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La cay lay hat c6 dau hang dau cung cap dau thuc vat va protein cho doi Song hang ngay
Clia con ngudi, ting ning suat va hang cao chét luong dinh dudng (nhiéu dau hozc nhiéu
dam) la hai muc tiéu co ban hang dau cua chon tao gidng dau tuong. Kich thuéc hat 1a
mot trong nhiing yéu té quan trong nhat quyét dinh nang suat dau tvong. Kich thudc hat,
ham lugng dau va protein la nhiing tinh trang s6 luong phuc tap bi chi phol boi cac yéu
t di truyén va moi trudng trong qué trinh phat trién hat. Thanh phan va sé lugng chit dy
trit hat anh huong truc tiép dén kich thuéc hat. Nhin chung, dau va protein chiém gan
60% tong luong hat dau tuwong du trir. Do d6, kich thudc hat, dau hoic ham lugng protein
clia dau twong 1a nhitng dic diém néng hoc c6 mdi twong quan cao. Tang kich thudc hat
gilip ting ning suat dau twong va c6 thé cai thién chat luong hat gidng. Tuong ty nhu
vy, ham luong dau va protein tang lén s€ cai thi¢n chat luong dinh dudng cua dau tuong
va cd thé s& 1am tang nang suat dau tuong. Do tam quan trong cia ba tinh trang hat giéng
nay trong chon gidng dau twong, cac nghién ciru sdu rong da duoc tién hanh trén locus
tinh trang sé luong (QTL) hodc gen co ban cua ching va phan tich cac con duong diéu
hoa phan tir caa chung. Panh gia nay da tom tat tién trinh trong bd gen chirc nang kiém
soat kich thudc hat ddu twong, ham luong dau va protein trong nhiing thap ky gan day,
dong thoi dua ra nhitng thach thuc va trién vong dé phat trién cac gidng dau tuong ning
Suat cao véi ham lugng dau hozc protein cao. Cudi cung, ching toi hy vong bai dénh gia
nay s& gilp ich cho viéc cai thién ning suat va chat luong dau twong trong qua trinh nhan
giong sau nay.

1. Giéi thiéu

Dau va protein 1a nhitng chat dinh dudng thiét yéu cho con ngudi va gia sic, voi gan
70% dau an va mot nira protein thic dn chian nudi dén tir thyc vat. Pau tuong (Glycine
max) cung cap gan 60% san lwong hat c6 dau toan cau va chiém hon 25% lugng protein
tiéu thu cho thuc pham va thie an chin nudi trén toan thé gidi, khién né tre thanh cay
trong thuong mai hang dau dé san xuat dau thuc vat va protein (Wang va cs, 2020b). bau
tuong trdng trot duoc thuan hoa tir dau twong dai (Glycine soja) ¢ mién trung Trung
Quéc khoang 5.000 nim trudc va sau dé lan rong ra khap thé gigi (Carter va cs, 2004;
Wilson, 2008). La cay lay hat c6 dau va thirc an gia suc chiém uu thé, hat dau tuong dugc
canh tac hién dai chtra khoang 17% dau, 35% protein (bao gom ca axit amin thiét yéu va
khong thiét yéu), 31% carbohydrate (bao gém ca carbohydrate hoa tan va khong hoa tan),
13% d6 am va 4% tro (Liu, 1997) (Hinh 1). Ham luong dau cua hat dau tuong dao dong
tir 8,3-27,9% va ham lugng protein thay doi tir 34,1-56,8% tly thuoc vao gidng dau
tuong va diéu kién canh tac (Wilson, 2004). Dau dau tuong duoc tao ra va luu trix chu
yéu dudi dang axit béo (FA), triacylglycerol (TAG) va tocopherol (Liu va cs, 2022). C6
nam FA trung tim trong hat dau tuong, bao gém axit stearic (C18:0), axit oleic (C18:1),



axit linoleic (C18 2), axit linolenic (C18:3) va axit palmitic (C16:0), cé thanh phan quyet
dinh truc tiép dén chit lwong dau dau twong. Protein hat dau trong bao gdm chu yéu la
cac protein du trir nhu glycinin (11S globulin) va conglycinin (7S globulin) (Liu va cs,
2022).

Hinh 1. Thanh phan cua
hat dau tuong truong
thanh duoc bao quan.
Gia tri phan traim cho
biét trong luong twong
d6i cua thanh phan
31% Carbohydrates twong ung trong hat

(Liu, 1997).
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Nhitng tién bo gan day da chi ra rang nang suat cay trong toan cau can phai ting gap doi
vao nam 2050 dé dap ¢ng nhu cau tiéu thu va dan sé ngay cang tang (Godfray va cs,
2010; Tilman va cs, 2011), c6 nghia 1a san luong cdy trong tang 2,4% moi nam. Tuy
nhién, san Xuat dau tuong tut hau nghiém trong so va&i nhu cau du kién, chi tang trung
binh 1,3% mbi nam (Ray va cs, 2013). So voi cac loai cdy luong thyc, bao gom gao, lia
mi va ngd, nang suit dau tuong chi bang khOang mot phan ba dén mot nira. Vi vay, nang
cao nang suat dau tuong 1a nhiém vuy can thiét va cap bach d6i vai cong tac chon tao
glong dau tuong. Tang kich thudc hat 1a mot trong nhitng cach quan trong dé tang ning
suit dau tuong. Kich thuéc hat dau tuong co thé dugc mo ta bang chiéu dai (duong kinh
song song Vai rén), chiéu rong (duong kinh tir rén dén bé mat truc cua hat), va do day
(duong kinh doc theo rén), va thanh phan va ham luong duy trit hat giéng truc tiép xac
dinh né. Pau tuong trong trot thuong tao ra hat to hon véi mic dau cao hon (Wang va cs,
2020b). P4u twong dai ¢ hat nhé hon véi ham lwong dau thap hon dau tuong trong. Tuy
nhién, ham lugng protein trong hat khong ting & cac giéng dau twong hat Ion (Wang va
cs, 2020b). Do d6, cai thién dau twong lién quan dén viéc ting song song kich thudc hat,
tich lity dau va c6 thé kém theo su thay ddi vé muac do protein.

Trong nhiéu thap ky, viéc ting kich thudc hat, tich lity dau va ham luwong protein 1a muc
tiéu thiét yéu cia cac chuong trinh chon gidng dau twong. Viéc cong bb bo gen tham
chiéu cia dau twong (Williams 82) vao nam 2010 da thiic day manh mé su phét trién caa
bo gen chtrc niang dau tuong (Zhang va cs, 2022). O day, chung t6i xem xét nhitng tién
bo trong bd gen chirc ning dau twong vé kich thudc hat, tich luy dau va ham lugng
protein. Ngoai ra, chung tdi cling thao luan vé nhitng thach tharc va trién vong phat trién
c4c gibng dau tuong nang suat cao véi ham luong dau hoic protein cao. Vi sy tong hop
sinh héa cua dau trong hat da duoc nghién ctu rong rii va danh gia tt (Bates va cs,
2013; Xu va Shanklin, 2016; Song va cs, 2017; Liu va cs, 2022; Yang va cs, 2022a),
ching tdi s& khéng nhic lai nhitng binh luan nay ¢ day.



2. Lap ban dd gen lién quan dén kich thwéc hat, ham lweng diu va protein

Kich thu6c hat, ham luong dau va protein 1a nhimg dic diem phic tap dugc kiém soét
boi cac yéu td di truyén va moi trudng trong qué trlnh phét trién va truong thanh cua hat.
Do tim quan trong cua ching trong chon tao gidng dau tuwong, cac nha nghién ctru da
thue hién phan tich lién két mo rong dé xac dinh céc locus tinh trang ) luong (QTL) lien
quan dn ba tinh trang hat nay bang cach str dung cac quan thé co ngUOn géc tir bd me
khac nhau, chang han nhu quan thé F», dong lai tai to hop (RIL), thay thé doan nhidm sic
thé dong (CSSL) va dong gan dong phan (NIL) (Han va cs, 2012; Eskandari va cs,
2013a; Eskandari va cs, 2013b; Qi va cs, 2014; Warrington va cs, 2015; Wang va cs,
2015a; Yang va cs, 2019; Cui va cs, 2020; Kumawat va Xu, 2021; Kumar va cs, 2022;
Luo va cs, 2022; Yang va cs, 2022b). Cho dén nay, hang trim QTL lién quan dén kich
thude hat (bao gom trong lwgng hat), tich lily dau va ham luong protein da dwoc ghi lai
trong Co so dit liéu bo gen cua SoyBase (//www.soybase.org). Chang han, c6 396 QTL
cho kich thudc va trong lwong hat (Hinh 2; Bang b sung 1), 333 QTL cho ham luong
dau trong hat (Hinh 2; Bang bo sung 2) va 234 QTL cho ham lwong protein trong hat
(Hinh 2; Bang b6 sung 3 ). Trong s6 cac QTL nay, mét sé QTL lién quan dén kich thuéc
hat, su tich liiy diu va ham luong protein chia sé cac ving chong 1an, cho thay su hién
dién cua cac gen diéu hoa da hudng trong cac QTL nay. Tuy nhién, do cé4c chi thi phan tir
c6 d6 phan giai thap va mat do thap ciing nhu kich thudc quan thé han ché, hau hét cac
QTL duoc 1ap ban d6 trong mét ving nhiém sac thé 16n, 1am cho cac QTL nay kém hiéu
qua hon trong viéc xac dinh gen cu thé dé cai thién cay trong. Hién tai, chi c6 mot s6 gen
lién quan dén kich thudc hat, tich lily dau va ham lugng protein da dugc phan 1ap tir anh
xa QTL, chang han nhu GmPP2C-1 (Lu va cs, 2017), GmB1 (Zhang va cs, 2018a) va
Glyma.20G85100 (con duwoc goi la GmSWEET39) (Zhang va cs, 2020; Fliege va cs,
2022). Ngoai ra, hai gen lién quan dén kich thuéc/trong luong hat di duoc xac dinh
théng qua phan tich nhan ban gen duya trén ban do dot bién hoac phép lai so sanh bo gen
(CGH), bao gom GmSSS1 (Zhu va cs, 2022) va GmKIX8-1 (Nguyen va cs, 2021).
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Hinh 2. Cac QTL lién quan dén kich thuéc hat (trong luong), tich liy dau va ham luong
protein trong dau tuong. Cac QTL nay duoc lay tor co sé di liu SoyBase
(https://soybase.org/).
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V6i sy phét trien cua omics, nghién ctu két hop trén toan by bo gen (GWAS) da tro
thanh mot phuwong phap 1ap ban d6 gen hoic QTL manh mé& dé phan tich cac dac diém
ndng hoc phuc tap & cdy trong. So véi phan tich lién két hoic lap ban dd QTL thong
thuong, GWAS mang lai nhitng loi the dang ké: 1) GWAS khong can xay dung qUan thé
lap ban do. 2) Quan thé GWAS bao gém nhiéu bién thé ty nhién hon so véi quan thé co
hai bd me. 3) GWAS c6 thé dat dugc d6 phan giai ban 6 cao hon nho cac chi thi phan tir
mat d6 cao va cac su kién tai to hop lich sir da dang (Wang va cs, 2020a; Li va cs,
2022b). Trong thap ky qua, hang chuc GWAS di dugc thuc hién dé xac dinh cac QTL
hodc nucleotide tinh trang dinh lwong (QTN) lién quan dén kich thudc hat, tich liy dau
va muc protein trong dau twong (Hwang va cs, 2014; Zhou va cs, 2015; Zhang va cs,
2016a; Yan va cs, 2017; Zhang va cs, 2018b; Lee va cs, 2019; Zhao va cs, 2019; He va
cs, 2021; Zhang va cs, 2021; Hong va cs, 2022). Dua trén phuong phap nay, GmOLEO1
(Zhang va cs, 2019b), GmPDAT (Liu va cs, 2020a), GmSWEET10a (con dugc goi la
GmSWEET39) (Miao va cs, 2020; Wang va cs, 2020b) va GmST05 (Duan va cs, 2022) da
dugc xac dinh va xac nhan c6 lién quan dén nhiing dic diém hat giéng nay, cho thay cach
nay hiéu qua hon. Mic di GWAS c6 lgi thé trong viéc lap ban d6 di truyén, nhung cau
trdc quan thé va cac mdi quan hé ca nhan cé kha ning tao ra két qua duong tinh gia trong
phan tich lién két. Do dé, t6t hon 1a tich hop ban d6 lién két va phan tich GWAS dé phan
tich cac dic diém phuc tap. Cac phuong phap phan tich hdn hop da sir dung va 1ap ban do
thanh cong cac QTL hoic QTN lién quan dén cac dic diém hat nay ¢ dau twong (Cao va
cs, 2017; Zhang va cs, 2019c), dong thoi nhan ban thém GmSWEET39 (Zhang va cs,
2020), GmGA3ox1 (Hu va cs, 2022), GmST1 (Li va cs, 2022a) va POWR1 (Goettel va cs,
2022).

3. Gen quy dinh kich thwéc hat

Hat cua thuc vat bac cao bao gom phdi, ndi nhil va vo hat, trong d6 phdi va nodi nhi 1an
lugt dugc tao ra tir té bao trang da thu tinh va té bao trung tam. Nguoc lai, vo hat dugc
phét trién tir vo bao tir. Do do, kich thudc hat duge xac dinh bai cac tin hiéu tich hop cua
m6 me va md hop tir anh huéng dén sy phét trién phdi hop ctia phoi, ndi nhil va vé hat
(Li va cs, 2019). Mot sé con duong truyén tin hiéu kiém soat kich thudc hat caa cdy me
d3 duoc xac dinh & cdy Arabidopsis va cay lda, chang han nhu tin hiéu G-protein, tin
hiéu ubiquitin-proteasome, tin hiéu protein kinase hoat hda bang mitogen (MAPK), tin
hiéu phytohormone va mét so chat diéu hoa phién ma. Trong khi d6, con duong HAIKU
(IKU) va mot sd kich thich td thuc vat diéu chinh mot phan sy phét trién caa cac md hop
tar (Li va cs, 2019). Tuy nhién, so véi cay Arabidopsis va cay IGa, mang lugi phan ti diéu
chinh kich thuéc hat & cdy dau twong van con kém.

La thanh phan diéu hoa quan trong caa biéu hién gen, mot s6 yéu té phién ma (TF) lién
quan dén kich thudc hat da dugc xac dinh & dau twong (Hinh 3; Bang 1). BIG SEEDS1
(BS1) thuoc thanh vién nhom 1l caa ho 16n TIFY TF. N6 dong mét vai tro quan trong
trong viéc kiém soat kich thudc cua hat, qua va 14 thdng qua mot md-dun diéu tiét nham
muc tiéu tang sinh té bao trong cay ho dau mé hinh cia Medicago truncatula (Ge va cs,
2016). Biéu chinh giam céac gen chinh hinh BS1 (GmBS1 va GmBS2) trong dau tuong
dan dén ting kich thuéc hat va ham luwong axit amin. SLB1 ma héa protein hop F tao
thanh mot phan cua phirc hop ligase ubiquitin SKP1/Cullin/F-box E3. Céc phan tich sinh
hoa va di truyén cho thay SLB1 twong tac voi BS1 dé kiém soat sy phan nhanh bén va su
phét trién cua co quan bang cach diéu chinh su 6n dinh cua protein BS1 trong Medicago
truncatula. Ngoai ra, sy biéu hién qua mic ciia SLB1 din dén kich thuéc 14 va hat ting



lén & ca Medicago truncatula va dau twong, cho thiy su bao ton chirc ning cia SLB1
(Yin va cs, 2020). TF WRKY thuc vat tham gia vao nhiéu qua trinh sinh hoc, ching han
nhu qua trinh tao phéi va phét trién hat gidng (Luo va cs, 2005). WRKY15a dugc thé hién
mét cach khéc biét trong qué trinh phaét trién qua giita ddu twong trong va dau tuong dai.
Bén haplotypes (H1-H4) da c6 mat trong WRKY15a, khac nhau trong quy tich kinh hién
Vi 16i CT tai ving 5' chua dwgc dich ma (5'-UTR) cia WRKY15a. Kiéu haplotype H1 voi
sau lan 1ap lai CT la alen duy nhat trong dau tuong trong, trong khi kiéu haplotype H3
v6i nam 1an 13p lai CT 1 alen chinh trong d4u twong dai. Trong lugng hat véi haplotype
H1 nang hon so vdi dau tuong dai chira haplotypes H2, H3 va H4, va trong luong hat co
mbi trong quan thudn véi biéu hién WRKY15a, cho thay tac dong tich cuc cia WRKY15a
d6i véi kich thude hat (Gu va cs, 2017). Dt2, m4 hda TF hop MADS, dong vai tro thiét
yéu trong viéc kiém soat nhiéu dic diém ndng hoc, chang han nhu thdi gian ra hoa, thoi
quen phét trién cua than va chiéu cao cay (Ping va cs, 2014; Zhang va cs, 2019a). Mot
bdo c4o gan day da chi ra raing Dt2 ciing xac dinh su phan nhanh cua chdi va kich thudc
hat (Liang va cs, 2022). Cac dong loai bo Dt2 thyc hi¢n nhiéu thay doi tinh trang lién
quan dén nang suat, chang han nhu chleu dai va chiéu rong hat tang 1én, trong lugng hat
nang hon va trong luong hat trén mdi cay cao hon, do d6 dan dén ning suat trén mdi 6
duogc cai thién rd rét. Nguoc lai, cac dong biéu hién qua mac Dt2 biéu hién chiéu dai va
chiéu rong hat giam.
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Hinh 3. Mang lu6i di truyén quy
dinh kich thuéc hat (trong
lugng), tich liy dau va ham
lugng protein trong dau tuong.
Céac gen hoac protein lién quan
dén kich thudc hat (trong luong)
va ham luong dau duoc hién thi
twong (ng bang phéng chir mau
do va mau xanh lam. Cac b diéu
chinh da hudéng cho kich thudc
hat (trong lwong), tich liy dau
hoiac ham Ilugng protein duoc
biéu thi bang phoéng chir mau
xanh 14 cay. Cac gen diéu hoa, c6
chirc nang chi dugc xac nhan &
cay Arabidopsis chu khong phai
cidy dau tuwong, duoc hién thi
bang phdng chit mau tim.

Mot s6 gen ma hoa cac enzym khac nhau ciing da duoc ching minh 13 ¢6 anh huéng dén
kich thudc hat dau twong (Hinh 3; Bang 1). Gen phosphatase 2C-1 (GmPP2C-1) tur dau
tuong dai gitip ting trong lwong hoidc kich thudc hat bang cach cai thién kich thudc té
bao vo va kich hoat mot tap hop con cac gen lién quan dén tinh trang cua hat (Lu va cs,
2017). Ngoai ra, GmPP2C-1 tao diéu kién tich liiy protein GmBZR1 khir phospho, dong
vai tro 1a yéu té phién ma chinh trong tin hiéu BR. Hon nira, Sy biéu hién qua muc cua
GmMBZR1 c6 thé cai thién kich thudc hoic trong lugng hat ¢ cay Arabidopsis chuyen gen.
Invertase cua thanh té bao (CWI) dong mot vai tro quan trong trong viéc truyen tin hiéu
va chuyén hoa dudng, anh hudng dén su tuong tic ngudn chim va su phat trién cua hat



(Tang va cs, 2017). GmCIF1 ma hoa chat ¢ ché invertase cua thanh té bao va viéc tc
ché biéu hién gen GmCIF1 cho thay cac hoat dong CWI gia ting va kich thudc hat Ion
hon trong khi tich lity nhiéu protein, hexose va tinh bot hon trong hat dau tuong.

Bang 1. Cac gen dai dién lién quan dén kich thudc hat, tich liiy dau va ham lugng protein
trong dau tuong.

Accession No.

Functional annotation

Controlling trait

References

(Wm82.a2.v1)
GmCYP78A10 | Glyma.05G019200 cytochrome P450 CYP2 subfamily seed size/weight Wang et al., 2015b
GmCYP78A57  Glyma.02G119600 ZZJ\C{}:;;::G/PSS CYP2 subfamily/homolog of seed size/weight Zhao et al,, 2016
GmCYP78A70 Glyma.01G061100 Ztgf{l;r;;;/])éig CYE2isubfsmily/homolog:of seed size/weight Zhao et al., 2016
GmCYP78A72 | Glyma.19G240800 Z‘g[};; :;Ts/]:;lig CYP2 subfamily/homolog of seed size/weight Zhao et al., 2016
GA200X Glyma.07G081700 gibberellin 20 oxidase seed size/weight Lu et al,, 2016
GmBS1 Glyma.10G244400 t“rf:s’:rpipltlio':e:::l:’;‘she By Samilyiot seed size/weight Ge et al, 2016
GmBS2 Glyma.20G150000 :rag;::gpltlion:e:gb;:toofrtshe TIEY- familyjof seed size/weight Ge et al, 2016
WRKY15a Glyma.05G096500 WRKY transcription factor seed size/weight Gu et al,, 2017
GmPP2C-1 Glyma.17G221100 a putative phosphatase 2C protein seed size/weight Lu et al, 2017
GmCIF1 Glyma.17G036300 cell-wall inhibitor of beta-fructosidase seed size/weight Tang et al,, 2017
GmKIXS8-1 Glyma.17G112800 unknow protein seed size/weight Nguyen et al., 2021
GmSSS1 Glyma.19G196000 SPINDLY homolog protein seed size/weight Zhu et al., 2022
GmGA3ox1 Glyma.07G033800 gibberellin 33-hydroxylase seed size/weight Hu et al,, 2022
D2 Glyma.18G273600 MADS-box transcription factor seed size/weight Liang et al.,, 2022
GmCOL2b Glyma.19G039000 B-box type zinc finger protein with CCT domain seed size/weight Yu et al,, 2023
GmAP2-1 Glyma.01g188400 AP2 transcription factor seed size/weight Yu et al, 2023
GmAP2-2 Glyma.05g091200 AP2 transcription factor seed size/weight Yu et al,, 2023
GmbZIP123 Glyma.06G010200 bZIP transcription factor oil content Song et al., 2013
GmNFYA Glyma.02G303800 a domain of the nuclear transcription factor Y oil content Lu et al, 2016
GmLECI1 Glyma.07G268100 nuclear transcription factor Y subunit B oil content Pelletier et al., 2017
GmLEC2a Glyma.20G035800 AP2/B3-like transcriptional factor oil content Manan et al., 2017
GmLEC2b Glyma.20G035700 AP2/B3-like transcriptional factor oil content Manan et al.,, 2017
GmZF351 Glyma.06G290100 zinc finger C-x8-C-x5-C-x3-H type family protein oil content Li et al., 2017
GmWRIla Glyma.15G221600 ethylene-responsive transcription factor WRIla oil content Chen et al,, 2018
GmB1 Glyma.13G241700 a transmembrane transporter-like protein oil content Zhang et al., 2018a
GmOLEO1 Glyma.20G196600 oleosin-encoding gene oil content Zhang et al,, 2019b
GmPDAT Glyma.13G108100 regulator of chromosome condensation oil content Liu et al., 2020a
GmWRI1b Glyma.08G227700 ethylene-responsive transcription factor WRI1b oil content Guo et al., 2020
GmZF392 Glyma.12G205700 zinc finger C-x8-C-x5-C-x3-H type family protein oil content Lu et al, 2021

Glyma.13G153000 a small GTPase protein content
Rab5a2 Wei et al,, 2020

Glyma.18G045000 a small GTPase protein content
GmDof4 Glyma.17G081800 Dof zinc finger protein seed size/weight and oil content = Wang et al., 2007
GmDof11 Glyma.13G329000 Dof zinc finger protein seed size/weight and oil content Wang et al.,, 2007
GmMYB73 Glyma.06G303100 MYB transcription factor MYB73 seed size/weight and oil content Liu et al., 2014
GmDREBL Glyma.12G103100 DREB-type transcription factors seed size/weight and oil content Zhang et al., 2016b
GmST1 Glyma.08G109100 UDP-D-glucuronate 4-epimerase seed size/weight and oil content Li et al,, 2022a
GmSWEET10a = Glyma.15G049200 sugar efflux transporter SWEET39 zzidtes;::/weight, G PEGLeir ::1;“";:3:: ARSI
GmSWEETI0b | Glyma.08G183500 sugar efflux transporter SWEET24 zz:i:g:lweigh" ollandiprotein || <o e aal., sog0b
GmSTO05 Glyma.05G244100 phosphatidylethanolamine-binding protein zzend!es'ij:/weight, il grorein Duan et al,, 2022
POWRI Glyma.20G085100 CCT domain protein z:ﬂ:ﬁ:/weigh(‘ il pmcih illlﬁL ;‘[l];;n R, S



GmSSS1 ma héa mot O-GIcNAc transferase gia dinh trong dau twong. Loai bo GmSSS1
dan dén hat nho, trong khi GmSSS1 biéu hién qua muc tao ra hat Ién (Zhu va cs, 2022).
Diéu chinh GmSSS1 ¢6 thé anh huang tich cuc dén su phan chia va mé rong té bao ¢ cay
chuyén gen. GmGA3ox1, mot gibberellin (GA) 3p-hydroxylase trong dau tuong, 1a
enzyme quan trong trong con duong sinh tong hop GA. Loai b6 GmGA3ox1 dan dén
giam sinh téng hop GA trong khi tang cuong quang hop (Hu va cs, 2022). Cay loai bo
GmGA30x1 cho thay trong luong va chiéu dai hat giam, nhung san luong hat duoc cai
thién bang cach ting sb nhanh, qua va hat. Nguoc lai, sy biéu hién qua muc cua
GmGA30x1 lam ting trong lwong va chiéu dai hat & dau twong chuyén gen. Tuong tu, Su
biéu hién qua mic cia GA200X, ma hoa gibberellin 20 oxidase trong budc gidi han toc
d6 cua qua trinh sinh tong hop GA, da nang cao kich thudc/trong lwong hat cua cay
Avrabidopsis chuyén gen (Lu va cs, 2016).

Bén canh cé4c gen trén, mot sd gen dau twong twong dong dugc biét 1a diéu chinh kich
thudc hat ¢ cdy Arabidopsis ciing di dugc chirng minh 1a kiém soét kich thuéc hat dau
tuong (Hinh 3; Bang 1). Vi du, mot s6 thanh vién ho P450/CYP78A dugc dé xuat dé
kiém soét kich thuéc hat & Arabidopsis (Wang va cs, 2008; Fang va cs, 2012). Cac
ortholog P450/CYP78A trong dau twong, chang han nhu GmCYP78A10, GmCYP78A57,
GMCYP78A70 va GmCYP78A72, thé hién chirc ning duoc bao ton dé cai thien kich
thudc hoac trong luong hat (Wang va cs, 2015b; Zhao va cs, 2016; Du va cs, 2017) ,
nhung co ché co ban vé cach thirc hoat dong cua chdng phan Ién van con khé nim bit.
Phic hop e ché PPD/KIX/TPL bao gém céac protein PPD2, KIX8/9 va TPL di duoc
chang minh 1a c6 anh hudéng dén kich thudc co quan bang cach diéu chinh sy ting sinh
mo phan sinh & cay Arabidopsis (Baekelandt va cs, 2018). GmKIX8-1, mot ortholog
AtKIX8 dau twong, ciing tham gia vao viéc kiém soat sy ting sinh té bao va kich thudc co
quan. Do su biéu hién CYCLIN D3;1-10 va sy ting sinh té bao ting 1én, cac dot bién mat
chic nang GmKIX8-1 d biéu hién su gia ting rd rét vé kich thuéc cia 14 va hat (Nguyen
va cs, 2021). Rat gan day, ¢ ca Arabidopsis va dau twong, mot tang diéu tiét quan trong
lién quan dén CO (chat diéu hoa trung tdm cua con dudng quang ky) va AP2 (dic diém
nhan dang mo phan sinh hoa) da duoc chiing minh la trung gian hoéa kich thuéc hat dugc
diéu hoa bai quang Ky theo cach phu thudc vao me (Yu va cs, 2023). GmCOL2b (mot
chat twong ddng CO cua dau tuong) thuc dy tich cuc kich thuéc hat trong thoi gian ngan
ngay bang céach &c ché truc tiép sy biéu hién cia GmAP2-1 va GmAP2-2.

4. Gen quy dinh dau hat

Hat gidng tich Iiy dy trix, bao gom dau, protein va tinh bot, dugc lap day trong qua trinh
phat trién va truong thanh cia hat. Do d6, hiéu dwoc chét luu trit dugc nap vao hat 12 rat
quan trong dé cai thién nang sut cay trong va chat lugng dinh dudng. Trong nhiing thap
ky qua, nhiéu no lyc da duogc thyc hién d6i vai viéc mo xé cac con duong phan tir dé tich
lity duy trix hat gidng, dac biét 12 & cay Arabidopsis. Cac TF, chang han nhu LEC1, LEC2,
ABI3, FUS3 va WRI1, va cac chét kich hoat hoic chat tc ché khac dé tich lﬁy dur trix
trong qué trinh phét trién hat, da dugc xac dinh o thuc vat (Yang va cs, 2022a). Tuy
nhién, nhiéu chi tiét va co ché van chua dwoc 1am rd, dic biét 1a ddi véi céc loai cay
trong thiét yéu nhu dau tuong (Hinh 3; Bang 1).

LEC1 la mot tiéu don vi TF khong dién hinh (NF-YB) tuong tac véi cac tiéu don vi NF-
YA va NF-YC dé tao thanh phic hop NF-Y TF. No¢ 14 trung tam dé kiém soét sy phét
trién cua hat gidng, chang han nhu hinh thai phoi, phat trién noi nhil va tich Iy du trir (Jo
va cs, 2019). O cay Arabidopsis, cac dot bién lecl khong c6 gia tri thé hién nhitng khiém
khuyét noi bat trong phdi va han ché nghiém trong su tich lity protein va lipid trong hat



(Meinke va cs, 1994; West va cs, 1994). Hon nita, sy biéu hién qua muc cua LEC1 da
gay ra su kich hoat cac gen lién quan dén sy tich lity protein va lipid du trit, din dén ting
ham luong lipid va FA trong cay Arabidopsis chuyén gen (Kagaya va cs, 2005). O dau
tuong, GMLEC1 (GmLEC1a hoic GmLEC1b) diéu hoa phién mi cac gen lién quan dén
cac qua trinh té bao riéng biét trong qué trinh phat trién hat va kich hoat qué trinh sinh
tong hop FA cua hat (Pelletier va cs, 2017; Zhang va cs, 2017). Nghién ciru siu hon cho
thay rang GmLEC1 hoat dong két hop véi cac TF nhu GmMAREB3, GmbZIP67 va
GMABI3 dé diéu chinh sy phat trién cua hat dau twong (Jo va cs, 2020).

LEC1 tuong tac vat Iy voi LEC2, TF mién lién két DNA B3, c6 vai tro diéu tiét quan
trong trong qua trinh phat trién hat giong va kiém soat mac do protein va dau hat trong
cay Arabidopsis (Santos-Mendoza va cs, 2008; Angeles-Nufiez va Tiessen, 2011; Kim va
cs, 2015; Jo va cs, 2019). Cac hat dot bién mat chirc ning lec2 cho thiy luong dau va
protein giam lan luot 1a 30% va 15%, nhung tich lity nhiéu tinh bot va sucrose hon so véi
cac loai hat hoang dai (Angeles-Nufiez va Tiessen, 2011). Nguogc lai, ¢ ca cdy
Arabidopsis va cay thudc la bién doi gen, biéu hién cam tng AtLEC2 lam tang tich liy dy
trir dau, chang han nhu TAG va FA (Mendoza va cs, 2005; Andrianov va cs, 2010; Kim
va cs, 2015). O dau twong, GMLEC2 quy dinh mot tap hop con cac gen lién quan dén qué
trinh chuyén hoa chat du trir hat gibng (Manan va cs, 2017). So véi hat déi chung, ham
lugng TAG va FA chudi dai cua hat Arabidopsis chuyén gen biéu hién qua muac
GmLEC2a tang lan luot 12 34% va 4%.

Trong mang luéi phién ma cta qua trinh tich liy dau hat & cay Arabidopsis, LEC1 va
LEC2 cung nhau thiic day su biéu hién WRI1, mot gen AP2 TF chiu trach nhiém diéu
hoa phién ma qua trinh sinh tong hop dau va co ché diéu hoa nay duoc bao ton & cac loai
thue vat khac, chang han nhu dau tuong va ngd (Baud va cs, 2007; Mu va cs, 2008; Shen
va cs, 2010; Manan va cs, 2017; Pelletier va cs, 2017; Yang va cs, 2022a). Hai ortholog
dau tuong cua no, GmWRIla va GmWRI1b, dong vai tro trung tdm trong viéc tich 1y
dau hat. Sy biéu hién qua mac cia GmWRIla hoic GmWRI1b lam ting dang ké tong
luong dau va ham lugng FA, dong thoi thay doi thanh phan FA trong hat, trong khi
GMWRI1 loai bo ré to lai can tré qué trinh sinh tong hop lipid (Chen va cs, 2018; Chen
va cs, 2020; Guo va cs. , 2020; Wang va cs, 2022).

GmMZF392, mot protein nhanh kém CCCH (TZF) song song déc trung cho hat glong thuc
day sy tich liiy dau hat bang cach nhim muc tiéu mét yéu té cis ludng cuc vei cac trinh
tu giau TA va TG trong cac ving khai dong, do d6 kich hoat biéu hién gen xudi dong
lién quan dén qua trinh sinh tong hop lipid (Lu va cs, 2021). GmZF392 tuong tac vat Iy
véi GmZF351, mét chat kich hoat khac cua sy tich lity lipid, dé bé sung/hiép dong lam
tang biéu hién cua cac gen sinh tong hop lipid xudi dong (Li va cs, 2017; Lu va cs, 2021).
Va ca GmZF392 va GmZF351 déu dugc diéu chinh tich cuc boi GMNFYA, mot TF tuong
quan voi ham luong dau (Lu va cs, 2016; Lu va cs, 2021). Ngoai ra, GmZF392 va
GmMZF351 ciing 1a muc tiéu truc tiép caa GmLEC1 (Pelletier va cs, 2017). Quan trong
hon, GmZF392 va GmZF351 da dugc chon loc bang cach thuan hoa tir dau tuwong dai
sang dau twong trong.

Ngoai cac TF & trén tao thanh md-dun diéu hoa, mot sé gen chic ning ciing tham gia vao
viéc diéu chinh ham luong dau hat & dau tuong (Hinh 3; Bang 1). Sy biéu hién qua muc
cua gen bZIP TF (GmbZIP123) gitp tang cuong tich liy lipid trong hat Arabidopsis bién
d6i gen thong qua diéu hoa van chuyen duong (Song va cs, 2013). GmB1, ma hoa protein
Xuyén mang gidng nhu chét van chuyén dé sinh tong hop phan ¢ Vo qud, khong chi kiém
soat phan cia vo hat & dau twong dai ma con anh hudng dén ham luong dau ¢ dau tuong



trong (Zhang va cs, 2018a). GmOLEOL, Mot gen ma hoa protein oleosin dugc chon loc
hhan tao manh, gidp cai thién ham lwong dau hat trong qua trinh thuan hoa dau tuong
bang cach anh hudng dén qua trinh chuyén héa TAG (Zhang va cong su, 2019b).

5. Gen quy dinh protein trong hat

So vdi kich thudc hat va ham lwong dau, chi c6 mot sé gen kiém soat ham luong protein
hogc axit amin cua hat da duoc xéac dinh chirc ndng (Hinh 3; Bang 1) (Krishnan va Jez,
2018). GTPase GmRab5a nho va cac yéu té trao doi guanine GmVPS9 cua né duoc
ching minh la hoat dong trong qua trinh tich lity protein du trir sau Golgi ¢ dau tuong
(Wei va cs, 2020). Sy biéu hién qua mic thoang qua cua bién thé am tinh chiém wu thé
cia GmRab5a, hoac RNAI cua GmRab5a hoac GmVPS9s, rd rang da lam giam qué trinh
van chuyén chit danh dau hang hoa, von duoc st dung dé phan anh qué trinh van chuyén
protein dy trit dén cac khong bao du trit protein trong cac té bao 14 mam dau twong.
Ngoai ra, mot sé gen, bao gom POWR1, GmSWEET10a, GmSWEET10b va GmSTO5,
diéu chinh da hudng protein hat, ham lugng dau va kich thude hat (Wang va cs, 2020b;
Duan va cs, 2022; Goettel va cs, 2022), diéu d6 dugc thao luan chi tiét trong phan tiép
theo.

6. Gen quy dinh kich thwéc hat, ham lweng dau, protein cia hat

Kich thudc hat, tich liy dau va ham luong protein trong dau tuwong 13 nhitng dic diém
ndng hoc c6 méi twong quan cao. Tuy nhién, viéc lya chon va co s¢ phan tu co ban cua
cac dic diém tuong quan voi hat giong nay trong qua trinh thuan hoa dau twong van chua
dugc hiéu 15, day 1a mét trong nhiing tro ngai dbi vai viéc cai thién nang suat va chat
lugng dau twong. Cho dén nay, mot s6 gen dicu hoa da huéng kiém soat kich thudc hat,
tich lily dau va ham lugng protein da dwuoc nhan ban va xac dinh chtc ning trong dau
twong (Hinh 3; Bang 1).

Vi du, su biéu hién léch vj tri caa GmDof4, GmDof11, GmMYB73 va GmDREBL d ting
cudng ca kich thudc/trong lugng hat va su tich lity dau trong hat Arabidopsis chuyén gen
(Wang va cs, 2007; Liu va cs, 2014; Zhang va cs, 2016b). GmPDAT, mot gen ma hoa
phospholipid diacylglycerol acyltransferase, dugc biéu hién cao hon ¢ cac gidng dau
tuong hat to va nhiéu dau so véi cac giéng dau tuong hat nho va it dau. Sy biéu hién qué
muac cua GMPDAT di cai thién kich thudc hat va mac dau, trong khi thuc vat GmPDAT
RNAi di giam kich thuéc hat va tich liy dau (Liu va cs, 2020a). GmST1 ma hda UDP-D-
glucuronate 4-epimerase diéu chinh tich cuc kich thudc hat va ham lugng dau bang cach
diéu chinh qua trinh sinh téng hop pectin va duong phan, dong thoi trai qua qua trinh
chon loc trong qué trinh thuan hoéa dau tuong (Li va cs, 2022a).

Céc thanh vién ho SWEET van chuyén duong dong vai trd quan trong trong qué trinh
phét trién hat giéng (Chen va cs, 2015; Wang va cs, 2019). Mot cap gen SWEET parolog
trong dau twong, GMSWEET10a va GmSWEET10b, da trai qua qua trinh chon loc tung
budc 1am thay d6i dong bo kich thuéc hat, su tich lily dau va mac protein trong qua trinh
thuan hoa dau tuong, bang cach diéu chinh quéa trinh phan loai duong tir vo hat dén phoi
(Zhang va cs, 2020; Wang va cs, 2020b). So véi cay dai, cdy dau tuong biéu hién
GMSWEET10a hoic GmSWEET10b c6 kich thudc hat tang dang ké va luong dau tich liiy
cao hon nhung lai giam muac protein, trong khi cac cay loai bo cua ching da giam kich
thudc hat va ham luong dau nhung ting mirc do protein (Wang va cs, 2020b ). R4t gan
day, mot thanh vién ho protein gan phosphatidylethanolamine (PEBP), GmST05 (con
dugc goi 1a GmMMFT), da duoc chimg minh la diéu chinh tich cuc kich thuéc hat ciing
nhu thay doi mac dau va protein, c6 thé bang cach anh huong dén qua trinh phién ma



GMSWEET10a (Li va cs, 2014; Duan va cs, 2022). Ngoai ra, mot gen mién CCT,
POWR1, dugc thuan hoa va diéu chinh vé mit da hudng chat luong va ning suét hat
gidng ¢ dau tuong, ¢ thé bang cach diéu chinh qua trinh chuyén hoa lipid va van chuyén
chét dinh dudng (Goettel va cs, 2022). Viéc chén phan ti c6 thé thay thé (TE) vao mién
CCT cua POWR1 dan dén ting trong lwong hat va ham luong dau nhung giam ham luong
protein. Nguoc lai, sy biéu hién qua mic cuia POWR1 cho thiy ham lugng protein dugc
cai thién va 1am giam trong lugng hat ciing nhu tich lity dau & cay chuyén gen.

7. Théch thic va trién vong

Kich thudc hat, ham lwong dau va protein 12 nhitng tinh trang sé lwong phirc tap do nhiéu
gen chi phéi. Mac du 1ap ban do lién két va phan tich GWAS da xac dinh duoc nhiéu
QTL kiém soét kich thuéc hat, tich lity dau va ham luong protein trong dau tuong, nhung
chi c6 mot sb gen duoc phan 1ap va xac nhan chic ning. Mot 1y do co ban cho hién
tuong nay la cac nha nghién ctru nay thuong chi s dung mot hogc hai cach tiép can,
khién cho viéc xac dinh muc tiéu tiém an nhiing dac diém hat glong nay tré nén kho
khan. Mt tré ngai quan trong khac la thiéu mot hé thong chuyen d6i gen dau tuong
nhanh va hiéu qua cho céc kiéu gen dau tuong khac nhau, chang han nhu chuyén doi nat
l& mam qua Agrobacterium trung gian, di dwoc str dung rong réi trong nhitng nim gan
day. Hé thong chuyén d6i gen cham va khdng hiéu qua khién viéc xac dinh va xac minh
chlrc nang cuia gen dau tuong tré nén kho khan hon (Zhang va cs, 2022). Bo 1a 1y do tai
sao, trong mot s6 nghién cau, dic biét 1a nhitng nghién ctu trude nam 2015, viéc xac
nhan chirc nang da duogc thuc hién trén cay Arabidopsis thay vi cay dau tuong.

Véi sy tién bo nhanh chong cua nghién ctu omics va giam chi phi thu nghiém, ngay cang
c6 nhiéu dit liéu vé omics dau tuong duoc tao ra, chang han nhu bo gen sap xép lai trinh
tu, bo phién ma, bo chuyén hoa, bd gen proteome, bd gen biéu sinh, bo gen pan-gen va
bo gen 3D (Ohyanagi va cs, 2012; Lin va cs, 2014; Shen va cs, 2014; Zhou va cs, 2015;
Liu va cs, 2016; Fang va cs, 2017; Shen va cs, 2018a; Shen va cs, 2018b; Liu va cs,
2020Db; Silva va cs, 2021; Ni va cs, 2023). Nhirng tai nguyén omics dugc phat hanh nay
s& thuc day rong rdi nghién ciu vé bo gen chic ning cia ddu twong. Hién tai, nhu
GWAS, TWAS (nghién ctiu lién két trén toan hé phién ma), EWAS (nghién ctu lién két
trén toan hé biéu md) va PWAS (nghién ciru lién két trén toan hé protein), ciing nhu cac
nghién ciu lién két dir liéu da omics, chang han nhu eGWAS (biéu hién gen- nghién ciu
lien két trén toan bo bo gen) va mGWAS (nghién ctu lién két trén toan bo bo gen dua
trén chuyén héa) da duoc phat trién va tng dung thanh cong (Shen va cs, 2022). Viéc tich
hop nhiéu céch tiép can omics s& cung cap thém manh mai va gidp thu hep pham vi muc
tiéu nim bén dudi nhitng dic diém hat giéng nay. Tuy nhién, viéc st dung nhiing dit liéu
omics khong 16 nay ton tai ¢ nhiéu dang khac nhau la mét thach thirc dang ké. Do dé, cac
phuong phap toan hoc, chang han nhu phan tich tong hop, duoc ky vong s& giai quyét
van dé& d6. Ngoai ra, cong nghé tri tué nhan tao (Al) hoic phuong phap tiép can may moc
cd thé gitp viéc khai thac di liéu 16n hiéu qua hon, chang han nhu xu ly dit liéu omics,
xay dyng cau truc protein va tich hop dit liéu pan-omics (Baek va cs, 2021; Jumper va cs,
2021; Reel va cs, 2021).

Cong nghé chinh stra bo gen dya trén CRISPR/Cas cho phép stra d6i chinh xac bo gen dé
thu dugc cac tinh trang mong muébn va cé thé du doan duoc di duoc ap dung thanh cong
cho nghién ciiu chire ning gen va tao té bao mam cay tréng. So véi cac loai cay trong
khac, chang han nhu lua gao, qua trinh chinh sitra bo gen dau twong chi yéu & giai doan
so khai; tuy nhién, nhitng cau chuyén thanh cong da chang minh tinh kha thi cua viéc
chinh stra gen ¢ dau tuwong (Cai va cs, 2018; Bai va cs, 2020; Wang va cs, 2020b; Nguyen



va cs, 2021; Bai va cs, 2022; Duan va cs, 2022; Hu va cs, 2022; Liang va cs, 2022; Li va
cs, 2022a). Trong twong lai, qua trinh bién dbi dau twong dwoc cai thién va nhiéu tung
dung hon ctia “chinh sira co s¢” don gen hodc da gen s& tao diéu kién thuan loi cho
nghién ctu chirc ning & dau twong, cudi clng cho phép ching ta giai ma cac dic diém
hat phirc tap nay va xac dinh cac gen quan trong lam co sé cho kich thudc hat, ham lugng
dau va protein.

Muyc tiéu cudi cung cua chon glong déu tuong la trong du tuong c6 néng suat va chat
lwong cao. Cho dén nay, chon giéng cay trong da phat trién tir chon loc nhan tao (giai
doan 1.0) va chon gidng lai (giai doan 2.0) d&én chon giéng phan tu (giai doan 3.0). Tuy
nhién, dé giai quyét cudc khung hoang thiéu luong thuc do dan s6 ngay cang ting gay ra,
viéc chon giong thong minh (giai doan 4.0) c6 thé nhanh chéng tong hop céc alen xuét
sac thdng qua thiét ké chinh xéac s& xuat hién (Shen va cs, 2022). Trong céc giai doan
chon giong trude day, cac nha lai tao thuong phai xép céc tinh trang mong mubn vao mot
dong duy nhit dé tao ra mot siéu giéng, day 1a mot nhiém vu rat 16n. Trong giai doan
chon giéng 4.0, thiét ké téi uu va chinh xac dé nhanh chéng hinh thanh thap nhiéu alen
wu ta véi cac dic diém hat gidng mong muén sé tao diéu kién cai thién ning suat, dau va
ham lugng protein trong dau tuong.
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