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U5 BRI ARG B AR R A O R IF oo - A
FORIFECE T R VA R Y R AR R
FOREFECE BSOS BE SR T2 B I A2, 2 Rk R
e 50 3k AR 23k 528, 50 Sk PL B, 350 10 Skak
20 S M A HIAG T, 2% 8 1 Pk g
1 2 7 0 US55 48 BIGHEA T oA 1 4 5 FTANY

ISP 5 = 55 0y Kb ARk 1) S 357 05 /4 38 L
FORMRHEEif i, RIARSE B0 FKARE E i 71
B, P T PE R 3 R 52 9% (immune , IMMU) | 55t
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P 225, PR E FR XS 9 ED fEBCR , R4 ED {H
VEPE AE FARTEIR IR DX IR ) B30 25t B A g e
BRSNS XA RS ED (EHEAT 2 OT7

SEBR SR JE R B fL AT SNPNUM #U45, U A {ir
SPEE R AL ECS 3 A AR M 22 Z FT (median +
3SD) VE A 43 BT 4 SR IR, 40 DG I06 15 {1 0 o e 24 K
Bk, AXanF .
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X, A, RRTE SNP AL b A BREETE R ($T

) TR M TR EE 5 A, R A BRCEETE 1 (JRF ) TR
HETREE . RS

2 GRE5SH

2.1 EXRTRARERPERGHEFNHEDT

TP 1Al ORI A A fE i HE R T D, 2
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T o FEEAT DU A 2 T AN
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Fig.1 Dynamics of aphid population at different
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Logarithmic value of aphid quantit
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maize developmental stages

2.2 AEERF B E R KT B R0
HRAE I HE AT 98 13 Bk B Kb 5 ¢ YR kA T i
PESERTEM, LR SR 5 KRR AE 2 SR
[ ) TR B R AR 2 T, 5 A Hh A G FD (B G ) 1Y
JITAT KT 5T B8 U5 A R & B I oK 45 i 3
BIAR T 6 H #RAr (L #%) /9 5K BFECR (Bl R 51
) o B AR ERR Y K I ORI I I 4R B A 4G
SRR AN FOR I R0 A g% B FP B GEUR 5 S fy Rt
g i, 4 9 & IRF312, B123, B112, 3233 Fl DM3/
335F ;45 335HX 7ENAY 17 Iy "I (F 1.8 2),
SRl BT 5 5 Y SR I E | 88. 78% 1) T K i %
TRFPURE TR IE , R BUA 1Y TR B TR = ok
AR, JE LR X i R YL RIN G AR

(4,, -4 +(C,, -C)’

+(6T,, -6,)" +(T,, - T,)°
x2 BHERMRFRMMGELEESLR
Table 2 Aphid-resistance evaluation of ninety-eight

maize germplasm resources

Tﬁ‘fﬁf%é& R f n”nﬁ%ﬂ( Fn A L
Resistant . Variety Percentage of
Aphid index o
grades numbers varieties/ %
HiE IMMU 0 0 0
L HR 0~0.25 5 5.10
PR 0.26~0.50 6 6. 12
&S 0.51~0.75 28 28.57
FHE MS 0.76~1.25 42 42. 86
&% HS >1.25 17 17.35

2.3 3233 BXRZWmMEHRE

T B ) P K I 3233 H 22 R UL
Iep s A R AL e B A 22 & 335HX ALl 458
HE A RBE KA G0 F,  F, BEAR SR
g R FV R AU SR AT G o (B 2 18 3)
SR JR R F, FIEME S5 A () F 185 18 053 3
0. 908 .0. 904, 7 M R I — 2, F, BEAARF ML, &k
Wof oy HAR IR A0 A, 6 32133 A 28 & WY o if 3t
& Ry etk BRI R

1.00 =
. 080 1
2
£
B 060 1
=
<
/040 4
iz
i
8] 020 1
0.00 T T T 1

ik R F, F,
LR EL Samples
2 kAR e A
Fig.2 Aphid index of plant materials

2.4 SLAF irEAEXRHEEERLBELENIE
X E K 32133 5 335HX 2258 54t F, Rk
FRFIEERPT BT 2 TR Y DNA FIRGE R DNA K
i, 28 Hae lll + Hpy 166111 XUBEY] T 7= 4 Y 414 ~ 464 bp
A BT, R BWA BRI P25 35 ok S
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HIREHA XS, R 4 KT 555 R F
G S RAE 98. 84% L) I, R BN J 245 ML fi 0 5 e ke
RN 2 MR AR AL (F B, L R1E 364 147 /> SLAF
FRA , HUISHIR P Y00 TR B2 Ry 70. 45, BRI iR b
I P UREE R 65. 68, PR IRt -3 ' R B2 68. 07
x, S FIREE N 136. 13x (K 3) . HI13R 4 A1, A 357
778 > SLAF AR (v ] FOR YLk b JF R bric
R 98.25%, TEEAFR AR ERybRic 8 7E 23
870~52 668 Z[a] , JF & [ SLAF Fr%5 7 A [a] e o {4 |
WIS An B TRA A (K 4) TV FiE—2
SFARICFE R
&3 BREHRMIT R K SLAF FRZGEIT R
Table 3 The statistics of developed SLAF markers for

resistant and susceptible bulks

- BIFHRE PR (x)
v e SLAF fr
FE i i SR H Total Average
Sample 1D SLA\J‘}; b sequencing sequencing
fumber depth depth (x)

hﬂ‘,j(?é(m 363 831 25 631 420 70. 45
Resistant bulk
}E;fg yE ¥
BRI 362 033 23 844 918 65. 68

Susceptible bulk

2.5 &M SNP tRiZHHT

FR A 7 BN YL AR 0y 2384 SLAF #5287 5115
BRI GATK 319 17 91 Jmy 38 2 L X D g X SLAF
FREE R AFAE 751 28 S0 SNP GEA7 A | — 4G ) 5]
11 052 576 4~ SNP FRic (£ 5) . U AIE EARAARIC
Jo , A5 3 i R A AT {5 SNP A3 45, 46 553 4, X4t
SNP 7EAC A 32133  BEAS 335HX  Hp e 1R S8l IR 1tk
BEA T B 25 B 5 9l 28. 81% ,24. 42% 81. 62% Al

*4 SLAF iridESELBEITFKITE
Table 4 The distribution of SLAF markers on

each chromosome

SLAF %tH
SLAF number

Retufk's

Chromosome 1D

52 668
39 064
40 320
42 730
38 711

32 037
29 774
31719
26 885
10 23 870
HAb Others 6 369

S Total 364 147

O 0 N N N R W =

200

Yt 45 Chromosome ID
= ] ~ N wn =~ [9%) (3] —_—

[l

0 50 100 150 200 250 300
T M AR Ry G R L BE (M) |, B — A B A R —
YR, 0410 SLAF % B 2 (0 19 IR ¥ 2 /R SLAF
FRiCTE % 26 X I i B0

Note: The x-axis indicates the physical position in megabases

(Mb). Each yellow band represents a chromosome. The color bar
shows the SLAF density. Dark and light colors denote the

SLAF marker numbers at these loci.

4 SLAF iREEBEERLEELENSH
Fig.4 The distribution of SLAF markers on

each maize chromosome

75.61% , PRIR M0 (1) 4% 6 B 5 T 3% , 286 BE 1 40 A 4
B AR SR RRAE , AT & 1Y) SNP i il H it
— B BRI
2.6  HUEFMEIRE X iE A I ik

FIH AR 46 553 ASAIE 28 SNP 7 4, it
BAEAS SNP 5 ED {H, IR X ED 471445 51
KEBAEDAR (B S) o LUTA S SR EE N R 8 S
3 A2 Z R (0. 12) Sk B (E 2E 47 OB 43 B7 , B Bt
PP IR R 2 A X B, A A T 3 58 5 YL ek
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Eird 34 %

(E5), 1T 3 et ki X ik 7 70 453 782 ~
108 289 839 bp Z [ f 19. 66 Mb U Bl 1, 45 5 4

B X AE 177 885 175~ 184 229 926 bp 2] 6. 34
Mb JEFEIN (£ 6) .

x5 HERPRWEE SNP Fitk
Table 5 The statistics of detected SNPs in the used samples

TR

Sample name

5 Y SNP ELEL
Total detected SNP number

A PRI S Y SNP i H
Detected SNP number
in each sample

FEdhf SNP B2 43R
Heter SNP ratio/ %

32133 9 135 238
335HX 9 135 238
LR Resistant bulk 1917 338
JEIFIR M Susceptible bulk 1917 338

5783 811 28. 81
7042 418 24.42
1 564 982 81.62
1 449 850 75. 61

104 -2 e

EDIE

ED value

g

0.0{5=

Rtafh s

Chromosome ID

s

Rith ED XEXD & RE

Fig.5 The results from bulk ED association analysis

BB 5 1% £ B 7 1%
BEXF SR DI N S AT, 23 B LA 8 X T 2
AEARZ A 22 57 1 SNP {5 B, XF SNP b AT 28 5% (9
B, L IAAAEE ) L7 1Y SNP A7 85 4>, Xf I £ 43
ANEEIN L I SO RE LA AT B2 5 ST OIR B A5G A 2)
REFEIN A AEAEIE[R] LA AR A B K 3 351 5 NR | Swiss-
Prot .GO KEGG ,COG 5548 J2E b b 47 R B VR B, I
gl SRS AR I v [ PR RE TR R Zh RE R, 1 —
A B S AR S PUMEAT SR I 4/ M e R PR Y
YO, MRS DR FE DR G % 0 BT 2 AT B IR X
FP8) AR R IX 38R B 3 A BAT Bk 2 1 235 A Sl ) ik
A, 4 5 & Zm00001d041215, Zm00001d041298 .
Zm00001d016953 (& 7). il 2 THEHFAI T4 3 Je
A it HA LRR-RLK (leucine rich repeat receptor-like
kinases ) DI BEIR I IAMAE, J5 1 AFEHEG T4 5 ek
HR X3, 25 i B R0 ) 32 AR 11, H A NB-ARC 254 55
(nucleotide-binding adaptor shared by APAF -1, certain
R gene products and CED—-4) , Bf 3 /MPitEFERH A, ik

2.7

KB 2 AL FHE 3 Y Rk e B IX S A
Zm00001d041220 F1 Zm00001d040936 , H [7] 5 3t (5] 7
PR ST o B B R BT AT RE Y fE SRR IX
WM 5 558 P AH 5By 3 PR AT 1R A it I i 1k
FL R G — 25T

3 it

i#

BP9 TR BF A TR BE AL 7 0T A U 5
EREBARIEERN R K AR F R 1 A B ¥ 4
HAR TR AIFFERRY, TORBEA R 1K
sin b e A R A AR B A — B, B4 T KA ) T
T, A RO S OR fE S M AR (B 1) . X
5 LM BERF TS SR — B, TR I SEAH i WA o B R
FORTHEANBURE TR Y e Y 2 FOR BT A
B [F) i 3 2 PR BT DN Z B2, A R R A, Bk
AT LA LR 0 TR B P, SORT DL 1 52 i 5 e SE5E

(45 5% WA oK B BT e o PR, A )R B A
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x6 XBERERFERLGITE

Table 6 The statistic of associated regions

THE IR ITOF T K Al R R AT 0 0 M A, W DR S5 0 2
B HERRM:

FK R FACFAAEY) , 54 AT R Y
Ptk th R AR KAy 22 5270 ) RWF5EAE 2 4F 2 4
FEIH I 4 ADOR[RAEE T X & 3 F KA 0% IR b if
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Table 7 The identification of candidate genes in associated regions
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AT5G62710 Zm00001d041215
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Identification of Corn Leaf Aphid ( Rhopalosiphum maidis Fitch)
Resistance Germplasms and Mapping of Resistance Loci in Maize

SONG Wei LI Xinghua WANG Jianghao ZHANG Dongmin ZHANG Quanguo

WANG Liwei WEI Jiangfeng LI Ronggai”

(Institute of Cereal and Oil Crops, Hebei Academy of Agriculture and Forestry Sciences/Key Laboratory of Crop
Genetics and Breeding of Hebei Province, Shijiazhuang, Hebei 050035)

Abstract;: Corn leaf aphid ( Rhopalosiphum maidis Fitch) is one of the most predominant insect pests in maize fields and
causes significant loss of the crop worldwide. The use of insect-resistant germplasms is a very effective and economical
way to control this insect pest. In order to develop resistant hybrids for aphid control, it is necessary to identify and
screen resistant germplasms, determine genetic pattern of resistance, and explore resistant genes. In the present study,
newly collected maize germplasms for corn leaf aphid resistance have been evaluated; the aphid-resistance loci from
maize inbred line 32t33 have been identified by employing a combination of bulked segregant analysis and high-
throughput sequencing technology. The results showed that 5 out of 98 maize germplasms were highly resistant to corn
leaf aphid. The resistance from the inbred line 3233 is subject to polygenic control and exhibited quantitative genetic
characteristics. Two genomic regions on chromosomes 3 and 5 were identified to be associated with corn leaf aphid
resistance , with sizes of 19. 66 Mb and 6. 34 Mb, respectively. Furtherly, five candidate genes associated with the aphid
resistance have been initially predicted. The results of this study could help to enrich aphid-resistance maize resources,
better understand the maize aphid-resistance mechanism and develop new hybrids with corn leaf aphid resistance.

Keywords : Zea mays, corn leaf aphid, germplasm resources, corn leaf aphid resistance, gene mapping



