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8 FE AWISAN SSR ARICHT 63 43 AR TR AL 2 REMEREAT T 200, DU VEZCE AR IR 2% . Wi ik
Bi: M 40 4> SSR 514 itk tH 8 X M 4. W EE . ZAMENSIY, 1E 63 Pt IHAE M Pty B 50 &y, I
PRI B 27 NERAE R, AL LR PPB)A 54%, £EXF SSR 5K I B GALAR T 2~5 A, P4 3.125 4. 8 XF 5[4
12 &M B R PIC) I F A 0.225 4~0.698 7, Z &M 5 B/ (PIC), Shannon {5 2 #54(1), Nei's FEKH 2 FEH%FEE0(H)
41002 0.497 3, 0.904 1, 0.520 0. UPGMA R4 H1R B, SSR ARCH LAY 63 e Z A arh 2 K28 A haid
TRPERRES b H R G AR B 20K H IRVE 208 5 b H e 20 200, K H R 2R 23 7 45 Spanish K H FVE A
5 Yellow Globe Danvers fif W7 H BEEEZ, 45 B WoR T rp H BEEE 2GR R I & 2% M.
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Abstract In this paper, we analyzed the genetic diversity of 63 onions (Allium cepa L.) germplasm resources were analyzed by
SSR markers in order to provide reference for choice of parents for crossing in onion. The results showed that eight clear, repeatable,
highly polymorphic SSR primers were screened from 40 SSR primers, 50 clear bands were amplified from 63 resources, among
which detected 27 alleles, the polymorphism ratio of bands (PPB) was 54%, detected 2~5 alleles and averaged 3.125 bands each
primer pair. The polymorphism information content (PIC) ranged from 0.225 4 to 0.6 987, the average of polymorphism information
content (PIC), Shannon information index (I), Nei's genetic diversity index (H) was 0.497 3 ,0.904 1, 0.520 0 respectively. UPGMA
cluster analysis indicated that the germplasms were both divided into two clusters base on SSR markers, cluster A was included
short-day onion group and early maturity of intermediate-day onion group, cluster B was included long-day onion group and late
maturity of intermediate-day group onion, and in the long-day group Spanish long-day onion and storage long-day type onion were
included, the result also expressed the originating complication of intermediate -day type onion.

Keywords Onion; SSR; Genetic diversity

MRE= LR BT, E S 2 MRS . RAT AT

HEA(Allium cepa L)X AERA., A, £,
J& T 1 AR E (Allium) —AEA A, A R
Bk, R E R DSR2 (Hou
et al., 1997). fE4tHFH, R AT

FFRT AR TR %, Brahikilifl . B AR B
T U ZERER], T N TR R RIR
SR, B I PRI, A DA —
FolvBS R B T L AR R A P IR (KPR AR, 2007, RIS
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AMFEE . ¥ ISEmR TR, BIL3RES50
gty 2740 M. A S 2 A A
GENAETE), 2R A FN54%, ZErrdkal
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K1 ZEMESSRIFA YT
Table 1 Sequences of the polymorphic SSR onion primer

M1 2 3456 78 91011121314151617 18

P 138 342 280, o ) 25 B ZH DIN AT T 5 s P b RSl &5 51
7F: M: DNA marker D15000; 1~185 KX &4m 5 1~18F ¥
2 i

Figure 1 Parts test results of genomic DNA of onion use
Agarose gel electrophoresis

Note: M: DNA marker D15000; No.1~18 is Followed by No.
1~18 onion varieties

13 2 &S T

UG SSRES & Hdl, M H & 51 Wik 2
S H(3R2). 8XHIMINT-3 2 M1 B & (PIC)
0.497 3, AAKE I 40.225 4~0.698 7, ACE044
S AL, ACEN 5 W 5 m (K2), RWSIY
ACENEfE Z RV F 5, 5 ACE044 1115t
& 2 BRI E

514 L5145 -3 TIPS -3

primer Forward primer sequences Reverse primer sequences

AMS03 TAACCCTAGGATGAGTTGAG GGATTTCCTCTTGAGATGA

ACE039 ATGGTCGTCCATTTCTTATTGAAGT TTGAGTATGAGGCAGCATTCTACTG
ACE044 ATGTACGCAGAATCTCCTTTT TTCAAATTCTTTTGCTGATGGGTTC
ACM235 ACGCATTTTCAAATGAAGGC TGAGTCGGCACTCACCTATG

ACEIl11 ACTTGGATGTAGAAACTTCACAACATT TTGACCTAACAAATATAGTCCCACAAA
AMS30 CACTAATGGGGTAAATAATGTTCTAC TTGCCTTGAAATCCAGAC

AMS12 AATGTTGCTTTCTTTAGATGTTG TGCAAAATTACAAGCAAACTG
ACM154 CTTGTTTTGGCAGTTGGGAT CGATGAATACACCGATGACG

1234567 8910111213141516171819202122232425262728293031323334353637383940414243444546 M

K2 5IHACE LR A3 A S PR 38 4 s
71 M: Trans DNA marker I; 1~46: 1~462m "5 3 2 i R

Figure 2 The PCR amplification products in parts of onion varieties with primers ACE111

Note: M: Trans DNA marker I; 1~46: No.1~46 onion varieties
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22 630 VE AN BLIL T 80 SSR T | W Ky 4% 22 REAtE 2Bt

Table 2 Analysis of genetic diversity for 63 onion accessions using 8 SSR primer pairs

G1E) LA RS SRR ARG A R Shannon {58 MEAE R WL T Nei's LK ZFE
Primer PIC NA NE B4 Ho He PEFEEL
I H
AMS03 0.4912 3 2.036 4 0.847 4 0.603 2 0.513 0 0.508 9
ACE039  0.3353 2 1.6105 0.566 8 0.278 7 0.3822 0.379 1
ACE044 02254 2 12119 03179 0.1613 0.176 2 0.174 8
ACM235  0.3442 2 1.6213 0.5713 0.350 0 0.386 4 0.383 2
ACE111 0.698 7 5 3.446 0 1.3709 0.790 3 0.715 6 0.709 8
AMS30 0.6182 4 2.9613 1.1933 0.084 7 0.668 0 0.662 3
AMS12 0.5712 3 2.5057 0.998 2 0.688 5 0.605 9 0.600 9
ACMI154  0.694 4 4 3.861 4 1.366 9 0.564 5 0.7470 0.7410

ST WAL AL S B (NA) R M Ky 2~5 5%, 11
3.125%; HAEAIAL - EI(NE)EF o 1.211 9~3.861 4,
SF-34°42.406 8. Shannonfs SR E(D) A2 1% 40.317 9
~1.370 9, *F31°40.904 1; MELARA B (Ho) AL M Ay
0.084 7~0.790 3, “F#4°40.440 1, JRIRILA AL AEHE
DRIZE b e oy bl v s S EE 245 B (He) I AR AR B2
0.176 2~0.747 0, *F#4°440.524 3. 25K FR A
P AEAE AL, AAC R . Nei'sEERI 2 FEPETR
B (H) AR AR E 40.174 8~0.741 0, ~F1°40.520 0,
RIAFTES D B 2 SRR E S, BifthZ
FEPEEE

LAREGHT

T AR, FHUPGMAEX 5
BREAT R M (13), 45 RKE, M ikfesifk
AL 2R 400,65 4 BRI I 2R W RSN . A
PIATFIA2 53550 0 o 24 S AR ] R A B
Kb BT A AR 240 FP ST 02 U5, SO P, 3R
A1 N E AR A, A g SR R, 64 BRI
dn i, H AR RIS 14 B1241ALHR 1340 F i
PRI, T Spanishf HIREFl, 2562, 6311
PRASVE 205 R s A A AL R BTIA 3 7 1.00, 15684
XA SRR ZOC RARIT, B P 4 A ] Bt
SR —fbFls B2AL AL 8 R s e, A H R
R, Sy E Y SR, RO SRR AR
INOIIVEA AR o . ORI, i H A
5By v H IR LG 20 A R — R, K H RS
3 RO A B0 ) 2R — R, i H R
M Yellow Globe Danversiii V74 dfh Ff 5 4y — AN

Hf, Spanisht [ JESSTY S RPN —ANEHE s A
oh R BT 5, R REAEA R . R
B R, BRI G AEREN A, &
BT rh R BRI A I A, RN LF
(48 7~ T3 00 00t Y5 38 A% 22 R 5 R P 2k 2% 0%
R, NIBHE B RRIE PR SR AR R -
218

KT VAR R Bt IR st A% 2 FEPERE T A
18, W TIE— A TEA&S % ¥ (D'ennequin et al.,
1997). 40127 % %€ (Ricroeh et al., 1992). A4k 4%
€ (Peffley et al., 1987;Rouamba et al., 1993; Bradeen
etal., 1995; Bark et al., 1995). 737 % ¢ (Sangeeta et
al., 2006)%%. Kutty “:HRAPD #ric PFAT 724405
H R 21380 2 FEIE (Kutty et al., 2006); £ i H
ZEFHRAPDH AT 414731 H R 2200 o 5 5 0 11 52
FEZ REMEREIT 720 H7(Cui et al., 2006); 44 JE L4 N
FHASA B P= W 4T Wi . 2 ML ISSR 5 [ %
324 H A ORI TS R (s A 2 ARV AT T o
Br, Y395y, 3140 h Z AL AL,
Z AL LR (PPB) A 79.48%, MR ALH Fh
FZAZ EREAR LR E AR (TR JH Y15, 2007) Fischer
LR 301 STM AV 1 6 834N 1 20 it Fb b 47384 %2
FEPESI T, I 2 3P s AT FRIX 7358 40K
ARt A, A SSRUZHEAT it P 3 R 1 46 s
I3 HT AN N 5C R 04 % 1 H (Fischer et al., 2000). ik
IR 2 SR P EAORE 2 . iy KH =
AR — AN EBEEAT 8T, A R I
8 AN KBE 630 B RLEEAT 20 T RIS HT,
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Figure 3 The tree plot of clustering analysis on SSR result of 63

onion varieties accessions

AP 7S T 2R R eI is A% 22 AL

S RLFN v
3. 1% ARt

AR I T 1063473 3 2P 5 v 9, HL 304 b
R T KBS TR AR O A& K, REGE
A, SLARVE A SR ERCR R A,
H 1 5K R 3 TR AR ST RO 3R (K 3) .

3.2F K 2L DNARIIREX

K 2 R CTABYE (K 4%, 2010)HEAT 1A 2k A
ZIDNAEEHG, FIH 3606 BT R B IR b e v ok
AT DNAVK SR Al BEAS I -

3.35| Yk 5 PCRY 1

PAOANTEZS 2 St d 35 1) 28 i DNACA ASCAROGT
40N VERSSRG 1 WHEATTRE, 519 e ALt SR A4
FARGBRAF A . PCRY AR K20 uL, W5
30 ng DNAFR . 200 pmol/L dNTP. 1.5 pmol/L5|
Y. 1.5 mmol/L Mg®". 0.3 U Taq DNA &, h/K
F20 uL. PCRZWFEF: 94°CHiA 2.0 min; 94°C
AFP0.5 min; 62°C~50C (—1°C/IAMIEFF)IE k0.5 min;
72°CLEMH10.5 min, 12MEFF; 94°CAE1:0.5 min; 55°C
iB-K0.5 min; 72°CIEMH0.5 min, 22MEFR; 72°CIE(H
4.0 min; I3 /i54 CLRAF

3.4 YK AR Gl
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ddH,OFREVRIK, B%iH1.5% NaOH, 1% F B
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[AIZU(NE). Shannon-Weaver{s S F5250(1). M5
[ (Ho). W44 (He). Nei's#t [N 2 FEVETER(H)
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K3 630 AR b
Table 3 63 of onion varieties in this study

G Ah AT 7 G dAh AT 7
No.  Onion Col Producing No.  Onion Col Producing
Accessions Area Accessions Area
1 &Ik3 5 IS EN A 33 TR Hh T8 B T2
Golden Globe 3 LD Yellow IM the Centre Xi’an red ID Purple LM China Xi’an
2 P AR L R Ey A H A 34 405 901 PN EEANE %
TOKITA ID Yellow EM Japan Hong bao 901 LD Red LM USA
Quan zhou
yellow TOKITA
3 REGIMENT  Spanish K [ 3%z ih 3 5[ 35  ARSENAL K 3 R A % H
Spanish LD Yellow IM USA LD Yellow IM USA
4 Kt RIKON K H 3% Bz i 34 | 36 Spring Slim JL 8 R HA
Rui Guang LD Yellow LM UK SD Yellow IM Japan
5 Gladiator 2.5B & H 3 7 1 34 WRRW. 37 R 502 A JoH BB rp eS|
LD Yellow LM Australia Improved 502 onion SD Yellow IM USA
6 Early yellow < H 3¢ e H 3 P 38 MREUMA VR KHA KK B2
globe LD Yellow IM UK Russia Red onion LD Red LM Russia
7 319 A line K H B R Rl AR 42 39 Yellow sweet Spanish & H ¥ e P2 32
LD Yellow IM Argentina Spanish Spanish LD Yellow IM USA
8 Centurion i 1 e B L3 WARA 40  XPH 15110 Spanish ¥ H 3 e 36
SD Yellow EM Australia Spanish LD Yellow IM USA
9 EARL ANIRE Y4 FE[E 414 41 XPH 6800 ARN Y AseE FKH
LD Yellow LM USA SD Yellow IM USA
10  TRIBUTE K B R 24 FH 42 Domingo F1 K 3 R fiif 2
LD Yellow LM USA LD Yellow LM Netherlands
11 LRk 2L 5 e ek EPE2: 43 ICENIFIL INER e
Red high pile ID Purple LM China Xi’an LD Yellow LM UK
onion
12 CH 1060 rh B B g 2 i 2% 44 A1 ARN Y ERE R SHESEITE
ID Yellow LM Netherlands Xicong 1 SD Yellow EM China
Xi’chang
13 BARRAGE K 1 3 B A % 45  BRAVO Spanish + H 3 e 356
LD Yellow IM USA Spanish LD Yellow IM  USA
14  White  sweet Spanish & H3E R £ 46  RIVIERA Spanish £ Huf{ fe s £ [H
Spanish Spanish LD Yellow IM USA Spanish LD Yellow IM USA
15 AR K B v A FAbifE 47 XPH 15043 Spanish 1 H 3R S [H
Kong Zhi LD Yellow IM Japan Spanish LD Yellow IM USA
Huang Hokkaido
16 KBRALKEEZR o [ H A 48  HAMLET INEE kH
Osaka Wan ID Yellow LM Japan LD Yellow LM USA
yellow bery
17 Wolska Type K H % iz i3t b 49  IWARFLgHE rh 25 Rz FRELLARZR L
Poland LD Yellow LM Poland Hong guan LD Purple LM China Shan
dong
18  FLAGSHIP K H 3 i FH 50  JRE2Y Hh TR A
LD Yellow LM USA Quan huang 2 ID Yellow EM Japan
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k3
Continuing table 3
ETRE L Ayt g G 5 A AT g
No.  Onion Col Producing No.  Onion Col Producing
Accessions Area Accessions Area
19 4% RHEE 92 TEBrE 51 CELTIC KPR A 5% [
Red Bery ID Purple EM China Shanxi LD Yellow IM USA
20 XPHI5040 Spanish & [ 3% 2 # SE[H 52 THREKHAR INEE 4k TR
Spanish LD Yellow IM USA Ning xia yellow LD Yellow IM China Ning
onion xia
21 BB 502PRR T3 A 5 53 HIRZL R EEE VA Hh L H
yellow 502PRR SD Yellow IM USA Ganshu red onion LD Purple IM China Gan
su
22 HagRE Ji H R ar e v 2 ALy 54 EbEEA ANERY 2R HE TR
Zao shu Chi yu SD Crimson IM The centre high pile onion LD Yellow EM China Ning
xia
23 SRMIFPHTETL P H R HA 55 REEEA ANER Y2 SHEPUSY
Quan zhou ID Yellow EM Japan Xiong Yue onion LD Yellow EM China Liao
yellow ning
24 RMEE2E PHBE R HA 56 HEHEEA SHIEE 92k o [ HiS R
Quan zhou ID Yellow EM Japan Han dan Zixing ID Purple LM China Han
yellow 2 dan
25 ERWWK T PHBHETR THEZEZME 57 XPH 6808 Spanish K [ 8 bt S5
= ID Yellow EM China Lian Spanish LD Yellow IM USA
Lian yun gang yun gang
yellow 7
26 106B #% ANEEiaE 5 58 RADAR HH BB if %
106B LD Yellow LM USA ID Yellow LM Netherlands
27 Crystal wax i H 3  BL 34 fif 2% 59  VIPER SEN YR K
pickling PRR  SD Yellow EM Netherlands LD Yellow LM USA
6 on
28 PHA3 Y ARRUY AT PEPEE 60  ERMENE ST PRI P 2
Xicong 3 SD Yellow EM China Xi Lian yun gang ID Yellow LM China Lian
Chang yellow 5 yun gang
29 Blanc de R H 7 H 2 w2 A 61 XPH 15122 Spanish & H 3 A 52
Lisbonne SD White EM Portugal Spanish LD Yellow IM USA
30 NM 162 Spanish 1< 3% b &G A 62  XPH 15067 Spanish £ H 3 7 . £
Spanish LD Yellow IM  México Spanish LD Yellow IM USA
31 Majski o H R R s 63  SEVILLE Spanish £ H 3 7 . £
srebrnjak ID White EM Poland Spanish LD Yellow IM USA
32 TRAVER PR ECR R o [ Ji] R
He nan red ID Purple EM China He nan
onion
e KHE, S H, R B2 by, i
Note: LD, ID, SD; EM, IM, LM
2.10e3K 1 F AL B

AT AL R MBS B R R S 10 H v 275
G0 M T HEE R B ORI E BR & F RN A B 5T
(BAAFS200901) %% B) o 8 PR A 1 44 (1) [R1AT PF o N B 0T 4t
BORME SRR o A3 3 T BA TR 56 8 K AT SRt

(==L N
KA AR SE AR A, 1 SCHIRS IS4 s 35k
FKEEIH R A AR TN 38 S B, Bl
WSS BS. SEIEE I R R A SO
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