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Study on in-vivo haploid inducing efficiency in maize

LIU Xiao-xin,CI Jia-bin,CUI Xue-yu,ZHANG Ye,ZHAO Chao, YANG Wei-guang

(Agronomy College , Jilin Agricultural University ,Changchun, Jilin 130118, China)

Abstract: [Objective)] This study analyzed the change in inducing rate of maize haploid with different
processing factors to propose new technique with efficient induction rate. [Method]) Effects of five factors
including of genotype of female parent, generation selection, ecological environment, pollination stage,and
ear position on maize haploid inducing rate were analyzed. [Result] The haploid induction rates of different
female parents were significantly different but the relationship between crossing pattern and induction rate
was insignificant. S, was the optimal induced haploid generation for five germplasm types. Compared with
Changchun,it was better to increase the haploid inducing rate in Sanya. Early pollination had higher haploid
inducing rate than late pollination and lower part of ear had the higher haploid inducing rate than top of
ear. [Conclusion) To increase maize haploid inducing rate and optimize the haploid induction,female par-
ents with high frequency, suitable genotype and S, generation should be selected,and induction should be
conducted in location with stable environment at early stage of silking.
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Table 1 Experimental female maize materials of maize haploid induced female genotype effect test
B ORL£ R S BpA kL4 RS
Female Name Group Female Name Group
N - . H 58 X PHEWC . .
— 14 = .
L-1 ¥R 58 Zheng 58 Reid L-11 Zheng 58 X PHEWC Reid X Reid
. . 58 X PHGJ4 . .
L-2 PH6WC Reid L-12 Zheng 58 X PHGJ4 Reid X Reid
) . . ) £ 340 X PHBIM Jitt KZLH X Lancaster
L3 PHGI4 Reid L3 Dan 340 X PHBIM Liida Red CobX Lancasterr
) B 7-2 RS - Jit K418 X Lancaster
L4 Chang 7-2 Tang 4 pingtou L1 S122> PHBIM Liida Red Cob X Lancaster
L5 W 853 53k L-15 S122X & 7-2 R KELE X 55 U3k Luda
B Ji853 Tang 4 pingtou o S122X Chang 7-2 Red Cob X Tang 4 pingtou
L6 S122 iR 16 J} 340X B 7-2 R R LLH X FF U2k Liida
: b Liidda Red Cob : Dan 340 X Chang 7-2 Red CobX Tang 4 pingtou
L7 FI 340 WK LA L17 PHGJ4 X J} 340 Reid X il K21 B
’ Dan 340 Liida Red Cob - PHGJ4 X Dan 340 Reid X Liida Red Cob
B . B . Reid X fiig K1 &
-8 PHBIM Lancaster [L-18 PH6WCXS122 Reid X Liida Red Cob
L-9 PHACV Lancaster L-19 PH4CV XPHBIM Lancaster X Lancaster
D I
L-10 4 344 He 344 Lancaster 1.-20 PHACV X & 344 Lancaster X Lancaster

PH4CV X He 344
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Table 2 Experimental female maize materials of maize haploid induced different germplasm generations test

B ZHHE A (AW Gy
Female Group composition Number
A 842 .7 846,24 C546.,495 . Mol7 .4 344 . Jp bt 11.,412,419,485 5§
Lancaster ff 10 RITZIR K 2438 S —Ss {84 10 £

Group of Lancaster

Reid #f
Group of Reid

I 0GS-Sk 7
Group of Tang 4 pingtou

Jite R 21 B
Group of Liida Red Cob

A T B
Group of Tropical germplasm

10 strains of Ji 842,]Ji 846,Za C546,495,Mol7, He 344, Longkang
11,412,419,485 et al. mltimale parent

&k C8605-2.7k 5003.,9137.,1216. 1% 73,4k C8605.%k 7922, £+ 9046,
FF 9041.1L 8160.1L 2053 %5 11 R IR M 8

11 strains of Tie C8605-2, Shen 5003, 9137, 1216, Xuan 73, Tie
C8605,Tie 7922, Dan 9046, Dan 9041, Liao 8160, Liao 2053 et al.
mltimale parent

HERLPY 444,75 853,75 854,75 856,482, # 428.9F 5026 .5 7-2 % 9
9 strains of Huangzao4,444,Ji 853,]Ji 854,]Ji 856,482, Huang 428,
Dan 5026,Chang 7-2 et al. mltimale parent

£ 22 E28 . FF 340, FF 8415, 5 23 . FF 360, FF 337, jii 9./ 10, i 28,
ik 9 % b T35 %4 12 RIT LRI 45

12 strains of Zheng 22,E28,Dan 340, Dan 8415,Zhao 23,Dan 360,
Dan 337,Lii 9,Lii 10,Lii 28, W-Lu 9,Dan T35 et al. mltimale parent

5% 3199k 137 F 599, JF 9195,178,P138. 7+ 988, JF 3130,8701,

Sull.666 % 11 R ZIRF 45
11 strains of Qi 319, Shen 137,Dan 599, Dan 9195,178,P138, Dan

10 strains of S; —S;

Si—S; 4% 10 #k

10 strains of S; —S;

Si—Ss 4% 10 #
10 strains of S; —S;

Si—S; 4% 10 #k
10 strains of S; —S;

Si—S; %% 10 #k

10 strains of S; —S;

988,Dan 3130,8701,Su 11,666 et al. mltimale parent
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Table 3 Consanguinity and heterosis pattern of experimental female maize materials

B Female 114 Consanguinity

ZFh il # i X, Heterosis pattern

S 335 XY335
H B 958 ZD958

PH6WCXPH4CV

INY103 #B 58X J1465 Zheng 58 X 1465
JNY116 J1492XJ1359
JNY688 NH60/]1658

58X B 7-2 Zheng 58 X Chang 7-2

Reid X Lancaster

MK Reid X 3 PYF- 3k Improved Reid X Tang 4 pingtou
MR Reid X 4 4%3% Improved Reid X Abroad-hybrid
Lancaster X Reid

Ah 2 3k X ilg KR40 Abroad-hybrid X Liidda Red Cob
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Table 4 Experimental female maize materials of maize haploid induced different parts of ear test

17 Female 1l Z Consanguinity

#4452, Genetic pattern

B 958 ZD958
feE 335 XY335
FIE 33 LM33
INY 698
fe4E 101 NH101

PH6WCXPH4CV
L.201 X 1.269

NH60XS121

58X B 7-2 Zheng 58 X Chang 7-2

J1312X & 7-2 J1312X Chang 7-2

K Reid X 3 P43k Improved Reid X Tang 4 pingtou
Lancaster X Reid

MK Reid X #p4 3% Improved Reid X Abroad-hybrid
MR Reid X JE U3k Improved Reid X Tang 4 pingtou
S X ik K4 B Abroad-hybrid X Liida Red Cob
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HIEE 5 Al 55 &R JS6-1 X AN [6] B A b1 RL 2
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(PH6WC X S122), K 10. 13 % . AKX AY J& L-17(PH-
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Table 5 Haploid inducing rates of different female parent materials
A SORLEL LIRS TR WRER/% BEAR JE¥ RS A AL BRR/%
Female Sum Haploid Inducing rate Female Sum Haploid Inducing rate

L-1 1103 104 9.43 L-12 1108 100 9.03
L-2 1 255 117 9.32 L-13 1011 99 9.79
L-3 906 71 7.84 L-14 780 56 7.18
L-4 664 45 6.78 L-15 507 39 7.69
L-5 1001 57 5.69 L-16 578 39 6.75
L-6 677 47 6.94 L-17 1228 61 4.97
L-7 367 31 8. 45 L-18 691 70 10.13
L-8 1441 133 9.23 L-19 1904 189 9.93
L-9 1106 109 9. 86 L-20 877 74 8. 44
L-10 951 89 9. 36 SE-1 Mean 1 045 88 8.42
L-11 2733 227 8. 31

2.2 AEEXRFMRMUEAI BEEFSROZME

H 2 6 Al AL 7E JS6-1 5% F .5 ARl M
5 AN BT AR 38 BE 77 AR B A AN [ b ST 2 T R A
FEHEAC BB BRI SR 22 R U, AN [ A T 2R
HE A [l o A SRR S S 8 0 I 3R O 2 0 it
GO T, MR T AT, N[ RO S ) P=
0.006 4<C0. 01, ik 2 ¢ & 2 /K 5 AS [\ i 4C ] P=
0.018 0<20. 05, 3K F| . Z K.

Hi ¢ 8 W] 1, FE S [R] b BT S I PR R 5 R
ZEILK T 5 KR AT Y R AT 57
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Haploid inducing rates of different maize germplasm and generations

Lancaster #f Group of Lancaster

Reid # Group of Reid

B U3k B Group of Tang 4 pingtou

JLigge Y B SRLAT AORLEL BEAAHAE SR/ N PR ORI BRI SR/ 0 PR ORI B BESRATIR G R/
Generation  Average haploids ~ Haploid inducing Average haploids Haploid inducing Average haploids Haploid inducing
per plant rate of group per plant rate of group per plant rate of group
S1 23.5 4.7 14.0 3.2 13.0 3.8
S2 13.2 4.9 16.5 3.3 6.6 3.2
S3 16. 3 4.5 10.5 3.0 8.0 3.8
S4 17.5 5.1 9.3 9.4 6.5 4.4
S5 12.8 5.5 7.4 5.5 7.2 5.6
i KB B Group of Liida Red Cob EAF T B Group of Tropical germplasm
A% T B BT AORLAL BERAMEIRIE R/ 0 E B Mk AR B BAAR IRE T M
Generation  Average haploids ~ Haploid inducing Average haploids Haploid inducing
per plant rate of group per plant rate of group
S1 8.1 2.4 3.2 1.8
S2 10. 3 3.3 2.2 1.9
S3 9.6 3.6 2.3 2.1
S4 8.5 5.4 2.6 2.1
S5 8.7 5.7 2.5 2.7
KT AEAEAMREBMUEREAEEFSENFTENSN
Talbe 7 Variance analysis on haploid induction rates of different maize germplasm and generations
A5 5 IR -5 i H H B ¥ 75 FfH P {8
Source of variation SS df MS F value P value
2 BEE] Germplasm 27.20 4 6. 60 5.37%* 0.006 4
4L 7] Generations 19. 81 4 4,93 4,11~ 0.018 0
"2 Error 19. 92 16 1. 24
BAR R Total variation 66.93 24

Hox FREFEF(P<0.05), * x FREFPEF(P<0.0D),

Note: * indicates significant differences (P<C0.05), * * indicates extremely significant difference (P<C0.01).
$8 REE KRR R A I8 88 (5 5 B 45 8 A R

Table 8 Haploid inducing rates of the different maize germplasm and generations and haploids per plant

ENGE e VBRI % AN HEAR VBRI % ST H ok PR AR %
Different germplasm Mean inducing rate || Different generations ~ Mean inducing rate Numbers per plant
Lancaster i Group of Lancaster 4,94 aA Sy 5.28 aA 8.88 bA
Reid #f Group of Reid 4. 88 aA Ss 5.00 aA 7.72 bA
Y PUSESLBE Group of Tang 4 pingtou 4.16 aAB S; 3.40 bA 9. 34 abA
it KL B B Group of Liida Red Cob 4.08 aAB Sy 3.32 bA 9.76 abA
W T # Group of Tropical germplasm 2.12 bB Si 3.18 bA 12. 36 aA

RSB G A RN F R FOR 2 5 B2 (P<<0. 05) A RAl KRS F R R I 22 F ik i 2 (P<<0.0D),

Note: Different lowercase letters in each column indicate significant difference ( P<C0. 05), while different uppercase letters indicate ex-

tremely significant difference (P<Z0.01).

2.3 AEESHEMNEXREERFSENZMN

M9 LA, = WA TN REERIET RS
FREES, P T 335 885 958 INY116 78 =
TR ERBFSERES TKAEP<0.05),
JNY688 F1 INY103 7E P A~ b 5 6] i 75 5 2 25 7 R
B, NFE 10 TLLE N, =W AR AR 5 0k
HP<0.0D i\ TKF. Hh =& WS
RN 3.39% M EEEFMFHF RN 1.92%.
2.4 AEEHHENEXREERFSENZMN

H 2 11 Al A, ER R E R —BEAS it 22 )5 %k
SIS el 1 (A S U N R S (I N S 7] [P N

2011 4F L JNY107 kB A, 2012 4F DS B 958,
INY698 S REA T e W 5240 (k22 )5 6~9 d #283) B
MRS SR E T g (k25 3~4 d %
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Table 9 Comparison of haploid inducing rates of different hybrids between Changchun and Sanya

1A Female K% Changchun = Sanya £} 7 Female K% Changchun = Sanya
J6E 335 XY335 3.95 a 4.87 b ¥R B 958 ZD958 3.38 a 4.35 b
JNY688 2.65 a 2.74 a JNY103 3.40 a 3.79 a
JNY116 2.09 a 3.80 b

AT B R B AR R /NG R R OR 22 7 B3 (P<0. 05) AR A K S PR 22 F ) B % (P<<0. 0D,
Note: Different lowercase letters in each row indicate significant difference (P<Z0. 05) , while different uppercase letters indicate extremely
significant difference (P<C0.01).
F 10 AEEMME 9585 JS6-2 £ FRE=ZTLHNKEFHNEFFEFSERER
Table 10 Comparison of haploid inducing rates of Zhengdan 958 crossing with JS6-2 in

different years between Sanya and Changchun

PN =i Sanya K% Changchun
Year PSR TR A AR % BEE/ % PSR TR LN AL T8 BREE/%
Sum Haploid Inducing rate Sum Haploid Inducing rate

2010 16 821 583 3.47 A 1076 21 1.95 B

2011 6 241 227 3.64 A 2498 59 2.36 B

2012 2008 46 2.29 A 4015 62 1.54 B

2013 3028 97 3.20 A 1390 29 2.09B
4 Average 7025 238 3.39 A 2 245 43 1.92 B

TE AT 8 e bn A [/ R 5 e B 22 S 1 35 (P<<0. 0,
Note: Different uppercase letters in each row indicate extremely significant difference (P<Z0.01).
K1l FEABAMLEARMEMISC-1 ZLTEHNRAEERFSRLER

Table 11  Comparison of haploid inducing rates of male parents crossing with JS6-1 at different pollination stages

AEAy EH 1245 B 39 SR LR RN TR HER/%
Year Female Pollination stage Sum Haploid Inducing rate
B4 Early stage 1822 54 2.96
B i 958 N ‘ ,
71958 F1i Middle stage 886 26 2.93
e Late stage 401 9 2.24
F Early stage 2 661 70 2.63
JNY698 F1i Middle stage 968 26 2.69
2011 5 1] Late stage 805 11 1.37
B4 Early stage 1182 18 1.52
qefe 101 . » .
NHI01 F13] Middle stage 1113 15 1. 35
4 Late stage 728 9 1. 24
Fi Early stage 1094 19 1.74
JNY107 F1i Middle stage 379 8 2.11
i Late stage 476 11 2.31
B Early stage 2 019 36 1.78
HBp 958 . )
D958 F1 1] Middle stage 1622 28 1.73
i Late stage 417 8 1.92
FY Early stage 1811 19 1.05
NY698 ] Middle stage 1689 12 0.71
e Late stage 682 9 1.32
B Early stage 2013 53 2.63
qefE 101 M N -,
2012 NH101 F1i] Middle stage 1888 29 1.54
W] Late stage 846 10 1.18
FI Early stage 1 356 22 1.62
JNY107 F1i Middle stage 576 11 1.91
4 Late stage 603 7 1.16
] Early stage 1745 36 2.06
.
F F11 Middle stage 1 140 20 1.75
Average
5 Late stage 620 9 1.45
2.5 EARBAEMBMLEAEEFSENERNY F A2 L O 1) BRLAS A7 2 S8 1 R TG 5 IO

MR 12 TTRLFE LR T NHI0T Z8h AR 44> RiA SRS A 4. 36 06 . 1T R 8 R KL 1) 2045 1A 47
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25 (P<C0.01) , #3958 FF B 33 o &8 A1 i 3 1)
AR AR 22 RO I

F12 ERREMBURDBHAGEESELEER

Table 12 Comparison of haploid inducing rates between top and bottom parts of corn ear

B a0 e A A P s L i
Female Position Sum Haploid Inducing rate Inducin;ggratc
X2 958 T3 Top 3340 141 4.21 a 385
ZD958 JE#B Buttom 3029 105 3.45 a
JeE 335 Tii# Top 2 647 143 5.40 aA 432
XY335 JIE# Buttom 2 940 98 3.34 bB
FI R 33 T Top 3938 162 4,11 a 3 81
LM33 ¥ Buttom 3945 138 3.51 a
INY69S T % Top 3189 187 5.86 aA o5
¥ Buttom 2 535 97 3.81 bB
et 101 JE ¥ Buttom 2 620 90 3.44 aA 9 74
NHI01 T # Top 2 711 56 2.07 bB
Sy T5i % Top 3165 138 1.36 5 91
Average JE# Buttom 3014 106 3.52

TE < [7] — R A SRR [ TR AR LU A% PR35 5 R B SR b R [N 528 3R 22 53 3 (P<<0. 05) AR AT R B TR RoR
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S (P<

Note: Different lowercase letters indicate significant difference between different parts of same parent (P<Z0. 05) , while different uppercase

letters indicate extremely significant difference (P<C0.01).
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