W) 1o A5 0 AR 4 2013 ,14(2) :232-236

Journal of Plant Genetic Resources

T oAtk 52 e i il B 28 ) £

AR xR AR, B R TRk AR
(OB IR 2B, 1 5 R 5 83005252l AR Ml B 2 B M R 2 B ST/ AR 0 4y T8 A LK TR 5090 %, b BT 100081)

HE.TIAYMERALE PN ISR ZZI - B3I FRATAAKXRKBLETFRETH = FHR MK, I&ﬁ%—ia‘hﬁa
EFRBEFEGTY ZERAREFHAG LI, # F 38 A QTL(Quantitative trait locus) 49 £ 4 A4 2 F & AR T #7 69 pLid
ko AR AECKPEG A FEM QTL Ak b ik IAn X 49 18 /\ziéﬁx#ﬂaxzfﬁff%;frﬂzumﬁfr\ RAARFFT24HER
BRAWMGFMR, R AW Lok 2 5088, T 55K 04042458 i GGT32( Graphical GenoTypes) B
T R B 54 SSR 4% 8, #F 3 umc2217 ,umc2029 , phi099 \umc1213 e phi022 i 5 AN HiARR TR kA F L2 E A a R
MR R I 4% R phi022 Fo umce2217 M X B R EKP A5 EF AR £, B, X JUA E AR RACT AR T A8 B A
WE o FAR B, M LA LG AL 2 FE R R I RAR LRI TR,

KEI: K ;A F;SSR ART; o T AR T B it

An Initial Analysis of Functional Marker-Assisted Selection with
Drought Tolerance in Maize

LIU Si-si"?, LIU Ling-ling’, XU Kan®, SHI Qing-hua', ZHANG Shi-huang’, HAO Zhuan-fang’
(" College of Agronomy, Xinjiang Agricultural University , Urumgi 830052 ;” Institute of Crop Sciences/National
Engineer Laboratory of Crop Molecular Breeding, Chinese Academy of Agricultural Sciences, Beijing 100081)

Abstract; Drought is one of the main factors affecting maize production and development of new cultivars with
high yield stability under water stress is a major breeding objective. With the enrichment of bioinformatics databases
and development of genomic technology, progress on identification of the consensus drought-tolerant QTLs provides
new approaches and prospects for molecular breeding of drought tolerance in maize. According to our previous
study, some important constitutive and adaptive QTLs using meta-analysis were identified to find specific genes and
their families for speculating on drought tolerance networks. The objective of this study was on the basis of excava-
ted drought-tolerant universal QTLs,selecting 18 linked markers to develop and verify the drought tolerance in 24
different germplasms. The results were as follows: (1) 42 polymorphism sites and a mean polymorphism informa-
tion content of 0.4245 were detected, with a range of 0. 0799 to 0.7170. (2) By GGT32 analysis, 5 linked mark-
ers including umc2217, umc2029, phi099, umcl213, and phi022 showed significant variations among different
germplasms, which might be initially used to identify different drought-tolerant materials. (3) Using the analysis of
chi-square test, linked markers phi022 and umc2217 had reached significant levels, which might be closely related
to sites of drought tolerance. Therefore, these linked markers can not only be for the corresponding groups of
drought-resistant marker-assisted selection, but also lay the foundation for future marker-assisted selection and
drought resistance gene cloning

Key words: Zea mays L. ; drought tolerance; simple sequence repeats; molecular marker assisted selection

Y75 B #A:2012-03-13 & E H #A:2012-05-16 ] & 2 KR B #A:2013-01-30
URL: http : //www. enki. net/kems/detail/11.4996. S.20130130. 1616. 004. html
ELWA :HE SRS KRR (863 115]) 35 H (2011AA100501 )
EE B M EUR LS A . WS TT ): EOKTH B0 FA Y% . E-mail: liusisi. 5945@ 163. com
WAEVEE AR B, E-mail : ADA5233@ 163. com; %455, FIWF 5T 51 o E-mail: haozhuanfang@ yahoo. com. cn



2 4

0B A - T KT 5 T R O B 3t 3 0 4R

233

EREM ARG~ RREED . HE2KE
WOl TR SR A R RN P K R A BB 2 B R SR
MR ZE T | K A 77 R MR B3 . SR, sk
SAEAR G 5 K AR T 0 R e AR R R R
R A A ™ R SR AR T R
R E K2 20% ~30% , TR 0K BRI E oK
R BRI N R RS G R
ARAENEY) 845 el R 7 T RS 7 e 2 et , (0 il T
by 5% PRI S ) B TR PR AR IR R IR K, B
AEE 2 Y AT B KR A X B R w5k o R I
2H A7 RN AE AR B2 0 OB i 9T R I R oK A
FRid B AT, M S VAU R AL o T B R
RIER EH @R 2P E R M, Ca il
KE MR EE R

Oy TR B 2 I K R AR HE T 43 F AR IC Y BERT
R e 5 8t A 1 A R0 0 b, R K S R
PERASC G QTL, [Rl B A2 #F T MAS ( Marker-assis-
ted selection) 7F £ i MR BE B L9 1 . MAS 2
kA5 H bR PR R % & B DNA 43 Arid %t
H bs PR 2 A7 8] B2 26 6 10 BUAR Rl B R, wT D fil
B OFhGTC T I R R A AR 08 A8 R 95 B R Y
AR AL, T 2 24 2 R R o | ) T A
PREn e B %, . Bernier 251 48 1 QTL % R ¢
AN B R R R B v B = A MR FR @I T QTL 78
MAS | Ji; H B 9 A~ J B 3R 5 A, 56 iE T 5 5k
FAE LR N TF & AT 80 b T 43 IROE . PRtk
—F0PE QTL A1 L 7k 7 1 55 IR J2 ik e 5 B 75 o 1) —
FiA &k AR . BRAE , N QTL AR I 21 3 1 b 30 4l 1
$E(MAS) 19 B2 107 1 491 - #5464 0E |, T oK & 961 48

x1 4HBRERBXERRERE

2k 1 I+ SSR #Ric sat309 [N FH A1 Fhbl 3[R % 810y
O FRRACH T3 85 /N 22 X R B 0 R BT s
J. Bernier 25" 4R 8 , 3 3 4 7 b 10 4 B 6 X 9 A
e i PR A5 BCR MR AT g2, 1 X R E
P ARG AR B0 B R .

ABEFARYE Z. F. Hao 25 ST 45 3R, it 5
i 57 5 %% Y SSR bR, IF 45 A H [A) B vk g
S U6 UEAE AN [F) b ST S5 R AR A TR R R e &
KR 540 T b 10 il B e 5 R R (A S A

1 #Mel5FE®

30 A A
e 24 i A 32 &, D9 oK PRA [) | i 40 F 5 3k W)
MR R EFHNERTHAZLR(ERD) ., K
Fi, B A8 & 57 319, 5 21, X178,7922 ., i1 3053
52106 “F % E NPT H AL F s HL R K 917K 46
FILT oK 5 4 e o AU R R, MR AR ¢
¥ B W 5T LA, 2 B 18 X 5 T A O& 1Y SSR
Sl (F2)" T PCR Y. B4 Ik 5T BB g
A R BR 2SRl
1.2 SSR #RiE 4 #7

K H M. A. Saghai-Maroof a=l00 b i CTAB )5
ZFE DNA, R CTAB ikl 4 JF 4l {5 DNA,
i} Thermo NANO DROP 2000 %4356 56 18 146l DNA
R A, IR B 58— 250 ng/ wLas H o

PCR §"8 J2 i S AR ARy 20 pl, Hop (4 . 1 x
Taq buffer 0. 2 mmol/L dNTP mixture 0. 25 pmol/L
SSR 5]#7.0.5 U Tag DNA [ F1 100 ng DNA #E47 ,
F R W B R AR AR AR (dE5t) A RRA A

1.1

Table 1 Maize inbred lines and their pedigrees used in the study

%= RN R AR %= A% % ESLE IS

Code Inbred line Origin/pedigree Code Inbred line Origin/pedigree

1 3% 319 SeHE APl 78599 E & 13 FI 598 (340 x JF#5 11) x (J}#E 02 x599)
2 521 5 [E 4 22 Fh 78599 14 CA339 Pool 33 QPM

3 X178 5 [E 42 22 Fh 78599 15 H49 & 344 x K& 138 (R iEAE
4 B73 BSSSCS5 16 T 842 # 63 x Mol7

5 #% 12 Mol7 2 K & 17 7 46 K46 35 22C 4 11 L h
6 477 A1 A4 38 Rl HCTT77 18 53 B 2C, -2

7 i1 3053 (3L 5003 x B68) /%% 7922 19 7 91 Kk

8 5213 Mol7 2t B & 20 81162 525 x ff% 107

9 52106 K& 4> 525 x #i 107/106 21 %5 by A

10 i 495 Mol7 x L105/Mol7 22 BUP44 BUP44

11 7922 M [ J4 52 3382 4y B 23 LLEK ISR S

12 17 17 24 #B 30 20 x 7 478

1~ 12 R AXE;13 ~24 . RHUZ AL Z

1 - 12 is drought-resistant inbred lines;13 —24 is drought-sensitive inbred lines
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Table 2 Polymorphism sites and PIC values for SSR loci found in 24 maize inbred lines and possible co-locating candidate

for drought tolerance using 18 pairs of primers

aooq e o b e -
code primer sequence Bin No. polymorphism sites ~ PIC value Consensus QT Gene name Definition

1 phi022 GTGC 9.03 3 0.6215 DCQ34 Wxl Granule bound starch synthase/Wax1
2 phi027 GCGCT 9.03 3 0.3299 DCQ34 Wxl Granule bound starch synthase/Waxl
3 phi034 CCT 7.02 2 0.3297 DCQ26 cypb Cytochrome P450

4 phi036 AG 3.04 2 0.4688

5 phi099 AC 3.04 2 0.4764

6 phil09275  AGCT 1.03 3 0.6616 DCQI Hsp26 Heat shock protein26

7 phi339017 AGG 1.03 2 0.1653

8 umcl289  (TCG)S5 8.03 2 0.3750 WCQ26 SOD3¢ Superoxide dismutase3c

9 umcl388 (CGC)4 6.05 2 0.4444 DCQ26 espl Embryo specific proteinl

10 umcl415  (GAC)10 8.03 2 0.4959 WCQ26 SOD3¢ Superoxide dismutase3c

11 umecl865 (GAG)6 7.03 2 0.4688 wWCQ24 psy3 Phytoene synthase

12 umc2029  (AGA)S 1.08 2 0.4965 DCQ4;WCQ4 cpn2 Chaperonin2

13 umc2040  (CGC)4 6.05 2 0.0799 DCQ26 espl Embryo specific proteinl

14 umc2213 (AT)6 9.02 2 0.4965 DCQ34 bafl Barren stalk fastigiatel

15 umc2217 (TG)6 1.04 3 0.6424 WwCQ2 SOD4 Superoxide dismutase4

16 umc2368  (GCT)4 7.05 2 0.2188 DCQ28;WCQ25  SOD2 Superoxide dismutase2

17 umc2400  (AGA)4 5.03 2 0.1528 WCQ18 bipl Binding protein homologl

18 bnlgl094  AG(21) 7.02 4 0.7170 DCQ26 cypb Cytochrome P450

PCR Jz i F2 JF : 94 C Bifx DNA A8 P B,

5 min,1 PMPEH ;94 C L Hx DNA 25 4% 30 s,55 ~ F A GGT32( Graphical CenoTypes) K] 7~ 3 R A
60 C (M5 ¥ E ) 5B ARHE AL s 255 30 5,72 C BRAESMHT SSR RS A B I A Y 5 D g
IV BN RE AR 30 s, 4k 35 ANERR T 72 °C SEAif I S5 0L Bl PR A8 55 FUBIAE (1= 1) A i 25 155 00 Bk 47 22
10 min, [ % 4 CHL . 43 PCR W 7E C1000™ S S PRSI, LA D7 000 55 AT A ) 8 A I
thermal cycler (Bio-RAD, USA) [ i#47. LI PBR322 ZIKSEH 0.05,

Fr B 73 i Marker, 3R ] DYCZ - 30 4 L 3k (L

SN —AXER b st HEAT 8% Y IR VN M T M BE i 2 mRI O
VK TEAE 22 T % 30 w HL Pk 60 min, §% M CIMMYT 2.1 SSR#RiETHT

(International Maize and Wheat Improvement Center ) FIFH 18 XF SSR 5| ¥ %F 24 4> B 22 & 347 [5) I A7
B AE R AR D AR e R e PR AR E . X 18 XF SSR B A AEE K 1,
1.3 HESH 5.6.7 F9 Geta ik I 7E 24 fy F 22 & (A A I i 42

Siit SSR I 4 ik RIS - Wik A AL, BRI E] 2 ~4 2 EMEA S
S5 BERE LAEM RS RALE A I 1, B e SR BRI E] 2. 28 SRS, B SSR
R0, 88 R 9, LA B EL XS 241 ( simple matching B S Z 85 Bt (PIC) ££ 0.0799 ~0.7170 Z i),
coefficient) TFE B AZ A REL GS =m/(m +n) , H  F10.4245, b 5 9 bnlgl094 {3 5 ) PIC B KK
tom LR R SRR 0 HEFAHEE T . 0.7170,umc2040 {3 45 1 PIC £/ 0.0799 (% 2) .
% UPGMA J5 ¥ ( Unweight Pair Group Method Using 2.2 BETRBRSH
Aritheic Average) , 5K il NTSYS-pe 2. 1 & fFxf 24 4> FIF 42 A Z B HERR DTS 24 A A28 R Z 1Y
HAZRTRESH" . B SSRAEMED  mAEMUERE(CS) ., THHEH0.02~0.85,F %%
‘l‘i{ﬁlmg(polymorphlsm information content, PIC) % 0.5738, 9 17 Fil 5213 = |a] 1 3 1% 40 0L 1 &% K
AR PIC =1 - S € FHH" Hd £ o8 i SR (6S=0.85) 35 FIZR 46 2 il B 18 15 AR L2k B/
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(68=0.32),
2.3 fFAKRMNEERB ST

S5 HE B3 Hr , ) R 4G D ABOUT RS 36, R
It S8 A7 BE DU R ) AR R, R B 0.05, 3R
3 16 13 A2 R MR 77 0B 1 B0, 2% rbml 0] B
Hi, SSR R phi022 Fll ume2217 {37 55, 3k F] b 2 7k

®3 SSRIFIEEHEMEREBTRLRFFHNE

Table 3 The situation of SSR marker allele and chi-square test

L U B AL S R D) M OG . 8 g GGT32
( Graphical GenoTypes) [& 7~ 3 K B %544 /3 B SSR ik
SLomE 1 AT LA B, ume2217 , ume2029 | phi099 |
umc2213 I phi022 3% 5 X% 5| Y 7EHL I HUR A 22
) 22 5 W35, a] LU AR R) 20 45 5 K i 54, e mT
REH T 0 FhRic i B e 9%

519 g5 SSR 514 [l 1% 57 X2 EIE/E 55 SSR 514 & 5% 7 1 X2
Priwer code SSR primer Bin No. X2 test Priwer code SSR primer Bin No. X2 test
1 phi022 9.03 5.333 10 umel415 8.03 0.547
2 phi027 9.03 0.333 1 umc1865 7.03 0.267
3 phi034 7.02 0.333 12 ume2029 1.08 2.400
4 phi036 3.04 0.267 13 ume2040 6.05 0.005
5 phi099 3.04 1.886 14 ume2213 9.02 2.250
6 phil09275 1.03 0.268 15 ume2217 1.04 8. 000
7 phi339017 1.03 0.435 16 ume2368 7.05 0.571
8 ume1289 8.03 0.333 17 ume2400 5.03 0.571
9 ume1388 6.05 0.267 18 bnlg1094 7.02 0.510

umc2217(B1.04)-155 1.0 g QR s s == - T5isoois umc2217(B1.04)-160 10.0-====7=77 - RTETTTEE

i e

i | e

umc2029(B1.08)-150 2.0 B f---BE-------- I umemomios-1a7200 - -BEECC-BRRREREC
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At the left and right of M are 8 drought-tolerant and 8 drought-sensitive inbred lines, respectively. Among them,

the introgression segments are marked with red bars for each line, which represent the corresponding inbred line with SSR markers showed on the left.
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Fig.1 Analysis of graphical genotypes for maize inbred line
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MM e BN 3R 2 v, — LB E E i BRI © 2w
UERH 5 iX 28—k QTL AHSC, I Wa JEPH, AL T &
KO Z YA K (9.03) % AL E S — Bk QTL Ny
DCQ34, 5 HAH 5 /Y % BiAR i & phi022 Fl phi027,
Woe i [A] G £t JOURE 45 5 20 € 3 45 )l ( GBSSI, gran-
ule bound starch synthase) , 3= % 5 ] & K i FL Fn 46

3 0 ELBE VE R G, DA R R i e b I B B AR
R 2 T A T R A L AR R I8
ST AR BT Tk W JE R MR B 2T, SoD
(Superoxide dismutase ) JJy 48 %&b ¥y 5 Ak B , 2 5 4
PIHLASTEA R B 2 — . EKEDFIE
RERPYAE DY, L, T ff £ oK SOD K [W] T fifg X %% &
AR RITF A A B L, £ K SOD {7 4
Ffvle] A, 0 A 2 B OAEAE T 40 M Bt (SOD2 Al
SOD4) 1 Fh 7R Sk b (SOD1L) 1 R A AE T 4%
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ik (SOD3) ", 22 g 3 Fl SOD4  SOD2 Al
SOD3c [] T 3 K 43 5 43 T 1.7 Fl 8 S YL o fk , i%
o7 Bl B 9 — B0bE QTL S WCQ2 . DCQ28 \ WCQ25
M WCQ26, 5 M A & 19 3% B b5 id 8 umc2217
umc2368 Hl umcl289,

3 i

FEHAG NI, EL2 KA LA 52 EE LW
QTL, H —U6 3% fi 5 ic & £ 1 T Mo N 3% 48 W1 32
R BN, ES QTL & M R e HE T
Xof — T BIL 0 PR . SR, F I A DGk
AR 38 1 351G 3 DR R 15 B0 85 22 1) ) A e ik LA
K AR FEIREIARTS 5oAS 7] 5518 22 [ R (52 i, R ) 42
il [ — PR 9 QTL 147 52 A7, 25 3t AR A IR, fif
3 —2 QTL % {7 1Y 45 5 H fig H T 7 — A1 & 35t 1%
T SRR —Fp IR BT 2R DRI, o] 3% 38 U0 52 4%
fdRic, X 2 A7 1 QTL T & A Stk C &k
J oy TR E SR IR, AR A Y
TR RN A R A 2 M R R AR R
BB L A2 7 AN B T & i — BobE 231 QTL
7 B HGE SRR AT, T H oA 5 (X 8 QTL #9 e B A1 A
FHEEAE T 15 8 . F. Chardon 25" it £ 313 4~ Fok 46
WA MR 1Y QTLs R G/ ik, RBLT 62 4~
— Pk QTLs, ZRTARE I TR TR &AM T L
ZERAE BAER AR OC Y 181 A4S QTLs 178 A5,
EEKM 10 Z ek b & 48 15 A 1if 558 H
QTL, Z.F. Hao %" % FIJL/M#7 7 i 40 M T W 4E 51
() 239 AN 7K 43 k3 A G QTLs , 25 R EZ B T 39 4
— Mk QTLs £ 7E 1.2.3.5.6 F19 Sy @ik I,

JUE SCHRARGE 9 QTL 4 H 7835 4R 14 2 (A 2 4y
TFhRic il B 1€ B (MAS) 78 2 B & FP L S H A 2
AR PR TR 2 R 2 A H AT E K
AAE—LE R HE A R QTL, 32 2 H 0 ik (K J7 T
IR T o g e R 7 S 1 gtk
L5 dH QTL ¥ % & 81 1Y 2 4~ Fric phille Fl
umel1044 %F ( CMI270 x478) x CML270 [a] 58 J5 4% 13
1y BCF., ¥ RAEAT T POk 4> T b i il Bh 8 £, Wi o)
HEE B TP AL R £ EK BRI 3 A4 SSR
FRit umel066 phi057 F1 phil12 % i 8 (4 F K 02
FER AT B 4, 9T 02 FL N 5 H B VR & i 2 3k
FRIAR e 212 0 7E KT AT ST b Rl i R
J. M. Ribaut % F F R ic 4 Bh [0 22 5 Fh, i3 5
A 5 4~ ASI( Anthesis and silking interval ) QTLs 2 B
T A R R G ST 5 A 3¢ R CML247 , % B A7

5 EAH A 5 50y 5 AT B AR, 28 5 T
XPREMT 2 UL R ol R . fEC A WER AL L, i
JCA AT T IR BT S A OC I — Bk QTL 5 K
SEor ¥ bRl B E B (R 2) , AW E o JT & X
46 SSR FRid, Sk 7O [F FP BT R EOK B 22 &R
it S A Bl T X R [ RO 2 v AT ) D
S I 3 o

g5 BRIk, Bl DN A A HOR R AR W AE B A
AW HE I 5 50 3, 15t A% % B O R 3 RS ) B
ML, DA B Ak B O R MR A R i A
MERE H 8 IR, 5 AR 2 B 09 43 145 00 8 07 2 o F B
0 B BE RO A T T I A R S PRt )
oy FhRic Moy FAric il Bh sk 8 & Fh e ARl f—25
{8 iae B N TR 757 S R 2 el v | - 1R
5K i B ) 18 F R
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