T Kk B} 2%2025,33(2):28 ~ 37 Journal of Maize Sciences

XEHS: 1005-0906(2025)02-0028-10 DOI: 10.13597/j.cnki.maize.science.20250204

EREAHREEAXEERX
B RE i 5 151 5 [ Foul)

% %1,2,{q ’ILH]-,Z,’%—IS éx 1,273 ﬁ/\l,z,%ft %1,2,;\<‘I\Jﬁﬂgl&z,é ﬁ%:S’A,
ERFLEMARD N F L REREL, R R, T
(1L BB B 5500255 2. BN A AL FIAZB SRR, ST 550006; 3. 4l EABHE PRSI B EIN B 5 0 O AL
S B 550006; 4 AL FIEBEAER i FREIRRFACAR SR 550006)

W OE: DL A R QB7866 A QBS5725 HAEAKYHENY 1324 Fos KA ML 142 MR E K A S RN
SERRTEA AT RE, 1) FH faf Ak 5L DR 40 3 -H AR A4 55 6 T34 SNPARIT ) MaizeSNP50 35 -, 20 55T Fon 58 2 A OCERTEIA
HEATHEDRI RS, X ik S ORI Bl O S DU ME A TP . 255 SR BT A 4 L DR 4 DI A AT , IS fb S e sl
KFE 7 BRI 8% DX B, TR AR DGR S I AT T . 45 SRR B, L2 1) 134 KBy s bt A ¢ QTL,
Hor, BEIRR AT 10% 89 QTLFIAS . GWAS S0 M A6 2] 1004~ 5K B 5 SR PTPEAIOE QTNs . — Sk #r &2 BE 3
A BB B DX B o AR S D 0N 2 3, 3K 61X B AT 4 M SR DR nT VR — 2B R 4t 1 i SR A

KRR K BT BT R 5 e LA

FE 43S S513.035.3 XHERFRIAED . A

Southern Corn Rust Related Genetic Segments Mapping and
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Abstract: In this paper, 132 Fy; offspring derived from cross of susceptible corn inbred line QB7866 and resis-
tant corn inbred line QB5725 and one associated population including 142 inbred lines were selected to be material,
which were genotyped using genome by sequencing(GBS) and MaizeSNP50 chip with 60 000 SNPs, the resistance of
these two populations to Southern corn rust was evaluated. By combining linkage analysis and genome—wide associa-
tion analysis, lots of Southern corn rust resistance segments and related candidate genes were identified. The results
showed that 13 QTL of the Southern corn rust were identified. Among these, 2 major QTL showed more than 10%
contribution to the Southern corn rust. A total of 100 significant QTNs were detected by using GWAS method. Three
concordant genetic segments were found by consistent analysis. Candidate gene prediction indicated the presence of
4 candidate genes within these segments, which can be target for further fine mapping.
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Table 1 ~ Grading standards for southern rust disease of corn

It ) b SRR
Disease level Resistance Symptom description
1 HR )l o o= U
3 R WA A TR 25%
5 MR R A HE, AT 26% ~ 50%
7 S R KA HE, IS5 1% ~ 75%
9 HS MR R HE, R 76% ~ 100%, 'R AE
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STEMFE 3L A, BE A R IR I, Fas
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3P S K, Uk BH R 7 R P Ry 22 3 PR o 1Y
Btk o O 3 RG24 RHIE /N T 1, Btk 4y
A MIES M A5G QTLE N ZER

X Fos BER BB AT 07 25 50 BT (e 4), NPT

BT ik — MRS HR AR AR 7 K/INE SRR P
{E/NFIREE PAE , HEERT P<0.001, 3K 194 i 3 7K
-, BREE P=0.386, 150 1A 3 K AL 5 | S BER B RS O 5
PUPE AR SR T IRBE AR, BREE 5 i ) 2 AR S
AR/, AT AU QTL AT (5 0 HT o IR ARIs AL
TIHEARRI IS A2 A K, 53918 87.67% .86.54%
84.87% , Ut FHIZBH AR T pe R R A2 R R
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2 QB7866 x QB5725 F.. R REIHURIELS T
Table 2 The statistical analysis of disease resistance of QB7866XQB5725 F,; family lines

BHUHREL (B
78 P4 b >
5 BPREL Number of single scale X P i
Environment ~ Total number (3:1) P value
1 3 5 7 9
B 132 4 42 42 29 15 4.89 0.027
BE HF 132 5 44 41 24 18 3.27 0.070
g 132 5 37 49 23 18 2.59 0.108
K3 FARRFBHEHAIERI
Table 3 Resistance performance of parents and F,; population
N Faa iR
%k Parent F>5 population 1% J1(%)
Environment QB5725 QB7866 AL+ (%) M1 T BE W g ERRB%) H
PIE YH Mean+SD Skewness Kurtosis CV
B 1.0 7.5 5.14+0.18 0.30 -0.78 41.17 87.67
B 1.5 8.0 5.09+0.19 0.36 -0.80 43.38 86.54
o 2.0 8.5 5.18+0.18 0.31 -0.64 4143 84.87
x4 P BEEAERIGERESH
Table 4  Analysis of variance of SCR resistance of F»; population
78 S R IR F HTREE ¥ 5 FiH P1E
Source Sum of squares DF Mean squares F value P value(>F)
BEH A 4141215 131 31.612 13.607+% <0.001
w B 4.429 2 2215 0.953%#%* 0.386
FERAXERE 2031.348 262 7.753 3.337k <0.001
w®o%E 1 840.000 792 2.323
SV S 8016.992 1187

2,12 REBHRIRELS AT

BN 142 00 FEIRAFAR ()BT e 7 500 5 2 45 1 57
TRS. GPR TR BRI ST 1 ~
O, EEEPRIES S TININPIRER ., EE M
BEAXHER /N 1, F B2 BER ST A 50 Motk i i
RUREAE o PG PR 3525 J0 76 AN [R) 2R 5% b 43 00 ok
93.37% .88.90% .86.36% . BEH T Z 4R R, A
IS AU [) 35 PR A [ o 1 2 S 2 S e (8 3 /K T

(P<0.001). B/t iy R A BRI | 5L R
5 IEE HARROSE 7 A3 o ST FTY 38.23%
1.52% .45.67%(3 6).
22 SEEYEEEHE
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59180 358 /> =1 T & SNPs, 215 i /30 A 75 10 S5 44 (1,



32 £ Ok B

33%

b, AUk bR iC B RN Chrl>Chrd>
Chr2>Chr3>Chr5>Chr7>Chr8>Chr9>Chr10>Chr6, H:

H3 50 26 406.23 174.21 805.19 582,16 948,
15512.15436.14 193 .14 047 .13 255,
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Table 5 Resistance performance of associated population

FPTRIREL(R) SRIRTEA
7wk AR Number of single scale Related population WL T1(%)
Environment Total number S +FR R (%) T e e g 5 5 2 H(%) H
1 3 5 7
Mean+SD Skewness Kurtosis (0%
E==3N 142 30 33 40 24 15 4.51+0.22 0.21 -0.99 57.46 93.37
pall] 142 12 63 39 23 5 4.24+1.95 0.50 -0.28 45.90 88.90
FEYR 142 19 38 41 41 3 4.60+0.18 -0.15 -0.97 46.56 86.36
®6 XEBABEASRREAESN
Table 6 The SCR resistance variance analysis of associated population
AL SRR I A i ¥ Jr i H(%) FH
Source Sum of squares DF Mean squares Percentage of total SS F value
HL Y 2965.296 141 21.030 38.23 15,847
7} 117.659 2 58.829 1.52 44.330%%*
B X FRI 3541.897 282 12.560 45.67 9.464%
r % 1 130.667 852 1.327 14.58
SIS 7755.518 1277

2.3 Fu.BHEQTLEML

I AR A 1) ot A% 328 0 L i, SR FH 58 4 DX T A 1]
%) Fos FEVR A THUR I 859 QTL AR (3R 7). Hhde
FE 134N 5 55 P PE A G QTL, 4 4§ ¢SCR3.
gSCR4-1.¢gSCR5 .qSCR9 .¢SCR10.¢SCRI-1 .qSCRI-
2.qSCR2-1.qSCR2-2 .qSCR4-2 .qSCR4-3 ,qSCR8 FI

gSCRI-3, /3 5L F45 1.2.3.4.5.8.9 F1 10 & B ff
I, LOD AT 2.52 ~ 3.31, Al f# B¢ 2.90% ~ 13.36%
(RS TOERR KT 10% L0 B QTL 34
AN 50 3M gSCRS 1 gSCRI-3 ., JE RAE I 5 =X LA AN
PERCN g 32, Horbr, 7 A4S QT Ao 184 205 45 37 35 [R5 |
OB5725,6 1~ QTL 45 45 v 5L K 5K 1 QB7866.
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Table 7 QTL mapping results of southern corn rust resistance

E2N (DAY et fi Py IX [i1) (MDb) I TR (%) PIINEYIIA
Environment QTL Chromosome Physical interval LOD Variance Additive effect
FEI ¢SCR3 3 213.08 ~ 213.11 2.82 8.97 -0.60
gSCR4-1 4 138.27 ~ 138.30 2.55 7.22 -0.60
gSCRS5 5 14591 ~ 146.05 3.25 7.58 -0.69
gSCR9 9 149.00 ~ 149.28 2.52 8.10 0.75
gSCRI10 10 2.98 ~3.03 3.07 4.75 0.61
TP qSCRI-1 1 31.91 ~32.23 2.60 4.26 -0.98
qSCRI-2 1 34.05 ~ 34.06 293 2.90 -0.60
qSCR2-1 2 55.93 ~56.18 2.76 6.42 1.45
gqSCR2-2 2 160.00 ~ 160.03 2.54 2.57 0.27
gSCR4-2 4 157.27 ~ 157.34 2.73 7.52 -0.49
gSCR4-3 4 104.26 ~ 104.37 2.54 5.12 -0.97
gSCR8 8 19.02 ~ 19.06 3.31 13.36 0.81
tizg= gSCR1-3 1 157.05 ~ 157.12 2.81 10.93 0.73
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2.4 KBXEHKGWAS i

GWAS Zr T 25 53R B (B 1), 76 3 R8T 224G
W] 100 4> QTNs(P<0.001) 5 SCR . A %, i 4
QTNs HANAE LIRS N RGN E] . 7ESBITHEE T 46
M5 22 4~ 5 SCR A M QTNs, 435l F1.3.4.5.

6.7 .8 M 10 FYetafhk [ 7ESCILNIAEET , Kl £ 57
5 SCRA XM QTNs, 7354 F1.2.3.4.5.6.7.8
MG Yetafk I 7EEIRAEE T, SR E] 21 ~5
SCRA KM QTNs, 437 F1.2.4.5 .6 1 105 Yu
(NI

A.
3 2
3 ¥ 2
g § 21
o 1 ; 3 4
Expected -logio(p)
B.
: 3.
5 £
g § b
] 1 2 3 4
: ’ * ' “ Expected ~logio(p)
c.
s -
% ©
i ¥

o 1 2 3 4
Expected -logio(p)

TE: A S SRTTERE T A ST (Z2) T Q-Q IE1(F7) s B A SCIIEREE N 4 S i 15 (2) il Q-Q 18 (£7) s C A BE SR T B S WA i 4] () F Q-Q K ()
Note: A is the Manhattan(left) and Q-Q(right) in the Mojiang environment, B is the Manhattan(left) and Q-Q(right) in the Wenshan environment, and C
is the Manhattan(left) and Q—Q(right) in the cliff city environment.

1 AREIMET GWAS R ERTIE (Z£)F Q-QE(H)
Fig.1 Manhattan plots(left) and Q-Q plots(right) of GWAS results in different environments

25 —HMEEARILE

KR 33 4 SR AW G AE R A i — 8k QTL,
WA T 4 AR PR e e 3L PR 25 R, 454 QTL
FENLFT GWAS ST 285 3%, LS 1 3 > — 3k ast A%

7 5, 48 W& PZE-102119036 . PZE- 105100244 Fil
SYN23703, i FE K 2.5 9 Y fafk (£8). 54
TR 22 1 Hx & B, JERGI 2 8 4~ QTL A1 254>
QTNs(329)>%,

#8 QTNs#RZMHEMERES QTLARMES
Table 8 Consensus results of the gene related to QTNs marker and QTL

Retafk o1L Py H X T (bp) 0TS A S TR PR
Chromosome Physical interval Position Gene

2 qSCR2-2 160 004 793 ~ 160 032 657 PZE-102119036 160028845 Zm00001d005131
gSCRS5 145907 661 ~ 146 050 056 PZE-105100244 145326108 Zm00001d016132

Zm00001d048057

Zm00001d048063

Zm00001d048055

9 ¢gSCR9 149 000 233 ~ 149 284 359 SYN23703 149278614 Zm00001d048059
Zm00001d048065

Zm00001d048061
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Table 9 QTL mapping results of southern corn rust resistance

. Retufk fii ni DX [i] (Mb) B AR 251X [ (Mb) S 30k
Environment  Chromosome QTL/SNP Interval Published QTL Reference interval Reference
R B 1 ¢SCRI-3 ,PZE-101126302  157.05 ~ 159.94 Kt 93.19 ~ 194.11 [22]
FEYR 2 SYN9292 5.47 ¢SCR2.02/03 SYN2692 ~ SYN26838 [23]
j==24 3 qSCR3 213.08 ~213.11  ¢SCR3 212.50 ~217.50 [24]
FEYR R | 4 qSCR4-1.qSCR4-2 104.25 ~248.39  ¢LBC—chr4-2 5.76 ~ 245.09 [25]
il BT ¢SCR4-3
PUT-163a-60396647-2946
PZE-104033002
PZA03598.1
PZE-104020883 .SYN7941
JHERT 8 ¢SCRS 19.02 ~ 19.06 QTL7 15.71 ~ 134.89 [26]
pal] 9 PHM1871.19 .SYN13050 28.32~32.97 ¢SCR9Y 22.50 ~ 35.50 [24]
SYN13048 .SYN13044 gLBC—chr9-1 [25]
SYN13051.SYN13043
PZE-109027784
PZE-109029767
PUT-163a-101389953-18
pall] 9 PZE-109037067 13824 ~ 15027  qLBC—chr9-2 68.99 ~ 147.74 [25][27]
PZE-109036621 ¢SCR9.03 97.25 ~ 102.80
PZE-109036695
SYN35457
PZE-109037131
PZE-109032148
B Sl 9 ¢gSCR9 .SYN25340 138.24 ~150.27  gLBC—chr9-3 135.61 ~ 154.67 [25]
SYN23703
BRI AT 10 ¢SCR10.PZE-110000193 0.57 ~3.03 ¢SCR10.01 3.15~4.55 [27]
¢SCRCMI1496 0.00 ~ 16.20 [28]
2.36 ~ 3.66 [29]

2.6 REEESH

TE— B A aE A SERE L, 45 &1 A ST
WA 21 AL I . T MaizeGDB ]
vl B 2 (http://maizegdb.org) X H Fp i 28 3£ A 1) A=
YIE D RESEAT 0BT, A BRCHE 43 o e 6 PR oy e 2
HZ5HYIERKET SR RS IR0 s 55
A HE AR (R 10). HE— 2P 4 b R B, o R 3
Zm00001d051043 4 1 Fl 2 B ZL IR A 1/ 2 SE TR
SEETE T, Zm00001d048059 Zwhth 1 R NAC &5 #4155,
H 2, Zm00001d048061 Jmith i) 28 1 S 3— i ik 3k —
CoA &1l , Zm00001d052185 41 i J& A8 11 D2-1
B2 53R REEEEEY A K LT, 7595
YRR 2] 1 QTN A5ic SYN23703 AU FAHF
A 2 ) QTLGSCRO 4 B X 1] N , 037 T~ QTLgL-
BC-chr9-3WBRIX AN . FH] SYN23703 ] G245

SCR S X B, X HOB e 3L P A i T Ak
GombTE ARG PR S R, 3l T — ek
FAEWIE B 2E M, 0028 B0 S 4 A 16 3 ) Zm-
000014048055 . Zm00001d048059 . Zm00001d048061
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