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Abstract: [Objective] Assessing the genetic diversity between Chinese and alien accessions of cultivated pea (Pisum sativum
L.) sampled from National Gene Bank, analyzing their differentiation on allelic loci and population structure, the study try to
evaluate the importance and value of these conserved genetic resources, to provide essential information for guidance on strategy and
direction choices for future studies of pea genetic resources in China, and for the effective exploration and utilization of global pea
genetic resources. [Method] 1 984 cultivated pea accessions from 66 countries of five continents and 28 provinces of China were
employed for SSR analysis using 21 polymorphic primer pairs to detect genetic diversity and population structure. The Structure 2.2
software was used for population structure detection, definition of real population number, genotype allocation to its real population,
and calculation of related parameters. Calculation of genetic distance, PCA analyses, 3-dimensional PCA graph, was conducted and
drawn by NTSYSpc 2.2d statistical package. Allelic statistics were carried out by Popgene V1.32. The significance test between
groups of genotypes was carried out by Fstat 2.9.3.2 statistical package. [Result] Based on SSR markers, the observed number of
alleles (NA), the effective number of alleles (NE), the ratio of NE/NA, the allelic richness (AR), the gene diversity (GD) and the
Shannon's information index (I) of pea germplasm resources from China and foreign countries were thoroughly compared. Except
the observed number of alleles (NA), the values of other parameters on genetic diversity detected from Chinese landraces were all
higher than that from foreign germplasm resources. Among the 21 tested SSR loci, the difference between Chinese and foreign
germplasm collections appeared in 7 SSR loci. The population structure analysis divided all the 1 984 tested genotypes into 3
populations (Pop A, Pop B and Pop C). Pop A consisted of almost all alien accessions (96.49% genotypes of all alien accessions),
referred to foreign germplasm population. Pop B consisted of most accessions from Shaanxi and Inner Mongolia (88.18% genotypes
of this population), standing for typical Chinese spring sowing germplasm population. Pop C consisted of majority (52.05%
genotypes of this population) from Chinese winter sowing areas, and minority (47.44% genotypes of this population) from Chinese
spring sowing areas, standing for Chinese winter sowing and spring sowing (except Inner Mongolia and Shaanxi) germplasm
population. There were significant differences among the three populations. 3-dimension PCA graph showed 3 concentrated domains
with clear boundaries in between, each of the domain (gene pools I, II and II) approximated to Pop A, Pop B and Pop C.
[ Conclusion] The genetic diversity level of domestic Chinese accessions as a group was generally higher than that of alien group,
while the level of difference among genotypes within alien group on each parameter was higher than that within Chinese accession
group. Three independent populations named Pop A, Pop B and Pop C were detected by population structure analysis,
with significant difference in genetic diversity among them. 3-dimension PCA graph showed 3 concentrated domains (gene pools I,
II and II) with obvious boundaries in between. Gene pool I concentrated alien genotypes, Gene pool II concentrated Shaanxi
and Inner Mongolian genotypes, and Gene pool III concentrated genotypes from Chinese winter sowing areas and spring sowing
areas except Shaanxi and Inner Mongolia. By pairs, the three gene pools detected by PCA almost equal to the three populations
identified by Structure 2.2 in genotype composition. Pop A approximated to Gene pool I, Pop B approximated to Gene pool II, and
Pop C approximated to Gene pool III. Results from PCA fully supported the findings from population structure analysis, within
global cultivated pea genetic resources the three gene pools can be defined. Alien genotypes constructed Gene pool I, Chinese
genotypes constructed Gene pool II and Gene pool III, which revealed the importance of Chinese and alien collections and Chinese
collection was superior.

Key words: pea (Pisum sativum L.); germplasm resources; SSR; genetic diversity; population structure; gene pool
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w121 BT SSRALLIIMREBERER
Table 1 The sequences and their relevant information of 21 STMS primer pairs selected for SSR analysis

R By AL E NTE Bk 510(5"-3") VIEENE NN

Code Name BP MW Sequence Located chromosome

PB14 PB14F 25 7678.8 GAGTGAGCTTTTTAGCTTGCAGCCT LG-VII
PB14R 22 6759.3 TGCTTGAGAACAGTGACTCGCA

PSAA18 PSAAI18F 22 6721.3 CTGTAGACCAAGCCCAAAAGAT LG-1I, LG-V
PSAA18R 22 6823.3 TGAGACACTTTTGACAAGGAGG

PSAAL175 PSAA175F 22 6761.4 TTGAAGGAACACAATCAGCGAC LG-1II, LG-V
PSAA175R 22 6632.3 TGCGCACCAAACTACCATAATC

PSACSS PSACSSF 20 6091.9 TCCGCAATTTGGTAACACTG LG-V
PSACS58R 22 6682.2 CGTCCATTTCTTTTATGCTGAG

PSACT75 PSACT75F 23 7040.5 CGCTCACCAAATGTAGATGATAA LG-1
PSAC75R 24 7392.8 TCATGCATCAATGAAAGTGATAAA

PSAA219 PSAA219F 23 7018.4 ATTTGTGCAATTGCAATTTCATT LG-1V
PSAA219R 20 6060.9 CGAAAACGCTTTGCATCCTA

PSADS3 PSADS83F 22 6814.3 CACATGAGCGTGTGTATGGTAA LG-1I
PSAD83R 22 6930.5 GGGATAAGAAGAGGGAGCAAAT

PSAD270 PSAD270F 22 6756.2 CTCATCTGATGCGTTGGATTAG LG-1II
PSAD270R 22 6848.2 AGGTTGGATTTGTTGTTTGTTG

PSAA456 PSAA456F 22 6888.4 TGTAGAAGCATAAGAGCGGGTG LG-VII
PSAA456R 22 6731.2 TGCAACGCTCTTGTTGATGATT

PSAB23 PSAB23F 22 6605.2 TCAGCCTTTATCCTCCGAACTA LG-V
PSAB23R 22 6743.3 GAACCCTTGTGCAGAAGCATTA

PSAB47 PSAB47F 23 6920.5 TCCACAATACCATCTAAATGCCA LG-I, LG-V
PSAB47R 26 7956.0 AATTTGTTCAGTTGAAATTTCGTTTC

PSAA497 PSAA497F 26 7951.0 TTGTGACTGATTTAGAAGTTTCCCAC LG-V
PSAA497R 23 7050.4 TTGATGAGTTGCAATTTCGTTTC

PSAD280 PSAD280F 25 7661.8 TGGTGCTCGTGATTAATTTCACATA LG-V
PSAD280R 25 7580.9 ACTAAACAACCAACTGCCAAAACTG

PSAB72 PSAB72F 26 7855.0 ATCTCATGTTCAACTTGCAACCTTTA LG-II
PSAB72R 23 7006.5 TTCAAAACACGCAAGTTTTCTGA

PSAB109 PSAB109F 25 7711.9 GAACCCTTGTGTAGAAGCATTTGTG LG-1I
PSABI09R 27 8305.2 GAGCTACTGTGAGTCTGATGCCATTAT

PSABI141 PSAB141F 23 6887.4 ATCCCAATACTCCCACCAATGTT LG-1II
PSABI41R 26 7871.9 AGACTTAGGCTTCCCTTCTACGACTT

PSABI161 PSABI61F 26 8000.0 CTCAAGTGAAGACTTGGAATTTCGTT AR Unknown
PSABI61IR 22 7991.0 TTTGGTCTTCCTCAAGTGATAAGATG

AD100 AD100F 21 6353.1 TACACCCAAGACGACAAGCCT A4 Unknown
ADI00R 21 6379.0 GGAGCTTCCGCTTGATTCTCT

ADI134 ADI134F 27 8174.1 TTTATTTTTCCATATATTACAGACCCG LG-1I, LG-III, LG-VII
ADI34R 25 7560.8 ACACCTTTATCTCCCGAAGACTTAG

AA303 AA303F 19 5965.8 GGGTGAAGGAAAATCGTGA K1 Unknown
AA303R 21 6380.1 GCATCCCATAAAATTGGTTCT

AA315 AA315F 21 6623.2 AGTGGGAAGTAAAAGGTGTAG LG-IV

AA315R

22

6705.2

TTTCACTAGATGATATTTCGTT
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Table 2 The polymorphic indices in domestic and alien collections of pea based on SSR amplified products

SSR iz i AR S H(NA) A B AE 5 (NE) ARG o LE ST HE DR 2 BE (AR) HEK Z £ (GD) Shannon’s {5 B 5 £k(1)
SSR primer Observed number of alleles Effective number of alleles Ratio of NE/NA Allelic richness Gene diversity Shannon’s information index
pair (=N 4k sk H W 4k sk HW 4k LC3EN HW 4k LCJEN HW 4k Hefk H W 4k EE3EN
China  Overseas All China  Overseas All China  Overseas All China  Overseas All China  Overseas All China  Overseas All
PB14 3 6 6 2.98 3.03 321 0.993 0.505 0.535 3.00 5.99 5.60 0.67 0.67 0.69 1.10 1.28 1.27
PSAA18 5 7 7 3.22 5.59 4.58 0.644 0.799 0.654 5.00 7.00 7.00 0.69 0.82 0.78 1.39 1.80 1.69
PSAALT5 5 6 6 3.23 1.93 3.12 0.646 0.322 0.520 5.00 5.90 5.52 0.69 0.48 0.68 1.32 0.97 1.30
PSAC58 8 8 8 4.13 4.60 5.05 0.516 0.575 0.631 7.83 7.77 7.99 0.76 0.79 0.80 1.58 1.66 1.75
PSAC75 8 6 8 4.80 4.20 5.46 0.600 0.700 0.683 7.99 6.00 7.98 0.79 0.76 0.82 1.72 1.56 1.79
PSAA219 4 4 4 2.79 2.53 3.13 0.698 0.633 0.783 4.00 4.00 4.00 0.64 0.61 0.68 117 111 1.24
PSAD83 4 5 5 2.94 2.85 3.47 0.735 0.570 0.694 4.00 5.00 494 0.66 0.65 0.71 1.20 1.21 131
PSAD270 8 8 8 4.29 5.50 4.90 0.536 0.688 0.613 7.83 7.97 7.86 0.77 0.82 0.80 1.61 1.79 1.72
PSAA456 4 4 4 2.26 1.41 1.96 0.565 0.353 0.490 4.00 4.00 4.00 0.56 0.29 0.49 0.99 0.59 0.89
PSAB23 5 5 5 411 3.24 4.05 0.822 0.648 0.810 5.00 4.99 5.00 0.76 0.69 0.75 1.47 1.26 1.47
PSAB47 5 5 5 2.49 2.59 4.08 0.498 0.518 0.816 5.00 5.00 5.00 0.60 0.62 0.76 1.13 1.13 1.49
PSAA497 4 4 4 3.14 1.38 3.50 0.785 0.345 0.875 4.00 4.00 4.00 0.68 0.28 0.72 1.25 0.56 1.30
PSAD280 6 6 6 3.89 3.47 3.97 0.648 0.578 0.662 5.50 5.93 5.95 0.74 0.71 0.75 1.47 1.37 1.51
PSAB72 4 5 5 2.90 3.62 3.42 0.725 0.724 0.684 4.00 5.00 4.88 0.66 0.73 0.71 1.15 1.38 1.30
PSAB109 5 5 5 311 3.59 3.49 0.622 0.718 0.698 5.00 5.00 5.00 0.68 0.72 0.71 1.29 1.37 1.37
PSAB141 4 4 4 1.78 3.28 2.22 0.445 0.820 0.555 3.60 4.00 4.00 0.44 0.70 0.55 0.71 1.27 1.01
PSAB161 4 4 4 3.22 2.36 3.04 0.805 0.590 0.760 4.00 4.00 4.00 0.69 0.58 0.67 1.25 1.06 1.24
AD100 3 3 3 2.14 1.13 2.78 0.713 0.377 0.927 3.00 3.00 3.00 0.53 0.11 0.64 0.84 0.26 1.06
AD134 5 6 6 3.22 1.78 3.43 0.644 0.297 0.572 5.00 5.67 531 0.69 0.44 0.71 1.28 0.91 1.35
AA303 6 4 6 2.50 1.54 2.23 0.417 0.385 0.372 5.87 4.00 5.49 0.60 0.35 0.55 1.09 0.68 1.02
AA315 4 4 4 2.05 2.47 243 0.513 0.618 0.608 4.00 4.00 4.00 0.51 0.60 0.59 0.87 1.08 1.02
Zril Total 104 109 113 65.21 62.08 73.53
P14 Mean 4.95 5.19 5.38 311 2.96 3.50 0.646 0.560 0.664 5.15 4.89 5.26 0.66 0.59 0.69 1.23 1.16 1.34

FrifEZ St. Dev. 1.50 1.36 1.47 0.79 1.28 0.95 1.05 1.07 1.08 0.07 0.15 0.07 0.26 0.40 0.26
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Table 3 Components and average distance of 3 structure populations

AR5 ML BRI EL BRURLLH  BEUERIR (D)

Structure Average distance Accession Percentage  Origins of accessions (number of accessions)

population within population number (%)

4B A Pop A 0.5925 798
[ 41 5 5 714 96.49 L9 Africa(56): A Burundi(1), 2% Egypt(1), IRZEMk LTV Ethiopia(41),
Accessions & JE W Kenya(1), FJLLIE Libya(1), ikl Madagascar(1), EE#
from outside Morocco(3), fTHEIA Rwanda(1), 75/} Sudan(l), #HZ%JET Tanzania(1), FJEHT
China Tunisia(1), %% Uganda(1), FLI/R Zaire(1), %% L6IE Zambia(1)

FW America(152): BRI 4ETV Bolivia(1), HI%EK Canada(8), %/F) Chile(4), =F
&L Colombia(1), #&P4HF Mexico(1), A% Peru(1), 3&[E United States(136)
W Asia(141): P& 7T Afghanistan(8), W.3&JE W Armenia(2), A% 7
Georgia(9), Hpr T F b X AT H L ICARDA(S), B India(17), FHEH Iran(2),
LU Israel(2), A Japan(5), MABETE Ui Kazakhstan(7), 75 /K i Wl iH
Kyrgyzstan(3), 52K 753 Malaysia(1), ¢ i Mongolia(1), 4iifi] Myanmar(1), J&
/K Nepal(28), [MJEH Palestine(7), [L#i5iH Palestine(1), JETE
Philippines(1), AUFJIE Syria(7), 33 3¢ i3 Tajikistan(3), - H I Turkey(21),
152557 5 W3 Uzbekistan(7)

Wi ¥l Europe(212): Fil /K L JE . Albania(2), ¥ HiF] Austria(1), %' 197 Belarus(1),
R IFIIY. Bulgaria(14), #5001 4% 5% Czechoslovakia(4), JJ# Denmark(2), %
P Je Y0 Estonia(1), %[ France(12), f[E Germany(47), #lifi Greece(6), &1
F| Hungary(4), VK& Iceland(1), =K Italy(2), fif 2= Netherlands(5), 2%
Poland(12), %% Portugal(2), %' )W Romania(7), &% #T Russian
Federation(20), PEHEZF Spain(27), i 4t Sweden(5), 1% 3¢ *% Ukraine(3), 9t [E United
Kingdom(30), FFiifzk Yugoslavia(4)

KW Oceania(153): #HAFIW Australia(146), H74>% New Zealand(7)

o ] g 84 6.75 F4%X Spring sowing area(53): At 4T Beijing(7), Hif Gansu(6), ¥t Hebei(2),
Accessions P % 17 Inner Mongolia(10), X 7* Liaoning(2), 7*& Ningxia(2), 75 # Qinghai(16),
from China %75 Shaanxi(3), PHJ&K Tibet(4), Hrif Xinjiang(1)

FHEIX. Winter sowing area(31): 2% Anhui(2), K Chongqing(1), Sl
Guizhou(1), {4 Henan(2), 11t Hubei(3), _|-#F Shanghai(2), P4JI| Sichuan(11),

G V5 Taiwan(3), 7 Yunnan(6)

HABEB PopB 0.5442 406

[ 41 5 5 22 2.97 L9 Africa(l): HRFEMK LT Ethiopia(1)

Accessions FEIM America(5): 32 [E United States (5)

from outside W Asia(3): HA Japan(l), JEVH/K Nepal(1), #UF|TE Syria(1)

China W@ Europe(11):£& A Bulgaria(3), %[E France(1), £ [E Germany(1), &)
F| Hungary(1), %1 Russian Federation(1), P§¥tf* Spain(2), kil Sweden(1),
¢ [ United Kingdom(1)

KM Oceania(2): FAF| IV Australia(2)

o ] g 384 30.87 FHAEIX Spring sowing area(371): Hilt Gansu(3), A%< Inner Mongolia(186), 7

Accessions i Qinghai(5), BkiY Sha’anxi(172), VGji Tibet(2), Hi# Xinjiang(3)

from China FKFEIX. Winter sowing area(13): % Anhui(1), /% Guangdong(l), /M
Guizhou(1), ¥1F4 Henan(7), VL7 Jiangxi(1), PY)I| Sichuan(2)

B C PopC 0.6222 780

[ESP7 AR 4 0.54 YN America(1): 3£ [H United States(1)

Accessions from W Asia(1): +HIH Turkey(1)

outside China W@ Europe(2): {#[E Germany(1), P4¥F:4 Spain(1)

e ] 776 62.38 F4%X Spring sowing area(370): b3t Beijing(8), Hilt Gansu(24), HJEIT.

Accessions Heilongjiang(1), PJ5< 1! Inner Mongolia(67), iLT* Liaoning(5), T°5. Ningxia(1),

from China T Qinghai(168), L7 Shanxi(19), Bkit Sha’anxi(34), PhjK Tibet(39), #iik

Xinjiang(4)

FKHEIX. Winter sowing area(406): %l Anhui(32), HJK Chongging(1), i
Fujian(1), /" 7% Guangdong(6), /' Pti Guangxi(14), &/l Guizhou(35), i/ H Henan
(40), 511t Hubei(43), 5174 Hunan(6), VI.7) Jiangsu(2), YL.PY Jiangxi(1), if§
Shanghai(10), PU)I| Sichuan(164), £5¥% Taiwan(1), z5F4 Yunnan(49), #iiT. Zhejiang(1)
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AR ERRE X FIALBE C PN T ] 1R 134 R 25
CRETEEE, He) ik (0.6222) , Wl T4
HEA (0.5925) FIZLEE B (0.5442) Py #EEIAI 1Y) He i,
Y ] A RKCRR B U S DR 20 ) S5 250G ARzt T [ A B s ik
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FIZH AR T FE{E Callele frequency divergence) RIi%H%
TFMRIE 25 (net nucleotide distance) , ZHHF A L4017 B
[0 0.1003, 41 A 541 C 180 0.1075, 41 B
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Accessions from Inner Mongolia (263 acc.) and Shaanxi (209 acc.)

2 Structure 2.2 BIRARMIERIBRBENLELAE

Fig. 2 Population distribution of genotypes from different geographical origins revealed by Structure 2.2 software
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Fig. 3 3D-PCA graph of 1 984 global pea collections using Euclid distance based on SSR analysis
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