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Abstract

In order to achieve drought resistance breeding of maize, the influence of various shape index
shapes on maize drought resistance was explored. In this experiment, QTL mapping was carried out
in the RIL group of maize-large straw recombinant inbred lines (MX) for the control of maize plant
height, root length, plant fresh weight, root fresh weight, plant dry weight, root dry weight and
root-crown ratio of 7 characters. The results showed that plant height, root length, root fresh weight,
dry weight, root dry weight and root-crown ratio had higher heritability, which was influenced by
genotype. Of the 11 QTLs to be located, 9 primary QTLs were obtained, they were located on 2nd, 3rd,
4th, 5th and 8th chromosome, of which 1 came from plant height traits, 2 from root length charac-
ters, 2 from root fresh weight traits, 1 from dry weight traits, 2 from root dry weight traits, and 1
from root and crown ratio traits. The phenotypic contribution rate is from 6.0% (qMXRSR5) to 10.25%
(gmxdrw3-2). The results of this study are helpful to further study the genetic basis of various
drought resistance traits in maize, especially in seedling stage, and provide theoretical basis and
reference for improving the quality of maize varieties by molecular breeding.
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FAR M EEEAREEY, RN, SRR, Tk, sl r B E R . R EoRA
775V B SR ORI, FREDS TR R A AR BRI N, K OO E N — OB R[], SR, &
[P AR R AR 2713 J5F O AL SCKTHAR 900 J5-F 7 AbiZid, BEHARSCRE 100 42T 5l b,
5O OB E AR A 7 PR e KB o WS S (2148 T R i 203 R B S AR AR PRI A
TR T AR T 20%~50%. KUk, BEEPURME . &7 PR AAHE PR SRR 5
ORI, R PRI (R R 2 4 A 20 EE R L

FARXSTF R E B, MEFET RO ERAE D EEREIR R, FREhEs
EAEMAE KA FIBG, HMEREMRRLS, B3] RAEA15A N, BV S dAh . A
A K AR M ERA K, MK SISO A . BT L, KR oK
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() it Jot S LR IR A R E RN . FOKPU R TS RHER I T 7 HH, b, WARBERME
W RIARER KL, W K. Fischer F[S|#RH, WMZ PDMERES™EE K. MIRMIKRES ™8T
Ky IR VG R L, XI5 FOK AP BT RE /0, TTTHE & S A PR B N BOFPRL ™ B A 2 .
M55 (614 oK St bt R PRI 1 48 8 IR SRAG RUGE R . £ LHOR IR 5 EIEN T, FoKRH
DR R K BEFNAAR (25, 45 R T B e %4 T KRR R NAK R § Bk RS EZMER. R
PTIR T IR MR WTE. ERK. R EE7]. BRI 1FR H, RBE 2 1) M T 5 2%
TSR, DUV, A AR K ECATE AT BIE T £ ARNPUREIR . AR RIS 5 IR
MRS bR 2R EIEHK, ZRPEOA AR KPR TP E R AR E MR . 7E TRk
T, SRR 4R, AT RSO0 N AR S T BRI B 2 BTN VAN S R T R R 48 AR . Johnson £5(1992)
FII Fischer &5[5]7% o s B AR = 00 3 BExt 38 o i Pl R 2 A R . Balanos %510 R IUFE TR &4 T
2 )\Ee A A5 MHERE S 1K “Tuxpeno Sequia” FOKFEA, PLREMMEIMR, e FHEREK 0.9%.
A NN B AR 40 5K T R R R o 3K IR EE (1 1T 70 T R S5 R MR A K, S8 E kK
H A RITAL - 22 [A155 KRB ASDE I I, bk e AR, S PR . TkESE[ 1210, e, BEf e, A
0] DME R FOK S Sk S e br,  Hos i TS fa br 1) S B0 BRI ] 5[ 12]

IR 2 K] 2 (Quantitative Trait Locus), 2482 HUR MR ZE R AEZE R0 P AL E . X QTL 1)
ALV B bRID, AATEE FHRIBE bR OB BB R 2 MR, F— A EZ A QTL &
AL T [F] — Qe AR g A bRid 5%, FRic Ml QTL ZIEBR. L4 QTL ENM MBIz, AR
B B S5 Pm A KRR EM 2 YL, BAED PSRRI E MR . TR dER K QTL &
LA PR N T KR R RS MIRE) QTL & ik Fe 44t T S mbfRpsE, @il QTL Ay, Wl
PLIE— 2082 ORPR T . IR REAMIRM QTL LB . BE LEMA 7 0%, Mt R EKEHL 77, K
MEPE E EOKPT R M. AR, RAREH A LI 7546 (R R B S EDR oK 7 FFE 7 1 g
JVEYIAR[13]0 H H R AP R R A9 B0+ 2 il T FIEY) = 2 A IR OR B 520, 30 mT DR KRR R R s+
B K FIFR Gy, WA R THEYE T 224 THRAKARE o m s S 14]%5 B R FE R K 2 244 S 1
TR EH . RES8®K QTL T T %58, KIEMRIEIER %M MRMIRE =8 & WA 8% EMHK,
AEFTRFMA NRES - ELEE MK, JEHASR 4 SYOMM 7 S50k R T 5/ 84 EE
BAMD QTL A7 55 . A 2515 R A X [ME BB 2 MR IR R A B3R AT QTL Ao o
iR, AR VE R T A AL e RO P R IR S S T e AL B 21 AN PRE QTL M 27 ML QTL: A
QTL F B4R B TR E AR E A 4.9%~17.9%: Kk B & QTL MIfEH 7 RUAIPEAIZE > Bk A ¥ 48
7 YA 1T BEAELE$5 ) Ak e RVREASL 2 19 S5 R0 QTL o ] 3 25 [ 16 138 i X R KAk v RVBEASE i 1EAT 2 A B8 1
QTL 73#fr, 45 3R 7R FOK MR i MREAL o (1) 18 AL SZ R BT AR, K7 QTL R AEAE 1| FhEk 2 Mhafss g
R, 3 ANER QTL W LAE 3 Bl &k A EIREE bl 21, sefigfase tisife, HotikEm, HHES T
B ERBIRA

RIS 7 N FORTESMER, 0l #RE. R, PREEER ., AREEE ., T RTERE,
FIH M52 Mol7 x K25 (Mol7/X26-4)E B REAVE MR, FER 0 BK A Mumina 2 7 1)
MaizeSNP50 :& fr, A8 A7 56,110 /> SNP 07 £, JEEB T v, FHRFEEHIEEK 7 ME
AR BB S AR, T A T K BT R MR R 1k & AL 45 Al

2. MMERHE
2.1. KB
ARG T AT TR s i o B AR M K7 50 R R o/ A B BA 22 5 Mo17.X26-4
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RRFEL, MR Mol17/X26-4 B4 HAZ R(RIL)FEAE, 3191 AMEKE R H, Mol7 J&F Lancaster 285,
HAENMET 2 PUBUIRZEAR 5 X26-4 K4 % (Teosinte), &y T 5874 2F A1 rp L — AR Z 44
EHRBEMEYBIGHR[17] 18] [19].

2.2. FEBERE

B F K MX(MO17/X26-4)RIL B4 155 74T 2015 A1 2016 4FEPI4E 3~11 H, fEPLRHA ML R
AR E AR S B SE s S R, k. FTHAERER 11 em, & 8cm, RMETFHHE 135, A EIEHR
TR 31 L BIEEST . REEERIE S RIRE T, BMEIREE 1 em, MMEERIEK, f54~5 d KH, B4R
IEFAERIK Sy, E=m—OMEn, SEEKA 800 3 . IR AT K e, FIF 20%5%
L ZBEL(PEG6000) =B AR B K BE AT he e, BT 5305, “FIRE 25 ml, 7d WIBBEPIIR, WrHEds
JE I A SRR . AT IR E R . A E R, AT K e AR AT
T T R o

2.3. RMES 2

2.3.1. MERAE
P WU TR S i 2R B R R £ A P K
MR W K B bk () 240 A B AR AR AR K
PREFE . WIE KT By HE,
MREFE . R FKERTER, LM,
BRTE: FKIWTE 80°CHIMEA R T 12 /i, )
WRTE: TR 80°CHIMAEH AT 12 /N,
Rttt = W+ HE/M,THE.

2.3.2. o

FifigiitH SAS BAFPUTEAE . IRA LRSS R AL L M L A5 TH(BLUP) N L AR R
We yi=pu+fiteitel, Hifyi RAMERIE; p Z2FTE AR FIMME; i BN el & =AHEE
R el RBENLIRZE . B TYNE E N, SRR MRBCABEHLN . FIF SAS 1 MIXED 253575
BLUP ff. KA LA IR-E A SCHR AR - BT A SR IR AT I Z 04 : yijk = 1+ el + k() + fi + (fe)il
+elik, A p RFMIRMEF; i R RRRIEBAL R el REDIABIIIIAETR; (fo)il A& 1A% RL
NSRRI A HAE s tk(l)ZIERETH R HIIRM; elik £FARRZE. FIH SAS #/) PROC GLM 74
By 2, XU 2 B RS sE 77 h2 = 0g2/(0g2 + oe2/n) [20], Hr og2 AL T % oe2
RRRREE, n RIEHE.
2.3.3. EESES Bin MR E EE 2

Mo17/X26-4 [¥] RIL AR ISR 1R 285, SR [llumina MaizeSNP50 5 #E4T SNP ZE[K 73 74 .
FIF PLINK S SNP BRI, RUNSEAIER M R AETRMAE M, DA BRI R
MApEMHR2. A REEHE, A5 Y8 go-wrong 45 & Linux &5t N A YL AN Perl A K] Carthagene
A (https://www.maizego.org/Resources.html), SKFJEE P ANHEALE A HIT 56,110 > SNP AL 55 844 1%
BRI 22]. SEAIE BEARCH TR E]— NI E AR R, ARG — MRIE[23] [24].

2.3.4. QTL Eli¥
FIH Windows QTL cartographer 2.5 XA [RIFA5E rhf# Je M AR R 24E 5 BLUP {H31T QTL &£,

FERATH.
AR T

=
==N
=
==A
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MR %

KHEAXEERELLIEK A 0.5 oM A7 2R R/, &0 RK/NEE N 10 oM, BEAL%ESE Model 6 (The
standard model)i# 47 1E R [A [EJHIZ 5 . 75 P =0.05 /K F T, £ 1000 X & 3k 5 (Permutation Test)ff & &1
g R AR A MR QTL 9 LOD 18 BiAA «

3. GRS 5Hh
3.1, MX #{F 7 MER BRI RE TR R XS

7E MX RIL BERR) 7 NMPURAHMER S, bR, R, PREFE, REEE, RTEHREESSM, R
WX 5 AR I &5 A7 25 DR AE T X0E A s AR FRITR Jd B B2 0 2 RS . AHOR SR 0.0019 31 0.78.
Hr, PHE RL(R=0.32,P<0.0)EHEFEIEMK; PHES WPW (R=0.78, P < 0.01) 2 w3 IEAHK;
PH 5 DPW (R=0.19,0.01 <P <0.05)E£E#AH5%; PH 5 DRW (R=-0.25,P <0.01)EWE#E7MH>*; PH
5 RSR (R=-0.44, P <0.01) 2% 2 E k% RL 5 WPW (R = 0.46, P < 0.01) £ 23 IEM 5% RL 5§ WRW
(R=0.44, P <0.01) 2 23 IEASS; WPW 5 WRW (R =0.40, P <0.01) £ 4% & 3% 1EAH5¢; WPW 5 DPW (R
=0.35,P <0.01) £ 2 FIEMHSS; WPW 5 RSR (R =-0.35, P <0.01) £/ % ¥ 7155, WRW 5 DPW (R =
0.27, P < 0.01) 2 EE EME; WRW 5 DRW (R = 0.65, P < 0.01) 2% 5% EAHE; DPW 5 DRW (R =
0.18,0.01 <P <0.05)% 2 # EMK; DPW 5 RSR (R =-0.35, P <0.01) 25 E A%, it m i
MBLUP)Z7R, MX BEARH) 7 MRS R B (B 1) T Z T 4R, R R Bk S A 1 3L
£ 6 MERIE IR BECGE D Hd, M R REFRERBEER ) UL @) THE AR,
3N 64.46% 63.1%F1 53.9%, FIPIX =/MERIFRA T B MX RIL FHAREER JeE s PR EAR
ik LR ANER 1 SR I (H S HHE N 0, R BHIX AR 0 28 AR S AN 52 5 DR AL frg B2
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ponding plots are scatter plots of maize traits. ¥*P < 0.05, **P < 0.01.

Figure 1. Frequency distributions and correlations of maize
traits in MX RIL population
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Table 1. Ear angle data in the two maize RILs and their parental lines

=1 ANERELEERZRAFERNERERE

Items MO17 x26-4 MX RIL #4£
Mean + SD Range F value G* F value E° H*®
PH 19.13 +3.59 30.76 £5.11 21.59+70.8 4.75~42.67 62.17** 32.25 64.46
RL 19.34 +4.27 21.12 +3.88 19.09 +4.56 8.4~35.9 25.72%* 14.5 63.1
WPW 0.63 £0.21 0.98 +£0.28 0.69+0.34 0.11~1.91 0.13* 0.09 50.44
WRW 0.62+0.37 0.4+0.1 0.50+0.22 0.112~1.305 0.05%* 0.03 53.9
DPW 0.052 +0.37 0.091 +0.033 0.074 +0.053 0.02~0.54 0.00015 0.0012 0
DRW 0.099 +0.081 0.052 +0.019 0.058 +0.038 0.01~0.19 0.001** 0.0007 46.87
RSR 0.47+0.81 0.42+0.19 0.49+0.29 0.015~2.66 2.49% 2.03 0

a: G RRFEFE, b: BERRIRE, o HETHRMEMNT 8% T1(%), **R/mPIH < 001, a: G indicates genotype. B: E indicates error. C:
Family-mean-based broad-sense heritability (%). **Significant at P <0.01.

3.2. MX BF 7 MERKEY QTL B

FIF 7 MR BLUP B XK QTL #HATEBIETE /3 #T. £ 1000 KB AR, 78 MX Bk, 4t
K #) 9 4~ LOD fH KT 3 #1 QTL (& 25 % 2). 1X%& QTLs 43 AifE 5 AN getafk -, 435N 2. 3. 4. 5HI
8 Syfk., LAMIR QTL MM TTERE M 6.0% (QMXRSRS)F] 10.25% (QMXDRW3). FEAI Gk ik
1) QMXDRW £ T~ MX #1353 fk, AridX A PUT-163a-60351350-2652--PZE-103148487, Nt
NN 0.0044% . FHITTHRR S KR qQMXWRW2, 7T MX BEER) 2 Sk, bridXE N
SYN29040--PZE-102108114, YL A 0.0231%.

NT AR 9 A QTLs AR E M, FRATRIAH MX BEARPIIR EE M BLUP {47 T %81 K0 4
(& 2). S5 RFN, MX B Rl 31 QTL F8EAFAE, REH —LMIR i) LOD W H JF 54715 3%
ERBME, EMRAE B NERIL. H4, MX BRI —A QTL MM 2R, Tk 6 MERZ
W HE R, FF R i — B R IR

3.3. MX #{F 7 MU R IR LIRS E

B3 BOR TR 7 MR QTLs ZMIMWES. EFTAK 8 A~ QTL 1, X HEHZH QTL
(QMXDRW3-1 fl qMXDRW3-2), $47E MX FEAAM 2 5 e tfk by 1fi HAb 6 MERM QTLs 7T RE & AHX Ak
SE AR ] . R AT SRR, QTL W RIEFTA K 9 A~ QTL 1, A —X&EE QTL, 43l
gMXDRW3-1 #l qMXDRW3-2, A THIX 9 M E i QTLs 5 i 7t v FOK i BT FAH IR QTLs
HEATEOE, RILAESHTIT I h 2 1) QTLs S5 5E RIS ML 2 QTLs AFfE AR 3) (Ruta et al.
2010). M, 2 Sk E, gMXWRW2 5 Lit2 fF/EHSX B gMXWRW2 5 LA2 fAfEEH & X B
qQMXWRW?2 5 DWrt2 fFfEE & X Bl; qMXRL2-1 5 LA2 fAfEEEX B qQMXRL2-1 5 DWst2 fFfEEH S
XEBt; qMXPH2 5 NOcr2 fAEEEX B & XERFEERY], AHFFEMBIK QTL 5Z it
SERLEN Q % QTL X B i i [K] T REA7AE 3L R R A O B R

4. i
4.1. MX 8{F 7 MERBIBIEERL

£ MX BERT, 7 MEREAAEE 2 AR, BRbk T EANARGE R i 2, HAB R
RIEENMT . BN IR Z T SRR RIS AL TTRR R ST B 8 KT, Thigte 5
B MO AR TEF] 1K
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5.04LODO
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3.0

20T

Mot

—
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Ch-8 Ch-9 Ch-10

ACPLRITRA I E R LOD B, BA 1000 MEEHLHES, HAHS A 3.0. PH, RL, WPW, WRW, DPW, DRW, RSR 4} Jil %R
hm, R, HREEE, REEE, HTE, RTE, WEth. 1 A8 —RES, 2 88 IRES. BLUP RREMRIRI &AL
Tefm FMAEHEAT (%) QTL /EEI4E 5 - Horizontal lines indicate LOD thresholds determined empirically with 1000 random permutations
separately with values of 3.0. PH, RL, WPW, WRW, DPW, DRW, RSR denote plant height, root length, plant fresh weight, root fresh
weight, plant dry weight, root dry weight, root/shoot ratio, respectively. 1 for rep 1, 2 for rep 2. BLUP represents the results of QTL

mapping using the best linear unbiased prediction value of maize seven traits.

Figure 2. Chromosome-wise logarithm of the odds (LOD) scores of seven maize drought resistance QTLs in MX
RIL population. PEG treated maize lines simulating drought stress
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TELAHTI R S PR 20 QTLs 41°F: Let, R4K: NOcr, AEMREL: NOse, FhFiR#L: LA,

THEA; DWst, #EFH; DWrt, iR TH; DWstrt, HRatk; LArl, MHRIFRK . QTLs detected
in previous studies are as follows: Lrt, root length; NOcr, number of crown roots; NOse, number of
seminal roots; LA, leaf area; DWst, shoot dry weight; DWrt, root dry weight; DWstrt, ratio of dry

weight of root to shoot; LArl, leaf area to root length ratio.

Figure 3. Co-localization of seven maize drought resistance QTLs on maize chro-
mosomes identified in the current study
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