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Classification of Heterotic Groups with RFLPs
Among 45 Maize Inbred lines

HUANG Yi-gin, LI Jian-sheng
(National Key Lab of Crop Genetic Improvement ,Maize Research Lab,
Huazhong Agricultural University, Wuhan 430070)

Abstract; The classification of heterotic groups is essential to maize breeding because knowledge of
heterotic groups can direct combination of outstanding hybrids and improvement of elite inbred lines.
RFLP has provided a powerful tool to assign maize inbred lines into heterotic groups. In this study, 45 in-
bred lines were chosen for RFLP analysis, among which 41 lines were parent lines of widely extensive hy-
brids in south and southwest China, and 4 lines came from American, representing different heterotic
groups in U. S. corn belt. 54 RFLP core markers covering 10 chromosomes of maize were used. Total
DNA was digested with EcoR 1, BamH I and Hind I. The procedure of RFLP was employed as de-
scribed by a manual from maize RFLP lab at University of Missouri, Colombian. A total of 860 bands were
detected among 45 inbred lines based on RFLP analysis, which were involved in 212 loci. A number of al-
lele at each locus ranged from 2 to 9 with an average of 4. 06. In total, 45 inbred lines were classified into
6 heterotic groups according to RFLP data with Ward’s method. 3 heterotic groups, Mol7, FRB73 and
Oh43, seemed to be the same to U. S. heterotic groups. 21 inbred lines, most of which derived from Chi-

nese local germplasm, were classified into two heterotic groups, indicating local germplasm was different
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from U.S. germplasm at the molecular level and played an important role in maize hybrid production in

China. Two inbred lines from tropic germplasm were assigned in the same group. These results provided

useful information to understand maize germplasm in China.

Key words:Maize; Germplasm; RFLP marker; Heterotic groups
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PH—EHREREMRE N AEMERARTNEES
BZz—. BRMFERBTEEYRBER AL S
HER BERBHAR.REXRREBENER
SEMTHERRUSEHAEBH TR, BET
AHRMER BOHFHBRKRRED, T ey
BARMRE LR, IS T KB E KR &~
MRS BEMETRA NI AR, RFLPE,
RAPDM 6] SSRU | AFLPYI 2 4 F 4790 B 8 R 2h
R R T RAEEBFMR LS. FEEREE RFLP B
W, 52 RFLP IRic A AR EREMER
57 B8 & B RFLP #7108 4> T K F R 22 Fh 48
BHOMRZATZMWEM. Messmer Z H| H
RFLP ¥4, % 57 NERW EK B R R BT T & Fp 4L
RBEHZBR DY, Mumm %% f RFLP #7iC, B 46
MEHABHAS B BN EEEREAXESN
2ARMMME BN 1L TR, XEHREH,
FIR RFLP fric X EXR M EF TR REFHR
ARFTH, BEERN AT BEMNLE, BLR
FIF A RFLP SR i B EHWFPEEKRBEX R
FEAT R R SR R 4 M IRE

EEXR, EXFEMELZHFHKEETKER
B, —RKMFWAZRMBEZFHHEEBHATE>.H
R, ARBEH EXK B R R 5 S8 0B AT
G E—EBELEWT #MRE KT
B. B ERA RFLPEAR, UEREEFE
KRERZRANERBXZRAIEESE L, FR#
AR IR VHE - REEHEEAA
KRR ZMFER .
T #H57FE
1.1 #kse
ERAEREEF EXRFRA SR EERNE
FARTHHYEREBRER 14, UERRZEERRIZ
FIES BB XA ¢ @, Mol7, FRB73, A632 FI
Oh43, BH B AR RENR 1. A BRI
FEHE R K2 SR 5, 8 0k ik BT B 1
M HREHE, B—70CKEFEH.
1.2 RFLP $#iF %

SREEEFBEKRETK RFLP TR
8977 B 4T RFLP 4347 . B RS B 5~10g ™ 5 A
WEER, R CTAB %43 DNA, B 10pg #ifL
J5 &8 DNA 33| R & A YRR YD, SBEF 0. 7%
FWIRMBE R B E 30 R %k 12~16h J5,0. 25
mol/L £ B B% = % 10min, 0. 4mol/L NaOH, 0. 6
mol/L NaCl Z8{## 40min;0. 5mol/L Tris-HCl(pH=
7.5),1. 5mol/L NaCl 1 $i 30min. F 50mmol/L B
BRMEHBH DNARGEBZER K E,80CH#
¥ 2h BE .

G FRIZEBFHN:65CH % X (0. 05mol/L
Tris, 8. 0, 0. 01mol/L EDTA. 5 X SSC. 1 X Den-
hardts,0. 2%SDS, 0. Img/ml SS DNA)4~6h, Bl
AR HF B R &, 65°C 2 32 (0. 05mol /L Tris, 8. 0,
0. 01mol/L EDTA.5 X SSC. 1 X Denhardts, 0. 2%
SDS. 0. 1mg/ml SS DNA. 10%Dextran Sulfate)
16h, #RJ5H 2XSSC.0.5%SDS ZR FE¥ 2 K,
IR 5min; 0. 1 XSSC,0. 1%SDS 65 CE% 3 K, &
K 30min, HEE—T0CEH 5~7d.

3% F RFLP 4+ 54 1, G 47 M EHA K
g1 7 1~ cDNA #4&, Ko 39 M ABLEE.
RFLP R REMERBE LHMNBRE 2. R
FAREHLS I M RI*P B tE R AL R AR i 4t . H T 4L
DNA BEm# 3 MRHEN TS 5 R EcoR 1,
BamH I .Hind I ,

1.3 HELBEAZE

HENMEXREK RFLP HR#%H R 0.1 HiE,
HPEHIEHN 1, XHICH 0. & Nei K B4 71
B4t B 22 R 18] A9 8 15 4 LR B GS (genetic simi-
larity ) fIt {5 BE B5 GD (genetic distance)[18],

GS.;=2N;;/(Ni+N)  GD=1—-GS
HP GS BEXR M jHBEHURE.NES
XRIMIEEAEANFEEN BEXR i BFH,
N, BERR ] HHFH.
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MBOFERE,

2 GBRERW
2.1 BXRRFLP HBKES



246

BoE KR b B O 34 %

£ HEEXAXREARE

Table 1 List of maize inbred lines and their derivation

S BXR P33

No. Inbred lines Derivation

1 HZ85 EE LT F Second cycle line from American hybrid

2 $7913 ME T —H & Second cycle line from German hybrid

3 HZ32 HZ1 3 B # Mutant plant of HZ1

4 HZ1 B 330X A 1 3 % Second cycle line from Zi330 X Fengkel

5 3H-2 R=BA XHY4 % & Selected line from Xiansandanjiao X H94

6 # 11-8 Cai 11-8 18] BX 8 330 & & Selected line from Menke BX Zi330

7 1 72 Chang 72 1 TR B R FF % R Selected line from local variety Changyangdazihuang
8 Mol7 CI187-2XC103 ¥ % Second cycle line from CI187-2XC103

9 FRB73 BSSS C5 # & Selected line from BSSS C5

10 # B Y Huangzaosi F8 PO SF 3L A8 B ¥k Mutant plant of Tangsipingtou

11 J& 03 3k Tangsipingtou W5 SR R PO sk & Selected line from local variety, Tangsipingtou

12 3% &5 Huobai B AR EA ST %R Selected line from local variety, Huojiabaimaya

13 8112 % E M I AR Second cycle line from American hybrid

14 T7913 247 (& 8 330) Selected line from synthesis (including Zi330)

15 P111 (MBI H X K 183) X B 330 Selected line from (Palamadi X Tail83) X Zi330
16 77 (/P 162X1865) X (187-2X B 55), (Huangxiao162X1865) X (187-2 X Nan55)
17 F 151 Wu 151 S EELRE A E R Selected line from local variety, Qinglongwusuibai
18 %% 51 Jiao 51 H o bk & Selected line from local variety

19 & 2 Niu 2 B G R A8 % R Selected line from local variety, Niupindazihuang
20 B 330 Zi 330 Oh43 X HAJ# 67 —H & Second cycle line from Oh43 X Keli§7

21 Oh43 Oh43 X W8 3F & Second cycle line from Oh43 X W8
22 200B B 330 ~3 & Second cycle line of Zi330
23 7922 EE L - H F Second cycle line from American hybrid
24 S37 £E 1 BB IE R Selected line from Suwan 1 population
25 # %%-1 Huangza-1 WP M P A Mutant from seeds treated with microwave

26 SL2166 150 X ¥ 9 ¥ & Second cycle line from 150 X Lii 9

27 $4003 MO17 X B 330 3} & Second cycle selection of MO17 X Zi330

28 48-2 AT ERBEE % R Selected line from synthetic population
29 7331 G&I™X MH) X OH43 Selected line from (Aiguang X Neierma) X Oh43
30 F 23 Qiu 23 H A7 SR E FEK T3 & Selected line from local variety, Nanchonggiuzi

31 22 Su 22 £E 2 8% R Selected line from Suwan 2

32 BKETMoT MO17 X TX508 -3 %& Second cycle line from Mo17 X TX508

33 102 Gui 102 ENR 7 R IR P E e Selected line from Indonesia local variety, Palamadi
34 M9 B 9 5% K Selected line from MoHuang 9

35 ¥% 1611 Suwan 1611 £% 2 B#% %K Selected line from Suwan 2

36 B 795 Qing 795 =R HF K R Selected line from Yunnan local variety

37 B A 211 Xiwu 211 (FHEKRKBEXEEE)XHEH 15 (Xizedahuang X Jinghuanghou) X Jinza lhao
38 # 80-1 Su 80-1 £ # 55 XJER 02 Z3F & Second cycle line from Jinhuang 55 X Yuanwu 02
39 J& 201 Xian 201 H O SRR E AKFHIE R Selected line from local variety, Xianfengdazihuang
40 HZ111 EE M F I % Second cycle line from American hybrid
41 HZ106 BE X4 2-1 3 & Second cycle line from Suwan X Niu2-1

42 R K4 Quanshuihong M5 R FrRKLE R Selected line from local variety, Quanshuihong
43 78599 FEERTF I E Second cycle line from American hybrid
44 #+ 340 Dan 340 MO XEREXRES M Liu 9 X Paleaceous maize treated with radiation
45 A632 (Mt42 X B14) X Bi4 #8 & Selected line from (Mt42 X Bl14) X Bl4

BHTFRSBEHENTESHREHGHERAE
AR, AP T 54 4~ RFLP #H4HF1 3 # 4l
MM U M RESBASIM ST EN
RFLP, B 1 #iE 2 X8R T #4 B3 R Hind
I /umc85 ¥ MYI4H &+ M RFLP 4558, £ 45 1 H
RFEH IR F 860 &4, ¥ KF 212 4~ RFLP fi
Ho BMIAMTEHSMEREY 4.06 4, HAEHA
WHEE2~9ZE, RABBEMHEIED 746 &, &
BER 86.74% ,INE 14 ZFHRAXESH. &
212 MR B AL E P A 145 MREBENA,
AR 68. 4%, FA 95 MR H ;41 R
RU2HFFHMENMA;INRA 3 KULHEN
ZEINIAR . XEEREN ESTKE L, 4K

SSHEXRREREENREER.

¥ RFLP & RF B AL 0.1 B4, #% Nei’s
FEHEHRIK BT RWBREER BHRERTIL) . &
ASABERFRP, FHBREERRE 0.525, BB EE
0.199~0.663 Z A, B3R Hzl 5 Hz32 Z A #ift
ERE B B /N, LR 0.199, F 1 REHWEREHN,
Hz32 5k H Hzl WERK, —EFRIEMELZXR.
Fk 23 5 102 ZEBEEBERK,HN 0. 663,51 &
EEREAERBXMA T R —ERAKF EEk
HEPRH S F— MR, B 330 BN KA
T7913.200B F1 S4003 #4 i8 1% BE 25 th 3% 3L, 43 Bl &
0.396.,0. 345 f1 0. 409, XLLZERFTH . RFLP MK
HESRERHRREZRANBEER.
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Table 2 List of probes and enzyme combinations

RN ey 2Roi] . P W et PR
Location Probe Enzyme Location Probe Enzyme

1S umc157 (chn)* B.E.H 5L umcl26* B.E.H
18 ume76 (gne)* E.H 6C umc85* B.E.H
1C umc67* B.E.H 6L umc59* B.E.H
1L umc128* (aga) B.E.H 6L umc65* B.H

iL umci61* B.H 6L umc21* B.E.H
iL Bnl6. 32* B.H 6L csull6 (elf1)? B.E.H
28 umc53* E.H 6L umc38* B.E.H
2S umcé * H 6L umc62 B.E.H
28 umc34* B.E.H 6L umcl32* B.E.H
2C umc131* (pext) B.E 78 asg8 (myb)* B.E.H
2L umc5 * B.E.H 78 csul29 B.E.H
2L umc49* B.E.H 78 asg34 (msd)* B.E.H
2L umc36 B.E.H 7L umc56 B.E.H
3S ume32* B.E.H 7L umc254* E.H

35 Csu32* H 7L bnl16. 06 B.E.H
3S umc154 B.H 7L umec35 B.H

3S umcl02* B.E.H 8C npi220* B.E.H
3L umcl7* B.E.H 8C bnl9. 11 (lts) * B.E.H
3L umc63* B.E.H 8L bnl9. 44 B.E.H
48 ume3l” E.H 8L csul40 (gpa) B.E.H
4C umc47 B.E.H 9S8 umc109* B.E.H
4L umc66* B.E.H 9S8 ume25 (wx1)* B.E.H
4L umcl5 B.E.H 9L csul4?* B.E.H
4L umcl69* B.E.H 9L umec95* B.H

58 Bnl8. 33 B.E.H 9L csubl* B.E.H
58 umc90* B.E.H 10L csu86 B.E.H
55 umc4 3 B.H 10L umc44* B.H

D B.E.H 4 51f{#% BamH I .EcoR I .Hind B RRHFENLIE:>RPESHFERBIAIREER RIIE D "RELABLORE

DB,E,H in the table represent the enzyme BamH 1, EcoR I, Hind ¥ ;2 The symbol in the parentheses represents function gene probe and

its function; " *" Represents core probes

2.2 BXERFLP (RIS
B4 RFLP B34, #% Ward’s BRI F &,
ZER R E R SM 0. 032 B, B LU R 19 45 14
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Table 3 Classification of heterotic groups among 45 inbred lines

EXRBXRRYMAH 6 M EERRMREH(E 2, &
3. HIRNAEMGERZR K 102 F1 Mo, XFH
BEXRYBRTRFEFHEMS. % 2RKEEF Mol7

R®E 322 BXR BEXR¥A
No. Group Inbred lines Inbred number
1 #H 2B Tropic group # 102, Gui 102;M9 2
2 Mol7 #8 # 22, Su22; Hz85;Hz111;7331;RKLL, Quanshuihong; A632; 78599; 10
Mol7 Group S7913; B T, MoT;Mol7
3 B73 %# FRB73;7922;8112; % 80-1, Su80-1 4
B73 Group
4 W R & V9 3k, Tangsipingtou; ¥ 8 P, Huangzaosi; 4 2-1, Niu 2-1; & 151, 11
Local group 1 Wul51; #f 11-8, Caill-8;3H-2; #%%-1, Huangza-1;P111; & 201,
Xian201; 3k H , Huobais{ 72, Chang72
5 M7 1 48-2;S37; %% 1611, Suwan 16118 23, Qiu 23;HH 211, Xiwu2ll, 10
Local group I Hz106;77; 38 51, Jiao51;Hz32.Hz1
[ Oh43 5% 330 28 SL2166;T7913; 6% 795, Qing 795;54003;200B; B 330, Zi330;0h43; 8
0h43/330 group 4 340, Dan340

ZI0MAXRBILXEFRBBELHEXRR.
AHRMBESRKANEHF N BMIOBARR. EHE
HEENR EXHILBS, KPS EXRBHFE P
B A RA MG, Bln. 5 4 KPP EILFL.
4 2-1.F 1518 201. 3K . K 72, LA 5B 5 KD

Bk 23. T8 H 211.77.% 51 ¥R T+ E 7 SRR
—3 &, Oh43.H 330./F 340 Z 8 AR
556 KB,
HRARRFTARNFEZHENFERXFTTAE
RS LEER ARG AN 45 BEAXRB KT
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20 NS B RARZF, B, R R 2 BEE
Mol7 FiH 330;F 8 1 534 77 A 330; 5 14
SEAFREMMMol7 %X 20 MEXMEAAR
AW T REERE Y 0.46,8 17 M REXFHEL
HXRZBEAHUABAF B HFREB P, 54>
FESHMANEARREAEXE BN .5—FH, 8
RERREEXRNOTBAERRN S RERRHT

{1 . S4003,200B,.T7913 #RZ2 H 330 I _H R, E
IR 43 g 330 K8, S37. K% 1611,HZ106
BEERTHEMMSE, Bk, §HEHF %K. FHF
MEF . AEET 5 Mol7, EE NS5 BN FLE,
XMegE R P, FIF RFLP FRiC A EXAREN
AR BFRATITH.

A: Hind ¥ /umc85 # 4 A: Combinations of Hind ¥ /u

B: Hind T /umc132 #4 B: Combinations of Hind 0 /umcl32
M. S FRIFIE1~23 KA B RN 24 102, BW¥ L, 4 2,P111, % 22,48-2,% 23,5L.2166,54003, & 201,200B, % & , B 795,T7913,
B 330, %% 1611,Hz111,3 T, 72,M9,Hz85,FRB73,7922
M : molecular weight markers; Lines of 1~23 represent Guil02, Tangsipingtou, NiuZ, P111, Su22, 48-2, Qiu23, SI2166, 54003, Xian201,
200B, Huobai, Qing795, T7913, Zi330, Suwanl611l, Hz111, MoT, Chang72, M9, Hz85, FRB73, 7922
B 1 % Hind T /umc85(A)H Hind T /umc132B)RAE S, HBH BEX R RFLP &R
Fig. 1 RFLP results for some inbred lines in the combinations of Hind & /umc85(A)and Hind ¥ /umc132(B)

3 itig

FEE N TAEYFHE AR AR, RFLP,RAPD,
SSR.AFLP #E 56/ b A B N EFHR 2 L,
H+ RFLP 2 &) Z /M —F#ric. RFLP fx7id
AIUMERNEEE, B LS F KR AER
B SE A SR AR R A A A DL, BEAT 22 AR BB

BRI 4y ABFR R T 145 4 RFLP H4t 5M4A 4,
VA 45 RN EKRBZRIUSG N 6 M ERK
FHREBEER. HRAXROREXRMaH
REZRFTARKAZHHERR T THIRY
HREGR.

E6NTEERMAEBTT . FINAREXE
K 09 2% B 00 2B B A R B9, E 1R Mol7 #.
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B73 @M Oh43 B, UHIXE ERHHHEERE
EXREMHPEIAEENER - FINERERHE &
6N FERMEEH D, E 2ANHEIURE I
TSR N E, ENEA R 2L AT RE 1 FTy
KD X—FRUEHMITHEERE EREMMK
BAATSE T oEBERMBA BRMALD TFKEIE
W, REM TR EEEEKRTHREERXMERE
MEH. BBERBFRMNEEKRETHFANEE
PA RIS B E Ok B B, T BEE SR
A2 B b O o SR R RO AT 4 R X 48 7 R 4 L KT

W, FREREERMAESWAAKERESE
BHEREX,

MABRATUEL , ERAXLERXRARHY
FARZMHP  REBRTMBFAREB Mol7 K8
s RBE D ATE & 47.83%, B H 5 43.48% . X
EHGEET s N EEEHREEMNEX, L
Mol7 KB XM F R T Mol7 KR X KB
I .FRB73 58 X s 28 BF 1 330 2588 X sy K|
1. 330 KM M TAREL,

L
%22 suzz
HZBS
HZ111
7331
MK Quanshuil
4632
78599
87913
_—_{7

p—

$2-1
‘ 151 Wuist
11-8 Caill-8
-2
¥ -1 Huangza~t

[ 20
201 Kian201
4]

[ %102 Gui 102
%9

X7 Mo7
nir
PRB73

822
8112

#80-1 Suso-1

e A— {7 A
ROM Huangzeosi

Niuz-1

Huobai

72 Changt2

48-2
___._______{"""{~—-——--—-——----—- $37
2 T1611 SuwmaniBit

23 Qiuz3

¥

FH211 Kiwa21l
HZ106

T

251 JisoS1

_—— K232

e————— K24
SL2166

_____["47 17913
795 Qing795

— T a®
200B

8330 Zi330
_E—I: OHd3
F340 Denddo

0.06 6.055 0.05 0.045 0.04 0.03% 0.03 0.025 0.02 0.015 0.01 0.005 0

A E R 0.032 Semi-Partial R-Squared 0. 032

B2 45 #EKEAXERFLP 44 Ward’s R¥HE
Fig. 2 Cluster analysis of 45 inbreds lines based on RFLP markers using Ward’s method

EREFZHMANERMRS RALEHR
—AN+ABEEMNRB BTRZAMOREETER
RFE. BBOYLEREMAEBBEANERER
RZ— BB ERN AR LBR ST, FF 340 B
FRRALERE, A 330 RS ZLSC #. A, A&
BrR M # DNA 4 F K FH B 1# Ohda3 R 5372 R
— AP ,0h43 5 B 330 FIF} 340 HIBEFLUME
5153 0.676 F1 0. 647, 55+ 340 MLAK =2, [AlHE

BEAW O M&K B3R SL2166 LI X —2E
B EHENZAAREBEWRERRE. M ER
HAREBE R, LFRAERIHE 330
RES 340 RAFRF A S, Xk B 330 Mt
MOFEER TR —RMEBBRUET —AFE. X
S RM PR . EREERRAREEAR T RS
HEEERANKRKLEHATRS XEEKFH Ohds
RER TR —ZMILLHE.
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