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Deciphering the genetic basis of heterosis for ear traits using the triple
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ZHOU Ling, ZHANG Ti-fu, LIANG Shuai-qiang, LU Hai-yan, LYU Yuan-da
(Institute of Crop Germplasm and Biotechnology, Jiangsu Academy of Agricultural Sciences/ Provincial Key Laboratory of Agrobiology, Nanjing 210014,
China)

Abstract: Ear traits are closely correlated with the yield in maize. The understanding of the genetic basis of heterosis
for ear traits could facilitate maize breeding program. In this study, the triple testcross( TTC) populations consisting of 121
testcross progenies were constructed based on the TTC genetic mating design. In total, thirteen different QTLs for five ear
traits were mapped on chromosomes 1, 2, 3, 4, 5 and 10 using inclusive composite interval mapping (ICIM) method. Of
these, 2, 4, 1, 2 and 4 QTLs were detected for ear length (EL) , ear diameter (ED), rows per ear (RPE) , kernels per
row (KPR) and hundred kernel weight (HKW) , respectively. According to the action mode of QTLs, these QTLs for five
ear traits were classified as overdominant (10) and additive (2), with single locus accounting for 8.2%—23. 3% of the to-

tal variation. In addition, nine marker pairs with digenic epistatic effects were scaned for the ED, RPE and HKW, and the

total variation explained by single digenic interaction was

Wi B 0:2017-04-01 20.4%~- 35.3%. These findings suggest that additive,
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dominant and degenic epistasis contribute to genetic basis
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Table 1 The phenotype value and heterosis of ear architectural traits

ldi*/ai* | ,*E?Eﬁ‘@gﬂ/‘]jtlj\ﬁj X 4y QTL VE 75
2 I (A 1d” /a 1<0.2) B4 BAE(PD.
0.2<1d’/a’ 1<0.8) WY (D:0.8<1d’ /a" | <
1.2) R BAE(OD: 1d /a] 1 =1.2)7)

2 GRS

2.1 FEEDMEARMI MBS

ME T 3EA HAZZ BT3 Mol 7 UL K235 Fh F Y
PR M REATE AR m R T R JT R T
RIAFTPEHE, 84500 (R 1) B, FKRAZH F,
FEFTINE 9 5 ASPEAR EARR LI i (i rh o i, &
i ¢ 553 BT IR B B K F (P<0.01) |, 77 A
SR H o DT R B 3 de 5 (113.7% ) , B
TR Z (56.4% F1 43.3%) , & R 5 2 AN REA T 50 i
K (31.7%F1 24.1%)

I RS S5 K (em) FEHL (em) AT E(A) ATRIEL(A) AT (g)
B73 13.1£3.2 3.3x0.3 13.6+2.6 16.6%5.1 17.0£2.0
Mol7 14.9+2.7 2.7+0.2 9.6+0.9 24.2+6.2 16.42.6
F, 21.9%1.5 4.320.2 14.4+0.9 43.6+2.2 22.0+1.5
TR 14.0+2.9 3.0£0.2 11.6+1.5 20.4%5.5 16.7+1.3
R (%) 56.4 43.3 24.1 113.7 31.7

B73 Mol7: 3645 ;F, : B73xMol7,,

2.2 RIL #0 TTC BB KRB A RA K HE
*HE

RIL 1 TTC #EARREAC  FEORL  BEAT 8L AT kAL
FVE R () A S AR 5 WL 2, S5 SRR 45
R 2 B AE PRI 38 S5 AR [R] I A7 AR B R 2%
ITRIBERAVEALE TC(B) .\ TC(M) Fl TC(F) # ik
PR 728 S 3 B4 ) B 3k 4.0~42.0,16.0~50.0
F111.0~49.0, FH LB 7, AT £k B (A 1y 22
S B N, 43 9k 10.0~20.0,8.0~ 18.0,
8.0~18.0, 74, fEM —HEE T ,RIL. TC(B) .
TC(M) S TC(F) 4 A B A B 5B M AR i 1 ] 3% 30
FEAERA I 22 % . RIL #EAR R REAS RO AT R0 E0RN
ok OSE 4 9 14,7 em 3.2 em 220
AFN18.9 g, ¥ WAL T TC(B) . TC(M) K& TC
(F) BEOR B2, 2 W DL RIL A 36 4% 41 e f4 1
2 Je ARAERE AR ELA B R A 22 Rl AR, o DU
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K ATHE, AR R E R TC(M) B4
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. RIL 5 F, 22587742 44 TC (F ) BRI A9 24 (E
MWFUiGHEAR RIL S5AG %A F, 20, WRHEH
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TC (M) BEUR G35 (4 22 5 0K 3 RO AT 5 AT
BRI E W) 22 55 W% (P<0.01,P<0.01,P<
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Table 2 Statistics of variation for ear architectural traits in recombinant inbred line( RIL) and three triple testcross( TTC) population
HEA Bl T (em) FEHL (em) BEATHL() TR HRTE (g)
RIL I5oN( 27.7 4.3 16.0 41.0 26.2
5/ ME 7.5 2.2 10.0 10.0 9.7
BIfE 14.7+4.1 3.2+0.4 12.4+1.6 22.0+6.9 18.9+4.2
TC(B) FKE 29.1 4.7 20.0 42.0 29.1
/M 5.4 2.2 10.0 4.0 9.1
BifE 15.9+3.5 3.7+0.4 14.5+1.8 26.9+6.9 19.3£3.9
TC(M) I5ON ] 24.7 4.6 18.0 50.0 32.0
f/ME 11.8 2.4 8.0 16.0 8.4
¥IE 19.2+4.2 3.6+0.3 11.8+1.4 35.0+5.8 22.4+4.8
TC(F) BRME 26.2 4.9 18.0 49.0 30.0
/M 7.9 2.4 8.0 11.0 10.1
BfE 17.7+4.9 3.7+0.4 13.4x1.6 32.0+7.1 20.7+4.0

RIL: ZR2CH F| (B73xMol17) HASHYJE A TC(B) : RIL 5384 B73 M2 HYJF AL TC(M) < RIL 55384 Mol7 MZZ /R AL TC(F) < RIL 5258 F F

(B73xMol7) M= WAL,

R3 HEBMEREAXESN

Table 3 Correlation analysis between ear architectural traits

[P
PR - -
i8IS T FEATHL (g R4
Py i) 0.3
FEITEL 0.1" 0.5
TSR 0.7 0.4 -0.1*
TR 0.4™ 0.1™ -0.4™ 0.2

= TRtk 0.01 BE K,

2.3 IR QTL B R EES

FIFH = DU S R AR AR AR 1 2 A e 2, 2,
1z, 3@t ICIM B | Ak A 07 QTL g AT
SR, IEARYE Z, 2, R R i R e A A
B~ QTL R RAERE (R 4) , AR IR 13 A REESIE
AR QTLs, Horpde Z PR IS 2 A, 01 T4 4 e
A, A QTL B R B AR 20 11.9% ~ 14.2%,
16 Z, ARG 10 4~ QTLs /0 T55 2 26 3 55 4 %8
5 FIEE 10 Yefafk, B4 QTL ff B 1Y £ AR 3 o0
8.2%~23.3%, TE Z,"FRME] 1 4~ QTL, 4315 T4
1 Jefafik, B QTL MR T 11. 6% M RAE R H
o BERCTESS 4 AR 5 ek B rail 2 1 A4
PE QTL; BORIAESS 3 Yetaflk BRI S T 2 />
QTLs, #E55 4 Yeta ik LA ) 1 Atk QTL, 725 5
Pea R BRI E] 1A B QTL; BATH R AES 4
Gk ERINE] 1 AN QTL gRPE4a , HXTHEA =

FAITIRR IR E] 11. 9%  ATRIBUAESE 4 55 10 Yo fa
PR EARIE] 1S B PE QTL; AR BT s eSS 2 Fl
55 3 Yok AR 3 AN A QTLs, HFFESS 1 Yt
AR R 1 A EAER A QTL,

Wit 2, Z, WP E AR S AT R LA 43 i &
R340 G S FAEREONE , S5 (3 4) /W, T AR
PEAR A AR A I 1) B 5 BRI R R TR A
KN eEAE, %5 Won, BHE Z, P 6
XN EAE DX 8], 43 5 S8 cdo98b-InDel 150 X 7] ( 4
AR 1) 5 InDell150-ume83a X [a] (i 1) HAE,
ume2297-S5_49827106 X [a] (Y« A {k 5) 5 S5 _
56902078-umc1870 X [A] (Y ok 5) HAE, umcl325-
npid09 X[8] (YLK 5) 5 umel325-npi409 [X.[6) (Y
K 5) BAE, PAVZ0-nfd104a X[ (Y ta ik 5) 5 S4_
22558097-ume2336 IX [0 ( Je ik 4) HAE, jpsb108-
umcl1257 X[ (Y talk 6) 55 sdg102¢-PAV77 IX[] (Yt
Ak 6) HAE, umc2348-umc2349 X i) (Y etk 10) 5
PAV64-InDel37 IX 1] ( e 4k 10) HAE, 1% 6 X5 mjm
HAFfRRERAVE S I EY 27. 1% ~35. 3%, 4T
Bere 2, R ume1495-nfel04e 1X 8] (e faih 3)
5 InDel74-AY105971 [X 8] ( Y& L fk 4) 777 njn &
VB ZEAEMRE T 20. 4% (K3 TUAS S ORI B AE
Z R 2 X B AE X 8], 4l J& A1770795-
ume3b X [A] (Y2 ik 3) 5 lim446-umc1940 X [8] (G
ek 4) BAELL K umel143-rz143a (gpe ) X 8] (e fh
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1K 6) 5 umecl606-PAV25 [X 8] (YL aik 6) AR, Hxt IREESEZEA i A X R ER R B B
R 1Y 26 B BTk R A R 24. 6% f 34. 3%, [8

x4 FAZ,.Z,Z,RNBFEDERBER QTL
Table 4 QTLs for ear architectural traits detected by Z,, Z, and Z,

Z, Z, ) Z3
itk OTL R bR P il P
C(%) C(%) (%)
SN qEl4a 4 umcl963-umc2061 26 0.8 82 oD
qELSa 5 nfel01-S5_174619841 6.4 13 233 oD
TR qED3a 3 jpsb41-lim182 26 -0.1 10.1 oD
qED3b 3 $3_199961766-S3_202932685 28 -0.1 9.9 oD
qED4a 4 S4_177434390-InDel73 36 0.1 142 A
qED5a 5 InDel80-cdo98a 35 0.1 13.1 oD
FEATEL gRPE4a 4 InDel73-umc1667 25 04 119 A
TR gKPR4a 4 InDel76-umc1854 25 20 85 oD
qKPR10a 10 ufg62-agrr37c 50 2.8 179 (028}
ThFR  qHKWia 1 umc94a-cdol081a 25 -1.8 11.6
qHKW2a 2 umc2247-isu58a 31 09 96 oD
qHKW3a 3 npi457-AY110567 28 08 86 oD
qHKW3b 3 umc2262-mmp69 39 1.0 120 oD

LOD ARFSEL 0 LR L BIINPERON 5d" AR i B9 RO sda,” A i 09 A I 00 ELAERON s R? - SRR AN D % 0D - i 8
P PD AR A

x5 EZ MBI MM EEEE

Table 5 Additivexadditive epistatic interactions detected respectively in Z,

P 1 fi s 2 Z,
PEAR
R bric X [] PR FRig X [a] LOD a; a; a;  RX%)

T 1 ¢do98b-InDel150 1 InDel150-ume83a 5.4 -0.2 0.2 0.3 29.0
5 umc2297-S5_49827106 5 $5_56902078-umc1870 5.7 -0.3 0.3 0.3 27.2

5 umel325-npid09 5 ume1325-npid09 5.7 02 -02 0.3 35.3

5 PAV70-nfd104a 4 $4_22558097-umc2336 5.1 0.3 03 -0.3 27.1

6 Jjpsb108-ume1257 6 sdg102¢-PAV77 6.1 02 -02 0.3 30.9

10 umc2348-umc2349 10 PAV64-InDel37 5.2 -0.3 0.3 0.3 27.9

TEATHL 3 ume1495-nfcl04c 4 InDel74-AY105971 5.1 01 -01  -05 20.4
[ERA5e- 3 AI770795-ume3b 4 lim446-umc1940 5.0 0.4 0.2 -1.1 24.6
6 umel143-rz143a( gpc) 6 umcl606-PAV25 5.0 -1.3 1.1 1.3 34.3

a; a5 B FTRAL | ML j B R, 0y FRALA, | FIRLE j FIEAFRN . LOD R R* WK 4 3%,

3 3wt i XA AL QTL Mo IR ® EE ™ Hil, Tk
QTL 5 {57 FH I8 A% BE R Ry BB A A A, 2224

K e ARy d e Z PR i 2o M AR $ A ¢ 45 F, BC \DH Fl RIL 488, MR 1% 2e il i i1
QTL, HIAT £ PEIR LTI OL 3 QTL BPE BRI RIsAE ey 2 PR KA F, Fl = FE A fF A ) 76
VD T = N B R N Sy 1 BT 5 e 1| T L o B e o S U R (S I W
FFP LS s A 2w, BT I A 38 P e BE iR TP RO AR R 4l B B R, vl 7E 24
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F| B 47 B QTL gRPE4a ( Indel73-umcl667) , 55 Liu
S5 Yang S5 AR TEL QTL A7 AU —3K1.,
IR, T A st it o 1) S R B AR SR 538 11.9% , mT A
% QTL AR50 T AR TS S 1) F 3000 A X
[Fl—MEIRAY QTL A7 s A FIFHA SN R 7 A F
PIEERA — BRI TR QTL X Bt — 20 ks 4
I B B TR ic il B £ (MAS) HA B2
e FE L,

EAPEE AR AR A S A R AT, BT
BUDARIGET AR AR Z T QTL MR R
A AEE AR IR E I TN, o T T B A
PEHAERIIFE DR 5E N SR 1) 5 2540471
FNZZICmIEE HEAT QTL 4347, (H sk S 7 A 3 1
EAMCZ B A BAE, ANREEAT QTL S50 L hfhiit,
AWFFER AN ICIM J5 307 L se i B3R 2 Fhorik A
JE AR AR BT QTL BRI IRL, i HAE S 1

ARSI 3 R S T A QTLY , FEASHIESE o, 3
i ICIM ¥EXT Z, Rl Z, B8 834 7 hion B A A i i B4R
QTL 4347, 45 R R AR IR A2 PR RS C QTL BR T
FEIUIMA R S A, AR A B B kL BT i 3
AMPERIR ARSI ] O X AN [RI AR T 8] PN BR8N, ff
FE 1720.4% ~35. 3% 1) A8 S5 Ui B I B AE R0 2
X 3 AR R B LR AR L ST i i B st A 2 I
fill, B2 I AR B ARV R R 2
RIS QTL HrtA i A 2], 10 IH S50 L R A Sy
HAERON LA AR HE PR A B AE RSO0 KX R R A
FROE SRR, X — 25 UFE S T R IR 2 fI 4
WAL S e, R, T8 2 — 20 Ry ik 26 QTL
IS EE R R BB AR, BN R R AR AR A A O34
AR R R HAE QTL AV, IR HAE A AL
BRONE , T — 27 HR AR A PR R st AL AL, Ry
TR ZSFI LS R FHER LB HE =

PleBf K JE PR 2] 45 P e P TR B 52
P IE R A 4 FARIE (4, PAV InDel Al
SNP 45) EL RN AT RE, 3X Ok K bR ic Bl Bh ik £ 5 F
(4 o ARG T R v S AR B FB, At
SEALE 4 Fh 2y TARIC (744 4 SSRs .32 4~ PAVs 61
A~ SNPs F1 77 4~ InDels) , H & 43 P st 7% i 1A 3
FITSE 8 1A 38 4 £ 30 M HAE QTLs J& 5 InDel ( In-
Del73 . InDel76 F1 InDel80) 1 SNP ( S3_199961766 .
S3_202932685 ,S4_177434390 1 S5_174619841) 43
FARC BEE N, 5HAS FARCH L, BT
i InDel/SNP 43 FHric B AT G 5 i kx5 5
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