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Genetic analysis of Jidan maize varieties using fluorescent SSR markers
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Abstract: [Objective] Genetic relationship of Jidan maize inbred lines was analyzed using fluorescent
molecular markers to provide basis for improvement and utilization of maize inbred lines in future. [Meth-
od) In this study,49 fluorescent SSR markers were adopted in heterotic grouping of parent inbred lines
from Jidan maize varieties between 2000 and 2009. According to Nei’s genetic distance, UPGMA and prin-
cipal component analysis were conducted. [Result] The 49 SSR markers detected 340 alleles among 65 test-
ed inbred lines. The average number of alleles per SSR locus was 6. 94 with a range from 3 to 12. The aver-
aged polymorphism information content (PIC) and gene diversity were 0. 601 and 0. 644 ,respectively. The
Nei’s genetic distance ranged from 0. 15 to 2. 26 with an average of 1. 05. The 65 inbred lines were divided
into 7 clusters:Reid,Lancaster, PB, Sipingtou (SPT), Liida red cob (LLRC), Volga,and other. The first 5
clusters were widely used in Jidan maize varieties. The main heterosis patterns included Reid X SPT, Lan-

caster X SPT, Reid X Volga, Lancaster X PB, Reid X Lancaster and Reid X PB. The heterosis patterns with
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large proportion were Reid X SPT, Lancaster X SPT and Reid X Volga. The Volag cluster was firstly identi-

fied and independent from Reid,Lancaster and SPT. A series of maize varieties were widely used by estab-

lishment of two new heterotic patterns (Reid X Volga and SPT X Volga). [Conclusion) Jidan maize varie-

ties between 2000 and 2009 showed clear genetic diversity,including Volag.,which is unique based on main

maize groups in China.
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Table 1 Tested maize inbred lines and their origins

FFe EEEA kIR L
No. Inbred line Origin Variety
4 344 He 344 .5 X Mol17 Wushuang X Mo17 AP 103,75 84 77 Jidan 103, Jidan 77
2 B467 434 X 444 TP 103 Jidan 103
3 428 414 X330 T 109 Jidan 109

107 kR &R

4 81162 Ye 107 improved line
5 C8605 5003 X7922
6 J9206 444X J13 02

444 X Danhuang 02

109 Jidan 109
AP 137 PUPA 1367 8 113 Jidan 137, Sidan 136,Jidan 113

B 137 Jidan 137
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& 1(&) Continued table 1
T T a7 TR P
No. Inbred line Origin Variety
; D-287 Si-287 444 X 255(4 03) 18 B 27 35 1 502 7 B 80,35 L 46,7 L 92
h 444X 255(Jin 03) Jidan 18, Jidan 27,Jidan 502, Jidan 80, Jidan 46,Jidan 92
. Mo17 K. X 78599 .
AL ~ -+
8  A-034 Ji A-034 Mol7 early X 78599 18 Jidan 18
) OGRS i
= —+
0 A 138 Ful38 Introduced lines from outside i fft 185 Jidan 185
_ THEA185  F A 9 T B 29 7 B 196
Con i i i
10 599-20-1 78599 Jidan 185, Jisi 9, Jidan 29, Jidan 196
11 495 (MO017 X B73) X Mol7 EH B 198, 7 B 196 Jidan 198, Jidan 196
12 D183 78599 A 198 Jidan 198
13 Pg-279 Si-279 BRY X428 HuangzaqsiX/lZS TP 23 Jidan 23
14 150 ll\i/i(;” M KB & Mol7 improved 106 93 Jidan 23
15 Ju-144 Si-144 ZE[E ¢3¢ ff Thailand’s hybrid A 27 Jidan 27
16 Jg-533 Si-533 8112X416 A 28 Jidan 28
17 GY349 5003 X 340 L 28,7 B 39 Jidan 28, Jidan 39
18 #+H 8902 Ji 8902 81162 X 4 107 81162 X Ye 107 EH B 209, 7 B4 415 Jidan 209, Jidan 415
TFEL 209, T B 261,75 B 264, 75 B 413, 7 B 260, 7 HA 321, 7 B
19 + 853 Ji 853 PO X [ 330 325, 7 B 342, A 515,75 A 517, B 35
FHO0S I EY Huangzaosi X Zi 330 Jidan 209, Jidan 261, Jidan 264, Jidan 413, Jidan 260, Jidan 321, Jidan
325,])idan 342,Jidan 515, Jidan 517, Jidan 35
20 Joo2 #H 63X Mol7 Ji 63X Mo 17 B 255 Jidan 255
21 S8-101 A4 Unknown F A 255 Jidan 255
22 9046 7922X5003 T 259 Jidan 259
23 R5 [# 4h 42 22 F Foreign hybrid AP 259 Jidan 259
24 W9706 Mol17XU8112X Mol7 FHH261 .75 B 262 Jidan 261, Jidan 262
i 5hal B %R .
2 2029 Introduced lines from outside % & 264 Jidan 264
26 Ju-273 Si-273 81162 X P} 340 81162 X Dan 340 T 271,55 84 29 Jidan 271, Jidan 29
27 673 78599 B0 271 Jidan 271
28 %% 31 Zong 31 254 Fh Synthesis hybiid B 275 Jidan 275
29 CN1483 I 5151 A/% . H B 275 .7 P4 278 Jidan 275, Jidan 278
Introduced lines from outside
30 163 US112X 4 107 U8112X Ye 107 524 278 Jidan 278
31 394 Ji 394 9046 X4112 35 Jidan 35
32 A814 419X 4112 B 38 Jidan 38
. 78599 A8 F bk B T
33 A002 Variation from 78599 7 38 Jidan 38
34 201000 99394 X 7922 39 358 50 Jidan 39,Jidan 50
35 96815-33 FE AL F America hybrid TP 413 P PR 419 Jidan 413,Jidan 419
36 H10 1 E 243 Fh France hybrid Hi A 414 Jidan 414
37 K10 5003 X K 3 5003 X Chang 3 414 T2 530,78 519 Jidan 414, Jidan 530.Jidan 519
N - POGTES &L A15 522 B 602 3 B 501,75 B 505
38 R 351 Cheng 851 1 duced lines from outside  Jidan 415 Jidan 522, Jidan 602 Jidan 501, Jidan 505
A : T 410 F M 618,75 ML 92,7 1 342
E: . =] N NE NE
39 o 1037 Ji 1037 Mo17 X Suwan/Mol7 Jidan 419, Jidan 618. Jidan 92, Jidan 342
40 D387 Mo17 X 1.105X8112 FH A 420 Jidan 420
OH43.F} 340, #+ 3% 02, 43¢ 11
0= - oA L . . .
41 F} 598 Dan 598 Mix from OH43.Dan 340 . Dan- AP B 4207 PR 88 Jidan 420, Jidan 88
huang 02, Danhuang 11
. el . B 502 M 5177 ML 5195 ML 505, 7% 81 535
y =+ TS NEAT . =] RAZZAN N N =i
1z F V022 Ji V022 WkpH 7 2 Fit European hybrids 5y 505" Tidan 517, Jidan 519 Jidan 505. Jidan 535
43 # V993 Ji V993 RK#H 2432l European hybrids #8522 .7 #1 536 Jidan 522, Jidan 536
. £ V993X Mol7 .
+ i b -
44 i V417 Ji V417 Ti V993 X Mol7 AP 528 Jidan 528
) 7& 351 X9046 L5287 B 535,75 1 536
= —+
9 Fi VOI6 Ji VOI6 Cheng 351X 9046 Jidan 528, Jidan 535.Jidan 536
46 #H V030 Ji V030 (485X5003) X485 B 530 Jidan 530
47 #F D1392 Ji D1392 1634X4112 602 Jidan 602
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i AR (37 TR
No. Inbred line Origin Variety
48 # D850 Ji D850 2446 X 3519 618 Jidan 618
- OGBS e :
¢ - 2
9 956-31 Introduced lines from outside fi ff 702 Jidan 702
- - 5 [ 24 22 Fh 3382 . .
£ & .
50 #k 7922 Tie 7922 America hybrid 3382 HF B 7027 A 46 Jidan 702, Jidan 46
. , KWS693 X # 428 N .
oL BT KWS693 X Huang 428 ¢ HL 77 Jidan 77
52 B234 9046 X478 FH 79 Jidan 79
- . OGTES . .
: N »
53 P2y Xigong Introduced lines from outside i 479 Jidan 79
- B Mo17 75 S kk R .
o4 A091 Variation from Mol17 7 £ 80 Jidan 80
55 A236 9046 Z%F¥k 9046 heterozygote T A 88 Jidan 88
_ <. F} 9046 X 96287 ..
- 5 _ 5 =k e <
56 J4-9805 Si-9805 Dan 9046 X 96287 & 9 Jisi 9
- FF 340 72 bk S q Tius
o7 A4S Variation from Dan 340 FE 1 Jixing 1
58 A100 78599 H B 1 Jixing 1
59 #1106 Zhong 106 F1 7490 sib Zhong 7490 sib JU LA 136 Sidan 136
60 # By Huangzaosi FRED B Fh Standard test line
61 i 478 Ye 478 FRUEM B Fh Standard test line
62 F} 340 Dan 340 B i 0 46 Flr Standard test line
63 7 319 Qi 319 bt ) 46 - Standard test line
64 Mol7 FRUEM IS Fh Standard test line
65 B73 FRUEI B Fh Standard test line
1.2 SSR 5|4 ABI3730XL DNA 2 #14X & 58 B A 8l 2 JeAa

R W AW IEW . 25 EE PR
FETEGL R E 345 43 A 1 J5 0 0 2 49 XF SSR R
10 (F2 2),SSR FRic ¥ 535 4> B Hex.6-Fam.Ned
AT 9 hR I s bR I B SE R R AE W R (b
FOA R F) A .
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1.3.1 DNA 328 Bt oK B 52 R Fh 1 R
FHidE fFKE 3~5 i HIm REM . RH CTAB
4 B 4l i DNAPY, 28 28 60 23 56 % B T 4
DNA [ i J52 R 5T v B2 L JFFF DNA 57 5 ik B 7 B¢
% 10 ng/pL. &1,

1.3.2 PCR# ¥ (HPCR RMIKFR, FH 10
pL B 19 5 B AK Z L Hod & 1 X PCR Buffer (% 2
mmol/L. Mg®" ) .25 umol/L dNTP.0. 4 U Tag DNA
KA W 2. 4 mmol/L IE 547,25 ng DNA #ifg .,

(2)PCR J % &4, DNA i ¥ 5 min; 94 C
ARPE 45 5,60 ‘CIB 2k 45 5,72 °C 1 min, 35 PME;
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L4 HESHTE

1.4.1 ##8 FlH GeneScan Hil Genotyper
P AT B W B 5 BB 43 B .

1.4.2 #4EA% 5%  FH PowerMarker V3. 25
AR ) B AT 3545 S 800 BT S T A A TR L
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ty, D) FIZ B MEAE B4 (PIO) .
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Table 2 Summary of genetic diversity of 49 SSRs markers detected in 65 maize inbred lines

Fr s Fric Y S5 ik R B LR £ PR R 2L Z AR B
No. Marker Bin Allele No. Gene diversity PIC
1 phi056 1.01 4 0. 494 0. 440
2 phil09275 1.03 5 0.574 0.523
3 umcl124 1.05 7 0.674 0.622
4 umcl122 1. 06 9 0. 680 0. 650
5 phi308707 1. 10 7 0.726 0.679
6 phi064 1.12 11 0. 865 0. 850
7 phi96100 2.01 12 0. 849 0.833
8 umcl555 2.03 10 0.583 0.554
9 phi83 2.04 8 0.725 0.674
10 ncl33 2.05 5 0.588 0.503
11 phil27 2.08 10 0. 640 0.599
12 2s8 2.09 8 0. 740 0. 700
13 sts23 2.09 4 0.578 0.535
14 phi029 3.04 7 0.765 0.726
15 phi053 3.05 11 0. 839 0. 819
16 phi073 3.05 3 0.511 0.395
17 phi046 3.08 7 0.733 0.697
18 phi047 3.09 6 0.607 0. 560
19 phi072 4.01 8 0.673 0. 635
20 phi079 4.05 6 0. 634 0.587
21 phi006 4.11 8 0. 645 0. 587
22 phi076 4. 11 6 0 3 0.622
23 phi024 5.01 9 0.723 0.683
24 phil09188 5.03 6 0.628 0.575
25 phill3 5.04 11 0.731 0.702
26 phi085 5.06 6 0. 586 0.521
27 umcl153 5.09 7 0. 660 0.621
28 phid23796 6.01 6 0. 384 0.368
29 phi078 6.05 6 0.613 0.581
30 phil23 6.07 6 0.715 0.667
31 phi089 6.08 8 0.712 0.674
32 umcl545 7.00 5 0.717 0.674
33 phi057 7.01 4 0.509 0. 460
34 phi034 7.02 5 0. 609 0.538
35 phill4 7.03 7 0. 684 0. 660
36 phill6 7.06 8 0.621 0.568
37 phill5 8.03 7 0.3577 0.512
38 phi014 8. 04 3 0.429 0. 349
39 umcl161 8.06 9 0.678 0. 648
40 phi015 8.08 11 0. 748 0.706
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h=s Fric Yo A A TR SE R Z R PE R R ZAEME R
No. Marker Bin Allele No. Gene diversity PIC
41 phi233376 8.09 10 0. 780 0. 749
42 phi027 9.03 4 0.457 0.421
43 phi065 9.03 7 0.622 0.578
44 phil08411 9.05 5 0. 496 0.453
45 umcl277 9.08 6 0.631 0.590
46 phi063 10.02 6 0.708 0.671
47 phi084 10. 04 4 0.631 0.602
48 umcl061 10. 06 4 0. 335 0. 289
49 umcl196 10.07 8 0. 802 0.774
S Mean 6.94 0. 644 0.601
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Fig. 1 Distribution of pairwise Nei’s genetic distance calculated for

65 maize inbred lines genotyped with 49 SSR markers
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2.3 SHMEKRBXTREMERS M

HET Nei’” s (1972) 15t 4% 12§ 47 £ W4 53 17
HI 2 A 32 % 40 AT fife B A5 o7 6 TR AR S 9 42, 0320, 7
i PC1(23. 56 %) Fil PC2 (18. 47 %) fif H i — 4 &
(3D H AR S 25 B oK A 28 R A R L, mIE A 1
%5 Reid BE(GD) 22 RETRRRE(G2) \PB #£(G3) |
JRRELLERE(GE) X 4 AR M U -F Sk (G4) Fi
Volga B (G6) 8 1 BN N e W] i 482 L an a3k
HEA R oL, B R 00 53 853 A5 HiAlh A &2 &
HARGL g,

FIH = 4e I RE BE 4f 4 78 65 1y oK A3 R K
RERYRI 53 T 3 A 32 B4 FT A B 45 o0 R DX AR = 1Y
58.38% ., fE B PC1(23. 56%).PC2 (18.47%) H
PC3(16. 35 %) M i = 4k & (& 4) v, 1 i 48 U
E 1 Reid B (G 2= RETRRHE(G2) . PB #(G3) .14
S (GA) iRk K LD BE(GS) F Volga BE(G6) X 6
e

2.4 EXFEHA@MAMEEMEEMABER

X A9 RS FEOK SR EAR B SR Z (A
B BB (R 43 B 45 3R (3 3) W, SR AR 2 [a) it 15 i B
16 0.693~1. 712, FH (LB 1.17, 5 65 1y A
A& FR 22 [R) 5t A PR B A L L T /M AR T
KA IE M . XU R Bk S A& RS
LR AR ]38 A% B 28 7 — 28 i BBl N AE ZE IE AR G .

R A A 52400 73 2 RE L X3 49 4y b B AT 4%
FAR SR 23 45 R W3 3. H 36 3 AT LIAE H .49 1y
HRRIE KRG A A 31 AR R A S A Reid
FECGD R BT, (5 63.27%; 17 AN A I EAR & A =
FHER (G2 FP B, 5 34, 69% 511 A SR EY EA &
K PBG) R, 5 22.45% ;16 MR EA S A
PSSk (GO R, 5 32, 65% ;4 AN R EA & A
MR ELLAT (GE PR (5 8. 16% 58 4> i B 1 6 AR &
# Volga(G6) F i, 5 16.33% ., F£ & WM AP
B A Reid #f 22 R E4E DUF-3k . PB 1 Volga iX 5



32

7 {L A ARRHE H B SRR D)

544

P

0.68
A2 428

0.29F 52 57
s 14a
2
<
©
= —0.11
N
|9
=%

—0.51F

44
—0.90 . A .
—1.12 —0.66 —0.20 0.26 0.72

0.64

—0.07

PC3(16.35%)

—0.42

PC1(23.56%)

& 3 T 49 4 SSR FRICHY 65 4 E oK H R R B =4k PCA 43t

1~65 fREMEKRALRFE 1B 4 [F
Fig. 3 2D principal component analysis (PCA) of 65 maize inbred lines genotyped with 49 SSR markers

1—65 represent maize inbred line same as Table 1,the same for Fig. 4
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Fig. 4 3D principal component analysis (PCA) of 65 maize inbred lines genotyped with 49 SSR markers
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Table 3 Genetic distances and heterotic patterns for parents of Jidan maize varieties

No. Variety Pedigree distance patterns
1 T 137 Jidan 137 (8605 X 9206 0.872 G1XG1
2 F 602 Jidan 602 T D1392 X 7k 351 Ji D1392X Cheng 351 1.106 G1XG1
3 F 415 Jidan 415 T 8902 X 7% 351 Ji 8902 X Cheng 351 1.084 G1XG1
4 %8259 Jidan 259 R5X 9046 1.329 G1XG2
5 F 419 Jidan 419 T 1037 X 96815-33 Ji 1037 X 96815-33 1.018 G1XG2
6 B 530 Jidan 530 T V030X K10 Ji V030X K10 1.294 G1XG2
7 #1103 Jidan 103 4 344X BA67 He 344 X B467 1.394 G1XG2
8 %24 618 Jidan 618 51037 X 75 D850 Ji 1037 X Ji D850 0. 954 G1XG2
9 T 278 Jidan 278 163X CN1483 1. 099 G1XG3

10 T 271 Jidan 271 PY-273X 673 Si-273 X673 1.287 G1XG3

11 L 29 Jidan 29 PY-273 X 599-20-1 Si-273 X 599-20-1 991 G1XG3

12 9 Jisi 9 P-9805 %X 599-20-1 Si-9805 X 599-20-1 0.963 G1XG3

13 264 Jidan 264 2029 X 7 853 2029 X Ji 853 1.515 G1XG4

14 F 413 Jidan 413 96815-33 X 7 853 96815-33 X Ji853 1. 264 G1XG4

15 % 2 35 Jidan 35 5 394 X i 853 Ji 394X Ji 853 1.077 G1X G4

16 F 209 Jidan 209 T 8902 X 7 853 Ji 8902 Ji 853 1.322 G1X G4

17 109 Jidan 109 428X 81162 1.504 G1XG4

18 L 46 Jidan 46 PY-287 X 7922 Si-287 X 7922 1.184 G1X G4

19 A B39 Jidan 39 201000 X GY349 0. 942 G1 XG5

20 522 Jidan 522 7K 351X 3% V993 Cheng 351 XJi V993 1.114 G1XG6

21 F 519 Jidan 519 T V022X K10 Ji V022X K10 1.021 G1XG6

22 #8505 Jidan 505 # V022X 7K 351 Ji V022X Cheng 351 1.063 G1XG6

23 B 535 Jidan 535 T V022X 7 V016 Ji V022X Ji V016 1.015 G1XG6

24 T 528 Jidan 528 T VA7 X7 V016 Ji V417X ]Ji V016 1.238 G1XG6

25 T 536 Jidan 536 T V993X 7 V016 Ji V993X Ji V016 1.223 G1XG6

26 15 2 88 Jidan 88 A236 X F+ 598 A236X Dan 598 1.114 G1XG7

27 T 420 Jidan 420 D387 X J} 598 D387 X Dan 598 0.815 G1XG7

28 702 Jidan 702 956-34 X 7922 1.201 G1XG7

29 F B 79 Jidan 79 B234 X P4y B234 X Xigong 1.162 G1XG7

30 DU B 136 Sidan 136 8605 1 106 C8605X Zhong 106 1.227 G1XG7

31 F I 414 Jidan 414 K10 X H10 1.121 G1XG7

32 B 255 Jidan 255 J002X S8-101 0.837 G2XG2

33 F B 196 Jidan 196 495X 599-20-1 0. 989 G2XG3

34 & 24198 Jidan 198 495X D183 0.693 G2XG3

35 38 Jidan 38 A814 X A002 0.971 G2XG3

36 T 23 Jidan 23 PY-279 X 150 Si-279 < 150 1. 006 G2X G4

37 I 27 Jidan 27 PY-287 X PU-144 Si-287 X Si-144 1.063 G2X G4

38 7 5. 80 Jidan 80 PU-287 X A-091 Si-287 X A-091 1.617 G2X G4

39 F 92 Jidan 92 PY-287 X 7 1037 Si-287 X Ji 1037 1.662 G2X G4

40 F B 261 Jidan 261 W9706 X % 853 W9706 X Ji 853 0.909 G2X G4

41 52477 Jidan 77 4 344 X B317 He344 X B317 0. 875 G2X G4

42 F 342 Jidan 342 T 1037 X 7 853 Ji 1037 X Ji 853 1.654 G2X G4

43 T H 28 Jidan 28 PY-533 X GY349 Si-533X GY349 1. 060 G2XG5

44 F 18 Jidan 18 IU-287 X # A-034 Si-287 X Ji A-034 1.379 G3X G4

45 A 1 Jixing 1 A415X A100 1.235 G3XG5

46 185 Jidan 185 % 138X599-20-1 Fu 138X 599-20-1 1.194 G3XG5

47 T 275 Jidan 275 £% 31X CN1483 Zong 31 X CN1483 1.712 G3XGT

48 F B 517 Jidan 517 T V022X 7 853 Ji V022X Ji 853 1.322 G4 X G6

49 T 502 Jidan 502 PY-287 X H V022 Si-287 X Ji V022 1.545 G4 X G6

1 :G1 3K Reid #F. G2 0K 2= RIOTRRE, G3 UK PB . G4 fRR WP LB G5 ARRIR KL /. G6 143 Volga B, G7 ARER HALF 5T .
Note:G1 indicates Reid,G2 indicates Lancaster,G3 indicates PB,G4 indicates SPT,G5 indicates Liida red cob,G6 indicates Volga,and G7

indicates others.
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