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TOM TAT

Do min cua dat gay han ché nghiém trong ning suat dau twong toan cau, tuy nhién viéc
phét hién gen theo phuong phép truyén thong van bi tac nghén boi téc do cham chap cua
di truyén hoc tién bo va tinh tng dung han ché cua di truyen hoc ngugc trong chon gidng.
O day, ching t6i thiét 1ap mot mé hinh hé gen hoc chuyén dich tich hop dic diém ho gen
c6 hé thong vai khai thac quan thé quy mo 16n dé nhanh chéng xac dinh cac alen san
sang cho lai tao giéng. Pau tién, ching t6i di phan tich toan dién siéu ho GA oxidase
(GmGAO0X) cua dau tuong, phat hién 48 gen dugc md rong théng qua sao chép toan bo hé
gen va sao chép song song thanh bén nhanh phuy véi cau tric diéu hoa khéc biét, giau cac
yéu to cis phan ung véi stress va hormone. Phan tich biéu hién gen va xac nhan chic
nang da xac dinh sau thanh vién C19-GmGAZ20x, dac biét la GmGA20x16, la cac gen cam
ng mubi nhanh chong gitp ting cudng kha nang chéng oxy hda va mang lai kha ning
chiu stress & nAm men va ré to dau twong. Bang cach phan tich lai 2898 mau dugc giai
trinh tu, chung t6i da phat hién ra hai kiéu gen GmGA20x16 duoc xac dinh boi cac SNP
khong dong nghia (N31D, A182P) trong cac vung xuc tac duoc bao ton. Allele
GMGA20x16™%! vuot troi the hign dau hiéu chon loc thuan héa manh mé (71,17% &
giong dia phuong dén 78,10% o gidng cai tién). Phan tich kiéu hinh 102 mau bang chi sb
héo rii cho thay céc c4 thé mang allele GmMGA20x16H21 thé hién kha nang chiu man vuot
troi hon dang ké so Vvoi GmGA20x16° Hap2 Nghién curu nay cung Cap mot dau hiéu chuc
nang co thé trién khai, giap rat ngan qua trinh 1ap ban d6 chi tiét ton nhiéu thoi gian can
thiét cho viéc nhan ban QTL truyen thong chang minh mot khudn kho dua trén dir lidu
dé day nhanh qua trinh chon giéng cay trdng thich tng véi bién d6i khi hau. Cong trinh
cua chung tdi thiét 1ap mot mo hinh dé nhanh chéng chuyén doi dir liéu omics cong cong
thanh ngudn gen c6 lién quan dén ndng hoc, day nhanh qua trinh phat trién cac gidng dau
twong thich tng véi bién déi khi hau.

Tu khoa: Soil salinity, GA oxidase, GmGA20x16,Soybean



1. GIOI THIEU

Gibberellin (GA) la mét phytohormone quan trong diéu chinh su sinh truéng, phat trién
cua cy trong va phan &ng véi cac tic dong tir méi trudng (Gao va Chu, 2020b). Nong do
hoat dong cua ching dugc duy tri boi hoat dong dbi lap cua cac enzyme sinh téng hop
(GA200x, GA30x) va cac enzyme di hoa (GA20x) (Chiang va cong su, 1995; Xu va cong
sw, 1995; Thomas va cong su, 1999). Dya trén sb luong nguyén ti carbon trong cau tric
vong, gibberellin c6 thé dugc chia thanh hai loai chinh: gibberellin C20 va gibberellin
C19 (Hedden, 2001). Theo hoat tinh cua ching, cac gibberellin ndy c6 thé duoc phan loai
tiép thanh dang hoat dong va khdng hoat dong. Trong sé do, chi ¢ gibberellin C19, bao
gom GA1, GAs, GA4 va GA7, méi ¢d hoat tinh sinh hoc (Hedden va Thomas, 2012).
GA200x xtc tic budc oxy hda quan trong trong con dudng sinh tong hop gibberellin,
chuyén d6i cac tién chat khéng hoat dong GAi1, hoic GAssz thanh GAs hoic GAx
(Olszewski va cs, 2002). Trong budc cudi cung cua qué trinh sinh téng hop gibberellin,
GA3o0x xUc tac qué trinh hydroxyl hoa 3p ctia GAg hoic GAzo dé tao ra GA4 hoic GA; ¢6
hoat tinh sinh hoc (Tajti va cs, 2019). GA2ox duoc chia thanh hai 16p chinh: C19-GA20x
va C20-GA20x (Lange va cs, 2020). C19-GA2o0x dua nhém hydroxyl vao vi tri C-2 cua
gibberellin hoat dong (vi du: GA1 va GA4), chuyén doi ching thanh dang khdng hoat
dong nhu GAs va GAss (Betts va cs, 2020), trong khi C20-GA2ox tac dong 18n tién chat
C20, do d6 gian tiép diéu chinh mac d6 GA hoat tinh sinh hoc.

Dudi diéu kién stress mudi, thuc vat diéu chinh lai qua trinh chuyén hoa GA dé can bang
giita tang truong va kha niang chdng chiu stress, véi ho enzyme GA20x dong vai tro 1a céc
enzyme phan giai GA quan trong trong qué trinh thich nghi nay. OsGA20x5 gop phan
vao kha niang chiu man bang cach tinh chinh qué trinh chuyén hoa gibberellin va @c ché
mutc d6 GA hoat dong (Shan va cs, 2014a). O cay lda, GA20x6 lam giam stress do mudi
bang cach l1am suy giam cac GA hoat tinh sinh hoc, gitp 6n dinh protein DELLA va sau
d6 kich hoat céc yéu té phién ma phan ung voi stress (vi du: AP2/EREBP, WRKY,
NAC) va c4c gen enzyme chong oxy hoa (vi du: CAT, APX), din dén ting tich liy
proline va cai thién kha nang loai bo ROS (Lo va cs, 2017b). Tuong tu, biéu hién lac chd
cua StGA20x1 trong khoai tay lam giam cac GA hoat tinh noi sinh, diéu chinh ting cac
gen lién quan dén stress (RD28, DREB1, WRKY1, SnRK2), ting ham lwong proline, giam
thiéu sy phan hay chat diép luc va carotenoid, va duy tri ham lugng nudc tuong ddi, tir
d6 cai thién kha ning chiu man (Shi va cs, 2019a). O cay bong, GhGA20x1 iic ché hoat
dong cua GA, 6n dinh protein DELLA va kich hoat cic yéu to phién mé phan tng véi
stress (GhDREB1, GhEREB2, GhWRKY5) cung vaoi gen tong hop proline GhP5CS, dan
dén nong do proline tdng cao, ham lugng di¢p luc dugc bao ton va trang thai nudc duoc
duy tri dudi diéu kién man (Shi va cs, 2019c). OsGA20x8 bao ton ning lwong dudi diéu
kién stress man bang cach ¢ ché su phat trién thong qua su suy giam GA, dong thoi ting
cudng chat chéng oxy hda (anthocyanin, flavonoid, GSH, AsA) va chat tham thau
(sucrose, proline), do d6 ting cuong giai doc ROS va diéu chinh tham thau (Wang va cs,
2021b). O Poa pratensis, PpGA20x8 lam bat hoat C19-GA, lam giam nong do GA4 va
gay ra hién tuong lun, 14 ngan va rong hon, dong thoi 1am tang ham luong diép luc, tr d6
lam giam mat nuéc va cai thién kha nang diéu chinh tham thau, gian tiép ting cuong kha
nang chiu man (Su va cs, 2024a). O Sesuvium portulacastrum, tat ca cac gen SpGA20x
déu duoc diéu chinh ting dang ké dudi diéu kién stress man va bi tc ché boi xir Iy GAs,
trong 46 SpGA20x3 va SpGA20x8 cho thay su thay doi biéu hién rd rét nhat, cho thay vai
trd quan trong trong phan tng stress man do GA diéu hoa (Ruan va cs, 2025). Nhin
chung, nhitng phat hién nay nhan manh qua trinh di héa GA do GA2ox diéu hoa la mot



co ché dugc bao ton va 1 trung tam trong sy thich nghi caa thuc vat véi mudi. Bing cach
lam giam ndng d6 GA hoat dong, cac gen GA20x kich hoat cAc mang ludi phan (ng véi
stress va cung nhau ting cuong kha nang chiu man. Cac nghién ctru trong tuong lai nén
huéng dén viéc 1am sang to sy tuong tac phuc tap gitra cac enzyme chuyén hda GA,
hormone, tin hiéu ROS va diéu hoa phién ma dé xac dinh cac muc tiéu méi cho viéc tao
ra cac gidng cy trong chiu man.

La mét trong nhirng cay trong lay dau va mang lai thu nhap quan trong nhat thé gioi,
nang suat va chat luong déu twong dnh hudng truc tiép dén an ninh luong thyc toan cau
va nen ndng nghiép bén virng. Tuy nhién, hién tuong nhlem man dat di tr& thanh mot
yéu té gay cang thang phi sinh hoc chinh han ché san xuit ddu twong (Feng va cs, 2014;
Sun va cs, 2019). Do do, viéc sang loc va xac dinh c6 hé théng cac gen chiu man quan
trong duoi diéu kién stress man co gia tri to 16n trong viéc phat trién céc glong dau tuong
mai ¢6 kha ndng chiu man cao hon va thich nghi rong rai hon. Nhing nd luc nhu vay
khéng chi gilp on dinh ning suat trén dat nhiém man ma con mo rong dién tich canh tac
va thuc day viéc s dung hiéu qua dat kém chat lwong. Mac du vai tro cua cac enzyme
gibberellin oxidase trong dau twong da dugc nghién ctu rong rai (Wang va cs, 2021a; Li
va cs, 2023; Sun va cs 2023, 2025; Su va cs, 2024b), nhung viéc xac dinh toan bd hé gen
cua cac gen GmGA200x, GmGA3ox va GmGAZ20x, cling nhu chirc nang cua phan nhém
GmGA20x dudi diéu kién stress mudi, van chua duoc béo céo ¢ dau tuong.

Trong nghién ctu nay, ching t6i trinh bay phan tich toan dién dau tién trén toan bo hé
gen cua ho gen gibberellin oxidase trong diu tuong, bao gdm cac phan nhom
GmGA200x, GmGA30x, C19-GmGA20x va C20-GmGA20x. Mot phuong phap két hop
bao gom phan tich phét sinh ching loai, hé gen tién hoa va phan tich biéu hién gen da
duogc sir dung dé mo ta dic diém cua ho gen nay va xac dinh cac thanh vién phan (ng voi
stress mudi. Tur do, cac gen C19-GmGA20x quan trong (GmGA20x16/17/20), duoc diéu
hoa ting manh dudi tac dong cua stress NaCl, d3 dwoc chon dé xac nhan chirc ning
chuyén sau. Ching dugce dinh vi & c nhan va té bao chat, va biéu hién di loai cua chiing
trong ndm men lam tang dang ké kha nang chiu man. Thir nghiém chuyén gen voi ré 16ng
dau twong biéu hién qua mic GmGA20x16 da chang minh rang gen nay lam ting dang ké
kha nang chiu min. Hon nita, phan tich kiéu gen cua ing cu Vién trlen vong nhat,
GmGA20x16, cho thay su chon loc cua nd trong qua trinh thuan hoa va mai lién hé véi sy
blen di tu nhién vé kha ning chiu man. Phat hién cua chung t6i xac lap GmGA20x16 la
yéu to di truyén quan trong quyét dinh kha nang chbng chiu stress man va cung cap
ngudn gen quy gia cho cdng tac chon gidng phan tir dau twong chiu man.

2. VAT LIEU VA PHUONG PHAP
2.1. Vat liéu thuc vat

Tat ca cac giong dau twong dugc sir dung trong nghién ciru nay déu dugc thu thap va duy
tri boi phong thi nghiém cua chung t6i, va chiing t6i da cung cap thdng tin chi tiét vé moi
truong séng ban dau trong Bang bo sung 1.

Bang bo sung 1. Thong tin vé moi truong sdng ban dau cua tat ca cac giéng dau tuong
tai Trung Quoc

Tén giéng Loai Dia phuong M4 phéan phbi  Tén gidng Loai Dia phuong M4 phan phoi
Zhangnong21l  Cai tién Son Tay C. Heinongd4  Caitién Haic Long Giang C.l
Jilinxiaolidou  Cai tién Céat Lam C.l Heinong48  Caitien Hac Long Giang C.l

Zhangnongl9  Cai tién Son Tay C.II Beifengl4  Caitién Hac Long Giang C.I




Hefeng52 Caitién Héc Long Giang C.l Heinong37  Caitién Hic Long Giang C.I

Nenfengll  Caitién Hic Long Giang C. Qingpidou Pia phwong  Cat Lam C.
Zhangnongl4  Cai tién Son Tay C.l Heihel8  Caitién Hic Long Giang C.
Jiyu76 Cai tién Céat Lam C. Jiunong21  Cai tién Céat Lam C.
Qinganheidou Pia phuong Hic Long Giang C. Suinongl  Caitién Hic Long Giang C.I
Jiyu71l Cai tién Cat Lam Cl Jiyuss Cai tién Cat Lam [of
Hefeng.37  Caitién Hic Long Giang o} Liaoxianl  Cai tién Liéu Ninh C.
Jiyus7 Cai tién Céat Lam C. Jilin3 Cai tién Céat Lam C.
Yuanbaojin Dia phuong Héc Long Giang C. Dongnong  Caitién Héc Long Giang c.l
Tiefeng8 Cai tién Liéu Ninh C. Liaodou30  Cai tién Liéu Ninh C.l
Qunxuanl  Cai tién Cét Lam o} Suinongl0  Caitién Hac Long Giang C.
Heinong31l  Caitién Hic Long Giang C. Dongda2  Caitién Hic Long Giang C.
Xindadoul Dia phuong Tan Cuong o} Heihel4  Caitién Hic Long Giang C.
Shidadoul Diaphuong Tan Cuong o} Silihuang  Dia phuong Hic Long Giang C.
Jiyud7 Cai tién Cat Lam C. Heihe43  Caitién Hic Long Giang C.l
Gongye03-  Cai tién Cat Lam C. Heinong69  Caitién Hic Long Giang c.l
Huangqgi  Dia phuong NA NA Jiyu72 Cai tién Cat Lam C.l
Gongye04-L15  Cai tién Cét Lam o Baimei  Dia phuong Héc Long Giang o
Longguandado Dia phuong Hic Long Giang C. Jiyu67 Cai tién Cét Lam c.l
Zihua4 Dia phuong Hic Long Giang C. Tiejiazi  Dia phuong  Liéu Ninh C.
Heihe25 Cai tién  Hic Long Giang C. Dongnong  Caitién Hac Long Giang c.l
Gongye04L-  Caitién Hic Long Giang o Heihe4 Caitién  Hic Long Giang C.
Heihe35 Cai tién Hic Long Giang C. Suinongl5  Caitién Hic Long Giang c.l
Mengdoul4  Caitién  Noi Mong Co o Jilin36 Cai tién Cét Lam C.
Heinong? Cai tién Hic Long Giang C. Dongnong  Caitién Hic Long Giang c.l
Heihe44 Cai tién Hic Long Giang C. Hefeng55  Caitién Hic Long Giang c.l
Jiyu66 Cai tién Cét Lam o Hefeng35  Caitién Hac Long Giang o
Dongnong59  Cai tién  Héc Long Giang C. Tiejiahei  Pia phuong Ha Bic c.l
Tiejiasilihuang Pia phwong ~ Cat Lam o} Liaodou32  Cai tién Liéu Ninh C.
Changnong26  Cai tién Céat Lam C.l Dahuangd bDiaphuong T Xuyén C.lv
Mengdou9  Caitién  No6i Mong CH o Jilin35 Cai tién Cét Lam C.
Tianerdan Diaphuong  Son Péng c. Changjihu bja phwong Téan Cuong C.l
Jiyu67 Cai tién Cét Lam o Baichengm Dia phwong  Cét LAm o
Dalihuang  Pia phuong Hic Long Giang C. Huangbaoz Dia phuong Hic Long Giang C.l
Mancangjin Dia phuong Héc Long Giang Cl Jilin30 Cai tién Cat Lam C.l
Jiyu69 Cai tién Cat Lam C. Xiaobaigi Pia phuong Noi Mong Co C.l
Tiefeng29 Cai tién Liéu Ninh C. Maoyando Dia phuong  Liéu Ninh C.l
Longpin03-311 Caitién Hic Long Giang o} Mengdoul  Caitién  Noi Méng CH C.
Mufengl Cai tién  Hic Long Giang C. Tiedou43  Caitién Liéu Ninh C.
Jilinchalihua  Cai tién Cat Lam C. Fangzheng Dia phuong Hic Long Giang C.l
Heihe13 Caitién  Hic Long Giang o} Liushitianh Dia phuong  Liéu Ninh C.
Dongnong46  Caitién Hiéc Long Giang o} Baikehuan Biaphuong  Son Tay c.i
Suinongl4  Caitién Hic Long Giang C. Gongye50  Cai tién Céat Lam C.
Suoyiling  Bia phuong Hic Long Giang Cl Niumaohu Dia phuong NA NA
Helongyoutai Pia phwong  Cat Lam C. Heihell  Caitién Hic Long Giang C.l
Xiaobaidou Dia phuong Son Tay C.l Qingpidou Dia phuong Céat Lam C.
Dongnong44  Cai tién Héc Long Giang C. Baimaodo Piaphuong  Quy Chau cv
Huaidebaihuad Dia phuong Céat Lam C.

2.2. Xac dinh ho gen GmGAo0Xx

B6 gen dau tuong (Gmax 880 v6.0.fa) dugc tai xudng tir co so dir liéu Phytozome v14
(Goodstein va cs, 2012) (https://phytozome-next.jgi.doe.gov/). Bé xac dinh tat ca cac
thanh vién cua ho gen GmGAox trong bo gen dau tuong (Glycine max), ching t6i da su
dung 5 trinh ty protein AtGA200x va 7 trinh tu protein AtGA2o0x cling nhu 4 trinh tu
protein AtGA30x tir Arabidopsis thaliana lam truy vin. HO so M6 hinh Markov an
(HMM) cua 20G-Fell Oxy (PF03171) duoc lay tir co s dit lieu Pfam (Mistry va cs,
2020) (http://pfam.janelia.org). C4c thanh vién cta ho gen GmGAoX trong b gen dau
tuong dugc tim thdy bang cach chay tim kiém BLASTP va HMM trong TBtools-11 (Chen
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va cs, 2023), va két qua cia hai phuong phap tim kiém duoc giao nhau. Cudi cling, mot
cay phat sinh chung dugc xay dung bang cach sir dung trinh tu protein cua cac gen giao
nhau va protein AtGAox tur Arabidopsis thaliana, cho phép xac dinh chinh xac cac gen
ung cu Vién.

2.3. Tinh chét ly héa cia protein va cu tric bac hai, bac ba

Cac tinh chat ly hoa cua 48 chudi protein GmGAox dd dugc phan tich bing cong cu truc
tuyén Expasy-ProtParam (https://web.expasy.org/protparam/). Cac thong sé duoc tinh
toan cho mdi protein bao gom chiéu dai protein, trong lugng phan ti, diém dang dién Iy
thuyét (pl), chi sé khdng 6n dinh, chi sé béo va gia tri trung binh cua tinh ky nuéc. Két
qua dugc tom tat trong Bang b sung 2.

Bang bé sung 2. Phan tich cac dic tinh Iy hoa cua 48 gen GmGAOX

. ) . Chiéu dai Khdi lwong Chi sb Chi s Trung binh tong thé
Dia chi Gene Tén Gene Protein  phén tir bit 6n dinh  béo cuia tinh ky nuéc
Glyma.03G019800 GmGA200x1 382 4348461 6.15 38.26 73.51 -0.382
Glyma.04G211100 GmGA200x2 392 4457445 6.28 38.21 75.36 -0.471
Glyma.04G244200 GmGA200x3 358 40823.52 7.09 29.65 75.98 -0.393
Glyma.06G119102 GmGAZ200x4 193 22043.39 8.66 39.18 84.87 -0.318
Glyma.06G155000 GmGA200x5 396 45301.43 6.43 40.9 76.31 -0.493
Glyma.07G081700 GmGA200x6 396 4498753 6.5 37.26 74.82 -0.343
Glyma.09G149200 GmGA200x7 382 43363.39 5.63 41.44 75.29 -0.325
Glyma.10G241100 GmGA200x8 382 43219.38 5.85 41.09 74.03 -0.302
Glyma.13G035600 GmGA200x9 375 4279756 6.27 42.45 74.05 -0.374
Glyma.14G157400 GmGA200x10 376 42748.65 6.13 41.97 76.44 -0.316
Glyma.16G200800 GmGA200x11 382 4327123 5.69 39.53 75.29 -0.316
Glyma.20G153400 GmGA200x12 383 43327.47 5.85 39.48 74.6 -0.307
Glyma.02G010100 GmGAZ20x1 356 40017.87 8.83 39.93 80.79 -0.392
Glyma.03G221600 GmGA20x2 342 38355.32 9 42.02 83.19 -0.263
Glyma.05G081600 GmGAZ20x3 326 37622.72  8.62 39.15 75.34 -0.431
Glyma.05G130600 GmGAZ20x4 341 38675.37 6.27 37.56 82.29 -0.298
Glyma.07G236100 GmGAZ20x5 333 36806.08 6.32 38.29 90.42 -0.101
Glyma.08G085400 GmGAZ20x6 345 38615.15 5.48 33.24 85.57 -0.275
Glyma.09G032200 GmGAZ20x7 323 36118.58 6.15 46.52 85.98 -0.098
Glyma.10G010700 GmGAZ20x8 356 40183.98 8.18 39.19 79.66 -0.402
Glyma.10G123000 GmGA20x9 327 36992.23 5.23 35.05 89.97 -0.269
Glyma.11G003200 GmGA20x10 339 38814.05 5.9 43.9 75.93 -0.381
Glyma.11G104800 GmGAZ20x11 338 38177.7  6.86 37.67 83.4 -0.291
Glyma.12G029800 GmGA20x12 405 45848.65 6.02 40.55 87.19 -0.114
Glyma.12G213700 GmGA20x13 323 3730196 9.12 40.04 84.49 -0.33
Glyma.12G214000 GmGA20x14 338 38759.35 7.74 48.41 88.82 -0.243
Glyma.13G218200 GmGA20x15 333 37453 8.12 31.52 81.65 -0.271
Glyma.13G259400 GmGA20x16 327 3729494 8.88 37.17 79.88 -0.324
Glyma.13G259500 GmGA20x17 326 369115 9.15 41.51 80.74 -0.269
Glyma.13G287600 GmGA20x18 337 3834476  6.72 47.41 84.78 -0.241
Glyma.13G288000 GmGA20x19 319 36892.4  8.95 41.94 87.99 -0.321
Glyma.15G093900 GmGA20x20 333 37304.85 7.57 29.25 81.35 -0.247
Glyma.15G137201 GmGA20x21 330 36854.57 7.62 49.21 85.33 -0.107
Glyma.15G248402 GmGA20x22 326 37036.69 9.04 35.69 80.67 -0.276
Glyma.15G252100 GmGA20x23 389 43954.63 8.95 40.24 85.66 -0.312
Glyma.17G037300 GmGA20x24 329 36401.69 6.46 40.82 924 -0.063
Glyma.17G145200 GmGA20x25 348 39906.51 8.79 45.81 78.16 -0.446
Glyma.17G178300 GmGA20x26 328 37922.12 842 43.17 73.72 -0.467
Glyma.19G218700 GmGA20x27 343 38283.06 8.69 41.94 82.36 -0.25
Glyma.20G141200 GmGA20x28 366 4157532  6.03 36.77 76.97 -0.321
Glyma.04G071000 GmGA3ox1 341 3842091 6.62 44,58 81.26 -0.238
Glyma.06G072600 GmGA30x2 347 39059.39 6.18 40.6 79.57 -0.283
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Glyma.07G033800  GmGA30x3 378 42075.24 7.73 35.39 92.88 -0.147
Glyma.08G208300 GmGA3ox4 375 41669.76  8.41 34.25 91.52 -0.19
Glyma.13G361700 GmGA30x5 352 39245.13  8.52 39.27 89.2 -0.256
Glyma.14G128400 GmGA30x6 347 38768.46 6.45 46.14 85.53 -0.175
Glyma.15G012100 GmGA3ox7 353 39313.07 7.72 39.38 88.64 -0.264
Glyma.17G205300 GmGA30x8 350 39126.85 6.65 43.76 87.83 -0.246

Thanh phan ciu tric bac hai (phan trim cua xoin o, chudi kéo dai va cuon ngau nhién)
cho mdi protein GmGAox duoc du doan bang cbéng cu truc tuyén SOPMA
(https://npsa.lyon.inserm.fr/cgi-bin/npsa_automat.pl?page=/NPSA/npsa_sopma.html).
Két qua duogc trinh bay trong Bang bd sung 3. Ciu trlc bac ba dy doan cua cac protein,
thu dwgc bang cach st dung AlphaFold3 Server (Abramson va cs, 2024)
(https://alphafoldserver.com/welcome), phu hop véi cac du doan ciu trdc bac hai, xac
nhan mét t6 chirc cau trdc mach lac trén cac cap do du doan khac nhau.

Bang bo sung 3. Phan tich cu tric bac hai cia 48 gen GmGAOX

Dia chi Gene Tén Gene Xoin « (%) Chudi kéo dai (%)  Cudn ngiu nhién (%)
Glyma.03G019800 GmGA200x1 34.55 15.18 50.26
Glyma.04G211100 GmGA200x2 32.40 15.05 52.55
Glyma.04G244200 GmGA200x3 34.08 15.64 50.28
Glyma.06G119102 GmGA200x4 35.23 20.21 44.56
Glyma.06G155000 GmGA200x5 30.30 14.14 55.56
Glyma.07G081700 GmGA200x6 34.60 15.15 50.25
Glyma.09G149200 GmGA200x7 34.29 14.40 51.31
Glyma.10G241100 GmGA200x8 34.29 15.71 50.00
Glyma.13G035600 GmGA200x9 39.20 15.20 45.60
Glyma.14G157400 GmGAZ200x10 33.78 15.69 50.53
Glyma.16G200800 GmGAZ200x11 34.82 15.45 49.74
Glyma.20G153400 GmGA200x12 33.68 14.88 51.44
Glyma.02G010100 GmGAZ20x1 29.21 15.17 55.62
Glyma.03G221600 GmGA20x2 33.33 16.96 49.71
Glyma.05G081600 GmGAZ20x3 33.44 17.48 49.08
Glyma.05G130600 GmGA20x4 29.03 16.72 54.25
Glyma.07G236100 GmGA20x5 32.13 15.02 52.85
Glyma.08G085400 GmGA20x6 29.57 16.52 53.91
Glyma.09G032200 GmGA20x7 31.58 16.10 52.32
Glyma.10G010700 GmGA20x8 28.65 14.61 56.74
Glyma.10G123000 GmGA20x9 32.72 17.43 49.85
Glyma.11G003200 GmGA20x10 34.81 15.34 49.85
Glyma.11G104800 GmGA20x11 33.43 17.16 49.41
Glyma.12G029800 GmGA20x12 30.62 15.80 53.58
Glyma.12G213700 GmGA20x13 35.60 17.03 47.37
Glyma.12G214000 GmGA20x14 34.02 17.16 48.82
Glyma.13G218200 GmGA20x15 31.53 17.12 51.35
Glyma.13G259400 GmGA20x16 33.64 18.04 48.32
Glyma.13G259500 GmGA20x17 32.21 16.56 51.23
Glyma.13G287600 GmGA20x18 31.75 17.21 51.04
Glyma.13G288000 GmGA20x19 36.36 16.30 47.34
Glyma.15G093900 GmGA20x20 30.33 16.82 52.85
Glyma.15G137201 GmGA20x21 33.03 15.76 51.21
Glyma.15G248402 GmGA20x22 34.05 17.18 48.77
Glyma.15G252100 GmGA20x23 29.05 15.17 55.78
Glyma.17G037300 GmGA20x24 3191 16.72 51.37
Glyma.17G145200 GmGA20x25 33.33 15.80 50.86
Glyma.17G178300 GmGA20x26 32.62 16.77 50.61
Glyma.19G218700 GmGA20x27 30.61 16.33 53.06
Glyma.20G141200 GmGA20x28 31.69 15.03 53.28
Glyma.04G071000 GmGA3o0x1 32.55 17.01 50.44


https://npsa.lyon.inserm.fr/cgi-bin/npsa_automat.pl?page=/NPSA/npsa_sopma.html
https://alphafoldserver.com/welcome

Glyma.06G072600 GmGA30x2 33.72 15.56 50.72

Glyma.07G033800 GmGA30x3 34.55 14.29 51.06
Glyma.08G208300 GmGA3ox4 32.40 15.73 52.27
Glyma.13G361700 GmGA30x5 34.08 16.48 52.27
Glyma.14G128400 GmGA30x6 35.23 17.00 49.28
Glyma.15G012100 GmGA3o0x7 30.30 16.43 51.27
Glyma.17G205300 GmGA30x8 34.60 15.14 52.29

2.4. Vi tri nhiém sic thé va xay dung cay phat sinh chiing loai ciia cac gen GmGAOX

Vi tri nhidm sic thé cua cac gen GmGAoX dugc Iy tir co so dit liéu Phytozome va duoc
hién thi bang TBtools-1I. Clustal W dugc sir dung dé cin chinh trinh tu da chudi cua tat ca
cac protein GmGAO0X, va mot cdy phat sinh chuang loai cia cac protein GmGAox dugc
xay dung bang MEGA 11.0 (Tamura va cs, 2021). Cay phét sinh chung loai duoc xay
dung bang thuat toan Neighbor-Joining (NJ) v&i 1000 lan l3p lai Bootstrap.

2.5. Pic diém céu tric, phan tich mé tip bao ton va cac yéu té tac dong cis

CAu trdc exon/intron cua tirng gen GmGAox duoc phan tich bang TBtools-11. Cac mé tip
bao ton cua tat ca cac protein GmGAox dugc phan tich bang cong cu MEME (Bailey va
cs, 2015) (http://meme-suite.org/tools/meme/). Cac mién bao ton trong tat ca cac protein
GmGAox dugce xac dinh bang cong cu CD-Search (https://www.ncbi.nlm.nih.gov/cdd/)
tir co so dir lieu NCBI. Cac yéu td tac dong cis trong trinh ty promoter (2000 bp) cua ho
gen GmGAox duoc du doan bang trang web PlantCare (Lescot va cs, 2002)
(http://bicinformatics.psb.ugent.be/webtools/plantcare/html/). TBtools-II dwoc sur dung
dé tryc quan hoa két qua.

2.6. Phan tich twong dong trinh tw gen

Phan tich trong dong trinh tu gen noi bo duoc tién hanh dé kham pha cac co ché nhan
d6i gép phan vao su mo rong cua ho gen GmGAox trong bd gen dau twong
(Gmax_880 v6.0.fa). Phan tich dwoc thuc hién bang phan mém TBtools-II. Trinh ty
protein hoan chinh va tép chu thich bo gen twong ung ¢ dinh dang GFF3 duoc st dung
lam dau vao. PAu tién, mot phép so sanh BLASTP toan dién duoc thuc hién vai ngudng
gia tri E duoc dit thanh 1e-10 dé xac dinh cac trinh tu protein twong dong. Tép dau ra
BLAST va tép cht thich GFF3 sau d6 duoc xir ly bang tién ich “One Step MCScanX”
trong TBtools dé xac dinh céc khéi thang hang trén tat ca cac nhidm sic thé dau tuong.
Dé hinh dung cac méi quan hé twong ddng cu thé xung quanh GmGAOX, chirc ning
“Advanced Circos” trong TBtools da dugc sir dung. Tép thiang hang dugc xac dinh va tép
chu thich gen d3 duoc tai. Vi tri gen cua tat ca cac gen GmGAox da duogc xac dinh déu
duoc danh dau trén biéu d6 Circos dé minh hoa céc cip gen twong dong va cac ving gen
thang hang ma ching bat nguon tir do.

2.7. Phan tich biéu hién gen d@ic hiéu mo va phan tich biéu hién gen dwéi tac dong
cuaa stress muoi

Dé phan tich biéu hién gen dic hiéu md, dit liéu transcriptome cong khai da duoc Iy tir
Soybean Expression Atlas v2 (Almeida-Silva va Cs, 2023)
(https://soyatlas.venanciogroup.uenf.br/). H6 so biéu hién cua cac gen GmGAox & dau
tuong da duoc nghién cau trén 12 md, bao gém chdi, ré, 14, phoi, hat, hoa, vo hat, nét
san, tru mam, qua, than mam va cudng la. Mot ban d6 nhiét da duoc tao ra bang cach st
dung cac gia tri biéu hién duoc chuyén doi Loge, sau d6 dugc chuan hoa theo hang.
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Dé phan tich biéu hién gen dudi tac dong cuaa stress mudi, dix lisu RNA-seq cong khai tur
Liu (Liu va cs, 2019) da dugc phan tich lai. Trong bo dit liéu nay, cac mau Ia va ré chinh
tir gidng dau twong CO8 (Lam va cs, 2010) duoc thu hoach & cé4c thoi diém 0, 1, 2, 4, 24
va 48 gio sau khi xir Iy bang dung dich NaCl 0,9%, véi ba lan 13p lai sinh hoc cho mdi
thoi diém. Céc quy trinh thi nghiém chi tiét dugc mé ta trong Liu (Liu va cs, 2019). Cac
gia tri biéu hién dugc chuyén doi log, dugc sir dung dé tao ra ban dd nhiét mé ta cac mo
hinh biéu hién theo thoi gian cua 12 gen GmGA200x, 28 gen GmGA20x va 8 gen
GmGA3ox trong sut qué trinh chiu stress mudi.

2.8. Phan tich PCR dinh lwgng thoi gian thuc

Phan tich PCR dinh lugng thoi gian thuc (RT-qPCR) dugc thuc hién nhu da mo ta trudc
day (Zhai va cs, 2014). Tong RNA duoc chiét xuat bang TransZol up (Transgen, M sé:
ET111). RNA dugc phién mi nguoc thanh cDNA bang cach si dung bo kit All-in-One
First-Strand cDNA Synthesis SuperMix (Transgen, Ma sé: AU341). PCR dinh luong thoi
gian thuc (RT-qgPCR) duoc thuc hién trén hé théng phat hién PCR thoi gian thuc
LightCycler® 96 (Roche, Thuy Si) va st dung SYBR Green Master Mix (Transgen, Ma
s6: AQ131). TUA5 (Glyma.05G157300) duoc st dung lam gen tham chiéu dé chuan hoa
RT-gPCR, dua trén tinh 6n dinh da dugc xac nhan cia né dudi diéu kién stress mudi. Tat
ca cac mdi dugc liét ké trong Bang bo sung 4. Ba mau sinh hoc hoan toan doc lap (n = 3
ciy) da duoc thu thap va tién hanh RT-gPCR.

Bang bd sung 4. Trinh ty moi duoc st dung trong nghién ciu nay

Tén moi Trinh tu (5'-3")
GmMGA20x16-GFP-S GAGCTCGGTACCCGGGGATCCATGGTGTTGTTGTCCAAAG
GmMGA20x16-GFP-AS CACCATGGTGTCGACTCTAGACGAAGCTGCAATTCTTTCA
GmMGA20x17-GFP-S GAGCTCGGTACCCGGGGATCCATGGTGTTGCTGTCCAAAG
GMGA20x17-GFP-AS CACCATGGTGTCGACTCTAGAAGCAACAATTCTCTCAAAAT
GMGA20x20-GFP-S GAGCTCGGTACCCGGGGATCCATGGTTGTTCTGTCTCAGC
GMGA20x20-GFP-AS CACCATGGTGTCGACTCTAGAATCAGCAGCAGATTTCTCAA
GmMGA20x16-pYES2-S GAGGCCAGTGAATTCATGGTGTTGTTGTCCAAAG
GMGA20x16-pYES2-AS ACCCGGGTGGAATTCTTACGAAGCTGCAATTCTT
GmMGA20x17-pYES2-S GAGGCCAGTGAATTCATGGTGTTGCTGTCCAAAG
GMGA20x17-pYES2-AS ACCCGGGTGGAATTCTCAAGCAACAATTCTCTCA
GmMGA20x20-pYES2-S GAGGCCAGTGAATTCATGGTTGTTCTGTCTCAGC
GMGA20x20-pYES2-AS ACCCGGGTGGAATTCTTAATCAGCAGCAGATTTC
TUA5-g-S TGCCACCATCAAGACTAAGAGG
TUA5-g-AS ACCACCAGGAACAACA GAAGG
GmGA20x1-9-S AATGATGGTGACACCCCACA
GmMGA20x1-g-AS AGCAGGTGCGAGATGGGTA
GMGA20x8-0-S CACTGCCGAAGATGGTGACA
GMGA20x8-0-AS CAGGTGCGATGAGATGGGTA
GmMGA20x15-9-S CAACCCTGACGTCATCTCCC
GmMGA20x15-g-AS AGTTATTCCCAAGCCCTCCG
GmMGA20x16-9-S CCAACAACACTTCAGGCCTTC
GMGA20x16-q-AS AAAGCCTGGACTTGAACCCA
GmMGA20x17-9-S TTGTCCTGAACTTGCCGTGA
GMGA20x17-9-AS GCCTGAAGTGTTGTTGGACC
GMGA20x20-9-S CCTCAGAATTTCAGGGCGGT

GmGA20x20-9-AS TATCCCCAATCCCTCAGCCA




2.9. Pinh vi ndi bao caa cac gen GmMGA20x

Dé biéu hién tam thoi trong cé4c té bao biéu bi 14 N. benthamiana, trinh tw ma hoa day du
(khdng c6 codon két thiic) cia GmGA20x16, GmGA20x17 va GmGA20x20 dugc khuéch
dai bang cac cap moi duoc liét ké trong Bang bd sung 4 va duoc nhan ban nbi tiép sau
ving ma hoa GFP cua vector pCAMBIA1300-GFP, tao ra cac protein lai GFP & dau N
(pPCAMBIA1300-GmGA20x16-GFP, pCAMBIA1300-GmGA20x17-GFP va
pCAMBIA1300-GmGA20x20-GFP). Cac cau trac thu duoc sau d6 duoc chuyén nap
riéng 1é vao ching Agrobacterium tumefaciens GV3101. Cac mau nudi cidy qua dém
dugc thu hoach bing phuong phap ly tim va huyén phu lai trong dung dich dém tham
thau (0,2% [w/v] MgClz, 100 pM acetosyringone, 10 mM MES, pH 5,6) dén mat do
quang hoc (ODswo) 12 1,0. Huyén phu Agrobacterium dugc tham thau vao 16p biéu bi mit
duéi cua 14 N. benthamiana 4-5 tuan tudi. It nhat nam 14 tir cac cay doc lap duoc st dung
cho mdi cau trdc, va thi nghiém duoc thuc hién hai 1an. Huynh quang GFP duoc quan sét
bang kinh hién vi confocal (Zeiss LSM 700) vai laser argon 488 nm 48 gio sau khi tham
thau.

2.10. Phan tich kha niing chiu stress @ nam men

Trinh tu ma héa cia GmGA20xs duoc khuéch dai bang PCR voéi cac cap méi duoc liét ké
trong Bang bo sung 4. Sau do, cac san pham PCR dugc chén vao vecto pYES2. Cau tric
thu duoc sau d6 duoc dwa vao chung nim men INVScl bang phuong phap PEG/LIAc.
Thir nghiém kha nang chiu stress & nam men dugc thuc hién theo Gautam (Gautam va cs,
2019). Sau khi nuoi ciy cac thé chuyen gen trén dia SD/-Ura ¢ 28°C trong 5 ngay, mot
khuan lac don duoc chon va nudi ciy trong méi truong long SD/-Ura trong 24 gio va
cam ung bang galactose trong 36 gio. Boi véi thir nghiém stress mudi, 1 uL mdi dung
dich nudi cay pha lodng duoc nho 1én mdi truong SD/-Ura b6 sung 0, 0,4, 0,8 va 1,5 M
NaCl. NAm men chuyén gen mang vector rong pYES2 duoc sir dung 1am déi ching.

2.11. Phan tich kha ning chiu stress ¢ ré to dau twong chuyén gen

Vector pCAMBIA1300-GmGA20x16-GFP d3a duoc tao ra va vector rong
pCAMBIA1300-GFP sau d6 duoc chuyén nap vao chang A. rhizogenes K599. Bé tao ra
ré to dau twong chuyén gen, gidng dau twong Williams 82 dugc sir dung dé chuyén nap
qua trung gian A. rhizogenes theo phuong phap cua Kereszt (Kereszt va cs, 2007). Hat
dugc nay mam duéi chu ky chiéu sang 16 gio/toi 8 gio & 28°C trong budng am. Sau mot
tuan, cac cay khoe manh duoc tiém chung bang chung A. rhizogenes K599 mang vector
cau tric pPCAMBIA1300-GmGA20x16-GFP, va vector rdng pPCAMBIA1300-GFP duoc
dung 1am ddi chuang. Cac cdy bi nhiém bénh sau d6 duoc chuyén vao budng thi nghiém
Va gilr & d6 4m cao cho dén khi ré to moc ra tir vi tri nhidm bénh dai 2-5 cm nhu mé ta
trong Shi (Shi va cs, 2018). Ré to chuyén gen duoc xac minh bang phuong phép phat
hién dai LibertyLink dé kiém tra biéu hién gen bar ¢ cap do dich md. Trudc khi tién hanh
xu ly gay stress, ré ban dau duoc loai bo, sau d6 cac cay con c6 ré to dai 2—5 cm duoc
chuyén vao dung dich chira 200 mM NaCl dé xir ly stress mudi trong 0, 6, 24 gio. Ty 1é
sbng sot (%) duogc tinh bang ty 18 cay sbng s6t trén tong sé cdy duogc thir nghiém. Ba thi
nghiém doc lap da dugc tién hanh, mdi miu chua it nhat 18 cay. Ty 18 séng sot (%) duoc
tinh bang ty 1& cay sbng sot trén tong sb cdy duoc thir nghiém sau 24 gio ké tir khi bat
dau xtr ly NaCl va sau 1 ngay nuéi cay phuc héi. Ba thi nghiém doc lap di duoc tién
hanh, mdi mau chtra it nhat 18 cdy. Tiéu chi séng sot duoc dinh nghia 13: cay duy tri it
nhat mot 14 xanh voi do cang binh thuong, va khong cé hién tuong hoai tir hoan toan
hoic héo rii khong thé phuc hdi. Nong do céc chat noi sinh (POD, SOD, MDA) dugc Xac



dinh bang phwong phap do quang phd Véi bo dung cu xét nghiém tuong tng (Beijing
Boxbio Science Technology, Bac Kinh, Trung Quoc).

2.12. Phan tich kiéu gen cia GmGA20x16 trong quan thé dau twong da dang

Céac da hinh don nucleotide (SNP) va da hinh chén/x6a (InDel) trong vung ma hoa gen
cia GMGA20x16 tir 2898 mau dau tuong dugc lay tir bo dit liéu SNP va InDel di duoc
cdng bd trude d6 (Liu va cs, 2020a). Cac SNP va InDel duoc loc bing cach yéu ciu tan
s6 alen nho >5% va ty I¢ thiéu <10%. Cac mau c6 kiéu gen di hop tir hogc thicu dit ligu
tai cac vi trf do da bi loai bo. Cac gia tri phan hoa bo gen nhu chi s6 ¢b dinh (Fs) va giam
tinh da dang (ROD) dbi voi dau tuong hoang dai (G. soja), glong dia phuong va glong
cai tién duogc tinh todn cho céc cira s6 400 kb véi budc 2 kb bang cong cu truc tuyén cé
san tai co so dit lieu SoyOmics (Liu va cs, 2023).

2.13. Pinh lwong kha ning chju min bing chi sé héo rii

Pé danh gia dinh luong kha nang chiu man cua cac dong dau tuong & giai doan cay con,
chi s6 héo rii duogc tinh toan dya trén cac triéu ching cing thang do mubdi gay ra duoc
cham diém bang mit thuong. 102 gidng duoc trong thay canh va chiu stress mudi bang
cach xur ly vai 150 mM NaCl trong 10 ngay. Quy trinh thi nghiém chi tiét nhu sau: hat
dugc nay mam trong nude vo trung va sau d6 dugc chuyén vao khay cam 50 & (mdi 6 ¢6
duong kinh trén 48 mm, duong kinh dudi 23 mm va do sdu 40 mm) chua day
vermiculite. Cac khay dugc dat trong mot bé chta Ion c6 dung dich dinh dudng
Hoagland, muc dung dich dugc duy tri dé cho phép tudi ngam bang hién twgng mao dan.
Dung dich dinh dudng duoc tuan hoan lién tuc bang may bom nudc dé dam bao phan b
dinh dudng va oxy hoa dong déu, va dugc thay thé hang tuan dé duy tri diéu kién sinh
truong t6i wu. Khi 14 ba 14 dau tién xuat hién, dung dich Hoagland duoc thay thé bang
dung dich Hoagland b6 sung 150mM NaCl dé tao diéu kién stress mudi. Sau thoi ky
stress, moi cdy dugc danh gia riéng 1¢ va duoc xép hang kha nang chiu man theo thang
diém tir 1 d&én 5, theo cac tiéu chi chi tiét duoc cung Cap trong Bang b sung 5. Cap do 1
thé hién kha nang chiu dung cao nhét (triéu chang t6i thiéu hoac khdng co triéu chung),
trong khi cip d6 5 thé hién d6 nhay cam cao nhat (héo Ga nghiém trong hoic cay chét).

Bang bd sung 5. Tiéu chi phan loai kha ning chiu man cua dau twong (Dya trén céc triéu
chung cang thang do muoi)

Cac triéu ching cu thé cia stress do muoi

Mirc @6 chiu man Mo ta cép do .S -
(giai doan cay con)
Kha nine chéne chiu cao Khoéng c6 triéu chirng hoac triéu ching rat nhe. Mau 14
Mire do 1 g chong ¢l binh thuong, su phét trién vé co ban khong bi tic ché,

(High Tolerance - HT) va khong ¢6 su khéc biét so v6i ciy binh thuong.

Triéu ching nhe. Chi phan ngon va mép ctia nhiing 1a

o héng chi
Murc d6 2 Chong chiu gia phia dudi cé biéu hién kho héo nhe hodc hoi vang.
(Tolerance - T) ~ oA A N
Cay phat trién cham hon mot chut.
- £ . . Tri€u chirng & mirc d6 trung binh. L4 & gitra va phi
Mitc d6 3 Kha nang chong chiu viraphai g o S Sl Szndol;;ﬁégrgt ke theo mot 55 14 bi
: (Moderate Tolerance - MT) leu iien vang ua ro re, X 12 ;
nau va xodn lai. Cay bi coi coc dang ké.
Triéu chimg nghiém trong. Hau hét cac mép va dau 14
Mitc d6 4 Man cam deu bi ta vang va xodn tit. La non bi xoan va héo rii
: (Sensitivity - S) nghiém trong, sy phat trién ctia cay bi irc ché nghiém

trong, va cay trd nén rat coi coc.



X . Triéu chitng cuc ky nghiém trong hodc tir vong. Tét ca
L aa Man cam cao A 1o R X <
Muic d6 5 (High Sensitivity -HS) 14 d€u héo rl va rung, cay dang trong tinh trang sap
9 y chét hoac da chét hoan toan.

S6 luong cay duoc phan loai vao cac muc do chiu dung tir 1 dén 5 dwoc ky hiéu lan luot
la n1 dén n5. Chi s6 héo rii ctia moi giong cay trong sau do duoc tinh bang cong thic sau:

g 04 ¥ 14y * 24my ¥ 34 ¥4

Wilting index =

(my+mp+ng+ng+ns ) ¥4

Cong thirc ndy vé co ban tinh toan trung binh cé trong sb cia diém sé cing thing, sau d6
duoc chuan héa bang diém sé téi da c6 thé (gia sir tat ca cac cay déu duoc xép hang 4) dé
tao ra chi sb tir O (tat ca cac cAy déu hoan toan chiu duoc, Cip 1) dén 4 (tat ca cac cay
déu chét hoic héo rii nghiém trong, Cap 5). Chi s6 héo rii thap hon cho thiy kha ning
chiu man tét hon & giai doan cay con.

3. KET QUA
3.1. Xac dinh gen GmGAo0x trong dau twong

Duya trén trinh tu protein AtGAox tir Arabidopsis thaliana, cac tim kiém BLASTP va
HMM di dugc thyc hién trong bo gen dau tuwong dé xac dinh cac thanh vién caa ho gen
GmGAox. Két qua giao nhau tir hai phuong phép nay sau d6 duoc su dung, két hop Vi
phan tich cdy phét sinh chung loai, dé cudi cing xac dinh tong cong 48 gen thudc ho
GmGAOX tir bo gen dau twong (Wm82.a6.v1). Dua trén vi tri nhidm sac thé cua ching,
cac gen duoc dat tén mot cach co hé thong trong mdi phan nhom: 12 gen GmGA200x
duoc dit tén 1a GmGA200x1 dén GmGA200x12; 28 gen GmGA20x 13 GmGA20x1 dén
GmMGA20x28; va 8 gen GmGA30x 1a GmGA30x dén GmGA30x8. Cac tinh chat ly hoa cua
48 protein GmGAoX duoc xac dinh di duoc phan tich toan dién, voi két qua chi tiét dugc
trinh bay trong Bang b sung 2. Céc protein nay thé hién su bién ddi trong cac thong sé
sinh hoa chinh caa ching. Céc protein GmGAox c6 chiéu dai tir 193 dén 405 axit amin,
tuong ng véi khdi luong phan tir khoang tir 22,0 - 45,8 kDa. Diém dang dién (pl) ly
thuyét cho thdy mét phé rong tir 5,23 - 9,15, cho thay su khac biét vé phan bé dién tich
giita cac thanh vién trong ho. Gia tri chi s6 khéng on dinh, cung cip udc tinh vé do on
dinh cua protein trong dng nghiém, dao dong tir 29,25 - 49,21, cho thay hau hét cac thanh
vién déu 6n dinh. Chi s6 béo, mot thuéc do do bén nhiét, dao dong tir 73,51 - 92,88, cho
thiy d6 on dinh nhiét tot ndi chung trong toan bd ho. Hon nita, tit ca céc protein
GmGAox déu dugc du doan 1 wa nuéc, bang ching 14 cac gid tri trung binh 16n vé tinh
ua nudc (GRAVY) am, dao dong tir -0,493 dén -0,063. Tém lai, cac phan tich nay cho
thay sy da dang dang ké vé dic diém ly hoa giita cac protein GmGAox, diéu ndy c6 thé
phan anh sy phan ky chirc nang trong ho gen nay.

Céc protein GmGAox dugc phat hién bao gom cac yéu té cau trdc thir cap dang xoan a,
chudi kéo dai va cudn ngiu nhién, nhu da du doan va dugc thé hién trong Bang bd sung
3. Ham lugng cudn ngau nhién 1a cao nhat, chiém 44,56-56,74%, tiép theo l1a xoan a,
chiém 28,65-39,20%, trong khi chudi kéo dai la thap nhat, chiém 14,14-20,21%. Dy doan
bang céng cu AlphaFold3 Server cho thay ciu tric bac ba ciia cac protein GmGAOX cling
phan nhdm phan 16n 1a twong tu nhau (Hinh b sung 1), diéu nay phd hop véi két qua
phan tich ciu trac gen.



3.2. Vi tri gen, phan tich phat sinh chiing loai, cau tric gen va md tip protein

Phan mém TBtools-1I duoc st dung dé minh hoa vi tri vét ly cua cac gen GmGAoX trén
nhiém sic thé dau twong. Mudi hai thanh vién cia ho gen GmGA200x dugc phan bd trén
10 nhiém séc thé, hai muoi tdm thanh vién GmGA20x dugc phan bd trén 14 nhidm sic
thé (v6i nhidém sic thé 13 chira s6 lugng thanh vién cao nhat 1a ndm), va tam thanh vién
GmGA30x dugc phan b trén tam nhiém sic thé (Hinh 1A). Nhidm sic thé 1 va 18 khong
c6 bat ky thanh vién nao cua cac ho nay. Nhitng két qua nay cho thay cac mé hinh phan
bd khéc biét cua cac gen GmGAOX trén toan bo bo gen dau tuwong, diéu nay cd thé cd y
nghia ddi vai sy chuy@n mén hda chirc nang cua ching.

GmGA200x4 GmGA200x6

GmGA200x10 GmGA200x11



Hinh bd sung 1. M6 hinh cau tric bac ba cia protein GmGAox. Cac mé hinh duoc tao ra
b::ing AlphaFold3 va duoc t6 mau theo do tin cay trén méi du luong (pLDDT): xanh dam
(rat cao, >90), xanh nhat (tin cdy, 70-90), vang (thap, 50- -70) va cam (rat thap, <50). Cac
Cau trac, chu yeu bao gém cac cudn ngau nhién véi cac xodn o xen k&, thé hién Su gap
nép duoc bao ton trong cac phan nhom, hd tro mdi quan hé chic nang. Hinh thai cau tric
ciia md hinh phi hop véi thanh phan cau tric bac hai: cac ving xoan xuat hién dudi dang
cac dai xoin 6c¢ chat (chu yéu ¢ mau xanh dam c6 do tin cay cao), cac soi kéo dai tao
thanh cac tam B (nhu cac mii tén lién k&), va cac cudn ngau nhién chiém wu thé dugc mo
ta dudi dang cac viing vong xoan hoac day long 1éo (chu yéu & mau xanh nhat hozc vang
¢ do tin cay trung binh dén thap).
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Hinh 1. Phan b6 bo gen, cay phat sinh chung loai, mién bao ton, mo tip bao ton va phan tich ciu
trlc gen cua cac gen GmGAoX trong dau tuong. (A) Phan b nhidm séc thé cua 48 gen GmGAOX.
S6 nhiém sic thé duoc chi ra & dau mdi thanh, va thang do bén trai biéu thi chiéu dai nhiém sic
thé tinh bang megabase (Mb). (B) Cay phat sinh chung loai cia protein GmGAox dugc xay dung
bang phuong phap Neighbor-Joining véi 1000 lan lap lai bootstrap. Cay nay phan tach rd rang
ho gen thanh bén nhanh chinh: GA20o0x, GA30x, C19-GA20x va C20-GA20x. (C) Céac mién
protein bao ton dugc xac dinh biang CD-Search. Cac mién khac nhau duoc biéu thi bang cac 6
mau. (D) Cac md tip bao ton duoc xac dinh bang bo cong cu MEME. Mudi mé tip dwoc mo ta
trong cac 6 mau khéac nhau. (E) Cau tric exon-intron cua cac gen GmGAox. Cac hinh chir nhat



mau xanh 14 cay biéu thj cac ving khong duoc dich ma (UTR), cac hinh chir nhat mau vang biéu
thi cac exon, va cac duong mau xam biéu thi cac intron.

Cac gen GmGAox c6 thé dugc phan chia rd rang thanh bon nhom, 1a cac phan nhom
GmGA200x, GmGA30x, C19-GmGA20x va C20-GmGA20x (Hinh 1B). Phan tich mién
CD-Search cho thay mdi phan nhom s¢ hitu mot tap hop cac mién bao ton riéng biét
(Hinh 1C). Pé 1am rd hon su da _dang cau trc cua cac protein GmGAox, chung t6i d3 xéac
dinh tong cong 10 mo tip bao tén bang céch sir dung bo cong cu MEME (Hinh 1D). Két
qua cho thdy md tip 1, 2, 5 va 6 c6 mat trong tit ca cac protein GmGAoX. Ngoai trir
GmGA200x4, md tip 3, 4 va 10 ciing dugc bao ton trong moi protein GmGAox. Ngoai
ra, mo tip 7 la duy nhét di véi protein C19-GmGA20x, mo tip 8 dic trung cho protein
GmGA200x va GmGA3ox, va mo tip 9 1a dac trung cua protein C20-GmGAZ20x (Hinh
1D, Hinh b6 sung 2). Cau tric gen GmGAox duoc hinh dung duwa trén cac tép chi thich
GFF3, chung t6i di phan dinh cau tric gen cho ho GmGAox (Hinh 1E). Sé lwong exon
trong cac gen GmGAox dao dong tir 2 dén 3. Cu thé, ngoai trir GmGA200x4 c6 hai exon,
tat ca cac gen GmGA200x déu chira ba exon. Piéu thi vi 1a, mdi gen GmGA20x déu cd ba
exon, trong khi tat ca cac gen GmGA3o0x déu co hai exon. Tém lai, cac thanh vién cua
ciing mot phan nhém thé hién cau trac twong tu va cac mo tip duoc bao ton, do d6 cing
cb do tin cay cua cay phat sinh chang loai dugc xay dung.
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3.3. Phan tich lién két gen caia protein GmGAox trong diu tuwong

Déu tuong (Glycine max) da trai qua it nhat hai vong nhan déi toan bd bo gen (WGD)
trong sudt lich su tién hoa cua no, day 1a dong luc chinh thiic day sy mé rong ho gen va
dinh hinh ciu tric bd gen hién tai (Schmutz va cs, 2010). Bé 1am sang to cac co ché nhan
d6i gen din dén sy ma rong ho gen GmGAOx, mat phan tich lién két gen toan dién trong
bo gen dd duoc tién hanh. Hinh anh truc quan hda cac méi quan hé lién két gen bang
Circos (Hinh 2) cho thay ciac mo hinh nhan déi gen dic trung cho tirng phan nhom.

Phan nhém GmGA20ox thé hién co ché mé rong phirc tap nhat. Cu thé, céc cap gen
GmGA200x2/3 va GmGA200x4/5 phat sinh tir cac su kién nhan d6i lién tiép. Nguoc lali,



nhiéu nhém gen bao géom GmGA200x1/6, GmGA200x3/4, GmGA200x7/8/11,
GmGA200x9/10 va GmGA200x6/12 duoc khuéch dai thong qua nhan dbi phan doan, cho
thiy nhan d6i phan doan déng vai trd 1a co ché chinh cho sy md rong GmGA200x trong
bo gen dau twong (Hinh 2A). Phan nhém GmGA30x thé hién mé hinh nhan d6i toan bo
bo gen (WGD) rd rang hon, véi tat ca cac nhom gen duoc xac dinh (GmGA30x1/2/3/4,
GmGA30x4/5, GmGA30x2/6, GmGA30x3/7, GmMGA30x2/8 va GmGA30x5/7) déu bét
ngudn tir cac Sy Kién nhan d6i phan doan, phi hop véi dic diém dic trung cua qua trinh
da boi hoa co dai (Hinh 2B). Phan nhdm C19-GmGA20x thé hién su phuc tap hon, st
dung ca hai chién lwoc nhan d6i. Trong khi cac cip gen GmGA20x16/17 va
GMGA20x22/23 duogc khuéch dai thong qua qua trinh nhan déi lién tiép, mot tap hop 16n
hon cac nhom gen khac lai xuét hién thong qua qua trinh nhan déi ting doan, bao géom
GmGA20x4/6, GmGA20x7/8, GmGA20x15/20, GmGA20x16/22, GmGA20x24/27,
GmGA20x1/2/8/27 va GmGA20x5/7/21/24 (Hinh 2C). Ngugc lai, phan nhom C20-
GMGA20x lai thé hién lich sir nhan doi trong ddi don gian hon. Céc sy Kién nhan doi lién
tlep da tao ra cac cap gen GmGA20x13/14 va GmGA20x18/19, trong khi su nhan doi
phan doan chiu trach nhiém cho cac cap gen GmGA20x3/25, GmGA20x10/28,
GmGA20x11/28 va GmGA20x13/18 (Hinh 2D).



Hinh 2. Phan tich tinh twong dong trinh tu cua protein GmGAOX trong dau tuong. (A) Phan tich
tinh twong ddng trinh tu caa phan nhém GmGA200x. (B) Phan tich tinh twong ddng trinh tu caa
phan nhém GmGA3ox. (C) Phan tich tinh tuong dong trinh ty cia phan nhom C19-GmGA20x.
(D) Phan tich tinh twong ddng trinh tu cia phan nhdm C20-GmGA20x. Cac nhiém sic thé cua
dau twong dugc danh sé khac nhau, va thang do biéu thi chiéu dai nhiém sic thé tinh bang
megabase (Mb). Cac duong cong duoc td sang biéu thi cac ving twong dong trinh tu cia gen
GmGAOX, trong khi cac duong cong mau xam biéu thi tinh twong dong trinh tu toan b hé gen
trong dau tuong. Cha thich ¢ bén phai biéu thi mat do gen.

T6m lai, phan tich tinh twong dong cua ching t6i cho thay lich sir da boi hoa ¢ dai cua
dau tuong 1a dong luc ¢t 16i ding sau sy ma rong cua sieu ho GmGAox. Tuy nhién, sy
dong gop twong ddi cua nhan doi lién tiép va nhan d6i phan doan khac nhau dang ké giira
cac phan ho. Su déng gop cuia cac co ché nhan ddi tiép theo ciing khac nhau dang ké giita
cac phan ho. Phan ho GmGA3ox thé hién mé hinh rd rang nhat, voi su mé rong duoc thic
day hoan toan boi sy nhan d6i phan doan phd hop véi WGD. Nguoc lai, phan ho
GmGA200x trai qua mot con dudng tién héa phic tap hon, chu yéu théng qua su nhan
d6i phan doan nhung dugc bo sung bai cac su Kién nhan do6i lién tiép gan day. Phan



nhém GmGA20x ciing st dung ca hai chién luoc, nhung véi cac mo hinh khéc biét gita
hai 16p chiic nang cua nd: cac gen C19-GmGA20x trai qua su mé rong dang ké thdng qua
ca céc sy kién phan doan va song song, trong khi cac gen C20-GmGA20x cho thay lich st
nhan d6i han ché hon. Nhitng phat hién nay di 1am sang to lich st bo gen cua ho gen
quan trong nay, dong thoi cung cap mot khubn khé dé hiéu duoc sy dong gop khac biét
clia cac co ché nhan d6i khac nhau d6i véi su da dang hda chirc ning trong bo gen da boi.

3.4. Céc yéu td tac dong cis trong ving promoter ciia GmMGAO0X
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Hinh 3. Phan tich cac yeu t6 diéu hoa tc dong cis trong vung promoter cua cac gen GmGAOX.
Céc con sb trong ban do nhiét the hién sé lugng cac yeu t6 cis khac nhhau trong vung promoter
2,0 kb phia thuong ngudn caa mdi gen. Biéu do cot chong tém tat tong sé lwong cac yéu to cis
dugc nhom thanh ba loai chirc ndng: phan ung vei stress phi sinh hoc/sinh hoc, phan tng véi
phytohormone va sinh trudng, phat trién cta cay. Phan tich promoter cho thay cac gen GmGAox
tham gia vao cac mang ludi diéu hoa phirc tap tich hop céc tin hiéu méi truong va hormone.

Cac yéu to tac dong cis trong ving promoter dong vai trd quan trong trong cach thuc vat
phan ng véi cac yéu té ting trudng va cac tac dong moi truong bang cach diéu hoa biéu
hién gen thong qua phién ma. Dé nghién ciru cac co ché didu hoa cia cac phan nhém gen
GmGA200x, GmGA30x, C19-GmGA20x va C20-GmGA20x, chung tbéi da s dung cong
cu web PlantCARE dé phan tich cac yéu té diéu hoa tac dong cis trong ving promoter
2,0 kb cua tit ca cac gen. Cac yéu té cis dugc xac dinh tiép tuc dugc phan loai thanh ba
loai theo Mengarelli va Zanor (2021): ciang thang phi sinh hoc va sinh hoc, phan ¢ng véi
phytohormone va sinh truéng va phét trién caa cay (Hinh 3).



Trong nhém cac yéu té gay stress phi sinh hoc va sinh hoc, cac nghién ctu trude day da
chang minh rang cac yéu t6 ARE, MYC, MYB va STRE déng vai trd 1 cac chét diéu
hoa cis quan trong trong viéc tng phd véi han han, d6 man va cac loai stress phi sinh
hoc/sinh hoc khac ¢ thuc vat (Abe va cs 1997, 2003; Wang va cs, 2014; Ain-Ali va cs,
2021). Ving promoter cia cic gen nay chta nhiéu yéu té cis ARE, MYC, MYB va
STRE, cho thiy ching c6 thé déng vai trd trong viéc phan tng véi cac loai stress nhu han
han va d6 man. Trong nhom phan ng véi phytohormone, cac nghién ciru trude day da
chi ra rang céc yéu t6 cis ABRE va ERE hoat dong nhu "cong tac phan tir" cho tin hiéu
ABA va ethylene, twong tng, tich hop mang lu6i diéu hoda phién ma cua nhiéu
phytohormone (Bhuria va cs, 2016; Waseem va cs, 2021; Zhao va cs, 2025). Sy cing ton
tai ciia nhiéu yéu t6 ABRE va ERE cho thay cac gen nay déng vai tro 1a cac nut giao tiép
giita cac con duong tin hiéu axit abscisic va ethylene, can bang dong gitta thich ¢ng véi
stress va phat trién bang cach phan ung véi ca hai hormone. Trong nhom sinh trudng va
phat trién cua cdy, hau hét cac gen GmGAox déu chaa yéu té Box 4 (mot mo-dun DNA
duoc bao ton lién quan dén kha ning phan ¢ng véi anh sang) (Ahmad va cs, 2024), cho
thay chling c6 thé dong vai tro trong diéu hoa phan ing vai anh sang. Nhiing két qua nay
cho thay cac gen GmGAOXx c6 thé dong vai tro quan trong trong phan ung vai stress phi
sinh hoc va sinh hoc, tin hiéu phytohormone va diéu hoa sinh truong va phét trién cua
cay.

3.5. M6 hinh biéu hién cia cac gen GmGAox trong cac mé khac nhau cia dau
twong va dwdi dieu Kién stress muoi

Dé kiém tra hd so biéu hién dac hiéu theo md caa cac gen GmGAoX ddu twong, chlng toi
da phan tich mirc do phién ma cua ching trong 12 mé va co quan, bao gdm chai, ré, 14,
phdi, hat, hoa, nét san, tru mam, qua, than mam va cudng l1a (Hinh 4A). Céc thanh vién
cua ho GmGAox duoc biéu hién dic hiéu trong hau hét cac miu, cho thiy cac gen
GmGAOXx nay hoat dong trong sudt qua trinh sinh truéng va phét trién cia dau tuong.

Pé md ta dac diém biéu hién cua cac gen GmGAoX dap ung Vi stress mudi, chung toi da
phan tich dit liéu transcriptome dé danh gia mtc d6 phién ma cua cac gen GmGAoX trong
ré va 14 dau tuong & cac thoi diém 0, 1, 2, 4, 24 va 48 gio sau khi xir ly NaCl (Hinh 4B va
C). Két qua cho thdy bay thanh vién cua phan nhom C19-GmGA20x (GmGA20x1,
GmGA20x8, GmMGA20x15, GmGA20x16, GmGA20x17, GmGA20x20 va GmGA20x22) da
dugc diéu chinh ting dang ké sau 1, 2 va 4 gio xt ly stress mudi ¢ ré. O 14, cac gen
GmGA20x15, GmGA20x16, GmGA20x20 va GmGA20x22 thuoc phan nhom C19-
GmGA2o0x, cling nhu GmGA20x10 va GmGA20x28 thuoc phan nhém C20-GmGA20x,
déu duoc diéu chinh ting 1én dé dap Gng vai stress mudi. Ngoai ra, GmGA30x5 thé hién
su biéu hién khac biét & ca 14 va ré, cho thiy no ciing co thé tham gia vao phan tng voi
stress mudi. RT-qPCR dugc thyc hién trén sau gen C19-GmGA20x duoc diéu chinh ting
lén do stress mudi (GmGA20x1, GmGA20x8, GmGA20x15, GmGA20x16, GmGA20x17
va GmGA20x20) trong ré bj stress mudi (Hinh 4D-). Két qua phu hop véi dir liu
transcriptome, chung thue do tin cay cua hd so transcriptome. Nhiing két qua nay cho
thiy cac gen GmGAOX tham gia vao phan ang véi stress mudi, véi cac thanh vién cua
phan nhdm C19-GmGA2o0x dong vai tro chu dao, mac du su dong gop cua ching khac
nhau gitra cac mé khac nhau.
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Hinh 4. Biéu d6 biéu hién ciia ho gen GmGAoXx va xéac nhan biéu hién gen GmGA20x dap tng
véi mudi bang RT-gPCR. (A) Ho so biéu hién dic hiéu mdé & dau twong; thang mau =
log2(TPM+1) véi chuan héa hang. (B, C) Bong thai theo thoi gian dudi diéu kién stress mudi ¢
ré (B) va 1a (C); thang mau nhu trong (A). Trong (D-I), miac do biéu hién twong ddi cua
GmGA20x1 (D), GmGA20x8 (E), GmGA20x15 (F), GmGA20x16 (G), GmGA20x17 (H) va
GmGA20x20 (1) trong ré ddu twong & cac thoi diém 0, 1, 2 va 4 gio sau khi xt Iy NaCl. Mac do
phién ma duogc chuan hda theo TUAS; tat ca cac gia tri dai dién cho gié tri trung binh cia ba lan
lap lai doc 1ap vé mat sinh hoc (n = 3 cay); thanh I5i biéu thi do léch chuan. Cac thanh mau khac
nhau biéu thi cac thoi diém diéu tri khac nhau: mau tim cho nhom khong diéu tri (dol ching),
mau xanh 14 cay cho nhom diéu tri bang NaCl trong 1 gio, mau xanh lam cho nhom diéu trj bang
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NaCl trong 2 gio va mau cam cho nhom diéu trj bang NaCl trong 4 gio. Céc chir cai khac nhau
biéu thi sy khac biét c6 ¥ nghia thong ké ¢ muc P < 0,05 bang phan tich phuong sai mét chicu
(ANOVA) vai kiem dinh hau Tukey.

3.6. Binh vi duéi té bao ciia protein GmGA20x va phan tich chirc ning kha niing
chiu stress muoi cia chang trong te bao nam men

Dé xac dinh cac gen ung cir vién tham gia vao phan ¢ng stress mudi, chiing t6i da chon
ba thanh vién GmGA20x dé phan tich chirc ning chi tiét dua trén md hinh biéu hién va
mbi quan hé phét sinh loai cua ching. GmGA20x16 thé hién sy diéu hoa ting manh nhat
do stress mudi gay ra trong sb tat ca cac thanh vién trong ho va dugc chon lam tng cir
vién chinh. Phan tich phat sinh loai cho thdy GmGA20x17, GmGA20x22, GmGA20x23,
GMGA20x15 va GmGA20x20 c6 do twong dong cao nhat voi GmGA20x16 trong clng
mét nhanh. Trong s6 nay, GmGA20x23 khdng cho thay phan ting dang ké véi stress mudi
va di bi loai khoi nghién ctu tiép theo. GmGA20x15 va GmGA20x20 tao thanh mot cap
gen twong dong, c6 kha nang phat sinh tir su nhan d6i gen, twong ty nhu GMGA20x17 va
GMGA20x22. Pé t6i da hoa pham vi chire niang dong thoi giam thiéu sy du thira, ching
t6i d3d chon mot dai dién tr mdi cip gen twong dong: GmGA20x17 (tr cip
GMGA20x17/22) va GmGA20x20 (tir cap GmGA20x15/20), ca hai déu thé hién su biéu
hién cam tng mudi dang ké.

Dé xac dinh vi tri noi bao caa ching, trinh tw ma hoa cua GMGA20x16, GmMGA20x17 va
GmGA20x20 dugc ghép ndi cing khung voi trinh tu cia protein huynh quang xanh
(GFP), tao ra cac cau trdc lai GmGA20x16-GFP, GmGA20x17-GFP va GmGA20x20-
GFP. Cac ciu triic nay dwoc biéu hién tam thoi trong 14 N. benthamiana théng qua
chuyén doi trung gian Agrobacterium, véi GFP ty do lam ddi chiing. Quan sat huynh
quang cho thdy cac protein dung hop GmGA20x16-GFP, GmGA20x17-GFP va
GMGA20x20-GFP dugc phan bd ca trong nhan va té bao chat (Hinh 5), cho thiy kha
nang chung tham gia vao ca cac qua trinh trong nhan va trong té bao chat.

Pé phan tich xem ba gen GmGA20x dap ung véi mubi nay cé lién quan dén kha ning
chiu dung stress mudi hay khong, GmGA20x16, GmGA20x17 va GmGA20x20 duoc nhan
ban riéng 1é vao vector pYES2 va biéu hién qua muc trong té bao nam men. Té bao nam
men duoc bién d6i véi vector pYES2 trong duoc dung 1am d6i chung. Khi sir dung NaCl
dé md phong stress mudi, ching tdi quan sat thay hau nhu khong c6 sy khac biét vé tang
truong gitta cac chung duoc bién d6i véi ba gen GmGA20x va dbi chimg trén dia khong
c6 NaCl. Trén dia c6 0,4 M hoic 0,8 M NaCl, su biéu hién cua ba gen GmGA20x da ting
cudng dang ké kha ning chiu dung mudi cua té bao nam men. Tuy nhién, & nong do
NaCl 1,5 M, su phat trién bi ac ché hoan toan ¢ tat ca cac dong bién doi gen, cho thay
nong do nay vuot quéa kha ning bao vé cua cac gen duoc biéu hién (Hinh 6). Nhitng két
qua nay chang minh rd rang rang GmGA20x16, GmGA20x17 va GmGA20x20 mang lai
kha nang chiu man trong hé théng nim men di loai.
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Hinh 6. Thir nghiém tai chd cdc chung ndm men téi to hop dudi diéu kién stress mudi. Cac té
bao ndm men dugc bien doi gen véi vector pYES2 rong (doi chung) hoac pYES2 biéu hi¢n qua
muc GMGA20x16, GmMGA20x17 hodc GmGA20x20 dugc cham theo day pha lodng 10 lan (tr 10°
dén 1073, tur trai sang phai) 1én moi truong chira 0, 0,4, 0,8 hoic 1,5 M NaCl.

3.7. GmGA20x16 ting cwong kha niing chiu han ¢ ré 16ng dau twong chuyén gen

Vi GmGA20x16 thé hién su diéu hoa ting manh nhét trong sé6 ba gen GmGA20x dudi
diéu kién stress mudi (Hinh 4D-I), chung toi di nghién ctu vai trd chirc niang cua nd
bang céach st dung hé théng chuyén gen ré 16ng dau twong. Cac cay con ghép mang ré
l6ng biéu hién qua mirc GmGA20x16 hoic ré 16ng dugc bién ddi gen biang vector rong
dugc xur Iy bang 200 mM NaCl va theo ddi ¢ céc thoi diem 0, 6 va 24 gio. Truéc khi xir
ly bang mudi (0 gio), _khong quan sat thay su khéac biét vé kiéu hinh giita cay con dbi
chirng va cay con co ré 16ng biéu hién qua mic GmGA20x16 (Hinh 7A). Sau 6 gio xu ly,
cdy con ddi chiing bat dau co trigu chimg héo ril, trong khi cay con cé ré 16ng biéu hién
qua mic GmGA20x16 van giit dugc do cing mong va khéng biéu hién bat ky dau hiéu



cang thang nao (Hinh 7B). Sau 24 gid chiu stress mudi, cdy con d6i chang bi héo rii
nghiém trong va mat nudc dang ké & 14; nguoc lai, cay con ¢6 ré 16ng biéu hién qua muc
GmGA20x16 chi bi héo rli nhe v6i mirc do nghiém trong cua trieu chiing giam dang ké
(Hinh 7C). Phan tich kiéu hinh duoc cang cb bang dinh lugng ty I¢ sbng sot, cho thay cay
con ¢6 ré 1dng biéu hién qua muc GmGA20x16 co ty 1€ Song sot cao hon déng ké so véi
nhém dbi ching mang vector rdng sau khi xir ly stress muéi (Hinh 7D).
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Hinh 7. Sy biéu hién qua mitc GmGA20x16 ting cudng kha ning chiu min & ré to ddu tuong.
(A—C) Céc kiéu hinh dai dién caa cay con ghép c6 ré to duoc bién dbi gen bang vector rdng (EV)
hozc biéu hién qua micc GmGA20x16 dudi diéu kién stress 200 mM NaCl & cac thoi diém 0, 6 va
24 gio. (D) Ty Ié séng s6t cua cay con sau khi xir Iy 200 mM NaCl. Ty 1¢ séng s6t dugc danh gia
trong ba thi nghiém doc 1ap, mdi thi nghiém gém 18 cay con trén mdi kiéu gen. Dix liéu 1a gid tri
trung binh + d6 léch chuan. **P < 0,01 (kiém dinh t mot phia cua Student). (E) Hoat tinh
superoxide dismutase (SOD), (F) hoat tinh peroxidase (POD) va (G) ham Iugng
malondialdehyde (MDA) trong ré to dudi diéu kién stress man. Dix liéu 12 gié tri trung binh + do
léch chuan cuaa tam lan Iap lai sinh hoc (n = 8 cdy con trén mdi kiéu gen). ***P < 0,001 (kiém
dinh t mét phia caa Student).

Dé diéu tra cac co ché sinh ly hoc nam dudi su khéc biét kiéu hinh quan sat duoc, ching
t6i da dinh luong hoat dong cua cac enzyme chdng oxy héa va cac diu hiéu ton thuong
oxy hoéa trong ré to. Superoxide dismutase (SOD) va peroxidase (POD) 1a cac enzyme
chéng oxy hoa quan trong gitp loai bo cac goc oxy hoat tinh, trong khi malondialdehyde
(MDA\) 14 san pham peroxy héa lipid dong vai tro 1a chi bao vé mirc do nghiém trong cua
stress oxy hda. Phi hop vai cac quan sét kiéu hinh, sau 6 gior xir Iy, hoat dong cua SOD
va POD trong ré to biéu hién qua mic GmGA20x16 ting 1én dang ké so voi nhom doi
chirng mang vector rong, trong khi ham luong MDA giam rd rét (Hinh 7E-G). Khi stress
mubi kéo dai dén 24 gio, nhitng khac biét nay tré nén rd rét hon, voi ré biéu hién qua
mic GmGA20x16 duy tri hoat dong cua cac enzyme chdng oxy héa cao hon dang ké va
tich luy MDA thap hon, tuong tng vaéi kiéu hinh héo rii giam nhe. Nhiing két qua nay
ching minh rang GmGA20x16 ting cuong kha nang chiu man bang cach tang cuong hé
thdng phong vé chéng oxy hoa va giam thiéu ton thuong oxy héa & ré dudi stress mudi.



3.8. Phan tich kiéu gen cia GmGA20x16

Dé tim hiéu xem liéu sy bién di alen tai locus GmGA20x16 c6 bi chon loc nhan tao trong
qua trinh thuan héa dau tuong hay khong, chung t6i da thyc hién phan tich kiéu gen trén
c4c giong dau twong hoang dd (Glycine soja), giéng dia phuong va giéng cai tién bang
cach sir dung 2898 mau duoc giai trinh tu lai. Chung to6i da phat hién hai da hinh don
nucleotide (SNP) khong dong nghia trong exon thtr nhat va thir hai cia GmGA20x16, gay
ra su thay thé N31D va A182P tuong ung (Hinh 8A va B). Hai da hinh nay xac dinh hai
kiéu gen, duoc dit tén l1a GmGA20x16H21 va GmGA20x16™22 Pang cha ¥,
GmGA20x16H2PL chiém wu thé & cac gidng dia phuong va giéng cai tién, chiém lan luot
71,17% & giéng dia phuong va 78,10% & gidng cai tién (Hinh 8C). M hinh ba chiéu so
sanh cho thay ca hai su thay thé déu nam trong cac mién DIOX_N va 20G-Fell_Oxy
dugc bao ton, cho thay sy phan ky chiic ning gitta cac haplotype (Hinh 8D). Bé kiém tra
dau higu chon loc tai locus GmGA20x16, ching toi da kiém tra su da dang nucleotide trén
vung gen 400 kb. Phan tich chi sé ¢6 dinh (Fst) cho thay gié tri cao hon gitra G. soja va
cac giong dia phuong (0,36) va gitra G. soja va céac giéng cai tién (0,45) (Hinh 8E). Phan
tich ROD cho thay su da dang nucleotide cao hon dang ké & G. soja so Vai cac dong
thuan héa (Hinh 8F), phi hop véi qua trinh chon loc manh trong qué trinh thuan hoa.
Nhitng két qua nay chirng minh raing GmGA20x16 di trai qua qué trinh chon loc nhan tao
manh mé&, nhan manh tim quan trong cua no trong cac chuong trinh lai tao hién dai.
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Hinh 8. Bién di kiéu gen va tién hoéa di truyén cia gen GmGA20x16. (A) Bién di trinh tu kiéu
gen trong trinh ty CDS cuia GmGA20x16. (B) So dd minh hoa su phan bb cac bién thé DNA
duogc xac dinh trong trinh ty CDS cia GmGA20x16. S6 lwong mau mang kiéu gen twong ¢ing va
phan loai phén loai duoc ghi chi bén canh bang. S dai dién cho G. soja; L dai dién cho giéng dia
phuong; C dai dién cho gidng cai tién. (C) Phan bé tan suat kiéu gen. Biéu dd hinh tron thé hién
ty 16 cua mdi kiéu gen trong G. soja (n = 99), gidng dia phuong (n = 999) va gidéng cai tién (n =
1703). (D) Cau tric ba chiéu cia GmGA20x16™%! va GmGA20x16™1P2, Ving DIOX N dugc
hién thi mau hong, viing 20G-Fell_Oxy dugc hién thi mau vang, va cac gbc axit amin & vi tri 31
va 182 duoc hién thi mau do. (E) va (F) Gié tri Fst va ROD ¢ dau twong hoang d4, gidng dia
phuong va giéng cai tién trén cac ving gen 400 kb xung quanh GmGA20x16. Miii tén mau den
chi vi tri vat ly caa GmGA20x16.



Pé xac dinh xem hai kiéu gen cia GmGA20x16 c¢6 mang lai kha nang chiu man khac
nhau hay khong, chung toi di tién hanh phan tich kiéu hinh 102 mau dau twong (81 mau
mang GmGA20x16H2P1 va 21 mau mang GmGA20x16™1%?) dusi diéu kién stress man va
dinh lugng kha niang chiu man bang chi s6 héo rii. Sau khi xir ly bang stress man, ty 1¢
cac dong mang GmGA20x16™121 dqyoc phan loai 1a ¢6 kha ning chiu man cap 1 cao hon
dang ké so voi cac dong mang GmGA20x16™2P2 (Hinh 9A va B). Phan tich chi s6 héo rii
cho thay cac dong mang GmGA20x16™12P! thé hién kha ning chiu min vuot troi hon so
véi cac dong mang GmGA20x16P2 (Hinh 9C). Nhiing két qua nay chiing minh ring
GMGA20x16™12PL ¢6 lién quan dén kha nang chiu man duge ting cudng ¢ ddu tuong.
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Hinh 9. Hai kiéu gen cia GmGA20x16 khéac nhau vé chi 50 héo rit dudi diéu kién stress man. (A,
B) Ban d6 nhiét phan loai kha nang chiu man caa 102 giéng ddu twong. Hai muoi cdy mdi giéng
(cot) duoc cham diém sau 10 ngay chiu stress méan va duoc phan loai vao nam muc do nghiém
trong (hang; 1-5) theo Bang b sung 5. Cac con sb biéu thi so lugng cay. (C) Phan tich moi lien
h¢ gitra hai kleu gen GmGA20x16 va chi s6 héo rii. Chi s6 héo rii dugc tinh toan duya trén sb
lwong ciia mdi gidng & cac mirc d6 chiu man twong tmg. *P < 0,05, dugc xac dinh bang phép thir
t mot phia cia Student.

4. THAO LUAN

Hién tuong nhiém man dat 1a mot yéu té gay stress phi sinh hoc chinh, han ché nghiém
trong san lwong dau twong toan cau (Feng va cs, 2015; Sun va cs, 2019). Gibberellin
(GA), cac phytohormone quan trong, déng vai trd trung tdm trong viéc diéu phéi su sinh
trréng cua cay va phan tng vai stress (Gao va Chu, 2020a), vai qué trinh khir hoat GA
do GA2o0x diéu hoa 1a mot qua trinh then chét trong viéc can bang su danh doi nay (Shan
va cs, 2014b; Lo va cs, 2017a; Shi va cs, 2019b). Nghién ciru nay cung cap phan tich toan



dién trén toan bo hé gen cua toan bo ho gen gibberellin oxidase ¢ dau tuong, bao gom cac
phan nhom GmGA200x, GmGA3o0x, C19-GmGA20x va C20-GmGA20x. Ngoai viéc lap
danh muc cac gen nay, chung t6i di mé ta sy mé rong tién hoa cua ching va, quan trong
hon, di xac dinh mot nhdm cét 16i cac gen C19-GmGA20x la cac chét trung gian chinh
cua kha ning chiu dyng stress man, nhan manh tiém ning cua ching trong cdng tac chon
gidng dau tuong.

Chung t6i da tién hanh phan tich tin sinh hoc c6 hé thong dbi véi 48 gen GmGAoxX. Phan
tich tinh twong dong trinh tu cho thay lich st da boi ¢ dai cia dau tuong 1a dong luc cét
161 thiic day sy mo rong cua siéu ho GmGAox (Schmutz va cs, 2010), trong khi cac phan
ho khac nhau thé hién cac chién lugc mé rong riéng biét (Hinh 4). Sy mé rong cua phan
ho GMGA30x duoc thuc day hoan toan béi sy nhan doi doan gen phil hop véi sy nhan doi
toan bo bo gen (WGD). Nguoc lai, phan ho GmGA200x trai qua mot con duong tién hoa
phtic tap hon, chu yéu théng qua su nhan d6i doan gen nhung dugc bd sung bai cac su
nhan dbi lién tiép gan ddy. Toan bd phan ho GmGA20x sir dung ca hai chién luoc, nhung
hai I6p chirc ning cia nd phan hda: cac gen C19-GmGA20x mé rong théng qua su két
hop gita cac sy Kién nhan doi doan gen va nhan d6i lién tiép, trong khi cac gen C20-
GmGA20x tuan theo mot lich sir nhan doi twong d6i don gian hon lién quan dén ca hai co
ché. Phan tich yéu té cis caa ving khoi dong cho thay thém rang vung khaoi dong cua cac
gen GmGAOxX duoc lam gidu véi nhidu yéu té lién quan dén stress phi sinh hoc (vi dy:
MYB, MYC) (Abe va cs 1997, 2003; Wang va cs, 2014), phan tng hormone (vi du:
ABRE, ERE) (Bhuria va cs, 2016; Waseem va cs, 2021; Zhao va cs, 2025) va kha ning
phan &ng vai anh sang (vi du: Hop 4) (Hinh 3). Diéu nay cung cap co so diéu hoa phién
mé, cho thay cac gen GmGAOXx c6 thé tich hop nhiéu tin hiéu méi truong khac nhau (vi
du: stress mudi, han han) va tin hiéu hormone néi sinh (vi du: ABA, ethylene), do d6 hoat
dong nhu cac trung tim can bang su sinh truong va kha nang phong vé trudc stress cua
dau tuong.

Cac mo hinh biéu hién gen thudng bao trudc cac chirc ning tiém ning cta ching. Cac ho
so biéu hién dic hiéu mé caa chung toi cho thdy cac gen GmGAox duoc biéu hién trong
nhiéu md dau twong khéac nhau, ngu y vai trd caa chlng trong suét vong doi cua cay dau
trong (Hinh 4A). Quan trong hon, dit liéu transcriptome va RT- -qPCR dudi diéu kién
stress mudi cho thdy mot tap hop cot 18i cac gen C19-GmGA20x (bao gom GmGA20x1,
8, 15, 16, 17 va 20) da duoc diéu chinh tang dang ké va nhanh chdng trong mo ré (Hinh
4B-D-1). Mb hinh nay rat phi hop vai céc quan sat vé sy cam iing gen GA20x dudi diéu
Kién stress & cac loai nhu laa (Shan va cs, 2014b) va bong (Shi va cs, 2019b). Piéu nay
cho thdy manh mé ring viéc diéu chinh ting biéu hién GA2ox dé giam mac GA hoat
dong 12 mot co ché thich nghi duoc bao ton dbi véi stress mudi & thuc vat.

Pé xéac nhan chirc ning cua cac gen phan tng voi mudi nay, ching toi tap trung vao
GmMGA20x16, 17 va 20. Pinh vi duéi té bao cho thay su hién dién cua ching ca trong
nhan va té bao chat (Hinh 5), phii hop véi chiic ning enzym va kha ning tham gia vao
c4c qué trinh sinh hoc da dang. Biéu hién di loai trong ndAm men di xac nhan rang ca ba
gen GMGA20x déu cé thé tang cuong kha nang chiu man (Hinh 6). Phét hién nay duoc
chiing thuc thém trong mot hé thdng thuc vat phirc tap hon: r& 16ng dau twong chuyén
gen biéu hién qua mixc GmGA20x16 cho thiy ty 18 sbng sot cao hon dang ké va duy tri vé
ngoai khoe manh hon dudi diéu kién stress mudi so véi nhom ddi chung (Hinh 7A-C).
Co ché sinh 1y co ban co thé lién quan dén sy can bang cac loai oxy hoat tinh (ROS).
Ching t6i nhan thiy ring hoat dong cua superoxide dismutase (SOD) va peroxidase
(POD) cao hon dang ké, trong khi ham lwong san pham peroxy hoéa lipid



malondialdehyde (MDA) thap hon dang ké & ré biéu hién qua mac GmGA20x16 so Véi
nhém dbi chirng (Hinh 7E-G). Nhitng dit liéu ndy cing nhau hd tro mét mé hinh trong
d6 GmGA20x16 lam bat hoat cc GA hoat dong, ¢6 kha ndng on dinh protein DELLA, va
sau d6 1ap trinh lai mang ludi phién ma dé tang cuong hé thdng phong vé chdng oxy hoa,
tir ¢6 1am giam ton thuong oxy hoa do stress mudi gay ra - mot co ché ciing dugc hd tro
bai cac nghién cau trén 1€ (Guo va cs, 2024) va lua (Lo va cs, 2017a).

Phan tich kiéu gen da cung cip bang chang di truyén tién hoa vé tim quan trong sinh hoc
cia GmGA20x16. Phan tich 2898 mau dau twong cho thay sy thay d6i manh mé vé tan sb
Kiéu gen, cung véi gia tri Fst vd ROD cao dang ké trong cac quan thé duoc canh tac, cho
thiy ring GmGA20x16 di trai qua qua trinh chon loc nhan tao manh mé trong qué trinh
thuan hda (Liu va cs, 2020b). Ching t6i di phat hién hai kiéu gen chinh trong quan thé,
trong d6 kiéu gen GmGA20x16™P! dwoc phat hién chu yéu ¢ céc gidng dia phuong va
gidng cai tién, chiém lan luot 71,17% va 78,10% s6 mau (Hinh 8C). Gia trj Fst cao déng
ké gitra dau twong hoang da (G. soja) va céc giéng dia phuong (0,36), va glu:a G. soja va
cac gidng cai tién (0, 45), cing véi su da dang nucleotide giam rd rét trong cac quan thé
duoc canh tac, cho thay su chon loc manh mé tai locus nay trong qua trinh thuan héa va
cai tién (Hinh 8E va F). Hai SNP khong dong nghia phan biét cac kiéu gen (N31D va
A182P) nam trong cac ving DIOX_N va 20G-Fell_Oxy dugc bdo tén (Hinh 8D), cho
thiy su khac biét chirc ning tiém tang giita cac kiéu gen. Nhiing phat hi¢n nay khing
dinh vai tro quan trong cua locus nay trong qua trinh thuan hoa va cung cap bang ching
tryc tiép V& gia tri cua né trong cac chuong trinh lai tao hién dai (Liu va cs, 2023).

Piu twong trong trot ¢d kha ning chiu min kém hon so véi ddu twong hoang da (Kofsky
va cs, 2018), phan anh sy danh doi kinh dién trong qué trinh thuan hoa. Viéc chon loc
nhan tao manh mé d6i véi cac dic diém ning suat cao va ham lwong dau cao, két hop véi
hiéu tmg "hitchhiking", thic day céc alen 6 loi va c6 hai lién két chit chg, vo tinh loai
bo nhiéu locus thich nghi véi stress khoi ngudn gen cua cay trong (Zhu va cs, 2025). O
day, ching toi tiét 16 rang GmGA20x16™H2P2 chi ¢ o cac giong hoang da, trong khi
GmGA20x16HaP yyrgt tréi hon lai chiém wu thé Y cac gidng dia phuong va gidng cai tién.
Chung t6i gia thuyét rang md hinh nay bat ngudn tir mot dot bién de novo sau qué trinh
thuan héa mang lai kha niang chiu min dugc ting cuong, voi GMGA20x16H2L say d6
dugc gitr lai va lan truyén tich cuc théng qua chon loc nhan tao. Phan tich kiéu hinh truc
tiép cua 102 dong giong dudi diéu kién stress mubi da xac nhan gla thuyét nay - cac dong
mang GmGA20x16™2! thé hién chi sb héo rii thip hon dang ké va ty 1& cay chiu min cap
1 cao hon so v&i cac dong mang GmGA20x16™2P2 (Hinh 9). Dix liéu sinh ly nay xac nhan
ring GmGA20x16™2P! |3 mot kiéu gen uu ti duoc nang cao nhd chon loc tich cuc, dung
hoa thanh cong kha nang thich tng véi stress vai hiéu suat ciia gidng cay trong.

Dit liéu chic ning caa ching toi cho thdy rd rang rang kha ning chiu man do
GmGA20x16 mang lai dat dugc thong qua viée dieu chinh tinh té mic do GA noi sinh.
Phat hién nay phu hop manh mé véi khai niém moi ndi vé "mac GA tbi uu" de can bang
su phét trién caa cdy va kha ning thich (ng vdi stress, nhu dd dwoc 1am rd gan day ¢ cay
lGa (Guo va cs, 2025). Trong mo hinh d6, ca nong d6 GA qua cao hoic qua thap déu co
hai: GA cao thuc day sy tich liiy ROS, trong khi GA thap dan dén su e ché céc gen phan
g Vi stress théng qua con duong H3K27me3 do DELLA-NGR5-LC2 diéu hda. Trong
nghién ctu cua chung tdi, su biéu hién cia GmGA20x16 do mudi gay ra cé kha ning lam
giam ham luong GA hoat dong, do d6 chuyén dich can bang hormone ra khoi trang thai
GA cao, nhay cam Véi stress, va huéng téi mac do trung gian, bao vé. Sy diéu chinh nay
c6 kha niang 6n dinh céc protein DELLA, tir d6 c6 thé diéu phéi phan ung chdng oxy hoa



dugc ting cuong quan sat thay o ré cay chuyén gen, dan dén kha nang chiu man duogc cai
thién.

T6m lai, chung t6i d& xuat mot mé hinh hoat déng minh hoa vai trd cia GmGA20x16
trong phan ¢ng cua dau twong ddi véi stress man. Stress man, théng qua cac tin hiéu
thuong ngudn chua dugc 1am rd hoan toan, gay ra su biéu hién cia GmGA20x16.
Enzyme GA20x dugc ma hda s& 1am bat hoat cac GA hoat tinh sinh hoc (vi du: GA4),
lam giam muc do tin hiéu GA, diéu nay c6 thé dan dén sy 6n dinh cua protein DELLA.
Céc protein DELLA duoc 6n dinh hoat dong nhu céc trung tAm phién ma, c6 kha ning
kich hoat truc tiép hodc gian tiép mot loat cac gen phan ng véi stress (vi du: gen enzyme
chéng oxy hoa) va tuong tac véi cac con duong tin hiéu hormone khac (vi du: ABA),
cuing nhau phdi hop mét trang thai phong vé stress dugc tang cuong, bao gom kha ning
loai bo ROS duogc cai thién va duy tri can bang noi méi té bao, cudi cing mang lai kha
nang chiu stress man cao hon cho dau twong. Nghién ctru cua chung toi khong chi cung
cap c&c ngudn gen ng cir vién co gla tri (dac biét la GmGA20x16) cho viéc chon glong
dau tuong khang stress ma con dat nén tang cho viéc giai ma sau hon mang ludi diéu hoa
tinh té cia qua trinh chuyén hoa gibberellin trong thich tng méi truong cua thuc vat.
Nghién ciru trong twong lai nén tap trung vao viéc xac dinh céc yéu té phién ma thuong
ngudn chiu trach nhiém gay ra biéu hién GmGA20x dudi diéu kién stress mudi va diéu tra
sau sac su khac biét vé chire ning gitra cac haplotype protein.

5. KET LUAN

Ching t6i cung cap mot ban do toan dién vé ho gen GA-oxidase cia dau tuong va tai tao
lich str md rong cua nd thdng qua cac lan sao chép phan doan va sao chép song song lap
di lip lai. Phan tich chic ning cho thdy céc thanh vién C19-GA2ox - dic biét la
GmGA20x16 - la nhitng yéu to diéu hoa quan trong vé kha ning chiu man, gip ting
cuong kha ning chéng oxy hoa va han ché ton thuong oxy hoa. Dang chu y, alen
GMGA20x16™12°L yu viét da dwoc chon loc nhan tao voi tan suat cao, nhan manh gia tri
ndng hoc cta nd. Nhitng phét hién nay xac dinh GmGA20x16 va cac bién thé kiéu gen
cua nd 1a nhitng muc tiéu hang dau, sin sang cho viéc chon gidng nham phat trién cac
gidng dau trong chiu man.
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