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Genetic Diversity Analysis of 57 Germplasms of Capsicum annuum Based
on Phenotypic Traits and SSR Markers
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Abstract: In order to understand the genetic diversity of Capsicum annuum germplasms, the coefficient of
variation, diversity and principal components analysis of 34 phenotypic traits of 57 germplasms were studied, and
the cluster analysis of them based on phenotypic traits and SSR markers were carried out, respectively. The results
showed that there were significant differences in 34 phenotypic traits among Capsicum germplasms, the mean
coefficient of variation and Shannon-Weiner diversity index were 40.67% and 1.20, respectively, and the 10
principal components could represent 75.972% of genetic information of phenotypic traits, the first principal
component accounted for 22.317%, which was mainly composed of fruit transverse diameter, single fruit weight,
shoulder shape and top character; the average Nei’s genetic diversity index and Shannon information index of 19
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SSR primers were 0.48 and 0.80, respectively. Based on phenotypic traits and SSR markers, fifty-seven Capsicum
germplasms could be divided into 4 groups, but the correlation between two clusters was not significant (r=
-0.175 9). So, these would provide theoretical basis for selection of parents and evaluation of germplasm

resources in Capsicum breeding.

Key words: Capsicum annuum; Genetic diversity; Phenotypic trait; SSR; Cluster analysis
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Table 1 Accession of 57 capsicum resources

F5 By S s By P
No.  Accession number Origin No.  Accession number Origin
1 V06C0217 Bt/ 757K Chishui, Guizhou 30 V06C1605 FE America
2 V06C0454 MIRYTARIT Linkou, Heilongjiang 31 V06C1220 MIRITF 2T Heilongjiang Institute of Horticulture
3 V06C0960 PPtz Dingbian, Shanxi 32 V06C1610 ZE America
4 V06C0301 [ JbF7* Fengning, Hebei 33 V06C0007 AN Hefei, Anhui
5 V06C1721 [ America 34 V06C1841 #hE Korea
6 V06C1704 Z&[E Thailand 35 V06C1838 Ji[E England
7 V06C0880 IR E: Ye County, Shandong 36 V06C1221 HIRITIE 2T Heilongjiang Institute of Horticulture
8 V06C0958 Bkt 17K Baishui, Shanxi 37 V06C0670 VLR 50 Nanjing, Jiangsu
9 V06C1680 THEMI% Taole, Ningxia 38 V06C0613 Ak Jilin
10 V06C1600 Z[E America 39 \V06C0954 11 743iE4, Yuncheng, Shaanxi
1 V06C0821 HHEPE T Xining, Qinghai 40 V06C0738 JL LR Shenyang, Niaoning
12 V06C0348 L # £ Qing County, Hebai 41 V06C0189 HiR M Lanzhou, Gansu
13 V06C0644 £RINF)E Bulgaria 42 V06C1068 LZRUAEE Hefei, Anhui
14 V06C1092 HiftlE Linxia, Gansu 43 V06C1715 [tz B Ankang, Shanxi
15 V06C1571 #4LBS B Fangxian, Hubei 44 \V06C1657 AR Benxi, Niaoning
16 V06C1205 TR /73 Fangcheng, Henan 45 V06C1720 AR Shanghai Academy of Agricultural Sciences
17 V06C0976 REPISE Xijiao, Tianjing 46 V06C0614 AT Hunjiang, Jilin
18 V06C0576 IR Xiangtang, Hunan 47 V06C1796 =M 27T Chenggong, Yunnan
19 V06C1635 Z[E America 48 V06C1892 P % Bomi, Xizang
20 V06C1636 F[E America 49 V06C1779 HrEEA % Hami, Xinjiang
21 V06C1825 Z&[E Thailand 50 V06C0503 R Kb Changsha, Hunan
22 V06C1628 3[E America 51 V06C0573 WRE AL Xiangtan, Hunan
23 V06C1742 faf 2 Holland 52 V06C0403 JAFYFE Xuchang, Henan
24 V06C1734 13 Denmark 53 V06C0424 U )1l a#B Chengdu, Sichuan
25 V06C0330 LA Mengeun, Hebei 54 V06C1233 WIJLBEMI Suizhou, Hubei
26 V06C1196 WAt M Dingzhou, Hebei 55 V06C1149 13 X Zunyi, Guizhou
27 V06C1217 i’ 75 Mengxian, Henan 56 V06C0198 HiftmE Wuwei, Gansu
28 V06C1157 /N T7F Gongfeng, Guizhou 57 V06C0132 PYJIBtE Gongxian, Sichuan
29 V06C1688 EIEZEJEE . Indonesia
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Table 2 Coefficient variation and shannon’s diversity index of phenotypic characters of Capsicum annuum germplasms
LERIN BME RKMHE BN PR FARIEH A5 R
Character Minimum Maximum Mean SD Shannon’s index CV /%

FEIE Plant type 1.00 3.00 291 0.34 0.29 11.68
FEZE 4 Main stem color 2.00 5.00 3.21 0.65 0.51 20.25
43kt Branchiness 3.00 7.00 5.28 1.75 1.06 33.14
) Leaf shape 1.00 3.00 1.93 0.59 0.88 30.57
-t Leaf color 2.00 4.00 3.09 0.87 1.08 28.16
4% Leaf margin 1.00 2.00 1.77 0.42 0.54 23.73
mHfi Leaf surface 1.00 3.00 1.75 0.51 0.73 29.14
MHIEE Leaf surface hair 0.00 3.00 0.84 0.88 1.13 104.76
1eei e Corolla color 1.00 3.00 1.26 0.58 0.62 46.03
EZ55itt Anther color 3.00 6.00 4.33 0.64 0.83 14.78
et Style color 1.00 3.00 1.21 0.62 0.34 51.24
e FE Length of style 1.00 3.00 2.46 0.73 0.94 29.67
16AT Pedicel 1.00 3.00 2.39 0.53 0.75 2218
R Fruit shape 1.00 12.00 7.14 3.50 2.32 49.02
H IR Green ripe fruit color 2.00 7.00 5.04 1.10 1.56 21.83
2R Old ripe fruit color 2.00 4.00 2.96 0.27 0.29 9.12
JIH#EYA Fruit surface edge groove 0.00 2.00 0.84 0.62 0.92 73.81
SR Fruit surface 1.00 3.00 1.84 0.56 0.83 30.43
RIAFAR Fruit top shape 1.00 4,00 2.05 1.23 1.19 60.00
RJEFAIR Fruit shoulder shape 0.00 3.00 1.09 1.18 1.28 108.26
e Sepal shape 1.00 3.00 2.12 0.83 1.09 39.15
Bk Peppery taste 0.00 3.00 1.61 0.92 1.29 57.14
Pk Height (cm) 34.30 168.40 115.86 26.22 1.82 2263
&% Crown size (cm) 23.40 118.90 73.44 19.44 1.97 26.47
K Leaf length (cm) 8.80 25.30 17.99 3.75 1.84 20.84
M9 Leaf width (cm) 3.80 17.60 8.03 2.42 1.88 30.14
MK Petiole length (cm) 2.70 15.60 9.44 2.88 1.95 30.51
HACTL First flower node 5.00 24.00 12.33 3.84 1.93 31.14
FK Fruit length (cm) 460 24.40 10.38 435 1.84 41.91

P& Fruit width (cm) 0.90 8.40 3.30 2.20 1.72 66.67
MK Fruit stalk length (cm) 1.70 7.40 3.61 1.25 1.78 34.63
0> Ventricle 2.00 5.00 2.70 0.82 1.09 30.37
IS Pulp thickness (mm) 1.10 5.20 2.29 1.08 1.88 47.16
LR E Weight per fruit (g) 3.38 153.31 42.44 44.87 1.54 105.73
“F34 Mean 1.20 40.66

R TTHRARIL 75.972% (K 3). B 1 F A MITTHRR
9 22.317%, HApRgE, REE. RFRIR. R
TR B, WIELERHMEHEERTTH, VS 1 £
B IR LRI HR 5 A [N, AT g o RS A
T B2 BRI SR RIAR KA )
CRE RN 53 R A AR 5 4 ERGT HAE
HBEDE; 255 AR5t EoE: 26 6 £k
o FE IR ILE ; 357 R FERITEHZIIR;
5 8 F sy FERIAEFHTHRAE; 55 9 F o ekt
KPF; 510 Er AHE .

2.1.3 RAUMIRTES M

FIIFH SPSS # At % 34 A~ B PR 4t 147 Ak
FH, KRG R Word V25 57 4 B 55 V5 3k
FT R (B 1) o ERR IR 250 5 4 BpUR 5 2
N4 KR, B R 22 EMGEE, Hh o6
R IR S| E E A, A 2 40U AR 3 43 Bk g
A, BUNESIAREL, B R, B AT,
PRABGAMERG: , SR KER 7 R 2T BML, T3R8
BN 4.95, PR RLIL 1751 g, HMGEH; BT
FAE 10 BT VR, Horh 3 Al B Bt R 5] B



360 e LA ) R %28 %

R 3 BN IR BINER M E 5 AT

Table 3 Principal components analysis of phenotypic characters of Capsicum annuum germplasms

PR F 53 Principal component
Character 1 2 3 4 5 6 7 8 9 10

kA Plant shape 0.104  0.396 0361  -0567 0148 -0.087 -0025 0162 0055 -0.250
F 254 Main stem color -0.238 0323  -0.286 0.321 0251  -0.153 0.075 -0020 -0.170 0.186
43k Branchiness 0.645 0239 0392 0281  -0.141 -0.051 0.044  —0.144 0.159 0.117
P& Height (cm) -0.321 0.281 0.424  -0.066 0.006 0.556 0.007 -0.019 -0.275 0.052
5EME Crown size (cm) 0.019 -0.267 0.313 0.005 0.095 0717  -0.030  -0.259 0.233 0.020
9% Leaf shape -0.387 -0.237  -0.082 0.289 0.100 0.192 0389  -0.018 0331  -0.408
-t Leaf color -0.131 0279  -0.456 0.013  -0.269 -0.064 0.305 -0.356  -0.083 0.219
M4 Leaf margin 0.123 0.240 0.307  -0.408 0360 -0.228  -0.447 0.128 0.225 0.025
H-fii Leaf surface 0.271 0.144 0.303  -0.285 0.302 0.158 0.099 0.560  -0.017 0.238
M EE Leaf surface hair -0.037 -0137 -0330 0263  -0552 0333  -0.067 0221  -0.317 0.107
MK Leaf length 0.303 0.770 0.051  -0.155 0.001 0159  -0.096  -0.128 0.043 0.067
M98 Leaf width 0.402 0.763 0.120 0146  -0.095 -0.031  -0.080 -0.165 -0.059 0.153
MK Petiole length 0.235 0730 0217  -0.215 0.173 0.035 0.082 0.015 0234  -0.152
15t 4 Corolla color -0.011 0.277 0.341 0517  -0.338 0.160  -0.225 0311 -0.044 0319
Te 25 ita Anther color -0.209 0.198 0.354 0370  -0.065 -0234  -0.187 -0341 -0.045 0.299
TeHEEite Style color -0.165 0.256 0.307 0579  -0.386 0.075  -0.359 0.067 -0.099  -0.169
TR Length of style -0.308  -0.146 0.300 0.098  -0.299 0.223 0.287 0.161 0.408 0.355
164T Pedicel 0.090 0370 0281  -0194 0409 -0.170 0.168 0.150 0.033 0371
BAE L First flower node -0.433 0.515 0307 -0.184 0077 -0.134 0.295 0236  -0.033 0.087
I Fruit shape -0.893 0.043 0102  -0.123 0.090 0.053  -0.155  -0.010 0.064 0.035
FH AL Green ripe fruit color -0.095 0.167 0.480 0.451 0236 -0.072 0.420 0.089 -0.176 0.117
Z R Old ripe fruit color 0.005  -0.041 0.327 0.246 0489  -0.180 0287 0172 0315  -0.302
FIBEYA Fruit surface edge groove 0554  0.022  -0.208 0.265 0110 -0.103  -0.024 0520 -0.018 0.094
S Fruit surface 0224  0.045 0492 0.406 0.254 0.004  -0.197 0.310 0.101 0.030
RIFIR Fruit top shape 0.724  -0.337 0.234 0072 013 -0066  -0.107 -0.127 0.111 0.080
FJEIR Fruit shoulder shape 0.812  -0.166 0.244 0.031  -0.069 -0.182 0.075  -0.083 0155  -0.027
AR Sepal shape -0.812 0228  -0.233 0.014 0.132 0.187  -0.037 0.072 -0.077  -0.025
FEK Fruit length -0.247 0290  -0.374 0.140 0.441 0401 0356  -0.164 0.050  -0.050
F9% Fruit width 0.915 0.036 0.020 0.000 0.009 0.193 0196  -0006 -0.109  -0.021
MK Fruit stalk length -0.351 0.524 0.124 0235  -0.126  -0.095 0.111 0.023 0468  -0.023
0 Ventricle 0.698 -0.189 0.192 0110 -0039 0045 -0357  -0.049 0.025  -0.034
PIJ5 Pulp thickness 0.706 0.120  -0.003  -0.103 0.200 0.157 0.105  -0.074 0.131  -0.065
FALELF & Weight per fruit 0.853 0.142 0.009  -0.025 0.033 0.293 0.211 0.030 -0.163  -0.025
#ik Peppery taste 0578  -0.195 0287 -0191 -0018 0321  -0111 0.055  0.043  -0.004
FHEE Eigenvalue 7588  3.708 2.892 2.474 1.964 1.842 1.616 1.458 1.217 1.072
TR Contribution rate /% 22317 10.905 8.506 7.277 5.777 5.417 4752 4.288 3.580 3.154
BT TT#kZE Cumulative 22317 33222 41.728  49.005 54782  60.199 64.951  69.238 72818 75972

contribution rate /%
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—2%, 4114, 41 F1 56 SRSk A HIR, H 41
56 SERA—I, 14 SNREM—3L, AR
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RIERMER, RILALI R N E 2K,

2.2 SSR WEA T
K 19 %F SSR 5| 4242815 57 443 MU 57 A4 K}
HHATIRAL ZREME T (8 4), B 2 514 epmsT712
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Fig. 1 Clustering map of Capsicum annuum germplasms based on phenotypic characters. 1-57 see Table 1.
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Table 4 Information of SSR primers
51 LiEEIMFAIGE ~3) NS P55 ~3) Nei’s JE X 2 FETESREL TR
Primer Forward primer sequence Reverse primer sequence Nei’s genetic diversity index Shannon’s index

CAMS-378 GAAATCGACGCGTTTCTAGC TGTGGGGAGAGAGAGGAAGA 0.66 1.09
HpmsAT2-14 TTTAGGGTTTCCAACTCTTCTTCC CTAACCCCACCAAGCAAAACAC 0.57 0.93
HpmsE015 TTGTGAGGGTTTGACACTGGGA CCGAGCTCGATGAGGATGAACT 0.23 0.44
CAMS-090 TCGCTCAAAGCACATCAAAG CTTGATTGTTCTTCCACTGCTG 0.52 0.77
Hpms2-21 TTTTTCAATTGATGCATGACCGATA CATGTCATTTTGTCATTGATTTGG 0.61 1.01
HpmsE149 CGGAAACTAAACACACTTTCTCTC GACTGGACGCCAGTTTGATT 0.66 1.10
HpmsE128 TGGATCCCAAAAGACTCAGAACA TATTTCCCTCAGTCGAGGTCGT 041 0.74
HpmsE016 CCAAGTTCAGGCCCAGGAGTAA TGCAGAGAAGACTCACCAGTCC 0.50 0.69
HpmsE063 CCAAATCATCATCAATGCGAAGA CGGAGTAGATTTGGCGGAGAAA 0.62 1.03
HpmsE060 GACAGGCAGATACCTCTCTCCAA CGGAAAATGTTCGCTGATCACA 0.50 0.69
HpmsE014 CTTTGGAACATTTCTTTGGGGG GCGGACGTAGCAGTAGGTTTGG 0.21 0.40
Epms-923 CAAAACCAAATAGGTCCCCC CGCGCAATAATTCAATATCG 0.60 1.01
ES120 GCGGCCTTTTGATTCATACAAT CGTTTTACTGCCCTATCTGCTTG 0.50 0.87
ES285 GCACGAGGCAACAAAAGAGAAT CGCTGAGCGAGACAGAGAGAG 0.23 0.42
epms712 CCACAAAGGGTTTAAGCAGC AAGGCAGGAGCAGAGTTCAA 0.67 1.09
ES167 CGCGATTCGATTGCTAAATCTC CTAATTTCCCAGTTGCGTCTGC 0.35 0.65
ES297 TCAGCGATTAAGAATGCGATTG CCAAATTGCCCTCTCTCTTCCT 0.25 0.50
ES321 ACGAGGTCCACTTCCCCATTAT TTAGAGAAGGAATAACCGGCAGC 0.58 0.94
ES105 CGCATCTACATCAAGAATCAACCA GATGTAGAACAAGGAAGCAGGGG 0.52 0.77
P Mean 0.48 0.80

M123456780910111213141516 1718 1920212?2324252627;829 30 313233343536 3738 39 40 41 42 43 4445 4647 48 4950 51 52 53 54 55 56 57
ZOObph panqﬁ;irini"llil' FH NEMEH ’ l

1111 Pl | i b 1 52

148 bp ”‘-";--—--""—"""‘"'"-—-' '-—""-—"———l‘-&no—-—"“"c—."‘tt-"'...-..—‘—N—‘._.... bl
100 bp

2 epms712 51455 57 BB UR R T 1 B . M: Marker; 1~57 W& 1.

Fig. 2 Amplification map of 57 Capsicum annuum germplasms by epms712 primer. M: Marker; 1-57 see Table 1.
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Fig. 3 Cluster dendrogram of 57 Capsicum annuum germplasms based on SSR markers. 1-57 see Table 1.
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PP L D 2B Phenotypic genetic distance matrix
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Fig. 4 Correlation of cluster results based on phenotypic traits and SSR markers
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