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PrUAZREH BT, /2B MR s s A
JEE B /IN TR 2 AT T K ol 1) — A e (o
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[Fi) I 47 1 3 ol o AN MR 43 £ 48, I H Miickelson%%
(2002) 7 I DX 5 Py -t 5 A7 31 LA 4 ) e 43 B H5 1
QTL. 45 (2005) F 1] & 112661 K Z ) £ K Fas
BEARPPRL, T LAE2 5 (0 IR SEG, fE281. 3. 4.
5. OFN10IEBHE FALR I F /M HERE /> B2 2 QTLs, 1L
T 55 3% €1 14.3.04bin b (K] QTL [ I £ 2 Ff FR 1%
BRI E], vipk R 10%. ik %E(2007)iE
524 DA R IE 5 T R A PR R 1) oK R
XK A R HERE 2> B B3 AT T QTLA I, 2Fh AT 3L
264 HEFE 73 b O G QTLs

&40k, KT FORMEREA G HEAR QT LA 17 14
B AT, I HRAH TP AAAE S AL, sk
ZANRIEAL T SR LA, 7 E A RIS R 2
b ZAEL RIS, E L AR 2R A
MRk HANERIIQTLA . ARSI A HI [H A
T KA TR A LY S ) S 4T85 3194 L 1) 2
NP, 4iG24F 2 MRS E, W8 ToR A
TS B BRI R T AT QTLEAY, 15 75 % 52 42 i
FHOCPRAR Y B B AL X B, 2540 v] LATE 2 /MR B K
AL TS 5t R RRE RIAMQTL, J B K> 7 H sk
B A S HE L E R AT TR G M S .

1 #85EiEZ*

1.1 AR ESREFIT
FoK(Zea mays L.) A5 55319, #KAT8FI S . )U &
I ORI 28R, P (R 2 R 3 ) PR
Reid DL AIEPUF-3k, Hfm] S A v LY 2 Hh [ oK A
FIH B A R AAE R LU 230N F12354 5%
ZA K55 319x 0 L U (QIHAEAR) A 478 5 H.PU (Y/H T
IR IR F 2. AR SRy H AR IR 2 A7 PR SRR 1

24 BE AR I % e Hb B RS R 3T (39.48°N,
116.28°E, 31.3 m). [F# 2 (35.19°N, 113.53°E,
73.2 m) [T % OK55(43.47°N, 87.39°E, 935 m)
SANIE 7K 4y PR (V] g b X 5 1%, b TR B g b X
), 23 MI{E2007 45 F120084F 3147 I ARAH & PR 1 %5
o HIASEE R FHBEHLIX L5 0F, 2IRER . 174 m,
FEATA5KK, 1THEO.6 m. K20 K )5, AT AL 3HRTT
4R, LU ASERIK — SRR /) B K (tassel primary
branch number, TPBN). Bt F o M BL E#B4y, 1K
AREA BRI HERR, RTFRE, Llgk il & (tassel

weight, TW). {HX]Y/HEEAR, 7520074 17 B 50
FUH GRG0 s AN HE AR AT 408 .

1.2 BEEEGE

K CTABYX(Saghai-Maroof et al., 1994)3EHF,. 51
A4 R S0 ACKEAR 4y 1) 65 DS 2H DNA(CEE/N #4 R 154
R BR AR [R5 A0 1 A o R A R I) . 2
http://www.maizegdb.org P s [IAH A5 B, I %
T4 F N4 SSR(simple sequence repeat)fric
AT Z A YES I Tk . A R i H 1K) 194> F1159
A~ SSRAR AL 43 53l #4) 8 QIHAE AR Y IH B A 14 38
W QTLAE E# A K HIMAPMAKER/EXP3.0, #fi4f
Haldane p& £, % 5 20 % % 4 gl ¥ #E 52 {7 (centi-
Morgan, cM)(Haldane, 1919).

1.3 REKESHTSQTLEM

fEFHSAS 9.0%K A0 T K MERE 43 A BRI Rkt i 1 3 24
BAREAT G o b, | g AR D) S A L
h?=0s%/(06"+0ce*/n+0e’/nr)
Horp, nfURIAEA 4L, riCEERAK.
EQTLAL I A, 4&F]HQTLIcimapping 2.0%k 14
1) 5¢ #% 5 4 X W) 1F B J5 7% (inclusive  composite in-
terval mapping, ICIM)(T# ¢, 2009)i 17 HANBREE
1) QTL JE 7 o i A H & TR & &6 Pk 88 84 1)
QTLNetwork 2.0%c Pl & 24 58 H QTL 5 A B 1)
AR R BN . BEDNAE H U7 2U3% Stubers$(1987)
ORAESIE > MRV AE 5 e 280 A8 LU AE R 4 0k
" 0—0.20M I\ A J2: i (additive, A), 0.20-0.80M}
g4y W AE (partial dominance, PD), 0.80—1.200
% 7 (dominance, D), KT 1.20 4 8 & % (over
dominance, OD). A5+ QTLI Ay & M4 LA
Qqtpbn10-14%1, QFE/RQTL, aqlyR/nmHfAEA, I
T R QIHEHA, yRIRYIHERA, tpbnge i A H
PR N HEAR 7> BB, 1058 7R QTLITE 1 L (A fk,
FLL 5 AT LR R ZQTLINF 5 o

2 ZR5ite

21 HBOSBNSERENRELE

R ELIRRY], A FR LR IAEE b 24 BEAAT)
HERE P BCAUIERE T MR 22 5 R (R L) o 2R AS55319
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Table 1 Statistics of phenotypic values of the parents and F».3 families of the two populations of maize under six environments

Trait Environment Parent F2.3 family
Qi319 Ye4d78 Huangzaosi Q/H mean Q/H range Y/H mean Y/H range
TPBN 2007 BJ 14.40 17.45 16.05 20.3+4.7 9.0-39.4 18.0+3.9 8.8-31.6
2007 HN 9.95 11.50 12.50 12.443.3 6.0-22.0 13.0+£3.0 6.5-25.5
2007 XJ 17.05 18.40 18.05 22.345.0 11.0-38.1 18.9+4.4 11-38.1
2008 BJ 14.25 22.90 19.10 20.7+4.8 10.4-37.2 17.2+3.9 8.1-29.6
2008 HN 7.75 10.75 11.75 9.84+2.7 4.3-18.5 11.7+£3.0 4.7-25.4
2008 XJ 15.70 13.10 8.43 18.945.7 8.4-39.7 12.543.3 4.6-22.3
TW (g) 2007 BJ 3.15 2.56 2.79 4.1+1.5 0.6-12.6 3.3+0.8 1.3-7.2
2007 HN 2.54 - 1.95 2.5+0.8 0.8-6.8 - -
2007 XJ 4.22 - 3.49 6.3+1.6 3.0-12.0 - -
2008 BJ 2.44 0.83 1.25 4.3+1.6 1.2-10.5 2.0+0.8 0.4-6.6
2008 HN 2.24 1.78 1.58 2.7+0.7 1.1-55 2.240.5 1.0-5.4
2008 XJ 8.50 6.18 6.18 9.2+2.0 5.5-16.6 6.6+0.9 2.7-8.8

TPBN: — iR 50 TW: HERETE; Q/H: F7319x 3 HLJU; Y/H: #478x# H.PU; BJ: JbiT; HN: Ji[rg; XJ: #HiiE. K.
TPBN: Tassel primary branch number; TW: Tassel weight; Q/H: Qi319 x Huangzaosi; Y/H: Ye478 x Huangzaosi; BJ: Beijing; HN:

Henan; XJ: Xinjiang. The same below.

T BRI R (1 B A T B (2 K TR AR AT 8IS AR 3 1
VU; BR2007-7 g A12008- j 7k, HAXIREE bR AT
LM MERE /> B B 6 2 TR AR AT8 . LR QIHAEAA
FIYIHBEAR P IIME, 7T LA H AT 24 PR (e 2
KT la#, HhQHEHAR R L E & T oA
BLOFHISEA T FLPY, eI H R S a8t A% (PR AIE

B RBERT 2/ AR 1 T Al 3 B B R Ak o
A7) SsAE 10T S5 5RWoR, QIHBHAII2AN IR
st ¥ T YIH AR, WA B 4 ok
87.2%-93.3%5544.9%—87.7%; 2/ MR IR IR
(0] St AL Sy A T HERE /- BB AR IR s 1 (72)

UEAR, 43 AR R b5 AR R 3N #1455 1 2007
AF N 20084 [ A e 3 A5 B30 % T Ak B P R 2R AT A DG A
IrATe ERARW], RAAKRE, QIHAIYIHIE R R 7
T 00 I R MR AE 3AN R i AN S AN (2 25 (1)
IEARDG, T LEAS )R 50 S Rl 4 e 50 R I e o (Y A G
FREOR /N AEAE 2250 (B R 2 7R) o

22 EEEHEIERE

EEXTQIHEEAR, I 1944~ SSREw 104 1t ) 3 1 3 8
K42 162 493.7 M, AridZ Iw] (P2l FE 12,85
cM. EFXTYIHBER, FIHI 1594 SSRAR i #4) £ (1) 2 4
I 78 5 K 03 168.99 M, i I (1) F 4 ]
20.19 cM.

T2 2RI A3 ORI B Aol T R R B T 22 O A 4
ES
Table 2 Genotype (0c?) and genotype x environment in-
teraction (0ce?) variances, and broad sense heritability esti-
mates according to the joint variance analyses for the TPBN
and TW of the two populations
Trait QM Y/H

o6’ oeeE M%)  od oeee  h*(%)
TPBN 13.787 3.21™ 933 7117 3377 877
TW 1047 0467 872 00627 0127 44.9
THEP=0.001/K 7 F % bR .
" indicated significant difference at P=0.001.

R R 36 20 59 6T QIHATY THFREAAR S AT K3 1 i
T . AEP=0.05/K1-F, Q/HEHMAILAT63 M1l
(32.5%) & B th M 4 25 YIHBE AR 3L A7 59 4 bk il
(32.8%) TEHEAR TR ILH 43 25, B2 A3, 8,
OFILOFEMME o RVARYL, PYIEAAIT h7) 25 28 4b T
1EH K-

2.3 EFEHEXHERAQTLAM

FHICIMITiE, QIHBEAARLE 6 PR 5E i 3t 2 7 21 32
T FEAH 52 MR QTL(22 4 43 i L QTL & 104 ik A £
QTL). Y/HEHAILEAIF19MQTL, Horb MERE /) B %1
SENLFN18A, T HERR A E A B 1N QTL. QIHEEALE
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FIRB R REAEIR BN QTLEL H b 2-94, Y/HEE/A
() 5E A7 K H A 1-154(3) 0 M 2AN AR SRR (1) 52
PR, QIHEE A A I 21 ) B A 2y A QT LAE
B S SFOAME IL R Yotttk 384 oA, 1 428 1 e el
FERQTLEE N ML, 6. 7. OFI0G AL I,
Y THFRE AR RS 1 11 42 S B 2 A B0 QT L 2 A1 5 ot
FOQ RSN ROK Rtk b, SR E AWML
ANQTLA T A5 Y04k . QIHEER 2N PEIR A 3 A
BAE 7 R KB or Wk, i YIHEE A2
ANPEAR M EE D B 7 KB Ttk 85 Brksh, df
FHR o3 R0 e WA o DN 2AN B A R AT DGk
RMQTLEM LS A, H—Fp e MRQTLM DTk 4
HIHLODH 2 I IEA K (R4-K6).
LEQIHEEAR TR I B 324 QTLH, ikl Hi %k
FIREFE H I QTLAN £ 7 Jnll A 224 (7 4) F110/N (3K5) -
DA DTk 2 210% 0 S W), K3l /2 5 PR QTLE X
2% QTL(main-effect QTL, M-QTL), 24k St
KL 2154 F 2 QTL( B34S, HEfiE24Y), HQTL
SE116% . X5 ERQTLA HIAL T 2R 7R 25 104 (1,
b H A F7.01bind% 6 4 A AU Qatpbn 7-1, 7
20074E AL 5. Hr9E M2 20084E b5t TR . a5
ANFREE R [F] IR A W 2, P4 0k 4 10.06% . I
QTLJ A W 5 AC [X 7l umc2160—umc 101655 fll &
I Qatw7-11X [a) FE, HJ5 & [ 5Tk R [ FE kR
10%, 7£20074F [ Ak 5 R0 5 H X gk i 21, ix 24
QTLIIIG RN FE PRI I8 2k B DY o A7 T2 10 44 (44
12> FMQTL—5 40 B4 XM Qqtpbn10-2H1 5
TE R A DG ¥ Qatw LO e A A T AH ] PR A 1 DX 1) 1A
AU 7£ 2007 4F 1k 5T 12008 4 5 58 Hs X g k6o 21,
Yok M 11.7%,; J5#{E20074E06 50 BraEA12008
b HC T EE b DX R ISR W B, P 2 Dk Ak

16.8%. X2 QTLIHEAEA HL R 1)k 155319, Uik
Ah, FAREAL T 55105 (44 5 Qatpbn10-21v & 4RI 1)
Qqtpbn10-1, 7£3ANFAEE [ I P AL M 2, “F-¥) vk %
0 12.9%, HoBE SR E ok B 3R 319, W RS
Qqtpbn10-22 [A]— A B B BB M QTL.
YIHBEARTE6A AT A IR 119N QTLH (3:6),
18 QTLE I e 5, NI QTLEHIMEAR . HAS
ME2A ERQTL, HQTLEAM11%, &A1 5 N
330 73 B AU Qytpbn3-3 -5 4 il M AR (1) Qytws . T
H6 N R ARIC X TA] umc2166—umc2174, {E20074F
BRI I S A I B, DUmR 3 O 12.84%, S5 A LA
K H W 478; J5 H X NI krid X 1A umc1482—
mmc0081, 720084t nT i 46 s g A il 2], vrkA
f1430.3%, A SER R B R0 . A, AT
SAGL A AR 5 43 BB O (1) Qytpbnd-2, 712007 4
G VTR S 20084 b5 T g AR IS A R RS 2,
P TTRR A 4 9.2%, HIE A AE A7 JE DR B k478,

2.4 IEFEMREQEIR LA

18 F Network % £ % QIHFTY IHBE A AT 164 PR 5% 1)
QEI(QTL x environment interaction) &z A7 53 #7 .
SR, QIHBHATEIE G IS N e A7 21194 F 2%
QTL, AFE126 i QTL A 70 HEARFEQTL ., H T /%
EQEINQTLILOAN (4 ki K4, HEREESAS), A AifE
H1. 7. 8FILOY Ak I, 56N IREEIfELEAN I FE B
(R ELAE, SR B 1206 A2 70 EALPER ARG A5, 3k
HORE R #6502 W55 (2007) M4l BAEQTL A
(109 2N 56 DR e 2 A5 A7 A S 5 RN, B B ARk
SS(ELAT 1Y PR HE R AR A8 A S 3 80%) . NS(ELAE 2
ANFE DR A R — ANEAE RN, 5 ANAAEAE) K
NN (AR (1 9 56 DR s AN A7 7 8 35 2800 ) 3R 28 7Y

3 6/NEREE T 24N ARSI B (W HEREAR S MEIR QT LIS H A ek 2 Y5 [
Table 3 Tassel-related QTL number and the phenotypic variation explained for the two populations under six environments

Trait Unique QTL QTL common to different environments

One Env R? (range) (%) Two Env R?(range) (%) =3 Env R?(range) (%)
Q/H-TPBN 12 2.93-8.14 3.72-7.21 5 3.53-23.08
Q/H-TW 3 6.19-7.03 4.68-8.15 2 5.12-21.80
Y/H-TPBN 15 4.13-12.84 4.34-8.20 1 4.46-16.12
Y/H-TW 1 30.28 - 0 -

Env: ¥4#i. Env: Environment.
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Table 4 QTLs detected for TPBN in the F,.3 population of Qi319xHuangzaosi under all of six environments

Name of QTL Marker interval Environment LOD Gene effect Gene Phenotypic variance
A D action explained (%)
Qqtpbni1-1 umcl727-umc1200 2008 HN 7.76 1.00 0.36 PD 7.21
Qqtpbn1-2 umc1200-bnlg1083 2007 HN 7.75 111 0.10 A 5.73
Qqtpbn1-3 bnlg2238-umc1323 2007 BJ 5.44 1.13 0.60 PD 2.93
Qqtpbn1-4 phi308707—umc1009 2007 XJ 4.81 -0.01 2.09 oD 4.40
Qqtpbnl-5 umc1064-umc1605 2007 BJ 6.37 -1.21 0.33 PD 3.53
2007 HN 7.36 -1.04 0.12 A 5.24
2008 XJ 5.59 -1.66 0.10 A 5.59
Qqtpbn2-1 umc2403-bnig1302 2007 BJ 10.57 1.61 0.70 PD 6.45
2007 HN 6.68 1.09 0.23 PD 5.18
2007 XJ 5.38 1.48 —-0.76 PD 4.30
Qqtpbn2-2 bnlg1141-bnlgl746 2007 BJ 5.70 1.16 0.29 PD 3.12
Qqtpbn3-1 bnlg1904-umc1655 2007 XJ 8.52 1.87 -0.42 PD 6.06
umc1655-nc030 2008 HN 6.71 1.00 -0.03 PD 5.33
Qqtpbn3-2 umc1593—-umc2267 2007 BJ 6.66 1.39 —0.06 A 3.72
2008 XJ 5.20 1.80 0.15 A 4.20
Qqtpbn3-3 bnlg1496-umc1010 2007 BJ 5.54 1.36 0.19 A 3.74
Qqtpbn4-1 phi213984—-umc2176 2008 BJ 6.00 1.65 -0.33 A 5.91
Qqtpbn4-2 umc2176-nc005 2007 XJ 7.76 1.60 -0.50 PD 5.33
Qqtpbn6-1 umc1656—umcl1796 2007 HN 5.85 -0.98 0.15 A 4.11
Qqtpbn6-2 umc1187-umc1413 2007 BJ 6.48 -1.48 -0.30 PD 3.90
2007 XJ 5.48 -1.58 -0.11 A 3.90
Qqtpbn7-1 umc2160-umcl1016 2007 BJ 25.13 —2.63 -0.10 A 17.06
2007 XJ 7.59 -1.53 0.24 A 5.31
2008 BJ 15.85 —2.44 -0.33 A 14.74
2008 HN 15.59 -1.25 -0.49 PD 12.54
2008 XJ 4.93 -1.41 0.01 A 3.60
Qqtpbn7-2 umc1339-bnlg1094 2007 HN 9.25 -1.24 -0.09 A 7.14
Qqtpbn7-3 bnlg1579-bnlg1305 2007 HN 5.34 -0.94 -0.18 A 4.18
Qqtpbn7-4 bnlg339-umc1408 2008 BJ 7.85 -1.62 0.03 A 6.88
Qqtpbn8-1 bnlg1352-umcl1778 2007 BJ 7.84 -1.58 0.18 A 5.29
2008 HN 10.65 -1.08 0.13 A 8.29
2007 HN 12.74 -1.42 0.36 PD 9.71
2007 XJ 13.50 -2.50 -0.61 PD 10.92
Qqtpbn8-2 bnlg1823-umc1032 2007 XJ 7.94 -0.30 -2.24 oD 5.34
Qqtpbn8-3 umc1005-umc2218 2007 XJ 11.43 -0.04 2.84 oD 8.14
Qqtpbn10-1 umc1381-umc1053 2007 HN 10.56 1.36 0.28 PD 8.05
2007 XJ 20.56 2.81 -0.02 A 16.18
2008 BJ 6.53 1.52 0.00 A 5.32
Qqtpbn10-2 phi062—umc1115 2007 BJ 18.40 2.32 -0.19 A 11.74
2008 XJ 24.90 3.96 -0.15 A 23.08

A PSRN, D RN, PD: #4r B4E; OD: BRI, N,
A: Additive; D: Dominance; PD: Partial dominance; OD: Over dominance. The same below.

MR XA, A 2RI B LA AR SRR T G (A Ak 2 (R, R A b AR
HARRRRILNSHINNPI R . MR EAE R 8 BERAAER2 MBS YL ik R TR 105tk 2 A].
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Table 5 QTLs detected for TW in the F2.3 population of Qi319xHuangzaosi under all of six environments

Name of QTL Marker interval Environment LOD Gene effect Gene Phenotypic variance
A D action  explained (%)
Qqtwil-1 bnlg1083-bnig1203 2007 XJ 8.45 0.65 0.02 A 8.15
2008 HN 6.98 0.28 0.06 PD 7.13
Qqtw1-2 bnlg2238-umc1323 2008 XJ 6.13 0.72 —0.22 PD 7.03
Qqtw1-3 phi002—phi423298 2007 XJ 6.55 0.56 0.21 PD 6.23
Qqtw1-4 umc1009-umc1064 2008 XJ 5.97 -0.65 0.44 PD 6.19
Qqtwé umc1018-bnlg1433 2007 XJ 7.14 -0.62 0.06 A 6.63
2008 BJ 6.49 —0.60 0.03 A 6.35
Qqtw7-1 umc2160-umc1016 2007 BJ 10.35 -0.72 0.04 A 13.34
2007 HN 16.12 -0.45 -0.03 A 18.88
Qqtw7-2 bnlg1094-bnlg1579 2008 BJ 5.66 -0.51 0.11 PD 5.12
2008 HN 7.45 -0.28 -0.02 A 7.02
2008 XJ 8.66 -0.85 -0.15 A 9.45
Qqtw7-3 umc1408-bnlg2271 2007 XJ 5.12 -0.44 0.08 A 4.68
2008 HN 9.69 -0.31 -0.02 A 9.73
Qqtw9 bnlg1272—umc1170 2007 XJ 5.17 0.52 0.19 PD 4.59
2008 HN 5.13 0.26 0.04 A 5.49
Qqtw10 phi062—umc1115 2007 BJ 8.57 0.65 -0.11 A 10.76
2007 XJ 16.02 0.89 0.10 A 16.29
2008 BJ 17.68 0.99 -0.11 A 18.31
2008 XJ 19.20 1.37 0.09 A 21.80

L IRBE I QTLE A 45 HLAT LL, B4 FREE Bk i 32 1)
TERE A B BRI R R QTLAERL H « RN AN DTk %45 )y
MAAAE 7200, JEA 84N QTLAE 2 77 i T Byl har Il 2]
(R7) . Hrp7E IR E FANH M3 TR
QTL—Qqtpbn7-1.Qqtpbn10-1 R Qqtw107E Ik &3
Bi b AR E A2 B, (HIX3AQTLIAIIN 5 Z AR B A7
TR W R I AR, R — N 2R QTLIX [i]—
#5107 (4,44 ¥ phi062—umc1115 5 Z AN RS I QEI ot
BRFEBIL10%.

YIHBE AL A R85 T € 7 2184 5 - B B
KIIM-QTL, A4 2] M EQTL ., H It A 5x%)
QTLA{EQEIT AR, H A7 AL 12007 4 B 4 12008
SRR o JLRTIN RIS AF AL LA M ) HAE AT
M HAERA AR IUONNGY, Forh 3% R AL
RIEEL10 o fh 2 1], LR AR S LRI SR O YL o f 2 (],
TIININ R AA R 2R BB T gtk 2 TH] . £ EEAR, JEAT5
AN QTLAE IR EEQTL A i FBE & M BEQTL 4 Hr 2%
ORI BRI B (R 7), A5 %4 Qytpbn3-1 .
Qytpbn3-3. Qytpbn4-2., Qytpbn5F1Qytpbn8-1. I
HE SRR R 21 ¥ Qytpbn3-3, TR A IR EE )

TR TTHR A X 5.93%, Jf[A] I 55 2007 4F i 45 F12008
SR ARG )T AP AEQEN, HAETTHRE N 5.47%, %
IRtk A, RIEAERCN B3 . e 4N QTLIY £
DUERE 5 QEIVTHR R MBI B Bl . Bk, 2
ANTEAA ORI 2 1 A P RN A DS, IS T AR T AR
GEAE BURE A e IR A P 250 1. D R 26 380 A /DN (1 &5 2R
—Z[(Cao et al., 2001; Yu et al., 2002).

25 itit
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XE4 Nk, A RIFEAR S B BOR R B (R QT LE A7 77 T
(R4 IE 7L . Upadyayulas:(2006) A1 LA s £k E
AEFRMIBT3 H AL FR A S BEAR A I & A 1501 K &R 1)
BC S FFIA, R FOK I MEREA . A A o AN A 53 K A
FEAE LA HEREAH SCPIRBEAT T 1o, #4134
PR RIS W32, T8 T AHSCHER Mg 4% 7, IR
102043 Fhrid b 4T T QTLENL, e 4HAET.02bindy &
298 3 He MR R AT ¢ . MR R R IA
17.3%MQTL, AL H 55 4 B K A < iral
(Vollbrecht et al., 2005)AH4%; [H] I 75 55 A A2 A1
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Table 6 QTLs detected for the TPBN and TW traits in the F,.3 population of Ye478xHuangzaosi under all of six environments

Name of QTL Marker interval Environment  LOD Gene effect Gene Phenotypic variance
A D action  explained (%)
TPBN
Qytpbnl-1 umc2397-umc1073 2007 HN 7.10 1.17 0.37 PD 7.10
Qytpbnl-2 bnlg1203-phil09275 2008 BJ 6.86 1.53 -0.15 A 7.22
2008 HN 9.97 1.28 -0.11 A 8.20
Qytpbnl-3 bnlg1502-bnlg1671 2007 HN 4.88 -0.09 1.46 oD 5.74
Qytpbnl-4 umc1009-umcl1331 2008 HN 5.39 -0.82 -0.30 PD 4.13
Qytpbn2-1 umc1552—umc2403 2008 HN 4.97 -0.10 1.31 oD 4.34
Qytpbn2-2 umcl227-umc1165 2008 HN 7.43 0.21 -1.59 oD 7.10
Qytpbn3-1 umc2257-umc2256 2007 HN 5.35 -0.95 -0.33 D 4.47
2008 HN 5.30 -0.95 -0.33 PD 4.34
Qytpbn3-2 umc2256-umcl746 2008 HN 8.99 1.27 -0.01 A 7.37
Qytpbn3-3 umc2166-umc2174 2007 XJ 6.11 2.28 0.07 A 12.84
Qytpbn4-1 umc1294-umc2176 2007 BJ 5.04 1.64 -0.20 A 9.01
Qytpbn4-2 umc2176—umcl662 2007 XJ 12.07 2.56 -0.75 PD 16.12
2007 HN 5.10 0.95 -0.16 A 4.46
2008 BJ 9.32 1.77 -0.25 A 10.12
2008 HN 7.66 1.10 0.12 A 6.24
Qytpbn5 bnlg2323-umc1482 2007 HN 6.70 0.21 1.70 oD 7.87
Qytpbn7 umc2057-bnig1808 2007 HN 9.37 1.41 0.33 PD 8.92
Qytpbn8-1 umcl741-bnig162 2008 HN 8.42 -1.49 -0.52 PD 9.20
Qytpbn8-2 umc1005—phi080 2007 HN 5.39 —-0.96 -0.26 PD 4.81
Qytpbn9 umc1191-mmc0051 2008 HN 6.16 —-0.05 1.37 oD 5.38
Qytpbnl0 umcl576—umc2034 2008 BJ 4.95 -1.52 0.23 A 6.33
TW
Qytws umc1482—-mmc0081 2008 BJ 17.34 —-0.05 0.86 oD 30.28

Sftd1 (Bommert et al., 2005)F7 1k [1]5.04binfi. & A
R B M RV IRQTL, 38 7~ MERR (¥ M e det 4%
PLEIBE AL T H S % Kl . 5 Upadyayula®s
(2006) 1) S 56 45 FAH LE, AN S50 b e RE > B 808 )
(QIHEEAL J193%, Y/IHEEAK J88%) Btk & T~ %
(66%), 1M1 24> 552 56 v fit e ik T 5t A% g B0 T A1 B £
TR Ay B st A% ) . ARSI AE7.02bin kb iE £ 234
QTL——Qqtpbn7-2. Qqtw7-241Qytpbn7, HiTHk#
SAHT. A%, 7.2%F18.9%. HHhQqtw7-27F FLIALG
S e (R 3ASFREE T 4 2, P DTk N 7.2%.
QT L[ I 7 156 75 PR G op th e K I 1), ik %25k
11%, HE5AETAEBUINQEIVIHRA N 1%), Bil]
Qatw7-2;& — X BERIEAE IQTL, JLAFALHE
>k B ] LA R 1Y IN10.55 oIS AT LY. k4L,
ARSI K 11 Qqtpbn3-1-5 445 (2005) Al JH # &
22 K6 B 1 F . o B A T 07 1) 1) M A 4 B B QTL——

Qtbn3-1#44713.04binkt . Qqtpbn3-17E FIF L6 il
H (12007 -87 58 K 2008- 1] 5§ PR 55 T [R] I 4 A6 0 21,
LA DR Sk 1 Re s A 2 BT 393G In 1. 44N (RS AR
35319, TTERESN 5 M 3.7%F14.2%, XN IBM 2008
Neighbors &l (K47 & 4127191 cM; Qtbn3-17F 25}
FREE SR I3 H ok R B 10%, T3 e sy
i }1.65, %fNIBM 2008 NeighborsE i i & A
159-168 cM, RIP&E S X (1] 4159-168 cM. A
K FE2.02bin kb Q/H 5 Y /HBE AR £ 5 £ 3 14>
QTL——Qqtpbn2-1L5Qytpbn2-2, HHoik=x 25l A
5.3%(Qqtpbn2-1)F17.1%(Qytpbn2-2), ‘& 115 Mick-
elson%§(2002)F 1 1BMBE 14 i A7 1) 1) i 7l 4 K 44
QTL(4Birumcs3akric )i -4 [Hbinfl, J&#& ) oTMk
HKiLF19.2%. K2 (2007)F ] 518310 F: % &
(1) R K 4L A N87-1x9526, i 1E # /K40 4 AF AT 5
HAAE R MERE /> BOBORAT T QTLE AL, 1IEF AT F
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Table 7 Summary of interactions between major QTLs detected in the two populations under single environment and envi-

ronments (QEI) using Network software

QTL Marker interval A D Serial No. of environments  H? (major QTL)(%) H? (QEI)(%)
involved in QEI
TPBN
Qqtpbni-4 phi308707-umc1009 0.16 1.65 4 3.09 0.98
Qqtpbn7-1 umc2160-umc1016 -2.38 —-0.004 3 1/2/4/5 12.86 3.34
Qqtpbns-1 bnlg1352—-umc1778 -1.27 0.26 6 3.70 1.12
Qqtpbn10-1  umcl1381-umcl053 2.16 0.56 1/3/4/6 10.59 11.08
Qytpbn3-1 umc2257-umc2256 -0.67 -0.19 6 1.41 1.58
Qytpbn3-3 umc2166—umc2174 1.37 0.36 3/6 5.93 5.47
Qytpbn4-2 umc2176-umc1963 1.58 -0.26 3/6 7.94 4.45
Qytpbn5 bnlg2323-umc1482 0.60 -0.0064 6 1.15 1.22
Qytpbn8-1 umcl741-bnlg162 -1.21 0.90 6 5.94 2.17
T™W
Qqtwl-1 bnlg1083-bnlg1203 0.41 0.053 3 3.76 0.74
Qqtwi-4 umc1009-umc1064 -0.20 0.31 6 0.87 1.84
Qqtw7-2 bnlg1094-bnlg1579 -0.73 -0.041 1 11.89 1.10
Qqtw10 phi062—-umc1115 0.66 0.083 1/4/516 9.85 20.52

“HAETAERIAE” P T 1-65 HMRER LU 6N 335: 200748 51(1). 200743/ (2). 20074FEH13#(3). 200841k 5i(4). 2008

£ [ (5) M120084E 7 55 (6) «

The number 1-6 in “Serial No. of environments involved in QEI” referred to 2007-Beijing (1), 2007-Henan (2), 2007-Xinjiang (3),
2008-Beijing (4), 2008-Henan (5) and 2008-Xinjiang (6), respectively.

AR 2 6B A I B2 QTL, M5 i
R BI3QTL, /3 HIAE 2 4FL0ESRE -, B IE
IRy S AR T 52 3 4 AT 5 e T A e R I
FE M QTLI REAE LRI 78 ¢ o A SZIRAE7.02bin
£510.03bin &b & A7 21 (1) 1R 43 4% B QTL 5 ey k45
(2007) 7 5 4 AF A5l 21 ¥) Qtbn7-DS F1Qtbn10-
DS FAH [7] B AH AR 1 X 35

AN S5 E X HERR R 24 PR AT QT L& A7 1 L At
B, ORI T QENS A E, BENE T I 4 i ki
W MERE PR AL ML . 25 R, QIHS YIHEE
AR T T Ao A5 ORI Ao R 5 B SE A7 A1 8 3 1 A A
H . %4518 5 Mickelson%5(2002) [ 25 JA—2L, W HE
JE B TIRAETE 5t AR A Rant A B % A [ B
T8

252 MWMABHKERERNG—HEQTLAH

#1BM 2008 Neighbors K &% 1E 4 48— 111 2 2% K i,
SXoF 2/ FE A7 14 Al 4 A R e A e 7 48 AT — 3K
PR g BoR, —ILA 3N E BIX B e 2N fA

HATEBX M, 4% 4 3.05bin4t445-451.2 cMX
B QTL(Qqtpbn3-3 5 Qytpbn3-3), L ifEfH /> % KA
9K, QIHATYHEF A r (1 19 58055 07 ik [X 43 9] >k H 55319
AR AT8(CT- I DTk H 70 3] 4% F112.8%); 4.03binkbk
umc217645 i i i1 QTL(Qqgtpbn4-2 5 Qytpbn4-2),
) 5 MEA 2y R HOM O, A2 AR 1) B 28 X 1R Oy
174.6-254 cM, Q/HFF A (1) 386 20 460 R >k 11 55319,
DUHR 4 5.3%, YIHEE A 1) 3 25 A5 A B Rk B R
478, 75Tk % 49.23%; 8.08binktumc1005F5id
BT 1 5 90 B 01T 2% 1K) QTL(Qqtpbn8-3 -5 Qytpbn8-
2), EAX [0 4526.6-547.2 cM, 24K (it 16 2%
AL BRIk B SR A R, sTEk & 0 o0l ol 8.1%
(QIHIEAR) FI4.8%(YIHIEAA) o X3 HEAR S Fie 3K
PEQTLH, 3.05binkk 1 QTL 5 Mickelson%(2002) &
{7 2 F QTL( X phi053 b ic A U ) A7 - 41 [ 1) bin{E Y&
FEL PN o AR 4 SR o0 i — 20 EAT AR A B2 B QT LIV RS
G € 7 FN 53 FRic G g RE R At T e R AR .
T HERRVER SEBr Bt — AN 2RGPRIR, PIAE 4
Je FRAE 0 SR Bt A (1) 4 b, G =l



A P KRR A K H FMERR T A %% QTL ERL 19

IPRAL P OBCKE /N A TR RN
S, AT RE S SRATFROVAR N R IIQTLAL L, Ay Ay
AT TR MERE IR (3t A% LR B2 A SE I s 145 6

23k

EHR, BORR, 221, KEP (2007). BKEERSHICS
HKIMQTLY . Bif% 29, 1013-1017.

EALF (1993). F KM BAL R AR G AT T, 1EW 2= 4R
19, 515-5109.

BREH, A5, UMEWE, ZUN, ®RZ 3, Warburton M, kiR
(2007). E K L4428 P 1 1375 [ SSRIZE 81 % 44 g 5 - e
SRR E R QTLE ML L 7. % 29, 1131-1138.

Yk, FEL, BAE), HMARE FEE (2005). EK5AMAK
ZIIRMQTLESL. #ifk %k 32, 203-209.

EREE (2009). BRI I 58 % X RME B 5k, 1R
i 35, 239-245.

REF, BEHE FEE, ERR, RER FHe, URE
(2000). T A HER PR 2 4 K] - 22 Bk RIS AT (D AR HE 9T, ]
AR 22 24R 34, 107-113.

Berke TG, Rocheford TR (1999). Quantitative trait loci for
tassel traits in maize. Crop Sci 39, 1439-1443.

Bommert P, Lunde C, Nardmann J, Volbrecht E, Running
M, Jackson D, Hake S, Werr W (2005). Thick tassel
dwarfl encodes a putative maize ortholog of the Arabi-
dopsis CLAVATAL leucine-rich repeat receptor-like
kinase. Development 132, 1235-1245.

Cao G, Zhu J, He C, Gao Y, Yan J, Wu P (2001). Impact of
epistasis and QTL x environment interaction on the de-
velopmental behavior of plant height of rice (Oryza sativa
L.). Theor Appl Genet 103, 153-160.

Duvick DN, Cassman KG (1999). Post-green-revolution
trends in yield potential of temperate maize in the
north-central United States. Crop Sci 39, 1622-1630.

Fischer KS, Edmeades GO, Johnson EC (1987). Recur-
rent selection for reduced tassel branch number and re-
duced leaf area density above the ear in tropical maize
populations. Crop Sci 27, 1150-1156.

Geraldi 10, Miranda Filho JB, Vencovsky R (1985). Esti-
mates of genetic parameters for tassel characters in

maize (Zea mays L.) and breeding perspectives. Maydica
30, 1-14.

Haldane JBS (1919). The combination of linkage values and
the calculation of distance between the loci of linked
factor. Genetics 8, 299-309.

Hunter RB, Daynard TB, Hume DJ, Tanner JW, Curtis JD,
Kannenberg LW (1969). Effect of tassel removal on grain
yield of corn (Zea mays L.). Crop Sci 9, 405-406.

Lambert RJ, Johnson RR (1978). Leaf angle, tassel mor-
phology, and the performance of maize hybrids. Crop Sci
18, 499-502.

Mickelson SM, Stuber CS, Stuber L, Kaeppler SM (2002).
Quantitative trait loci controlling leaf and tassel traits in a
B73 x Mol7 population of maize. Crop Sci 42,
1902-1909.

Saghai-Maroof MA, Biyashev RM, Yang GP, Zhang Q,
Allard RW (1994). Extraordinarily polymorphic microsa-
tellite DNA in barley: species diversity, chromosomal lo-
cation and population dynamics. Proc Natl Acad Sci USA
91, 5466-5470.

Schoper JB, Lambert RJ, Vasilas BL (1986). Maize pollen
viability and ear receptivity under water and high tem-
perature stress. Crop Sci 26, 1029-1033.

Schuetzl SH, Mock JJ (1978). Genetics of tassel branch
number in maize and its implications for a selection pro-
gram for small tassel size. Theor Appl Genet 53,
265-271.

Stuber CW, Edwards MD, Wendel JF (1987). Molecular
marker facilitated investigations of quantitative trait loci in
maize. Il. Factors influencing yield and its component
traits. Crop Sci 27, 639-648.

Upadyayula N, da Silva HS, Bohn MO, Rocheford TR
(2006). Genetic and QTL analysis of maize tassel and ear
inflorescence architecture. Theor Appl Genet 112,
592-606.

Vollbrecht E, Springer P, Buckler E, Goh L, Martienssen
RA (2005). Architecture of floral branch systems in maize
and related grasses. Nature 436, 1119-1126.

Yu SB, Li JX, Xu CG, Tan Y, Li XH, Zhang QF (2002).
Identification of quantitative trait loci and epistatic
interactions for plant height and heading date in rice.
Theor Appl Genet 104, 619-625.



20 WA 46(1) 2011

Major Quantitative Trait Loci Analysis of Tassel Primary Branch
Number and Tassel Weight in Maize (Zea mays)

. T . 1t T . . . . .
Di Wang'', Yongxiang Li*, Yang Wang' , Cheng Liu?, Zhizhai Liu*®, Bo Peng®, Weiwei Tan', Yan
Zhang', Baocheng Sun?, Yunsu Shi', Yanchun Song®, Tianyu Wang"’, Yu Li*
YInstitute of Crop Science, Chinese Academy of Agricultural Sciences, Beijing 100081, China; “Institute of Food Crops, Xin-
jiang Academy of Agricultural Sciences, Urumgi 830000, China; Maize Research Institute, Southwest University,
Chongging 400716, China

Abstract Tassel-related traits of maize are important for modern maize breeding and production. To understand the
genetic basis of tassel traits, we evaluated 230 and 235 F,.3 families derived from the Qi319xHuangzaosi population (Q/H)
and the Ye478xHuangzaosi population (Y/H), under 6 different environments (2007-Beijing, 2008-Beijing, 2007-Henan,
2008-Henan, 2007-Xinjiang, and 2008-Xinjiang). We aimed to map quantitative trait loci (QTL) controlling tassel primary
branch number and tassel weight by using the inclusive composite interval mapping method (ICIM). QTLNetwork v2.0
was used to analyze epistasis among QTL and QTL-by-environment interaction. We identified 51 QTL controlling tas-
sel-related traits in the 2 populations (32 QTL in Q/H and 19 in Y/H), with 7 major QTL detected. The umc2160-umc1016
interval on chromosome bin 7.01 (Qqtpbn7-1) and bnlg1094-bnig1579 on bin 7.02 (Qqtw7-2) were found to be important
QTL regions for the Q/H population. Furthermore, 3 QTL were consistent between Q/H and Y/H. The QTL that were con-
sistent in different environments or genetic backgrounds could be useful for precision mapping and positional cloning.

Key words maize, quantitative trait loci mapping, tassel primary branch number, tassel weight
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