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Genetic Diversity Analysis of 120 European and
American Maize Inbred Lines

LIU Hai-zhong,SONG Wei, WANG Bao-qiang, WANG Jiang-hao ,ZHANG Quan-guo,
ZHANG Dong-min, LI Xing-hua, WEI Jian-feng, LI Rong-gai
(Key Laboratory of Crop Genetics and Breeding of Hebei Province/Institute of Cereal and Oil Crops
Hebei Academy of Agriculture and Forestry Sciences ,Shijiazhuang 050035)

Abstract: To increase the genetic diversity of maize inbred lines and accelerate the use of imported elite germ-
plasm resources, 122 maize inbred lines from the United States,Serbia and China were subjected to analyze the ge-
netic diversity and the phylogenetic analysis by using SSR molecular markers. A total of 115 alleles was detected by
29 polymorphic SSR markers, with an average of 3. 97 alleles per SSR marker and with an average polymorphic in-
formation content( PIC) of 0. 50 , suggesting relatively high genetic diversity within this population. The observed het-
erozygosity ( Ho) was 0. 03 indicating the high genetic stability and homozygosity. Within sub-populations, the allele
number (3. 55) and Shannon$ information index (0. 93 )in the American NSS group were the highest and the number
of effective alleles(2.37)in the Serbs group was the highest that suggested higher genetic diversity in groups of A-
merican NSS and Serbs, in contrast to the other two groups. The genetic distances among the four groups ranged from
0. 1403 to 0. 4695 with being the largest genetic distance between American NSS and Chinese inbred lines and with
being relatively smaller(0. 1419 ,0. 1403 ) between American NSS and American SS or Serbs. The genetic consisten-
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cy of the four groups ranged from 0. 6253 to 0. 8691. The higher genetic identity among the groups of American

NSS, American SS and the Serbs indicated that the genetic exchanges between American and Serbia inbred lines are

frequent and their genetic relationship is relatively close. The clustering analysis showed that 122 maize inbred lines

could be divided into 9 major groups. Two groups of American SS and NSS were clearly distinguished. The American
SS was further divided into 2 subgroups(I and IX). The American NSS was divided into six subgroups( Il -VI) , while

the inbred lines from Serbia are dispersed in the NSS groups. Thus, this study provides a molecular basis for better

use of maize inbred lines from the United States and Serbia in maize breeding.

Key words : Maize ( Zea mays L. ) ;inbred line ; SSR markers ; genetic diversity ; genetic distance
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Table 1 The maize inbred lines used in this study

5 EEEN Al P 3/ 5 A& B3] P 75 EEEN Al U
Code Inbred lines  Type Origin Code Inbred lines  Type Origin Code Inbred lines  Type Origin

1 FBLA SS EH || 46 PHJ90 NSS S| 91 IRF314 NSS ESE
2 NLOO1 ss | 47 PHK93 NSS XH 92 IRF313 NSS XH

3 LH208 ss B 48 PHMS1 NSS XH 93 IRF312 NSS XH

4 PHN66 ss eS| 49 PHRS5 NSS eS| 94 SPopl FEIRYENY.
5 LH209 SS FH 50 PHRS58 NSS %H 95 SPop2 FEIRYEE.
6 F118 ss eS| 51 29MIBZ2 NSS eS| 96 SPop3 FE/RYE).
7 LH222 ssS eS| 52 MBUB NSS K 97 SPopd FEIRYEW.
8 ICI 893 ss ES 53 LH215 NSS e 98 SPop5 FE/RYETT.
9 CS405 ss eS| 54 31BZ2 NSS K 99 SPop6 FE/RYET.
10 PHPS5 ss % 55 LIBC 4 NSS % 100 SPop7 FEIRYETT.
11 PHPR5 SsS eS| 56 831BI3 NSS S| 101 SPop8 FEIRYE).
12 PHV53 SS XE | 57 LH214 NSS | 102 SPop9 FEIRYET
13 PHVA9 ssS S| 58 MQ305 NSS B 103 SPopl0 FEIRYEN).
14 PHWGS SS EJE| 59 00403 NSS F[H 104 SPopl 1 FEIRYE.
15 CS608 ssS S| 60 08602 NSS F I 105 SPopl2 FEIRYEN.
16 PHG86 ssS eS| 61 PHBAG6 NSS eS| 106 SPopl3 FE/R Yk
17 PHG71 SS B3| 62 PHGG7 NSS B3| 107 SPopl4 FEIRYETE
18 PHG47 ss eS| 63 PHR30 NSS eS| 108 SPopl5 FE/RYEY.
19 PHG39 SS EH 64 PHT73 NSS EH 109 SPopl6 FEIRYEE.
20 LH85 SS BS 65 7801250 NSS Y| 110 SPopl7 FEIRYET
21 LH74 ssS eS| 66 PHGS3 NSS FH 111 SPopl8 FE/RYET.
22 LHI146Ht SS % 67 PHG72 NSS S| 112 SPop19 FEIRYET
23 LH143 SS B 68 PHG35 NSS F 113 SPop20 FEIRYET
24 LH132 SS % 69 PHG29 NSS S| 114 SPop21 FEIRYET
25 LH119 SS B 70 MDF-13D NSS e 115 SPop22 FEIR YL
26 HBA1 SS EJE| 71 LH82 NSS FH 116 SPop23 FEIRHET.
27 G80 SS EKHE 72 LH61 NSS eS| 117 SPop24 FEIR YN
28 DJ7 SS xEH |73 LH52 NSS | 118 SPop25 FEIRYET
29 78002 A SS EH 74 LH51 NSS B3|

30 78010 ssS eS| 75 LH39-1 NSS eS| 119 PH6WC SS r
31 807 SS EH 76 LH38-1 NSS XH e
32 LHI ssS eS| 77 LHI123Ht NSS B G|
33 794 ssS eS| 78 5707 NSS FH

34 792 SS % 79 IRF252 NSS FEH 120 PH4CV NSS r ]
35 778 SS B 80 LH104 NSS F SR RNT
36 764 SS B 81 LH39-2 NSS ESE Al
37 207 SS EH 82 LH38-2 NSS FE

38 BCCO3 NSS FKHE |83 IRF321 NSS KE | 121 ¥ 58 TR
39 6M502A NSS eS| 84 IRF320 NSS B R
40 LHI128 NSS FH 85 LH39-3 NSS XH W
41 LH181 NSS S| 86 IRF319 NSS F I

42 LH212Ht NSS EHE | 87 IRF318 NSS FMH 122 B 72 o T A
43 LH213 NSS FH 88 IRF317 NSS XH ARl
44 Lp215D NSS EE |89 IRF316 NSS EqE o e
45 PHJ89 NSS % 90 IRF315 NSS XH TRARRR

1.2.2 EXREFEHE DNA #REE&EN FEHMEE  BHEIKK DNA B 5, 48 NannoDrop 2000 ( Ther-
KA Z /N W T BTIUE K —30 4 ~5 Bk mo Scientific, USA ) 14366 B DNA W E 5
LRI R 100 ¢, FIAH mE SRS 28 T 20 CORAF& . fEHIT PCR &30, 8 —
(Tissuelyer I, 78 = ) 76 IR 09 214 T BE 8, F B R ddH,0 K DNA £ i 09 Wk B 7 BF 2 T AE W JE N
() CTAB L2 HURIZl4k DNAY . F 1% B BEEE 20 ng/pl, JCE T 4 CIAFREH,
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1.2.3 SSR 4 F#xi2 PCR # 18R =&l
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ST EK 10 Fg ek b 2R 40 Xt
SSR 43 FAmic, XF 122 y F oKk H 38 R AT R I AL 5
P, S A TR T () BRedy A R A
A, PCR ¥ 34 KW 7 EasyCycler ¥ #84% I #£47,
FIAR R BARFR N 15 L, K 434,45 2 x Taq
PCR 2% W ¥ (f9 & 2 mmol/L MgCl,, 0.1 mmol/L
dNTPs, Loading Buffer ZZ #{1¥#{ 1 0.5 U Taq DNA %
&l ; GenStar 23 7)) 7.5 wl, 10 pmol/L 1F  JZ 1] 5|
Y4 0.5 pL,20 ng DNA #&#z 3 wL, LH ddH,0
3.5 pL, PCR VAT R 95 CTHALYE S min;94 °C
Pk 30 5,55 CIB K 30 5,72 °CIEff 30 5,35 DME
372 CHEMR S min, Hodr, iR KR ERES
Tm HHFTIEHEE K PCR F=H7E 96 °C ZEPE 8 min,
K 100 bp Plus I DNA K Bt 4> F wbr i, H
10% 14738 14 5 P9 M I Jie 288 e 76 HL R 200V TE )%
60 W FHLIK 1.5 h 438, HIKG G, B 7%
TRIKPE2 K, 10% AgNO, J 7 min, Z51H /K Uk
Y2 KM 1. 5% NaOH H1 0. 5% IV W 3 &2
ZRHTIE INT , FEHZR A K R A IR AT
1.3 HESZiITHH

Fe B AE—XF SSR 514 34 R B AEBERE T R
BN R, WSS ARG 1.2 3+ T
BT IC R 0, BRRIE N 9, HENT 122 Iy A RS R4 T
FrRic B 2, JHRHEAS [R] 3 Hr B 75 SR AE Excel HAH
MR, R PowerMarker 3. 25 k{410 41
RS 08 9L S ZFEPE (Nei's allele diversity )
DI B S 2 8 HAE B & & (PIC) . I Pop-
Gen version 1. 32" AR R A ity ORI 465 57 437 1
(Na) FRENA B Ne) LML AE (Ho) A
725 BE (He) \Shannon {5 S F8 5k (1) AL HE 2 s L
—FRRE [RINA ] MEGA4™ Jy st g 122 A2 &
MR B A TR FR T,

2 GHR5HMH

2.1 SSR #RIZHFAES#T

FIHT 40 XF SSR FRic 719 %F 122 fy £k A &L &
PEATIRIJEAE 25 4 48, o 29 Xt 51 9 5 3 34 7=y £E
10% HYZASVE SRS M e e B e T A 2380k, i AR
MR 4 X5 A —Se B REE) DNA A i
Ty WGP Wy sy G B i 2257 XS 51 M3 7 M) o
2N, R 29 A~ HA 28 SSR Fric 514
X122 4y Tk A RIATIIT, 45 0 R 29 4~ SSR

FRICHAGINE] 115 AR A7 5, BTG P8I s 2
P BB TE 2 ~5 D20, A NLE R
3.97 (52 2), HP MM SE A S MSIYHE
8 A, ALK 4 NIIEIA 13 A4, AL
B3 A0S T A, SRR (2 ) 1Y
519 SYM19; V- 359 45 850 55 57 o7 23 80 (Ne ) H
2.52 4, AT s 2 R M Y AR Ak E BN 0. 18
(SYM27) ~0.77(SYM23) ,EHE 1 0. 55, LM
BEE PIC AR FIERIN 0.17 ~0.74, F¥{E N
0.50, 47 [ PIC <0.25 B W ARIE 2854 5, LA
FEHIY 29 4~ SSR AmicH B 1 MRid SYM27 1y PIC
/NF0.25; 447 S PIC > 0. 50 I Ky 7 i & 2540
BB IR 13 AMARid (F 2) , Hid SYMm23 1
JPIC {H fie & M 0.74, MK YK i SYM10, SYM4 |
SYM13, SYM14 , SYM3, SYM21, SYM29 . SYM5 .
SYM11 SYM15 SYM1 Fl SYM20, ZHiX 13 4> SSR
FRICNE S 22 A s HAY 15 A 5 v 2280 5

F2 291 SSRIRICE 122 HEXRBREZHRHIEESHME

Table 2 Genetic diversity of 122 maize inbred lines based
on 29 SSR markers

e WmEG e 0 same
Marker Bz fiz 12 N‘t\:‘i's allele it
Na Ne K K PIC
diversity
SYM1 5 2.36 0.58 0.53
SYM2 3 2.15 0.53 0.47
SYM3 5 3.62 0.72 0. 67
SYM4 4 3.94 0.75 0.70
SYM5 4 3.03 0. 67 0. 61
SYM6 4 1. 60 0.37 0.34
SYM7 4 2.28 0.56 0.50
SYM8 3 1. 56 0.36 0.33
SYM9 4 2.36 0.58 0.49
SYM10 5 4.17 0.76 0.72
SYMI11 4 2.48 0. 60 0.54
SYM12 4 1.56 0.36 0.33
SYM13 5 3.84 0.74 0.70
SYM14 5 3.91 0.74 0.70
SYM15 4 2.54 0. 60 0. 54
SYM16 4 2.26 0. 56 0.47
SYM17 5 2. 10 0.52 0.49
SYM18 4 1.72 0.42 0. 36
SYM19 2 1.64 0.39 0. 31
SYM20 4 2.43 0.59 0.52
SYM21 5 3.47 0.71 0. 66
SYM22 3 2.25 0.55 0.49
SYM23 5 4.41 0.77 0.74
SYM24 3 1.76 0.43 0.38
SYM25 3 1.59 0.37 0.31
SYM26 3 2.03 0.51 0.39
SYM27 4 1.21 0.18 0.17
SYM28 3 1.46 0. 31 0.29
SYM29 4 3.28 0.70 0. 64
F-8 3.97 2.52 0.55 0. 50
Mean
Bt 115 73.01
Total
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(0.25 <PIC<0.50) , &R FHEET 29 4~ SSR
PRc A BCE W 280, RER AR I 2 A 22
R AL 2R
2.2 EARRMERBZABFPEABHEEMAS
AR R OK [ 52 R BYRBURIR B 3 X E A R
122 2R K A SL R0y FSeE SS H A A A R
NSS HAZF M FE/RYENE £ oK H A R BRI E A 22
REE4 AR (R 1) XPABETE AL 1) 42 E8
115 DNRERLAL AT 0BT, K B — 48 SSR ARic Y 5
PIEA TR oK A S22 1 el ok — 28 2%
AlF (2 3) , RBL H DCRR SRR AL A Bl R 5 . SYMI
I SYM3 PIAFRICH) 51 M0 25 973t 4 D AERLAL AT,
55 4 AALE ARSI SS FE PRI 2], 7E HABRY 3
ANEE R K B A A s SYM2T FYES 3 NS sk
JE[E NSS BEFTHFA s SYM26 FOS 1 A5 i 5 A
SYM28 H2 3 A S E 7 i by 28 IR HE Y. F 52 R AE BT
R4 511 A SSR FRIC Iy — 2807 s B0k BRAE AN [R] £k
FEPBRC (K 3) o ALY IXLERRAT 5 AL A B Rl
R SEPEAEOLAL A, AT A 2 R AM R S LR w22 40
14 75 Foft BB DR I — 2 I E IR R
x3 EAREXBZRZHPHENEFMLMLR
Table 3 The alleles that were specifically detected in groups

of maize inbred lines

FERYE. PEAZ

. EESSHE EEINSSH  AXHM ENiid
FRICAL B ; ) . .

. America America Serbia Chinese
Site SS group NSS group inbred inbred

line group  line group

4-SYM1 LRl ’x pn "
4-SYM3 L] ’x Jo "
1-SYM26 ¥ G L3 G
3-SYM27 ¥ A Jc ¥
3-SYM28 J ¥ WA J
1-SYM2 H el A J
2-SYM4 H H ke ¥
4-SYM5 A H i ¥
3-SYM7 B B B 7
3-SYMS H & el H
1-SYM10 A i & H
4-SYM11 H el H &
1-SYM12 H é) J A
3-SYM15 H H i ¥
3-SYM18 H H T H
1-SYM22 el H i X

1-SYM2 FRFRIC SYM2 ER5E 1 4RO, AR fE, R
1-SYM2 represents the first allele on marker SYM2 ,and so on. The same

as below

2.3 AAEKEBZRZBENEESHEESHT

34 nTLUE 1,4 D234 A 28 RBEAE EROK
- AN E] 3. 97 ANSFEALL KB (Na ) , BB
PLEEL(Ne) 2 2. 52, KB 63. 48% B S i il HL 5%
AIE BRI G B (He) M 0. 55, WL 2% 4 B ( Ho ) X
0. 03, RIS MR ETRE LG w280
MH R (PP) 5 100% , Shannon 15 BI85 (1) N
0. 99, FWIREEL 52 I e 29 AN s i 2 2844 A
[ £ oK F 38 RBEM Na Ne 359 L SR K P 19 50E
1%, Na fHA T 1.59 ~3.55 Z i), 35 [F NSS Bk,
HERERAR  Ne (5 T 1.57 ~2. 37, ZE/R 4 W RE B
L B AN Ho {2 R 4E W B I, 95
NSS FEA [ B A [A], 26 B SS BERAK; 1 H A T
0.39 ~0.93 Z[], 32 [# NSS Bf fie i, b B #ERAIC,
XS ok F 3G ZERYE Y Tk A AS R
WL AR S LA FLh S NSS BE() Na FT T {EAE
4 AR I, JE IR YE R Ne {H fc K, #8578 32 [
NSS FFE IR AE 33X P FEAH LAl PR s 1% 24
PEw BB SR 5 1M G [ SS HE RN [ A Y 35t 4%
VRN, B 38 &R s AL Je il LU 37 . TR AR AF
U E K H A2 R D U 2 A, X T BE
1 BGE L Z RN IR N, SERYEERERY Ho fHA7E
4 SFE R, Rk A ZEIR 4 A A8 R st AR
Rz
2.4 ARAEXBXZRBEMNEEGESMEE—BE

TS R AL, 4 A B R 5L B B A T
0. 1403 ~0. 4695 Z [A] , B AR & 32 v [ B 5 [ M)
3ANHEZ AL HE B 4 K, 55 B NSS #if 5 25 [ SS
BE L ZE R 4 W B =[] 35t A% BE B 8/ (0. 1419,
0.1403) , Mistfe—3 kR 4 D RERsHE —BUE
T 0. 6253 ~0.8691 Z[H], F=[E NSS #f 5% H SS
HE IEIRE WA Z () e — B 8 3 MHEZ
[i] e PRI A A 26, SR 4% G R BT T E A 5 35 [ SS
#F(0.6890) \FE[E NSS Ff (0. 6253 ) Lh K F€ /R 4E WV ¥
(0. 6603 ) (138 A4 — B AR, o = B S5 HAh 3 A4
T Z ) 5 PR S8 A 3R I 3 4 A oK 38 R ]
)35t 1% B8 RN st A% — S50 45 3 5 e AT A M 3R A7
HYIG .
2.5 122 ERBZRENEESH

FIH MEGA4 2o 122 I EKR AL RN 9 K
FERBE(E 1), 51 2BBEAHE 13 HEESS A
R, B2 B73 MM AZEFR, Wk & L AR A 7
¥EH #Y LH74 | LH146Ht  LH143 (LH132 1 LH119;
o5 I 2EBEELHG 15 95 [ NSS HAZ &, Hirp IRF321



41

X9 845 120 1 BRSE FoK [ A2 R s 1% Z R4

681

&4 29X SSRAFEEA N ERBXRZHPRNB M EESHFME

Table 4 Estimates of genetic parameters for 4 groups based on 29 SSR markers

i [EEEYi§hs PURIIE A AL liﬁfg X')l‘i)']ﬂ. ZENLE £ A&014  Shannon
Group No. of inbred (AEE ¢ oL 5EL MERE JREE Polymorphic ~ H /MR (% ) JSEE
lines Na Ne He Ho loci PP I
FH Ss B 38 3.41 2.10 0.48 0.01 29 100 0. 84
America SS group
[ NSS 57 3.55 2.31 0.53 0.02 29 100 0.93
America NSS group
FEIRHETW A LR 25 3.41 2.37 0.53 0.08 29 100 0.91
T Serbia inbred line
group
AR BE 2 1.59 1.57 0.37 0.02 16 55.2 0.39
Chinese inbred line
group
S Total 122 3.97 2.52 0.55 0.03 29 100 0.99
RS ATENEE—HE(GLRA)MEEFER(ALTHA)
Table 5 Genetic consistency ( above diagonal ) and genetic distance ( below diagonal ) among 4 groups
ZH R K ss B [H NSS #f FEIRYE. [ 38 A hE B A AR
Group America SS group America NSS group Serbia inbred line group Chinese inbred line group
KE sS B ok 0. 8677 0. 8261 0. 6890
F [ NSS 0. 1419 s s s o 0. 8691 0. 6253
FEIRYEW HE R 0. 1910 0. 1403 s s o o 0. 6603
hE [ 2E R 0.3725 0. 4695 0. 4151 o

IRF313 LH38-1 LH39-1 LH38-2 LH39-3 J& i Oh43
iR E 22 2, T IRF314 % IRF319 By 6 k4 kLA
TFla 252404 (PA91/LH98A ) , W] IRF 319 [
LHRBAA Ohd3 Mt e 5 B MR 7 (h BA
PH207 2P Il 2% 19 95 18] NSS H A & .1 2k H %€
IRYENV Y F 38 Z (SPopd ) AT 3 335 [ SS H 38 & 4t
11 3R B, Hod 1 4 38 B NSS 19 IRF252 5 1
1y € IR 4E V) SPopd 11 2 44 55 [ SS AY PHGT1
PHG47 ZHR— 9/, 5 H SPop4 5 TIRF252
RAE— K, W] SPop4 7] fig & M52 [H 51 #E Y IRF252
TARTR ;25 IV B R 6 10 ZE/R 4k F 28 R A1 6 1y
FE NSS H A& R A, Horp 8 /R YE 1Y SPop22 |
SPop23 . SPop24 Fl SPop25 5 25 [H NSS H %2 &
PHGG7 . ZS01250 SRAE—ie , R WX 4 P FE/R4E 1Y
M 25 E A PHGGT ,ZS01250 AHiT; 55 V 2
L BR 2 1y 32 SS /Y A 5 & PHG39 \HBA1 #i1 2 i
FEJRYETY. 38 % SPop20 . SPop21 K 1 iy [E {38 &
K58 A, HAx g 6 1 2 36 E o L AR A Bl R Mol 7
M H Y LH213 #7410 NSS A28 &, # W PHG39 .

HBAL1 SPop21 FIK} 58 S HAT NSS 5T it 4 15 5 Y
HACF 50 VIZEHBE R 3 36 SS H &8 & PHWGS
LH85 807 #I, HAMHY 7 3 I3 E NSS AL &, I H.
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Fig.1 MEGA4 dendrogram of 122 maize inbred lines
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