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TOM TAT

Tach qua 1a mot qua trinh sinh san quan trong ¢ nhiéu loai hoang di. Tuy nhién, vo qua
bi v& ¢ giai doan chin c6 thé 1am giam nang suit nghiém trong. Muyc ti€u cua nghién ciu
nay la phat hién ra cac locus tinh trang So lwong (QTL) ddi voi hlen tuong tach qua bang
cach st dung hai quan thé dong lai tai t6 hop (RIL) ¢ nguon gécC tir mot giéng cay wu ta
c¢6 kha nang chiu tach qua, cu thé 1a Daewonkong va dé dy doan QTL/gen ng cir vién
mai lién quan trong vo qua bi v& dua trén cadc mau alen cia chung. Chung toi di tim thay
mot s6 QTL véi hon 10% phuong sai kiéu hinh duoc giai thich (PVE) trén bay nhiém sac
thé khac nhau va tim thdy mot ang cir vién méi la QTL trén nhiém sac thé 16 (qPS-
DS16-1) tir cac mau alen trong vung QTL. Trong s6 41 gen duoc chu thich trong vung
QTL, sau gen dugc tim thay c6 chira SNP (nucleotide don da hinh)/cac thay doi Indel
trong trinh ty ma hoa cua bd me so véi bo gen tham chiéu cia dau twong. Trong s sau
gen ng cur vién tiém nang, Glyma.16g076600, mot trong nhitng gen c6 chirc ning da
biét, cho thiy mic do biéu hién rat khac biét gitta cac cap bé me chdng chiu va nhay cam
trong cac giai doan sinh truong R3 dén R6. Hon nira, Glyma.169076600 1a mot chat
tuong dong cia AT4G19230 trong cay Arabidopsis, c6 chiic nang lién quan dén di hoa
axit abscisic. Két qua cung cip thong tin hiru ich dé hiéu co ché di truyén cua hién tuong
tach qua va c6 thé duoc sir dung dé cai thién hiéu qua cia qua trinh chon loc c6 marker
hd tro dé phat trién cac giéng dau tuong chiu duogc su tach qua.

T khéa: dau tuong; tach qua; QTL; gen ttng ¢t vién; axit abscisic

1. GIOI THIEU

Sy tach qua 1a mot co ché can thiét dé sinh san trong maéi trudng thich hop ¢ nhiéu loai
hoang di [1, 2, 3]. M6t sb thay d6i vé hinh thai va sinh 1y d3 duoc tim théy trong qua
trinh thuan hoa va day duoc goi 1a “hoi chung thuan hoa” [4, 5]. ‘Trong sb cac hoi chung
thuan hoa, tach qua 1a mét trong nhing chién lugc quan trong de tang ty 1¢ sbéng sot cua
thuc vat théng qua viéc giam canh tranh [4]. Céc loai cdy trong bao gém dau twong
(Glycine max) di dugc phét trién dé tré nén d& chiu hon véi su tich qua so Vdi céc lodi
sinh trudng hoang da cua chiing thong qua qua trinh chon loc ty nhién tir cac cay khong
bi tach qua [6].

Tach qua thuong gap ¢ cac loai cay ho au, ho Gramineae va ho Cai [2, 7]. Ngoai ra,
nhiéu nghién ciu V& hién tuong tach qua da duoc tién hanh trén cac ciy trong da duoc
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thuan hoa, két qua 1a da xac dinh dwoc nhiéu gen & lua [8, 9], dau twong [2, 10], dau
thong thuong [11], Medicago [12] va du dua [13, 14]. O dau tuong, vo bi v& ¢ giai doan
chin c6 thé lam giam nang suat nghiém trong, dac biét la trong diéu klen thoi tiét kho
han. Viéc trong cac gidng man cam véi tach qua co thé dan dén thiét hai vé ning suat tir
50-100% [15]. Trong nhiéu chuong trinh chon gidng, kha nang chong chiu véi sy tach
qua qua dugc coi la mot dac dlem can thiét dé giam thleu tén that ning suét trong diéu
Kién méi trudng hién tai, bao gdm ca sy nong 18n toan cau va diéu kién thoi tiét kho han.

Sy tach qua & dau tvong dugc coi 1a mot tinh trang 6 luong dugc Kiém soat bai mot sb
gen [16] va cac nha nghién ctu dé bao cao réng tinh trang nay duoc quy dinh bai mét
locus tinh trang s lwong chinh (QTL) va nhiéu QTL phuy [17]. O dau tuong, mot QTL
chinh lién quan dén sy tach qua lan dau tién duoc xac dinh trén nhiém sic thé 16 bang
cach st dung cac marker da hinh giéi han chiéu dai cac manh v& (RFLP) [18]. Funatsuki
va cs [19] nhan thiy QTL nay dugc khu vuc hoa giita cac marker 13p lai trinh ty don
gian (SSR) Sat_093 va Sat_366 va dat tén n6 la qPDH1 [20]. Mét s6 nghién ctru da phat
hién locus gqPDH1 thong qua 1ap ban do lién két str dung céac quan thé c6 ngudn géc di
truyén khac nhau [16, 21, 22, 23, 24]. Léap ban do tot [25, 26] dan dén viéc nhan ban gen
Pdh1 (Glyma.16g141400), lam ting d6 x0an cua vo qua kho trong diéu Kién 6 am thap,
va dugc phat hién 14 ¢6 codon ding sém [2]. Ciing dugc xac dinh bang cach st dung dau
tuong hoang da 1a gen NAC, dugc dat tén la SHAT1-5 (Glyma.169019400), kich hoat
sinh tong hop thanh thi cap va thuc day su day Ién cua cac té bao nap soi [10]. Mot sd
QTL thtr yéu ciing duoc phat hién trén cac nhiém sac thé s 2, 5, 10, 14 va 19 [16, 18].
Gan day hon, mot s6 QTL méi di duoc tim thay trén nhiém sac thé 1, 4, 6, 8, 9, 11, 17,
18 va 20 thong qua phan tich lién két toan bd gen (GWAS) [27], trén nhiém sac thé 1, 5,
8, va 14 thong qua giai trinh ty doan khuéch dai vi tri cu thé (SLAF) [28] va trén nhiém
sac thé 19 thong qua giai trinh ty RNA [5]. Mic du gi tri cao cua phuong sai kiéu hinh
(PVE) duoc giai thich boi QTL chinh trén nhiém sac thé 16 (QPDH1), chiém hon 50%
clia toan bd phuong sai kiéu hinh [19,23], co ché cua tinh chiu tach qua hién nay van
chua hiéu day du. Do d6, thong tin bd sung vé QTL tir cac ngudn gen da dang 1a cbt 13i
dé phat trién cac gidng dau twong co tinh chiu tach qua.

Daewonkong (DW) [29], dugc phat trién vao nam 1997, 1a mot giéng ca wu ti voi mot s6
dic diém ‘mong muén, chang han nhu chong chiu cao vdi sy tach qua va chat luong hat
dé ché bién thuc pham tir ddu twong, va chiém hon 80% tong dién tich trong dau twong &
Han Quéc [30]. Miac du n6 1a mot ngudn gen quan trong cho tinh chiu tich qua ¢ Han
Qudc, thong tin di truyén vé tinh chiu tach qua cia DW chua duoc bao cdo trude day.
Trong nghién ctru trude day cua chiing t6i [30], chung t6i da khao sat tinh chiu tach qua
bang cach sir dung hai quan thé dong lai tai t6 hop (RIL) c6 ngudn gdc tir DW va nhan
thay rang cac dong cé tinh chéng chiu va man cam véi tach qua la khac biét dang ké. Tur
két qua, chiing t6i du doan ring mot QTL chinh s& duoc tach biét trong quan thé.

Muc ti€u cua nghién ctru nay 1a (1) xay dung ban d6 lién két mat do cao va kham pha cac
QTL cho sy tach qua bang cach st dung hai quan thé RIL co nguon goc tir DW va 2 dé
du doan QTL/cac gen &ng cir vién mdi dua trén cac mau alen thu dugc trong qUan thé.
Pé dat duoc nhitng muc tiéu nay, chung toi da danh gia ty 1é tach qua trong quan thé RIL
trong ba nim va dinh kiéu gen cua quan thé bang cach str dung mang SNP 180 K.

2. KET QUA
2.1. Sw thay d6i trong ty Ié tach qua



Pé danh gia tinh chiu tich qua cia cac quan thé duoc lap ban dd, ching t6i da thuc hién
thir nghiém sy khé trong tu sdy déi voi dau tuong dugc trong trong khoang thai gian ba
nam (2016 dén 2018) va tinh toan ty Ié tach qua sau khi sdy khé qua chin trong 24, 48 va
72 gid [30]. Trong ba nam thir nghiém, DW di cho thay kha nang chéng chiu cao ddi véi
tach qua ma khong c6 qua bi tach trong ba thir nghiém siy kho trong 10. Mit khac, tat ca
cac qua cua Saeolkong (SO) déu bi v& vun sau 24 gid trong thir nghiém siy kho trong ti
say. Tawonkong (TW) cho thy kha ning chdng chiu trung binh 1én dén 24 gid véi ty 1é
tach qua 25%. Tuy nhién, c6 dén 80% qua bi v& sau 72 gio cua thir nghiém siy kho
(Bang 1 va Hinh 1).
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Hinh 1. Su phan b cua hién twong tach qua trong hai quan thé (RIL) sau khi sy kho
qua; (a) trong 24 gio, (b) trong 48 gio, (c) trong 72 gio (DW; Daewonkong, TW,
Tawonkong, SO; Sacolkong) (Seo va cs, 2019).

Bing 1. Ty I¢ tach qua trung binh ctia bo me va cac dong lai tai to hop (RIL) trong hai
quan the duoc 1ap ban do trong ba nam.

Pod Shattering Ratio + SE (%) T

Broad-Sense Heritability

Drying Time (Hour) Year Parents RiLs
ow ™ S0 DT Ds DT DS
24 2016 0 25 100 121246 244 %335
2017 0 0 100 9.9+348 233+338
2018 0 50 100 278404 325+320
average [} 25 100 166+190c ¥ 26.7+26.2¢ 0.38 0.62
43 2016 0 35 100 2718+347 477+429
2017 0 20 100 33.4£306 430461
2018 0 50 100 448+364 50.5+2386
averags 0 35 100 37.0=+31.90 437 £39.1b 078 0.84
72 2016 0 80 100 436403 547+4386
2017 0 100 100 53.5:£432 511468
2018 0 &0 100 520£377 60.1+37.3
average [} a0 100 407 +374a 553+390a 0.88 0.82

" Ty 1é tach qua trung binh tai cdc thoi diém lam khé khdc nhau trong ba nam thi nghiém (DW;
Daewonkong, TW; Tawonkong, SO; Saeolkong, DT: RIL ¢é nguon goc tir sw lai tqo gia
Daewonkong va Tawonkong, DS: RIL bdt nguon tir su lai tao giita Daewonkong va Saeolkong.

¥ Cdc chir cdi khdc nhau c6 nghia la trung binh Cia ching khdc nhau dang ké trong trac nghiém
da bién cia Duncan (p<0,05).

Trong quan thé DT, lan luot 12 16,6%, 37,0% va 49,7% qua bi v& sau 24, 48 va 72 gio,
cho thdy xu huéng nhiéu qua bi v& hon khi kéo dai thoi gian sdy. Mot xu hudng tuong tu
cling duoc tim thdy trong quan thé DS véi ty 18 tach qua qua lan luot 14 26,7%, 48,7% va
55,3% sau 24, 48 va 72 gio (Bang 1). H? trong quan thé DT dao dong tir 0,38 dén 0,88 va



trong quan thé DS, tir 0,62 dén 0,84 (Bang 1). Su phan bd cua sy tach qua trong cic quan
thé duoc lap ban do 1a twong tu nhau (Hinh 1).

2.2. Xay dwng ban db lién két

Trong sé 169.028 marker SNP c6 kiéu gen va chit lwong cao, 24.407 marker (DW va
TW) va 21.462 marker (DW va SO) duoc tim thay 1a da hinh giita cac dong cung bd me.
Sau khi x6a cac marker thira c6 gia tri bi thiéu >5% va bién dang phan tich p<0,05, tong
s6 2.321 va 1.739 SNP da duogc chon va sir dung dé xdy dung ban d6 lién két twong tng
cho cac quan thé DT va DS. SNP dugc phan bd trén tit ca 20 nhidm sic thé véi khoang
cach trung binh 1,1 va 1,8cM giita cac SNP lién ké trong quan thé DT va DS (Bang b
sung S1 va S2).

2.3. Phan tich QTL

Qua nhiéu nam thir nghiém, mot QTL chinh di duoc phat hién trén nhiém sic thé 16 & ca
hai quan thé c6 ty 1é chénh léch logarit cao (LOD) (1én dén 67,1 & DT va 60,0 & DS) va
gia tri PVE (1én dén 82,8% & DT va 80,1% ¢ DS). QTL chinh dugc xic dinh trong
nghién ctru nay duoc ky hiéu 1a qPS-DT16-2 va bao gom quy tich gPDH1 (Bang 2 va
Bang 3). Tuong tu, qPS-DT16-1 va gqPS-DS16-3 cling dugc phat hién trong quy tich
gPDH1. Cac QTL nay dugc phat hién on dinh riéng 1é va trong nhiéu nam. Piém LOD
cho cac QTL cua quan thé DT dao dong 13,4-67,1 voi PVE 1a 26,1-82,8% va ciia quan
thé DS dao dong lan luot 12 14,6-60,0 va 36,0-80,1% (Bang 2 va Bang 3). Cu the gPS-
DT16-2 cho thay gia tri LOD va PVE cao nhét trong nam 2017 trong 72 gio say. Ving
QTL duoc xac dinh chira nim gen (ng ¢t vién nam trong locus qPDH1 di duoc bao céo
trude day [21, 23, 26].

Bing 2. QTL lién quan déng ké véi tinh chong chiu tach qua trong quan thé RIL ¢6
nguon goc tu Daewonkong va Tawonkong.

Name of QTL  Chr.(LG) 1 Year Drying Time (Hour)  Position (cM)  Physical Interval 2(bp) LOD2 PVE4(%) Add® No.Candidate Genes References
qPS-DT02 2(D1b) 2017 24 122 7,211,739-8,082,739 6.0 19 -5.9 a7 Kang et al. 2009
qPS-DT06 6 (C2) 2016 43 103 5.498,397-6,170,213 3.6 6.1 -9.0 32 Novel
qPS-DT11 11 (B1) 2017 43 a2 26,717,840-30,547 921 7.4 13.3 -20.0 189 Novel
qPS-DT13 13 (F) 2017 24 108 35,019,516-35,450, 839 43 13 -5.0 54 Novel
gPS-DT14 14 (B2) 2017 24 11 43,063,838-438,101,634 334 16.4 -17.8 2 Novel

qPS-DT16-1 16 (J) 2017 24 63 20,532,807-29,309,243 7.4 2.3 —6.7 21 qPDH1(nearby)

2018 72 20,532,807-29,309,243 3.0 67.8 -32.0
Sa AT, P e ) Fa 21 a ia e _ian qPDH1
qP3-DT16-2 6{J) 2016 43 G4 28,913,393-29,972,095 34 26.1 9.0 (Funatsuki et al. 2008)
2016 72 29,913,393-29,972,096 239 43.0 -29.2
2017 43 29,913,393-29,972,096 301 296 -30.3
2017 72 29,913,393-29,972,096 671 828 -420
Combined @ 24 29,913,393-29,972,096 134 331 -11.2
Combined 43 29,913,393-29,972,096 3587 60.8 -259
Combined 72 29,913,393-29,972,096 554 787 -3486
QFPS8-DT20 20 Combined 43 a3 2,151,689-2,392,333 37 37 -6.3 17 Novel

! Nhiém sdc thé (Nhém lién két). > Dua trén vi tri vdt Iy cia Williams82 phién ban 2.1
(www.soybase.orq). ® Légarit cua chénh léch. * Phuwong sai kiéu hinh gigi thich bang QTL. °
Hiéu ing phu, gid tri dm cho biét rang Daewonkong da gép phan vdo tinh trang. ® Gid tri trung
binh cua 3 nam 2016, 2017 va 2018.

Bang 3. QTL c6 lién quan dang ké véi tinh chdng chiu tach qua trong quan thé RIL c6
nguon goc tor Daewonkong va Saeolkong.
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Name of Chr. (LG) Year Drying Time Position Physical Interval 2 LOD PVE 4 Add No. Candidate References
arL ! (Hour) (cM) (bp) 2 (%) 5 Genes
qrP5-D516-1 16 () -S:Jm;:ined 24 61 7,325,202-7,760,393 54 11.2 -T1 41 Movel
qP5-D516-2 16 (J) 2016 43 45 20,857.920-30,146,414 185 448 -287 20 o (FQUDZ‘Z:)S”H =
2016 72 29,857.920-30,146,414 180 424 -28.3
2017 24 29,357.920-30,146,414 1486 36.0 -20.2
2007 43 29,857 920-30,146,414  56.0 61.2 -40.9
2017 72 20,857.920-30,146,414 600 53.0 -41.9
Combined 24 20,857.920-30,1468,414 182 457 -14.8
Combined 43 29,857.920-30,145,414 409 T0.3 -26.8
Combined T2 29,357.920-30,146,414 403 71.8 -26.9
qP5-D516-3 16 (J) 2018 24 43 30,144 267-30,580,464 152 56.8 -24.4 25 qPDH1 (nearby)
2018 43 30,144,267-30,530,464 318 30.1 -37.0
2018 72 30,144 267-30,580,454 272 TE.4 -34.3

1 Nhiém sdc thé (Nhém lién két). > Dua trén vi tri vt Iy cia Williams82 phién ban 2.1
(www.soybase.orq). ® Légarit cua chénh léch. * Phuong sai kiéu hinh gidi thich bang QTL. °
Hiéu ing phu, gid tri dm cho biét rang Daewonkong da gép phan vao tinh trang. ® Gid tri trung
binh cua 3 nam 2016, 2017 va 2018.

Mot s6 QTL dic trung cho quan thé d6i voi hién tuong tach qua cling duge phat hién trén
nhiém sic thé 2, 6, 11, 13, 14 va 20 trong quan thé DT va trén nhiém sic thé 16 trong
quan thé DS (Hinh 2). C6 thé, do tac dong Ion cua QTL chinh, cac QTL nay cho thay gia
tri LOD (3,6 dén 33,4) va PVE (1,3 dén 16,4%) tuong ddi thap hon so vé&i cac gia tri cia
QTL chinh. qPS-DT13 cho thiy gia tri PVE thap nhat va qPS-DT14 cho thay gia tri PVE
cao nhét. Trong s6 cac QTL nay, qPS-DT11, qPS-DT14 va qPS-DS16-1 ciing 1a cac QTL
c6 trién vong véi gia tri PVE tuong d6i cao (> 10%). T4t ca cac QTL déu cho thay tac
dung phu am (Bang 2 va Bang 3).

Chr.2 Chr. 6 Chr. 11 Chr, 13 Chr. 14 Chr. 16 Chr. 20 Chr. 16

qPS-DS16-1

GPS-DS16-2

PS-OT16-1
9 ¢ GPS-DS16:3

qPS-DT16-2

qPS-OT11 qPS-DT20
qPS-DT06
qPS-0T13

Hinh 2. Cac QTL lién quan dén Chong chiu tach qua; (a) quan thé co ngudn gbc tir
Daewonkong va Tawonkong, (b) quan thé c6 ngudn gbc tir Daewonkong va Saeolkong.
Céc thanh bén trong mdi nhiém sac thé dai dién cho vi tri cta cac marker duoc sir dung
dé xay dung ban do lién két.

2.4. Sw bién d6i kiéu hinh theo cac kiéu alen

Sy két hop cua RIL voi alen P1 (DW) trong qPS-DS16-2 (locus QTL chinh) va gPS-
DS16-1 dong thoi cho thdy kha ning chdng tach qua tét hon véi ty 18 tach qua 2,5% so
véi su két hop véi alen P2 (SO) (6,2%, p <0,05) tai 24 gio sdy. Mic du co alen P2 (SO)
trong qPS-DS16-2, cac RIL c6 alen P1 (DW) trong qPS-DS16-1 ¢6 kha nang chbng chiu
t6t hon so véi cac RIL co alen P2 (SO) ¢ tat ca cac giai doan siy kho (Bang 4) . Ciing ¢
su khac biét vé ty Ié tich qua theo cac kiéu hinh alen trong ving qPS-DS16-1; Cac RIL
trong d6 alen P1 (DW) theo sau ving qPS-DS16-1 cho thay mic do chdng chiu véi sy


http://www.soybase.org/

tach qua cao hon so véi khi alen P2 (SO) theo sau (Hinh 3). Tuy nhién, qPS-DT11 va
qPS-DT14 cho thiy khéng c6 sy khac biét dang ké vé kha ning chiu tach qua bat ké alen
P1 (DW) hoic P2 (TW) trong ving QTL chinh (qPS-DT16-2) (Bang 4). Xem xét tat ca
cac mau alen ctiia QTL, ving qPS-DS16-1 dong mét vai trd quan trong trong kha ning
chéng tach qua cua quan thé RIL. Do d6, chiing toi suy ra sy ton tai caa mot gen wng cir
vién cho kha nang chiu tdch qua trong vung qPS-DS16-1.
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Hinh 3. Su thay d6i ty 18 tach qua qua sau 24, 48 va 72 gid sdy theo cac kiéu alen trong
locus qPS-DS16-2 va qPS-DS16-1 (locus QTL chinh). ‘P1° chi ra rang cac mau alen
giong nhu Daewonkong (DW) va P2 chi ra rang cac mau alen giong nhu Saeolkong
(SO); (a) theo sau alen P1 trong gPS-DS16-2, (b) theo sau alen P2 trong gPS-DS16-2.

Bang 4. Su khac biét giira dit liéu kiéu hinh theo cac mau alen trong cac QTL da chon.

Genotype 1 qPS-DS16-1 qPS-DT11 gPS-DT14

Major Minor 24n 48h 72h 24h 43 h 72h 24h 45h 72h

P1 P1 25 65 108 26 65 10.7 35 81 127

P2 6.2 125 186 43 10.7 156 38 9.0 136

tvalue 2 -1.68° -1.50 ns -1.61n= —1.15ns —1.45ns -1.44ns -0.15ns -0.29 ns —0.24ns

P2 | 243 60.5 T6.1 372 703 328 320 656 1.7

P2 p76 69.9 335 319 65.9 808 el 69.8 816

t-value =38 -2.07° -2.00° 143ns 1.42ns 0.73ns -1.32ns -1.09 n= 0.04 ns
1 P1 chi ra rang cac mau alen giéng nhu Tawonkong va P2 chi ra rang cac mau alen giong
nhu Saeolkong. 2 % yq ** pjeu thi sy khac biét dang ké Qiita cac kiéu hinh bang trac nghiém t-
test cua Student (fwong ung p <0,05 va p <0,01), ns biéu thi khong co sw khac biét dang ké.

2.5. Xac dinh cc gen ng vién trong va gan QTL

Trong nghién ctru nay, mot s6 QTL di dugc phat hién trén nhiém sac thé 16. Trong va
gan cac vung QTL, ¢6 ndm gen tng cu vién trong QTL chinh (qPS-DT16-2) cho thay gia
tri cao nhat cia PVE va 41 gen ng ctr vién trong QTL trién vong (qPS-DS16-1) (Bang 2
va Bang 3). Trong s cac gen Nam trong vung QTL trién vong, sau gen c6 SNP hoic
chén/xé6a c6 thé giy ra cac thay doi chudi axit amin: Glyma.16g072700,
Glyma.16g073700, Glyma.16g076100, Glyma.16g9076300, Glyma.16g076500 va
Glyma.16g076600 (Bang 5).

Bang 5. Thong tin SNP/Indel cua cac gen tmg vién duge tim thay trong QTL qPS-DS16-
1.



Gene Name Position (bp) Reference (Williams82) DwW ™ S0 AA Change Description

Glyma.16g072700 7,335,363 - - 12 bp deletion 12 bp deletion Deletion Myb-like DNA-binding domain, DNA binding
Glyma. 16g073700 7,446,096 A A T T TyrfAsn Unknown
Glyma. 16g076100 7,665,996 c T C C Glullys Rho guanyl-nucleotide exchange factor activity
Glyma.16g076300 7,725,602 A C A A MetiLeu GMC oxidoreductase
Glyma. 160076500 7,760,100 T C T T Leu/Ser Adaptin N terminal region
7,760,393 A C A A lle/Leu
Glyma. 16g076600 7,775,892 c T C c GluiLys Cytochrome P450,
7,775,945 T A T T LysiMet (+)-abscisic acid 3'-hydroxylase activity
7,775,948 A G A A lle/Thr
7,775,970 - 18 bp insertion - - Insertion
7,776,045 C T C c Metille
7777575 3 bp deletion Asn/-

DW: Daewonkong, TW: Tawonkong SO: Saeolkong AA: amino acid.

Ngoai trir Glyma.16g073700 (chirc nang khong xac dinh), su biéu hién cua nam gen khac
(Bang bo sung S3) duoc phan tich bang qPCR trong cac qua duoc thu hoach tir giai doan
phat trién R3 (qua dau) dén R6 (hat day du) [31, 32]. Trong s nim gen nay,
Glyma.16g076600 cho thidy mirc d6 biéu hién khac nhau dang ké giita b me chong chiu
(DW) va bd me man cam (TW va SO) (Hinh 4). C6 s4u hinh trong Glyma.16g076600,
bao gom bén SNP bién thé missense (1a mot phan trong soi RNA thong tin c¢6 chta
codon bi thay dbi do dot bién dé né6 ma hoa cho mot axit amin khac) va hai phan
chén/xo6a. Pac biét, doan chén 18bp & vi tri 7.775.970 1a dot bién dirng dan dén codon két
thic sém & cudi trinh tu trong exon 7.

Glyma.16g072700 Glyma.16g076100
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Relative Expression
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Hinh 4. Mirc d6 biéu hién cua nam gen ng cr vién trong qua dugc thu hoach ¢ céc giai
doan sinh truéng tr R3 dén R6. Cac chir cai giong nhau biéu thi khong co su khac biét
dang ké & muc 0,05 cia DMRT.

3. THAO LUAN

Tach qua ¢ giai doan truéng thanh (RS, truong thanh hoan toan) 1a mot chién lugc can
thiét dé sinh san & cac loai hoang di, bao gdm ca & Glycine soja. Tuy nhién, né cé thé
gdy mat ning sudt nghiém trong déi véi cac loai cdy trong duoc canh tac va 1a mot trong
nhing yéu t6 han ché chinh doi vai viéc thu hoach bang may méc. Do do, viée phat trién
cac gidng Chong chiu tach qua 1a mot trong nhitng muyc ti€u co ban cua nhleu chuong
trinh chon glong cdy trong. Tai Han Quéc, DW 13 giéng dau twong dugc trdng rong rii
nhat nho tinh chdng chiu tach qua qua cao. Do d6, DW c¢6 thé 1a mot nguon gen c6 gia tri



dé phat trién cac gléng chéng chiu tach qua. Trong nghién ctru nay, DW cho thay kha

ning chdng chiu cao dol v6i tach qua trong thir nghiém say kho trong tu sdy, khong ¢6

qua bi v& cho dén khi sdy 72 gio (Hinh bd sung S1), trong khi dbi véi cap bé me man
cam, TW va SO, nhiéu qua da bi v& sau khi 24 gid siy (Bang 1 va Hinh 1).

O dau twong, hién tuong tach qua duoc coi 1a tinh trang 6 luong c6 hé s di truyén cao
duoc kiém soat boi mot gen chinh va mot sé gen phu [17]. Ké tir khi xac dinh duoc QTL
chinh dau tién trén nhiém sic thé 16 [18], hai gen trén nhiém sic thé 16 da duogc dic
trung, duoc dit tén 1a pdhl (Glyma.16g141400) tir dau twong trong va SHATI-5
(Glyma.16g019400) tir ddu twong hoang dai [2, 10]. O d4u twong trdng, pdhl 1a mot gen
chinh ddi véi tinh chiu tach qua va duoc chu thich 1a mot protein trong b gen tham chiéu
dau twong (Wm82.al.v2). Gan day, dua trén mo hinh gen Wm82.a2.v1 di duoc thay doi,
gen pdhl dugc xac dinh la Glyma.169141400 (chua rd chirc nang). Trong nghién ctu
nay, ching t6i da khai thac sy khac biét vé kleu hinh gitra cac cap b6 me dé xac dinh
thanh cong QTL chinh trén nhidm sic thé 16 nam trong hoic gan locus gPDH1 trong ca
hai quan thé (QPS-DT16-1, qPS-DT16-2, qPS-DS16-2 va ¢PS-DS16-3) (Bang 2 va Bang
3). Tuy nhién, ving QTL bao gom SHAT1-5, di duoc x4c dinh trong cac nghién cuu
trude day, khong dugce phat hién trong nghién ctu hién tai. Trong sé cac QTL chinh,
qPS-DT16-2 trong quan thé DT cho thay gia tri LOD va PVE cao nhét trong nghién ctu
nay. Ving QTL thé hién gia tri PVE cao hon (82,8%) va dugc 1ap ban d6 & mot khoang
hep hon (59kb) so voi cac nghién ciru trude do va vung nay dugc phat hién chi c6 nam
gen &ng ctr vién (Bang 2 va Bang 3). Cac gia trj 4am cua hiéu tng cong cho thay riang su
bién ddi kiéu hinh dugc giai thich boi QTL 1a két qua cia DW bd me chdng chiu tach
qua.

Gan day hon, mot sb gen ung cut vién mdi da dugc xac dinh trén nhiém sic thé 9
(Glyma.09g06290) bing cach sir dung ban do lién két toan bo gen [27], nhidm sic thé 1
(Glyma.01g045800 va Glyma.01g046000), nhiém sic thé 5 (Glyma.05g005600,
Glyma.05¢225900 va Glyma.05g227400), va nhiém sac thé 8 (Glyma.08g271900 va
Glyma.089274500) bang giai trinh ty doan khuéch dai locus cu thé [28], va nhiém sic the
19 (Glyma.199231900) bang giai trinh ty RNA [5]. Trong nghién ctru nay, ching toi
cling tim thay mot s6 QTL cho thay gia tri PVE tuong dbi thap trén nhlem sac thé 2, 6,
11, 13, 14, 16 va 20 (Hinh 2). Trong sb nay, chi c6 qPS-DTO02 trén nhiém sic thé 2 dugc
Iép bén d5 tai mot ving dugc bao cao trude day, trong mot nghién ciru ctia Kang va cs
(2009), trong khi nhitng QTL khac duoc lap ban dd dén céac vi tri vat Iy khac nhau trén
cung mot nhidém sac thé [16, 27, 28] (Bang 2 va Bang 3). Co tong cong 472 gen Gng ci
vién trong cac QTL m6i dya trén vi tri vat 1y cua Williams82 (Wm82.a2.v1). Nhiing gen
do c6 lién quan. dén nhiéu qua trinh trao dol chat va sinh hoc & thyc vat va gép phan vao
qua trinh sinh tong hop hoic di hoa mot sé hormone thyc vat nhu auxin, axit gibberellic,
va axit abscisic (ABA) (Bang bo sung S4).

Trong s6 cac QTL dugc phat hién, loai trir locus qPDH1, chung t6i chi chon cac QTL c¢6
trién vong dé tim kiém thém cac gen Gmg vién c6 gia tri PVE >10% trén cac nhiém sac
thé 11, 14 va 16. Két qua_ vé kiéu alen cua cac QTL nay cho thdy cac mau alen trong
ving qPS DS16-1 c6 thé dan dén su khéc biét dang ké vé tinh chiu tach qua gilra cac kiéu
gen. Tong cong co 41 gen ing vién dugc chu thich trong hodac gan ving qPS-DS16-1
(72-78Mbp, dya trén vi tri vat 1y cia bo gen tham chiéu Wm82.a2.v1) (Bang 3). Trong
s6 41 gen, c6 6 gen co cac thay doi SNP/indel trong trinh tur ma hoa cua bd va me.
Glyma.16g076600, mot trong sau gen, cho thay muc do biéu hién rat khac biét gitra bd va
Mme trong cic giai doan ting truong R3 dén R6 (Hinh 4). Gen nay duoc biéu hién nhiéu &



bé me man cam (SO), mot trong nhirng cha me cua quan thé RIL ma QTL qPS-DS16-1
dugc phat hién. Mat khac, co rat it sy biéu hién caa gen nay & bd me chéng chiu (DW) va
biéu hién trung binh & TW, cho thay vai tro caa Glyma.16g076600 trong su tach qua.

Glyma.16g076600 1a mot gen twong dong cua AT4G19230 & cay Arabidopsis, 1a mot
thanh vién cua ho gen CYP707A mi héa mot protein lién quan dén di hoa ABA [33].
ABA 1a mot loai hormone phan tng véi cac ap luc tir méi truong va diéu chinh luong
nudc tidu thy & thuc vat. Trong diéu kién kho han, mic ABA ndi sinh trong thuc vat ting
1én, va enzyme CYP707A kiém soat muc ABA néi sinh; sy biéu hién qua mic cua
CYP707A dan dén giam nong do ABA [34,35]. Sy diéu hoa ABA gdy ra sy biéu hién cua
nhiéu gen déng vai trd quan trong trong viéc thich nghi véi cac cang thang phi sinh hoc
va giam su tach qua [36].

Trong nghién ctru ndy, su biéu hién rd rét cua Glyma.16g076600 ¢ TW va SO c6 thé 1a
mot chi thi vé mirc d6 san xuat ABA trong qua co thé gdy tach qua. Vai tro cua céc kich
thich t5, bao gom ABA, di duoc bao cdo 1a diéu chinh qué trinh khir mau silique &
Arabidopsis va Brassica [36]. Do d6, c6 thé gia dinh rang Glyma.16g076600 diéu chinh
su biéu hién ABA trong qua va su biéu hién cao c6 thé lién quan dén tinh man cam voi
tach qua. Tuy nhién, cin c6 cac nghién ctru sdu hon dé xac nhan méi quan hé giira sy
tach qua va mac ABA trong qua cling nhu cac bd phan khac trong dau tuong.

4. VAT LIEU VA PHUONG PHAP
4.1. Nguyén liéu thuc vat

Hai quan thé RIL c¢6 nguon goc tir lai tao giira mot giong chong chiu tich qua la
Daewonkong (DW) lam me va hai giéng man cam véi tach qua la Tawonkong (TW) [37]
va Saeolkong (SO) [38], lam bé. Daewonkong, dugc phat trién vao nam 1997, 1a glong
dau twong phd bién nhat & Han Qudc do kha ning chéng chiu tach qua rat tot. Cac quan
thé RIL duoc phat trién thong ‘qua phuong phap duy tri mdt hat (SSD) tur thé hé F2 dén
thé hé Fs:, Fe:7 va F7.s trong mdi nam thi nghiém (2016, 2017 va 2018). Cac quan thé bao
gom 154 dong (DW x TW (DT)) va 153 dong (DW x SO (DS)) duoc sir dung dé xay
dung ban d6 lién két mat do cao va dé phan tich cac QTL lién quan dén tinh chiu tich qua
[30].

4.2. Panh gia tinh chdng chiu tach qua

Viéc danh gia tinh chdng chiu tich qua trong ba nim duoc thuc hién nhu dd mé ta trong
nghién ciru trude day cia ching toi [30]. Tom lai, cac qua trudng thanh tir tong s6 307
RIL va ba qua b me dugc tréng trén rugng tai Miryang, Han Qudc dugc thu hoach ¢ giai
doan truong thanh (giai doan R8) va dugc gitr ¢ nhiét do phong trong mot tuan [23]. Sau
mot tuan ty 1& tach qua cua mdi RIL duoc Xéac dinh bang ty 1€ gita sb qua bi tach trén
tong s6 qua duoc tinh trong 24, 48 va 72 gid sdy trong ti say & 40°C [39] trong ba nim
thi nghi¢m (2016, 2017 va 2018).

4.3. Chiét xuat DNA bd gen va xac dinh kiéu gen

Ba 14 non ctia bd me va cac RIL Fr.g dugc thu hoach hang loat & giai doan V2 va duoc
giit trong tu lanh sau & -80°C. La dugc nghién bang may nghién hat (TissueLyser II;
Qiagen, Hilden, Puc). DNA bd gen duoc chiét xuit bang bo kit thwong mai (Exgene
Plant SV Miniprep Kit; GeneAll, Seoul, Korea) theo huéng dan cta nha san xuat va 50
uL dung dich dém AE duoc st dung dé rira DNA [40]. 180K Axiom® SoyaSNP [41, 42,
43] duoc sir dung dé dinh kiéu gen caa bd me va 307 RIL cua hai quan thé.



4.4. Xay dwng ban d lién két va 1ap ban dé QTL

Trude khi xay dung ban d6 lién két, cac marker thira c6 cac mau phan tich giéng hét nhau
khong déng gop thém vao viéc l1ap ban d6 di truyén da bi loai bo bang cach sir dung chirc
nang Bin trong phan mém QTL IciMapping V4.2. Céc thong sd dé xay dung ban db dugc
dit thanh nhom theo ngudng logarit 3.0 chénh léch (LOD), sip xép theo nnTwoOpt va
gon song theo téng cac phan sb tai to hop lién ké. Xay dung ban d6 duoc tién hanh bing
chtc ning 1ap ban d6 cia Kosambi va cac QTL duogc xac dinh bao gdm khoang ban db
t6ng hop bao gom (ICIM) bang cach sir dung QTL IciMapping V4.2 [44].

Tén cua cac QTL duoc chi dinh bang cach két hop cac chit cai va s6 khac nhau nhu sau:
q: QTL, PS: tach qua, DT:RIL bat ngudn tir phép lai giita Daecwonkong va Tawonkong,
va DS: RIL bat ngudn tir phép lai gitra Daewonkong va Saeolkong. Céc s theo sau 1a cac
chir cai cho biét tén cua quan thé RIL biéu thi nhiém sic thé chira QTL. Vi du: cac QTL
c6 tén qPS-DT16-2 va qPS-DT11 tuong ung chi ra QTL tht hai cho tach qua trén nhiém
sac the 16 va chi mot QTL cho tach qua trén nhiém sic thé 11 trong quan thé RIL (DT)
¢6 nguon goc tir Daewonkong va Tawonkong.

4.5. Dy do4an vé QTL va gen wng Cir méi

Cac QTL c6 gia tri PVE cao (>10%), khoéng bao gébm quy tich gPDH1, di dugc chon.
Sau d6, cac QTL co ¥ nghia thdng ké ddi véi sy tich qua dugce xac dinh theo cac mau
alen cta chiing dya trén trinh ty SNP trong cac vung QTL. Cac gen rng vién bén trong
hoac bén canh QTL ung vién dugc xac dinh dua trén SoyBase (wWww.soybase.org) va
Phytozome (www.phytozome.net). M6 ta gen duoc ldy tir bo gen tham chiéu dau twong
Williams_82 (Wm82.a2.v1).

4.6. Phan tich biéu hién gen ciia cic gen tng vién

Déi véi tong sé RNA chiét xuat, qua caa DW, TW va SO duoc thu hoach tir cac cay lon
& cac giai doan sinh trudng R3, R4, RS va R6 tuwong tng. Tong sé RNA cua qua duoc
phan 1ap bang cach st dung RNeasy PowerPlant Kit (Qiagen, Hilden, Pirc) va ¢cDNA
dugc tong hop bang phan tng phién ma ngugc (EcoDry cDNA Synthesis Premix, Takara
Bio, Inc., Ohtsu, Japan) theo huéng din cua nha san xuat. Sy biéu hién gen duoc xéac
dinh bang gPCR sir dung hé théng ABI 7300 (Hé thng sinh hoc tng dung, Thanh phd
Foster, CA, Hoa Ky) vai hon hop tong thé PCR xanh Power SYBR (H¢ thong sinh hoc
tng dung, Woolston Warrington, Vuong quéc Anh). Tat ca cac thi nghiém duoc thyuc
hién véi ba lan lap lai va két qua dugc phan tich bang phan mém ExpressionSuite V1.3
(Life Technologies, Foster City, CA, USA). Cac doan moi cho céc gen muc tiéu (Bang
bd sung S3) dugc thiét ké bang cach st dung Primer3.0 (http:/primer3.ut.ee/). Gen
GmActin (Glyma.18g290800) duoc str dung 1am gen kiém soat.

4.7. Phan tich thong ké

Trac nghiém t-test caa Student va tric nghiém khoang da bién ciia Duncan (DMRT) duoc
thuc hién bang phan mém R V3.6.3 (R Core Team, 2020) d€ so sanh cdc thay doi kieu
hinh cua kha nang chong chiu tach qua va mac d6 biéu hién cua cac gen tng vién. Hé so
di truyén theo nghia rong (H?) dugc tinh theo cong thirc sau: H? = 6%4/c?, [45].

5. KET LUAN

Trong nghién ctru nay, mot QTL chinh, trén nhiém sic thé 16, bao géom locus qPDH1 va
mot so QTL méi trén nhiem sac thé 2, 6, 11, 13, 14, 16 va 20 duoc xac dinh tur ban do
lién két mat d6 cao cua hai quan thé RIL. Trong s6 cac QTL mdi nay, ching t6i da xac
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12.

dinh gPS-DS16-1 (Glyma.16g076600) c6 kha nang dong mét vai tro nao do trong kha
ning chdng chiu tach qua dwa trén cac kiéu biéu hién cia gen nay. Chirc ning cua
Glyma.16g076600, mot thanh vién cua ho CYP707A, da duoc bao cdo 1a c6 thé lién quan
dén qua trinh di hoa ABA, mot loai hormone dugc biét 1a c6 lién quan dén nhiéu chuc
nang sinh 1y, bao gdm ca tach qua. Do do, két qua cua nghién ctru nay cung cap thong tin
hitu ich dé hiéu co ché di truyén cua hién tuong tach qua va co the duoc st dung dé cai
thién hiéu qua cua chon loc c6 marker hd tro dé phat trién cac giéng chéng chiu tach qua
0 dau tuong.

Xem cac bang b sung tai https://www.mdpi.com/2223-7747/9/9/1163/s1
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