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W] Reid Bffuof 5 V0B 6 EARARAEOF B 1 AR AR R BT, B 1 BRE, APERT A B RERR A X
BRCREARR, B T EREFERBFHTARERER.

KA Bk BRHK BEFET; ALER

Tissue Cultural Characterization of Haploid
Coleoptilar Node in Maize

DU He-wei?, LIU Zhi-peng", YAN Jian-bing", LI Jian-sheng®

(*National Maize Improvement Center of China, China Agricultural University, Beijing 100193;
2College of Life Science, Yangtze University, Jingzhou 434025, Hubei)

Abstract: [Objective] The aim of this research is to test and characterize maize haploid plants generated from coleoptilar
node by means of tissue culture in order to create a new method to obtain doubled-haploid lines. [Method] The haploid coleoptilar
nodes of 20 hybrid F; combinations came from Reid, Huangzaosi and Tem-tropic I group, respectively, were submitted to induction
and differentiation frequency test. Both chromosome number of root tip cells and pollen fertility in regenerated plants were analyzed.
Forty-seven SSR makers were used to evaluate the genotype of the regenerated haploid plants. [Result] The callus induction
frequency was significantly higher in Reid and Huangzaosi groups than that of Tem-tropic I group. All the root tip cells from 15
regenerated plants were found to contain only 10 chromosomes, suggesting that they were haploid plants. After colchicines treatment,
I-K1 staining of the pollen grains in shedding anthers revealed that they partially sterile. Based on SSR makers date, it was noted that
all the genotypes of regenerated haploid plants originated from the recombination of their two parents. [Conclusion] Reid and
Huangzaosi groups were much better than Tem-tropic I group in terms of maize haploid plant generation through tissue culture.

Key words: maize (Zea mays L.); haploid; coleoptilar node; tissue culture
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B, PN 6. BG4I, A
Rk AR LR, Al BRAS AR AR, Kato
DA NoO A, 7R AR K A 6 I 1 Lo AT Adb
B, 2 AA9% I G ARRER AT L AR S S ek
TR SR, ZHERMRE], R, Bat
AR AR ZER KGRI E AR Z BRI RS
A IS X LS T K B A . 2006 4, Sidorov
SRS T LUK ZE RS T O A AR, R S TR
ALY, (R AR ZER T S R AR . DK
B AP IATE LA A VR 27 8 755 2 R P T R AR
o DARBFFRPIAN S K SRR 2051 BOM 77 (8,
ANZ IR, AL Reid B 2 DU AT A

F1 20 MR F RZEEMHR
Table 1 The material list of 20 hybrids and their parents

1 20 ANRAZLL A3 K S AR 25 715 D SRR, 2 A
TUALNT PR AR IR i ]
WFFE K AR ZF BT DU IR, D KA

RE MO TT IR
1 MRl5AH®%
1.1 %l

111 AR TORIPAHAT S R KUE T Stocke
IREA BAEATE S R, LA Reid BE. 3 5L DU RERIIR AR 1
BEM 23 0y FIAC R ARL, JE T 2B A A 9 A C 1)
JEI), W 20 A Fy RS E (R D) o TR0k
ARG T PR T AP K 2 b S

A Group

#El Materials

Reid #f
Reid group
LH132/LH198
BB
Huangzaosi group
AT B
Tem-tropic I group

LH132/%#5 58, #558/121, LH82/#;58, D133A/488B, D133A/490A, #K58/B73, D133A/3H61, LH132/LH198
LH132/Zheng58, Zheng58/121, LH82/Zheng58, D133A/488B, D133A/490A, Zheng58/B73, D133A/3H61,

4444/D1-16, & 72/5% 1261, 74502/ 72, J853/LX9801, J853/3¢ 24, D1-16/f 72
4444/D1-16, Chang72/Qi1261, Xi502/Chang72, J853/LX9801, J853/Jing24, D1-16/Chang72

178/127, 87-1/127, 5% 319/127, 178/138, 178/5 319, 87-1/178
178/127, 87-1/127, Qi319/127, 178/138, 178/Qi319, 87-1/178

1.1.2 BRFERS  BAMRERH 5 G FRE, 1f
MSVS34 & #1730 MSWE7 7 S 1725600 N6
BRACKTIRIE . LR IR EMR BRI . BRI
Hortnh.

MSVS34 K ZFEiFEH: MS KEJL#E. MEItH
AN, 40 gLt 2500, 0.1 gL B ER K IEY,
1.95 gL' MES, 0.75 g-L ™ & fL4k, 0.5 gLt BAEBI,
0.1 gL IR, 10 mg-L? FFE, 3mgL™ BAP,
8L HiflE, pH5.8;

MSW57 i 55783 MS KEJCHE. MEITE K
AP, 05mg-Lt SRR, 0.5 9L iR FIE
%, 30 gL AEHE, 1.38 gL, 3.4 mg- Ll
H, 05mgL"2,4-D, 2.2mg-L? #3E, 89 L Hfk,
pH 5.8;

N6 4RfURFR%E: N6 Koo, fmscE LAl
Y, 05 gL' BE AKMY, 07 gLt A, 2
mg-L"2,4-D, 30g-L"iERE, 2.7gL" WK, pH5.8;

SR FREL: MS KEJCER . WMEoE LAY,
100 mg-L* JULEE, 0.5 gL &%, 0.5 gLt s /K
fi#4, 250 mg-L ™ A& W%, 25 mg-L ™ BEHIIR, 30 g-L™

HERE, 3.0g-LT WK, pH5.8;

AR SR MS KEITE . TR IcH= AT,
0.5mg-L™" NAA,30gL™ ki, 1.2 gL WK, pH5.8.
1.1.3 SSRB| M4 S ERKEMKHI, &
47 XF SSR 514, F T H A5 AR AR SE R B 03 B, 514
S S FLAEFE AL e A L2 2.

1.2 7%

1.2.1 PR DL20 /S Fy 28R EREA, 2305
PSS R PR TS, W4
B 100 BT R RFRL, S lde NfEE, FFH
TN T8 N o 48 250 mL (F5E4K, % 200 mL 5.25%
VAR, RN 2 mL IRERIR, N TR g rh
Je, BB 8—15 ho KRR, ONEER, T
HFLAEG I 70%LREAHE 1 min; 25 70% 47,
TN 2% I SR A ¥4 20 ming FE B KUk 4—5
W i R KB 8 IR, Eefh 1
MSVS34 FiFRBErh, JUE 25°COtMRKT IR, S
2000 Ix, HERIEH 16 h, £7E 7—10d.

1.2.2 RERRFHTAEALFFRARESR
BRI A G SIBRIEAR . RSN 2F 5 R (A A kL
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R2 41X SSRAFHRICEMEEARFA LMD H
Table 2 47 SSR markers and their genomic locus

SSR #xid B PRI 2H 5E AL SSR #ric FE PRI 2 e AL SSR #ric FEPI A AL SSR #rid He PRI 21 5 i
SSR marker Genomic location SSR marker Genomic location | |SSR marker Genomic location | |SSR marker Genomic location
bnlg1007 1.02 bnlg1523 3.02 bnlg2305 5.07 phi0g8o 8.08
bnlg439 1.03 phi053 3.05 bnlg161 6.00 phi233376 8.09
umc2112 1.04 umc1136 3.10 bnlg249 6.01 umc2084 9.01
umc1335 1.06 phi072 4.01 bnlg1702 6.05 phi065 9.03
umc1147 1.07 bnlg490 4.04 phi299852 6.07 umc1492 9.04
bnlg1671 1.10 bnlg2291 4.06 umc1545 7.00 umc1231 9.05
bnlg2331 111 umc1999 4.09 umc1066 7.01 phi041 10.00
phi96100 2.00 umc1940 4.09 umc1125 7.04 umc1432 10.02
umc2007 2.04 umc2115 5.02 phi328175 7.04 bnlg1712 10.03
bnlg1940 2.08 umc1705 5.03 phill6 7.06 umc2163 10.04
bnlg1520 2.09 umc1429 5.03 bnlg2235 8.02 umc1506 10.05
umc2105 3.00 mmc0081 5.05 umcl741 8.03

TEEUWAR  RFOEZE 0 TG ) PR AR . 44 4))
HKZE 5—6cm, VIELZA 1om MIIEZEEETY (235 1.
NH05cm) , HHFARIIGES, VIR,
FeRPT MSWS7 AL ZAA R AT, T 25°CHali
Rig®, JGIEBRSE 2000 Ix, B 16h, #5397 21d.
B MR ZERT R I A A 2 N6 gk
K, 25°CHiREgE, & 21d 4hf—IK.

1.2.3 BEREAREAERSR GRS E 42
HNTAGREFRIE, 25°COLIRER TR, DGMEEBRAL 2 000 Ix,
TR 16 hy A rIRERR, K& 3—5 em, ¥
MNAEMRFRIE: AN RFWENE, BkieR, Tih=
AR 710 d; BEARRBGE AR, S AihE Tk E.
1.2.4 FEEBENE  FAERMKBARMLER, DI
1—2 MR, HRilMER (oK ORE - VKBS %R =
3: 1) [HE2 h L b, ddH0 SETEE G, I &
(12T 2 25 W A AL VR S A 2 h, s o AE e
NSRS EARSH , JEIR.

1.2.5  ERWM I-KI $v@  mARMmES, A5
Sy MEREREHCR . HCHCKY IR7E 2y, R8sy b, i
—4 0.2% I-KI ¥, B R TR R T gL, I
E(E)GCH

1.2.6 HBEAREEMELE (FH 1%MERME
W, TCH) 0.05% I RKANZRIF IR . FHAERTRK 2 4 0
10F0 6 if 100, 43 AIEUDVF 0.05% I RKKAIl 2 #E
TN o

1.2.7 B{EKet g DNA 2B K] CTAB VA3 A

ik AR D 2H DNARY, JERY I DNA TRV i
TR, #f DNA FEHFAREE 10 ng-ul™, 4 TR
1.2.8 FAMREER S EH 47 X SSR 514,
Xof P A L AR AR (1) 2 D R EA T 43T . PCR S NiAA R
(25 uL) Jy: 10X Taq Buffer 2.5 pL ( Transgene A #)),
2 mmol-L™* dNTP (Transgene 2A#]) 2 pL, Taq i (5
U-uL™  (Transgene A7) 0.2 UL, #% 1 pL WA 5]
) (0.1 umol-L™) , #ik DNA (10 ng-uL™ 5 uL, ddH,0
133 L, T A A IS . PCR &R A«
95°C 3 min; 95°C 30s, 60°C 30s, 72°C 1 min (35
L) 72°C 10 min; 4°CARAT

¥ PCR ¥ Hr=4)T 4%MCH s B E e
130 V Hiyk 2 h, RJG THIR R RGEMEL . .

2 R

2.1 BEREFHBAGARNFIES HLEL
it

I 884 BRI 2 A | 1768 ASSMRFR T, It
93] 570 @i L, I 4g o 1
G, KIS . B R A A 5 %A
S 25 R 3.

AR TR 4 35 1 A AL AT 5 30 SR
Reid ff (40.24%) -3 5LDURE (37.85%) , ik I
FEBUE (15.13%) o [l —ZFhR3ARER, 5S35
Wk, 75 Reid B, BSRESHE 76.3% OF
58/B73) , IALIK 4 18.1% (D133A/3H6L) , LH82/
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*3 BEREFHENEMHARHFSERSUERSET

Table 3 The induction and differentiation frequency of haploid coleptilar node derived from 20 hybrids

HEAR 44 SMEME i Bk BRI TRA AR IMEE RS
Group Combination Number  Number Induction Average Number of regenerated plant Differential ~ Average
of explants of callus frequency induction A AR frequency  differential
(%) frequency Total plants ~ Survive plants (%) frequency

Reid ¥ LH132/%% 58 LH132/Zheng58 84 31 36.9 40.24** 0 0 0 4.89
Reid group s 58/121 Zhengs8/121 120 47 39.1 0 0 0

LH82/# 58 LH82/Zheng58 104 42 40.4 2 0 4.8

D133A/488B 108 34 315 4 2 11.8

D133A/490A 80 39 48.8 3 0 7.7

¥ 58/B73 Zheng58/B73 80 61 76.3 9 6 14.8

D133A/3H61 72 13 18.1 0 0 0

LH132/LH198 78 24 30.8 0 0 0
LU 4444/D1-16 86 30 34.9 37.85** 0 0 0 3.18
Huangzaosi =4 79/5 1961 Chang72/Qi1261 98 44 44.9 3 2 6.8
group

74 502/ 72 Xi502/Chang72 88 57 64.8 7 5 12.3

J853/LX9801 74 19 25.7 0 0 0

J853/ 5% 24 J853/Jing24 64 16 25.0 0 0 0

D1-16/£ 72 D1-16/Chang72 88 28 318 0 0 0
AT B 178/127 112 15 134 15.13* 0 0 0 0.00
Tem-tropic I g7.1/157 9% 29 302 0 0 0
group .

3% 319/127 Qi319/127 104 16 154 0 0 0

178/138 64 8 125 0 0 0

178/5% 319 178/Qi319 80 11 125 0 0 0

87-1/178 88 6 6.8 0 0 0

*FP* o3 R R RIE ] 0,05 B3 KTRI0.01 1) 583% KF

#6558 F1 D133A/490A 1753 #4r 40% LA F, Hopph
15227 30.0% L Fo s HLPURE, 75 502/ 72 1)
RS (64.8%) , UL E 72/55 319 (44.9%) ,
J853/LX9801 F1 J853/ 5% 24 (15 3 IR, 25.0% 2 44,
4444/D1-16 F1 D1-16/E 72 [ 3% 1E 30.0% LA L. i
T BB R RGALR, FREmIH
30.2% (87-1/127) , 1 He AR5 3 F AT 20%.
AN ) P AL SR () SR A S T LR %, &t
WEG 5> Hr R, Reid #5841 #F (P=0.003) | &
FLPURE SR T B (P=0.04) 2 B2 58 52, 1M Reid
BES R UREZ M 2R A S (P=0.395) (K 3) .
AR ZFEIARE, TG R A 2RO 3 2
K, Reid BRI L VUREASSRAS T A PR A RERE, 1
WA T BEB A A RS AR RE . Reid #Erp, A
58/B73. D133A/488B. D133A/490A I LH82/%S 58 If]
ISR 14.8%. 11.8%. 7.7%F1 4.8%. 31k

*and ** indicate significant different at 0.05 and 0.01 level, respectively

18 PRI, BSOS T 8 kk. ERELUURE, 1
502/ 72 FE 72/5% 1261 M40 512 12.3%F0
6.8%, oAttt 10 BREARERE, b 7 BREUE.
AT RER) 6 AR BT A SRS AARI PR (R 3D .
2.2 BEEKNEEAKERTEMELHLEE

X AR AR AR IR QL AR H 0 B I, BT
AREBRAR AR AN MR 5 10 St thk (8 1-3) , il
15 BRFFARE IR AR 2 A AR IR . AR B B, 15
FREZERtRR R, b o BRIEFEAER 56 2R H, 6 i
SIAEZIEOT (B 1-1) , HiEsr s aes 1-KI1 G4,
KINWE: ARRA D8RI R AR G th, RIN
AAE (B 1-2) , BB R A ek
KN ) o
2.3 BHEREHRERIERE SR

FIH SSR 43 Fhric i S AR IR 2 FEIE R 20T 2
e FARAARTRR IR AR B ok B XCR I A R A 7E
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2. HhHEZy
Shedding anther

Regenerated plant

3. ERar AT AR

Partial fertile pollen

4 R REsk
Chromosome number in root
tip cells of regenerated plants

B 1 BEERRREEEE RESNF SN

Fig. 1 Identification of chromosome number and pollen fertility of regenerated plants

58 5 B73 rR ALY 2 29 42 APEAL A, DI33A L
488B. 1§ 502 5 & 72, ) 72 555 1261 (1% & MEA A
oyl 21, 16 Al 14, BB H 2P SSR Axid kil
FRAREAR IR 2, 25 R0, 4 58/B73 igt % 15 5t
6 PRILAEAA, 6-10 f7 UK IE T4 58, 19—23 {7 R
7 B73; DI133A/488B 155t 2 BREMHANIRL, KRB
D133A 752 9 F1 8 4>, 12 Al 13 My ik AT

x4 BEERBERZSN
Table 4 Genotypic analysis of regenerated haploid plants

488B; 14 502/2 72 W HAHAARIRL, 4—12 M7 i 5T
502 AHIH, 4—12 Mt 5 72 MlE; B 72/5% 1261
TR 2 BREAfE A, 6 A1 5 M AR EE 72, 8
HTQ AN B4k A5 1261, SstALABIE 2> B & BE,

5 58/B73 itk 15 51 6 MRS, 5 B73 i fEAH
BATE R EAAE 0.80 LA, 1548 58 [RIBAEARBIE &
LT 06, RAETWMAE (R4

A5 44K FBRIRRG S 2 SSR 4 F AR Polymorphic SSR makers  isHE A R %L Genetic similarity coefficients (%)
Combination name No. P1 p2 P1 p2
¥ 58/B73 1 6 23 51.06 87.23
Zheng58/B73 2 9 20 57.45 80.85
3 6 23 51.06 87.23
4 10 19 59.57 78.72
5 8 21 55.19 82.98
6 8 21 55.32 82.98
D133A/488B 1 9 12 74.47 80.85
2 8 13 72.34 82.98
74 502/ & 72 1 10 6 87.23 78.72
Xi502/Chang72 2 6 10 78.72 87.23
3 5 11 76.60 89.36
4 12 4 91.49 74.47
5 4 12 74.47 91.49
£ 72/5% 1261 1 6 8 82.98 87.23
Chang72/Qi1261 2 5 9 80.85 89.36

P1: BEA; P2: A P1: Female; P2: Paternal
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M 2 p B33, 75 15 BRA AR, Bl
(1122 NEALAR, SSR i U5 AT P (K ACA B REAAR

[, RUFEA MG, DO AR B AR,
RITPERA S, BAAE TER S -

g 1Bl 2BRGH 3BREHK 4SREE SSRGE  6SikEdk  TERGE  sURGHE  oRRGHE  109RaH
No. Chromosome Chromosome Chromosome Chromosome Chromosome Chromosome Chromosome Chromosome Chromosome Chromosome
No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9 No.10
N 1 I i i
2 1 1 11 ] 1 1
wssms 3 i B 11 1 I |
Zheng58/B73 4 il N 1 1 11 11 1
s B 1 11 11 1 I 1
6 I i i 1 g 1
i B i B I B i B
s gt Vgl B fala ¥ 0 i%an
([l B F] E B 0% I 1 |
: |l B 1 P I 11 11
7G502/872 3 . | | I 1 - |
Xisoackns’z . 1 B I 1 101 [ . N B
sH B I I 1 | |
B72/5F1261 1
Chang72/Qil261 3 I

PLl: BEARZLOKSTBE P2: QAR B P1: Maternal chromosome segment; P2: Paternal chromosome segment

B2 BEREREERRSHR
Fig. 2 Genotypic analysis of 15 haploid plants

3 it
3.1 EE BB EE  E R R R S B

FRYE BTN LT T2 HE R R 5%, 118
RG2S 5 T A188. B73 Al Hi- 11 25/ % )L
ANFEPR IR AR AT 1 T oK AR, A4
U PR ZE R [l — PR AREA
AN DR 2 St e K. IR MRS X Reidy DYk
FIL TS 3 AR FAREIL 19 4y 128 R UEAT THF
T, RIUFDVYT KB 4 0y AR Rk, Sy
I 24 F175 853 M KBE ) 25, ANRE AR, B DULE
LA N 0.5%00), SEFTHESERTST T 5 A4
BER 19 M HERCR, SRR Reid BEA A28 RIILIIR
YU TR PERIE, B73. # C I 478 (M4h ik )i i
SR, EEAENZERM BT B AR A T A
Lancaster ZEHEFIE VU S8 HE T, A Tk 2 41 418
FERETELF AR AR R B, PR NA 2
B EA 0 TR A2 L B (K B2 K, Reid B
p RLDUBRAC T, TR T BFACZE . Reid #EFXS 58/B73
V5 TR ORI 5, X5 5K 2 Mg S5 R 21 FT A S o
1 AR TR IS R —30 B B73 A AR TR

GPReT e L U R UG 502/ B 72 SR % m, HAML
A ARAR, SRR AR, 1T J853/LX9801 FiI
J853/5¢ 24 [MEFHAL, AREA W AERIME, XnT
RESE T 853 Flnt 24 ISP 22 TEL, sk iy
25 (1 5 R — 3OO SR AR T B 6 M RERIALIR R MR 2,
ROALEFRIL, HERE MO AR, X6
JE TR T BRI 5 AN IE T4 255 .
RS T 884 AT URIR ZEESTT, (H 5
T 15 R4 AR, Jorh 6 BRERRRICR . IBE—4t
R, A A ORI A AR R, SO R A,
& T A ZE T A S S L ez S
RZ (e o Rk, S SR AR IR AT ol
KL, B8 BT AR 2B A LU T R R,
AR E R Z —,
3.2 ERBERMEFHHELIEFRESHOFA
PRAE. KEHIIRIS Tk DH &, W U4 E Fr R
W, REE M. KT Stocké [ HLAE AT S
R, PAARESE BN T 2%—8%, AL 10%
DA _RDS230 ) P AR PR 2, SRAF IR 2T LA
Koy, HASZZEAEZW, K, 22—
RIAMEAR . AWFSTH, Reid BE. 25 PUBERTIR A 1
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T () JR AR AR A L2 3905 5 43 ) o 40.24%
37.85%. 15.13%, iti FAEZR L TR 7R, 5
TR B AR A 42N« Zhao 548 P BR B 576 B fs 44
YIRHEAT A B, BUACER R ARS IR AL, T
I R, Barton S5 B B A BE A4S AR LR
[Fi - ) B AR ZE A BEAT IR A B, 345 T R sh L,
ARSI RIS 2 2 T g, AR SO R I, DA
YR NR I BAEAR . ARSI, MEREAROK, &
WHIWAKER (B RG ) o FREARZERAZUEL
RIGAMEAR, AT, (HJE 255 i 5 LLE
PRISE, e LWL B R ER . BRI 2R T () 3k A
LEI T, A 12 DR 2R LA 2 v () T A AL 2305 3 S
o BT NFSE R, Af FH— e W R KAl #E B
BRECFAA, A TR AR A SV AT b B, 2847
PFRA A5 RS AR, Bl A R A AR R
B, 5% DH KRB, Uk, B4 A e 2
TR AT PR B, R
DA AP AR R AT IR AL 3, 2 B i oK R
IR 343 DH RIE R L —.

4 ZEig

Reid fHE AT B DU R B0 AR 251 A 4R 3
B, oA 8 MR 7 Bk AR AR A TR
AR AT T R, R AR R . A
SCHE IR CLAARARZE N N AMRLAR, i UG IR ERAS T
TR AT AR
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