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QTL Mapping for Resistance to Southern Corn Rust in Maize
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Abstract: Southern corn rust has become an economically important disease that affects maize yield in China.
To explore new genetic resources for resistance to southern rust, we developed F, hybrids and F, population by
a cross between a highly resistant inbred line W456 and susceptible Huangzaosi. These genetic materials were
subjected for genetic analysis and QTL mapping of resistance genes. A framework of linkage map comprising 200
SSR markers was constructed which expands 3331 cM of the maize genome with an average marker interval of 16.6
cM. QTL mapping for resistance was conducted using software IciMapping V4.1 package for inclusive composite
interval mapping. As a result, six QTLs including gSCR3, gSCR7, gSCR8-1, gSCR8-2, gSCR9 and qSCR10,
were detected on chromosomes 3,7, 8,9 and 10, which were flanked by markers umc2105 and umcl1729,
umcl1066 and bnlg2271, umc1904 and umc1984, umc1984 and bnlg1651, umc1957 and bnlg1401, and umc2034
and umc1291, respectively. The phenotypic variance explained ( PVE ) ranged from 2.61% to 24.19%, explaining
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62.3% of the total phenotypic variation. Notably, gSCR10 on chromosome 10 accounted for 24.19% of the
phenotypic variation, thus being a major QTL responsible for resistance to southern rust in maize. Moreover,
this resistance locus was further delimited by new flanking markers to a 2.51 cM genetic interval. Thus, this
work accomplished the preliminary mapping of resistance loci, which might be valuable in breeding for resistant

varieties against Southern corn rust.
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Table 1 Disease scores for phenotyping southern corn rust
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Table 2 Phenotypic analysis of Huangzaosi x W456 F, population

BHHMREL Number of single scale

A SVBREL 2(1:3) P4
Materials Total number X ’ P value
3 5 7 9

HRPU x W456 F, 243 24 7 60 152 6.34 0.0118
Huangzaosi x W456 F,

R3 FERF, BHEHIIERT

Table 3 Resistance performance of parents and F, population

{4 Mean F, B{A F, population
Trait HEHL Y W456 YA+ bk Al iz 353
Huangzaosi Mean + SE Range Skewness Kurtosis

FE 7L Resistance 9 3.2 7.79+1.79 6 -1.78 2.3

a: W456, b: #EH Y
a: W456, b: Huangzaosi
Bl FAMEREAFHEOIERR
Fig.1 The phenotype of diseased and resistant
parental lines in the field

2.2 SSR tRiCESIEE R

AR YR B R i e FH 920 X SSR Anid, 7E
WA SEAS B LU R W46 ] E 1T 0 8 , 52 0 2 8P
FRICAT 340 XiF, 28K K 36.9%., HEFEHF RIS 2y
i b HAE SR 4 v 43 A #4571 200 XEhrict, g7 st
eI (B 2), 7580 LA 15 X, 6 534
BRE LA 23 X, HARFESHE L ARiC M e 5l .
Pl 7 55 10 A4 (A, 7 B E B K B 3331 eM, Fr
CHPFEIEE RS 16.6 oM, Hor, 9 S5 T HE IR 25 i
J& 237.16 cM, 10 S &P K J& 536.57 cM, i T
9 S ABE F 9FRIC umc2121 F1 umc2341 Z [H] 5
Fric umc2341 Fl umcl231 2 ] (9 FE B A 1.25 M,
LA A P v R B R, A 10 S A
FAYFRIC bnlg1037 A1 umc1291 22 [ k) I 5 fe K e
62.30 cM.,,

23 PURME QTL AL/

I FH ) S 1 a5t A% % 0 RT3, R FH 5 45 DX R
0T By FEAARHET T B0 FE J7 58 QT L Al A 2 [A]
BN 43 Mo LRSI 2] 6 4~ QTL: gSCR3. qSCR7.,
gSCR8-1.qSCR8-2.qSCR9 F1 qSCR10, 43 %l {ii T
%5 3.7.8.9 F1 10 ESIHE L, a0 &l 2 A 4 iR,
A8 3 A% 10 43 51 umc2105 1 umcl729 . umc1066
F1 bnlg2271 . umc1904 F1 umc1984 ., umc1984 #i
bnlg1651,.umc1957 F1 bnlg1401 . bnlg1037 Al
umc1291, Fric X [a] 4 B 7E 5~19 cM Z [1], A~
QTL 1 & 5 BTk % Ky 2.619%~24.19% , L il ¢ %
RS 5 1Y) 62.3%, Horfrok H 7.8 F10 5 G 4 A
R 34 QTL 5Tk % K T 10%), 43 %1 >4 10.65% .
16.41% 1 24.19% ., K& PRAE 5 X LU R 28087 4
F, Horohn RN A EA T, BT 2 A SR A o ]
FEFERPTR FE B, Hor 2 4> QTL >k H # L U iy
SR FE

F % qSCR10 5E v X [] i#F — 25 455 /)N, %iF HL 4R
I ARIC bnlg1037 F1 umc1291 43 &5 Fit i I 16 SE A
[ B AT Z &0 SSR #nic, R H F, BEAR 17
B4y AT, EEOB R A 10 S YL R I E B (1A 3),
45 ¥ qSCR10 1 1 7 IX [H] 45 /N 5] 2.51 ¢M 1Y,
fi7 F SSR 45 i umc2034 1 umc1291 Z [f], 5 X
WA A5 i B BE S 43 U2 2.15 cM 5 0.36 M, i
LOD fH 4 22.85, T ik % J& 27.93%, Jil % 25 K
h -0.94,



34 WRSCIR A - BARPTRITT B L ) QTL /&L 525

Chromosomel Chromosome2 Chromosome3 Chromosome4
VAN VAN
3541 s 2793 ime26s 0— ume2117 0 ——ff—— ume2280
: DB 1 — 23.75 1175
6587 Ll umci709  53.64 ~ [ ume224s 14.93 —— umel SO0 T ume2aTs
96.42 \ / ume2242  79.22 —phio6l00  2728— [T bulgld96 e ]~ U2
126.43 N umel681  107.54 — "~ bnlg381 378 /fs umcl892 iy [ umesn s
153.68 R umcl395  130.04 7/ umcl635  48.57 ume2261 10239 _ S ume2288
177.73 bulgl556 1521~ [ umel00d g1 13— || umel74 laeas Sl Lmess
g%gg - umcgg;tz ig‘s"é? \7 % umciﬁg 111.67 umcl683  140.48 \—f umel1953
' ] o ' ] ume 13625 wmei730 1627 - umeaass
226.04 umel245 19531 H umc2030 180.05 bnle2291
229.8 | umel914 216,03 kf? umel079 1925\ | |/ wme2257 g i NN T,
234.19 ume2045 242 - umel 326 15554~ N[/ ~phids3121 50596 N\ umel1088
237.94 * bnlg2228 2672 ~ ||~ bniglol7  157.83 & umel504 22196 > mmc0371
242.75 X: / umeldde - 2877 \7% ume2085 166,67 — 11— umel886 23585 — 1 umc2187
247.56 — S22 —bnlgl203 30481 i ume2254 obe LIS umel102 24775 1 ume2082
254.26 = ume2012 31873 T ume2079 NS 25963 1791
TR R\au 184.82 o umc2102 : ume
259.49 /,\ umel976 33,6 ~ {7~ umel024 NG 27331 — - bnlgl434
264.1 N0 ume222s 34597 — 27— ume246 20502/ \ umel746 e e imel96d
281.46 T bnlg1866 359.89 —— 1 | —mmc0401 213.26 /7\ umc2105 @ 303.85 — T T—— umcl623
309.21 umc1924 373.33 umc1485 230.82 umcl729 32144 — T — pthZl
342.46 V umc2124 393.04 V umc1262 267.03 v bnlg1160 345.01 v umcl757
Chromosome5 Chromosome6 Chromosome?7 Chromosome8
0 A ume1447 0 /Q\ ume2320 0 umc2142 0 A umel457
22.72 ume1830 3.99 B umc1379
3265 — [T phioas 818 O Cumests 27— ume2329. A ANV onle 802
36.82 —— mme03sl 3415 —wmelST2 316 [ umeledz 0300 N\ v S umeidTs
49 T~ ume1423 45.62/:§umc1413 5701 —TT~— bhle2132 83.88 7/ umc1728
51.52 f7§ pmhi087 49.59 = umc2006 : /7\ & 105.56 . phi080
63.19 — umc2036 3397 i ume2323 - 71.27 umc1241 120.6 \,/ umc1340
N 56.48 umc1063 ) NI
77.54 e umcl1072 65.53 . umel0os  108.33 phi328175  143.54 \f/ umec1638
97.3 AT umc2303 81.24/7\umcl606 136.08 umelsa 16575 L bnlgl152
104.89 /7\ umc2295 101.76 \um01826 e I R | N
113.12 ] umel349 125726 | | bnlgl136 15979~ | | — umcl401 10243 I Lol
118.15 umc1253 14798 — | | ————umcl105 A3~ || — P
124,24 L] bnlg609 16414 ——tt—— umealer 1 SO3— | — umcl066 g 5439 ume1933
132.69 / \ ume2297  170.43 /*§ ume2310  202.72—_| | _— bnlg2271 21512 — | | " umc1202
Al IS rs R %fxﬁﬂﬂggg 2208— | | umcisss 2381 — || "~ umcl316
196.35 f—% bnlgl18 202 [0 ume2318 23746~ umcl865 275.95 ~_| |~ umecl904
208.47 L ume2292 216.35 - bnlgl759 301.73 umc1984
222,58 — - umca022 23393 ?7& umel250 23843 umel295 33 81~ T balgl6s]
23424 — L umeasoo 24804 T umeld63 281,95 umel710 349 49 / ume2356
25041 — || - umereso 26148 ume SIS 30353 1760 34577 —SE2 umeloes
275.43 = umelotg 28509 v, ume1859 : \ me ' v ume
Chromosome9 Chromosomel0
0 A umel1078 0 a umel179
30.62 umcl957 @ 59.95 bnlg1037
4451 ~_| | bolglol 12225 S| ume1o1 @
48.9 \’/ bnlgl012 164.17 ume1319
50.56 &;4 umc2121 176.93 phi063
51.81 /7\ umc2341 187.21 ] umel152
53.06 ] ume1231 198.42 \,/ umol038
58.71 / \ ume1657 214.63 k:? ume1432
7488 A\ umcl634 227.86 - ume2180
94.88 umc1267 /:\
aes il 234.14 R bnlg1074
e 247.81 H bnlg1272
178.78 ume2343 B
262.97 ume2270
185 umc1366 | |
274.11 ume2172
187.52 ume1492
193.08 umel170 289.88 - umcl877
199.3 \,/ umc1698 325.85 / \ umc1507
205.55 \f/ phi017 369.55 | umc2018
2109 -\ umei7i4 419.19 O ume2n
219.19 — 1 phid48880 464.09 — [ | T~ umc2021
227.48 [ | bnlg1724 523.78 —~ || _— umc1804
237.16 v, ume1809 536.57 = ume1863

et i oMt e E g , 45 M bR iC 24 AR
The left side of the chromosome is the genetic distance and the right side is the mark name
@ Represent gSCR3, gSCR7, gSCR8-1, gSCR8-2, qSCR9, qSCR10
B2 BEEM xW456 F, Bk iSRG EE
Fig.2 Genetic map of the Huangzaosi x W456 F, population
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Table 4 QTLs associated with southern corn rust resistance detected by inclusive composite interval mapping method

POIGRES oTL X[apRid X[ (M) LoD i (cM)  TTEkREE (%) TR
Chromosome Flanking marker Interval Position Variance Additive effect
3 gqSCR3 umc2105~umc1729 212.5~217.5 4.92 214 3.39 -0.27
7 gqSCR7 umc1066~bnlg2271 185.5~194.5 9.39 190 10.65 0.36
8 gqSCR8-1 umc1904~umc1984 287.5~299.5 16.26 294 16.41 0.32
8 gSCR8-2 umc1984~bnlg1651 326.5~332.5 4.05 332 2.61 -0.37
9 gqSCR9 umc1957~bnlg1401 22.5~35.5 5.87 32 5.05 -0.56
10 gSCR10 bnlg1037~umc1291 102.5~121.5 26.51 112 24.19 -1.22
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Fig.3 QTL conferring resistance to southern corn rust and its position on maize chromosome 10
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