac bude co ban sau: (i) Protein tong sé

tir mau 14 duoc tach bang dich chiét PBS (phosphate-buffered saline) 0,05% Tween
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20 theo ti 1¢ 1: 2 (gam mau: ml dich chiét), ly tam 13000 vong/phut trong 15 phdt;
(ii) Dién di bién tinh protein trén gel polyacrylamide- SDS 10%:; (iii) Chuyén
protein trén gel dién di 1én mang lai nitrocellulose bang méy Pierce G2 Fast Blotter
(25V, 1,3 mA trong 20 phut); (iv) Mang chaa khang nguyén c-myc dugc phi bang
5% stra tdch béo pha trong dung dich PBS + Tween 0,05% trong 16 gio; (v) Lai
khang thé 1 (ngam mang trong 15 ml dung dich PBS 5% sita tach béo c6 chua
khang thé c-myc véi do pha lodng 700 lan, lic & nhiét do phong trong 3 gid); (vi)
Lai khang thé 2 (ngdm mang trong 15 ml dung dich PBS + 5% sira tach béo c6
chtra khang thé anti-mouse 19gG c6 gin HRP (Horse Radish Peroxidase) trong 2
gid); (vii) Hién mau trong dung dich c6 chira co chat TMB (3,3',5,5'- tetramethy!
benzidine) hoac DAB (3,3'- diaminobenzidine tetrahydrochloride), hién thi két qua
dudi anh sang thuong.
2.3.3.3. Ddnh gid khd nang chiu han ciia mét so6 dong cdy chuyén gen trong diéu
kién han nhan tao
Panh gia kha niing chiu han cia mét sé6 dong cay chuyén gen

Céc hat dau twong chuyén gen duoc khir tring bé mit bang khi Clz va duoc
gieo trén moi truong MS ¢ bd sung vitamin, 2,5 g/l phytagel va cac nong do
PEG8000 khac nhau dé danh gia kha ning nay mam. Cac dia hat dugc dit trong
phong nudi c6 nhiét ¢ 28°C va chu ky sang/ti 16/8. Chicu dai ré dugc ghi lai sau
12 ngay gieo trén moi truong Xu ly.

Hat cua cac dong dau tuong chuyén gen thé hé T va gidng DT22 duoc trong
riéng biét trong cac chau dét (115 x 85 x 105 cm). Tién hanh phét PPT dé sang loc
duoc cac cay chuyén gen khang chét diét co. Cac cay chuyén gen khang chat diét
co cua cac dong chuyén gen duoc cham séc dat dén giai doan sinh truong V3 dé
dua vao thi nghiém chiu han nhan tao. Diéu kién han nhan tao duoc thiét dat trong
budng sinh truong véi nhiét do 30-33°C va do am twong d6i dat 60%. Diéu kién
sinh truong ddi chimg duogc thiét dat song song trong budng sinh trudong doc 1ap

khac & nhiét d6 28°C va do am tuong ddi dat 80%; cac cay trong diéu kién ddi
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chimg dugc cham soc binh thuong trong suét qué trinh thi nghiém. Céc cay thi
nghiém duoc tudi day du mot lan truée duge dua vao cac diéu kién thi nghiém.
Phan tich cac chi s6 hoa sinh & ciy dau twong chuyén gen trong cac thi nghiém
chiu han

Ham luong GB tich lily trong 14 ctia cic dong dau twong chuyén gen chiu han
va khong chiu han dugc xac dinh theo phuong phap ctua Grieve va Grattan (1983)
[66]. Cu thé: Nghién min 0,5 g mau 14 di say khé, sau d6 bd sung 20 ml nudc deion
va lac 200 vong/phat trong 24 gid ¢ 25 °C. Dich chiét dugc loai bo cin va pha
lodng vo&i H2SO4 2N theo ty 1€ 1:1 va dit trén da trong 1 gio. 0,50 ml hdn hop dugc
dua vao 6ng chira san 0,20 ml thubc thir Kl-12 lanh (bao gom 15,79 12 va 20,0 g Kl
hoa tan trong 100 ml nudc deion) sau dé lic déu. H3n hop phan tmg duoc giit o
4°C trong 16 gio va sau d6 duoc ly tam vai tée dd 10.000 vong/ phut trong 10 pht
& 0°C. Loai bo can than dung dich bang micropipet. Cin thu dugc dugc cho phan
tng véi 9,0 ml thuéc thir 1,2-dichloroethane. Sau 2- 2,5 gio, tién hanh do do hap
thu caia hdn hop phan tng & budc séng 365 nm bang may do quang phd. Nong do
GB trong c4c mau thi nghiém duoc xac dinh dua trén dudng chuan cua dung dich
GB chuan.

Chi s6 MDA, proline va hoat d6 POD theo phuong phap ctiia Chen va Zhang
(2016) [35]. Cu thé:

Téch chiét dich protein/enzyme tong sé: 0,2 g 1a twoi dugc nghién bang nito
long va chiét bang 3 ml dém chiét PBS pH7,8 lanh trong 3-5 phut. Tiép do, ly tam
hon dich & 10000 vong/ pht trong 20 phdt & 4°C. Dich chiét dugc xac dinh néng
d6 theo phuong phap Bradford va chia thanh cac phan nho, bao quan & -80°C dé six
dung cho cac phan umg dinh luong tiép sau.

Xac dinh ham lweong proline: Ham luong proline trong cac mau thi nghiém
duoc xac dinh bang dung dich phan tng c6 chia 2,5% ninhydrin acid, 3%
sulphosalicylic acid. Cu thé: Ly 50 pl mdi dich chiét protein/enzyme duoc cho vao

dng phan wng c6 chira 1 ml dung dich phan tng. H3n hop phan tmg dugc dun sbi
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cach thay trong 15 phut va ha nhiét ngay 1ap térc trén da trong 5 phut dé ding phan
tng. San pham phan tmg duoc do d6 hap thu & budc song 520 nm bang may do
quang phd UV-Vis va ndng do proline tich liiy (ug/mg protein) duoc xac dinh dya
trén duong chuan cua L-proline.

Xac dinh ham luwong malondialdehyde (MDA): Ham lugng MDA sinh ra trong
cac mau l4 thi nghiém dugc xac dinh bang dung dich phan tng cé chta 0,25%
TBA, 9% TCA va 0,1M NaOH. Cu thé: Lay 100 pl mdi dich chiét protein/enzyme
téng s6 vao 6ng chira 1 ml dung dich phan tng. Hon hop phan tmg dugce dun soi
cach thay trong 15 phut va ha nhiét ngay 1ap tirc trén da trong 5 phut dé ding phan
tng. San pham phan tng dugc do do hap thu & budc séng 532nm va 600nm bing
may do quang phd UV-Vis. Nong d6 MDA dugc xac dinh theo cong thic: MDA

_ (A532- A600).Vr.(V/ Vt) , LA RA ) L oA
(nmol/g) = T55.1000/ Cp . Trong d6, A532: d6 hap thu ¢ budc soéng 532 nm,

A600: d6 hap thu ¢ budc sdng 600 nm, Vr: thé tich hdn hop phan ¢ng, V: tong thé
tich dich chiét thd, Vt: thé tich dich chiét dung phan ung, Cp: néng do protein thd
(mg/ ml), 155: hé sé cua MDA xéc dinh bang TBA & budc séng 532 (MM cm?).

Kiém tra hoat dong POD: Hoat dong cua enzyme POD duoc xac dinh théng
qua d6 bién thién hap thu ¢ budc séng 470nm qua mdi 15 gidy trong vong 1 pht
cta 50pl dich chiét trong dung dich phan tng chira 0,2% guaiacol dugc hoa tan
trong dém PBS 100mM pH 7,0 va H20.. Chuan bj thubc tha: 100 mM PBS (pH
7,0) 0,2%, guaiacol 30% H.0,. Hoat do POD duoc xac dinh theo cong thac: Hoat
do POD (U/g protein) = AA470 x (V/Vt)/ (0,01 x t)/ Cp. Trong d6, AA4TO: 14 su
bién thién d6 hap thu & budc séng 470 nm qua mdi 15 gidy, V: téng thé tich dich
chiét, Vt: thé tich dich chiét dung dé phan tng; t: thoi gian phan ang (phat), Cp:
nong do protein xac dinh theo phuong phap Bradford (mg/ml), 0,01: Mot don vi
POD (duoc xéc dinh 1a luong enzyme lam tang 0,01 do hip thu ¢ budc séng 470
nm trong maoi phat).

2.3.4. Phan tich va xir ly dir liéu

Céc sd liéu thong ké dugc phan tich bang phan mém théng ké SPSS. Gia tri
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trung binh va d¢ léch chuan (SD) dugc tinh toan sau ba lan Iap lai. Gia tri kiém
nghiém t-test dugc so sanh véi do tin cay 95%.
2.4. THOI GIAN VA BIA BIEM NGHIEN CUU
Cac thi nghiém thiét ké vector chuyén gen, chuyén gen va phan tich biéu

hién gen duogc thuc hién tai Phong Cong nghé té bao thyc vat va Phong thi nghiém
trong diém Cong nghé gen, Vién Cong nghé sinh hoc, Vién Han 1am Khoa hoc va
Cong nghé Viét Nam trong thoi gian tir ndm 2017 dén thang 4 nam 2020.

Luan an dugc hoan thanh tai Bo mén Di truyén hoc va Cong nghé sinh hoc,
Khoa Sinh hoc Truong Pai hoc Su pham, Pai hoc Thai Nguyén.
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Chuong 3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. THIET KE VA BIEU HIEN VECTOR CHUYEN GEN MANG GEN codA

Dé chuyén gen codA vao ciy dau twong va cé thé kiém tra biéu hién san
pham protein tai t6 hop cua gen, ba vector biéu hién gen thuc vat pBTIl mang
promoter 35S, rd29A va HSP tuong tng dé diéu khién biéu hién gen codA & cay
dau tuong da duoc thiét ké. Vector chuyén gen codA duoc thiét ké theo so do ciu
trdc hinh 2.1 chuong 2, gom hai budc: tao cau trdc mang gen codA va gan cau tric

mang gen codA da thiét ké vao vector chuyén gen.
3.1.1. Tao ciu tric chuyén gen codA

3.1.1.1. Mé vong vector chuyén gen pIBTII va thu nhdn cdu tric mang gen chuyén
codA vai Hindlll va EcoRl

Sau khi tién hanh tach chiét va tinh sach, cac vector pIBTII va pCAMBIA-
HSP-codA, pCAMBIA-35S-codA, pCAMBIA-rd29A-codA dugc cit bang hai
enzyme Hindlll va EcoRIl. Cau triic va kich thuéc cua vector pIBTII va vector

pCAMBIA mang gen chuyén codA dugc thé hién trong hinh 3.1.

8,8kb [ — kb
6kb
3kb

2kb

1kb

Hinh 3.1. Anh dién di san pham cat vector pIBTII va pCAMBIA bang enzyme HindlI
va EcoRI (M: thang DNA 1kb)
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Két qua phan tich hinh anh dién di ¢ hinh 3.1 cho thay, cac plasmid da bi cat
hoan toan thanh hai biang dung véi kich thuéc ly thuyét. Vector pIBTII bi cat thanh
hai bang 8,8 kb va 3 kb; cac vector pPCAMBIA-35S-codA, pCAMBIA-rd29A-codA,
pPCAMBIA-HSP-codA bi cit thanh cac bang c6 kich thudc khoang 11 kb va 2,4 kb,
2,7 kb va 2,6 kb tuong tng véi kich thudc cia pCAMBIA va cau tric mang gen
chuyén 35S-codA, Rd29A-codA, HSP-codA.

3.1.1.2. Gan cdu tric mang gen chuyén codA vao vector chuyén gen pIBTII

Phan doan cua vector chuyén gen pIBTII va phan doan cua ciu tric mang gen
chuyén 35S-codA, rd29A-codA, HSP-codA dugc ghép ndi vai nhau bang phan tung
T4 ligase. San pham ligase duoc bién nap vao té bao vi khuan kha bién E. coli
DH50 bang sc nhiét. Sau 16h nudi cay trai dich khuan trén dia thach LB chua
khang sinh spectinomycine 50 mg/l thu dugc cac khuan lac riéng ré. Mot s6 khuan
lac dugc kiém tra colony-PCR v&i cap méi dic hiéu codA-F/codA-R dé lwa chon
dong E. coli DH5a mang vector chuyén gen codA. Két qua dién di san pham
colony-PCR hinh 3.2 cho thay, 7 dong khuan lac dugc kiém tra déu dwong tinh véi
colony-PCR, bang dién di thu dugc c6 kich thude 1,9 kb twong ng véi kich thudc
cuia vector chuyén gen codA di tinh toan 1y thuyét ban dau. Nhu vay, vector chuyén
gen codA di dugc chuyén vao trong té bao vi khuan E. coli.

Dé xé4c thuc thém d6 chinh xac cua vector méi thiét ké, 1ay ngau nhién ba
dong khuan lac dwong tinh chira vector pIBTI-HSP-codA, pIBTII-355-codA,
pIBTII-rd29A-codA twong tng nudi long va tach plasmid. Plasmid dugc cit voi
enzyme Hindlll va EcoRI. Két qua phan tich dién di san pham cat trong hinh 3.3
cho thy, xuét hién hai bang gan véi bang 8,8 kb cua pIBTII va 2,4 kb, 2,7 kb va
2,6 kb cua pCAMBIA-35S-codA, pCAMBIA-rd29A-codA, pCAMBIA-HSP-codA
chung to cac dong khuan lac duoc kiém tra déu mang vector can thiét ké. Toan bo 7
dong khuan lac duong tinh nay dugc nudi trong méi truong LB long bd sung khang
sinh chon loc (spectinomycine) dé nhan dong vector téi to hop cho bién nap vao A.

tumefaciens phuc vu chuyén gen.
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Hinh 3.2. Anh dién di san pham PCR kiém tra khuan E. coli chira cac vector thiét ké

M: Marker 1Kb; (+): d6i chimg duong; (-): d6i chirng am; 1,2: Khuan lac pIBT11-35S-
codA; 3-5: Khuan lac pIBTII-rd29A-codA; 6,7: Khuan lac pIBTII-HSP-codA

8,8kb
5kb
2,7kb 3kb
2,6kb
2,4kb
1,5kb

Hinh 3.3. Anh dién di san pham cét kiém tra plasmid pIBTIl mang c4c cau tric gen
thiét ké
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3.1.1.3. Tao ching Agrobacterium tumefaciens C58 chiza vector chuyén gen codA

Cac plasmid chtra vector chuyén gen codA tach chiét tir cac dong vi khuan E.
coli duong tinh vé&i colony-PCR duoc tinh sach, sau dé duoc bién nap vao ching vi
khuan Agrobacterium tumefaciens C58 bang phuong phap xung dién. Sau khi bién
nap, dich khuan duoc cdy trai trén méi truong LB dic c¢d bd sung khang sinh
spectinomycine 50 mg/l va rifamicine 50 mg/l, nudi & & 28°C trong 48 gio. Két qua
bién nap cho thay, nhiéu dong khuan lac moc trén bé mat méi truong ¢ khang sinh
chon loc. Khuan lac dugc sang loc, kiém tra lai biang phan tng PCR sir dung cac
cap mdi dic hiéu cho gen codA. Két qua dién di san pham PCR cua 3 loai vector
chuyén gen dugc thé hién trong hinh 3.4.

Anh dién di hinh 3.4 cho thdy, mot biang duy nhat kich thudc 1,9 kb twong
g Vvé6i bang d6i chimg duong va dung véi tinh toan Iy thuyét. Nhu vay, trén co so
sir dung vector pIBTII, ba vector chuyén gen pIBTII-HSP-codA, pIBTII-35S-codA,
pIBTI-rd29A-codA di dugc bién nap thanh cdng vao vi khuan Agrobacterium
tumefaciens C58. Céac dong khuan véi ba cau tric chuyén gen khac nhau nay duoc

bao quan str dung cho thi nghiém chuyén gen tiép theo.

& e
&ﬂi” &»7’ éj’q
& &

1,9kb

Hinh 3.4. Anh dién di san pham PCR kiém tra khuan A. tumefaciens C58 mang cac cau

tric gen thiét ké
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3.1.2. Panh gia hoat ddng cia vector mang gen chuyén codA trén cay thuéc la
3.1.2.1. Tao cay thuéc 14 chuyén gen thong qua A. tumefaciens

Nham muc dich kiém tra hoat dong cua vector chuyén gen codA, céc cau tric
mang gen codA tiép tuc duoc chuyén vao cady md hinh thuéc 14 gibng K326 va danh
gia hiéu qua chon loc cua gen Bar. Két qua thi nghiém bién nap trinh bay & bang
3.1 cho thay, ty 1¢ s6 chdi tai sinh sau khi chuyén gen va chon loc cao ¢ ca ba cu
trac pIBTII-HSP-codA, pIBTII-35S-codA, plIBTII-rd29A-codA dat 88,0%, 90,0%,
92,0% twong wng va cac chdi cua 3 cau tric co ty & sdng s6t trén méi truong tao ré
c6 bd sung PPT tir 42,64- 54,23%. Nguoc lai, cAc manh 14 ddi ching c6 ty 1& phat
sinh chdi chi dat 27,0%, cac chdi nho va chét vang sau 2 tuan bién nap. Cac dong
thudc 14 chuyén gen séng sot sau chon loc bang PPT duoc ra cdy bang gia thé TN1
trong diéu kién nha ludi. Sau 30 ngay, 14 non duoc thu mau, tach chiét DNA tong
s6 va kiém tra su c6 mat cia gen chuyén codA bang phuong phap PCR véi 2 cap
mdi codA F/R va bar F/R, két qua duoc thé hién & hinh 3.5.

Bang 3.1. Két qua bién nap gen codA vao giéng thudc 14 K326 str dung PPT sang loc

Ty 1¢
. Sé maubién | Tylé mau | Séchdi | Ty lé chdi | song sau
Cau truc N .. - ~ )
nap (mau) tao choi (%) | (choi) |taoreé (%) | khira
cay (%)
Hsp-codA 100 88,00 118 54,23 56,25
rd29A-codA 100 92,00 136 42,64 65,51
35S-codA 100 90,00 112 50,00 62,50
bC 100 27,00 0 0 0

Két qua phén tich dién di hinh 3.5 cho thiy, bang dién di co kich thudc
khoang 750 bp va 400 bp phu hgp véi kich thudc cua doan gen codA va gen bar.
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Nhu vay, 100% céc cdy thudc 14 kiém tra déu mang gen chuyén.

- R LS b b

750bp cod A

Bar

300bp

Hinh 3.5. Hinh anh két qua dién di san pham PCR céc dong thudc 14 chuyén gen
M: marker 1 kb, giéng +: doi chitng diong, giéng 1 -5: cac dong chuyén gen cdu
tric rd29A-codA, giéng 6 - 9: cac dong chuyén gen cau tric 35S-codA, giéng 10-

12: céc dong chuyén gen cau tric HSP-codA giéng -: doi chizng am.

Hinh 3.6. Chdi thudc 1a chuyén gen chon loc trén méi trudng bd sung PPT 1,5 mg/l

3.1.2.2. Két qud ddnh gid va phén tich cic dong thuéc 14 chuyén gen

Céc dong thudc 1a chuyén gen tiép tuc gay han sinh Iy biang PEG 8000 2,5%
in vitro nham budc dau danh gia sy hoat dong cua gen codA trong cay thudc 14
chuyén gen. Riéng ddi voi cac chdi va cac manh thudc 14 chira vector chuyén gen
HSP-codA duoc diéu khién boi promoter HSP 1a promoter cam &ng nhiét nén cac
manh 14 va chdi duoc tién hanh séc nhiét & 37°C trong thoi gian 3 ngay. O giai

doan gy han 7 ngay va 14 ngay, cac manh Ia cua thudc 14 chuyén gen déu xanh va



68

tao choi con cac manh 14 cua cay ddi ching chuyén mau vang va tao choi rat it. Cac
choi thudc 14 chuyén gen duoc chuyén sang méi truong chiu han sinh ly bang PEG
8000 2,5% va cho ty Ié tao ré trung binh trén 96% sau 10 ngay cay chuyén va cac
chdi cay d6i ching tao ré it hoic khong tao ré, cly coi coc khdng phat trién duoc
(hinh 3.7). Két qua trén nhan thay, cac cay thudc 14 chuyén gen ¢ trong méi truong
han sinh Iy bang PEG 8000 2,5% c6 kha niang duy tri ap suat tham thau, phat trién
manh bo ré dé ting cudng stc chdng chiu, cac cdy ddi chimg trong moéi trudng han

nhan tao bj mat can bang &p suat tham thau dan dén coi coc va chét.

Hsp-codA

rd29A-codA

35S-codA

6
Hinh 3.7. Két qua gay han sinh Iy biang PEG 8000 2,5% cac dong thudc Ia chuyén gen
A) chéi tao ré trén méi truong han sinh Iy;

B) cac manh 14 tao choi trén méi triong han sinh Iy
(PC: Péi chirng; CG: chuyén gen; HSPcodA, rd29AcodA, 35ScodA: cac dong chuyén gen)

Tién hanh gay han nhan tao cho cac dong cdy chuyén gen trong nha ludi, thi
nghiém dugc thuc hién trong budng sinh trueong ¢ 37°C, d6 am 55% va hoan toan
khong tudi nuéc trong sudt thoi gian thi nghiém. Sy tich liy GB duéi diéu kién han
dugc danh gia vao ngay tha 7 cua thi nghiém. Két qua phan tich dinh luong cho
thdy cac dong chuyén gen tich liiy mot lugng dang ké ham lugng GB thé hién trong
hinh 3.8. Két qua dinh luong GB tich lily trong diéu kién han ¢ hinh 3.8 cho thay,
trong cung diéu kién xt ly han, cac cay chuyén gen codA mang cac vector chuyén
gen diéu khién bai cac promoter cam tng khac nhau s& cho két qua tich liy ham

lvgng GB khac nhau. Cay chuyén gen ¢6 kha ning chiu han tét hon so véi ciy dbi
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chting cu thé lugng GB tich liy trung binh cta cac cay chuyén gen dong rd29A-
codA, HSP-codA, 35S-codA lan luot 1a 12,43 mg/g khéi luong kho (mg/g KLK),
13,89 mg/g KLK, 12,89 mg/g KLK, so véi ham lugng GB tich 1y cua cay ddi
chung 1a 9,88 mg/g KLK.
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Hinh 3.8. Két qua dinh luvong ham luong GB trong cac dong thude 14 chuyén gen

(Céc chir cai khac nhau trén mai cét biéu thi khac biét ¢ P<0,05)

Nhu vay, trong diéu kién han, su biéu hién cua gen codA di cai thién kha ning
chiu han cua cay chuyén gen so véi cay d6i ching nho viée tich lity mot lugng 16n
GB. Két qua nay ph hop véi quan sat danh gia kiéu hinh cua cac dong thudc 14 sau
7 ngay gay han nhan tao; trong dé, cac dong thudc 14 chuyén gen van sinh trudng
t6t con cac cay ddi chitng khdng chuyén gen bi héo sau ngay gay han thtr 3 va chét
sau 7 ngay gay han. Nhu vay, tir két qua phan tich trén cay thudc 14 co thé két luan,
ba vector chuyén gen plBTII-HSP-codA, pIBTII-35S-codA, plBTII-rd29A-codA
thiét ké déu hoat dong tét trong cay thudc 14 chuyén gen va cé thé sir dung lam vat
licu dé chuyén gen vao cay dau tuong cling nhu cac cay trong khac.

3.1.3. Thao luan két qua thiét ké vector va hoat dong caa vector biéu hién trén
cay thuéc 14

Mot trong nhitng yéu té anh hudng dén sy thanh cong cua ky thuat tao cay
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chuyén gen 1a khau thiét ké vector biéu hién véi cau tric hoan chinh va phu hop
véi té bao cdy chi. Sy biéu hién cia gen chuyén trong thuc vat chuyén gen duoc
kiém soat théng qua hoat dong cua promoter (trinh tu khai dong) va terminator
(yéu t6 két thac). Promoter 13 mot trinh tu nucleotide phia ddu 5° cta diém khoi dau
phién ma c6 cau trdc phac tap, chira nhiéu yéu té dic trung tham gia didu hoa sy
biéu hién gen & muc d6 phién ma [6]. Trong quéa trinh hoat dong cua gen, promoter
dong vai trd nhu mot cong tic dong mé gen. Promoter dong vai tro then chét trong
viéc biéu hién gen dich, gitp xac dinh thoi gian, vi tri cac gen duoc hoat dong trong
cac mo, té bao hoic giai doan sinh truéng va mac do biéu hién ciaa gen dich [47].

Hién nay, c6 rat nhiéu loai promoter duoc sir dung trong viéc diéu khién hoat
dong cua gen chuyén trong thuc vat chuyén gen. Promoter 35S ¢ ngudn gdc tur
virus gay bénh kham 1a stp lo (CaMV), 1a mot promoter manh dugc sir dung kha
phd bién dé khoi dong phién ma cho gen trong tat ca cac loai md bao thuc vat
[149]. Trong khi d6, ¢é nang cao kha ning chiu han va nhiét do cao, promoter HSP
va rd29A ciing dugc uu tién st dung. Promoter HSP la promoter cam wng nhiét
dugc phan lap tir cay Arabidopsis hoat dong o nhiét d6 cam tng toi wu khac nhau
ty thudc vao timg ddi tuong thuc vat va phuong thic cam tng nhiét [7]. Con
promoter rd29A la mot promoter cam tng khd han dugc st dung diéu chinh gen
rd29A ¢ Arabidopsis dé dap (ng lai sy mat nudc, nhiét d6 thip, mubi cao... Promoter
rd29A c6 vai tro diéu hoa hoat dong gen chuyén, nham muc dich ting cuong hoat dong
gen tir d6 tang cuong kha nang chdng chiu véi stress phi sinh hoc cua cay tréng. Vi
vay, hién nay, promoter rd29A thudong dugc st dung trong thiét ké vector chuyén gen
lién quan dén tinh chiu han, nhiam tang cuong tinh chdng chiu cua cay chuyén gen véi
cac stress phi sinh hoc [108].

Promoter 12 yéu t6 déng vai trd quan trong trong viéc kiém soat qua trinh
biéu hién caa gen. Viéc nghién ctiu cau trlc, chirc nang va cac yéu tb lién quan cua
promoter cho thay kha ning thay d6i két qua biéu hién gen trong sinh vt ciing nhu

cac gen gquan tdm. Trong nghién ctru nay, promoter 35S, HSP, rd29A dugc lua chon
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va la thanh phan caa cau trdc mang gen chuyén 35S-codA, rd29A-codA, HSP-codA
trong vector chuyén gen pIBTII. Trong diéu kién kho han, sy hoat dong manh cua ba
loai vector nay s& gilp gen chuyén codA khai dong phién méa tong hop choline
oxidase, enzyme chia khod xuc tac cho qua trinh sinh tong hop GB tir choline trong
cdy dau twong chuyén gen. Sy tich luy ham lwong GB trong cdy ddu twong chuyén
gen gitp diéu chinh &p suat tham thau ndi bao, giam stress oxy ho, tir d6 ting cuong
kha nang chéng chiu han & cdy dau trong chuyén gen codA.

Mot quy trinh bién nap gen hiéu qua khdng thé thiéu su lva chon tac nhan
chon loc hiéu qua dé phan biét giira té bao chuyén gen va khdng chuyén gen. Cac
gen khéang thuéc khang sinh hoic khang thudc diét co thuong dugc lva chon va sir
dung cho muyc dich nay. O thuc vat, cc gen khang thudc diét ¢ thuong dugc ma
hod cho mot protein tai t hop khéng man cam véi thudc diét co hoac mot loai
enzyme c6 thé khtr doc té cua chat diét co. PPT 1a mot loai thude diét co khong
chon loc, tc ché hoat dong cua glutamine synthetase cung hai goc L-alanin gay ra
su tich tu qud mac amoniac & thuc vat bac cao [42]. Gen chi thi chon loc bar cé
kha ning khang thudc diét co PPT [97]. Gen bar da duoc sir dung rong réi va la chi
thi Iy tuong dé xac dinh cac md chuyén gen di duoc st dung trong vector chuyén gen
codA. Gen bar ma hoa cho phosphinothricin acetyltransferase (PAT), chuyén doi
PPT thanh dang acetyl héa khdng diét co bang cach chuyén nhdm acetyl tir acetyl-
CoA trén nhom amin tu do caa PPT. Gen bar thuong dugc st dung nhu mét chi thi
chon loc & mot s6 loai thuc vat. Theo Banh Thi Mai Anh va cs (2014), st dung chét
chon loc 12 kanamycin cho thay ty ¢ tao choi chuyén gen dat 83% va ty Ié cac choi
chuyén gen tao ré Ia khoang 95%. Tuy nhién, tir két qua phan tich PCR, tac gia
cling bao cdo rang, ty 1& cay chuyén gen thu dugc chi dat 52% trén tong sb cac cay
duoc kiém tra [1]. So véi viéc st dung khang sinh 1am chat chon loc, nghién cau
cua luan an cho thay viéc sir dung PPT lam chét chon loc cho thy hiéu quéa chon
loc cao hon. O giai doan md seo, kanamycin duong nhu kém hiéu qua hon PPT

trong Vviéc tc ché sy phét trién ciia cac mo seo khong bién nap [42].
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Thuc vat chuyén gen bar c6 kha niang khang lai chat diét co ca trong nha
kinh va diéu kién dong ruong. Vi vay, gen bar c6 thé duogc sir dung dé sang loc céc
thé hé cua dong chuyén gen trong chon tao gidng cay trong. Kha niang khang thudc
diét co cua gen bar co thé dugc theo ddi bang cach phun PPT truc tiép I&n cay con
hodc bdi PPT cuc bo 1én 14 [42]. Ngoai ra, dé phat hién va dinh lugng protein tai to
hop trong cdy chuyén gen bang ky thuat Western blot, ciu tric mang gen chuyén
codA con dugc gin thém doan DNA ma héa khang nguyén cmyc - mot lra chon
phd bién, kinh té va hiéu qua caa nhiéu nghién cau hién nay [177].

Thudc 14 (Nicotiana tabacum L.) d3 tré thanh mot hé théng mé hinh cho
nudi cdy mé va ky thuat di truyén trong nhiéu thap ky qua va duoc sir dung dé
nghién cau chic nang gen méi. O cay thudc 1a, hé théng tai sinh in vitro tuong dbi
don gian, thoi gian phan hoa tir mé dén cay hoan chinh kha ngan. Vi vay, thudc la
thudng dugc sir dung nham téi wu hoa quy trinh chuyén gen thong qua vi khuan A,
tumefaciens [60]. Nhitng nim gan day, nhiéu cong trinh nghién ctu chuyén gen ¢
dau tuong st dung thude 14 1am cdy mé hinh di dugc cdng bd, nhu cong trinh
chuyén gen codA caa Bli Thi Thu Huong va cs (2019) [78], gen GmCHI1A cua Lé
Thi Hong Trang va cs (2019) [10]; gen GmEXP1 cua Lo va cs (2015) [100];
GmDREB2 cua Tan va cs (2015) [153]... Theo céch tiép can nay, luan an di st
dung thudc 14 1am cdy mo hinh dé danh gia hoat dong cua vector biéu hién mang
gen chuyén codA trugce khi chuyén vao cdy dau twong nham nang cao kha ning
chiu han. Két qua biéu hién gen codA & cay thudc 14 dat hiéu suit chuyén gen
42,64- 54,23% 1a co so vitng chic dé tiép tuc thuc hién biéu hién gen codA vao cay
dau twong va cac cay trong khéc.

3.2. ANH HUONG CUA MOT SO YEU TO PEN HIEU QUA CHUYEN GEN codA
O GIONG PAU TUONG DT22

Hién nay, dbi véi cay dau twong, nhiéu quy trinh chuyén gen di duoc ap

dung. Tuy nhién, hiéu suit chuyén gen khéac nhau va phu thudc vao kiéu gen cua

ting giéng; nhiéu yéu té anh huong dén hiéu qua chuyén gen nhu ndng d6 khuan,
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thoi gian u khuan A. tumefaciens va dong nudi cay, nong do chat chon loc.... Do
d6, viéc can thiét 1a lua chon dugc cac diéu kién chuyén gen phl hop véi kiéu gen
cua gibng DT22. Trong qua trinh thiét ké vector chuyén gen codA va thuc hién bién
nap cau trdc mang gen chuyén codA vao cdy thudc 1&4 mé hinh nhan thiy, trong sb
ba vector chuyén gen di thiét ké, cau trdc chuyén gen rd29A-codA cho ty 18 ra cay
chuyén gen cao nhat véi biéu hién manh caa promoter cam ung han rd29A. Vi vay,
cau trdc chuyén gen rd29A-codA da duoc lya chon va sir dung lam vat liéu nghién
cru nham tham do cac diéu kién chuyén gen thich hop vao giéng dau twong DT22.
3.2.1. Anh hwéng cia ndng dé PPT dén kha niing tao chdi dau twong

Pé xac dinh ham luong PPT st dung chon loc cac chdi chuyén gen thi
nghiém, hat nay mam sau khi gieo 5 ngay thu l1a mam va tién hanh gay ton thuong
tai nach 1a mam va khong lay nhiém khuan, déng nuéi cdy 5 ngay trén moi truong
CCM sau d6 duoc cam ng tao choi trén cac moi truong SIM: & moi truong SIM
khdng bd sung chat chon loc PPT sau 2 tuan cam tng tao chdi (SIM1). Sau d6 cac
cum chdi tiép tuc dugc chuyén sang méi trudong SIM cé bd sung PPT (SIM2) véi 5
ngudng nong do (0; 1; 3; 5; 7) mg/l. Theo ddi sau hai tuan, két qua duoc trinh bay o
bang 3.2 va hinh 3.9.

Sau 14 ngay nudi cay trén moi truong SIM2 ¢6 chita PPT 0 mg/l va 1 mg/I,
cac cum chdi xanh va phét trién binh thudng, trong khi do, 14 cta cac cum chdi bit
dau c6 hién tuong Ga vang va rung tir ngay thtr 7 trén méi trudng SIM2 ¢6 chua
PPT 3-5 mg/l; con trén méi trudng SIM2 c6 chira PPT 7 mg/l, cc cum chdi chét
kho hoan toan. Sau khoang 30 ngay, cum chdi trén moi truong bd sung nong do
PPT 3 mg/l sinh truong phat trién cham, nhung c6 hién twong tao cum chdi méi va
xanh. O nong d6 PPT 5 mg/l, choi chét hoan toan. Tir cac két qua phan tich trén,
moi truong SIM b sung PPT 3,0 mg/l da duoc lya chon dé chon loc cay dau tuong

chuyén gen.
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Bang 3.2. Anh hudng ctia ndong ¢6 PPT dén kha ning tao choi

Moi truong chon loc

.| Soméanhla | sémanhlatren | ] -
Nong do N , S6 cum choi trén | S6 cum choi trén
mam thi mdi truong
PPT . moi truong SIM2 | méi truong SEM
nghiém SIM1 sau 14 i .
mg/I . sau 14 ngay sau 14 ngay
ngay
0 100 82 82 78
1 100 83 45 38
3 100 86 23 16
5 100 79 16 0
7 100 81 0 0

Hinh 3.9. C4c manh 14 mam trén méi trudng chon loc SIM2 véi nong do PPT khac

A: 1 mg/l; B: 3mg/l; C: 5 mg/l; D: 7 mg/l

nhau sau 14 ngay nudi cay

3.2.2. Anh hwéng ciaa ndng dd khuan va thai gian @ khuén, dong nudi cay dén

kha ning cam @ng tao chodi diu twong

3.2.2.1. Anh huong cua ndng do khuan dén kha ning cam ung tao chdi ddu tuong
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Pé xac dinh nong do khuan Agrobacterium & ODegso sir dung cho chuyén gen
vao dau tuong, cac manh 14 mam hat dau tuong da duoc 1am ton thuong tai nach 14
mam da dugc 1ay nhidm véi dich khuan c6 gia tri ODeso khac nhau, lan luot 14 0,4;
0,6; 0,8 va 1,0 trong vong 30 phut, sau d6 tién hanh déng nudi ciy cac manh Ia
mam di lay nhiém trén moi trudong CCM. Sau 5 ngay dong nudi cdy, cac manh 14
mam duoc rira khuan va duoc cay chuyén 1én méi trudng cam tng tao chdi SIM1
khdng chira chat chon loc trong vong 14 ngay, sau d6 dwgc chuyén sang moi
truong SIM2 ¢6 bd sung PPT 3 mg/l. Sau 14 ngdy, manh 14 mam tiép tuc duoc
chuyén sang méi truong SEM c6 chtra PPT 1,5 mg/l, két qua trinh bay ¢ bang 3.3.

Bang 3.3. Anh hudng ctiia nong d6 khuan dén kha niang cam tmg tao choi

S6manhla | Sémanhlamam | Sé manhla
S6 mam cam tng cam @ng tao mam cam Gng
Nong do manh tao chdi trén chdi trén moi tao chdi trén

Agrobacterium | lamam | moitruong | truong SIM2 b6 | méi truong
do & ODeso thi | SIM1khéngbd | sung PPT 3,0 | SEM bo sung
nghiém | sung PPT sau mg/l sau 14 PPT 1,5 mg/l

14 ngay ngay sau 14 ngay
0,4 60 48 12 5
0,6 60 45 18 17
0,8 60 29 11 6
1,0 60 20 10 4
Tong 240 98 55 32

Két qua ¢ bang 3.3 cho thay, sau 14 ngay nudi cdy trén mdi truong SIM1

khong chira PPT, khong thay su sai khac nhiéu vé kha ning tao chdi cia manh 14
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mam khi dugc 18y nhiém véi dich khuan cé gia tri ODeso 1a 0,4 va 0,6. Ddi véi cac
manh 14 mam duoc 12y nhiém véi dich khuan c6 gié tri ODeso 12 0,8 va 1,0, ty I¢ tai
nhiém khuan cua cac manh 14 mam rat cao, cac manh 14 mam thuong chét va khong
tao da chdi. Cac manh 14 mam duoc lay nhiém voi dich khuan c6 gia tri ODeso la
0,4 va 0,6 tiép tuc dugc chon loc trén moéi truong SIM2 va SEM c¢6 bd sung PPT.
Sau 14 ngay nudi cdy chon loc, cAc manh 14 mam dugc 12y nhidm véi dich khuan
c6 gia tri ODgso 0,6 VAN tiép tuc sinh trudng va phét sinh choi, trong khi cac manh
l&a mam duoc 12y nhidm véi dich khuan cé gia tri ODeso 0,4 gan nhu chét hoan toan
trén moi trudong chon loc. Vi vay, dich khuan c6 gia tri ODeso dat 0,6 da duoc lya

chon dé sir dung cho bién nap.

3.2.2.2. Anh huéng cua thoi gian u khuan A. tumefaciens va ddng nudi cay dén kha

nang cam ¢ng tao chdi dau tuong

Nghién ctu anh hudéng cua thoi gian u khuan Agrobacterium va dong nudi
cdy dén hiéu qua chuyén gen & gidng dau twong DT22 dugc thuc hién vai cac
khoang thoi gian u lan luot 1a; 15 phat; 30 phat; 45 phut; thoi gian dong nudi cay 2
ngay, 5 ngay va 8 ngay, két qua dugc trinh bay & bang 3.4.

Két qua bang 3.4 cho thay, véi thoi gian 1ay nhigm 15 phat, cac cum mam bj
chét gan nhu hoan toan & giai doan cudi caa chon loc lan 1; thoi gian lay nhidm 45
phat, ty 18 nhiém lai khuan rat cao va loai bo nhiéu ¢ giai doan cam @ng tao choi
SIM1. O thoi gian dong nudi cay 2 ngay, cac manh |4 mam nhé hon nhiéu so véi
ddng nudi cay 5 ngay va 8 ngay, nhung voi thoi gian déng nudi cdy 8 ngay khuan
moc lai rat cao dén ngay thar 6 ciia dong nudi cdy khuan moc lan ra ngodi cua giay
loc va dén ngay thtr 8 mot sé manh bi théi (Hinh 3.10). Vi vay, thoi gian 18y nhiém
30 pht va ddng nudi cdy 5 ngay cho két qua tét nhat dé str dung cho chuyén gen ¢

gidng dau trong DT22.
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Bang 3.4. Anh hudng cua thoi gian 0 khuan, dong nudi cay dén kha nang cam tmg

tao chdi
o Somanhla | Sémanhla | S6manh la
Thoi gian _ . . . 3
A Thoi So mam cam ng | mam cam tng | mam cam ung
ngam manh ] . .. .. L.
o gian manh la | tao choi trén | tao choi trén | tao choi trén
la mam . .
. dong mam moi truong moi truong moi truong
trong dich o, . ] , .
Kh nubi cay | lamthi | SIM1 khong |SIM2 b6 sung | SEM bo sung
uan ,
(ohit) (ngay) | nghiém | bosung PPT | PPT 3,0 mg/l | PPT 1,5 mg/I
a
P sau 14 ngay sau 14 ngay | sau 14 ngay
2 90 88 21 0
15 5 90 86 26 4
8 90 38 18 0
2 90 84 31 13
30 5 90 76 68 38
8 90 35 12 0
2 90 42 30 0
45 5 90 31 13 0
8 90 17 8 0

| : -
*d“s.‘ "
. B® w ‘ ©

A B c

-
a €
-~

Hinh 3.10. Cac manh I& mam sau céc thoi gian dong nudi cay khéac nhau

A: 2 ngay; B: 5 ngay; C: 8 ngay
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3.2.3. Anh hwéng cia nong @9 khang sinh va thoi gian diét khuan dén sy phat
sinh va sinh truwéng chéi dau twong

Xac dinh ndng d6 khang sinh va thoi gian rira khuan sau 5 ngay déng nudi
cay 1a yéu t6 quan trong dén kha ning diét khuan va tao da chdi cia cac manh 14
mam sau khi duoc l1ay nhiém A. tumeffaciens tai t6 hop. Str dung khang sinh diét
khuan phd rong cefotaxime véi ndng do lan luot 1a 200 mg/l, 500 mg/l va 1000
mg/l b6 sung vao méi trudng ria khuan (SIM 1ong) véi thoi gian ria 5 phat, 10
phuat va 15 phat.

Bang 3.5. Anh hudng ctia khang sinh va thoi gian diét khuan dén kha ning diét

khuan va tao choi cua cdc manh 14 mam sau chuyén gen

S6 manh la S6 manh la S6 manh 14
Thoi o , mam cam (ng | mam cam ang | mam cam ang
_ Khang sinh | S6 manh . . .
gian _ , o tao choi trén | tao choi trén | tao choi trén
_ di¢t khuan) | & mam
diét _ ] moi truong moi truong moi truong
, cefotaxime thi , ,
khuan ) SIM1 khong | SIM2 bo sung | SEM bo sung
] (mg/l) nghiém ,
(phut) bo sung PPT | PPT 3,0 mg/l | PPT 1,5 mg/l
sau 14 ngay sau 14 ngay sau 14 ngay
200 60 28 31 6
5 500 60 36 46 8
1000 60 18 18 3
200 60 38 26 13
10 500 60 46 38 24
1000 60 12 9 0
200 60 17 14 8
15 500 60 17 13 0
1000 60 8 5 0
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Cac manh 14 mam sau khi dong nudi cay 5 ngay, gap nhe vao binh tam giac
250 ml rira bang nudc cat khir tring 3 1an thoi gian 2 phat/lan, tiép tuc ria 1 1an voi
moi trudng SIM 1ong ¢6 bd sung khang sinh & cac ndong d6 khac nhau va thoi gian
khac nhau. Sau d6, cdy chuyén trén méi truong cam ung tao chdi SIM1 trong thoi
gian 14 ngay; tiép tuc chuyén sang méi truong SIM2 va SEM1 chira chat chon loc
PPT lan luot trong thoi gian 14 ngay.

Két qua qua timg giai doan cho thay, nong do cefotaxime 500 mg/l dugc bd
sung vao mdi truong diét khuan rira trong thoi gian 10 phat cho két qua tét nhat. O
nong do cefotaxime 1000 mg/I, cA&c manh 14 mam tao da chdi kém, tai vi tri nach 14
mam sau khi tao ton thuong bi den va khong tao dugc cum da choi. O néng do
cefotaxime 200 mg/l, ca&c manh 14 mam bi tai nhiém khuan rat cao, chi sau tuan dau
cam @ng tao chdi, hau hét cac manh déu bi nhidm lai khuan.
3.2.4. Thao luan két qua nghién ciru anh hwéng ciia mot so6 yéu té dén hiéu qua
chuyén gen codA & giong du twong DT22

Pau tuong 1a loai cdy trong nhay cam vai c4c stress phi sinh hoc va dugc coi
la cay chéng chiu kém véi cac yéu té bat loi tir moi truong. Ung dung ky thuat
chuyén gen dé nang cao kha nang chéng chiu cac stress phi sinh hoc ¢ dau tuong
dang dugc quan tdm nghién ctu. Hién nay, nhiéu quy trinh chuyén gen da duoc ap
dung ddi véi cdy dau twong, nhung phd bién 1a bién nap gen bang lay nhiém A.
tumefaciens tai to hop qua nach 14 mam. Tuy nhién, phwong phép ndy van con mot
s6 han ché can duoc khic phuc nhu thao tac tao ton thuwong can c6 do chinh xéac
cao, nong d6 vi khuan st dung cho bién nap can tdi wu theo ting ching, néng do
chét chon loc str dung cho chon loc cay chuyén gen. Ngoai ra, hiéu qua chuyén gen
con phu thudc vao kiéu gen cua tung gidng dau twong. Cho dén nay, ¢ Viét Nam,
mot s6 nghién ctu chuyén gen vao céc giéng dau twong DT84, DT2008 nham ting
tich lity proline va isoflavone véi hiéu suat chuyén gen khac nhau giira cac gidng
dau twong di duoc cong bd [110], [112]. Chinh vi vay, viéc nghién ctu diéu kién

chuyén gen thich hop véi kiéu gen ciia mdi gidng duoc chli ¥ quan tam béi cac nha
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nghién ctu khi chuyén gen ¢ dau tuong. Két qua nghién cau cua luan an da chi ra
nhitng anh huong cia mot s6 yéu té dén hiéu qua chuyén gen codA vao giéng dau
twong DT22 cua Viét Nam, bao gom ndéng d6 PPT, nong do khuan, thoi gian u
khuan A. tumefaciens, thoi gian dong nudi cdy, nong do khang sinh chon loc va
thoi gian diét khuan,

Lya chon tac nhan chon loc hiéu qua dé nhan biét giira té bao chuyén gen va
khéng chuyén gen bang cach Gc ché ting sinh va tai tao 1a mot budc quan trong
trong mot quy trinh bién nap gen. Hién nay, gen chi thi chon loc thuong duoc lua
chon va st dung 1 céc gen khang khéang sinh hoic khang thudc diét co. Trong sb
do, gen bar hoac gen pat dugc phan lap tur Streptomyces hygroscopicus mé hoa
phosphinothricin acetyltransferase, c6 kha ning acetyl hoa nhém NHz cua thudc
diét co PPT khién thudc tro nén vo hai la tic nhan chon loc ¢6 hiéu qua cao [97].
Thuc vat mang gen chi thi chon loc bar hoic pat c6 kha ning khang thuéc diét co
dua trén PPT. Gen bar va pat da dugc st dung rong rai nhu céac chi thi trong thuc
vat chuyén gen va la cong cu 1y tuong dé xac dinh cac md chuyén gen, tham chi ca
trong diéu kién nha kinh hoic dong ruong. Mic do nhay cam caa vat lidu thuc vat
véi PPT phu thudc vao kiéu gen va loai mau céy, diéu kién chon loc hozc thanh phan
ctia mdi truong chon loc [90]. O pham vi nong do tir 1- 10 mg/l, PPT phil hop dé lua
chon té bao duoc bién nap vai gen bar ¢ hau hét cac loai thuc vat [97]. Két qua cua
nghién ciru nay cho thay, sir dung PPT 3 mg/l ¢ giai doan cam ung tao chdi trong
moi truong SIM va PPT 1,5 mg/l ¢ giai doan kéo dai chdi trong moi trudng SEM
cho hiéu qua chon loc cao nhat.

Bén canh do, nong do khuan khi 1ay nhiém, o khuan Agrobacterium va dong
nudi cay la yéu to6 anh huong rat 16n dén hiéu qua chuyén gen théng qua A.
tumefaciens. A. tumefaciens duoc xem 14 vi khuan twong d6i nhay cam véi diéu
kién nudi cdy, néu lugng vi khuan qua thap c6 thé 1am giam tan sé tiép xuic véi cac
mau thyc vat, nguoc lai néu ndng do qua cao co thé gay anh hudng xau ti sy phat

trién cua mau, tham chi gay chét mau trong qué trinh nudi cay [125]. Ismael va
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Antar (2014), khi nghién ctu cac yéu to anh huéng dén hiéu qua chuyén gen vao
gidng dau tuong Giza 21 cua Ai Cap thong qua A. tumefaciens cho thay, sé luong
mo seo biéu hién gen luc ting 1én theo thoi gian cdy va mat do vi khuan (ODsoo) va
sau d6 giam dot ngot véi sy gia ting cua ca hai yéu td. Hiéu suat bién nap cao nhat
(90%) thu dugc khi cdy mau trong thoi gian téi da 40 phut & ODeoo 12 1,0, tiép theo
14 87,5 va 82,5% ¢ ODsoo 1a 0,8 va 1,2 twong wng [83]. Hada va cs (2018), sau khi
t6i wu hoa cac diéu kién nudi ciy véi mat do vi khuan A. tumefaciens 1 (ODeoo) 12
0,8, dong nudi cay trong 3 ngay nham cai thién kha nang bién nap gen vao giong
dau tuong DS-9712 cho thay hiéu qua bién nap téi da 14% va hiéu suét tai sinh Ia
45% [70].

Trong két qua nghién ciu caa luan an, cac manh la mam dau tuong da dugc
lam ton thuong tai ndch 14 mam duoc 1ay nhidm véi dich khuan cé gia tri ODsgso
khéc nhau, dich khuan c6 gia tri ODeso = 0,6 v&i thoi gian u khuan 30 phuat, dong
nudi cdy 5 ngay trong tdi 1a thich hop cho cam &ng tao chdi va kéo dai chdi trén
moi truong chon loc. Két qua nay hoan toan phi hop véi cong bd caa Li va cs
(2017), khi nghién cau téi wu quy trinh chuyén gen & dau tuong qua vi khuan
Agrobacterium bang céch cai thién hiéu qua lay nhiém cua vi khuan va tai sinh caa
mau cay; vai hiéu qua lay nhiém tt nhat (>96%) khi nong d6 dat ODgso = 0,6 va
ddng nudi ciy trong 5 ngay [95]. Ngoai ra, viéc xac dinh khang sinh va thai gian
rira khuan sau 5 ngay dong nudi cdy 1a yéu té quan trong dén kha nang diét khuan
va tao da chdi cua cac manh 14 mam sau khi dugc 18y nhim A. tumeffaciens tai to
hop. Két qua qua timg giai doan cho thay, nong do cefotaxime 500 mg/l duoc bd
sung vao méi truong diét khuan rira trong thoi gian 10 phat cho két qua tét nhat dé
st dung cho chuyén gen ¢ gidng dau twong DT22.

Nhu vay, tir két qua danh gia cac tac dong cua cac yéu té 1én kha ning bién
nap va tao da chdi ¢ gidng dau tuong DT22, luan an di duoc xac dinh cac yéu td
thich hop cho chuyén gen codA va tao da chdi ¢ gidng dau twong PT22. Nong do

PPT 3,0 mg/l sir dung chon loc ¢ giai doan cam @ng tao chdi va PPT 1,5 mg/l & giai
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doan kéo dai chdi cho hiéu qua chon loc cao nhat. Dich khuan c6 gié tri ODeso bang
0,6 véi thoi gian t khuan 30 phut, dong nudi cay 5 ngay trong toi va diét khuan bang
cefotaxime 500 mg/l thich hop cho cam ting tao chdi va kéo dai chdi trén méi truong
chon loc. Két qua nay 1a tién dé dé hoan thién quy trinh chuyén gen codA vao gibng
dau trong BT22 nham phuc vu cho céc nghién cau tiép theo (Phu luc 2).
3.3. BIEN NAP GEN codA VAO GIONG PAU TUONG DT22 VA TAO CAY PAU
TUONG CHUYEN GEN CHIU HAN
3.3.1. Két qua chuyén gen codA vao giong dau twong PT22

Chung A. tumefaciens C58 mang cac plasmid tai to hop pIBTIl-rd29A-codA,
pIBT11-35S-codA, pIBTII-HSP-codA dugc sir dung dé chuyén gen vao dau tuong
théng qua nach 14 mam hat gidng dau twong DT22 sau 5- 7 ngdy gieo theo phuong
phap Olhof va cs (2001) [115]. Két qua bién nap vector chuyén gen vao manh I
mam dau tuong dugc trinh bay trong bang 3.6, cac giai doan phat trién cu thé cua

qua trinh chuyén gen & dau tuong dugc thé hién trong hinh 3.11.

Bang 3.6. Két qua bién nap vector chuyén gen vao manh 14 mam dau tuong

) S6mau | Sémiautao | Sobchoi S6 choi | So cay song
Cau trac y N ) . o
bien nap da choi kéo dai tao ré trén gia the
HSP-codA 3001 1935 128 61 18
35S-codA 3012 1890 238 104 19
rd29A-codA 3025 2225 140 69 23
Téng 9038 6050 506 234 60

Bang 3.6 cho thay, s lugng mau bién nap cho mdi cau trac khoang 3000
mau, trong d6 s6 Mau tao da chdi dao dong tir 1890- 2225 mau, tuong duong ti 16
tir 62,75% dén 73,55%. Tir c4c cum chdi ndy, sau 3 giai doan kéo dai chdi thu duoc
lan luot 128, 238, 140 chdi kéo dai twong tng lan luot véi cu tric HSP-codA, 35S-
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codA, va rd29A-codA. Cac chdi dat chiéu cao 2,5- 3,5 cm va c6 céc 14 chinh duoc
chuyén sang moi truong tao ré. Cac chdi ra ré tao cdy hoan chinh dugc trong trén
gia thé TN1 bd sung 25% tribat. Sau qua trinh thich nghi sinh truéng trong budng
sinh truong nhiét d6 28°C, d6 am 80%, quang chu ky sang/tdi 1a 16/8, thu duoc

téng sé 60 cay dau twong cua ba cau trdc chuyén gen sinh truong va phat trién tot.

Hat dau twong DT22 Manh |4 mam sau 5 ngay Manh 14 mam trén méi trwéng
ddng nubi cay SIM c6 bd sung ppt 3 mgl/l

Cum da chéi trén méi treéng Chdi kéo dai trén méi trwng Chéi tao ré
SEM c6 bd sung ppt 1,5 mg/l SEM c6 bd sung ppt 1,5 mgl/l trén moi trwedng RM

Hinh 3.11. Hinh anh md ta qué trinh bién nap va tao cay dau twong chuyén gen
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3.3.2. Phan tich cAy ddu twong chuyén gen
3.3.2.1. Sang loc cay chuyén gen b&ng chit digt ¢é va PCR

Céc cdy dau twong chuyén gen trong nha ludi dugc sang loc bang chat diét co
va tién hanh Idy mau phan tich PCR dé xac dinh su ¢ mat cia gen chuyén codA

trong hé gen cay dau tuong.

C

Hinh 3.12. Két qua kiém tra cac dong déu tuong To bang PPT
A) Cay To duong tinh voi PPT 250mg/l. B) Cay To am tinh vgi PPT 250mg/l.

C) Cdy déi chimg

B

Hinh 3.13. Két qua kiém tra cac dong dau tuong T1 bang PPT
A: Cay T1 ¢ thoi diém sau 20 ngay gieo hat

B1: L& cay T1 duong tinh voi PPT 250mg/I

B2: L& cay Ti1 ¢6 khd ndng tir phuc héi véi PPT 250mgl/l
B3: La cay T: am tinh vai PPT 250mg/I.
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Céc dong dau twong chuyén gen To, T1 dugc phét truc tiép PPT 250mg/l Ién
bé mit 4. Sau 3 ngay phét chat diét co, phan 14 tai vi tri phét cia cay ddi chiing va
mot sé dong chuyén gen co lai, mat dan sic t6 xanh luc cua 14 va chuyén vang; sau
5 ngay phét, vi tri 14 thtr chat diét co chuyén sang vang nau, chay khd (Hinh 3.12 va
3.13). Bén canh d6, mot sé dong chuyén gen khdng xuat hién dau hiéu gay hai cua
chét diét co tai vj tri thir, 14 khong bi mat mau mau sic.

Két qua sau khi sang loc bang chat diét co thu dugc cac dong dau tuong
chuyén gen thé hé To, T1 khdng man cam véi PPT 250mg/l thé hién & bang 3.7 va
phu luc 3. Cac dong dau tuong chuyén gen thé hé To va T1 cua cac ciu truc khéng
man cam vai PPT s& dugc thu 14 va tién hanh kiém tra bang phan ¢tng PCR v&i cac

cap moi dic hiéu.

Bang 3.7. Két qua bién nap cac cu trac chuyén gen codA

Thé hé To Thé hé T:
ny , o So dong sé dong Hleiu So dong | So dong
Tén cau truc | So dong | duong suat duong duong
2 . duong 2 . .
chuyén | tinh sau tinh sau chuyén | tinhsau | tinh sau
gen khi tha Khi PCR gen (%) | khi thtr khi
PPT PPT PCR
HSP-codA 18 10 8 0,267 2 2
35S-codA 19 9 10 0,333 0 0
rd29A-codA 23 10 9 0,297 6 4
Tong 60 29 27 8 6

Bang 3.7 cho thay, tir 60 dong To thu duoc dem sang loc bang PPT 250mg/!I
thu dugc 29 dong khéng man cam. Cac dong nay dugc kiém tra bang phan ng
PCR véi 2 cap mdi codA F/R va Bar F/R. Két qua PCR thu duoc 27 dong cho két
qua duong tinh trong d6 c6 8 dong HSP-codA, 10 dong 35S-codA va 9 dong rd29A-
codA (hinh 3.14).



86

Cac dong chuyén gen

0.5kb
0.25 kb
1.0kb
0.5 kb

Hinh 3.14. Két qua kiém tra cay To bang PCR
M: thang DNA chudn 1kb; P: dong khudn A. tumefaciens mang vector tai té hop;
WT: mdu lé ddu tiwong PT22

WT Cac dong chuyén gen P M

750 bp
500 bp
250 bp

750 bp
500 bp
250 bp

Hinh 3.15. Két qua kiém tra cay T bang PCR

M: thang DNA chudn 1kb; P: dong khudn A. tumefaciens mang vector tai té hop;
WT: mdu ld ddu tiwong PT22

Tir 27 dong To thu hat dem gieo sang thé hé Ty, tién hanh sang loc va kiém tra
bang PPT 250mg/l, thu dwgc 8 dong khdng man cam PPT gom c6 6 dong rd29A-
codA va 2 dong HSP-codA. 8 dong nay dugc PCR véi 2 cap mdi dic hiéu thu duoc
4 dong rd29A-codA va 2 dong HSP-codA nhan duoc 2 bang c¢6 kich thudc khoang
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750bp va 400bp phu hgp véi kich thudce caa doan gen codA va gen bar tuong ung
duoc thé hién trong hinh 3.15.

Biang 3.8. Cac dong ddu twong thé hé T1 c6 biéu hién gen codA va c6 kha ning chdng

chiu han
Két qua kiém tra Kha
Ki ning .
o . ] Cach thic
TT| Téndong T: | hiéu Southern | Western | khang . i
~ | PCR B bao quan hat
mau blot blot chat
diét co
Bao quan
1 | Rd29A-codA 2 | D2 + + + + . -
cung silica gel
Bao quan
2 | Rd29A-codA 3 | D3 + + + + . ! q .
cung silica gel
Bao quan
3 | Rd29A-codA 4 | D4 + + + + N
cung silica gel
Bao quan
4 | Rd29A-codA 7 | D7 + + + + N
cung silica gel
Bao quan
5 HSP-codA3 | H3 + + N
cung silica gel
Bao quan
HSP-codA 11 | H11 | + + N
6 cung silica gel

+: Két qua duong tinh.

Két qua trén cho thiy, sé lwgng dong cay chuyén gen giam ¢ thé hé Ti do
lwong hat thu tir cdy in vitro To it, chat lugng hat khong déng déu anh huong dén
sac nay mam cua hat ¢ thé hé tiép theo. Nhu vay, nghién cau cua luan an di thu
duoc 27 dong dau twong mang gen codA & thé hé To va 6 dong & thé hé Ty, hiéu
suat chuyén gen dat khoang 0,3% ¢ thé hé To. Pé kiém tra cac dong dau tuong

chuyén gen & cac thé hé tiép theo, 4 dong T1 mang promoter cam ung chiu han
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rd29A dia dugc s dung do sy biéu hién hoat dong tich cuc cua promoter nay, 2
dong T1 mang gen codA dudi su hoat dong cua promoter cam ung nhiét HSP dugc
thu hat va bao quan cung silica gel (bang 3.8).
3.3.2.2. Kiém tra sw sw hop nhit va sw biéu hién ciia gen chuyén codA trong cac
dong ddu twong chuyén gen bang ky thudt Southern blot va Western blot

Bén dong dau tuong chuyén gen ciu tric rd29A-codA thé hé T1 (D2, D3, D4,
D7) duoc kiém tra bang k¥ thuat Southern blot dé chizng minh su hop nhét caa gen
chuyén codA vao hé gen cay dau tuong biép nap va xac dinh sé ban copy cua gen
chuyén. Két qua phan tich Southern blot trong hinh 3.16 cho thay, cic bang lai
DNA xuat hién ¢ ca bon dong dau twong chuyén gen dugc kiém tra. Cac dong D3,
D4 va D7 c6 mot bang lai xuat hién; con dong D2 xuét hién 2 bang lai. Diéu nay
chi ra rang gen codA c6 1 ban copy trong céc dong D3, D4 va D7, va c6 2 ban copy
trong dong D2. Bang lai ctua hai dong D3 va D4 cho thay rat c6 thé hai dong nay
dugc tao ra tir cing mot md chuyén gen. Két qua phan tich nay da ching minh su

hop nhét cia gen chuyén codA vao hé gen cay dau trong chuyén gen.
D2 D3 D4 D7 = P

Hinh 3.16. Két qua phan tich Southern blot cac dong dau turong chuyén gen thé hé Ty

D2-D7: cdc dong diu tuwong chuyén gen cau trac rd29A-codA thé hé Ti;
(-): déi ching am; P: Plassmid pIBTI1-35S-codA lam déi chitng dicong
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Tiép tuc phan tich sy biéu hién cua gen chuyén codA trén 4 dong chuyén gen
D2, D3, D4, D7 thé hé T1thong qua xac dinh sy c6 mat caa protein tai to hop bang
Western blot. Protein tai t6 hop cua ciu tric chuyén gen codA cd chira khang
nguyén cmyc ¢ dau C, do d6 protein tai t6 hop nay cé thé dugc phat hién bang ky
thuat Western blot. Két qua danh gia sy biéu hién caa gen chuyén trong cay bing
ky thuat Western blot véi mau 14 non cia cac dong dau twong chuyén gen cau trlc
rd29A-codA dugc thé hién trén hinh 3.17.

——70 kDa

———55 kDa

Hinh 3.17. Két qua phan tich Western blot cac dong dau twong chuyén gen thé hé T,
D2-D7: cdc dong ddu tuwong chuyén gen cdu tric rd29A-codA thé hé Ta;

M: Marker; WT: mdu ddu tuwong khéng chuyén gen

Két qua phan tich Western blot cho thay, cac bang protein c6 kich thudc ~60
kDa twong dwong véi khdi luong phan tir choline oxidase duoc ma hoa bai gen
codA khi tra ciru trén ngan hang NCBI. Trén hinh 3.17, c4c cay chuyén gen déu cho
bang vach sang 3, trong khi cdy WT khong c6 bang vach twong duong. Két qua
phan tich biéu hién protein choline oxidase tai t6 hop ¢ cdy ddu twong chuyén gen
codA di chang minh gen chuyén mang ciu trdc rd29A-codA da di truyén tir thé hé

To sang thé hé T1 va duoc biéu hién thanh protein tai té hop choline oxidase.
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3.3.3. Thir nghiém danh gia kha niang chiu han cia mét sé6 dong diu twong
chuyén gen
3.3.3.1. Pdnh gid sirc ndy mam ciia hat dwéi diéu ki¢n han nhan tao

Giai doan hat nay mam va than mam 1a céac giai doan quan trong di véi su
sinh truéng va phat trién cua thuc vat dac biét nhay cam véi cac didu kién thiéu
nuéc. Vi thé, hat caa cac dong ddu twong chuyén gen ¢ thé hé T1 di duoc danh gia
trong diéu kién gay han nhan tao bang cach bd sung 10% hoic 15% PEG 8000 vao
moi trudng dinh dudng. Sau 5 ngdy nudi ciy trén méi trudong khdng bd sung PEG
8000 (0% PEG 8000), khong nhan thiy su khac biét trong chiéu dai than mam gitra
dong BT22 va cac dong chuyén gen thé hién trong hinh 3.18.

WT
0% PEG8000

10% PEG8000

WE == = = D22 D3c 7 - B4 - "BF
» ¥ o o O

15% PEG8000

Hinh 3.18. Kha niang niy mam cua dau tuong sau 5 ngdy nudi cay trén méi truong han
nhan tao

D2-D7: cdc dong ddu twong chuyén gen thé hé T1, WT: dong ddu twong PT22

khong chuyén gen
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Két qua danh gia kha ning nay mam cua cac hat dau tuong trén moi truong
han nhan tao trong hinh 3.18 cho thy, 100% céc hat cua cac dong thi nghiém déu
nay mam tét va co chiéu dai than mam dat xap xi 5 cm ¢ méi truong GM khong
chira PEG 8000. Nguoc lai, trén moi trudng nay mam c6 bo sung 10% PEGS8000,
cac hat ciia dong chuyén gen va PT22 déu nay mam, tuy nhién chiéu dai cia than
mam cia cac dong dau twong 1a khac nhau. Dong BT22 khong chuyén gen biéu
hién giam chiéu dai thAn mam con dudi 4 cm, ngin hon han so vai cac dong
chuyén gen, trong khi hat cua cac dong chuyén gen van duy tri su sinh truéng binh
thuong. Trén méi truong chaa 15% PEG 8000, kha ning nay mam va sinh trudng
cua ca dong DT22 va dong chuyén gen déu giam di dang ké. Kha ning sinh truong
cua hat trén méi trudong bi Gc ché. Tuy nhién, cac hat cia dong dau twong chuyén
gen van c6 ty 1 sinh trudng cao hon va cé chiéu dai than mam Ién hon han so Voi

dong dau twong DT22 khong chuyén gen thé hién trong do thi hinh 3.19.

7 BWT
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Hinh 3.19. Chiéu dai thdn mam cta cac dong hat dau twong trén méi trudng han nhan tao

D2-D7: cdc dong ddu twong chuyén gen thé hé Ty, WT: dong ddu twong DT22 khong
chuyén gen; (Cac chiz cai khac nhau trén mai cét biéu thi khac biét ¢ P<0,05)
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Nhu vay, nho biéu hién cia gen codA, hat cua cac dong dau tuong chuyén
gen c6 kha nang nay mam va sinh truong tét hon so véi dong khong chuyén gen

(PT22) trong diéu kién han nhan tao in vitro.

3.3.3.2. Ddinh gid khd ndng sinh truong va chiu han cia cdy dau twong chuyén
gen dwdi diéu kign han nhén tgo

DPé danh gia sinh trudong va phat trién cia dau twong trong moi truong han
nhan tao, hat cta cac dong dau tuong chuyén gen codA va dau tuong DT22 khong
chuyén gen duogc trong riéng 1é trong moét chau va duoc kiém tra bang phét chat
diét co. O giai doan 2 cua thi nghiém, cay dau twong duoc xir Iy gay han nhan tao
trong budng ting truong. Trong sudt qua trinh thi nghiém, cac cay dau tuong
chuyén gen va BPT22 dugc dit trong diéu kién ddi chiung déu sinh truéng va phat
trién binh thuong & diéu kién tudi du nude, khdng nhan thay sy khac biét vé hinh
thai thuc vat gitra cac dong.

Nguoc lai, trong diéu kién xir Iy han nhan tao, toc do sinh truéng cua dong
dau trong BT22 c6 dau hiéu cham lai so véi cac dong dau twong chuyén gen. Hon
nita, dén ngay thi nghiém tha 9, trong diéu kién han, cac la cia dong dau tuwong
DPT22 cho thay sinh truang c6 dau hiéu bi Ga vang, kho lai va héo rung. Trong khi
do, cac 14 dau twong cua cac dong chuyén gen mic du ciing co6 dau hiéu suy giam
sinh truong nhu héo, nhung van co thé phuc hdi sau khi duge tudi nudc tro lai
(Hinh 3.20). Khéi luong tuoi trung binh cta cac dong dau twong thi nghiém ciing
dugc xac dinh nham danh gia toc do ting trudng cua cac cdy dau twong chuyén gen
trong diéu Kién han nhan tao. Sinh khéi thu dugc vao ngay tht 9 cua cac dong dau
tuong trong thi nghiém chiu han nhan tao dugc thé hién trong hinh 3.21.

Két qua phan tich biéu d6 cho thay, trong diéu kién déi chung, sinh khéi dat
dugc cia cac dong dau tuong (bao gdm dong PT22 va cac dong chuyén gen) tuong
duong nhau, diéu nay ciing trung khép véi két qua danh gia sinh truéng cua cay

thdng qua quan séat bén ngoai. Nguoc lai, ¢6 su chénh léch dang ké trong sinh khéi
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thu duoc giita cac dong chuyén gen va dong PT22 dudi diéu kién han. Cu thé, doi
v6i dong PT22, sinh khéi thu dugc trong diéu kién han giam chi con mot nia (dat
2,56 @) so véi sinh khéi thu dugc trong diéu Kién dbi chimg (dat 6,32 g). Khoi
luong tuoi va ty 18 khéi lugng kho/khéi lugng twoi (KLK/KLT) cia cac dong dau
tuong thi nghiém vao ngay thi nghiém thtr 9 trong ca hai diéu kién ddi chiing va xu
ly han cho thay, cac dong dau tuong chuyén gen ciing c6 sy giam sinh khéi trong
diéu kién han so véi trong diéu kién ddi ching, tuy nhién lai cao hon dang ké so
vé6i sinh khéi cua dong DT22. Nhu viy, cac dong dau tuong chuyén gen codA da
duy tri dugc tdc do tang truong va sinh khéi cao hon hon cdy dau tuong khong

chuyén gen trong diéu kién gay han nhan tao.

Hinh 3.20. Kiéu hinh cta cac dong dau tuong vao ngay thi nghiém tha 9 trong diéu kién

han nhan tao
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Hinh 3.21. Sinh khéi thu duoc vao ngay thir 9 ciia cac dong dau tuong trong thi nghiém
chiu han nhan tao
D2-D7: cdc dong ddu twong chuyén gen thé hé Ty, WT: dong DT22 khéng chuyén
gen; (Céc chi cai khac nhau trén mai cét biéu th; khac biét ¢ P<0,05)

3.3.3.3. Danh gia cac chi sé6 héa sinh ciia cay dau twong chuyén gen duoi diéu
kién han nhdan tao

L& cua cac cdy cua 4 dong dau tuong chuyén gen D2, D3, D4, D7 trong thi
nghiém chiu han va khong chiu han duoc thu miu dé phan tich cac chi s6 hoé sinh
bao gém, chi sé6 GB theo phuong phap cua Grieve va Grattan (1983) [66]; chi sb
MDA, proline va hoat 36 POD theo phuong phap cia Chen va Zhang (2016) [35].
Két qua thu duoc tir cac chi s6 hda sinh cho thay, c6 su tich lity dang ké cac hop chat
c6 vai tro bao vé té bao trong trang thai mat nuéc nhu GB, proline. Him luong GB

va proline ting cao & cic dong dau twong chuyén gen codA.
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Hinh 3.22. Ham luong GB cua cac dong dau tuong chiu han
D2-D7: cdc dong ddu tuwong chuyén gen thé hé T, WT: dong khdng chuyén gen

(Céc char cai khac nhau trén mai cét biéu thi khac biét ¢ P<0,05)
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Hinh 3.23. Ham lugng proline cua cac dong dau tuong chiu han
D2-D7: cdc dong didu tuwong chuyén gen thé hé T, WT: dong khdng chuyén gen.

(Céc char cai khac nhau trén mai cét biéu thi khac biét ¢ P<0,05)
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Két qua phan tich hinh 3.22 cho thay, trong tat ca cac 14 dau twong chuyén
gen, ham lugng GB déu cao hon so véi ¢ 14 cay DT22 khong chuyén gen. Cu thé,
ham luong GB dao dong trong khoang tir 34,1 dén 39,5 pg/mg khéi luong kho
(DW). Dong dau twong D2 c¢6 ham luong GB 39,5 pg/mg DW tich luy cao nhat va
thap nhat 1a dong D4 13 34,1 pg/mg DW, trong khi d6 trong 14 dong dau tuong
khong chuyén gen DT22 ham lugng GB chi dat 13,7 pg/mg DW.

Ham luong proline cua dong khdng chuyén gen BT22 chi dat 102,9 pg/g khoi
lwong tuoi (FW), trong khi d6 lai ting cao & ca 4 cac dong ddu twong chuyén gen
va tang toi 219,6 pg/g FW ¢ dong D4 (hinh 3.23). Su tang cuong tich luy lugng
GB va proline da cho thdy su biéu hién tét cua gen chuyén codA trong cdy dau

tuong chuyén gen trong diéu kién thiéu nudc, tir 46 nang cao kha ning chdng chiu

b b be
a
I
T D2 D3 D4 D7

Hinh 3.24. Ham lugng MDA cua cac dong dau tuong chiu han

han cua dau tuong.

14 +

1.0 -

0.6 -

0.4 -

Ham lwgng MDA
(nmol/g FW)

0.0 -

D2-D7: cdc dong ddu tuwong chuyén gen thé hé T, WT: dong khdng chuyén gen.

(Céc char cai khac nhau trén madi cét biéu thi khac biét ¢ P<0,05)
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Chi s6 danh gia muc d6 ton thuong ctia mang té bao, MDA, san pham tir qua
trinh oxy hda cac acid béo khong bao hoa trén mang té bao, va hoat do caa POD,
enzyme tham gia qué trinh chdng lai sy oxy hda cua té bao, ciing duoc xac dinh. Bé
kiém tra sy pha huy oxy hda trén mang su 6n dinh cua cac dong dau tuong, ham
lugng MDA cuia 1a dau tuwong sau khi bi stress han da dugc xac dinh (Hinh 3.24).
Két qua phan tich hinh 3.24 cho thay, trong tat ca cac dong ddu twong chuyén gen
codA, ham lugng MDA thip hon rd rang so voi dong cy dbi chung. Trong diéu
kién khd han, ham lugng MDA cua 14 kiéu dai cao, & muc 1a 1,234 nmol/g FW,
trong khi ham luong MDA trong dau twong chuyén gen giam tir 0,702 xuéng 0,454
nmol/g FW. Nhiing két qua nay chi ra rang cay dau twong chuyén gen codA biéu

hién oxy hoa it nghiém trong hon va ton thuong it hon so vai cay khdng chuyén gen.

10.0

Hoat d6 POD (U/g FW)

WT D2 D3 D4 D7

Hinh 3.25. Hoat @6 POD cua cac dong dau turong chiu han
D2-D7: cdc dong ddu tuong chuyén gen thé hé T1, WT: dong khdng chuyén gen.
(Céc cha cai khac nhau trén maéi cét biéu thi khac biét ¢ P<0,05)

Hoat dong cua POD ciing duoc biét dén nhu mot chi b4o vé kha ning chdng

chiu cua cac gidng dau twong chdng lai sy thiéu nudc. Do d6, luan an da xac dinh
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hoat dong cua POD trong la dau twong sau khi bi stress han (Hinh 3.25). Phan tich
hoat d6 ciia POD trong hinh 3.25 cho thay trong tat ca cac dong dau twong chuyén
gen 13 cao hon han so véi dong dau twong khong chuyén gen BT22 chi dat 2,08
U/g FW, trong d6 dong dau tuong chuyén gen D, cho thdy hoat d6 ciia POD cao
nhat (dat 8,4 U/g FW). Két qua nay rat phu hop véi dix lisu MDA trong hinh 3.24,
trong d6 ham lugng MDA thip nhit dugc quan st thay ¢ dong chuyén gen D2
(0,45 nmol/g FW). Su tang hoat dong cua POD va giam ham lugng MDA trong cay
dau twong chuyén gen so vai cay khdng chuyén gen co lién quan dén su ting kha
ning chdng chiu cua cdy dau tuong chuyén gen trong diéu kién han. Trong nghién
ctiru chuyén gen codA trén ddi twong ddu tuong, Sy ting hoat dong cua POD 1&n gap
4 lan va ham lugng MDA giam 50% so voi cdy khong chuyén gen da dugc ghi
nhan. Nhu vay, su hoat dong cua gen codA dudi su diéu khién cua promoter cam
rng chiu han d3 lam tang kha nang chéng chiu cua dau tuong.
3.3.4. Thao luan két qua bién nap gen codA vao gidng dau twong PT22 va thir
nghiém kha niing chiu han cia mét s6 dong dau twong chuyén gen

Trong nghién ctu nay, gen codA tir vi khuan A. globiformis duéi sy diéu
khién cua promoter rd29A, HSP va 35S di duoc bién nap thanh cong vao ciy dau
tuong. Cac két qua phan tich cay chuyén gen bang k¥ thuat PCR va Southern blot
d3 x4c nhan sy hién dién cua codA trong ciy dau twrong chuyén gen. Cay ddu twong
chuyén gen cho thay téc do ting trudng nhanh hon, san xuat sinh khéi 16n hon so
v6i dong dau twong ddi chung khdng chuyén gen ¢ méi trudng gay han nhan tao.
Ngoai ra, su tich luy ham luong GB, proline va hoat d6 ciia POD ciing cho thay sy
ting cao trong cdy dau tuong chuyén gen dudi sy biéu hién gen codA trong cy dau
tuong chuyén gen. Két qua nay phu hop voi mot sé nghién ctiru dugc cdng bd gan
day vé sy tang cuong biéu hién gen codA théng qua su tich luy ham luong GB,
proline va hoat d6 cia POD & mot s6 loai thuc vat chuyén gen [13], [38], [118].

So véi cac gen tham gia sinh tong hop GB ¢ cac ddi tugng sinh vat khac,
gen codA ma hoa choline oxidase c6 thé chuyén hod tién chat choline thanh GB qua
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mot budc duy nhat ma khong can bt cir chat xuc tac nao khéc. Vi vay, gen codA
thudng duoc sir dung dé bién nap vao céc loai thuc vat quan trong vé mat kinh té
nham nang cao kha nang chéng stress tham thau [133]. Cay chuyén gen caa mot sd
cac loai biéu hién gen codA cho thay su cai thién kha nang chiu dung céc stress phi
sinh hoc khac nhau. Cay Arabidopsis chuyén gen codA cho thay su tich liy GB
trong luc lap va kha nang chiu bing gia dang ké [133]. Sy tich liiy GB ting lén
trong qué trinh chuyén gen cdy ca chua dugc bao vé co quan sinh san dudi stress
lanh [118]. Theo nghién cau cua luan an, ham lugng GB tich lily trong cay dau
tuong chuyén gen codA cao hon ¢ dong cay dau tuong khong bién d6i gen khi gap
stress han. Ham lugng GB dugc tich luy & miac do cao hon c6 thé ting cuong ap
suat tham thau, giam su mat nuéc do stress han cua dau twong chuyén gen va qua
d6, duy tri tbc ¢ phat trién sinh dudng va san xuat sinh khdi cao hon so véi cay
dau twong khong chuyén gen. Cay khoai ty chuyén gen codA ciing c6 cac phan
g tuong tu trong diéu kién khd han [13]. Kha ning chiu man ciing duoc cai thién
& khoai tdy va co linh lang chuyén gen do su biéu hién qua muac cua gen chuyén
codA dudi sy kiém soat cua promoter cam ng han rd29A hoic promoter SWPA2
tuong tng [13], [94]. Do dd, cac nghién ctru sau hon can duoc tién hanh dé danh
gia cac cay dau twong chuyén gen trong cac diéu kién stress.

Ngoai GB, proline tu do cling dugc tich 1ty trong thuc vat duéi ap luc moi
truong. Su biéu hién qua mac caa cac gen lién quan dén con duong sinh tong hop
proline & thuc vat chuyén gen biéu hién & ham lugng proline tu do cao hon gilp
tang cuong kha ning chdng chiu véi stress han [178]. Theo nghién ciu cua Fan va
cs (2016), ham lwogng proline va ham lugng GB trong cdy chuyén gen c6 méi lién hé
V6i nhau, tuy nhién, cac co ché phan tir GB trong thuc vat va cach GB dugc két hop
hodc twong tac v&i chirc ning proline trong thuc vat van con can dugc 1am sang to
[53]. Su gia ting ham luong proline ciing dugc tim thiy trong cay co linh ling
chuyén gen codA trong diéu kién thiéu nudc [94]. Két qua nghién ciu ndy vé cay
dau tuong chuyén gen codA cho thay, ham luong proline tu do ting lén ciing nhu

6 su gia ting dang ké ham luong GB tich lily trong diéu kién thiéu nudc. Sau 9
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ngay xt ly han, ham luong proline trong cay dau twong chuyén gen codA da ting
gap 1,5- 2 1an so voi cay dau tuong BDT22 khong chuyén gen. Két qua nay cling phu
hop véi nghién ctu cua Li va cs (2014) va Zheng va cs (2017) vé luong proline
ting lén gap 2 lan & cd linh lang chuyén gen codA hoic EDT1 trong diéu kién kho
han [94], [178]. Tuy nhién, ¢ cdy dau twong chuyén gen BADH, ham lugng proline
tang it hon 20% [127]. Nhu vay, nghién ctu caa luan an gop phan khang dinh tam
quan trong cua gen codA trong kha ning chdng chiu han cua dau tuong.

Ham luong MDA, mét acid béo khdng bdo hoa san xuat peroxy hoéa ting
1én duoc coi 1a mot chi sd cua ton thwong mang té bao [73]. Ngoai ham lugng
MDA, hoat d6 cua POD ciing 1a 13 chi sé quan trong trong viéc danh gia kha ning
chdng chiu cua c4c kiéu gen dau twong ¢ diéu kién thiéu nudc. Su gia ting hoat do
POD c6 lién quan dén kha nang chiu han cao hon ciia cac giéng dau tuong chuyén
gen [179]. Trong nghién ctru nay, cay ddu tuong chuyén gen codA c6 ham luong
MDA thap hon va hoat d6 ciia POD cao hon dang ké so véi cdy ddu tuong khong
chuyén gen trong diéu kién khd han. Diéu nay cho thay, kha ning lam giam oxy
hoa va han ché cac tac dong lam hong mang té bao cua cay dau tuong chuyén gen
codA. Trong cdy dau twong chuyén gen BADH, ham luong MDA giam hon 13% so
V6i cay dau tuong WT khong chuyén gen trong diéu kién khd han; nguoc lai, hoat
d6 cua POD ciing ting 1én dén 7% [127]. Theo két qua nghién ctu cua luan éan,
hoat do ciia POD trong cay chuyén gen ting 1én gip 4 1an so véi dau tuong DT22
khong chuyén gen, trong khi ham lugng MDA giam xudng mét nira. Nhiing thay
ddi 16n vé ham luong MDA va POD c6 thé 1a do vai trd cia gen chuyén codA va
promoter rd29A trong cay dau tuong chuyén gen.

C4u tric mang gen chuyén codA di duoc bién nap thanh cong vao cay dau
trong thong qua Agrobacterium. Cay dau twong chuyén gen codA cé toc do ting
truong nhanh hon va san xuat sinh khéi cai thién hon so voi cay dau twong khong
bién nap trong diéu kién khd han. Kha ning chiu stress han cua cdy dau tuwong
chuyén gen codA Ia két qua cua sy gia ting ham luong GB ciing nhu ham luong
proline trong cay dau tuong chuyén gen.
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KET LUAN VA KIEN NGHI

KET LUAN
1. Ba vector chuyén gen pIBTII-35S-codA, pIBTII-rd29A-codA, va pIBTII-HSP-
codA mang gen codA ma hoa choline oxidase, dudi su diéu khién lan luot bai 3
promoter cam ung khéac nhau: 35S, rd29A va HSP da dugc thiét ké va bién nap
thanh cong vao cay thudc 14. Trong diéu kién bt loi vé nhiét do, do am va nudc,
cac dong thubc 14 chuyén gen da sdng sot va phat trién bang cach tich luy ham
lugng glycine betain cao hon so véi cay thudc 14 khong chuyén gen.
2. Cac yéu t6 thich hop cho chuyén gen codA trong ciu tric pIBTI1/rd29A-codA
vao giéng dau twong BPT22 da dugc xac dinh. Nong d6 PPT 3 mg/l & giai doan cam
ng tao choi trong mdi truong SIM va PPT 1,5 mg/l ¢ giai doan kéo dai chdi trong
moi trudng SEM cho hiéu qua chon loc cao nhat. Dich A. tumefaciens c6 gié tri
ODegso= 0,6 voi thoi gian u khuan 30 phut, ddng nudi cdy 5 ngay trong téi va diét
khuan bang cefotaxime 500 mg/l thich hop cho cam tng tao choi va kéo dai choi
trén moi trueong chon loc.
3. Cau trlc pIBTII/rd29A-codA duoc bién nap thanh cong vao gidng dau tuong
DT22 va tao duoc 4 dong dau tuwong chuyén gen codA & thé hé T1. Cac dong dau
tuong chuyén gen & thé hé T1 dugc kiém tra bang Southern blot, Western blot va
dugc danh gia kha nang chiu han trong diéu kién nhan tao c6 kha niang sinh truéng
t6t trong diéu kién stress. Sy biéu hién caa gen chuyén codA dudi su diéu khién caa
promoter rd29A lam ting hoat dong phién ma caa gen codA va ting sinh khdi trong
cay chuyén gen. Ham luong GB ting cao ¢ cac dong dau twong chuyén gen codA,
dao dong tir 34,1 dén 39,5 pg/mg khéi lugng khé, ting 248,9%- 288,3% so vai cay
khong chuyén gen. Ham lugng proline tang 1,5- 2 lan, hoat dong cua POD tang 1én
gap 4 1an so véi cay khong chuyén gen va ham lugng MDA giam 0,5 lan trong diéu
kién kho han.
KIEN NGHI

Cac dong dau twong chuyén gen can duoc tiép tuc theo ddi, danh gia tinh on
dinh cua gen chuyén qua céc thé hé va tng dung cho céc nghién cuau tiép theo.



102

CAC CONG TRINH CONG BO LIEN QUAN PEN LUAN AN

1. Dong Thi Ta*, Dung Manh Ngo*, Nhung Hong Nguyen, Ngoc Bich Pham, Phat

Tien Do, Ha Hoang Chu (2020), “Production of drought tolerant transgenic
soybean expressing codA gene under regulation of a water stress inducible
promoter”, Pakistan Journal of Botany, 52(3), pp. 793-799, (SCIE). (+: These

authors contributed equality to this work)

2. Ng6 Manh Diing, Ta Thi bong, Pham Bich Ngoc, Chu Hoang Ha, Chu Hoang

Mau (2020), “Anh huéng caa mot s6 yéu té dén hiéu qua chuyén gen codA vao
gidng dau twong DT22”, Tap chi Khoa hoc & Céng nghé Pai hoc Thai Nguyén,
225(11), pp. 121 — 127.

3. Ngé Manh Diing, Ta Thi Bong, Nguyén Hong Nhung, Nguyén Vin Poai, Chu

Hoang Ha, Chu Hoang Mau (2021), "CAu trac va hoat dong cua vector chuyén gen
thuc vat mang gen ma hoa choline oxydase", Tap chi Khoa hoc & Cong nghé
DHTN, 226(14), tr 297 - 304.



103

TAI LIEU THAM KHAO

Tiéng Viét
Banh Thi Mai Anh, Lé Thu Ngoc, Pham Bich Ngoc, Chu Hoang Ha (2014),
"Phan lap gen nhan té phién md DREB3 cua ddu twong va danh gia hoat
dong cua cau tric rd29a::DREB3 trén cay thudc 14 chuyén gen”, Tap chi
Cong nghé Sinh hoc. 12(2), pp. 261-267.
Nguyén DBiang Minh Chanh, Nguyén Thi Cuc, Nguyén Thi Nga, Nguyén Thi
Lan Anh, Nguy@n Thi Trang, Pham Thi Xuén, Truyén N.N. (2017), "Panh
gia kha niang chiu man caa mot sb giéng dau twong phd bién tai Viét Nam",
Tap chi Khoa hoc Céng nghé Nong nghiép Viét Nam. 1, pp. 60-66.
Ngb Thé Dan, Tran Pinh Long, Tran Van Lai, D5 Thi Dung, Pham Thi Pao
(1999), Cay ddu tuwong, Nha xuat ban Nong nghiép.
Tran Vin Dién (2007), Gido Trinh Cdy Pdu Twong, Nha xuit ban Néng
nghiép.
Chu Hoang Ha, Bui Van Thing (2017), "Kha ning chiu man cia cay Xoan
ta chuyén gien codA ma hoa colin oxydaza sinh tong hop glyxin-betain",
Tap chi Nong nghiép & PTNT, pp. 163-168.
Lé Thi Thu Hién, Tran Thi Phuong Lién, Nong Van Hai (2007), "Tong quan
vé promoter va ung dung trong cong nghé gen thuc vat", Tap chi Cong nghé
Sinh hoc. 5(1), pp. 1-18.
La Viét Hong, Pham Bich Ngoc, Chu Hoang Ha (2015), "Nhan dong
Promoter va Terminator Heat Shock Protein 18.2 tir Arabidopsis thaliana
lam nguyén liéu thiét ké vector biéu hién gen ¢ thuc vat", Tap chi Khoa hoc
DHQGHN: Khoa hoc Ty nhién va Cong nghé. 31, pp. 28-35.
Nguyén Thi Ngoc Lan, Tur Quang Tan, Chu Hoang Mau (2020), Sinh hoc
hién dai mét sé vdn d@é vé nguyén Iy va ing dung, Nha xuét ban Pai hoc

quéc gia Ha Nai.



10.

11.

12.

13.

14.

104

Bui Vian Thang, Lé Vian Son, Chu Hoang Ha (2013), "Chuyén gen codA ma
hoa choline oxidase vao cdy Xoan ta (Melia azedarach L.) ting cuong kha
nang chiu han", Tap chi Khoa hoc & Cong nghé Lam nghiép. 2, pp. 3-10.

Lé Thi Hong Trang, Chu Hoang Mau, Nguyén Hitu Quan (2019), "Chuyén
gen Glycine max chalcone isomerase 1A vao cady thudc 14 thong qua vi
khuan Agrobacterium tumefaciens: mot mé hinh cho tang cuong biéu hién
gen GmMCHI1A ¢ cay dau tuong", Tap chi Khoa hoc & Céng nghé Pai hoc
Thai Nguyén. 207(14), pp. 195-200.

Vaciaxa Phutthakone Vaciaxa, Tran Thi Hong, Pham Thi Thanh Nhan, Vil
Thi Thu Thay, Chu Hoang Mau (2021), "Nghién ctu bién nap gen
GmDREBS thdng qua Agrobacterium tumefaciens ¢ giéng dau twong BT22",
Tap chi Khoa hoc & Céng nghé Dai hoc Thai Nguyén. 226, pp. 57 — 64.

Tiéng Anh

Abid G., M’hamdi M., Mingeot D., Aouida M., Aroua |., Muhovski Y.,
Sassi K., Souissi F., Mannai K., Jebara M. (2017), "Effect of drought stress
on chlorophyll fluorescence, antioxidant enzyme activities and gene
expression patterns in faba bean (Vicia faba L.)", Archives of Agronomy and
Soil Science. 63(4), pp. 536-552.

Ahmad R., Kim M.D., Back K.-H., Kim H.-S., Lee H.-S., Kwon S.-Y.,
Murata N., Chung W.-I., Kwak S.-S. (2008), "Stress-induced expression of
choline oxidase in potato plant chloroplasts confers enhanced tolerance to
oxidative, salt, and drought stresses™, Plant cell reports. 27(4), pp. 687-698.
Ahmed F., Rafii M., Ismail M.R., Juraimi A.S., Rahim H., Asfaliza R., Latif
M.A. (2013), "Waterlogging tolerance of crops: breeding, mechanism of
tolerance, molecular approaches, and future prospects"”, BioMed Research
International. 2013, pp. 1-10.



15.

16.

17.

18.

19.

20.

21.

22.

105

Alia, Hayashi H., Sakamoto A., Murata N. (1998), "Enhancement of the
tolerance of Arabidopsis to high temperatures by genetic engineering of the
synthesis of glycine betaine", The Plant Journal. 16(2), pp. 155-161.

Alia, Kondo Y., Sakamoto A., Nonaka H., Hayashi H., Saradhi P.P., Chen
T.H., Murata N. (1999), "Enhanced tolerance to light stress of transgenic
Arabidopsis plants that express the codA gene for a bacterial choline
oxidase", Plant molecular biology. 40(2), pp. 279-288.

Alloatti J., Blackford C., Burachik M., Chiozza M., Dezar C., Dicely 1.,
Facciotti D., Gadisman M., Lu Z., Marchionni E. (2017), "Petition for
determination of non-regulated status for the new plant variety HB4 soybean
(IND-00410-5) intended for environmental release and food and feed use",
USDA (Application 17-223-01p).

Annunziata M.G., Ciarmiello L.F., Woodrow P., Dell’Aversana E., Carillo
P. (2019), "Spatial and Temporal Profile of Glycine Betaine Accumulation
in Plants Under Abiotic Stresses", Frontiers in Plant Science. 10(230), pp. 1-
13.

Ashraf M., Foolad M.R. (2007), "Roles of glycine betaine and proline in
improving plant abiotic stress resistance”, Environmental and experimental
botany. 59(2), pp. 206-216.

Awari V., Mate S. (2015), "Effect of drought stress on early seedling growth
of chickpea (Cicer arietinum L.) genotypes”, Life Sciences International
Research Journal. 2, pp. 356-361.

Baloda A., Madanpotra S. (2017), "Transformation of mungbean plants for
salt and drought tolerance by introducing a gene for an osmoprotectant
glycine betaine", Journal of Plant Stress Physiology. 3, pp. 5-11.

Bangar P., Chaudhury A., Tiwari B., Kumar S., Kumari R., Bhat K.V.
(2019), "Morphophysiological and biochemical response of mungbean

[Vigna radiata (L.) Wilczek] varieties at different developmental stages



23.

24,

25.

26.

217.

28.

29.

30.

31.

106

under drought stress”, Turkish Journal of Biology. 43(1), pp. 58-69.

Bao Y., Aggarwal P., Robbins N.E., Sturrock C.J., Thompson M.C., Tan
H.Q., Tham C., Duan L., Rodriguez P.L., Vernoux T. (2014), "Plant roots
use a patterning mechanism to position lateral root branches toward
available water", Proceedings of the National Academy of Sciences. 111(25),
pp. 9319-9324.

Basu S., Ramegowda V., Kumar A., Pereira A. (2016), "Plant adaptation to
drought stress”, F1000Research. 5(1554), pp. 1-10.

Bengough A.G., McKenzie B., Hallett P., Valentine T. (2011), "Root
elongation, water stress, and mechanical impedance: a review of limiting
stresses and beneficial root tip traits”, Journal of experimental botany. 62(1),
pp. 59-68.

Bhargavi B., Kalpana K., Reddy J.K. (2017), "Influence of Water Stress on
Morphological and Physiological Changes in Andrographis paniculata”,
International journal of pure and applied bioscience. 5, pp. 1550-1556.
Bhauso T.D., Radhakrishnan T., Kumar A., Mishra G.P., Dobaria J.R., Patel
K., Rajam M.V. (2019), "Overexpression of bacterial mtID gene in peanut
improves drought tolerance through accumulation of mannitol”, The
Scientific World Journal. 2014, pp. 1-10.

Bremer E., Krdmer R. (2019), "Responses of microorganisms to osmotic
stress”, Annual review of microbiology. 73, pp. 313-334.

Brettschneider R., Becker D., Lérz H. (1997), "Efficient transformation of
scutellar tissue of immature maize embryos”, Theoretical and Applied
Genetics. 94(6-7), pp. 737-748.

Brito C., Dinis L.-T., Moutinho-Pereira J., Correia C.M. (2019), "Drought
stress effects and olive tree acclimation under a changing climate”, Plants.
8(7), p. 232.

Bicker-Neto L., Paiva A.L.S., Machado R.D., Arenhart R.A., Margis-



32.

33.

34.

35.

36.

37.

38.

39.

40.

107

Pinheiro M. (2017), "Interactions between plant hormones and heavy metals
responses”, Genetics and molecular biology. 40(1), pp. 373-386.

Cao Y., Luo Q., Tian Y., Meng F. (2017), "Physiological and proteomic
analyses of the drought stress response in Amygdalus Mira (Koehne) YU et
Lu roots”, BMC plant biology. 17(1), pp. 1-16.

Carillo P., Mastrolonardo G., Nacca F., Parisi D., Verlotta A., Fuggi A.
(2008), "Nitrogen metabolism in durum wheat under salinity: accumulation
of proline and glycine betaine", Functional Plant Biology. 35(5), pp. 412-
426.

Caverzan A., Casassola A., Brammer S.P. (2016), Reactive oxygen species
and antioxidant enzymes involved in plant tolerance to stress, in Abiotic and
biotic stress in plants-Recent advances and future perspectives., Shanher
AK, Shanher C, Editors, Publisher InTech, pp. 463-480.

Chen T., Zhang B. (2016), "Measurements of proline and malondialdehyde
contents and antioxidant enzyme activities in leaves of drought stressed
cotton", Bio-protocol. 6(17), p. e1913.

Chen T.H., Murata N. (2002), "Enhancement of tolerance of abiotic stress by
metabolic engineering of betaines and other compatible solutes”, Current
opinion in plant biology. 5(3), pp. 250-257.

Chen T.H., Murata N. (2011), "Glycinebetaine protects plants against abiotic
stress: mechanisms and biotechnological applications”, Plant, cell &
environment. 34(1), pp. 1-20.

Cheng Y.J., Deng X.P., Kwak S.S., Chen W., Eneji A.E. (2013), "Enhanced
tolerance of transgenic potato plants expressing choline oxidase in
chloroplasts against water stress"”, Botanical Studies. 54(1), p. 30.

Ciriello R., Guerrieri A. (2020), "Assay of phospholipase D activity by an
amperometric choline oxidase biosensor", Sensors. 20(5), p. 1304.

Cohen S.N., Chang A.C., Hsu L. (1972), "Nonchromosomal antibiotic



41.

42,

43.

44,

45.

46.

47.

108

resistance in bacteria: genetic transformation of Escherichia coli by R-factor
DNA", Proceedings of the National Academy of Sciences. 69(8), pp. 2110-
2114,

Cuéllar T., Pascaud F., Verdeil J.L., Torregrosa L., Adam-Blondon A.F.,
Thibaud J.B., Sentenac H., Gaillard I. (2010), "A grapevine Shaker inward
K+ channel activated by the calcineurin B-like calcium sensor 1-protein
kinase CIPK23 network is expressed in grape berries under drought stress
conditions"”, The Plant Journal. 61(1), pp. 58-69.

D'Halluin L., De Block M., Denecke J., Janssens J., Leemans J., Reynaerts
A., Botterman J. (1995), The bar Gene as Selectable and Screenable Marker
in Plant Engineering, in Recombinant DNA Methodology I, Elsevier, pp.
157-168.

D’Amelia L., Dell’Aversana E., Woodrow P., Ciarmiello L.F., Carillo P.
(2018), Metabolomics for crop improvement against salinity stress, in
Salinity Responses and Tolerance in Plants, Volume 2, Springer, pp. 267-
287.

da Silva E.C., Nogueira R., da Silva M.A., de Albuquerque M.B. (2011),
"Drought stress and plant nutrition”, Plant stress. 5(Special Issue 1), pp. 32-
4].

De Ronde J., Cress W., Kruger G., Strasser R., Van Staden J. (2004),
"Photosynthetic response of transgenic soybean plants, containing an
Arabidopsis P5CR gene, during heat and drought stress™, Journal of plant
physiology. 161(11), pp. 1211-1224.

Dellaporta S.L., Wood J., Hicks J.B. (1983), "A plant DNA minipreparation:
version 11", Plant molecular biology reporter. 1(4), pp. 19-21.

Desai P.N., Shrivastava N., Padh H. (2010), "Production of heterologous
proteins in plants: strategies for optimal expression”, Biotechnology
advances. 28(4), pp. 427-435.



48.

49,

50.

51,

52,

53.

54.

55.

56.

109

Dinneny J.R. (2019), "Developmental responses to water and salinity in root
systems”, Annual review of cell and developmental biology. 35, pp. 239-257.
Du Y., Zhao Q., Chen L., Yao X., Zhang W., Zhang B., Xie F. (2020),
"Effect of drought stress on sugar metabolism in leaves and roots of soybean
seedlings", Plant Physiology and Biochemistry. 146, pp. 1-12.

Fahad S., Ullah A., Ali U., Ali E., Saud S., Rehman K., Turan V. (2019),
Drought tolerance in plantsrole of phytohormones and scavenging system of
ROS, in Plant Tolerance to Environmental Stress: Role of Phytoprotectants,
Hasanuzzaman M, Fujita M, Oku H, M T.l., Editors, CRC Press: Boca
Raton, FL, USA, pp. 1-12.

Fan F., Gadda G. (2005), "On the catalytic mechanism of choline oxidase",
Journal of the American Chemical Society. 127(7), pp. 2067-2074.

Fan F., Ghanem M., Gadda G. (2004), "Cloning, sequence analysis, and
purification of choline oxidase from Arthrobacter globiformis: a bacterial
enzyme involved in osmotic stress tolerance”, Archives of biochemistry and
biophysics. 421(1), pp. 149-158.

Fan W., Wang H., Zhang P. (2016), Engineering Glycinebetaine Metabolism
for Enhanced Drought Stress Tolerance in Plants, in Drought Stress
Tolerance in Plants, Vol 2, Springer, pp. 513-530.

Fang L., Su L., Sun X., Li X., Sun M., Karungo S.K., Fang S., Chu J., Li S,
Xin H. (2016), "Expression of Vitis amurensis NAC26 in Arabidopsis
enhances drought tolerance by modulating jasmonic acid synthesis", Journal
of experimental botany. 67(9), pp. 2829-2845.

Fariduddin Q., Varshney P., Yusuf M., Ali A, Ahmad A. (2013),
"Dissecting the role of glycine betaine in plants under abiotic stress", Plant
Stress. 7(1), pp. 8-18.

Fedotova M.V., Kruchinin S.E. (2017), "Hydration and ion-binding of

glycine betaine: how they may be involved into protection of proteins under



57,

58.

59.

60.

61.

62.

63.

64.

65.

66.

110

abiotic stresses"”, Journal of Molecular Liquids. 244, pp. 489-498.

Fitzgerald T.L., Waters D.L., Henry R.J. (2009), "Betaine aldehyde
dehydrogenase in plants”, Plant biology. 11(2), pp. 119-130.

Gadda G. (2012), "Oxygen activation in flavoprotein oxidases: the
importance of being positive"”, Biochemistry. 51(13), pp. 2662-2669.

Gadda G. (2020), "Choline oxidases", The Enzymes. 47, pp. 137-166.
Ganapathi T., Suprasanna P., Rao P., Bapat V. (2004), "Tobacco (Nicotiana
tabacum L.)-A model system for tissue culture interventions and genetic
engineering”, Indian Journal of Biotechnology. 3(2), pp. 171-184.

Gao Y., Lynch J.P. (2016), "Reduced crown root number improves water
acquisition under water deficit stress in maize (Zea mays L.)", Journal of
Experimental Botany. 67(15), pp. 4545-4557.

Gharibi S., Tabatabaei B.E.S., Saeidi G., Goli S.A.H. (2016), "Effect of
drought stress on total phenolic, lipid peroxidation, and antioxidant activity
of Achillea species”, Applied biochemistry and biotechnology. 178(4), pp.
796-8009.

Gill S.S., Tuteja N. (2010), "Reactive oxygen species and antioxidant
machinery in abiotic stress tolerance in crop plants”, Plant physiology and
biochemistry. 48(12), pp. 909-930.

Giri J. (2011), "Glycinebetaine and abiotic stress tolerance in plants”, Plant
signaling & behavior. 6(11), pp. 1746-1751.

Goel D., Singh A.K., Yadav V., Babbar S.B., Murata N., Bansal K.C.
(2011), "Transformation of tomato with a bacterial codA gene enhances
tolerance to salt and water stresses”, Journal of plant physiology. 168(11),
pp. 1286-1294.

Grieve C., Grattan S. (1983), "Rapid assay for determination of water
soluble quaternary ammonium compounds", Plant and soil. 70(2), pp. 303-
307.



67.

68.

69.

70.

71.

72.

73.

74.

111

Gulevich A., Baranova E. (2008), "Creation of a genetic engineering design
with the choline oxidase gene for improved expression in plant”, Russian
Agricultural Sciences. 34(3), pp. 145-148.

Gupta A., Rico-Medina A., Cafo-Delgado A.l. (2020), "The physiology of
plant responses to drought™, Science. 368(6488), pp. 266-269.

Gupta B., Huang B. (2014), "Mechanism of salinity tolerance in plants:
physiological, biochemical, and molecular characterization™, International
journal of genomics. 2014, pp. 1-18.

Hada A., Krishnan V., Jaabir M.M., Kumari A., Jolly M., Praveen S,
Sachdev A. (2018), "Improved Agrobacterium tumefaciens-mediated
transformation of soybean [Glycine max (L.) Merr.] following optimization
of culture conditions and mechanical techniques"”, In Vitro Cellular &
Developmental Biology- Plant. 54(6), pp. 672-688.

Hao X., Li P., Feng Y., Han X., Gao J., Lin E., Han Y. (2013), "Effects of
fully open-air [COZ2] elevation on leaf photosynthesis and ultrastructure of
Isatis indigotica Fort", PLoS One. 8(9), p. €74600.

Hayashi H., Mustardy L., Deshnium P., Ida M., Murata N. (1997),
"Transformation of Arabidopsis thaliana with the codA gene for choline
oxidase; accumulation of glycinebetaine and enhanced tolerance to salt and
cold stress"”, The Plant Journal. 12(1), pp. 133-142.

Hessini K., Martinez J.P., Gandour M., Albouchi A., Soltani A., Abdelly C.
(2009), "Effect of water stress on growth, osmotic adjustment, cell wall
elasticity and water-use efficiency in Spartina alterniflora", Environmental
and Experimental Botany. 67(2), pp. 312-319.

Hinchee M.A., Connor-Ward D.V., Newell C.A., McDonnell R.E., Sato S.J.,
Gasser C.S., Fischhoff D.A., Re D.B., Fraley R.T., Horsch R.B. (1988),
"Production of transgenic soybean plants using Agrobacterium-mediated
DNA transfer", Biotechnology. 6(8), pp. 915-922.



75.

76.

77,

78.

79.

80.

81.

82.

112

Hossain Z., Nouri M.-Z., Komatsu S. (2012), "Plant cell organelle
proteomics in response to abiotic stress”, Journal of Proteome Research.
11(2), pp. 37-48.

Hosseini M.S., Samsampour D., Ebrahimi M., Abadia J., Khanahmadi M.
(2018), "Effect of drought stress on growth parameters, osmolyte contents,
antioxidant enzymes and glycyrrhizin synthesis in licorice (Glycyrrhiza
glabra L.) grown in the field", Phytochemistry. 156, pp. 124-134.

Hu L., Wang Z., Huang B. (2013), "Effects of cytokinin and potassium on
stomatal and photosynthetic recovery of Kentucky bluegrass from drought
stress", Crop Science. 53(1), pp. 221-231.

Huong B.T.T., Gioi D.H., Dung N.M., Ngoc P.B., Ha C.H. (2019),
"Evaluation of recombinant expression of codA gene regulated by rd29A
promoter in tobacco ", Journal of forestry science and technology. 8, pp. 13-
20.

Huong B.T.T., Gioi D.H.,, Thang B.V., Son L.V., Ha C.H. (2016),
"Development of Arthrobacter globiformis codA gene in improving plant
resistance to disadvantageous conditions”, Agriculture Development in the
Context of International Integration: Opportunities and Challenges, pp. 203-
215.

Hussain S., Rao M.J., Anjum M.A., Ejaz S., Zakir 1., Ali M.A., Ahmad N.,
Ahmad S. (2019), Oxidative stress and antioxidant defense in plants under
drought conditions, in Plant abiotic stress tolerance, Hasanuzzaman M,
Hakeem K.R, Nahar K, Alharby H.F, Editors, Springer, pp. 207-219.
Igamberdiev A.U., Kleczkowski L.A. (2018), "The glycerate and
phosphorylated pathways of serine synthesis in plants: the branches of plant
glycolysis linking carbon and nitrogen metabolism”, Frontiers in plant
science. 9(318), pp. 1-12.

Ikuta S., Imamura S., Misaki H., Horiuti Y. (1977), "Purification and



83.

84.

85.

86.

87.

88.

89.

90.

113

characterization of choline oxidase from Arthrobacter globiformis™”, The
Journal of Biochemistry. 82(6), pp. 1741-1749.

Ismael K.A., Antar E.-B.N. (2014), "Establishment of high-efficiency
Agrobacterium-mediated Transformation conditions of soybean callus”,
Indian Journal of Biotechnology. 13(10), pp. 459-463.

Juszczak 1., Bartels D. (2017), "LEA gene expression, RNA stability and
pigment accumulation in three closely related Linderniaceae species
differing in desiccation tolerance”, Plant Science. 255, pp. 59-71.

Karimpour M. (2019), "Effect of drought stress on RWC and chlorophyll
content on wheat (Triticum durum L.) genotypes"”, World Essays Journal. 7,
pp. 52-56.

Ke Q., Wang Z., Ji C.Y., Jeong J.C., Lee H.-S., Li H., Xu B., Deng X,
Kwak S.-S. (2016), "Transgenic poplar expressing codA exhibits enhanced
growth and abiotic stress tolerance”, Plant Physiology and Biochemistry.
100, pp. 75-84.

Kebede A., Kang M.S., Bekele E. (2019), "Advances in mechanisms of
drought tolerance in crops, with emphasis on barley"”, Advances in
Agronomy. 156, pp. 265-314.

Khan S.H., Ahmad N., Ahmad F., Kumar R. (2010), "Naturally occurring
organic osmolytes: from cell physiology to disease prevention™, IUBMB life.
62(12), pp. 891-895.

Khater M., Dawood M.G., Sadak M.S., Shalaby M., EI-Awadi M., EI-Din
K.G. (2018), "Enhancement the performance of cowpea plants grown under
drought conditions via trehalose application™, Middle East Journal. 7(3), pp.
782-800.

Khelifi L., Titouh-Hadj Moussa K., Cerezo-Medina S., Mercado J., Pliego-
Alfaro F., Titouh K. (2012), Evaluation of the Effect of Phosphinothricin, as

Selection Agent, on the Growth of Olive Somatic Embryos, VII



91.

92.

93.

94.

95.

96.

97.

98.

99.

114

International Symposium on Olive Growing 1057, pp. 533-542.

Kheradmand M.A., Fahraji S.S., Fatahi E., Raoofi M.M. (2014), "Effect of
water stress on oil yield and some characteristics of Brassica napus”,
International Research Journal of Applied and Basic Sciences. 8(9), pp.
1447-1453.

Kunert K.J., Vorster B.J., Fenta B.A., Kibido T., Dionisio G., Foyer C.H.
(2016), "Drought Stress Responses in Soybean Roots and Nodules”,
Frontiers in Plant Science. 7(1015), pp. 1-7.

Li D., Zhang T., Wang M., Liu Y., Brestic M., Chen T.H., Yang X. (2019),
"Genetic engineering of the biosynthesis of glycine betaine modulates
phosphate homeostasis by regulating phosphate acquisition in tomato",
Frontiers in plant science. 9(1995), pp. 1-13.

Li H.,, Wang Z., Ke Q., Ji C.Y., Jeong J.C., Lee H.-S., Lim Y.P., Xu B,
Deng X.-P., Kwak S.-S. (2014), "Overexpression of codA gene confers
enhanced tolerance to abiotic stresses in alfalfa”, Plant Physiology and
Biochemistry. 85, pp. 31-40.

Li S., Cong Y., Liu Y., Wang T., Shuai Q., Chen N., Gai J., Li Y. (2017),
"Optimization of Agrobacterium-mediated transformation in soybean”,
Frontiers in plant science. 8(246), pp. 1-15.

Li Y., Chen Q., Nan H., Li X., Lu S., Zhao X, Liu B., Guo C., Kong F., Cao
D. (2017), "Overexpression of GmFDL19 enhances tolerance to drought and
salt stresses in soybean", PLoS One. 12(6), p. e0179554.

Liang H., Kumar P.A., Nain V., Powell W.A., Carlson J.E. (2010), Selection
and screening strategies, in Transgenic Crop Plants, Springer, pp. 85-143.
Licht M.A., Wright D., Lenssen AW. (2013), "Soybean response to
drought”, Agriculture and Environment Extension Publications. 190, pp. 1-3.
Liting W., Lina W., Yang Y., Pengfei W., Tiancai G., Guozhang K. (2015),

"Abscisic acid enhances tolerance of wheat seedlings to drought and



100.

101.

102.

103.

104.

105.

106.

115

regulates transcript levels of genes encoding ascorbate-glutathione
biosynthesis™, Frontiers in plant science. 6(458), pp. 1-11.

Lo T.S,, Le H.D., Nguyen V.T.T., Chu H.H., Van Son L., Chu H.M. (2015),
"Overexpression of a soybean expansin gene, GmEXP1, improvesdrought
tolerance in transgenic tobacco", Turkish Journal of Botany. 39(6), pp. 988-
995.

Ma X.-J., Yu T.-F., Li X.-H., Cao X.-Y., Ma J., Chen J., Zhou Y.-B., Chen
M., Ma Y.-Z., Zhang J.-H. (2020), "Overexpression of GmNFYA5 confers
drought tolerance to transgenic Arabidopsis and soybean plants", BMC plant
biology. 20(1), pp. 1-18.

Majumdar R., Barchi B., Turlapati S.A., Gagne M., Minocha R., Long S.,
Minocha S.C. (2016), "Glutamate, ornithine, arginine, proline, and
polyamine metabolic interactions: the pathway is regulated at the post-
transcriptional level”, Frontiers in Plant Science. 7(78), pp. 1-17.

Mau C.H., Huong N.T.T., Anh N.T., Lan C.H., Son L., Ha C.H. (2010),
Characteristics of the gene encoding pyrroline-5-carboxylate synthase
(P5CS) in Vietnamese soybean cultivars (Glycine max L. Merrill),
Proceedings of the International Conference on Biology, Environment and
Chemistry, pp. 319-323.

Mignolet-Spruyt L., Xu E., Idanheimo N., Hoeberichts F.A., Muhlenbock P.,
Brosché M., Van Breusegem F., Kangasjarvi J. (2016), "Spreading the news:
subcellular and organellar reactive oxygen species production and
signalling”, Journal of experimental botany. 67(13), pp. 3831-3844.
Mohamed H.I., Latif H.H. (2017), "Improvement of drought tolerance of
soybean plants by using methyl jasmonate”, Physiology and Molecular
Biology of Plants. 23(3), pp. 545-556.

Mohanty A., Kathuria H., Ferjani A., Sakamoto A., Mohanty P., Murata N.,

Tyagi A. (2002), "Transgenics of an elite indica rice variety Pusa Basmati 1



107.

108.

109.

110.

111.

112.

113.

116

harbouring the codA gene are highly tolerant to salt stress", Theoretical and
Applied Genetics. 106(1), pp. 51-57.

Morris E.C., Griffiths M., Golebiowska A., Mairhofer S., Burr-Hersey J.,
Goh T., Von Wangenheim D., Atkinson B., Sturrock C.J., Lynch J.P. (2017),
"Shaping 3D root system architecture”, Current Biology. 27(17), pp. R919-
R930.

Msanne J., Lin J., Stone J.M., Awada T. (2011), "Characterization of abiotic
stress-responsive Arabidopsis thaliana RD29A and RD29B genes and
evaluation of transgenes”, Planta. 234(1), pp. 97-107.

Nadeem M., Li J., Yahya M., Sher A., Ma C., Wang X., Qiu L. (2019),
"Research Progress and Perspective on Drought Stress in Legumes: A
Review", International Journal of Molecular Sciences. 20(2541), pp. 1-32.
Nguyen H.Q., Le T.H.T., Nguyen T.N.L., Nguyen T.G., Sy D.T., Tu Q.T.,
Vu T.T.T., Chu HM., Vu T.K.L. (2020), "Overexpressing GmCHI1A
increases the isoflavone content of transgenic soybean (Glycine max (L.)
Merr.) seeds”, In Vitro Cellular & Developmental Biology-Plant. 56(6), pp.
842-850.

Nguyen L.T.N., Vaciaxa P., Lo T.T.M., Nguyen Y.T.H., Pham N.T.T., Van
Le S, Chu M.H. (2019), "Design of construct carrying GmDREB6 to
enhance soybean gene expression related to abiotic stress response”,
European Journal of Engineering and Technology Research. 4(6), pp. 135-
139.

Nguyen Q.H., Vu L.T.K., Nguyen L.T.N., Pham N.T.T., Nguyen Y.T.H.,
Van Le S., Chu M.H. (2019), "Overexpression of the GmDREB6 gene
enhances proline accumulation and salt tolerance in genetically modified
soybean plants", Scientific reports. 9(1), pp. 1-8.

Ning W., Zhai H., Yu J,, Liang S., Yang X., Xing X., Huo J., Pang T., Yang
Y., Bai X. (2017), "Overexpression of Glycine soja WRKY20 enhances



114.

115.

116.

117.

118.

119.

120.

121.

117

drought tolerance and improves plant yields under drought stress in
transgenic soybean™, Molecular breeding. 37(19), pp. 1-10.

Noctor G., Gomez L., Vanacker H., Foyer C.H. (2002), "Interactions
between biosynthesis, compartmentation and transport in the control of
glutathione homeostasis and signalling”, Journal of experimental botany.
53(372), pp. 1283-1304.

Olhoft P., Lin K., Galbraith J., Nielsen N., Somers D. (2001), "The role of
thiol compounds in increasing Agrobacterium-mediated transformation of
soybean cotyledonary-node cells”, Plant Cell Reports. 20(8), pp. 731-737.
Park E.J., Jekni¢ Z., Chen T.H., Murata N. (2007), "The codA transgene for
glycinebetaine synthesis increases the size of flowers and fruits in tomato”,
Plant biotechnology journal. 5(3), pp. 422-430.

Park E.J., Jekni¢ Z., Pino M.T., Murata N., Chen T.H.H. (2007),
"Glycinebetaine accumulation is more effective in chloroplasts than in the
cytosol for protecting transgenic tomato plants against abiotic stress”, Plant,
cell & environment. 30(8), pp. 994-1005.

Park E.J., Jekni¢ Z., Sakamoto A., DeNoma J., Yuwansiri R., Murata N.,
Chen T.H. (2004), "Genetic engineering of glycinebetaine synthesis in
tomato protects seeds, plants, and flowers from chilling damage"”, The Plant
Journal. 40(4), pp. 474-487.

Park J., Lee Y., Martinoia E., Geisler M. (2017), "Plant hormone
transporters: what we know and what we would like to know", Bmc Biology.
15(1), pp. 1-15.

Park J.S., Kim H.J., Cho H.S., Jung HW., Cha J.-Y., Yun D.-J., Oh S.-W.,
Chung Y.-S. (2019), "Overexpression of AtYUCCAG in soybean crop results
in reduced ROS production and increased drought tolerance", Plant
Biotechnology Reports. 13(2), pp. 161-168.

Park S.-C., Kim M.D., Kim S.H., Kim Y.-H., Jeong J.C., Lee H.-S., Kwak



122.

123.

124.

125.

126.

127.

128.

129.

118

S.-S. (2015), "Enhanced drought and oxidative stress tolerance in transgenic
sweetpotato expressing a codA gene”, Journal of Plant Biotechnology. 42(1),
pp. 19-24.

Paz M.M., Martinez J.C., Kalvig A.B., Fonger T.M., Wang K. (2006),
"Improved cotyledonary node method using an alternative explant derived
from mature seed for efficient Agrobacterium-mediated soybean
transformation™, Plant cell reports. 25(3), pp. 206-213.

Pham T.T.N., Nguyen H.Q., Nguyen T.N.L., Dao X.T., Sy D.T., Van Son
L., Mau C.H. (2020), "Overexpression of the 'GmDREB2" gene increases
proline accumulation and tolerance to drought stress in soybean plants”,
Australian Journal of Crop Science. 14(3), pp. 495-503.

Phillips B.B., Shaw R.F., Holland M.J., Fry E.L., Bardgett R.D., Bullock
J.M., Osborne J.L. (2018), "Drought reduces floral resources for
pollinators”, Global Change Biology. 24(7), pp. 3226-3235.

Phong N.V., Huong B.T.T., Wang Q. (2019), "Micropropagation jilin small
granule soy transferred GmMYB12A", Journal of Forestry Science and
Technology. 7, pp. 3-11.

QiJ,SunS., Yang L., Li M., Ma F., Zou Y. (2019), "Potassium uptake and
transport in apple roots under drought stress”, Horticultural plant journal.
5(1), pp. 10-16.

Qin D., Zhao C.L., Liu X.Y., Wang P.W. (2017), "Transgenic soybeans
expressing betaine aldehyde dehydrogenase from Atriplex canescens show
increased drought tolerance”, Plant Breeding. 136(5), pp. 699-709.

Queiroz M.S., Oliveira C.E., Steiner F., Zuffo A.M., Zoz T., Vendruscolo
E.P., Silva M.V., Mello B., Cabra R., Menis F.T. (2019), "Drought stresses
on seed germination and early growth of maize and sorghum”, Journal of
Agricultural Science. 11(2), pp. 310-318.

Rhodes D., Nadolska-Orczyk A., Rich P. (2002), Salinity, osmolytes and



130.

131.

132.

133.

134.

135.

136.

137.

138.

119

compatible solutes, in Salinity: Environment-plants-molecules, Springer,
pp. 181-204.

Rodrigues J., Inzé D., Nelissen H., Saibo N.J. (2019), "Source-sink
regulation in crops under water deficit”, Trends in plant science. 24(7), pp.
652-663.

Roychoudhury A., Banerjee A. (2016), "Endogenous glycine betaine
accumulation mediates abiotic stress tolerance in plants”, Tropical Plant
Research. 3(1), pp. 105-111.

Sakamoto A., Murata A.N. (1998), "Metabolic engineering of rice leading to
biosynthesis of glycinebetaine and tolerance to salt and cold”, Plant
molecular biology. 38, pp. 1011-1019.

Sakamoto A., Murata N. (2000), "Genetic engineering of glycinebetaine
synthesis in plants: current status and implications for enhancement of stress
tolerance", Journal of Experimental Botany. 51(342), pp. 81-88.

Sakamoto A., Murata N. (2001), "The use of bacterial choline oxidase, a
glycinebetaine-synthesizing enzyme, to create stress-resistant transgenic
plants”, Plant Physiology. 125(1), pp. 180-188.

Salazar C., Herndndez C., Pino M.T. (2015), "Plant water stress:
Associations between ethylene and abscisic acid response”, Chilean journal
of agricultural research. 75, pp. 71-79.

Salehi-Lisar S.Y., Bakhshayeshan-Agdam H. (2016), Drought stress in
plants: causes, consequences, and tolerance, in Drought Stress Tolerance in
Plants, Vol 1, Springer, pp. 1-16.

Salvi F., Rodriguez I., Hamelberg D., Gadda G. (2016), "Role of f357 as an
oxygen gate in the oxidative half-reaction of choline oxidase", Biochemistry.
55(10), pp. 1473-1484.

Salvi F., Wang Y.-F., Weber I.T., Gadda G. (2014), "Structure of choline

oxidase in complex with the reaction product glycine betaine"”, Acta



139.

140.

141.

142.

143.

144,

145.

146.

120

Crystallographica Section D: Biological Crystallography. 70(2), pp. 405-
413.

Samarah N., Mullen R., Cianzio S. (2004), "Size distribution and mineral
nutrients of soybean seeds in response to drought stress", Journal of Plant
Nutrition. 27(5), pp. 815-835.

Sarani M., Namrudi M., Hashemi S.M., Raoofi M. (2014), "The effect of
drought stress on chlorophyll content, root growth, glucosinolate and proline
in crop plants”, International Journal of Farming and Allied Sciences. 3(9),
pp. 994-997.

Sebastian J., Yee M.-C., Viana W.G., Rellan-Alvarez R., Feldman M., Priest
H.D., Trontin C., Lee T., Jiang H., Baxter I. (2016), "Grasses suppress
shoot-borne roots to conserve water during drought”, Proceedings of the
National Academy of Sciences. 113(31), pp. 8861-8866.

Seo J.S., Sohn H.B., Noh K., Jung C., An J.H., Donovan C.M., Somers D.A.,
Kim D.I., Jeong S.-C., Kim C.-G. (2012), "Expression of the Arabidopsis
AtMYB44 gene confers drought/salt-stress tolerance in transgenic soybean",
Molecular Breeding. 29(3), pp. 601-608.

Shahbaz M., Masood Y., Perveen S., Ashraf M. (2012), "Is foliar-applied
glycinebetaine effective in mitigating the adverse effects of drought stress on
wheat (Triticum aestivum L.)?", Journal of Applied Botany and Food
Quality. 84(2), p. 192.

Shi H., Chen L., Ye T., Liu X,, Ding K., Chan Z. (2014), "Modulation of
auxin content in Arabidopsis confers improved drought stress resistance",
Plant Physiology and Biochemistry. 82, pp. 209-217.

Shi S., Fan M., lwama K., Li F., Zhang Z., Jia L. (2015), "Physiological
basis of drought tolerance in potato grown under long-term water
deficiency", International Journal of Plant Production. 9(2), pp. 305-320.
Shinde S., Villamor J.G., Lin W., Sharma S., Verslues P.E. (2016), "Proline



147.

148.

149.

150.

151.

152.

153.

154.

155.

121

coordination with fatty acid synthesis and redox metabolism of chloroplast
and mitochondria™, Plant Physiology. 172(2), pp. 1074-1088.

Silva A.J.d., Magalhdes Filho J.R., Sales C.R.G., Pires R.C.d.M., Machado
E.C. (2018), "Source-sink relationships in two soybean cultivars with
indeterminate growth under water deficit", Bragantia. 77(1), pp. 23-35.
Solanki J.K., Sarangi S. (2014), "Effect of drought stress on proline
accumulation in peanut genotypes", International journal of advanced
research. 2(10), pp. 301-309.

Somssich M. (2019), A short history of the CaMV 35S promoter, Peer]
Preprints.

Su D., Yuan H., Gadda G. (2017), "A reversible, charge-induced
intramolecular C4a-S-cysteinyl-flavin in choline oxidase variant S101C",
Biochemistry. 56(51), pp. 6677-6690.

Sun J.,, HuU W., Zhou R., Wang L., Wang X., Wang Q., Feng Z., Li Y., Qiu
D., He G. (2015), "The Brachypodium distachyon BAWRKY36 gene confers
tolerance to drought stress in transgenic tobacco plants", Plant cell reports.
34(1), pp. 23-35.

Sun Z., Li H.,, Zhang L., Ke Q., Wang S., Kwak S.S., Deng X. (2017),
"Physiological mechanism of the enhanced drought tolerance in transgenic
poplar (Populus albax Populus glandulosa) with codA gene"”, Chinese
Journal of Applied and Environmental Biology. 23(1), pp. 60-66.

Tan D.X., Tuong H.M., Thuy V.T.T., Son L.V., Mau C.H. (2015), "Cloning
and overexpression of GmDREB2 gene from a vietnamese drought-resistant
soybean variety", Brazilian Archives of Biology and Technology. 58(5), pp.
651-657.

Topping J.F. (1998), Tobacco transformation, in Plant Virology Protocols,
Springer, pp. 365-372.

Ullah A., Manghwar H., Shaban M., Khan A.H., Akbar A., Ali U., Ali E.,



156.

157.

158.

159.

160.

161.

162.

122

Fahad S. (2018), "Phytohormones enhanced drought tolerance in plants: a
coping strategy"”, Environmental Science and Pollution Research. 25(33),
pp. 33103-33118.

Valente M.A.S., Faria J.A., Soares-Ramos J.R., Reis P.A., Pinheiro G.L.,
Piovesan N.D., Morais A.T., Menezes C.C., Cano M.A,, Fietto L.G. (2009),
"The ER luminal binding protein (BiP) mediates an increase in drought
tolerance in soybean and delays drought-induced leaf senescence in soybean
and tobacco", Journal of experimental botany. 60(2), pp. 533-546.

Verma G., Srivastava D., Tiwari P., Chakrabarty D. (2019), ROS modulation
in crop plants under drought stress, in Reactive Oxygen, Nitrogen and
Sulfur Species in Plants: Production, Metabolism, Signaling and Defense
Mechanisms, Mirza H., Vasileios F., Kamrun N., Masayuki F., Editors, pp.
311-336.

Vilela R., Bezerra B., Froehlich A., Endres L. (2017), "Antioxidant system is
essential to increase drought tolerance of sugarcane", Annals of Applied
Biology. 171(3), pp. 451-463.

Wang Q., Zhao R., Chen Q., da Silva JAT., Chen L., Yu X. (2019),
"Physiological and biochemical responses of two herbaceous peony cultivars
to drought stress", HortScience. 54(3), pp. 492-498.

Wang Q.-b., Xu W., Xue Q.-z., Su W.-a. (2010), "Transgenic Brassica
chinensis plants expressing a bacterial codA gene exhibit enhanced tolerance
to extreme temperature and high salinity", Journal of Zhejiang University
Science B. 11(11), pp. 851-861.

Wang W., Wang C., Pan D., Zhang Y., Luo B., Ji J. (2018), "Effects of
drought stress on photosynthesis and chlorophyll fluorescence images of
soybean (Glycine max) seedlings", International Journal of Agricultural and
Biological Engineering. 11(2), pp. 196-201.

Waszczak C., Carmody M., Kangasjarvi J. (2018), "Reactive oxygen species



163.

164.

165.

166.

167.

168.

169.

170.

123

in plant signaling”, Annual review of plant biology. 69, pp. 209-236.
Watkins J.M., Hechler P.J., Muday G.K. (2014), "Ethylene-induced flavonol
accumulation in guard cells suppresses reactive oxygen species and
moderates stomatal aperture", Plant Physiology. 164(4), pp. 1707-1717.

Wei D., Zhang W., Wang C., Meng Q., Li G., Chen T.H.H., Yang X. (2017),
"Genetic engineering of the biosynthesis of glycinebetaine leads to alleviate
salt-induced potassium efflux and enhances salt tolerance in tomato plants™,
Plant Science. 257, pp. 74-83.

Wei Y., Jin J., Jiang S., Ning S., Liu L. (2018), "Quantitative response of
soybean development and yield to drought stress during different growth
stages in the Huaibei Plain, China", Agronomy. 8(7), p. 97.

Willick 1.R., Lahlali R., Vijayan P., Muir D., Karunakaran C., Tanino K.K.
(2018), "Wheat flag leaf epicuticular wax morphology and composition in
response to moderate drought stress are revealed by SEM, FTIR-ATR and
synchrotron X-ray spectroscopy”, Physiologia plantarum. 162(3), pp. 316-
332.

Xiang D.B., Peng L.X., Zhao J.L., Zou L., Zhao G., Song C. (2013), "Effect
of drought stress on yield, chlorophyll contents and photosynthesis in tartary
buckwheat (Fagopyrum tataricum)”, Journal of Food, Agriculture &
Environment. 11(3&4), pp. 1358-1363.

Yang J., Xing G., Sui L., Guo D., Niu L., Yang X. (2016), "Effects of
different soybean genotypes on the transformation efficiency of soybean and
analysis of the T-DNA insertions in the soybean genome", Soybean Science.
35(4), pp. 562-567.

Yang X., Lu M., Wang Y., Wang Y., Liu Z., Chen S. (2021), "Response
Mechanism of Plants to Drought Stress", Horticulturae. 7(3), p. 50.

York L.M., Carminati A., Mooney S.J., Ritz K., Bennett M.J. (2016), "The

holistic rhizosphere: integrating zones, processes, and semantics in the soil



171.

172.

173.

174.

175.

176.

177.

178.

124

influenced by roots”, Journal of experimental botany. 67(12), pp. 3629-
3643.

You L., Song Q.,, Wu Y., Li S, Jiang C., Chang L., Yang X., Zhang J.
(2019), "Accumulation of glycine betaine in transplastomic potato plants
expressing choline oxidase confers improved drought tolerance”, Planta.
249(6), pp. 1963-1975.

Yu X., Kikuchi A., Matsunaga E., Morishita Y., Nanto K., Sakurai N.,
Suzuki H., Shibata D., Shimada T., Watanabe K.N. (2009), "Establishment
of the evaluation system of salt tolerance on transgenic woody plants in the
special netted-house”, Plant Biotechnology. 26(1), pp. 135-141.

Yu Y., Liang H., Wang S., Lian Y., Wei Y., Wang T. (2010), "Research
progress and commercialization on transgenic soybean in China", Soybean
Science. 29, pp. 143-150.

Zargar S.M., Gupta N., Nazir M., Mahajan R., Malik F.A., Sofi N.R,,
Shikari A.B., Salgotra R. (2017), "Impact of drought on photosynthesis:
Molecular perspective"”, Plant Gene. 11, pp. 154-159.

Zhang T., Li Z, LiD,, Li C,, Wei D,, Li S, Liu Y., Chen T.H., Yang X.
(2020), "Comparative effects of glycinebetaine on the thermotolerance in
codA-and BADH-transgenic tomato plants under high temperature stress”,
Plant Cell Reports. 39(11), pp. 1525-1538.

Zhang T., Liang J., Wang M., Li D., Liu Y., Chen T.H., Yang X. (2019),
"Genetic engineering of the biosynthesis of glycinebetaine enhances the fruit
development and size of tomato”, Plant Science. 280, pp. 355-366.

Zhao X., Li G., Liang S. (2013), "Several affinity tags commonly used in
chromatographic purification”, Journal of analytical methods in chemistry.
2013(581093), pp. 1-8.

Zheng G., Fan C., Di S.,, Wang X., Xiang C., Pang Y. (2017), "Over-

expression of Arabidopsis EDT1 gene confers drought tolerance in alfalfa



125

(Medicago sativa L.)", Frontiers in plant science. 8(2125), pp. 1-14.

179. Zoz T., Steiner F., Guimarées V.F., Castagnara D.D., Meinerz C.C., Fey R.
(2013), "Peroxidase activity as an indicator of water deficit tolerance in
soybean cultivars", Bioscience Journal. 29(5), pp. 1664-1671.

180. Zulfigar F., Younis A., Riaz A., Mansoor F., Hameed M., Akram N.A.,
Abideen Z. (2020), "Morpho-anatomical adaptations of two Tagetes erecta
L. cultivars with contrasting response to drought stress™, Pakistan Journal of
Botany. 52(3), pp. 801-810.



PHU LUC

Phuc luc 1. Gen codA téng hep nhan tao va gen codA ciaa A. globiformis

P1.1. Trinh tw gen codA téng hop nhan tao va gen codA cia A. globiformis [79]
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810 820 830 B40 850 ge0 870 880
I I R I T T T R O IR FET T e P e Ty e

AY304485 cr1CTrCcaGATGAAECGGCGCGCGGAEGGCACCCGCchrCCRGCrcGGlcrcc1ACArCCACCCGAICGTCGAG GG
CODA-TT-NT ...... T..... T..TA.BA.G..T..... G..AA.G..A..TTCAAGT..... A..T..... T B e e e A.
890 900 810 920 930 940 950 960
elewwala N R cleeealoaralsnesls eleevaloanalvanals N P R P |
AY304485 aﬁAACTTcaCCCTGcTAACCGGCCTGCGCGCCCGCCAGCTGGTGTTCGACGCGGaCAGGCGCTGCACCGGCGTCGACA C
CODA-TT-NT .A.....T..TT..T.G..T..T..TA.G..A..T..A..T..T........ T..T..A..T..... T..G..T..T..A
970 980 890 1000 1010 1020 1030 1040
slssealosan]anss]es slessalonssfaonas]e slosen|onss]s .1 slosssasns|sans
AY304485 GTGGACTCCGCCTTCGGCCACACCCATCGGCTGACGGCGCGCAATGAAGTCGTGCTCTCCACCGGCGCGATCGATACGCC
CODA-TT-NT ..C..... T.....T..A..T..A...A....T. . A.. TA.A..C........ A..T..T..T..T..A..T..... A..
1050 1060 1070 1080 1090 1100 1110 1120

B T O I [ e T L e e I L [T Iy
AY304485 GAAGCTGCTGATGCTCTCCGGCATCGGCCCCGCCGCCCACCTCGCCGAGCACGGCATCGAGGTCCTGGTGGACTCCCCCG

CODA-TT-NT A...T....T...T.G..T..A..... G..T..A..A..... T..T..A..T..A........ GT....T..... T..A.
1130 1140 1150 1160 1170 1180 1130 1200
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AY304485 GCGTGGGCGAGCACCTGCAGGACCACCCGGAAGGCGTGGTGCAGTTCGAGGCCAAGCAGCCCATGGTCGCCGAGTCCACG

CODA-TT-NT .T..A..G..A.,....T..A,.T.....T.....A..T..C.... .o e ..T..A..A. A, ......... .A..A..C
1210 1220 1230 1240 1250 1260 1270 1280

. N P I T P R [T e IR [ I R [ [ IPIPTI R |

AY304485 CAGTGGTGGGAGATCGGCATCTTCACCCCCACCGAGGACGGCCTGGACCGCCCCGACCTGATGATGCACTACGGCTCCGT

CODA-TT-NT . .B..c.uununennnn T..... T..T..T..T..A........ T..TA.G..A..... T..... T..A..
1230 1300 1310 1320 1330 1340 1350 1360

B N I SRR EEEEN RN LN RN RN I RN I BEEEEN
AY304485 GCCGTTCGACBTGAACACCCTGCGGCACGGCTACCCCACCACGGAGAACGGCTTCAGCCTCACCCCGAACGTCACGCACG

CODA-TT-NT C..T.....T..... T..TT..A.A..T..G..T..T..A..T..... T..A...TCAT.G..... T..T..T..A..T.
1370 1380 1330 1400 1410 1420 1430 1440
cheveefeaaaloscalvacalonnsloonalonccloraalonaaloeealanesfenaalonse]
AY304485 CCCGCTCOCGCGECACTETCCGECTECECAGCCGCEACTTCCGCGATAAGCCCATGETCGACCCOCGCTACTTCACCGAC
CODA-TT-NT ..A.G..TA.G..T..... GA.A..TA.A..TA.G..... TA.A..C..... T..... T..T..TA.A..T.........
1450 1460 1470 1480 1480 1500 1510 1520
R R N R I I N e e e e e ey
AY304485 CCAGAGGGCCATGACATGCGCGTCATGETCGCCGGCATCCECARGGCCCGCGARATCGCCECCCAGCCCGCCATGGCGGA
CODA-TT-NT ..... A.....C..T...A.A..A..... G..A..T. TA.A..... TA.A..G..T..A..T..A..T..T..... T..
1530 1540 1550 1560 1570 1580 1590 1600
S [ T TI [ [ IPTPT R [ IFTTTPT (S DU [P [ T e e |
AY304485 ATGGACCGGCCGCGAGCTCTCCCCCGGCGTCGAGGCGCAGACCGACGAGGAGCTGCAGGACTACATCCGCAAGACGCACA
CODA-TT-NT ......... TA.A..... T..A..A..A..T.....C. . A..... T..A..AT....... T..T..T..T..... T..T.
1610 1620 1630 1640 1650 1660 1870 1680

B T L T T T T I T L I
AY304485 ACACCGTCTACCACCCCETGGGCACCGTGOGCATGEGCECGETCGAGGACGAGATGTCCCCGCTCGACCCCGAGCTGCGE

CODA-TT-NT .......T........ Y S AA........ T..G..A.ovrnn.. AGT..A..T..T..T..AT..A.A
1680 1700 1710 1720 1730 1740 1750 1760
N N R N e e e e e e e e ey
AY304485 GTCAAGGGCGTCACCGGTCTGCGCGTCGCCGACGCCTCGGTCATGCCCGAGCACGTGACCGTCAACCCCAACATCACCGT
CODA-TT-NT ..G..A..A..G..A..A..TA.G.....A..T..T..A..G.....T..A,.T..A..A..T.....T..T........
1770 1780 1780 1800 1810 1820 1830 1840
R R T I T N N e e e T e e e ey
AY304485 CATGATGATCGGCGAGCGCTGCGCGGACCTTATCCGCTCCGCCCGCGCCGGTGARACAACGACGECGCACGCCGAGCTGA
CODA-TT-NT G........A..T..... T..T..T..TT.G..TA.A. A, .TA.A. .A..G,.G..T..C..C.,.T..T..T, .A..TT
1850 1860 1870 1880
A e eleveeloenalonrelorealoneeloenalen
AY304485 GCGCGGCCCTCGCCTAA
CODA-TT-NT CT..A..TT.G..AC. CTCATCTCAGAAGAGGATCTGAATTGA

c-myc



P1.2. So sanh trinh tw amino acid cia choline oxidase ma héa béi gen codA téng hop
nhan tao véi gen codA ciaa A. globiformis [79]
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Phuc luc 2. Quy trinh chuyén gen codA vao giéng diu twong DT22

Bwéc 1: Chuan bi vat liéu chuyén gen
- Hat dau twong dwoc khir triing bang khi clo, sau d6 duoc gieo trén moi
truona GM.

b

Buéc 2: Tao dich huyén phu vi khuan A. tumefaciens
- Nudi cay tao khuan lac tir khuan trir & -80°C
- Nudi long khuan tir khuan lac don
- Tao dich huyén pht vi khuan A. tumefaciens C58 dén ODeso 0,6

¥

Buwéc 3: Gay nhiém va dong nudi cay
- Loai bo than mam va ré mam cua hat dau twong
- Tach doc hai 14 mam, loai bé dinh sinh truong, tao 3- 5 vét thuong trén
|4 mam tai vi tri d4 loai bo dinh sinh truéng
- Ngam |4 mam di ton thwong trong dich huyén pht vi khuan 30 phut
- Pong nudi cdy 5 ngay trén moi truong CCM, trong tdi hoan toan 25°C

b

Budéc 4: Diét khuian, cam wng tao da chdi va chon loc
- Diét khuan bang cefotaxime 500 mg/I trong 10 phut
- Tao chdi trén méi trudng tao chdi chira cefotaxime 500mg/l

- Chon loc chdi trén méi truong SIM ¢6 PPT 3 mg/l va cefotaxime
500mg/l.

A d

Bwdéc 5: Tai sinh cay hoan chinh
- Cac cum chdi chon loc dugc kéo dai chdi trén méi tredng SEM c6 PPT
1,5 mg/l va cefotaxime 500 mg/I
- Chdi dai 3-5 cm duoc cit va cdy trén moi trudng RM cd cefotaxime 250
mg/1 dé tao cay hoan chinh

bl

Buéc 6: Ra ciy trong nha luéi

- Cay hoan chinh in vitro duoc trong trén gia thé TN1 tron vai Tribat theo
ty ¢ 3:1

5 -7 ngay

2-3 ngay

5 ngay

28 ngay

60- 90 ngay

20 — 30 ngay

120 - 160 ngay



Buwéc 1. Chudn bj vt liéu chuyén gen

Hat dau tuong (DT22) to tron déu, mau vang sang, vo hat khdng bi nut duoc
chon 1am vat liéu chuyén gen. Hat chin duoc khir tring bang khi Chlore (Clz) day
la chat doc cuc manh va c6 kha niang khir trang cao, khi clo duoc tao ra bang cach
bo sung 3 ml HCI dam dac vao 100 ml javen thwong pham. Viéc khir tring dugc
thuc hién trong mot binh kin va dat trong ta hat 14- 16 gio. Sau khi khir trung, hat
dugc gieo trén moi truong GM trong cac thoi gian 5-7 ngay.

Bueéc 2. Tao dich huyén phu vi khudn A. tumefaciens

Nubi cdy teo khuan lac: ciy trai A. tumefaciens mang gen codA tir 6ng giir
chung 1én moéi truong YEP dic, ¢ bo sung khang sinh phi hop, nuéi trong ta on
nhiét 28°C trong thoi gian 48 gio.

Nubi Iéng khudn: dung que cay chon mot khuan lac riéng biét trén dia khuan
cay vao mdi truong YEP long bo sung céc loai khang sinh nhu nudi dic. Binh nudi
long duoc l4c 200 v/ip ¢ 28°C trong 16 gid & diéu kién téi hoan toan.

Tao dich huyén phu vi khudn: dich khuan thu tir qua trinh nuéi long dugc hoa
loding 2 - 3 1an va tiép tuc nudi phuc hdi 2 - 4 gio. Sau d6 dich khuan duogc ly tim &
5000 v/p trong 10 phat ¢ 4°C. Loai bo phan dich néi va hoa tan can khuan trong
moi truong CCM long ¢6 bd sung acetosyrigone dé dat mat do huyén phu vi khuan
ODesso 0,6.

Céc logi méi truong sir dung cho qué trinh nudi cdy teo dich huyén phi vi khudn
gom: méi trwong nudi khudn déic, méi truong nudi khudn léng va méi trirong tao
dich huyén phu vi khudan.
Buéc 3. Gay nhiém va dong nudi cay:

Hat dau tuong sau 5-7 ngay gieo, phan than mam va ré mam bi loai bo, hai 14
mam duoc tach ra, dinh sinh truong bi loai bo, tao 3-5 vét thuong trén 14 mam tai vi

tri da loai bo dinh sinh truong. L& mam sau khi tao ton thuong dugc ngam trong



dich huyén phu vi khuan trong thoi gian 30 phat. Tiép theo, mau duoc dit trén moi
truong dong nudi cay dat cac mau ¢ 25°C trong diéu kién téi thoi gian 12 5 ngay.
Buéc 4. Diét khuan, cam #ng tao da choi va chon loc:

Mau bién nap sau thoi gian ddng nudi cdy duoc lic trong méi truong SIM
long c6 bd sung cefotaxime 500 mg/l trong 10 phit, sau d6 thim khd bang gidy
tham khir tring va cdy mau 1én méi truong tao chdi c6 bd sung cefotaxime 500
mg/l. Sau 2 tuan, mau duoc chuyén sang moéi truong chon loc SIM c6 bé sung
cefotaxime 500 mg/l, PPT 3 mg/l va nudi trong 2 tuan.

Buwéc 5. Tai sinh cay hoan chinh:

Cac cum chéi duoc tao ra trén méi trudng chon loc SIM duoc chuyén sang
moi truong kéo dai choi SEM c6 bo sung 500 mg/l cefotaxime va 1,5 mg/l PPT.
Cac choi phat trién dat chiéu cao tir 3 - 5 cm duoc cat va ciy trén moi truong ra ré
RM ¢6 bo sung cefotaxime 250 mg/I dé tao cay hoan chinh.

Buéc 6. Ra cdy trong nha luon:

Khi cay in vitro c¢6 3 14, c6 bo ré dam bao (thudng sau 2 tuan nudi cay) duoc
lay ra khoi binh nudi cay, rira sach phan agar bam trén ré va trong trén gia thé TN1
tron voi Tribat theo ty 16 3:1. Cay séng sot trén gia thé dugc dua ra chau dat co bd
sung phan bon trong diéu kién nha luéi. Khi cdy xuét hién cac 1a méi, PPT 250mg/l
duoc phét 18n 14 nham danh gia biéu hién cua gen chon loc (bar). Mau la cua cay

chuyén gen ciing dugc thu thap va phan tich bang cac danh gia & mtc d6 phan tu.



Phu luc 3. Két qua kiém tra PPT 250mg/l va PCR céc dong To, T1

P3.1. Két qua kiém tra cac dong rd29A-codA To, T1 bang PPT 250mg/l va PCR

TO Tl
STT| Tendong | PCR | PPT Tén dong PPT | PCR | S hat thu
rd29A-codA 1.1 --- -
1 | rd29A-codA 1 - + +
rd29A-codA 1.2 - .
2 |rd29A-codA2| + |+++| rd29AcodA2.1 |+++| + | 100-150
3 |rd29A-codA3 | + |-++ rd29A-codA 3 +++ | + | 100-150
rd29A-codA 4.1 .- .
4 | rd29A-codA 4| + ++
rd29A-codA 4.2 ++4+ | + 100 - 150
rd29A-codA 5.1 -4+ - -
5 | rd29A-codA 5 + + + rd29A-codA 5.2 4o )
rd29A-codA 5.3 .- -
rd29A-codA 6.1 .- -
6 | rd29A-codA 6 + +++ rd29A-codA 6.2 L ]
rd29A-codA 6.3 .- -
rd29A-codA 7.1 --+ + 100 - 150
7 | rd29A-codA7 | + |+++
rd29A-codA 7.2 S -
rd29A-codA 8.1 .- -
8 | rd29A-codA 8 + +++
rd29A-codA 8.2 - -
9 | rd29A-codA 9 + +++ rd29A-codA 9 o .
rd29A-codA rd29A-codA 10.1 - -
10 + ++
10 (d29A-codA 102 | --- | -

- Két qua am tinh; +: Két qua duong tinh;




P3.2. Két qua kiém tra cac dong 35S-codA To, T1 bang PPT 250mg/l va PCR

To

T

STT

Tén dong

PCR

PPT

Tén dong

PPT

PCR

S4 hat thu

35S-codA 2

35S-codA 2.1

35S-codA 2.2

35S-codA 2.3

35S-codA 6

35S-codA 6.1

35S-codA 6.2

35S-codA 6.3

35S-codA 7

+ +

35S-codA 7.1

35S-codA 7.2

35S-codA 7.3

35S-codA 8

35S-codA 8.1

35S-codA 8.2

35S-codA 8.3

35S-codA 8.4

35S-codA 9

35S-codA 9.1

35S-codA 9.2

35S-codA 9.3

35S-codA 11

35S-codA 11.1

35S-codA 11.2

35S-codA 11.3

35S-codA 13

35S-codA 13.1

35S-codA 13.2




To T,
STT | Téndong PCR | PPT Tén dong PPT |PCR | S hat thu

35S-codA 13.3 | --- | -
35S-codA 201 | --- | -

8 35S-codA 20 + + |355-codA202 | --- | -
35S-codA 203 | --- | -
35S5-codA 231 | --- | -
35S-codA 232 | --- | -

9 35S-codA 23 -+ +
35S-codA 233 | --- | -
35S-codA 234 | --- | -
35S-codA 27.1 | --- | -

10 35S-codA 27 + - + | 35S-codA 27.2 I

35S-codA 27.3

- Két qua am tinh; +: Két qua duong tinh;




P3.3. Két qua kiém tra cac dong HSP-codA To, T1 biang PPT 250mg/l va PCR

To T1
STT Tén dong PCR PP Tén dong PPT | PCR | S6 hat thu
T

HSP-codA 1.1 |--- |-

1 HSP-codA 1 ++ +
HSP-codA 1.2 |--- |-
HSP-codA 3.1 |--- |-
HSP-codA 3.1 |--- |-

2 HSP-codA 3 ++ +
HSP-codA 3.2 |+++ |+ 250 -300
HSP-codA 3.3 |--- |-
HSP-codA 4.1 |--- |-

3 HSP-codA 4 -+ + - | HSP-codA 42 |--- |-
HSP-codA 4.3 |--- |-

4 HSP-codA 5 +-+ + | HSP-codA 5 I

5 HSP-codA 6 +++ + | HSP-codA 6 S
HSP-codA 8.1 |--- |-

6 HSP-codA 8 - + | HSP-codA 82 |--- |-
HSP-codA 8.3 |--- |-

7 HSP-codA 11 -+ + + | HSP-codA 11 4+ 4+ |+ 4

8 HSP-codA 12 | + + | HSP-codA 12 S
HSP-codA 14.1 |--- |-

9 HSP-codA 14 | -+ +
HSP-codA 14.2 |--- |-
HSP-codA 17.1 |--- |-
HSP-codA 17.2 |--- |-

10 | HSP-codA 17 -+ -

HSP-codA 17.3

HSP-codA 17.4

- Két qua am tinh; +: Két qua duong tinh;
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