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Genetic Diversity Analysis of 41 Pansy Germplasms Based on RSAP Markers

LI Xiaomei,DU Xiaohua, MU Jinyan, LIU Huichao"

(Henan Institute of Science and Technology, Xinxiang, He’nan 453003, China)

Abstract: The genome polymorphism among 41 pansy germplasms which collected from several regions
worldwide were investigated by RSAP marker system. The genetic structure and relationships of and be-
tween them were analyzed by Bayesian and UPGMA methods, respectively. The results showed 26 RSAP
primer combinations amplified 588 bands including 567 polymorphic bands. The polymorphism rate was
97.03%. Each primer combination detected 22. 62 loci and 21. 81 polymorphism loci averagely. 18 primer
combinations can distinguish 41 pansy germplasms individually, showing good applicability and effective-
ness of RSAP in pansy genetic diversity analysis. Based on structure analysis,41 pansy germplasms were
divided into 6 groups which indicated high correlations between group divisions and germplasm geograph-
ical origins. Nei’s genetic diversity index and Shannon information index of these pansy germplasms were
0.248 9 and 0. 395 1,respectively,higher than those of tobacco,a self-pollinated plant,and similar to rose,
an outbreeding plant. Based on the Nei’s genetic similarity coefficient,41 pansy germplasms were divided
into three major categories, in which the third category were subdivided into four classes. The most of
germplasms from the same or adjacent regions were gathered together, suggesting pansy germplasm ex-
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change was restricted to some extent. Further study on genetic relationships among different geographic

germplasm groups showed that the nearest genetic distance between Dutch germplasm group and that of

China,the furthest between German group and that of China,which suggest it is important for China to in-

troduce pansy germplam from Germany. The Shannon information indexes of 6 groups divided by flower
color were from 0. 199 4 to 0. 364 9,in which white color groups had the highest one, while dark group had

the lowest,revealing rich genetic diversity in the white color flower group and poor diversity in the black

color flower group in pansy.
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Table 1 Basic information of 41 pansy germplasms used in this study
G ELs (A 1E58 RRT ~ E3
No. Name Flower color Blotch Flower diameter type Origin
S1 SRAB W @ Blue #PE Purple blotch JNAE Small flower i 1® Sperli 23 @ Germany Sperli Seeds
S2 SRFY # A Yellow #5 Bt Purple blotch H1 76 Medium flower i [F Sperli 24 @ Germany Sperli Seeds
S3 XXL-YB1 ¥ Yellow #HE Purple blotch KA Large flower % [H 17 FFf 74 7 PanAmerica Seed Company
S4 XXL-YB # Yellow #5 Bt Purple blotch KA Large flower %17 FE 774 7 PanAmerica Seed Company
S5 M-YC-1 # A Yellow J& No blotch F1 ¢ Medium flower %17 FEfp 72 7 PanAmerica Seed company
S6 M-YB-1 WA Yellow 41 BF Red blotch H1 46 Medium flower % [H1Z FFp 74 7 PanAmerica Seed Company
S7 M-YC # A Yellow J& No blotch K A€ Large flower %7 FE P F/A 7 PanAmerica Seed Company
S8 M-BF W 4 Blue B BF Black blotch F1 46 Medium flower %17 F FfF /4 7] PanAmerica Seed Company
S9 M-W 1 {5 White J& No blotch H1 76 Medium flower % [H1Z F 774 7 PanAmerica Seed Company
S10 PXP-BT-D  # (% Blue J& No blotch F1 4 Medium flower %7 FE P F/A 7 PanAmerica Seed Company
S11 PXP-BT-L {4 Blue 43 Purple blotch H1 76 Medium flower % [H1Z FFf 74 7 PanAmerica Seed Company
S12 P-PS o #i2%% Pink changed 45 Purple blotch JNAE Small flower £ [EH7Z FE P F/A 7 PanAmerica Seed Company
S13 HCG-X-1 # {0 Blue T No blotch H1 76 Medium flower fir 22 46 b Al Ducth Garden Seeds
S14 HAR2 2740 Red J& No blotch KA Large flower fir 22 46 b fl Ducth Garden Seeds
S15 HMB-X-1 @ White J¢ No blotch JNE Small flower fir 22 46 B Aol Ducth Garden Seeds
S16 HAR2-1 #1{5 Red #5 Bt Purple blotch 176 Medium flower fir 22 78 B fl Ducth Garden Seeds
S17 HMB @ White J¢ No blotch /NAE Small flower fir 22 46 B Al Ducth Garden Seeds
S18 08-NL-5 44 Purple J& No blotch AIZE Mini flower fif 22 46 Bl Al Ducth Garden Seeds
S19 HCG-1 # A Yellow J& No blotch K A€ Large flower fir 22 fE B #0l Ducth Garden Seeds
S20 08H 1@ Purple # B Yellow blotch JNAE Small flower fir 22 46 Bl Al Ducth Garden Seeds
S21 G1-X-1 (4 Yellow J& No blotch F1 ¢ Medium flower W SR 4 Fk A 2 Jiuquan Jingiu Horticulture
S22 G11-5-1 210, Red J& No blotch JNAE Small flower WG SR 4Bk B 2 Jiuquan Jingiu Horticulture
S23 G11-6-1 274 Red J& No blotch JNAE Small flower T R 4 #kBE 25 Jiuquan Jingiu Horticulture
S24 G10-B W0 Black 7 No blotch JNAE Small flower IR 2B 2 Jiuquan Jingiu Horticulture
S25 229.05 JRAT 4 Scarlet BB Black blotch 116 Medium flower WS4 FE 2 Jiuquan Jingiu Horticulture
S26 229.04 @, White J& No blotch JNAE Small flower (E;‘ﬁ%ﬂ(ﬁ]z Jiuquan Jingiu Horticulture
S27 229.07 @ White J¢ No blotch 11k Medium flower R 2B Y Jiuquan Jingiu Horticulture
S28 229. 14 {4 White 43 Purple blotch JNAE Small flower dﬁ] SRRk Z Jiuquan Jingiu Horticulture
S29 229.01 H M Yellow J¢ No blotch JNAE Small flower R4 R 2 Jiuquan Jingiu Horticulture
S30 229.1 M Black I No blotch JNAE Small flower W SR 4Bk Bd 2 Jiuquan Jingiu Horticulture
S31 E-01 (@ Purple J& No blotch WAIZE Mini flower b ¥#EFE AR F Shanghai Institute of Landscape Architecture
S32 EYO # {0 Yellow J& No blotch i1t Medium flower |- ¢ F&l #% fiF Shanghai Institute of Landscape Architecture
S33 ERO1 LT Scarlet J& No blotch F1 ¢ Medium flower b #EFE A F Shanghai Institute of Landscape Architecture
S34 EP1 4 Purple BT Black blotch 11t Medium flower |- % [ 4k fif Shanghai Institute of Landscape Architecture
S35 EWO {6 White J& No blotch F1 ¢ Medium flower L ¥#EFE AR F Shanghai Institute of Landscape Architecture
S36 CW-1 {5 White J& No blotch F1 46 Medium flower T R B 2% B Henan Institute of Science & Technology
S37 YP-1 %ny\@ #JF Yellow blotch F1 46 Medium flower I 75 B4 % B¢ Henan Institute of Science and Technology
White and purple
S38 WH 215 Red J& No blotch F1 46 Medium flower il 75 B 4% % B¢ Henan Institute of Science and Technology
S39 WO {5 White T No blotch F1 76 Medium flower ] 75 B} 4% %% B¢ Henan Institute of Science and Technology
S40 YL %Sli‘t?a@n‘d purple # B Yellow blotch H1 46 Medium flower i) 7 B} 4% % B¢ Henan Institute of Science and Technology
S41 YP FANE # Bt Yellow blotch JNAE Small flower il 75 B 4% % B¢ Henan Institute of Science and Technology

White and purple

s RIE P EAOL E R ORI 28 0 S EE MR =10 em HE KR T~9 em HRAE5~T em HHAE.3~5 em /ML <3 em K HEIAE.

Note;/\ccording to Chinas Agricultural Encyclopedia (Ornamental Horticulture RolD'$), pansy giant type: flower diameter=>10 cm, larger type:7~9 cm, medi-

um type:5~7 cm,small type:3~5 cm,minitype: <3 cm.
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Table 2 10 RSAP primers used in the study

EIE7E2 ElE/bg] R A 1 oz
Primer name Sequence of primers (5—>3) Restriction site

R1 ATTACAACGAGTGGATCC GGATCC
R2 CACAGCACCCACTTTAAA TTTAAA
R3 GACTGCGTACATGAATTC GAATTC
R4 TATCTGGTGAGGGATATC GATATC
R5 TTGGGATATCGGAAGCTT AAGCTT
R6 ATTTCAGCACCCACGATC GATC
R7 ATAGTCCTGAGCGGTTAA TTAA
R8 ATAACTGTGTACCTGCAG TGCAG
R9 GTACATGCATTACTGCGA TGCGA
R10 ATTGGACTGGTCTCTAGA TCTAGA

2 AR5
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Table 3 Amplification results of 26 RSAP primers on 41 pansy accessions

. M AR ZEMFE S R 4 e S
SIS ppy  CSWRERC S BARICE O ARCEEREC g ey o
: Number of Percentage of Effective T Y BE

Primer Number . . Discriminating T

ombinati f bands polymorphic polymorphic number be Discrimination/ %

combimation o1 bands bands bands/ % of alleles fumber
R1-R2 21 21 100 1. 29 41 100
R2-R3 28 28 100 1.29 41 100
RI1I-R4 20 20 100 1.41 41 100
R1-R5 12 12 100 1.28 34 83
R1-R6 24 21 87.50 1. 30 41 100
R1-R7 23 22 95. 65 1.55 37 90
R1-R9 28 25 89. 29 1.63 41 100
R1-R10 19 19 100 1.27 41 100
R2-R6 23 23 100 1.46 41 100
R2-R8 26 25 95. 15 1.42 41 100
R2-R9 19 19 100 1.27 41 100
R2-R10 23 21 91. 30 1.45 41 100
R3-R5 27 27 100 1.45 41 100
R3-R7 19 19 100 1. 30 40 98
R3-R8 17 17 100 1.21 39 95
R3-R9 27 27 100 1.18 35 85
R3-R10 16 16 100 1.43 40 98
R4-R5 21 21 100 1.45 41 100
R4-R7 26 26 100 1. 50 41 100
R4-R8 20 19 95 1.51 41 100
R5-R7 23 23 100 1.34 41 100
R5-R9 21 21 100 1.38 39 95
R5-R10 29 22 75.9 1. 56 41 100
R6-R7 22 22 100 1.42 41 100
R7-R9 37 34 91.9 1.57 41 100
R8-R9 17 17 100 1.51 41 100

S Average 22.62 21. 81 97.03 1.40 40.12 98

it Total 588 567 — 36. 41 — —
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Table 4 Genetic structure of 41 pansy germplasms

HEE Cluster

Gi s 3
No. Name I i i v v Vi
S1 SRAB 1. 000 0. 000 0. 000 0. 000 0. 000 0. 000
S2 SRFY 1. 000 0. 000 0. 000 0. 000 0. 000 0. 000
S3 XXL-YB-1 1. 000 0. 000 0. 000 0. 000 0. 000 0. 000
S4 XXL-YB 1. 000 0. 000 0. 000 0. 000 0. 000 0. 000
S5 M-YC-1 0.077 0. 000 0. 000 0. 000 0. 000 0.923
S6 M-YB-1 1. 000 0. 000 0. 000 0. 000 0. 000 0. 000
S7 M-YC 1. 000 0. 000 0. 000 0. 000 0. 000 0. 000
S8 M-BF 1. 000 0. 000 0. 000 0. 000 0. 000 0. 000
S9 M-W 1. 000 0. 000 0. 000 0. 000 0. 000 0. 000
S10 PXP-BT-D 1. 000 0. 000 0. 000 0. 000 0. 000 0. 000
S11 PXP-BT-L 1. 000 0. 000 0. 000 0. 000 0. 000 0. 000
S12 P-PS 1. 000 0. 000 0. 000 0. 000 0. 000 0. 000
S13 HCG-X-1 1. 000 0. 000 0. 000 0. 000 0. 000 0. 000
S14 HAR2 1. 000 0. 000 0. 000 0. 000 0. 000 0. 000
S15 HMB-X-1 0. 395 0.605 0. 000 0. 000 0. 000 0. 000
S16 HAR2-1 0.668 0.332 0. 000 0. 000 0. 000 0. 000
S17 HMB 0. 000 1. 000 0. 000 0. 000 0. 000 0. 000
S18 08-NL-5 0. 000 1. 000 0. 000 0. 000 0. 000 0. 000
S19 HCG-1 0.236 0.764 0. 000 0. 000 0. 000 0. 000
S20 08H 0. 000 1. 000 0. 000 0. 000 0. 000 0. 000
S21 G1-X-1 0.001 0. 000 0.999 0. 000 0. 000 0. 000
S22 G11-5-1 0. 000 0. 000 0.000 0. 000 1. 000 0.000
S23 G11-6-1 0. 000 0. 000 0.499 0. 000 0. 500 0. 000
S24 G10-B 0.011 0. 000 0. 889 0. 000 0.100 0. 000
S25 229. 05 0.017 0.403 0.478 0. 000 0.102 0. 000
S26 229. 04 0. 580 0. 259 0.161 0. 000 0. 000 0. 000
S27 229.07 0. 000 0. 000 0. 057 0.943 0. 000 0. 000
S28 229. 14 0. 000 0. 000 1. 000 0. 000 0. 000 0. 000
S29 229.01 0. 000 0. 000 1. 000 0. 000 0. 000 0. 000
S30 229.1 0. 000 0. 000 1. 000 0. 000 0. 000 0. 000
S31 E-01 0. 000 0. 000 1. 000 0. 000 0. 000 0. 000
S32 EYO 0. 000 0. 000 1. 000 0. 000 0. 000 0. 000
S33 ERO1 0. 000 0. 000 1. 000 0. 000 0. 000 0.000
S34 EP1 0. 000 0. 000 1. 000 0. 000 0. 000 0. 000
S35 EWO 0. 000 0. 000 1. 000 0. 000 0. 000 0. 000
S36 CW-1 0. 000 0. 000 1. 000 0. 000 0. 000 0. 000
S37 YP-1 0. 000 0. 000 1. 000 0. 000 0. 000 0. 000
S38 WH 0. 000 0. 000 0.158 0. 842 0. 000 0. 000
S39 WO 0. 000 0. 000 0.195 0. 804 0. 000 0. 000
S40 YL 0. 000 0. 000 0. 409 0.591 0. 000 0. 000
S41 YP 1. 000 0. 000 0. 000 0. 000 0. 000 0. 000
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Fig. 1 Dendrogram of 41pansy accessions based on RSAP

The code numbers of germplasms are as same as those in Table 1
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Hh o SR P 35t 4% A DL R B AR Oy 0. 854 4, 5t A%
PR i . 3 TR AY Nei”s 45 M 2R 50 R
Fi MVSP BAE T b ZEAE A (8] 1) = 2 A b 1] (I
2) NI 2 n] WL g 2= o 5 S e b A A R
AT FLU S 36 b SR o 8 ] o AR AR B HG A b B R
B,
2.4 AEEBRIE=ZCEMRFTENEZESHFY
TR R A = 6 AR 0 b BT BT R 5 A 2R
PE K 41 Dy b RHEZIE @R 530 6 ASFECORE : BTE
WER OO AR E) KA EREa
. £ Popgene version 1. 32 B IHREI R AE =
@ 6 AL @ Shannon {5 B 8 £ 22 1638 Bl N
0.199 4~0.364 9(F 6, F AR H S
FIMRAR U - El’éﬁ ESER RN S N Wﬁ“@
BE LR AORE . BRORF . B @ FF Shannon {5 B 15 %L
xRS KE=ZBE 4N EFMRE B Nei’s BEHEURY
(g ER BEEECGIA&TAH M
Shannon 15 245 #
Table 5 Nei’s genetic similarity coefficient
(above diagonal) . genetic distance (below diagonal)
and Shannon information index among the four groups
of pansy populations separated by

geographical distributions

Shannon
, 5 BA8 5L
Eiﬁi / Shannon
Group . .
information
index
0.084 3

0.307 8

0.9152 0.8697

0.962 9

1 0.854 4
1 0.948 5
m 0.1396 0.037 8 0.963 6 0.319 8
\ 0.157 4 0.0529 0.0370 0.3725
T L. P IR SR s L. S RBP DR s L. 47 220 B IV . v [ b
BEHE. 3.

Note: | . Germen germplasm group; [[. American germplasm

0.088 6

group; [lI. Dutch germplasm group; [V. Chinese germplasm group.

The same as Fig. 3.

S T HADAE R BT R R AL 2 AR
PR 5 TR R RS B A A9 Shannon {5 848 MO XS
P AR - 38 1% 22 BEAE A

A A6 @ BE i 3 L A LR Bl 0,883 6~
0.992 4K 6), P OB IR S A TR, 7 @R
1A 55 5% €0 B AR 1) S 3t 2 AL R BFE 99 20 A L 5 Tl i

0.15
0.12
0.09
0.06
0.03
0.00
-0.03
-0.06
-0.09

B 2 4 AR AE = (0 5 b R 5 HE = 2840 A [
AL BRAE AR FRAEAS ] AL AR - 25y 3R A i 1 35t 1% 0
Fig. 2 3-dimension distributions of four pansy

geographical groups
Coordinate values represent genetic distances between

different geographic population in different main coordinates

0.92 0.94 0.96 0.97 0.99
HIBLZ %1 Coefficient

URvE<w

3 RAE=EE 6 DIEEFER RSAP R
BAURE AR Y R maR: WARO G,
PRFELRORERACKRA AR DRBEH
Fig.3 RSAP dendrogram of 6 pansy groups divided
by flower color
B stands for blue group; Y stands for yellow group; W stands for
white group; P stands for purple group;R stands for red group,

D stands for black group.

K6 KE=BZ6NLEEHMKE Nei’'s REHEURH (ALK L) BEEESE AL T A) Shannon 15 25#

Table 6 Nei’s genetic similarity coefficient (above diagonal) , genetic distance (below diagonal) and Shannon information
index among six pansy groups separated by flower color

PElh s e i a 6 we Shannon AL

Groups Blue Yellow White Red Purple Black infor;qqa(tion index
W {5, Blue 0.978 6 0.956 6 . 956 5 0.936 1 0.883 6 0.216 7
# {1 Yellow 0.021 6 0.981 3 .977 3 0.966 2 0.9117 0.350 3
H {4, White 0.044 4 0.018 8 .990 5 0.992 4 0.934 6 0.364 9
2144 Red 0.044 5 0.022 9 0. 009 6 0.976 0 0.938 5 0.3531
£ 46, Purple 0.066 0 0.034 4 0.007 7 .024 3 0.929 7 0.355 8
46, Black 0.123 8 0.092 5 0.067 6 .063 5 0.072 9 0.199 4
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T AR ] Nei”s 35 & A 8L 3 HOR 451 BoR
(J& 3) A AL R LA K 0. 964 Ab . 6 > 78 (1 3R
3¢, Horh SRR UK BN Oy — 26 B R (8 R I
Boh—K. a0 QOMEORRE 3k,

31w

3.1 RSAPEMBRBESHMESTPHERE
AR 8 FE A M e LR AL A 38 5 R AR
IO AR DNA fRic i EZENET . DR IEHE 4
FRAEIEA S Z 8N HIWK RSAP fRid R 4% 5
RFLP I AFLP A bt 48 4F S fdj i, Hi — 2 PCR
BESE N HEA 5 AFLP fil SRAP OIS 7 41 47 4
ZEMOMB RN =T, E AR LR R
& RSAP-PCR #] §" 4% 12 ~ 37 &%, Wl B C F
RAPD #7130, 5 SRAP-PCR "1 f 13 ~ 30 %k
MM . BT SRAP AR I 3 BRI A 1 AFE X
(ORF) Z 25 1 RSAP A6 i i B i 4 07 o5, 76 3
DR 0 A7 S )32 o R I o 35 ) 4 72 S A O e 2 o
SETH] A AT R AT RE R R . K — 4 T AE R A =
B Z RV S A AR B AR, ) o, £
GRS 43 i = 4 B AR B SRAP 3 A i i
21 X5 dlG b 6 % %00 R J1 35 5 100 24 5 i A
WFFE R M RSAP Xf 41 iy KAE =6 % 19 50 B 8.
26 X5 WA A P4 18 X5 M4l & (69. 2%0) 1%
BIBE SR E T 100% . M Jr M AR K &, SRAP 3K
157 500 FZBPEAAT AT 51 19 591
RSAP & 10 4519, BV 4R13 T 567 2 &M %
o AR AR . 2 1 A L R ST B VR A
GrH7 B RSAP B — 2% . 4R, SRAP rid 1y
HAAET . LIS BAs PR OCH A DNA A3, AT
S5 B AL 1 A6 v R bR O i B T
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FeBOE T B AE BB A e e AR R
B X5 R = @R AR I M
— 5, RS AC AR B E Ty sK as E
LR BB I TR K 5 = 0 R 355 s ) AR J s fH
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PRI i 2H A %L P RE R LT s G Z AR S BOR R
M FEZEF A X W IEEFERRIE = OENE
o ik b A 28 4

J&F Bayesian [ 35 1% 45 14 3 7 fl & T Nei’ s
AL 22 B0 SR 2 445 2R 24 3R B L Ofe U st A [] B8 AH BT 1
KAE = (0 5 P o 9% 5 4% 0% R G, X 5 AL B AR
G T R R R LS R RAPD
P FE 2598 — B0, B B K AR = 8 5 ) 5T 28 I A7 AE
—E MR . R AT RRAE T M R ORAE =
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1 Ry B o 5 Ak 25 o i R 5 U ) 5 E A
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ST i 7 BT Y g |
3.3 kBEASHE

ARG R R LA RIE R — R
A AR I B L V5 R 22 AN [R) 3 TR 4 0 1 6 .
A A6 €0 1 5 A 37 A6 A AR Y S5 4 L VR pHL A%
ZFHEFE B R B AR [ 16 2 R Y 3t AL I
REASTE] . ASHFSE 8 5 DNA FRIC R = 60 8 16 035 1%
2R AT R R = 0 B e B R Y 8t 1L 24
PR B = VAR B e = A T R s e BRIz,
XARe S = 6E y BN I Y . I E A
R A GIRBAE S E S, K6 =658 %
R 13815 2248 1 48 BOBCAIR 0 BT 2R €8 28 Y i A
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