LAP BAN PO LOCUS TINH TRANG SO LUQNG VE TINH CHIU NGAP UNG
O GIAI POAN PAU CUA QUAN THE DONG TAI TO HQP PAU TUONG

Sanjeev K. Dhungana, Hong-Sik Kim, Beom-Kyu Kang, Jeong-Hyun Seo, Hyun-Tae
Kim, Sang-Ouk Shin, Chang-Hwan Park, Do-Yeon Kwak

Phong nghién ctu giéng cay trong can, Bo phan Khoa hoc cay trong phia Nam, Vién
Khoa hoc Cay trong Quoc gia, Cuc Quan ly Phat trien Néng thén, Miryang, Han Quoc

TOM TAT

Cang thang do ngap lut 1am giam ning sudt dau twong dang ké. Giai doan dau cua
dau tuong & Han Quédc tring véi mua mua, co6 kha ning giy ra ngap Ung. Cac thi
nghiém trong nha kinh duoc thyc hién dé Iap ban do locus céc tinh trang s6 luong
(QTL) vé kha nang chiu ngap Ung ¢ déu tuong dé diéu tra va xac dinh cac gen tng
vién gan cac diém néng QTL. Cang thang ngap Uung duoc &p dung & giai doan V1 —
V2 trén quan thé dong lai tai té hop (Paldalkong x NTS1116), ham luong diép luc l4
(CC) va khdi luong than kho (DW) duoc do ¢ dbi chiing va ngap. Ban d6 di truyén
dugc xay dung bang cach st dung marker 180K Axiom® SoyaSNP. QTL dugc phan
tich & dbi chung va ngap ciing nhu cho chi sé (ty 16 CC hoic DW trong diéu kién
ngap dé kiém soat, CCl va DWI) va chi sb chiu ngap (FTI, trung binh caa CCI va
DWI). Téng s6 20 QTL véi diém LOD 3,59-19,73 gay ra 5,8% —33,3% bién thién
kiéu hinh duoc xac dinh trén chin nhiém sic thé. Nhiém sic thé 10, 12 va 13 chua
QTL twong d6i on dinh hon. Két qua caa nghién cau nay co thé hiru ich dé hiéu thém
vé co so di truyén caa kha nang chiu ngap Ung cua ddu twong va ap dung trong cac
chuong trinh chon gidng.

Tir khoa: ham lugng diép luc, giai doan sinh trudng ban dau, chiu ngap dng, Iap ban do
QTL, khoi lugng than kho, dau tuong

1. GIOI THIEU

Piu trong mét trong bdn loai cay trdng hang hoéa chinh (http://faostat.fao.org/) nhu mot
ngudn thuc pham va thic an chin nudi quan trong vi ham lwong protein va dau cao. O
Han Quéc, dau tuong trong trén rudng lta ciing nhu nuwong ray 6 thé bi anh huong boi
ngap lut ¢ giai doan dau, dac biét 1a khu vyc mua som. Hon nira, dau tuong trong trén
ruong lda bi anh huong nang hon do ngép tng hon so voi ray vi rudng lia thoat nudc
kém. Ning suat dau tuong giam dang ké do ngap nudc vi cdy dau tuong bi anh huong
nhiéu bai ciang thang, dic biét 1a trong qué trinh nay mam (Hou & Thseng, 1991; Wu,
Chen, Hummer, Zeng, & Klepadlo, 2017), giai doan sinh dudng sém va giai doan sinh
san som (Linkemer , Board, & Musgrave, 1998; Nguyen va cs, 2012). Do do, cal thién
kha néng chiu ngap tng la rat quan trong dé ting ning suat du tuong, trong do viéc xac
dinh cac vung di truyén chi phdi kha ning chiu ngap & ddu tuong c6 thé dugc tng dung
nhiéu dé nang cao kha ning chéng chiu véi diéu kién bat thuan.

Phan tich locus tinh trang s6 luong (QTL) déc biét hitu ich trong viéc xac dinh vi tri cac
ving di truyén chiém céc bién thién tlnh trang s6 luong (Abiola va cs, 2003; Miles &
Wayne, 2008; Paterson, 1995). Mét sé nghién ciru da duoc thuc hién dé xac dinh QTL vé
kha niang chiu ngap ¢ céc loai cdy trong khac nhau, chang han nhu ngd (Mano va cs,
2007; Osman, Tang, Qiu, & Naim, 2017), Ita mach (Bertholdsson, Holefors, Macaulay,
& Crespo-Herrera, 2015; Li, Vaillancourt, Mendham, & Zhou, 2008; Zhang va cs, 2016)
va lta mi (Ballesteros va cs, 2015; Yu & Chen, 2013; Yu va cs, 2014). Néu QTL cho céc
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dic diém quan tam nhu kha nang chiu cing thang duoc xac dinh, sau d6 nd co thé dugc
chuyén vao cac gidng cay tréng wu ta dé nang cao kha nang chdng chiu cing thang cua
ching bang cach &p dung céng nghé chon loc c6 su hd tro marker (MAS) (Collard,
Jahufer, Brouwer, & Pang, 2005; Mustroph, 2018). Thong tin thu dugc tir cic nghién cau
QTL di duogc sir dung dé cai thién kha niang chiu ngap Gng ¢ lda (Ismail, Singh, Singh,
Dar, & Mackill, 2013; Singh, Septiningsih, Balyan, Singh, & Rai, 2017). Ba loai mam
dau tuong chiu ngap tng ciing di duoc phét trién thong qua MAS (Valliyodan va cs,
2016).

De c6 théng tin di truyén va cai thién kha nang chiu ngap Ung ¢ cac glong dau tuong, mot
s nghién ciru QTL da duogc thuc hién. Hau hét cac bao cdo c6 sin vé QTL d6i véi kha
nang chiu ngap ung ¢ dau tuong déu tap trung vao cac phép do tinh trang kleu hinh gian
tiép nhu sy thay d6i ning suat hodc quan sat bang mét dé xac dinh muac d6 tén thuong do
ngap uang (Cornelious va cs, 2005; Githiri, Watanabe, Harada, & Takahashi, 2006;
Nguyen va cs, 2012; Reyna, Cornelious, Shannon, & Sneller, 2003; Sayama va cs, 2009;
VanToai va cs, 2001). M6t nghién ctu gan day da 1ap ban @6 QTL cho céc dic diém phat
trién ré o dau tuong trong diéu kién thiéu oxy va ngap ang (Van Nguyen va cs, 2017).
Viéc lya chon cac dic diém thich hop va cac phép do chinh xdc cua ching la rat quan
trong dbi v4i phan tich QTL vé kha ning chiu stress phi sinh hoc (Berger, Parent, &
Tester, 2010; Salekdeh, Reynolds, Bennett, & Boyer, 2009). Ham luong diép luc trong la
(CC) (Cho, Ji, & Yamakawa, 2006) va khéi lugng khd cua than (DW) (Shimono, Konno,
Sakai, & Sameshima, 2012; VanToai va cs, 2001) bi anh huéng nhiéu bai tinh trang ngap
Ung o dau twong, va hai thong sé nay da dugc xem xét trong cac nghién ciru vé kha nang
chiu ngép ung trén cay dau tuong (Nguyen, Binh, Hoang, Mochizuki, & Nguyen, 2015;
Sakazono va cs, 2014; Shimamura, Mochizuki, Nada, & Fukuyama, 2003). Hai dac diém
nay da duoc dua vao ban dd QTL vé kha ning chiu ngap dng & céc loai cay trong khac
nhau. M6t bao cdo gan day (Hummer, 2018) d xem xét CC trong phan tich QTL dbi V6i
kha nang chiu ngap Ung ¢ dau twong. C6 mot sé bao cdo vé cac loai cdy trong khac,
chang han nhu dau kho (Soltani va cs, 2018), IGa mi (Ballesteros va cs, 2015; Yu &
Chen, 2013; Yu va cs, 2014) va lia mach (Li va cs, 2008), da xem xét cac gia tri CC, DW
va/hoic chi sé caa ching trong phan tich QTL vé kha niang chiu ngap. Muyc tiéu cua
nghién ciru nay 1a xac dinh QTL vé kha ning chiu ngap Ung & giai doan dau cua dau
tuong duya trén cac phép do dinh luong CC va DW, vén bi anh hudéng dang ké bai cang
thang.

2. VAT LIEU VA PHUONG PHAP
2.1 Nguyén ligu thuc vat va diéu kién tréng trot

152 dong lai tai t6 hop (RIL) (Fs7 va Fr), cua dau tuong (Glycine max L. Merr.) duoc
phét trién thong qua phuong phap mét hat (single seed descent — SSD) tir t6 hop lai gitta
gidng chiu han Paldalkong (gidng me) va giéng man cam NTS1116 (giéng bd) da duoc
sir dung dé phan tich QTL vé tinh chiu han. Dua trén bao céo cua Koo va cs (2014) khi
sang loc 192 mam dau tuwong vé kha ning chiu ngap, Paldalkong va NTS1116 duoc xac
dinh lan luot 12 céc gidng cy trong chéng chiu va man cam. RILs cing véi cac giéng b
me da duoc trong trong nha kinh dudi diéu kién nhiét do va anh sang xung quanh trong 2
nam, 2017 va 2018. Nam 2017, hat dugc gieo vao thdng 6 véi hang cach hang va cay
cach cay 5 cm trong thung thép khong gi (2 x 1 x 0,6m). Nam 2018, hat dugc gieo vao
thang 5 véi hang cach hang 10cm va cady cach cay 7,5cm. Thung nhya (1,58 x 1,13 x
0,6m) ciing duoc sir dung dé trong cdy vi nhiét do dat & ca hai loai thing khdng chénh



léch déng ké. Pét trong thing chira bao gom hdn hop cat, phan tron va dat ray voi ty Ié
bing nhau. Anh huong cua cac bién thé do ban chat cua céc thung chaa da dugc giam
thiéu hon nira bang cach gieo cac kiéu gen gidng nhau vao ciing mét loai thing chta cho
ca nghiém thtic d6i chizng va ngap.

Mot cay duy nhit duoc trong cho mét 1an Iap lai vao nam 2017, gia tri trung binh cua ba
cay trong cung nhau duoc bao céo 1a mot lan Iap lai vao nam 2018. Ba 1an l3p lai duoc
duy tri cho ca nghiém thtic ddi chirng va ngap trong ca hai nam. Cac cdy duoc cho phép
phét trién trong diéu kién moi truong xung quanh cho dén giai doan V1-V2, sau dé tao
ngap tng bang cach ngam nudc khoang 10 cm tur bé mit dat trong 14 ngay, trong khi cac
cay ddi chimg duoc trong trong diéu kién maéi truong xung quanh trong suét chu Kky.

2.2 Po ham lwong diép luc va khéi lweng kho cia chdi

Dic trung cho céc tinh trang nhu kha ning chiu ngap do nhiéu gen chi phdi, doi hoi phai
quan tdm nhiéu dén kiéu hinh dé ting do tin cay va tinh hitu ich cua két qua. CC va DW
dugc xem xét dé 1ap ban ¢6 QTL vé kha niang chiu ngap trong nghién ctu nay. May do
phan tich dat va cdy trong (SPAD) do do xanh duoc s dung rong rai dé suy ra ham
lugng diép luc trong la cdy. Sur dung may do diép luc (SPAD-502Plus, Minolta Camera
Co.), CC dugc do trén 14 giira cua l4 thir hai va thir ba 1an luot 12 12 va 13 ngay sau ngap
(DAF). Céc gia tri SPAD thu duoc tir 14 thir hai va thir ba duoc tinh trung binh dé giam
thiéu su thay doi trong s6 doc SPAD ¢ mdi cdy va co thé thu dugc két qua QTL dang tin
cdy hon. Bé do DW, luong nudc thira trong cac thing chta & 14 DAF duoc rit hét ra
ngoai va cay duogc cat trén bé mat dat, cho vao tli gidy va dem say trong 10 (60°C) cho
dén khi c6 khéi luong khong doi.

Gia tri chi s6 cia ham luwong diép luc 14 (CCI) va khéi luong kho cua than (DWI) duoc
tinh toan riéng biét 1a ty 18 giita cac gia tri trung binh ba lan Iap lai cua ching trong diéu
kién ngap véi d6i ching. Chi s6 chiu ngap (FTI) dugc xac dinh 1a gia tri trung binh cua
CCIl va DWI.

2.3 Téch chiét DNA va xac dinh kiéu gen

Céc 14 chét non tir 3 dén 4 cay con cua mdi RIL duoc thu hoach hang loat va bao quan
trong tu dong (- —80°C). Tung phan nho (~ 100 mg) la va mot hat thep khong gi duoc cho
vao cac ong 2 mL va dugc lam lanh bang nito 1ong trudc khi nghién bang may nghién hat
(TissueLyser II; Qiagen). DNA duoc chiét xuat tir 1 nghién thanh bot bang bo kit thuong
mai (Exgene ™ Plant SV Miniprep Kit; GeneAll) theo huéng dan cua nha san xuat. 50
microlitre dém AE di duoc st dung dé tich DNA. Téng sé 152 RIL va hai bd me dugc
dinh kiéu gen bang cach stir dung mang 180K Axiom® SoyaSNP (Lee va cs, 2015).

2.4 Lap ban a@b lién két va phan tich QTL

Trong s6 marker SNP 180K duoc sir dung dé xac dinh kiéu gen, chi nhitng marker da
hinh giita bé va me duogc sir dung dé phan tich QTL. Cac marker thira 1a cac marker co su
phan ly dong nhat trong quan thé di truyén va hién thi nhém & mét vi tri di truyén trong
ban d6 lién két va do d6 khong thé dong gop thém vao nghién ciru di truyén (Meng, Li,
Zhang, & Wang, 2015). Vi cac marker thira khdng thé cung cap théng tin bo sung cho két
qua QTL, chiung da bi loai bo bang cach sir dung chirc ning Bin trong phan mém
IciMapping V4.1 (Wang, Li, Zhang, & Meng, 2016) truéc khi xay dung ban do. Su bién
thién phan ly c6 y nghia ciia p<.001 va dit liéu bi khuyét véi >10% duoc si dung lam tiéu



chi trong ham Bin dé loai bo cac marker thira. Chiic ning ban db cua IciMapping V4.1
duoc sir dung dé xay dung ban do lién két theo hudng din cua nha san xuit véi cac thong
s dugc diéu chinh: phan nhém theo ngudng chénh léch (LOD) logarit 3.0, xép thir tu
theo nnTwoOpt va gap khic bang tong cac phan sé tai té hop lién ké.

Phén tich QTL dwgc thuc hién vai khoang ban dd tong hop (CIM) trong phan mém QTL
Cartographer V2.5 (c0 tai http://statgen.ncsu.edu/qgtlcart/). Phan tich CIM duogc thuc hién
bang cach stir dung M6 hinh 6, hdi quy tién va Iui, téc do di chuyén 1a 1,0 cM va QTL gia
dinh voi kich thudc cira s6 12 10cM. Ngudng LOD cho mdi tinh trang dugce xac dinh
bang céch str dung 1.000 phép thir hoén vi ¢ p<0,05.

Cac QTL dugc dit tén bang cach két hop céc chir cai viét tat g cho QTL va SFT viét tat
cho kha ning chiu ngap cua ddu twong, tén nhiém sac thé va vi tri cua marker lién két
QTL trén nhidm séc thé d6. Vi du: qSFT_1-4 biéu thi mot QTL lién quan dén kha ning
chiu ngap duoc phat hién & marker thir tu trén nhiém sic thé 1.

2.5 Phan tich théng ké

Tan s6 phan b cia RIL dugc chuan bi véi PROC TEMPLATE va PROC UNIVARIATE
cua chuong trinh SAS 9.4 (Vién SAS, 2013). Phan tich su bién thién (ANOVA) duoc
thue hién trong SAS 9.4. Hé sb di truyén theo nghia rong (H?) duoc xac dinh nhu mé ta
trude d6 (Toker, 2004) bang cach st dung phuong trinh:

H? = 03;/(0G + o5 /E + JgfrE)

trong d6 E, G va r lan luot 1a s6 lugng moi truong, Kiéu gen va lan lap lai. Tuong tu, 626,
0% lan luot 12 c4c thanh phan cua phuong sai i voi kiéu gen va sai s6. Tuong quan cua
Pearson duoc tinh toan trong SAS 9.4 bang cach s dung PROC CORR.

2.6 Xac dinh cac gen w#ng vién

Cac gen tng vién nam giita hodc gan cac marker bén suon (+ 100 Kb) cua QTL di duoc
tim kiém trong SoyBase (Www.soybase.org [ngay 10 thang 1 nim 2019]) va Phytozome
(www.phytozome.net [ngay 10 thang 1 nam 2019]). Phién ban gen Glyma 2.0 trong
SoyBase duoc st dung dé du doan thong tin gen.

3. KET QUA
3.1 Sw bién d@6i kiéu hinh va méi twong quan
Gia tri trung binh CC va DW cua bo me va RIL & ca hai nghiém thiic trong ndm 2018
déu cao hon nam 2017 (Bang 1).
Bing 1. Ham lugng diép luc (CC) va khoi lugng than khd (DW) cia bo me (Paldalkong
va NTS1116) va RILs trong diéu kién ngap va ddi chirng trong nam 2017 va 2018

Bo me RIL
Paldalkong NTS1116

Mean + SD Mean + SD
2017 32,58+4,16 37,60+2,96 31,62 18,20+39,35 0,25

Cong  Tinh Nim

thic  trang Mean Range H2a

Déi (SISXD) 2018 38,92+221 44,83+3,73 40,40 35,02+47,06 0,89
chén Mean®  35,75+4,48 41,21+5,11 36,37 18,20+47,06 0,45
g DW (g) 2017 1,46x1,24 2,47+0,52 1,78 0,43+4,50 0,37

2018 3,84+0,92 2,92+0,78 3,02 1,60+5,22 0,81
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Mean 2,65+1,68 2,70+0,32 2,45 0,43+5,22 0,13

cC 2017 20,83+0,81 19,93+1,62 21,45 12,60+27,32 0,18

(SPAD) 2018 30,14+0,95 31,05+1,68 29,92 21,32+36,58 0,86

Ngap Mean 25,48+6,58 25,49+7,86 26,01 12,60+36,58 0,27
: 2017 1,59+0,18 1,39+0,18 1,21 0,51+2,32 0,41
DW (g) 2018 3,34+0,44 2,01+0,09 2,83 1,03+4,54 0,76

Mean 2,47+1,24 1,70+0,44 2,07 0,51+4,54 0,25

a hé sé di truyén theo nghia rong. b Gia tr; trung binh ciia ndm 2017 va 2018.

O ddi chtng, CC va DW trung binh cua Paldalkong 1a 35,75 va 2,659 va caa NTS1116 1a
41,21 va 2,70g. Mit khac, dudi ap luc ngap, CC cua hai bd me gan nhu bang nhau, tuy
nhién, gia tri DW cho thay s khéc biét 16n gitra Paldalkong (2,47g) va NTS1116 (1,70g).
CC trung binh cua RIL ¢ ddi chung va ngap lan luot 12 36,37 va 26,01. DW trung binh
cua RILs ciing khac nhau ¢ d6i chung (2,45g) va ngap (2,079). Gia tri CCI, DWI va FTI
cta Paldalkong cao hon NTS1116 trong 2 nam (Bang 2), cho thay Paldalkong c6 kha
nang chiju ngap tot hon NTS1116. Gia tri trung binh CCI, DWI va FTI cuaa Paldalkong
(0,71, 0,98, 0,84) cao hon ciia NTS1116 (0,61, 0,62 va 0,62). Gia tri CCI, DWI va FTI
cta RIL trong nam 2018 cao hon so véi nam 2017 ddi véi CC va DW (Bang 1). Khoang
CCI, DWI va FTI cua quan thé RIL lan luot 14 0,42-1,27, 0,23-1,98 va 0,40-1,62.

Béing 2. Céc gia tri chi s6 vé ham luong diép luc I& (CCI), khoi lwong kho cua than
(DWI) va chi so chiu ngap (FTI) cua cdy bo me (Paldalkong va NTS1116) va RILs nam
2017 va 2018

Tinh trang Niam Bo me RIL
: Paldalkong NTS1116 Mean Range
2017 0,64 0,53 0,68 0,42-1,27
CClI 2018 0,77 0,69 0,74 0,56-0,96
Mean? 0,71 0,61 0,71 0,42-1,27
2017 1,09 0,56 0,77 0,23-1,98
DWI 2018 0,87 0,69 0,96 0,51-1,51
Mean 0,98 0,62 0,86 0,23-1,98
2017 0,86 0,55 0,72 0,40-1,62
FTI 2018 0,82 0,69 0,85 0,54-1,19
Mean 0,84 0,62 0,79 0,40-1,62

a Gia tri trung binh cua nam 2017 va 2018.

Hé sé di truyén theo nghia rong (H?) déi vai CC va DW rét khac nhau gitta 2 nim & ca
hai nghiém thirc. Trong diéu kién ngap, H? di véi CC lan luot 14 18% va 86% trong nim
2017 va 2018; trong khi d6, ddi chiing, gia tri lan luot 1a 25% va 89%. H? d6i véi DW lan
luot 12 37% va 81% & dbi chung va 41% va 76% trong diéu kién ngap trong nim 2017 va
2018. Khoang trung binh CC (18,20-47,06 va 12,60-36,58) va DW (0,43-5,22 va 0,51
4,54) cua cac RIL twong tng trong cac nghiém thirc ddi chung va ngap, cho thay cac bién
thién lién tuc véi sy phan ly manh mé (Hinh 1). Méi twong quan giita CC va DW cua
Pearson 1 c6 y nghia trong ca hai nam va hai nghiém thic. Gia tri hé sé twong quan 1a
0,19 (p<0,05) va 0,54 (p<0,01) vao nam 2017, 0,46 (p<0,01) va 0,52 (p<0,01) vao nim
2018 tuong ttng véi ngap va ddi ching.

ANOVA cho thay su khac biét dang ké vé CC va DW ciia RIL trong 2 nim va sy tuong
tac gitra RIL va moi truong ciing ¢6 y nghia (p<0001) (Bang 3).



Béng 3. Phan tich phuong sai ddi v6i ham luong diép luc va khdi luong than khd cua
quan thé dong lai tai t6 hop (RIL) (Paldalkong x NTS1116) trong 2 nam

Nguén DF 2 Ham lwong diép luc Khéi lwong kho

bién thién MS P F D MS P F D
RIL 152 22,76 2,89 <0,0001 0,6 3,29 <0,0001
Nam 1 15,006 1,905 | <0,0001 | 550,2 3,009 | <0,0001

RIL x Nam | 152 16,51 2,1 <0,0001 0,46 2,53 <0,0001

a Do ty do. b trung binh binh phuong.
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Trong tong s6 180.375 marker SNP xéac dinh kiéu gen, 26.633 (14,77%) la da hinh giira
bd va me va duoc sir dung dé phan tich QTL. 26.633 marker da hinh dugc phan loai dya
trén cac mau phan tich caa ching (Bang S1). Sau khi chay ham Bin (tiéu chi dt ra la
phan ly khéng chinh xac c6 ¥ nghia cua p<0,001 va dir liéu bi thiéu véi >10%) dé loai bo
cac marker thira, tong cong 2.111 SNP thu duoc va dugc sir dung dé xay dung ban dd
lien két cua 20 nhidm sic thé (Hinh S1). Cac ban db lién két co tong chiéu dai la



3.911,51cM vai trung binh 1a 1,85¢cM giita cac marker lién ké. Nhidém sac thé 5 va 15 tao
thanh nhom lién két I6n nhit va ngian nhit véi khoang cach lan luot 1a 305,85 va
105,37cM. Tong cong 20 QTL cho kha ning chiu ngap dugc do nhu CC va DW, phan b
trén 9 nhidm sic thé (1, 2, 3, 9, 10, 11, 12, 13 va 17), di dwgc xac dinh trong quan thé
RIL trong céac diéu kién khac nhau (d6i ching, ngap, chi sé va FTI). QTL duoc phét hién
ddng thoi trong cac moi truong khac nhau tai cung mot khoang marker lién ké hoic
chdng chéo dugc coi 1a cing mot QTL. QTL cho thay diém sé LOD nam trong khoang tir
3,59 dén 19,73 va 5,8% dén 33,3% cua sy bién thién kiéu hinh (PVE) dugc giai thich boi
QTL riéng lé (Hinh 2; Bang 4).
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Hinh 2. Ban do6 lién
két phan tar cua quan
thé RIL tir Paldalkong
x NTS1116, va tom tat
QTL vé tinh chiu ngap
dugc do dudi dang
ham Iugng diép luc 1a
(CC) va khéi lugng
than khé (DW) trong
quan thé lap ban do. q:
QTL, SFT: tinh chiu
ngap cua dau tuong,
CCC: ham lugng diép
luc dbi ching, CCF:
ham Iugng diép luc
ngap, CCI: chi s6 ham
luong diép luc, DWC:
khdéi luong kho doi
chang, DWF: khdi
luong khd ngap, DWI:
chi s6 khéi lwong khd,
FTI: chi sé chiu ngap.
Trong tén QTL day du,
s6 dau tién dai dién
cho vi tri nhiém sic
thé va s6 tha hai dai
dién cho sé marker.
Mean la gia tri trung
binh cta cac tinh trang
trong ndm 2017 va
2018. Cac duong bén
trong nhiém sic thé
biéu thi vi tri cua cac
marker dugc sir dung
dé xay dung ban db
lien két. Cac thanh
mau bén canh céac
marker cho biét cac
vung QTL.



Bing 4. QTL duoc xéac dinh vé tinh chiu ngp, dugc do bang ham lwong diép luc va khoi
luong than kho, trong 152 dong lai tai t6 hop (Paldalkong x NTS1116) trong nam 2017
va 2018 ciing nhu gia tri trung binh cua 2 nam

Position PVE?
QTLname®  ChrilG)® (cM) Marker interval Loo® (%) Add® Environment'  Physical region® (bp)
g5FT_1.27 1/D1s] £1.2 AX-30512141-AX-203525378 3.2 8.3 0.07 2017FTI 10,894,352=-25 744 041
g5FT_2-157 2(D1b) 183.4 AX-F0374B42-AX-70305518 433 10.5 012 2017DWF 44,852,142-47 143,553
Q5sFT_3-1 3N 42 AX-F0454914=-AK-P0411783 3.42 154 -1.05 Z2018CCC MA=3146113
qQ5FT_3-9 3 (N} 51.2 AX-F042348F=-A0-F0422 880 4.53 5.8 -0.45 Z2018CCC 572, 198=-548,178
Q5sFT_9.22 21K) 258 AX=F03304673=-AX-F0382402 370 7.1 0.55 MeanCCF 3F91534=4 272721
g5FT_10-35 100} 2721 AX-20317437=-AX-70408837 5.01 10.9 0.04 PeanDWi 3,528,129-3,863,781

271 AX-F0317437=-2X-70408837 3.36 5 0.04 MeanFTI 3,528,129=-3 843,781

301 AX=F0348454=-AK-90408837 515 10.2 - 17 MeanDWC 3,857 386=3,8463,781
QSFT_10-23 10(0) 329 AX-F03BF074=AX-70335161 4.95 11.2 0.07 Z018DwWI 4433 F%6=4 502 557

329 AX-F0387074=-AX-70335141 3.96 20 0.04 Z018FTI 4453, 976=4 602 477
Q5FT_10-24 10(0) 38.2 AX=F0377402=-AK-70473420 487 10.7 0.08 MeanDwWi 4 577,545=5031 435

3B8.2 AX=F0377402=-AK-70473420 3.92 8.7 0.04 MeanFTI 4 577,545=5,031,455

iz AX-F03B0075=-AX-F0487122 379 Tt -0.15 MeznDWC 5,260,553=5329 637
q5FT_10-52 10 (O) 43.3 AX-F0329553=-AX-70472783 3.49 8.5 0.04 2018FTI 6,005, 7461=-5,141 187

44 AX-F0472TE3=AK-F0372357 5.66 14.4 -0.28 2018DWC £,141,187=5,244133
g5FT_11-55 11 (B1) B2.& AX=F0450754=-AX-20422651 344 7.1 0.02 2018CCI 11,101,251=-264,584, 840
qQ5FT_11-45 11 (B1) g7 AM=F0447243=-AK-90385477 5.54 7.2 -0.84 2018CCC 30,521,919=-31,578,511
g5FT_12-8 12 (H) 6.9 AX=F0413542=A-20417475 10.34 22.2 -1.28 MleanCCC 1121.121-1 518,403

27 AX-F0415473=AK-703346231 T.AT 14.5 -0.8& MeanCCF 1,518,403=2,583,3%0
qQ5FT_12-12 12 (H) 128 AM-F0354740=-AK-70444338 298 20.0 -1.41 2018CCF 2 647, 2F94=MA

148 AM-20518300-AX-70404387 1273 333 -1.59 2018CCC 2724 B20=-3134 208

13.8 AXM=-F0518300=-AX-704046387 13.45 27.7 -1.40 MleanCCC 2724 B20=3134 208

148 AXM=-70518300=-AX-70404387 B.31 178 -0.8% MeanCCF 2724 B20=3134 208
g5FT_13-24 13 (F) 117.8 AM-703467082-AK-70340572 373 7.5 15 MeanDWC 3%,702,7%3-3%,911,51%
qg5FT_13-30 13 (F) 1229 AM-F0307725-AX-90408580 4,464 10.4 -0.23 20180WC 38,531,802-37,144 715

1235  AX-50307925-AX-90408580 2 370 8.8 0.04  MeznFTl 38,531,802-39,144.715

1247 AX-F0445342=-AK-20307725 3.80 5.4 0.0& 20180W1 3J8.387.414-38,531.802

1247 AX-F0445342=-AX-90307725 510 118 0.04 2018FTI 38,387,414-38,531,802
Qg5FT_13-35 13 (F) 126.8 AX-F04BTRL LA K-P0521573 4.48 22 -0.1& MesnDVWC 38,298,008=

38,347 265
1246.8 AX-G048T7044-AX-20521573 4.58 29 0.0& MeznDWI 38,298 00B-
38,347 245

12%.% AX-F0407004=-4X-203256806 5.30 131 -0.26 2018DWC 37,709,4603=-38,172,755
g5FT_13-43 13 (F} 1349 AX-303463571-AX-90397081 4.08 20 -0.22 2018DWC 37, 206,313-37,234, 244
QaFT_17-52 17 (D2} 56 AX-30328219=-AX-90375808 5.28 103 O.&7 MesnCCF B,741,808=-%008,173
g5FT_17-21 17 (D2) 1134 AX-30455255-AX-F0475334 .59 &2 —-0.&& MesnCCC 39,190,923-3% 286,635
gaFT_17115 17 (D2) 222.5 AX-F04L46011=-AK-70305840 3.98 153 -0.28 2018DWC B,630,184=41 50& 601

a OTL duwoc phét hién dong thoi trong cdc méi trong khac nhau tai ciing mét khoang marker
lien ké hodc chong chéo dwot coi la cuing mét QTL.

b Nhiém sac thé (Chr) va nhom lién két (LG).

¢ Logarit cia gia tri chénh léch tai kha nang xdy ra cao nhdt cia QTL.

d Sur bién doi kiéu hinh dueoc giai thich bang QTL.

e Hiéu ing céng, gia tri diong chi ra rang Paldalkong déng gép alen va gid tri &m chi ra rang
NTS1116 déng gdp alen d@é tang tinh chiu ngdp.

£ CC: ham lrong diép luc, DW: khoi hirong khd, C: doi chirng, F: ngdp, 1: chi so, FTI: chi sé
chiu ngdp, Mean: gié tri trung binh cua nam 2017 va 2018.

g Vi tri vat Iy cia khoang marker. Gen tham chiéu cia ddu tirong (Glycine max Wm82.a2) dwoc
sir dung dé xdc dinh vi tri vat ly cia cac marker. NA: v tri vdt Iy cho cac marker khong c6 san
cho bg gen tham chiéu ddu twong (G. max Wm82.a2).



3.3 QTL cho ham lwgng diép luc

Téng cong ¢ chin QTL cho CC, phan bé trén nam nhidm sic thé, dwoc xac dinh trong
cac diéu kién khéac nhau (d6i ching, ngap va chi sb). Sau QTL duogc phat hién trong déi
chang trén bén nhidm sic thé 3, 11, 12 va 17 voi PVE trong khoang 5,8-33,3%. Hai
QTL, gSFT_3-1 va qSFT_3-9 trén nhidm sic thé sb 3, duoc phét hién vao nim 2018 cua
d6i chirng va cho thay lan luot 12 15,4% va 5,8% PVE. QSFT_11-65 trén nhidm sic thé
11 va qSFT_17-91 trén nhiém sic thé 17 lan luot cho thiy 9,2% va 6,2% PVE. Trong s6
hai QTL qSFT_12-8 va qSFT_12-12 duoc phat hién trén nhiém sic thé 12 cua ddi ching,
mai day dugc xac dinh trong hai méi truong (2018 va trung binh cta 2 nam) duoc bao
boc bai cdc marker AX-90518300 (2.724.820bp) va AX-90406389 (3.134.208bp) cho
thdy PVE cao nhat (27,7-33,3%). Hai QTL trén nhiém sac thé 12 nay ciing duoc phat
hién trong qua trinh xur ly ngap trong hai moi truong (ndm 2018 va trung binh cua 2
nim). Ngoai ra, hai QTL khic qSFT 9-22 nam giira cac marker AX-90330673
(3.991.534bp) va AX-90382402 (4.272.721bp) trén nhidm sic thé s6 9 va qSFT_17-52
gitra cac marker suon AX-90328219 (8.741.808bp) va AX-90375808 (9,008,173bp) trén
nhiém sic thé 17 ciing duoc phét hién trong diéu kién ngap. Bdi véi CCl, mot QTL
qSFT_11-55 dugc bao quanh boi cac marker AX-90450754 (11.101.251bp) va AX-
90422651 (26.584.840bp) dong gdp 7,1% PVE da duoc phét hién trén nhiém sic thé 11.

3.4 QTL cho khéi lwgng than kho

Déi véi DW, téng s6 10 QTL, phan bé trén bén nhiém sic thé (2, 10, 13 va 17), dugc
phét hién & d6i chang, ngap va chi sd. Trong nghiém thic d6i chung, qSFT_17-115 thé
hién PVE cao nhat (15,3%) voi diém LOD la 3,98 trén nhiém sac thé 17 va qSFT_13-24
cho thay PVE thap nhat (7,5%) véi gi tri LOD la 3,73 trén nhidm sic thé 13. C6 ba QTL
khac qSFT_13-30, qSFT_13-35 va qSFT_13-43 duoc phat hién trén nhiém sac thé 13 véi
gia tri LOD la lan Iuot 14 10,6, 9,2, 13,1 va 9,0% PVE. QSFT_13-35, dugc bao quanh bai
cac marker AX-90409004 (37.709.603bp) va AX-90521573 (38.347.265bp), dugc phat
hién trong hai méi truong (2018 va trung binh cua 2 nam). Ngoai ra, ba QTL gSFT_10-
35 dugc bao quanh boi AX-90348454 (3,857,386bp) va AX-90408837 (3,863,981bp),
qSFT_10-46 duoc bao quanh boi AX-90380076 (5,260,553bp) va AX-90489122
(5,329,637bp), qSFT_10-52 duoc bao quanh bai AX-90472783 (6.141.187bp) va AX-
90392397 (6.244.133bp) duoc phat hién trén nhiém sic thé sé 10 cua dbi ching, gay ra
PVE lan luot 1a 10,2%, 7,6% va 14,4%. Trong nghiém thac ngap, chi mot QTL qSFT_2-
157 duoc bao quanh bagi cac marker AX-90376842 (46.852.142bp) va AX-90305518
(47.163.553bp) duoc phat hién trén nhiém sic thé 2. Pbi véi DWI, nim QTL duoc phat
hién trén hai nhiém sic thé 10 va 13. Ba QTL qSFT_10-35, gSFT_10-43 va qSFT_10-46
trén nhiém sac thé s6 10 biéu hién PVE lan luot 12 10,9%, 11,2% va 10,7%. Tuong tu,
hai QTL qSFT_13-30 va qSFT_13-35 trén nhidm sac thé 13 cho thdy PVE 8,4% va 9,9%
Vé6i gia tri LOD lan luot 1a 3,80 va 4,58. Trong sé boén QTL cho DW dwgc phat hién trén
nhiém sic thé s 10, gSFT_10-35 va qSFT_10-46 dugc tim thay ¢ ddi chitng va cho chi
s6. Tuong tw, gSFT_13-30 va qSFT_13-35 ciing dwoc phét hién ¢ doi ching va cho gia
tri chi so.

3.5 QTL cho chi sb chiju ngap

Ngoai ndm QTL gSFT_10-35, qSFT_10-43, qSFT_10-46, qSFT_10-52 va qSFT_13-30
dugc tim thay, mot QTL khac qSFT_1-27 da duoc phat hién cho FTI riéng nam 2017.



QTL gSFT_1-27 dugc bao quanh boi AX-90512141(10,896,352bp) va AX-90352598
(25,944,041bp) cho 8,3% PVE véi diem LOD la 3,32.

3.6 Sang loc cac gen @ng vién trong cac diém nong cia QTL

Diém néng QTL 14 vi tri bo gen cd chira mat ¢6 cao QTL trong mot ving cu thé cua
nhiém sic thé. Trong nghién ctru ndy, tong cong ba diém néng QTL trén ba nhidm séc thé
10 (3,5-6,2Mb), 12 (1,1-3,1Mb) va 13 (37,2—-39,9Mb) di duoc xem xét. Biéu do diém
LOD cua QTL dugc phat hién trén ba nhidém sic thé nay duogc thé hién trong Hinh S2.
Diém néng QTL trén nhidm sic thé 10 va 13 chira QTL cho DW, trong khi d6 trén nhiém
sic thé 12 chtra QTL cho CC (Hinh 2; Bang 4). It nhat hai QTL chinh (>10% PVE) cho
CC hoic DW duoc phét hién ¢ ba diém nong QTL, cac ving nay duoc chon dé tim kiém
c4c gen tmg vién lién quan d¢én CC, DW hoic tinh chdng chiu cang thang (Bang 5). Phan
I6n cac gen ung cir vién duoc tim thiy trong cac diém néng QTL co lién quan dén mot
protein dap (g auxin trén nhidm sic thé s 10 va 12. Cac gen g vién khéc c6 lién quan
dén yéu t6 sinh truong, hé théng quang hop, peroxidase (phan ang véi cing thang), tong
hop ATP hoac sinh tong hop chét diép luc. Ngoai ra, mot gen Glyma.10g054200 c6 lién
quan dén xyloglucan endotransglycosylases/hydrolases (XTH) cling dugc phét hién trén
nhlem sac thé sb 10. Céc gen tng ctr vién dugc tim thay ¢ diém nong trén nhidm séc thé
s6 13 ¢6 lién quan dén tong hop asparagin, hap thu anh sang, lién két a/b diép luc hoic hé
théng quang hop.

Bing 5. Ham luong diép luc trong 14 (CC), khoi luong than kho (DW) hoac cac gen ung
vién lién quan dén cdng thang dugc xac dinh trong cdc diém nong QTL trén nhiém sac
thé 10, 12 va 13

Chr (LG)* Candidate gene Physical region (bp) Functional annotation

10100 Glyma. 10024500 2,150,347=2 143,720 HUAZ-like protein 2-relsted, hepatoma-derived growth factorrelated
10(0) Glyma. 100404600 3,568,550=3,571,109 Photosystem |l 13k0a protein, Psb28 protein
10100} Giyma. 10042000 3,754 835=3,756, 5345 Photosystem | subunit IV) PsaE

10(0) Giyma. 105042100 3,759,074=-3,740,81% Photosystem | subunit IV/ PsaE

10100} Giyma. 105050800 4 555 F62=4 535 854 Perowidase 21, stress response

100} Giyma. 105053500 4,838 661=4,843 764 B3 DMA binging domain, auxin-response factor
100} Glyma.10z054200 4924 559=4 729 801 ¥yloglucan endotransglucaosylase/bydrolase protein 31-related
10(0) Glyma. 10055600 5,085,8B4=-5084,209 SAUR=like zuxin-responsive protein family

10(0) Glyme.10g055800 5.110,345-5,110,744 SAURslike zuxin-respansive protein family
10(0) Glyma. 10055200 5,1256,869=5,127 404 SAUR-like zuxin-responsive protein family

1000} Glyma.10g056000 5.134,444-5135,252 SAUR-like zuxin-responsive protein family

10(0) Glyma. 10056200 5,139.913=5,140,707 SAUR-like zuxin-responsive protein family

1000} Glyma 105056300 3,147 278=5,147 955 SAUR-like zuxin-responsive protein family

1010} Giyma. 10054400 5150,553=-5,150,882 5AUR-like suxin-respansive protein family

10100 Giyma. 10054500 5156,657-5,161 542 S5AUR-like suxin-respansive protein family

10(0) Giyma. 100546800 5,167,019=-5167 920 5AUR-like zuxin-responsive pratein family

10(0) Glyme.10g057200 5,304,674=5,307,501 SAURslike zuxin-responsive protein family

12{H) Glyma.12g022700 1,678, 565-1,682,290 SAUR=like zuxin-responsive protein family

12{H) Glyme.12g023000 1,684 642-1 685087 SAUR=like zuxineresponsive protein family

12 {H) Glyma.12g024200 1,932,406~1,934,2468 Photosystem |l stability/assembly factor HCF138
12{H) Glymo.125032300 2,420 748=2 &24 534 L=azcorbate peroxidase 3



12{H) Glyma.12g5033800 2,546 403-2 547211 SAUR-like suxin-responsive protein family

121H) Glyma. 125033500 2,559,893-2 540,852 SAUR=like suxin=responsive protein family

12 {H) Glyma. 123034000 2,567 093=2 567 776 SAUR=like zuxin-responsive protein family

121H] Glyma. 125034100 2,568,604=2 569,325 SAUR-like suxin-responsive protein family

12{H) Glyma. 125032200 2,571,339-2 571 903 SAUR-like suxin=responsive protein family

121H) Glyma. 125034300 2,573,803-2574,075 SAUR-like zuxin-responsive protein family

12{H) Glyma. 125032400 2,575,239-2 576,009 SAUR-like suxin-responsive protein family

121H] Glyma. 125032500 25774992 577777 SAUR=like zuxin=responsive protein family

12 {H) Glyma. 125034400 2,579,104-2 579,755 SAUR-like zuxin-responsive protein family

12{H) Glyma. 125034700 2,580,234-2 580,541 SAURslke zuxineresponsive protein family

12{H) Glyma. 125032800 2,582 144-2 582 653 SAUR=like auxin=responsive protein family

121H) Glyma. 125034700 2,583,330-2 584,059 SAUR-like zuxin-responsive protein family

12 {H) Glyma. 125035000 2,586 082-2 5H6.765 SAUR=like zuxineresponsive protein family

121H] Glyma. 125035100 2587 447-2 588,174 SAUR=like zuxin=responsive protein family

12 {H) Glyma. 125035200 2,589,655-2 590,318 SAUR-like zuxin-responsive protein family

12 1H) Glyma. 125035300 2.592042-2 392 762 SAURslke zuxineresponsive protein family

12{H) Glyma. 125035400 2,593,355-2 594,235 SAUR-like suxin-responsive protein family

121H) Glyma. 125035700 2.606,567-2 607 636 SAUR-like zuxin-responsive protein family

12{H) Glyma. 125035800 2,621,536-2 622 359 SAUR=like zuxineresponsive protein family

121H] Glyma. 125034000 2,632 B27=2 634,045 ATF synthase E chain |ATP-=synt_E)

12 {H) Glyma. 125037200 2836,457-2 B42 444 DMA replication licensing factar. Chlorophyll biosynthesis
131F) Glyma. 133279200 J8,036,485-38,038,794 Asparagine synthetase

13(F) Glyma. 133282000 3B,340,430-38,342 431 Light=harvesting complex Il chiorophyll 2/b binding pretein 3 {(LHCE3)
134F) Glymo. 133286500 38,712 282-38,713,94% PsbClike protein 2, photosystem || cxygen-evolving enhancer protein 3

a nhiém sdc thé (Chr) va nhom lién két (LG)

4. THAO LUAN

Ngap (ng lam giam sic t6 quang hop nhu chat diép luc (Cho va cs, 2006) va san xuat
sinh khdi (Shimono va cs, 2012) cia cay dau twong. Viéc giam chat diép luc can tré qué
trinh quang hop, cudi cing Gc ché su phat trién cia dau tuong va giam nang suat hat.
Hiéu biét vé co so di truyén kiém soét tinh chiu ngap s& hitu ich cho viéc phat trién cac
giong dau twong chiu ngap duogc cai thién. Trong nghién ciu nay, 152 RIL dugc phét
trién tir t6 hop lai gitra Paldalkong va NTS1116 da duogc s dung dé phan tich QTL vé
tinh chiu ngap. Cac nghién ciru trude day ciing di xem xét viéc 1ap ban d6 quy mé quan
thé hozc nho hon so véi nghién ctu hién tai dé phan tich QTL (Huang va cs, 2018; Idrissi
va cs, 2016; Jin va cs, 2018). Vi vay, viéc sir dung 152 RIL 1a dédng ké dé 1ap ban d¢6 QTL
trong nghién ctu nay.

Sy thay doi dang ké vé H? gitra 2 nim va su tuong tac dang ké cua kiéu gen x nim cho
thdy rang méi truong trong trot c6 anh huong Ién dén CC va DW. Mét Iy do c6 thé cho
su bién thién dang ké trong H? va su tuong tac dang ké gitra kiéu gen x nam ddi véi CC
va DW c6 thé 1a do sy khéc biét vé nhiét do khdng khi trong qué trinh phat trién cua cay
trong 2 nam. Nhié¢t d6 khong khi trung binh hang thang trong qué trinh thi nghiém nam
2017 (32,2°C) cao hon 3,5°C so v&i nam 2018 (28,7°C). CC va DW trong nam 2017 thap
hon nam 2018 c6 thé I1a do nhiét d6 khong khi cao hon. Tac dong tuong ty cia nhiét do



cao hon ddi voi viéc giam CC trong dau twong ciing di duwoc tim thiy truéc day
(Djanaguiraman, Prasad, Boyle, & Schapaugh, 2011). Méi twong quan thuin dang ké
gitta CC va DW duoc tim thay trong nghién cau nay gop phan anh huong tuong tu cua
nhiét d6 cao hon dén viéc giam DW vao nim 2017. Méi twong quan gitta CC va DW
cling chi ra rang chat diép luc 1a cao c6 thé cd lgi trong viéc san xuit sinh khéi cao hon ¢
d6i ching va ngap. Su tich liy sinh khéi cao dugc phét hién c6 mébi twong quan thuin voi
Viéc tang nang suét dau tuong (Ghanbari, Nooshkam, Fakheri, & Mahdinezhad, 2018;
Rao va cs, 2002).

Mot sy bién thién lién tuc vé CC va DW cua quan thé RIL cho thay ban chét s luong
cua cac tinh trang va su phan li thuan chiéu tao co hoi dé lya chon cac kiéu gen vuot troi
gia tri kiéu hinh cua bé me theo huéng am hoic duong. Sy phén ly nay duoc tim thay
trong quan thé RIL c6 thé cung cip tinh méi vé kiéu hinh va dugc khai thac trong viéc
chon gidng chiu ngap Gng (Rieseberg, Archer, & Wayne, 1999). Céc gia tri CCl, DWI va
FTI caa bd me va RIL cho thay su khéc biét 16n vé muac d6 chiu ngap cua ching, cho
thay tinh hitu ich cua ching trong viéc lap ban ¢6 QTL. Bé phan tich QTL vé kha ning
chiu cang thang phi sinh hoc, diéu can thiét la s dung cac vat lidu di truyén thich hop va
cac ky thuat dinh lwong kiéu hinh déng tin cdy va chinh xé&c. Trong nghién ctu nay, cac
phuong phap dinh lugng kiéu hinh duogc xem xét dé do CC va DW bi anh huong nhiéu
boi tinh trang ngéap Ung ¢ dau twong. QTL vé tinh chiu ngap duoc xéc dinh dya trén cac
phép do dinh luong cua hai dac dlem nay trong quan thé RIL duoc phat trién tir phép lai
gitta gidng chdng chiu va giéng min cam, lam tang do tin cay cua cac két qua thu duoc
trong nghién ctu nay.

Phan bé trén chin nhiém sic thé, téng s6 20 QTL cho céc tinh trang lién quan dén tinh
chiu ngap da duogc tim thdy (Bang 4). Vi tri nhiém sic thé cua mot sé QTL duoc phéat
hién trong nghién cau nay bi chong chéo hoic 1ap ban do lién k& voi cac gen ang vién
lién quan hodc QTL dugc bao cio trude do. Vi du: qSFT_2-157 cho DW dugc tim thay
dé xac dinh vi tri gan véi cac gen Glyma.02g280400 chiu trach nhiém vé yéu té phién ma
diéu chinh sy phét trién cta ré va than, Glyma.02g274100 lién quan dén alcohol
dehydrogenase va Glyma.02g281700 lién quan dén yéu té dap ang auxin. Hoat dong cua
alcohol dehydrogenase dugc bao cao cé lién quan dén tinh chiu ngap Ung ¢ dau tuong
(Borella, Amarante, Oliveira, Oliveira, & Braga, 2014; Komatsu, Nanjo, & Nishimura,
2013). Mot gen lién quan dén sinh tong hop chat diép luc Glyma09g05240 phu Ién QTL
qSFT_9-22 vé mat vat ly. Cac vi tri vat ly caa QTL ddi véi DW dugc phat hién trén
nhiém sac thé s6 10 duoc tim thiy dé xac dinh vi tri gan véi QTL ddi véi khéi luong ré
kho ¢ dau tuong duoc lién két voi cac marker Satt445 (Wu va cs, 2012) va Satt358 (Korir
va cs, 2011). Trong diéu kién ngap, cac mdi tuong quan giita san xuat sinh khoi ré va
than ¢ dau tuong da dugc béo céo (Sakazono va cs, 2014), cho thay sy dong gop cua
QTL dbi voi khéi lugng ré khd, QTL ddi véi DW trong nghién cau nay. QTL qSFT_11-
55 cho CC chdng chéo gen Glyma.119g155800 phan ung hé thong quang | va gen
Glyma.11g145500 yéu t6 dap tng auxin. Mot marker lién quan dén tinh chiu ngap cua
hat dau twong Satt568 (Sayama va cs, 2009) ciing dugc xac dinh gan voi qSFT_12-12.
QTL cho DW duoc phat hién trén nhidm sic thé s 13 nam trong ving lan can cua gen
Glyma.13g279200 lién quan dén asparagine synthetase. Su tham gia cua asparagine
synthetase trong tinh chiu ngap cé thé duoc gia dinh vi n6 phan ang voi cac cing thang
sinh hoc va phi sinh hoc & cay trong (Gaufichon, Reisdorf-Cren, Rothstein, Chardon, &
Suzuki, 2010).



Cac gen rng cir vién trong hoic gan QTL di xac dinh dugc tim thiy ¢ lién quan dén mot
s6 chire ning sinh hoc di biét ciing nhu chua biét. Mot sb chirc ning d6 lién quan dén
giai doc hydrogen peroxide, hoat dong cua peroxidase, oxy hoa, lién két mua, gap khic
protein, lién két protein mo, oxy hoa-khir, phat trién té bao, lién két ATP, sinh tong hop
diép luc, quang hop va phan ang anh sang. Mot sé gen ¢ng ctr vién lién quan dén chdng
chiu cing thang, bao gém phan tng véi auxin, XTH va peroxidase ascorbate, duoc tim
thiy trong cac diém néng QTL cua nhiém sic thé 10, 12 va 13 (Bang 5). C4c gen phan
ung vai da dugc bao cdo cé vai tro trong tinh chiu ngap ung ¢ ca chua (Bouzroud va cs,
2018) va dau twong (Ye va cs, 2018). Nguoi ta da biét rang auxin diéu chinh cac mtc do
hormone khac nhau (Woodward & Bartel, 2005) va diéu chinh sy hinh thanh ré nhanh
chong dé dap ung véi ngap Ung (Visser va cs, 1995) c6 thé lam giam bot cac tac dong
tiéu cyc cua ngap Gng. C4c cay dau twong tao ra ré bt dinh trong diéu kién ngap nuéc
cling duoc tim thay trong nghién ctu nay (khong c6 dir liéu). Cac gen tng cir vién nhu
SLOMO, CKX7 va RGI4, co lien quan dén trao doi chat va van chuyén auxin va
cytokinin, dugc tim thay ¢ gan QTL vé tinh chiu ngap ung ¢ loai dau binh thuong
(Soltani va cs, 2018). Tinh chiu ngap Ging cia dau twong do sy biéu hién cia cac gen nhu
Arabidopsis XTH hd tro vai trd cua cac gen XTH trong co ché diéu chinh phan ang voi
ngap tng ciing lién quan dang ké dén muac do ethylene (Song, Valliyodan, Prince, Wan,
& Nguyen, 2018). Ung dung ngoai sinh caa ethylene lam giam bét tic dong tiéu cuc cua
ngap Gng, gay ra su hinh thanh ré nhanh chong ciing nhu tang dién tich bé mat ré va biéu
hién cua glutathione S-transferase (Kim va cs, 2018). Glutathione S-transferase dugc cho
la c6 vai tro bao vé chbng lai ngap Ging va kho han ¢ dau tuong (Chen va cs 2016; Oh &
Komatsu, 2015). Mtrc do hoat dong cua ascorbate peroxidase da tang Ién trong luc lap
cta cdy dau chdng chiu so véi cdy man cam trong diéu kién nhiém man (Hernandez,
Olmos, Corpas, Sevilla, & Del Rio, 1995). Ascorbate peroxidase cling lam tang tinh
chéng chiu ngap Gng & lGa (Chiang, Chen, Shih, & Lin, 2015), ngap (ng va han han &
dau tuong (Kausar, Hossain, Makino, & Komatsu, 2012).

Trong nghién cttu nay, cac vi tri vat ly cua nhiéu QTL cho CC hoic DW dugc phéat hién
tring nhau hozc nam gan cac gen ung cir vién hoic QTL gia dinh di duoc béo céo trudc
d6. Tuy nhién, mot sé QTL cho CC hoic DW khong duoc phét hién mot cach nhat quén
trén cac moi trudng khac nhau. Mot Iy do c6 thé cho su khéng nhat quan nhu vay trong
phat hién QTL trong cac moéi truong khac nhau co thé 1a do su phuc tap trong co ché
Chong chiu cang thang phi sinh hoc va su tuong tac gitra Kiéu gen x mdi truong. Mot sb
kiéu gen cua lGa mi phan (ing khac nhau véi cang thang binh thuong va kho han va nhiét,
cho thiy kiéu gen x tuwong tac v&i moi truong trong kha ning chdng chiu cang thang phi
sinh hoc (Sareen, Tyagi, Sarial, Tiwari, & Sharma, 2014). Hon nita, co ché chiu ngap la
két qua cua sy tuong tac phirc tap va da chiéu gitra cac gen thudc cac con dudng trao doi
chat khiac nhau nhu SnRKI1A (Lee va cs, 2009), N-end-rule (Gonzali va cs, 2015;
Mendiondo va cs, 2016), va con duong duong phan (Oh & Komatsu, 2015). Chi QTL
cho CC dugc phét hién trén nhidém sac thé 12 va nhitng QTL cho DW duoc xac dinh trén
nhiém sac thé 10 va 13 1a twong ddi nhat quén gitra cac moi truong. QTL khac duoc quan
st trong nghién ctru nay c6 thé phu thudc vao diéu kién trong trot va do do, khong duoc
sao chép gitra cac moi truong. QTL vai cac tac dong cong hudng tich cuc va tiéu cuc chi
ra rang cac alen thuan loi dugc dong gép tuong ung tir Paldalkong va NTS1116.

T6m lai, 20 QTL dbi véi cac ddc diém lién quan dén ngap ang da dugc xéac dinh trong
nghién catu nay, tuy nhién, chi mét so QTL duoc phat hién nhat quan trén cac moi
trrong. Mac du mot s6 QTL duogc phat hién & doi chitng khong dugce xac dinh trong dicu



kién ngép, ching dugc phat hién cho gia tri chi s, FTI hoac ca hai. Nhiing két qua nay
cho thdy ring QTL khong dwogc xac dinh trong ngap dng nhung duoc tim thiy trong chi
s6 va/hoic FTI ciing co6 thé lién quan dén tinh chiu ngap vi dit lidu kiéu hinh (chi sé va
FTI) duoc lay tir cac cdy trong ngap va déi ching. Vi tiém ning chdng chiu cua thyc vat
chéng lai cac cing thing phi sinh hoc 1a mot hién tuong phirc tap, viéc xem xét cac két
qua QTL thu dwgc Vi cac thdng sb riéng 1¢ (CC va DW) ciing nhu cac théng sb c6
nguon goc (CCI, DWI va FTI) ¢6 thé ¢ hiéu qua trong viéc kham pha co s¢ di truyén
cua tinh chiu ngap ung ¢ cdy dau tuong. Ngudi ta cling nhan thy rang cac vung gen cua
nhiém sic thé 10, 12 va 13, chira QTL twong ddi nhat quan hon, ¢ thé quan trong ddi véi
viéc cai thién tinh chiu ngap Ung & dau twong. Mot sé gen tng cir vién véi cac chire ning
dugc cha thich lién quan dén CC, DW hoic chéng chiu cing thang ciing da dugc xac
dinh & nhitng ving d6. Nghién ctru ndy giip mé rong hiéu biét vé co ché chiu ngap Gng
va cung cap théng tin hitu ich cho viéc su dung QTL va cac marker lién quan trong viéc
thuc hién cac chwong trinh chon giéng chiu ngap ung ¢ dau twong. QTL duogc xac dinh
trong nghién ciru nay c6 thé duoc chuyén vao cac gidng dau tuong uu ti dé cai thién tinh
chiu ngap ung cua ching thdng qua cong nghé MAS. Trong béi canh 1 lut c6 thé gia
tang do bién doi khi hau, nghién ciu nay co thé duoc ap dung nhiéu hon dé phat trién
tinh chiu ngap va giam thiéu thiét hai vé ning suit dau twong. Ngoai ra, cic phuong phap
danh gia kiéu hinh dugc ap dung trong nghién ctu nay co thé hitu ich cho viéc nghién
ctu tinh chiu ngap Gng ¢ giai doan dau cua dau tuong.
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