DI TRUYEN CAY PAU NANH & STRESS PHI SINH HQC
NGAN HANG GEN HOA KY

Ngan hang Gen cua Bo Nong Nghi¢p Hoa Ky la noi thu thap va bao quan ngudn tai nguyén di
truyén dau nanh lon nhét voi 18.480 mau gibng trong trot, 1168 mau dau nanh hoang dai, dugc
thu thap tir 84 qudc gia trén toan thé giai.

Tap doan giéng nay di dugc danh gia kiéu gen véi bo chi thi phan tor SNP (SoySNP50K
BeadChip) voi hon 50.000 SNPs. Tap doan mau gidng vo cuing to 16n nay da dugc xac dinh va
chia thanh nhiing nhém di truyén khéac nhau tir nhitng ving dia ly khac nhau tao nén mot tai
nguyén di truyén doc déo riéng cho linh vuc di truyén dau nanh. Cac nha khoa hoc da phat hién
c6 mot sy suy giam dang ké mac do da dang di truyén trén co s¢ phan tich LD (linkage
disequilibrium) va phan tich haplotype cua loai dau nanh hoang dai, giéng ban dia, va su khdng
can ddi lién két gen cua tap doan gidng dau nanh trong trot ving Bac My. Ho da xéac dinhcéc
viing gen g cir vién thong qua tién trinh thuan héa giong va tién trinh chon loc cia con ngudi
tai Bac My. Ho xay dung ban dd “block map” Ve haplotype trong cac mau gidng tréng trot,
hoang dai, va gidng dau nanh Bic My. Ho thiy rang hau hét cac sy kién tai té hop xay ra trong
nhitng ving dugce danh dau gitra nhimg “haplotype blocks”. Cac ban d6 haplotype nay vé ciing
can thiét cho nha chon giéng dé thyc hién “association mapping” nham muc dich xac dinh dugc
nhitng gen diéu khién cac tinh trang c6 gia tri kinh té quan trong. Mot trac nghiém chuyén mén
c6 tén 1a “case-control association” lam giam bét cac truc trac khi xem xét ving gen cd tiém
nang trén hé gen dau nanh, dac biét tai 7 nhiém sic the, d6 1a gen diéu khién khoi luong hat cua
nhirng glong d4u nanh da dugc thuan hoa. Co so dit lidu ‘nay s€ gilp cho nha chon giong dé dang
hon khi tiép can véi ngan hang gen, khi xac dinh gen diéu khién tinh trang ndng hoc quan trong.
Co sé dit liéu nay gitp cho nha chon gidng cai tién nhanh hon giéng dau nanh cao san trong muc
tiéu nang cao ning suat va chat luong dau nanh (Song va ctv. 2015).
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Hinh 1: Gian d6 cac miu gidng dau nanh trong trot va hoang dai cua nhiéu nudc khac nhau
(Song va ctv. 2015)



A o8 B e WYilA

— Wild

a8
07 ]
= Landrace 07 —landae  Figure 2 Linkage disequilib-
0.6 N. Am. Cultivars 06 rium (LD) in euchromatic and
N. Am.

cutvars  heterochromatic  regions.  (A)
LD in euchromatic regions of
L 04

wild, landrace, and North Amer-
0.3 ican (N. Am.) cultivar soybean
0.2 populations. (B) LD in hetero-
chromatic regions of the wild,

01
landrace, and N. Am. cultivar
soybean populations.

as

0 0
S R PRSP ISP LPLFLDL LS P © 2L LLELH S P PP L LS L L
Kb Kb

Hinh 2: Phan tich LD (su mat ddi xting trong lién két gen do tai to hop khi chon loc va thuan hda
tur loai hoang dai sang loai trong trot) (Song va ctv. 2015)

Phan tich LD: giira nhitng mau dau nanh hoang dai gom 806 mau, 5396 mau giéng ban dia, va
562 mau giéng dau nanh Biac My. Chi c6 nhiing chi thi SNPs véi tan suét alen thip nhat
(khoang 5%) duoc sir dung dé tinh toan gié tri LD va sau do hinh thanh nhimg “haplotype
blocks”. Tinh gia tri “pairwise” ciia LD (r?) trong cac chi thi SNPs, rdi xac dinh “haplotype
blocks” dya trén co sé SNPs trong quing co kich thuéc “1-Mb windows” bang phan mém
PLINK (Purcell va ctv. 2007). “Haplotype blocks” dugc nguoi ta xac dinh thong qua du doan gia
tri D9 cho tat ca cac cap t6 hop ciia SNPs. Nhitng cap SNPs duoc xem nhu cing trong mot
“haplotype block” nau gia tri “one-tailed upper” dat trén 95% mic tin cay vé thong ké va khong
duogc thap hon 0.7 (Gabriel va ctv. 2002).

Haplotype block 1 biéu thi gia tri chia sé cd tinh chat can bién khi so sanh véi cac khéi thuoc vé
loai hoang dai, loai ban dia, va loai dau nanh trong trot Bic My.

A s = Wild B ”L:l:,
Ll race
0.5 0.5
- wlLandrace 04 = N Am. cultivar
g 04 uN. Am. cultivar .
203
goz
&
0.1
o B G o B H S
= bl; ef;v ef;b 4 og’ ef’% P oF o7 @bﬁébgi@ﬁ@fsbg# #ﬁé"gp ’
& & & oF o oF FUP A A A P
\Q ¥ fa“ tx° @ & ‘\“ F -
Block sizes (Kb) Block sizes (Kb}

Figure 3 Distribution of haplotype block size. (A) Haplotype block size in euchromatic regions of wild, landrace, and North American (N. Am.)
cultivar populations. (B) Haplotype block size in heterochromatic regions of the wild, landrace, and N. Am. cultivar populations.

Hinh 3: Phan b6 do 16n cua nhitng “haplotype block” (Song va ctv. 2015).
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Hinh 9: Phan tich SNPs trong ving 29.8-31.6 Mb trén NST 20 cho thiy tap doan to tién giong
dau nanh Bic My va nhitng giéng wu viét (mau magenta) khac biét voi soja (mau dé) va giéng
ban dia cua han Qubc (mau den). Gibng néi tiéng cuia My: Williams82 va Benning, gidng noi
tién cua Han Quéc: Danbaekkong duoc Ky hiéu bang ddu chdm xanh dwong (Patil va ctv. 2017).
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Hinh 10: Co s¢ dir liéu “resequencing” cua 106 ngudn gidng trong ngan hang gen dau nanh
soybean germplasm (Valliyodan va ctv. 2016).



BAN PO VAT LY TREN CO SO GIAI TRINH TU DNA

Mic du ngudi ta nghién ciu kha sau vé hé gen cay dau nanh [Glycine max (L.) Merrill], nhung
s6 cap nhiém sic thé kha 16n ctia nd (n=20) gidng nhu cac loai cay trong chu luc khac, co thé
lam ngin can sy phat trién ban dd di truyén co d6 phan giai cao trén co s& mot quan thé nao dé
(Lee va ctv. 2013). Do viy, nguoi ta dd xdy dung ban do trén quan thé F15 tir cap lai giita cac
dong thudc loai G. max va G. soja thong qua da hinh cua chi thi phan tir InDel khi nguoi ta tim
kiém da hinh trong noi dung “resequencing” ctia hé gen loai G. soja. Nho nhitng chi thi phan tu
méi InDel ngudi ta ¢ thé do tim cac ving rat nghéo chi thi phan tir (marker-poor regions),
khoang cach trung binh giira 2 marker trén ban d6 giam con 6 cM. So sanh véi trinh tu tham
chiéu cua gidng dau nanh William 82 dién hinh, ban db di truyén cua Lee va ctv. (2013) cho thay
thir ty cac markers thuoc 26 ving chira gen muc tiéu khong to ra nhat quan. Hon nita, c6 7
markers dinh vi nham va hai markers vang mit trong giéng dau nanh Williams 82, sau markers
dinh vj trén nhimg “scaffolds” (khoang tréng lam khung cho nhiém sic thé) khéng hoa nhap vao
nhitng phan tu gia (pseudomolecules). Nguoi ta xac dinh cac chudi trinh ty bi mét dinh vi tai
nhiing vi tri theo gia thiét “beginning points” tai 5 doan phan tir khac nhau. Nhitng doan phan tir
khac biét nhau nhu vdy duoc goi 1a “discordant regions” hau hét 1a nhiing sai 1am (errors) khi
thuc hién ky thuat tap hop lai trinh ty cua gibng Williams 82. Sy phan bé nhitng tai to hop trén
ting nhidm sac thé kha giong véi cac sinh vat khéac. Panh gia kiéu gen cac InDel markers va
thuc hién “resequencing” hé gen cay dau nanh tir hai dong bé me cho thay rang céc ving ngheo
chi thi phan tu ¢6 thé dic trung cho vung du nhép gen mdi (introgression regions). Sy phan b
markers cang day dac trén ban do di truyen s€ dong vai tro cau ndi gitra nghién ciru genomics va
chuong trinh lai tao gidng cao san chat luong tét, chng chiu stress sinh hoc va phi sinh hoc (Lee
va ctv. 2013).
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Hinh 4: Ban d6 di truyén vat ly, LK (linkage group): trai / pseudomolecule: phai (Lee va ctv.
2013)
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Hinh 5: Da dang bi¢u thi trén nhiém sac thé 19-20. Truc hoanh 1a don vi tinh bang trigu bp (base
pairs) trén genome tham chiéu cua giong Williams 82; vi tri tim dong dugc dé xuat boi Schmutz



va ctv. (2010) 1a nhimg mii tén in ddm. Panel trén clng cho thdy twong quan giita ban d6 di
truyén va ban do vat ly (cM, dudng mau den), mirc do tai to hop twong ¢ng (cM/Mb, duong mau
d6) duoc tinh toén tir «“100-kb sliding windows” ddi véi viing cua hé gen giira hai marker lién ké
nhau; viing khac biét (discrepant regions) gitta ban d6 di truyén va ban dd vat 1y trén co sé trinh
tw DNA duoc thé hién mot cach khong lién tuc. Panel & gitra cho thiy s gen trén ting quéng
100 kb (dwdng mau den) va s6 nguyén té chuyén vi TE (transposable elements) trén tirng 100 kb.
Panel dudi cling cho thay s6 vi tri ctia SNP / 100 kb (truc tung) va phan trim SNPs dugc chia sé
cua giébng Hwangkeum trén sé6 SNPs di véi gidng IT182932; duong mau xanh la cay la glong
are Williams 82K, duong mau xanh duong la giéng 17182932, dudng mau do la gidng
Hwangkeum, va duong mau den % la SNP chia s¢ duoc (Lee va ctv. 2013).

DI TRUYEN TiNH CHONG CHIU MAN

Chon tao giéng dau nanh chéng chiu man cao khéa quan trong cho mét s6 viing san xuat dau nanh
tai Hoa Ky va thé gigi. Gidng dau nanh Fiskeby 111 (P1 438471) thugc nhém cé thoi gian sinh
truong 000 dugc ghi nhan c6 tinh chdng chiu tét véi nhiéu loai hinh stress phi sinh hoc, bao gém
man. Theo nghién ciru ndy, quan thé 1ap ban d6 c6 132 dong F; tir to hop lai caa giéng Williams
82 (P1 518671, nhiém man trung binh) va giéng Fiskeby 111 (chéng chiu min) da duoc phat trién
dé xay dung ban d6 QTL. Panh gia kiéu hinh chdng chiu man theo phwong phap LSS (leaf
scorch score), CCR (chlorophyll content ratio), LSC (leaf sodium content) va LCC (leaf chloride
content). Nghiém thtic xtr Iy man 1a 120 mM NaCl trong diéu kién nha kinh. Phan tich kiéu gen
trén quan thé F,véi phan mém SoySNP6K lllumina Infinium BeadChip assay. Mot alen chu luc
tir gibng dau nanh Fiskeby 111 lién quan c¢6 ¥ nghia véi LSS, CCR, LSC, va LCC trén nhiém sic
thé 3, LOD scores 13 19.1, 11.0, 7.7 va 25.6, theo thtr tu. Thém vao do, mot locus tha hai c6 lién
quan dén chdng chiu man ddi véi LSC da duoc phét hién va ghi trén ban d6 ¢ nhiém sac thé 13,
LOD score 1a 4.6 va gia tri R? la 0.115. Ba chi thi phan tir da hinh (Salt-20, Salt14056 va
Salt11655) trén NST3 biéu thi sy két hgp manh mé& véi kiéu hinh chdng chiu man trong quan thé
ban d6. Nhiing chi thi phan tir nay s& rat hiru ich cho nha chon giéng dau nanh (Pd Buc Tuyén
va ctv. 2017).
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Hinh 18: LOD chi ra nhiing vi tri cta locus lién quan dép LSC trén NST3 (a) Mot locus gia dinh
doi voi LSC trén NST 13 (b) quan thé F2: 3 ho dan xuat tir cap lai gitra Williams 82 x Fiskeby
11 (P& Puc Tuyén va ctv. 2017).
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Hinh 19: LOD chi ra nhitng vi tri cua locus lién quan dén LSS, CCR, LSC, LCC trén NST3
trong quan thé F2:3 dan xuat tir to hop lai gitra Williams 82 x Fiskeby 111 (D6 Puc Tuyén va
ctv. 2017).
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Hinh 20: Dong héa trén co sé ban d6 gen Ncl va thé hién gen chdng chiu man. (a) Fine mapping
gen Ncl & ving co kich thudc 16.6-kp giita chi thi SSR25.8 va CAPS42.4 trén NST 3. (b) Thé
hién gen Ncl qua phan tich semi-quantitative RT-PCR trong ré, xtr Iy & ngay 1 va ngay 3 sau khi
cho 100 mM va 0 mM (Control) NaCl diéu kién thay canh. Gen actin dugc ding lam déi ching
(D4 Buc Tuyén va ctv. 2016).

DI TRUYEN TINH CHONG CHIU NGAP

Tara T. VanToai va ctv. (2001) thuc hién cong trinh nghién ciu giéng dau twong chiu ngap
(water logging) khi luan canh trén dat tréng lia — nhu déng bang séng Ctru Long, do tuy triéu 1én
xudng, do mua nhiéu, v.v...

Quan thé can giao tai to hop RILs véi 208 dong con lai tir to hop lai gitra gibng Archer x Minsoy
va Archer x Noir I, cho ngap 2 tuén lién tuc khi cay ¢ giai doan trd bong. Déi chang la cay
khong ngap nudc. Dia diém thi nghiém tai Columbus, Ohio, nim 1997, 1998; dia diém Wooster,
Ohio nim 1998. Mot QTL di duge xac dinh lién két véi chi thi phan tir Sat_064; ngudn cho gen
khang Ia Archer két hop véi cai tién tang truong (11-18%) va ning suit (47-180%) trong diéu
kién ngap nuéc. QTL c6 muc do tin cay cao (p = 0.02 — 0.000001) trén ca hai quan thé RILS tai
Columbus (1997-1998) nhung khong tai Wooster 1998. QTL Sat 064 1a doc nhat lién két chat
ché véi gen Rps4 khang ddi vaoi Phytophthora (Phytopththora sojae M.J. Kaufmann va J.W.
Gerdemenn). Tuy nhién, Archer khong c6 alen khang Rps4, cho nén né khdng phai la QTL



khing bénh. Cac dong NILs (near-isogenic lines) cd va khdng co chi thi Sat_064 da dugc phat
trién va duoc trac nghi¢n tinh chong chiu ngap trén dong ruong, nham khang dinh su phoi hop
cua QTL nay vai tinh chong chiu ngap cua cay dau nanh (Van Toai va ctv. 2001).

Table 1. Average responses of the three parents, check line and the two RI populations to flooding and control treatments at three envi-
ronments.

Maturity Early height Late height
Variety C097 CO098 Mean CO097 COY8 WO98 Mean CO97 CO98 WO98 Mean CO97 CO98 WO9Y8 Mean
— d after July 31 — am cm g plot™!
Flooded
Archer 34 41 37 26 26 25 26 39 60 56 52 95 165 126 129
Minsoy 22 32 27 22 27 25 25 25 42 45 38 5 67 103 61
Noir 1 19 26 22 28 29 28 28 35 51 54 47 11 53 70 52
Archer X Minsoy 36 40 38 21 25 25 24 31 51 55 35 42 17 98 86
Archer X Noir 1 33 39 36 24 26 25 25 36 57 58 50 42 89 113 81
1A2007 38 45 41 20 27 25 24 30 66 62 51 48 224 157 114
LSDys 2 2 6 2 2 1 1 4 5 H 4 17 45 22 19
Control
Archer 40 39 39 33 31 27 30 [13 9 68 71 537 453 346 413
Minsoy 26 26 26 30 31 27 29 39 46 55 45 110 235 241 248
Noir 1 27 28 28 39 33 30 33 55 69 60 61 316 337 302 334
Archer X Minsoy 43 40 42 29 29 27 28 57 75 63 65 338 403 327 350
Archer X Noir 1 39 39 39 32 29 22 28 68 78 68 71 496 430 340 422
T1A2007 51 47 49 27 27 27 28 66 72 il 71 616 406 458 495
LSDys 1 1 5 3 2 2 2 7 [ 8 5 83 71 40 42
TaBLE 1: QTL identification of waterlogging tolerance in different crops.
TLfchromosome
Species QrL/ Marker used Method References
MNo./genes

Rice (Oryza sativa L.) Subl (Ch. 9) S5R MAS [89]

Barley (Hordewm vulgare L.) Qwitd-1 SSR MAS [70]

Barley (Hordewm vulgare L.) iy2.1-1, ffvl.1-2, §fy1.2-1 RFLP MAS [70]

. y1.1-3, Hsur-2 tfsur-1,

Barley (Hordewm vulgare L.) §11-1, fmas, §52.1-2 DAIT MAS [70]

Malze (Zea mays L) Ch.4,9 S5R CIM [71]

Malze (Zea mays L) Ch.1-3,6,7,and Ch. 10 55R CIM [71]

Soybean [Glycine max (L) Merr.] Rps SSR SMA [72]

Soybean [Glycine max (L.} Merr.] Rps S5R CIM [73]

"SMA: Single marker analysis, "CIM: Composite interval mapping, *MAS: Marker assisted selection
Tong quan caa Ahmed va ctv. (2013) thé hién trong bang, véi cay laa nuée, cao luong, lua
mach, bap va dau nanh.

Bhatia va ctv. (2014) liét k& cac ngudn vat liéu cung cip gen chdng chiu ngap, kiéu “water-
logging”, 1a JS 95 60, JS 97 52, Bhatt, Cat 3299 and JS 93 05.

Cornelious va ctv. (2005) di phan tich ban dd QTL tinh trang chdng chiu ngép: trén hai quan thé
RILS (Fe:11), (quan thé 1) 103 dong thudc A5403 x Archer; (quan thé 2) 67 dong thuoc P9641 x
Archer. Xir ly ngap nudc trén dong rudng nam 2001, 2002, va 2003. Hé s di truyén nghia
rong cua tinh trang chong chiu ngap 1a 0.59 cho quan thé 1 va 0.43 cho quan thé 2. Sir dung
912 chi thi SSRs dé do tim céc ving tng cu vién gen chéng chiu ngap. Markers from the
candidate regions were used to genotype the RILs in both populations. Ca hai phan tich SMA
(single marker analysis) va CIM (composite interval mapping) da xac dinh dugc QTL muc
tiéu. Mudi bau chi thi trong quan thé 1 va 15 trong quan thé 2 biéu thi lién két c6 ¥ nghia véi
QTLs (p <0.0001). Trong két qua phan tich SMA, nhiéu markers lién két véi cac gen Rps lién
quan dén tinh khang Phytophthora sojae Kaufmann and Gerdemann. Nam markers, Satt599
trén linkage group [LG] LG Al, Satt160, Satt269, va Satt252 trén LG F, va Satt485 trén LG N



(p <0.0001). Trong két qua phéan tich CIM, mot QTL tinh chong chiu ngap lién két rat gan véi
Satt385 trén LG Al, quan thé 1, naim 2003. QTL nay giai thich dugc 10% bién thién kiéu hinh
va alen nay lam tang tinh chdng chiu ngap tor nguon gidng Archer. Trong quan thé 2, nim
2002, mot QTL chdng chiu ngap dinh vi gan marker Satt269 trén LG - F. QTL nay giai thich
dugc 16% bién thién kiéu hinh va alen ay lam ting tinh chng chiu ngap c6 ngudn gbc tir
gidng dau nanh Archer (Cornelious va ctv. 2005).

Céc tinh trang ndng hoc lién quan véi tinh chdng chiu ngap dwoc phan tich boi Ara va ctv.
(2015), tai Bangladesh [Table 1]. O Viét Nam, giéng Nam Vang, Palmetto dwgc xem la ngudn
cung cap gen chdng chiu ngap (unpubl. data).

Table 1. Number of pods plant” and number of seeds pod” of four selected soybean
genotypes as affected by waterlogging
Genotypes Number of pods plant”’ Number of seeds pod™’
Control | Flooeding at | Flooding at | Contrel | Fleoding at | Flooding at
R1 stage R4 stage R1 stage R4 stage

AGS 313 28 46 25.86 24.13 1.86 152 1.34
{90.88) (84.78) (81.72) (72.04)

G 00351 20.53 17.06 1293 1.73 1.32 1.15
(83.09) (62.98) (76.30) (66.47)

BD Soybean 4 8586 G5.66 §3.35 1.99 1.46 1.29
(76.47) (62.21) (73.33) (64.82)

G 00197 5328 34.86 25.25 1.88 1.22 112
(85.45) (47.40) (64.45) (59.25)

L3D jnos 855 0.3z

CV (%) 13.20 11.42

Values in paremhesis indicates per cent of control




DI TRUYEN TiNH CHONG CHIU KHO HAN

Cong trinh cha Prince va ctv. (2015) cho thiy: Stress khd han gay that thoét ning né ning suat
cay c6 dau, vi du nhu d¢au nanh [Glycine max (L.) Merr]. Rat it dong dau nanh dugc xac nhan cé
tinh chdng chiu khd héo (canopy-wilting tolerant); tuy nhién, co ché phan tir caa ching lién quan
dén tinh chdng chiu ndy van chua dugc biét rd rang. Dé hiéu dugc toan bo tién trinh sinh hoc
nhu vay, ngudi ta tién hanh phan tich “transcriptome” cua toan hé gen tai mo 14 caa hai dong
dau nanh twong nghich nhau: dong nhiém khé han (DS) la Pana va dong chéng chiu khd han
(DT) 1a P1 567690. So sanh theo kiéu “pairwise” dong DS va dong DT trong diéu kién xt Iy kho
han va diéu kién binh thuong, ngudi ta phat hién ra 1914 gen va 670 gen c6 kha ning thy doi gap
hai 1an khi biéu hién tinh chdng chiu trong nghiém thic khd han. So sanh “pairwise” va phan
tich 6 phong phu cua céc gen cua dong DT cho thiy chiing diéu tiét theo kiéu “down” phdi hop
véi két gan protein, két gan voi hoat dong cuia hydrolase, co ché bién dudng carbohydrate / lipid,
enzyme: xyloglucan endo-transglycosylases lién qun dén thanh té bao, apoplast, va protein két
gan vai diép luc té a/b. Mt khac, cac gen lién quan dén phan ung stress phi sinh hoc, két gin véi
ion va van chuyen ion, tién trinh & xi hoa — khir nhu vay va hoat dong van chuyén ion dugc dleu
tiét theo kiéu “up”. Phén tich d6 phong phl cua gen (gene enrichment analysis) cho thay rang
gen ma héa UDP glucuronosyl transferase thé hién hét sirc khac biét vai nhau trong giong dau
nanh PI 567690 dudi diéu kién nghiém thac xir Iy kho han. Cac nha nghién ciru di tim thaybién
thién cua chi thi SNPs trong ho gen “aquaporin” cia dong DT dugc bao ton trong nhiing dong
dau nanh cé mic héo ra thap, day 1a co so dé thuc hién chon gidng dau nanh nho chi thi phan ti
nham cai tién tinh chdng chiu kho han (Prince va ctv. 2015).

Up-regulated genes

multicelfular
% organismal pracess

reproduction
2%
cellular Down-regulated genes
component
organization or

biogenesis

i system
organismal process. 2% process

localizatlon. 2% -\_—r-‘ 1%
6%

multi-organism
process
3%

devef'gémental
process
5%

reproduction
2%

cellular component,
organizationor
biogenesis
3%

developmental
process
3%



Hinh 2: Cac tién trinh sinh hoc cua gen DE (up and down regulated) khi bi stress kho han cua
giong dau narJh Pana (DS) RNA-seq dataset. Gi& tri cua moi chuc nang sinh hoc thé hién ty 1€
gen DE trén tong so gen doi voi tirng chire nang (Prince va ctv. 2015).
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Hiph 3: Céc tién trinh sinh hoc cia gen DE (up and down regulated) khi bi stress kho han cua
giong dau nanh P1567690 (DT) RNA-seq dataset. Gia tri cuia moi chire nang sinh hoc the hién ty
Ié gen DE trén tong so6 gen doi vai tirng chire nang (Prince va ctv. 2015).
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Hinh 4: Cac tién trinh sinh hoc cua gen DE (up and down regulated) khi bi stress khd han cua
gidng dau nanh Pana va P1567690 (so sanh véi nhau) vé RNA-seq dataset. Gia tri caa mdi chirc
nang biéu thi ty 1¢ cac gen DE trén tong s6 nhom dbi véi ting chire nang (Prince va ctv. 2015).

Ho thay rang “aquaporins” (nudc va glycerol transporters), protein két gan vai diép luc té a/b va
TFs (FWL & YABBY) la nhiing tng cu vién day tiém ning cai tién tinh chéng chiu su héo ra
(canopy-wilting) trong diéu kién bi khd han caa cay dau nanh. Nghién ctru sdu hon cho thiy vai
tro cua nhitng protein TFs (FWL & YABBY) va cac thanh vién cua ching tuong tac véi nhau sé
cho chung ta co hoi tao gidng dau nanh cao san chong chiu kho han. Nhiing markers c6 chuc
ning duoc phat trién ¢ day vai chi thi SNPs (non-synonymous) lién quan dén aquaporins duoc
khuyén céo sir dung cho MAS (Prince va ctv. 2015).

Cong trinh ciia Weijun Du va ctv. (2012) tap trung phéan tich ban do QTL tinh trang chdng
chiu kho han trén quan thé RILs véi 184 dong F2:7:11 tur cap lai Kefengl (chdng chiu han) X
Nannong1138-2 (nhiém) trong diéu kién thi nghiém nha ludi. Tinh trang dugc xem xét gom co
LWC (leaf wilting coefficient), ELWL (excised leaf water loss) va RWC (relative water content)
nhu nhitng chi thi tinh trang thiéu nudc cua cdy dau nanh va ning suét hat. Nguoi ta quan sat 40
QTLs dé xac nhan duoc 17 QTL cho tinh trang nudc cia 14 ¢au nanh khi bi stress kho han, va 23
QTLs cho ning suét hat & nghiém thic c6 tudi va nghiém thic khd han trong nha ludi. Hai
QTLs V& ning suét cho ca hai trudng hop c6 tudi va khd han trén dong ruong, & nhom lién két
gen LG - H va - D1b,trong khi 2 QTLs vé ning suat nam trén nhom lién két LG - C2 & diéu kién
thi nghiém trong nha ludi. Nhiéu QTL dbi véi céc tinh trang c6 lién quan dén trang thai nuéc
trong cay dau nanh di duoc quan sat & ca hai diéu kién thi nghiém nha lugi va dong ruong, bao
gom 2 QTL lién quan dén LWC (leaf wilting coefficient) trén nhom lién két LG - A2 va mot
QTL lién quan dén mat nudc trén 14 ¢au nanh thudc nhom lién két LG - H. Tuwong quan kiéu hinh
cuia cac tinh trang cho thiy c6 nhiéu QTL biéu hién gen da tinh trang (pleiotropic) hoac phdi hop
theo kiéu lién két gitra cac vi tri (location-linked associations). Két qua minh chimng 1 rang co so
di truyén tinh chéng chiu khd han cua dau nanh va co sé cia MAS cho chwong trinh cai tién
gidng dau nanh cao san chiu kho han tét (Weijun Du va ctv. 2012).
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Bang: Ban d6 di truyén quan thé RIL - Mapmaker/EXP 3.0b. Ban d6 ¢6 270 chi thi SSRs da
hinh, mét chi thi SCAR, mét chi thi CAPS, hai chi thi kinh dién (I va W) va mét gen khang Rsc-7
(khang v&i SMV) tai 25 MLGs véi tong chiéu dai duoc bao phu trén toan bo genome 1a 3312 cM
(Weijun Du va ctv. 2012).

Coéng trinh caa Mian va ctv. (1998) tap trung phan tich hiéu qua sir dung nudc cua cay dau
nanh (Water Use Efficiency: WUE). Trudc d6, ho di phan 1ap duoc 4 QTLs trong quan thé con
lai F4 cua cap lai gitra "Young' x P1416937. Sau d6, ho thuc hién trén quan thé F, nham tim hiéu
tinh trang WUE QTL tir cap lai gitra 'S100' x 'Tokyo' va xac dinh ban chat caa WUE QTL théng
qua hai quan thé con lai néi trén. Sir dung chi thi RFLP dé xay dung ban d di truyén voi 142
markers va 116 “Frderived lines” cua quan thé con lai. Ban d6 phu trén 1100 cM caa genome

LG L (1) cdy dau nanh vai 120 markers lién két trong 25 LGs
(linkage groups). Hai muoi hai markers khong c6 lién

Crasip-a | két ndo. Tinh trang WUE cua b me va dong con lai
F, duoc danh gia trong nha ludi tai Athens, GA, nam

15 : 1996. Gidng dau nanh S100 cho ra 9% chat kho / don

vi nudc st dung tai Tokyo. Cac dong con lai c6 gia

QTL position, | trif WUE cao hon S100 da duogc xac dinh trong quan

AgSH e thé con lai. Hai markers doc lap két hop voi tinh

105 ! trang WUE. Khong c6 tuong tac gitra hai markers.

T kassv-1 | Mot (AO63E) cua hai markers doc lap két hop Vi

9.2 | tinh trang WUE trong quan thé con lai Young x

Ka94V-b | P1416937. Marker A489H, trong LG - L, 1a chi thi
T doc nhat d6i véi quan thé S100 x Tokyo, giai thich

0.01.02030 duoc 14% bién thién kiéu hinh tinh trang WUE. két

LOD scale qua phan tich ban dd cach quing cho thiy véi

R2value MAPMAKER/QTL la vj tri QTL kha dung nhat nam
o 01 o2 trén LG - L tai locus A489H. Gia tri LOD (likelihood
= Water use efficienc of odds score) déli v6i sy ¢6 mat cia QTL & Vi tri nay
la 3.4. Do d9, cac nha nghién ctru nay da xac dinh

dugc QTL ddi véi tinh trang WUE trén LG — L (Mian
va ctv. 1998).

Hinh 2: RFLP linkage group L (LG — L) cua quan thé S100 x Tokyo (Mian va ctv. 1998)

Cong trinh caa J.A. de Ronde va ctv. (2000): nghién ctu su tich liiy cua proline khi bi stress
khd han. Proline trong cdy dugc sinh tong hop tir glutamic acid va ornithine, nhom tac gia da
sang tao ra day antisense cua hé gen cay dau nanh véi mot gen L-11-pyrroline-5-carboxylate
reductase (ky hiéu la P5CR). Su thé hién gen nay cho két qua ham lwong proline dwoc san sinh
ra, voi viéc st dung “heat shock promoter” (IHSP) rat nhay cam. Hoat dong cua IHSP lam bat
hoat gen P5CR, 1am cho sinh tong hop protein bi giam theo. Cay dau nanh “antisense” cho ching
ta kién thirc moi vé twong quan giita ham luong proline, stress khd han va stress &p suat tham
th4u. Stress do mannitol & 32 and 42 °C 1am ting cudng su tich lity proline trong cay ddi ching,
tréi lai, 1am giam dang ké proline trong cdy chuyén nap gen. Su tich liiy ham lwong proline 1a
minh chiing bd sung trong khi bi stress ap suat tham thau va thé hién kha ning dap Gng cua cay.



Gen P5CR ma hoa proline ham lugng proline giam theo Su tang nhiét d6 vi promoter nhay cam
véi sbe nhiét va viéc thiét ké “antisense” trong nhirng cay bién nap (de Ronde va ctv. 2000).
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Hinh 4: Anh huong cua nhiét do va kho han trén sy tong hop proline, mod ta thao tac cua IHSP
trén cay T1 transformants. Ca nhiing cdy transformants va cay ddi chimg duoc cho vao nghiém
thirc stress kho han va nhiét ¢ 40°C (de Ronde va ctv. 2000).

Co6ng trinh caa Wang va ctv. (2018): Ho gen LEA (late embryonic abundant) c6 trong phoi cac
loai thyuc vat bac cao, cd nhiém vu bao vé phdi tranh khoi t6 thuong do stress phi sinh hoc, dic
biét 1a khé han va man. Theo nghién ctu nay, gen GmLEA2-1 duong dong hoa (cloned) tur 1a
cay dau nanh thdng qua xir Iy 10% polyethylene glycol 6000 (PEG6000). Két qua chay pRT-
PCR (quantitative real-time PCR) cho thiy sy thé hién pho gen GmLEA2-1 & nhitng md khéc
nhau (ré, than, 14, bong, qua dau, phdi non va phdi truéng thanh). Gen GmLEA2-1 ¢6 muc do
ddng dang vé trinh tu gen kha thap véi cac gen dién hinh LEA trong cling mot nhdm tir nhiéu loai
thuc vat khac nhau, nhung déu cé nhitng chirc nang rat gibng nhau. Sy thé hién manh mé gen
GmLEA2-1 trong cay Arabidopsis thaliana chuyén nap gen, cho thay tinh chdng chiu véi kho
han va man cua ching. Khéi lugng sinh khéi twoi va kho cua cay non, chiéu dai ré chinh va mat
sb ré ngang cua cdy bién nap gen Arabidopsis déu cao hon ciy Arabidopsis nguyén thay (WT)
dudi diéu kién bi stress khd han va man. Céc nguyén té Cis-acting trong promoter cia gen
GMLEA2-1 ciing duge xac dinh. S6 lieu nay chiang minh rang protein GmLEA2-1 ¢6 vai trd
quan trong trong tinh chdng chiu man va khd han cua cy tréng (Wang va ctv. 2018).

Xem https://www.ncbi.nlm.nih.gov/pubmed/30257578

Coéng trinh caa Khan va ctv. (2018): RTM-GWAS da xac dinh 111 DT QTLs, 262 alleles voi
tan suit cao QEI va bién di di truyén dat 88.55-95.92% PV trong quan thé NAM, tir d6, ngudi ta
xay dung cac ma tran QTL-allele va nhiing gen tng cir vién da dugc cha thich. Chong chiu kho
han (DT) la mot nhiing thach thirc 16n nhét cua nha chon gidng dau nanh. Quan thé NAM
(nested association mapping: ban do ph0| hop 16ng ghép) vai tong sé 403 dong dau nanh phat
Xuit tr quan thé can giao tai t6 hop (RIL) cua cap lai: M8206 x TongShan va
ZhengYang x M8206 dugc tric nghiém tinh trang chiu han véi nghiém thac xir 1y bing
polyethylene-glycol (PEG) trong vu dau mia xuan va mua hé. Quan thé nay duoc chay trinh tu
DNA véi ky thuat “restriction-site-associated DNA sequencing” (viét tit 12 RAD-seq), cho sang


https://www.ncbi.nlm.nih.gov/pubmed/30257578

loc v6i phan mém “minor allele frequency” (MAF) > 0.01, cd tat ca 55.936 chi thi SNPs duoc
ghi nhan va duoc té chuc thanh 6137 SNP LD blocks (linkage disequilibrium blocks: viét tit 1a
SNPLDBs). Nghién ctru da loci v6i hai giai doan c6 han ché theo kiéu “genome-wide
association” (viét tat 1a RTM-GWAS) di xéac dinh duoc 73 QTLs véi 174 alen; va 38 QTLs Vi
88 alen dong gop cho anh hudng chinh thic 1a 40,43 va 26.11% ddi véi phuong sai kiéu hinh
(PV) va tuong tac gitta QTL véi méi truong (QEI). Két qua ghi nhan 24.64 va 10.35% ddi voi
phuong sai kiéu hinh cho tinh trang RRL (relative root length) va RSL (relative shoot length),
theo thtr ty. Tinh trang chéng chiu khd han dugc xac dinh 1a c6 ty 1& QEI bién thién manh mg
(37.52-41.65%), cong thém bién thién di truyén 13 46.90-58.40% trong phuong sai kiéu hinh
88.55-95.92%. Nhitng QTLs-alen dwoc xem xét dudi hai khia canh: anh huong chinh va anh
huong QEI theo ma tran “QTL-allele”, két qua hién thi duoc klen trac di truyen va QEI cua 3
gidng bb me va con lai trong quan thé NAM. Tir nhitng ma tran 4y, gidng tt nhat c6 thé duoc du
doan sé& c0 gia tri trung binh hon han hai chi thj (indicators) (WAV) ¢ gia tri 1,873, trong khi cap
lai “top ten” gitta nhirng dong RILs nay dat thir hang 95 “percentile WAV” véi gia tri 1,098-
1,132, vuot trdi so véi trung binh cua bé me (0,651-0,773), nhung thap hon gia tri 1,873. Diéu
nay cho thdy tiém ning cua thao téc chdong gen (quy tu gen) voi thuat ngit qudc té la
“pyramiding” . Tir nhitng ma tran nai trén, c6 134 gen tng cur vién da duoc chd thich (annotated)
thong qua 9 tién trinh sinh hoc. Pay 1a phuong phép tiép can méi phuc vu chon giéng & muc do
phan tir trén co so “QTL-allele-based genomic selection” dé c6 nhiing dong dugc chon uu viét
nhu mong mudn (Khan va ctv. 2018).

Xem https://www.ncbi.nlm.nih.gov/pubmed/29980855
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Hinh 2: Anh huong cua alen tac dong QTLSs tinh trang chdng chiu khé han (DT) ddi vai chiéu
dai ré twong ddi RRL (a), chiéu dai choi than twong d6i RSL (b) cta quan thé dau nanh NAM.
Mau do va xanh chi ra nhitng QTL khac nhau. M&i thanh dic trung cho mot alen trén mot QTL
Véi anh hudng am tinh va duong tinh. C6 78 QTL vdéi 174 alen cho tinh trang RRL va 38 QTL
vai 88 alen cho tinh trang RSL (Khan va ctv. 2018)


https://www.ncbi.nlm.nih.gov/pubmed/29980855
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Hinh 3: “QTL-allele matrices” cua tinh trang RRL va RSL trong quan thé dau nanh NAM. (a)
QTL-allele matrix cua RRL. (b) QTL-allele matrix cua of RSL. ¢ Upper part (9 QTLs) cua a voi
9 markers va sb té bao chua alen cua ching. Truc X cua moi ma tran biéu thi cho gia tri tinh
trang ctia dong dau nanh, mau do thudc vé MT va mau xanh thudc vé ZM. Tryc Y biéu thi QTLs
cua tinh trang c6 anh hudng tac dong caa alen biéu hién trong té bao nhuom mau, “mau néng” la
nhitng “positive alleles”, “mau lanh” Ia nhitng “negative alleles”, ¢4 sau cua mau sac cho thay
mtc d6 tac dong bai alen. Tén QTL/marker bi bo s6t trong muc a, b do gigi han vé khdng gian.
Noi dung ¢, phan trén cua a voi cac té bao chira alen dugc nai rong dé trinh bay tén cac marker
cho thay su phan bé caa nhiing alen trong cac dong dau nanh (Khan va ctv. 2018).



