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Research progress and breeding application of resistance genetics to ear rot in
maize
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and Zhao Jiu-Ran"
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Abstract: Ear rot is a significant disease in maize production, with ramifications for both yield and quality. Furthermore, the toxin
produced by the pathogen poses a threat to human and animal health. The most efficacious method of controlling ear rot is to
breed and plant highly resistant varieties of maize. A significant number of researchers have conducted in-depth studies on the
resistance candidate genes and molecular genetic mechanisms in response to dominant pathogens. QTL and significant associated
SNP loci related to ear rot resistance have been reported on all 10 chromosomes of maize. However, due to the complexity of
pathogen infection and the fact that resistance is quantitative trait locus-controlled trait influenced by multiple genes, there are few
examples of such research being applied to disease-resistant breeding. The present paper introduces the main pathogens of corn
ear rot, their geographical distribution, factors influencing disease incidence, and toxin hazards. The present paper constitutes a
review of recent research progress in the identification of FER (fusarium ear rot, FER) and GER (gibberella ear rot, GER) resis-
tance genes and their molecular genetic mechanisms. Moreover, it provides an outlook for disease-resistant breeding. Advances in
multi-omics joint analysis and the application of new biological technologies are expected to promote the identification of major
resistance genes and the elucidation of molecular mechanisms. Consequently, this may lead to the accelerated creation of resis-
tance germplasm and breeding for resistance to ear rot in maize.
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%1 EX FER 7 GER #i1448X QTL FAE & XK SNP fi =
Table 1 Resistance-related QTL and significantly associated SNP loci for FER and GER in maize

o YERY .
g DTk TR FERfE gruswe  FEEAET
Fusarium AnalySISa Molecular maker ® Population information ° QTL/SNP C.hro.mos.omj Reference
Method . . distribution
identified
FER LM SSR, 105; SSR, 113 BCF,., (GE440xFR1064), 213;  QTLs, 12 4,5 Robertson et al 149
RILs (NC300xB104), 143
FER LM SSR, 246 RILs (87-1xZong3), 187 QTLs, 6 3,5,8,10 Ding et al 14!
FER, GER LM SNP, 250 RILs (LP4637xL4674), 298 QTLs, 4 2,3,5 Giomi et al 14
FER LM MaizeSNP50 array MAGIC RILs, 229 QTL, 1 9 Neupane et al (!
FER LM SNP RILs, 215, 113, 122 QTLs, 22 1,2,4,5,7,10 Fengetal **
FER LM SNP, 58556 RILs, 672 QTLs, 13 1-4, 6-10 Butrén et al 14
FER LM SNP, 466441 F,(Cheng351xZW18, QTLs, 20 1-4, 69 Wen et al 14
Dan598xZW18, JiV203xZW18), 3
FER LM SSR, 41; SNP, LM 342 F,; (CO441xC0354), 188 QTLs, 15 1-9 Maschietto et al 47!
FER LM, RNA-seq SNP, 121 RILs (A637xEP42), 144 QTLs, 3; 4,6,8 Cao et al *
DEGs, 364
FER LM, RNA-seq RILs (Qi319%xYe478), 300 QTLs, 17 1,3-5,7,8 Xia et al 4]
FER LM, RNA-seq SNP, 56110 MAGIC RILs, 401 QTLs, 10 1-6 Septiani et al 5%
FER GWAS, LM SSR, 178 Fa;3 (BT-1xXi502), 210 QTLs, 3 4,5,10 Chen et al "]
FER GWAS, LM SNP, 43424; SSR, 200 CIMMYT, 818; DH, 1; F,3, 3 SNPs, 45; 2-5,9,10 Chen et al *%
QTLs, 15
FER GWAS, LM SNP, 955650; SSR, 207 265; RILs (BTxN6), 250 SNPs, 18; 3-5 Wu et al [
QTLs, 10
FER GWAS DAIrT array, 23153 242 DArTs, 12 1,4,5,7,8,10 De Jong et al (541
FER GWAS SNP, 200978 1687 SNPs, 7 4,5,9 Zila et al ¥
FER GWAS SNP, 47445 267 QTLs, 3 1,5,9 Zila et al %
FER GWAS SNP, 519417 151 SNPs, 10 1-3,6,9,10  Ayesiga et al *"
FER GWAS SNP, 3034 874 SNPs, 19 1-9 Liu et al ¥
FER GWAS SNP, 226446 230 SNPs, 42 1-6,8,9 Stagnati et al 1)
FER GWAS SNP, 56110 244 SNPs, 2 2,5 Han et al [*"!
FER GWAS, SNP, 560000 508 SNPs, 34; 1,3,5,9,10  Yaoetall"
RNA-seq genes, 69
FER GWAS, BSA  SNP, 37801 509 SNPs, 23 3,4,7,9,10  Guo et al !
FER GWAS, SNP, 20586 241 SNPs, 26 1,3,5-10 Ye et al 6%
RNA-seq
GER LM SNP, 2784-4603 Biparental populations, 6 QTLs, 4 1,3,5,8 Carneiro et al [
GER LM Recombination DH (B73xMo17), 298 QTLs, 10 1-3, 6-9 Yuan et al 14
bin-markers, 6618
GER LM SNP, 6618; SNP, DH (B73xMo17), 246 QTLs, 14; 1-6, 8,9 Yuan et al 1
8535831 SNPs, 5
GER LM MaizeSNP56 array RILs (DH4866xT877), 204 QTLs, 11 1-4,7-10 Zhou et al B7
GER GWAS MaizeSNP56 array 334 SNPs, 69 1-10 Zhou et al %9
GER GWAS SNP, 43735 316 SNPs, 16 1-10 Yuan et al "]
GER GWAS, RNA-seq SNP, 1318609 420 SNPs, 151 1-10 Su et al [

AN T ARG A L A G IR AX BT (GWAS) L 3 813 BT (LM) A RNA-seq. " ARic 2SR 3 FALHE AL AT IR 2 A5 M (SNP) . #1751 § & (SSR)
ZRETED B AR (DAIT)HILE A (array) . © 5 PR g A F1 53 87 B 14 2 2040 56 B 2400 28 R (RILs) %K R (DH) | £ 38 A B 2R (MAGIC).
CREJE T E AL PUME QTL 5 W % GHR Y SNP /E TR P 4k 195375 . FER: HUCEAEIHT; GER: R4 HRALRIE .

* Analysis methods include genome wide association study (GWAS), linkage mapping (LM) and RNA sequencing. ® The main types of mark-
ers include single-nucleotide polymorphism (SNP), single-sequence repeat (SSR), diversity arrays technology (DArT) and the maize SNP
array. ° The mapping populations include recombinant inbred lines (RILs), doubled haploid (DH) lines, multi-parent advanced generation
intercross (MAGIC) lines, and other populations. ¢ The distribution of QTL or significantly associated SNPs for resistance to ear rot on maize
chromosomes. FER: fusarium ear rot; GER: gibberella ear rot.
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A5 M P T BE F2 4 1) 32 BRI O v A
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IULEN, K 455 1K(233.6~233.9 Mb) I 1 4~
5 GER #ith 8% XKA SNP 5 ¢GER4.2 (231.9~
240.3 Mb)IX 3k &, @ 719 339 kb X [H] 455 A
Fhi52 E MR & & # & (leucine-rich repeat, LRR)Z i E
[ F1 Shaggy HH5C K FHIEEE I Y 7 A 3L 1),
Zhou Z5EUTHR A Z2 R85 RN 1 o7 1k TEL A G 1000 380 o A
EARiPER 6 4> QTL, (HALN /NG RIS 5 e e
AR 10%), 3BT ZA RO A AN B 5[] 1 i
JE P (e A R, (R A2 BRSO 5 A
BOREREA, For 1 AN RO (R 1Y) gGER4.09 ¥ TER
A Hie 6L A 2 T Ok SE 7 5t % X ) . Galiano-
Carneiro 25190 it Z AR BRI E AL E] 4 4N BHA I
ROV QTL, WJf#RE 5.4%~21.8%MF AR A
QTL Efi 45 HKFH, F KN FER Al GER Hitkh
2R BN FE R I Rl e, HAS [ IR B Flist %
T ) ) 5 2 M L X )

4.2 HEBEHRAEERER GWAS 51

GWAS T2 % 5 52 22 IR A 45 SE R 1 FH 4
RTFB, Zila ZP%F 267 4y F K A5 REPTIEL &
2R HAT GWAS 40, %8 3 3 4> FER Butk i % ¢

B (%) SNP 37 s, o Horfr 5 5 Je A1) SNP A3 45 o7 T4
GRMZM2G111477 IX[d], 1ZFEH 465 HSP60 K
H; 9 SQ Akl SNP {7 S TR GRMZM?
G178880 X I0], 135 [F 4 i £ 4 2 45 AN H 25 R b
Al o IR TE JR S I X 1687 £y H SR
M)A, BRI 7 AT R o 2 AR 510 55
PR, H AP K b i S A0 DR R R 25
FRH KB Yuan ZE7H H GWAS Xt 316 ) &
KHIKRTE 3 MR GER #A7HtEsdr, Rl
F| 164~ IRy SNP 3 4, PR MR B BoR
} 4.73% o Horf bin5.05 7 EAFE — A PIER B, H
FRIAR ERRAE R 9.07%H0 SNP, %A s R 10 4
FEIR, LA S R AR S A B R e R A i AR 1 g
T FE DR, W] AR SRt o Ak B R ik — 2B A5

Xf E Kk FER FII GER A6 21 A4 Bt 1 i 3 OB
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AT QTL RN | F& 52 2= AR Al 22 5 I ik Bk A
Lok, LATEORG o S 5 Uk 3 RN A BT 43 T i A L
#1. Zhou ZE VR ] GWAS 43 HT1E 5 D FRES rh A%
Mzl 69 T~5 GER HEXEH QTN (quantitative
trait nucleotides, QTNs), £ QTN M BRI L
R IR T 10%. S5 Gk b, K8 4 1%
SRIREN, EEMRAREERBDE LH, i
MZ57T GER WPitER R . Yao 2RI H GWAS
16 3 AN AR RGN 3] 34 S FER Hiik 38 CHEAY
SNP, HHB3] 69 NMETEREN, 254 Fwdl /i & B
21 MESRBEFE, WFEMY MR G B CEEA,
PR-5. M. POUME ARG ERH, HAEBUW A AC
ZHRMBE S FRIE, Ayesiga ZEDTETHUHF £ oK
F2C &R 2 4217 FER JidE R, LB e 7
A~ FER HiPEM G SNP i, R T 4%~11%
fOF AR S MR R 4 M e BE R I R 7 A
FER $0 M AH G A A 038 5, G vl 98 Ml It 30 3 12 e
i

9 7 HE 1) S FER A GER FuEf i, ¥ HETE
I GWAS %552 A BT A 35 G 6 SNP {4, I gL
A AT AL R 42 Rideogram 7% Zp 5l R F
KA 10 A gk b (B 1), WEEE SNP YRR,
| Sk %, ik 1014, Hif FER HitE B4
Kl 11 ATSTAFGERY 62 4~ SNP i 45, GER Ak H
5 AT AFFERY 39 4 SNP v A5 T 6 S ik i
b, AUF 36 4>, FER A2k A 26 AL AF5ERY 62 4
SNP i #5i, GER A3k H 10 NI HF5E R 10 > SNP
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= 3703 == FER.
— == GER
453 Both
E 47993 m== FER hotspots
1.654 = 0768 —
— & F450 0629 = k3461 GER hotspots
= o 9 [4835 ] 25211
= —] £29.965 15.203
— — |: 17528
= — — =
D = = =
= — = ] = 10.706
= = 14.501
= L = = 5
= =] = — =
— L ~180.206 ] L =
— = = 184000 = e 121183 -
|| = | = — L 124.926 =
— = — 185.646 - —
— — %%gg = I:188.847 =
S 8534 = 155 = 170.278 146.327
299.329 214.794 [ 172.218 [
= — 152.415
N/ =Y
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El1 FEERFIIIEEE SNP 1 SNP AR BAEE KR EIKE LMHH

Fig. 1 Distribution of SNP loci and SNP hotspot regions related to ear rot resistance on maize chromosomes

Bl U FORTEIE e Ak 25 OCHE SNP 7 s O BHE, IR 1 0k B RTHGE Y 19 55 GWAS SCHR(SCLILR), ALHE 14 i FER HEWFTE A
5% GER FUMEWFSE . SHILRARA: i TR B RCR S Z L H A B73 MUAMRIE, Gt E) B73_v4 MHR L&, &5k
WIS ¥ SNP, 2573 687 4~ SNP. i X X HIE/RXLE SNP (LH FESL (R E oA kefiE, 4 5 Mb XA E Lo — M3 1, 24
B ARIE Y SNP A s> 4, HOR AMSZBFFE> 3, W5 Xl FER/GER fY SNP #15 Xdl, J o A 8 1 o 4 B B3 11 B0 Ol Mib,
AEFE 1

Data source: data on SNP significantly associated with resistance to maize ear rot were obtained from 19 GWAS reports (SCI-indexed) pub-
lished to date, comprising 14 studies on FER resistance and 5 studies on GER resistance. Reference genome version: due to different versions
of the B73 reference genome being used in earlier individual studies, all data were mapped uniformly to the corresponding positions in
B73_v4. Unmappable SNP were excluded, resulting in 687 SNP. Defining hotspot regions: to reveal the distribution characteristics of these
SNP loci on chromosomes, a sliding window of 5 Mb intervals was defined. A window containing > 4 reported SNP loci from > 3 independent
studies was defined as an SNP hotspot region for FER/GER. 4. The unit for physical distance on chromosomes is Mb. Abbreviations are the
same as those given in Table 1.
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Fig.2 Schematic diagram of the defence response of maize ear rot after pathogen infection

PAMP: 35 J5 F R <F 43 FAH PTL: YU PAMP fith % 9 68 J52 s ETT: SU50I05 I B 0 PR 7 1T Ak & 19 SR 928 S0 5 PRR: 35 41t 2 v (19
BS I SZ 1 CRRK: o & 2P BE R R I Z A, LRRK: & & 58 2R I S IR B, STK: %ﬁ@&dﬁﬂﬁab‘%ﬁ% BAKI1: 323 [ B
A EUAR G52 B MAPK: 22 2400 (L TR FUREE: JA: SRHIRR; SA: KWER; AUX: EKH; ABA: BIARR; ET: LM GA: HREH;
CK: 4iMusr443; BR: M2 R MG, CDPK: AGRHIHE 13, ROS: G4,

PAMP: pathogen-associated molecular patterns; PTI: PAMP-triggered immunity; ETI: effector-triggered immunity; PRR: pattern recognition
receptors; CRRK: cysteine-rich receptor-like kinase; LRRK: leucine-rich receptor-like kinase; STK: serine threonine kinase; BAKI: brassi-
nosteroid insensitive 1-associated receptor kinasel; MAPK: mitogen-activated protein kinase; JA: jasmonic acid; SA: salicylic acid; AUX:
auxin; ABA: abscisic acid; ET: ethylene; GA: gibberella; CK: cytokinine; BR: brassinosteroid; CDPK: calcium-dependent protein kinase;
ROS: reactive oxygen species.
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