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Table 1 Maize inbred lines and their pedigree

%5 No. HAZ &R  Inbred line KIE  Source
1 D ¥ 212D huang212 D729x B RIY D729x Huangzao4
2 Ry Huangzao4 S DY S Sk bk Tangsipingtou open pollination
3 U W enhuang BRI B 1331 $t Huangzao4x Wenqingl 331 R
4 13 204 Zhonghuang204 Mol7 —¥F& Mol7 recycling line
5 K17 Guanl7 Mol 7x K 73 Mol 7% Guan73
6 Mol7 C103x 187-2
7 B37 BSSSCy
8 B73 BSSSCs
9 B84 BSSSC;
10 Ji€ 9 Lu9 i€ K40 Lu Da Red Cob
11 E28 Ji€ 9x A619 Lu9x A619
12 F} 340 Dan340 F i ox A F2EK Baigu Lu9x Pod corn
13 330 330 A[F) 67x Oh43 Keli67x Oh43
14 5003 2% 3147 Mei3147
15 478 Ye 478 U8112x 5003

1.2 SER T
12,1 Zrrhmidscds JER41 DNA 3EH, RFLP.SSR.AFLP I RAPD 4 Fi/rFFrid sy
BTS20 AR 2 HE L AT 25 I 7, G Rk U S A i 22 A MR RS [ Be v T 4.
1.2.2 HERRE 15 MR B A R Griffing 7775 4 AT I ZLAE, FLiil 105 AN Auac 4l
51994 FEALET R A L B P % . b5t BPP ARV BURBA L 4 ST I RIVEAY. SR FH DY EA%
It 4 IER, AT, ATK 4m, 15 K, ATEE 0. 67m, FRER 0. 27m . FFRL™ & DAREDIX
10 BTl By PP EAIEA JJBA 1 A 4 81 4 IRERCTIME T
1.3 HdRgi 50

G2 T A8 F peR F 45, TEAHFRE RS AL B B9 idoh 1, oAt o, g 4
JE. ﬁ4§5§%(genetic distance, GD) & A Gp=1- m/(m+ n)ﬂ‘ﬁ, Hodr RO HE R (]
JAEWHH, n FORFERAR ) 22 e B H @ R W% UPGM A (unweighted pair group
method arithmetic averages) JPiERAT. PR FoE Griffing Tk 4 M H— RS )
(GCA) FUEFIRIC & F1(SCA) 7, FEIRIRE I 7 3206 1A% B 5 40 it b — R A% FE 35 G G D) IR
BRI AL B (SGD) ©. X0 FARICEAEEE B B, 7278 BRI & AT (R A e 0 b, BT
HlR v ¥ i NTS Y S-pe BAF 58 K.

2 AR5

2.1 1Rl
RFLP M1 EcoRT H1 H ind [T1 9 A B )0k P DI, B & A4 31) 34 D25 MEERER, JE
54 NREFREAL S, ¥ % 59 A RFLP A7 05, ZEARA R h A B 167 45 2 k47, “F34F
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AL 2. 83 4%, BTG 2~ 7 2%, SSR A HTIRIG ZAMELIM 62 X, W M 62 A SSR A7,
JERTE] 201 42 SVEAT, PR 3. 24 4%, BILVE R 2~ 7 4. 7 AFLP W]
9 NG, BRI 180 4 Z ATk H THUR G, PRSI 5 20 4%, B AkE
13~ 31 4k. RAPD 33 20 N2 &S, Kl 2 2 &40 87 4%, PRG54, 35
4, BB 1~ 10 45, 75 4 By FARd 85 RT3 3 635 Sk 2R,
2.2 RS

3 MARYE RFLP.SSR.AFLP Ml RAPD bric 48 B LA 4 Fibrid 4 &r(ALL) 45 BT
15 MERARHAN B R 25 (% 2). i ALL.RFLP.SSR Al AFLP /- #T BT P44 i
250,36~ 0.39) MFRUEZE(0. 08~ 0. 09) ZEA—3, {H RAPD M FII1H (0. 45) Flbx#E %=
(0.12) #ECK,

R A TARCEAR

Table 2 Genetic distance calculated by molecular markers

bRk Marker THME Mean /AME M ix WA Max biEZ% SD
ALL 0. 38 0. 09 0. 49 0.08
RFLP 0.38 0.03 0.52 0. 09
SSR 0. 36 0. 01 0. 45 0.08
AFLP 0.39 0.07 0.51 0.08
RAPD 0. 45 0.11 0. 69 0.12
AR AR5 35t A% R 8 X
0.45 0.30 0.15 0

1S MR RS ' - '

DR 212 Dhuang 212

RRIHT, 4 Foor T Ax BEM  Huangrao 4
0K H LS (ALL) BT {mﬁ Wenhuang
9 160 3 A 5 S B A — | o
A PR MR 5 — nos
A RRBE, R AN H 25 { 5003
A B (ALL) 1 i’;:iu‘f 478
5‘3%@( 1). HLY ] L Ex
& H Y-Sk 1 ) 2% 2340 Dan 340
\s 330 Zi330
T’ D 3% 212 ML 9134 204 Zhenghuang 204
o B R Y I i 2%, ] Mol?
N RFVUTSLEE. B3T. # 17 Guan17
B73 B84 #i>k H -3¢
) Bsss B¢ HF 45 45 BALE®  Genetic distance (GD)
B, 8T B ) B
Mol7 #EH c103x 187- Bl 15 MAKZR 4 M TR S (ALL) BK LR
2, BT RS, Fig. 1 Clustering analysis of 15 inbred' lines based on all markers data

FHEE 204 FI9C 17 #8E5A Mol 7 IR, IEIE =R BE. 1 478 £ H 5003x U112, AIf
5 5003 4 E—2; IXKFFORYET PN MEL JET PN BE. K 9.E28 FIFF 340 SRIE TR K4
BRI, R RIA—28 H 330 % H on43x A Al 67, 448 LARYE R0k LR 0 ) 2%k
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WrRE e, (ALE S HRITE R KLU B, XIE A Tb— DA DL S R, 7 Al R 45
RERIESPTREA—FL
2.3 HaAE:

HH TR IR 15 21 105 AN RUFNZAS AL IR = 1 (F, YY), FFTFERIRIC S J1(scA), Bl
Kes . BEGTT 250, G 1R F, P SARFEREC S I FAES 00 10,32 Fil14. 43,3
ISR Z K (P< 0. 01) (K 3). B EAZIE Y 60. 7~ 160. 4g, V34 114, 3g. FFERIC G )
AR A~ 58. 94~ 37. 74,

® 3105 DARSTALATE B 7RV IR A 0 IR 75 2200 Kt
Table 3 F-test of Fi1 grain yield and SCA am ong 105 crosses

AR S AR H iR Fi FPRL™ & FAE FEOREC A F A
Variation source F F vaule of Fi grain yield F vaule of SCA
Hb A% Location 3 9. 42" 14.32"
/X Block 12 0.97 1.34
MEPE T reat 14 10.32™" 14. 43"
JbBEx HbRE T reatx Location 42 2.75" 5.03""
MR Error 168

C A AIERIR 5% Rl 1% R KF Signficant at the 5% and 1% probability levels respectively

2.4 S THRCBMERR RS ORGSR

TR PAHIC TR, XTI 2S5, 7 T Al i es 5 v, Fo i, FRpkis B & 55
RICA D) AR 22 (P< 0. 01), AHRREN T 0. 52~ 0. 72 Z [, J& T AR REAR L,
4 B FARIc AL, AFLP AR AR SCRE IR =y, RS Bk 15 N A RIVEBL R, K105 4
FATH BTNy I LA P9 2 R AR AR FARE TR 20 G P2, 23 e S AT AR DG 0 . &5
W, 5P AL, PR AL G A S AR B (P < 0. 01), M OCRE AR LR
/0N T AR SRR TR AL BRI DG W R A 52, ANAE AFLP bricH HIRSSAHOG( 3K 4).

K4 HTAOCBARIE Y B R R PR B SR R IEE A T 2 ) (R TR A OC A bT
Table 4 Simple correlation of genetic distance (GD) with F; yield (F1Y ) and specific genetic distance

(SGD) w ith specific com bining ability (SCA) for all crosses and in different sub-groups of m aize
A4 All crosses AR AHEA W ithin groups FeALAREN  Between groups

WALIE B GD

(n= 105) (n=16) (n= 89)
Fi 77 Y

GD-ALL 0. 65" 0. 54" 0. 21
GD-RFLP 0.58" 0.61" 0.02
GD-SSR 0.52"" 0. 25" - 0.02
GD-AFLP 0. 64" 0. 62" 0.28""
GD-RAPD 0.58" 0. 53" 0.18
FERRIBAE I RS SGD RIS T sca
SGD-ALL 0.71° 0. 68" 0.08
SGD-RFLP 0.62" 0.69" - 0.13
SGD-SSR 0.65" 0. 47" 0. 02
SGD-AFLP 0.72" 0. 66" 0.27"
SGD-RAPD 0. 64" 0.77"" 0. 02

C A AIERTR 5% Rl 1% R KF Signficant at the 5% and 1% probability levels respectively

GRS oy TR SR G A B BN Fy R R R A T L R R ARSI B L
2). GRS Fy PR ARG AR G R, AU 2 T i A4 i
BREUSIRRE By PRSI0 42% , FEIRIS AR T R RERS MR RER IR & 0 AR 1 51 % .
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{a)

180 " Slope=144. 7 B0 1 (1
[ R-sgare=0. 42" | F Slope=148.7
= ot toe s, 5 40 | HR-sqare=0.51
E -, i‘, '_: LX) w
> *,.#:?;'gf ........................ Ry VUV S (. .
<100 S I B T
. iy, = - .f’i -
i) [t : - :
L i ﬁ K .
o B0 | # -40
20 : - ! -80
0.2 0.3 0.4 0.5 0.6 -0.35 -0.25 ~0.15 -0.05 0.05 0.15
#4458 B GD-ALL R BR R f5 5 B SGD-ALL

2 SRR EEE S B R (a) S TARICR RIS AL BE B SRR G D (0) G R
Fig. 2 Plot of F; yield w ith genetic distance (GD) (a) and specific com bining ability (SCA) w ith

specific genetic distance (SGD) (b) based on all molecular markers

L EPTIR, oy ThRCIAE IR 5 Py 29 M OL SR I B AR 3 IR A OG, (HAH DGR B e A
ARG e e e 45,
3 iR

AWFFAF N> THRC GRS Py MO0 2 23 EAHOC, 3X 510 AAE oK ATK
TP R LG e 2 — 8. e/ RS A R BRI SG I, 1Xn] 5 53X P AR
PRI AR AP (< 15% ) K. R, AZAFTULELT 3 5 3 TEAH SC IR [R] I, AH GRS
FEHN I e BMICERAT 3 A, e MR 382 2 07 IR, AT 4 By Fheid st i e 5 ko 248
PEFA I TA) AR A AE [F]— 7K1, B3 52 b BEAH SR, Ui WA [RI R 1 28 FR ) T A AH S AP 5% i A
K. Melchinge r® A T Ui WA CRE -5 AR R AR S REREAT G, UM R 28 3 25 (1)
I AR R A H 5 (2) K B A 22 A A R & R 2 AL 5 (3) AN
AR Z ) () 2838 A4, CARCTR 3 A i IR 2, 45 R W0 P hrid st i 5 F,
FeRP AR ILIA R PEAE (1) Fl(2) B3, 7E(1) FIEREAF 2 S EAH DG, MIAE(3) 2R IAH K
PEARZE, AW, KA R SR RG] LU I A B J& 1 (1) F1(3) 2K, B2
RO FRE N A S A2 R L ARE I A, JOAHSR IR B Bk g5ie 54— 80 e A& 15
M2 B LIS 2 BEAH DGR B IR R A — s el () AR AR, 65 1 8 R b i
RUNG B, 23228 i B KU T AN [R A M R 3T (] IR A A2 4 45, RIER (3) 28, AH L) AS (0 25 1)
AHIR I S ARANGE FH T2 R 5l

RZWFFCRW], W5 ARl L i S 5 Ry AR AR I AR S () e IR 2 2 BT H
Frit S5 ARBA K Q TL WIIEBTRESE. Beppenm aien 25 YAl Charcosset 252773 ) WEE
WA NI 3 815 th, BRI A R AH OGE, o208 i 5 29 M AR A G Q TL &8t
FIARICAL s 4o e H I Hdb B 2Rt 3 Q TL TG R AR ICAL s 38 H DA i AH SR A A
FIAD E H L AW BTN R 2 HT 98—, PO M T — R s o B D H I BE A LR
TR A AL IR, 2 T S 2 MR G Q TL 3EBUIFAVE A, R T A5 AH CREFEA
. MO, AR CREARIL(ALL) BT AR s B H e v T e ARl R4, I OCREE
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SRR IESE T IX — 225, REFRIC I BE 5 AR A AT DG LR IHEA —5, H2
RFLP Al SSR Fric RIS AT s nl RN S50 (UGG - QT L A7, FE 2% L34 T Jy 1hi LE
Fehs il BT R N T RS, AR, R R B 28 R AT %1 Q T L JEB AR L AL K1
RENS S AT DR ME, (BRI 5 BE A 5206 26 4808 N IX LSRR RIE A f5 T2E— 2Bk L. AU
Z I AL LU 2 S QTL EBHIARL, HRE R APEFZ R L T H gL
L PSR B JF BAEA R QTL FEBE I AT AL, IXMERTIR R IF AN RE
LET 2 (R R AR h— A7 O,

RSP OL I SR AR O R 2 B A S N A e Z2 5 (1t b, M P o A P R 7
DZFPA X — UK, AR EE — MR R, W ROCEARIE]
[N A S AT, T HAZ B S, D O] AR GE bR IO A 1 22 A RS R PN
PG, R T FR s B T e LS Ak TR B, BB AT 12 IR
A R HRSIEOAT e 2, 28PN (e A PR MO AR LS A A LR W,

O AT RFLP . SSR AT AFLP Aic 20 7 78 B oK /N 22 25 R rpte T AR D B0 58 K,
FEBEXS Warburton M M Khairallah M8 (300 57 UG,

22 3k

G A7, 9% warburton M, % . FUH RFLP.SSR.AFLP Al RAPD bRid /80T oK FIAC R4 £ REPE ) LLAIRT 5T
G). @k 2000, 27(8): 725~ 733.

) FpPAh. FEBESH v ) dbat: JERUmYE 2 Be Rk, 1987: 292~ 298.

() Hallauer A R, Russell W A, Lamkey K R, etal. Corn and Corn Im provem entM ). 31d edn. Agronomy M ono-
graph 18, American Society of Agrom omy Madison/W I, 1988.

(4]  Botstein D, White R L, Skolnick M H, etal Construction of a genetic linkage map on men using restriction frag-
ment length polym lorphism s(U). Am.J Hum. Genet. 1980, (32): 314~ 331.

G5) Lee M, Godshalk K, Lamkey K R, et al. Association of restriction fragment length polym orphisms am ong m aize
inbreeds w ith agronom ic perform ance of their crosses l Crop Sci 1989,(29):1067~ 1071.

(P Smith O S, JSC Smith, SL Bowen, etal. Similarities am ong a group of elite maize inbreds as measured by pedr
gree, Fy grain yield, grain yield heterosis, and RFLPs (7). Theor Appl Genet. 1990, (80): 833~ 840.

(7) Melchinger A E, Boppenmaier J, Dhillon B S, etal. Genetic diversity for RFLPs in European maize inbred II. Re-
lation to perform ance of hybrids within versus between heterosis groups for forge trait (J). Theor. Appl Genet.
1992, (84): 672~ 681.

(8) Godshalk E B, Lee M, Lamkey K R. Relationship of restriction fragment length polym orphisms to single-cross
hybrid perform ance of maize (). Theor. Appl Genet. 1990, (80): 273~ 280.

) Melchinger A E, Lee M, Lamkey K R, etal Genetic diversity for restriction fragment length polym orphisms and
heterosis for two dillel sets of maize inbreds (J). Theor. Appl Genet. 1990, (80): 488~ 496.

(o) Boppenmaier J, Melchinger A E, Brunklaus-June E, et al. Genetic diversity for RFLPs in European maize in-
breeds. I. Relation to performance of flintx dent crosses for forage trait Ul Crop Sci 1992,(32):895~ 902.

(1) Welsh J, McClelland M. Fingerprinting genomes using PCR w ith arbitary primes (J). Nucleic Acid Res. 1990,
(18): 7213~ 7218.

(2] Tautz D, et al. Hypervariability of simple sequence as general souce for polym orphic DNA markers (). Nucleic
Acids Res. 1989, (12): 6463~ 6467.

(3] vos P, Hogers R, Bleeker M, et al. AFLP: a new technique for DNA fingerprinting (J). Nucleic Acids Res.



12 aN & Mk R % 33 %

1995, (23): 4407~ 4414.

(4] Ajmone- Marsan P, CastiglioniP, FusariF, etal Genetic diversity and its relationship to hybrid perform ance in
maize as revealed by RFLP and AFLP markers (). Theor Appl. Genet. 1998, (98): 219~ 227.

Gs) Zhang Q, Y J Gao, M A SaghaiMaroof, etal. Molecular divergence and hybrid perform ance in rice (). Molecu-
lar Breed. 1995, (1): 133~ 142.

(6) Martin Bohn, Friedrich Utz H, Melchinger A E. Genetic sim ilarities am ong w inter wheat cultivars determ ined on
the basis of RFLPs, AFLPs, and SSRs and their use for predicting progeny variance (4l Crop Sci 1999, (39):
228~ 237.

(G7]) cemaF J, S R Cianzio, A Rafalski, et al. Relationship between seed yield heterosis and m olecular marker het-
erozygosity in soybean (). Theor Appl Genet. 1997,(95): 460~ 467.

(8] Sneah P H A, Sokal R R. Numerical Taxonomy[M ). Freeman, San Francisco, 1973.

(9] RohIfF J. NTSYS- pc Numerical Taxonomy and Multivariate Analysis System, version 1.80 M ). New York:
Exeter Publications, 1990.

(20]) Melchinger A E. Genetic diversity and heterosis (A ). The Genetic and Explotiation of Beterosis in Crops cl
ASA-CSSA-SSSA Madison, 1999, WI53711: 99~ 118.

(21) Charcosset A, M Lefort-Buson, A Gallais. Relationship between heterosis and heterozygosity at marker loci a
theoretical computation[]]. Theor. Appl. Genet. 1991, (81): 571~ 575.

(22] StuberC W. Mapping and manipulating quantitative trait in maize U) T116. 1995, (11): 477~ 481.

(23] Lubberstedt T, A E Melchinger, S Fahr, et al. QTL mapping in testcrosses of flint lines of maize: III. Coprart

son across populations for forage trait (7). Crop Sci 1998, (38): 1278~ 1289.

Study on Prediction o fHeterosis in Maize (Zea mays L. )

Using the Molecular Markers

Yuan Lixing, Fu Junhua, Liu Xinzhi,
Peng Zebin, Zhang Shihuang, LiXinhai, LiLiancheng
(Institute of Crop B reeding and Cultivation, CAAS, Crop Genetics and
B reeding, Ministry of Agriculture Key Laboratory, AMBIONET China-Lab, Beijing 100081)

Abstract. Genetic diversity among 15 elite maize inbred lines was studied using the

molecular markers, and the relationship between genetic distance (GD) and hybrid perfor

mance in a diallel set of crosses between them was assessed. These inbred lines were as-

sayed for DNA polym orphism using 167 RFLPs, 201SSRs, 180AFLPs and 80 RAPDs,

and

were classified into five groups, which are Tangsipingtou, Liida Red Cob, Lancaster,

Reid, and PN group. They are consistent w ith the grouping based on the available pedt

gree data. The hybrid perform ance were revealed as F, grain yield (F1Y) and specific com -
bining ability (SCA), and GD were partioned into general (GGD) and specific (SGD)
com ponents. Correlation (r= 0.52~ 0.72) of GD with F;Y and SGD w ith SCA were post

tive

but not too large to have a practical utility in predicting hybrid perform ance. The bet-

ter correlation would be the pre-selection of specific markers linked to quantitative trait

loci

(QTL) correlated to heterosis.

Key words: Maize; Molecular makers; Genetic distance; Heterosis



