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Identifying and Interaction Assay of QTL
for Row Number per Ear of Maize

LI Cheng-pu,BAI Wei,ZHAI Li-hong,TAO Yong-sheng,ZHANG Zu-xin
( College of Agronomy ,Agricultural University of Hebei,Baoding 071000)

Abstract ; Five introgression lines(ILs) and Zong3 were selected to develop segregated populations by Griffing
IV diallel crossing for identifying of QTL for row number per ear and assay of QTL interaction. The SSR markers
were used to screen genotype of ILs and F, individual. In the five IL x Zong3 F, populations,only one QTL for row
number per ear was detected , with 10.68% phenotypic variation. In populations derived from crossing among ILs,
total of 9 QTLs were detected ,on chromosome 1,3 and 8,with 4.53% to0 6.52% phenotypic variation. In addition,
2 pairs interactions between QTLs, 10 pairs interactions between QTLs and introgressed fragments without QTLs
were detected. The sum of phenotypic variation explained by all of interaction pairs was significantly higher than that
explained by QTLs in each of F, populations. These results indicated that epitasis plays an important role in genetic
controlling of row number per ear in maize.
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7.42% A%, Yuval £V AHEREN T BERY
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B BWTXERAKE QTL M. FA
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1 HR5HE

1.1 RRHBRARBEE

PA%E 3(Zong3) I %4k M5 H 522 (HB522) Ry it
HEER FARZEES TiRicHBEEER W
TH3 %S AR (Z3HBILs) BEAK'"", B
PEBETSHEBTHELEEFEZERNIAR (In-
trogression lines,ILs) , PAX 5 4} ILs BB BIFEA L3
Jakt o, ¥ Griffing IV IR HEFTNF 2232, B8 15 4
F,AXBA 154 FBE, ERAZNERS 5
F 2009 4EF1 2010 F AR EH AT 2 FHELEE, B
AMHEAHNEER F, RHEF,#45TF 2010 £ FREH
R, R RBE S BRI R, E4ARMF 455

MR, RARIX AR, UTK,3 KRESH,
B4~ F, B3y A 20 47, AT 13 &k, fRIE F 8K
BIAMEBCK T 150 Bk 4Eit4r BT R Excel 1 SPSS
13.0 #%{%F,
1.2 QTL REE&ESHH

{6 F§ CTAB t: 5 DNAM RIS A K B
A KB SSR fRio X B4 R H F, BEk#AT
HFE R4, R A IciMapping3. 0 3 {4 % & #17
QTL BRHE A, 4% Yuval " gy ir sk # 17
QTL & &5 i 5317 o

2 ZR5a9H

2.1 BAERBEEERFEH

HEiX B 5 4 ILs F 2009 45 A1 2010 4F 3347 H H]
¥E, SREEARL3 ML, 4 N ILs RIESBITH
WA AEILS HEOEBETEH3(R) . XFRES
Qi kBRGNS S22 WBTEEELTE3
BEX,ANtEAESANER S22 ERAEZI H
BPEARBERMER, MW ILS TEHEMLIA
R B AT R M EA

f#i 459 5t SSR IRIE AT RARBHRB KA,
SAEBRARBHMEZESNN2.1%.12.4%
3.7% 5.0% .9.1% , ¥ B EE K4 8K 97.9% .
87.6% .96.3% .95.0% .90.9% , F ¥ %k 93. 54% ,
HILFRARGENBIRFERNEL Fin.

F1 SHMESARERINBITNER

Table 1 Row number per ear of 5 introgression lines and

Zong3
%% Wiz Rak S R M 2 Mean + 5
Line Marker Chr. 2009 4E 2010 4
IL1 umcl177 1.01 12.47 £0.18" 12.23+0.21*
n2 bnlgt083 1.02 10.37 £0.20* 10.20 £0.26 "
o3 umcl065 2.06 13.33 +0.51°" 14.07 +0.21""
J17.) nc030 3.04 13,78 £0.22* 14.7210.30*
ILS phi080 8.08 15.70 £0.44** 17.15+0.29*
Zong3 - - 15.00 +0.38* 16.48 +0.39*
HB522 — — 10.86 +0.47"" 11.00 +0.58**

IL1JL2 JL3.HAILS BBl ER S M RAR. » . *s» FHERESR
[E£RXB0.0570.01 BX¥KE,TH

IL1,IL2,113,114 and ILS indicate 5 introgression lines, respectively. *
indicate the signifi at P <0.05 and P <0.01 level, respec-

and **

tively. The same as below
2.2 BARPHITHQTILHER
5AMs A 553 ZXFHAX, RERSAF,
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F2 2010 £ FREABITHABARIRFESW

~15.7 2 (R 2) o 5 ILEAM W, BAE LG
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Table 2 Phenotypic value and analysis of variance of row number per ear of F, population in 2010

F, Rk LaE S B/ME BRE ¥E Wi M 2 T HE 4

F, population n Min ( rows) Max( rows) Mean( rows) s Skewness Kurtosis
IL1 xZ3 167 10 18 13.1+0.1" 1.8 0.34£0.2 -0.37+0.4
IL2 x Z3 235 10 18 12.8 +0.1° 1.6 0.40+0.2 0.17 £0.3
IL3 xZ3 181 8 22 15.6 £0.2° 2.7 -0.11+0.2 -0.04 £0.4
14 x Z3 152 8 18 15.1+0.2° 2.2 -0.51 +0.2 -0.12+0.4
IL5 x Z3 188 10 22 15.7 £0.2°* 2.3 0.4510.2 0.12 +0.4
IL2 x IL1 213 8 18 12.0 0.1 * 1.5 0.77 0.2 0.29+0.3
112 xIL3 212 8 16 12.4 £0.1* 1.7 -0.03+0.2 -0.230.3
2 x 114 221 8 18 12.8 £0.1° 1.5 0.17 £0.2 0.52+0.3
L2 x IL5 233 8 20 13.4£0.1" 2.0 0.33+0.2 0.40 0.3
IL1 x IL3 216 10 22 15.9+£0.2° 2.6 -0.07£0.2 -0.38+0.3
IL1 x 114 213 10 22 14.6 £0.1° 2.0 0.20+0.2 0.61 £0.3
IL1 x ILS 235 10 20 14.5+0.1" 2.1 0.08 £0.2 -0.38+0.3
IL3 x 114 192 10 22 16.1£0.2* 2.4 0.05 0.2 -0.21+0.4
IL3 x IL5 190 10 24 16.2£0.2* 2.3 -0.11x0.2 0.24 +0.4
114 x ILS 172 10 18 14.1£0.1*° 1.7 ~0.13+0.2 0.08 +0.4

Z3 R EEAL3 Z3 = Zong3

EFARBAENSFARE, A M RAR
553 %G BT RBE F.BE, 251 5 1%
ARMBRARBHRT ZHRTE QIL #ITE AL,
BIrEESARFBRREMARICEIL 35 11 4,
L2 % 22 4~ 113 3 20 4~. 114 3 14 4~ ILS X 14
A GHEFWEEYR. £ OTL AW, {7 IL2 x Z3

*3 HEITH QTLs RHBMERR

B F,BEPEET 1 AEITHQTL L FH 1 16
& HND45 - HND8 [X Bt, LOD & X 5. 45, f% B
10.68% M FRMER , BIMHRR(F3), iEEHS 4
5 A & HAE bnlgl083 — umcl479 § A K BN FLE
BT8O QTL,

Table 3 Identification and genetic effect of QTL for row number per ear of maize

F,# ik otk FRiE X LOD & R (%) InvERLR & PE RO
F, population Chr. Marker interval LOD value PVE EstA EstD
112 xZ3 1 HND45 - HND8 5.45 10. 68 -0.72 0.26
IL2 x JL1 1 umcl044 - HND5 2.06 4.53 -0.44 0.16
HND9 - HND123 2.43 5.11 -0.48 0.17
112 x IL3 1 bnlgl 083 - umcl044 2.39 4,97 -0.39 -0.55
umcl044 — HNDS 2.35 5.1 -0.37 -0.58
12 x 114 1 umcl044 - HND45 2.79 5.55 -0.49 -0.15
HND9 - HND123 2.46 5.14 -0.46 -0.20
L2 x 14 3 umcl1030 - bnlg2136 2.99 4.48 -0.19 -0.55
IL2 x ILS 1 HND9 - HND123 3.33 6. 10 -0.70 -0.08
8 umcl141 ~ umcl005 3.60 6.52 0.73 0.12

PVE: QTL & B i) R BRS¢ s EstA IR ROR A4 (8 s EstD - B9 00 A {8

PVE ; Phenotypic variation expelained by QTL. EstA : Estimated additive effect. EstD ; Estimated dominance effect
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2.3 HESANZAEXXERNFL,BARAMT

¥ QTL

FHARSFARBEXEBXNEEN F, B
&, 34T QTL il & B, A IL2 HEAZ — 438
H& 30T LR I 3 384T 80 QTL, X 26 QTL E Bk
BTI2 EAERMBEM. HHIEE1 Lakts
AR BN JLA QTLs £ B 4> A T bnlgl083 -
umcl479 X Bt 4, K & umc1044 — HNDS #1 HND9 —
HND123 X B X B QTLs 4 2 YKk i 2] , i B
X2 RAAXBEAETHFEEWBITHNER, X
—HEREGAMAIL 553 REMERY F, AN E
MER—B(E 1), ARBEENEIM QTL, M
—REKXBENMVENER, TS F,BEMNRY
UERBERKNERX. 7350, EH I ME S J Ak
FTHRARBRNSRMEBE T 14 QTL, 5| &% 8
etk bR T ILS 69 QTL, H 2 5 B B K T
Bk A QTL, Mt F&£ 3 M ARAN
B, ILS WEEATHRSE 3 AR, Al gE i
B R 5 AL B BT B,

Chromosomel
0 "} bnlg 1007
467 rbnlg1083

15.58 4

- umec 1044||
23.061 I HND5

27464 I umc2397

327 HND45 I
37.08 HND8

42.99 HNDS3
45997 I HND9 I "
- HND123

59.81 1/ umcl1479

51.99 1

1 BIRBESARBRROBEITH QTL EXELR
Fig.1 Identification of QTL for row number per
ear in introgression segment on chromosome 1

a6 66 Be SRR EET L2 x
Z3 112 x IL1 112 x IL3 \1L2 x IL4 fi1 IL2 x ILS B¢{kay QTL
The bars with red, blue, brown, green and black color
show the QTL position identified from 12 x 723,112 x IL1,
112 x IL3,1L2 x 114 and IL2 x IL5 populations, respectively

2.4 BITHQTL ARESEETRMNEESH
i it IciMapping3.0 3 {4, LL 5.0 cM A Bt
BAEL L2 BFEARERN S A FEER AR D

QTL W E VE; o, 76 112 x 114 #1112 x ILS Bk p
BE QTL M EfE2 % i BN RE TR FHA
7.29% F17.40% LA B MEERNF, QTL HKiH
FQILW S AR BREMEAE 10 X, FEHE 1 B
BAEQILESE 12348 kM REARRZ
FMEE, FRRNRUERHRS.03% ~11.77%,
BBMEERE; RS QTL W F AN BRIEIMELE 8
S, A BN ERNT RN 5.08% ~10.92% ,LIE B
HEHEIE(ES) . REITBENS, &L EERRE
BYHERMERBME0.5% ~51.5% 28 ; HF,
IL2 x IL4 0 IL2 x ILS ¥ fh o M i) 4% 28 54 Fr
BHERBAERSRHRS1.5% f127.2% , K F QTL
BN RAUER(R4), XELEREH, EZH/HE
EERBTHERTEEEENEM.
3 itig

AERRIEABTHRESEER, 5HM”&
HFRGESAMHEEER S ROERZEZER
B ENEFEEELANHEEAASZHER
Mg, RERMNKMEH M ERTIEERTHEE
MR R R B MR RGN, M EM ITERAERK
fy B 2

AHFFRE X 5 A SHITHA XK ILs #17 QTL
¥, 4 RIEBH & bnlgl083 - umcl479 § A F E&
B QTL L FTE, TENFIRRFEMN FBEH,
KRB EITH OTLNAFAE HEEEPES | 1 e
EHSARBEL, SARFBRNNEITH QTL X3
RfmE PSR, 7E 112 5453 5840 F Bk
ok RE R B A F A AP R B A QTL, X £ B
55FAZEANIFARBRAX LR ER
QTL Ry XM T Hfh QTL AR A, IL2 x ILS
B F, B BE RE AR U B BT 112 B A B BX b 9 1y fin
PR QTL, REER MBI RE F ILS BAFBEMIE
ENMEROR QTL, M QTL i 15 8 i 43 47, SR IR F
ILS AR By QTL, Mt F 45 3 Wiz S BA
INEEAT R MR A, aX L BB AR B AR B ILS AT MK
mT 43,

5HITHRA XM QTL 7 LIZE AR QTL-ILs 3
B3, B0 TARBAE L EHETRTLE
Bl X & QTL AL LUt 1 Al oy R il s 47
BT B, 3 BT LASE 1 55 L b 55 DY R 7 22 [ i B4R
EEmEREREST, BHEES KR
QTL [RIE 4 2 %F,QTL 5K & 1 %] QTL % A H B
FEIEME 10X, EFHEAUNEEMBEBRNRUER
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Table 4 Interaction between the mapping QTLs for row number per ear and other segments

REE  me#  RERE ReK KA w0 G2 QW QT2 R RER - RRE S8R L am
F, population  Chr. Marker interval Chr. Marker interval PVE M mE BEE R HifA i M HifR Type of interaction
. Al A2 D1 D2 AA AD DA DD

IL2 x Z3 1 HND45 - HND8 4 umcl194 - phi086 11.77 ~0.22 -0.30 0.37 0.26 0.09 -1.24 -0.36 -0.36 AD

1 HND8 - HND83 4 10.92 0.49 ~-0.27 0.26 0.10 -0.02 -1.22 -0.49 -0.25 AD
1L2 x IL1 1 HND9 - HND123 1 bnlgl014 - umc1292 5.03 -0.72 0.11 -0.35 -0.36 0.14 0.56 -0.13 0.93 DD

1 HND8 - HND83 1 5.48 -0.69 0.06 ~0.31 -0.43 0.15 0.53 -0.04 1.07 DD
IL2 x IL3 1 bnigl083 - umcl044 2 bnlgl831 — umcl065 6.51 -0.53 -0.03 -0.38 0.42 -0.47 0.42 0.69 -0.45 DA

1 HND9 - HND123 7 umcl015 - phi034 6.16 -0.33 0.27 0.17 0.75 0.39 -0.28 -0.44 -1.24 DD

7 umcl015 ~ phi034 2 umc2252 ~ umcl003 5.43 -0.36 0.45 1.11 0.61 0.58 0.15 ~0.09 -1.15 DD

7 phi034 - umc1066 2 5.66 ~-0.58 0.33 0.84 0.43 0.76 0.36 0.18 -0.74 AA/DD
IL2 x 114 1 umcl044 - HND45 3 umc1030 - bnlg2136 7.29 -0.38 -0.69 -0.46 -0.82 0.29 -0.05 0.87 0.64 DA

1 3 bnlgl447 — umc1425 5.26 -0.34 -0.51 -0.44 -0.62 0.18 -0.23 0.82 0.51 DA

1 HND9 - HND123 3 6.08 -0.45 -0.53 -0.35 -0.57 0.37 -0.05 0.84 0.32 DA

1 bnlgl007 - bnlgl083 3 umc1030 - bnlg2136 8.64 -0.35 -0.34 -0.52 -1.31 0.04 0.09 0.19 1.36 DD

1 bnlgl083 - nmc1044 3 5.66 -0.37 -0.28 ~-0.45 -1.12 0.08 0.02 0.11 1.37 DD

1 bnlg1953 - bnlgl007 3 nc030 - bnlg1447 5.90 -0.02 -0.14 -0.51 -0.72 -0.01 -0.65 0.11 0.93 DD

1 bnlgl 007 - bnlgl083 3 5.08 -0.04 -0.14 ~-0.38 -0.69 -0.04 -0.59 0.05 0.87 DD

1 bnlgl953 - bnlgl007 3 bnlgi447 — umcl425 7.62 -0.11 -0.14 -0.78 -1.02 -0.32 -0.37 0.34 1.32 DD
IL2 x IL5 1 HND9 - umc1397 8 umcl141 - umcl005 7.40 -0.53 0.25 -0.04 0.13 ~-0.67 -0.31 0.88 ~0.03 DA

1 bnlgl083 - umc1044 8 6.31 0.03 0.18 0.53 0.63 -0.31 -0.08 0.97 -1.19 DD

1 HND45 - HND9 8 8.30 0.11 0.14 0.01 0.16 -0.68 -0.07 1.17 -0.21 DA

1 umel397 - HND123 8 5.21 -0.60 0.20 0.02 0.18 -0.47 -0.19 0.88 -0.17 DA

T Pk R SE A B MO BAT 4L QTLs, PVE: B{u#: QTL MBI RAAE R ;AL A2 FHRRE L 524 QTL MMM R M E;D1, D2 FFIRRE 1 4 58 2 4 QTL iy B ¥ {8 ; AA \AD DA DD 5 5 &

R PR B b0 0 B R L B R M B AR B B B A

The bold letters indicate the detected QTL for row number per ear. PVE ; Phenotypic variation expelained by QTL pair of interaction. A1, A2 show the estimated additive effect of the first QTL and the second QTL, respec-
tively, D1,D2 show the estimated dominance effect of the first QTL and the second QTL,respectively. AA,AD,DA and DD indicate the estimated additive x additive effect,additive x d

additive effect and dominance x dominance effect, respectively

effect,d

WEPEETY N0 BUR KT £8ES k9
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