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Abstract: [Objective] Chestnut is an important economic forest species, and there is a long history in
chestnut cultivation and the nut is of high economic value. However, there are many cultivars (lines),
and it is difficult to conserve the resources. Therefore, it is urgent to construct the core germplasm of
chestnut cultivars (lines), so as to provide reference for innovative utilization of chestnut resources in
the future. [Methods] With 342 Chinese chestnut cultivars as materials, 21 pairs of SSR fluorescent
primers were used for amplification. The fragment position information in the mixtures was analyzed
by capillary electrophoresis and the allele- specific fragment size information was read using Gene
Marker v2.2.0 software (Soft Genetics LLC, State College, PA, USA). The genetic diversity and cluster-
ing analysis of the original chestnut cultivars (lines) germplasm were performed using the software of
Powermarker. The phenotypes of clustering results were analyzed for significant differences using the

software of Prism. In addition, based on the principle of maximum number of alleles, stratified sam-
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pling, simulated annealing algorithm and the random search algorithm were adopted to construct core
collection. The difference significance analysis of genetic diversity indexes of core germplasm and orig-
inal germplasm was performed using Prism software [Results] The results showed that 212 alleles
were detected by 21 pairs of SSR primers, and the number of alleles (Na), effective alleles (Ne), ob-
served heterozygosity (Ho), expected heterozygosity (He) and polymorphic information content (PIC)
were 10.095, 3.488, 0.596, 0.658 and 0.642, respectively. The results showed that Chinese chestnut cul-
tivars (lines) had rich genetic diversity. Cluster analysis showed that 342 chestnut cultivars were divided
into two groups: the North and the South, and there were many hybrids, indicating that there were many
gene exchanges between the South and the North. There were 42 resources in the mixed part, most of
which were from Shandong province, with 33 resources accounting for 78.57%, which was also the
merging area of two major groups in the North and South geographically. The water, soluble sugar, amy-
lose, amylopectin and total starch contents of 19 phenotypic traits of chestnut cultivars (lines) in both
south and north China were measured and the significant difference was analyzed. The results showed
that there were significant differences in soluble sugar, amylose, amylopectin, prickly involucre thick-
ness, nut shell thickness and nut width between the South and North cultivars (lines) of Chinese chest-
nut. There were extremely significant differences in total fruit weight, the weight, width, height and
skin thickness of involucre and single nut weight. There was no significant difference among other in-
dexes such as water and total starch contents, and kernel yield. Phenotypic data analysis showed that ex-
cept for amylose content, kernel yield and nut shape index, phenotypes of other South cultivars (lines)
were greater than those of North cultivars (lines), such as water, and soluble sugar contents, single nut
weight and other phenotypes. According to the unique maturity period, branch length and curvature and
spiny awn color of chestnut cultivars (lines), 8 cultivars (lines) with special traits were selected from all
the resources as the required varieties, and these resources will play an important role in breeding and
genetic research in the future. These eight resources are Jingshuhong, Yanshanzaofeng, Duanzhi No. 1,
Duanzhi No. 3, Chaoduanzhi No. 2, Chuizhi No. 2, Wuhua and Shandonghongli. When the number of
alleles was the largest, the number of samples for hierarchical sampling, simulated annealing algorithm,
and random search algorithm was 342, 325 and 85, respectively. By comparing the number of samples
calculated by the three methods, the simulated annealing algorithm based on the number of alleles was
determined as the best sampling strategy, and finally 85 core collections were constructed. The principal
coordinate analysis of the distribution of the core germplasm among all the germplasm resources was
conducted, and the results showed that the core germplasm was distributed evenly in all the germplasm
resources. And in PCA, principal coordinates 1 and 2 accounted for 34.36% and 15.71% of the variance
in the locus information data. The analysis of genetic diversity parameters of core collection showed
that the retention rates of core collection, total allele number (%), allele number (Na), effective allele
number (Ne), observed heterozygosity (Ho), expected heterozygosity (He) and polymorphic informa-
tion content (PIC) were 24.85%,100%, 86.32%, 85.46%, 98.15%, 90.12% and 100.79%, respectively. T-
test results showed that there was no significant difference in genetic parameters between core and origi-
nal collection, which could fully represent the genetic diversity of original collection. [Conclusion]
Based on SSR molecular markers, this study indicated that chestnut cultivars (lines) had rich genetic di-
versity, and revealed that there were more gene exchanges among chestnut cultivars (lines) between
south and north China. In this study, the simulated annealing algorithm based on allele number was fi-
nally determined as the optimal sampling strategy, which was a good method for constructing chestnut

cultivars and 85 core germplasm resources were obtained, laying a foundation for the effective conser-
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vation of chestnut cultivars resources. Almost all cultivars (lines) of Chinese chestnut were covered in

this study. However, with the needs of the market and the development of science and technology, new

excellent cultivars (lines) of Chinese chestnut resources will continue to appear. Therefore, the construc-

tion of core germplasm is a dynamic process, and it is necessary to continuously improve the core germ-

plasm in future research.
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A is early maturing type, Jingshuhong, B is red thorn type, Shandonghongli, C is short branch type, Duanzhi 1 hao, D is male flower sterile type,
Wuhua, and E is vertical branch type, Chuizhi 2 hao.
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Fig. 2 The special germplasm resources
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Fig. 3 Comparison of three methods for core collection screening
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®1 ROMBRIFERER
Table 1 Core germplasm screening retention rate
RIS H Tl SEEOAL A SRR A RCEAEEE NG HERGE Z2REESE
Germplasm and parameter Collection number N Na Ne Ho He PIC
JRUGFHR Original germplasm 342 212 10.095 3.488 0.596 0.658 0.642
By R Core germplasm 85 212 8.714 2.981 0.585 0.593 0.647
% f % Retention rate/% 24.85 100 86.32 85.46 98.15 90.12 100.79
T T-value 1.085 1.505 0.215 4 1.383 0.1103
i p-value 0.2843 0.140 2 0.8305 0.174 4 0.9127
#z2 THIERY 85 MR UMR
Table 2 85 core germplasm screened
JPs b JE A e A Ji A b
Number Cultivars (lines) Origin region Number Cultivars (lines) Origin region
1 J\H Jf Bayuezha VTG L Queshan, Henan 44 B2 JNZE Huzhuali Jb5{ Beijing
2 RTIMTE A Jiandingyouli A 111 4R £33, Tancheng, Shandong || 45 1% 15 Xinxuan 1 hao 111 428 %¢ Tai”an, Shandong
3 KIH-ZE Dayeli VLIF¥RBA Liyang, Jiangsu 46 IEPEF4L Qianxizaohong A JLiE P4 Qianxi, Hebei
4 #1113 Yanshanzaofeng VW JLIT Pl Qianxi, Hebei 47 F#ERM Yanxing WAEE K Qinglong, Hebei
5 ffi1l 10 5 Queshan 10 hao i F4 {5l Xinyang, Henan 48 3 [E 2 %5 Xinzhuang 2 hao Jb 3t Beijing
6 111 ZR 41 5% Shandonghongli 111 42 7% % Tai”an, Shandong 49 =1)% 15 Gaodian 1 hao VA R {5 B Xinyang, Henan
7 #B3% 3 5 Tancheng 3 hao 111 R %83k Tancheng, Shandong || 50 JKH4% Huijian B P Pt ¢ Xi”an, Shaanxi
8 759 1 5 Xizhai 1 hao LIV Qianxi, Hebei 51 M 14 Zuo14 Bk HEK Zhashui, Shaanxi
9 JEAt Wuhua 111 428 % Tai’an, Shandong 52 W34% Mingjian B PP %¢ Xi”an, Shaanxi
10 KL Dabanhong V4L 98 3% Kuancheng, Hebei || 53 PEHZE Cuowanzhongli VL5 52 B Wuxian, Jiangsu
11 21 3£ 65 Hongli 6 hao 111 8 Z84¢ Tai”an, Shandong 54 MZEE Shuangjili 57 Hunan
12 KZET Daliqing YLI7¥RPH Liyang, Jiangsu 55 157 Machiging WiVl 5L Shangyu, Zhejiang
13 #3515 Luli 1 hao 111 325 % Tai’an, Shandong || 56 FFAL W ZESE Kaihuashuangjili AT Zhejiang
14 #9535 Luli 3 hao 111 4<% % Tai’an, Shandong 57 J7PHEAMR 115 Guangxiyulin 11 hao 7§ Guangxi
15 9545 Luli 4 hao 111 2 Z84¢ Tai”an, Shandong 58 FE X Zhenbashuangjie 9 ¥ Hunan
16 NH 25 Buyu 2 hao 111 428 % Tai’an, Shandong 59 [ 141 Bikouhong #H146% H Luotian, Hubei
17 8 Weifeng L1 %R J&#F Weihai, Shandong 60 H 247 5% Yixingboke VLR H % Yixing, Jiangsu
18 XZ-1 111 78 284¢ Tai”an, Shandong 61 K& Dajingili VL5 % 1l Dongshan, Jiangsu
19 N4-41 111 2 284¢ Tai”an, Shandong 62 e B Longtanyelicang YLIFHFH Liyang, Jiangsu
20 2%F Meifeng 11 % Shandong 63 VHZET Youlizi 2 Anhui
21 &l 308 Pu308 111 428 % Tai”an, Shandong 64 F5E Tezao 2 Anhui
22 214 1117328 % Tai’an, Shandong || 65 SHIHUIRZE Xinhangchili 2 Anhui
23 30682 111422 % Tai’an, Shandong 66 Je4 2 Wuming 2 2 Anhui
24 [l 151 Pul51 11 42 7% % Tai”an, Shandong 67 ] 5 Guangguo 2 Anhui
25 K2 1525 Dagongshu 2 hao  1117: & 4 Junan, Shandong 68 75HE41 Liuyanhong 2 Anhui
26 250§ 8 5 Liyuan 8 hao 1117328 % Tai’an, Shandong || 69 HEFREE Yanglali %18 Anhui
27 LTI IE B Jiandingyouli B 111 ZR 283, Tancheng, Shandong || 70 215631 % Hongguangyouli 14k Hubei
28 R I8 IEAE Dongmiwuwuhua i1k Hebei 71 Z1°5 Anhui 1 hao Z 1 Anhui
29 Jbmk Beiwei 1114322 % Tai’an, Shandong || 72 438 Lvfendan %18 Anhui
30 BHEH 245 Chaoduanzhi 2 hao 111 4< 2% % Tai”an, Shandong 73 75 A% Liuyuebao #HJL% H Luotian, Hubei
31 %54 3 5 Duanzhi 3 hao 11 4278 % Tai”an, Shandong 74 F5JEMR Zhandiban LREF I Shucheng, Anhui
32 $I1% 15 Duanzhi 1 hao 111 442 % Tai’an, Shandong 75 J 1B K LML Guangdedahongpao % Anhui
33 H 235 Qinglong 23 hao ¥ JL# /& Qinglong, Hebei 76 KA KLML Shuanghedahongpao %2 Anhui
34 MK Yanqiu 11 < & Junan, Shandong 77 1D Jiaocitima YL75 Jiangsu
35 K Zijing 4L & Qinglong, Hebei 78 FE B Zaozhuang B VL7577 &% Nanjing, Jiangsu
36 &1L 5E Shengshanli 111 42 &% Tai’an, Shandong 79 21 &5 Hongmaozao WAL 5Tl Jingshan, Hubei
37 #1141 5 Yanshanhongli Jt 3t Beijing 80 628 Shangguangli WL Zhejiang
38 % 25 Chuizhi 2 hao 1L 4 #38, Tancheng, Shandong || 81 Csb-1 Z 1% Anhui
39 54 #5¢ Tai” anbaoke 111 42 &% Tai”an, Shandong 82 T b B 41 Zhuangiaochushuhong %% Anhui
40 #EE Huafeng 111 < %% % Tai’an, Shandong 83 MBI & Linchangyouxi YLIFHFH Liyang, Jiangsu
41 £13= Baofeng 1% Shandong 84 1]} 25 Wushan 2 hao VL5 Jiangsu
42 %2111 5 Mengshan’erzao 11145 [f] Mengyin, Shandong || 85 Z5 L -3 Dongshanzaoli VL7 Jiangsu
43 4T Jingshuhong 1t 3¢ Beijing
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FE T SSR AR e A 7T M B I8 A% 2 K O N B
5 (A (4 5 9%, A N2 I SSR 45 AR 7T b
BB AL Z e . TS T AR B A% 2 FE I I Fi At 2
HHRIE . 5K EPHRIH SSR 7 FAR i AR XS 279
AR SR G IR AT 8 A 2 FEVE A0 L P3RS B ks
F 3.38 ANEENAL A, A AR HON 1,53, B K
g R I B R) 38 AL ¢ R ER A — B HCR
IEAh, LA b4 gk B2 T7 25095 K H SSR AR 1 0
o3 U X AR B AT 8L ZRE AT B E A
BRZE S Fh IR AT T 2 B I BT SSR %4y
FhRic B AR H AT 8% 2 R 7, B S AL R
N 2124, T ¥ BRG] P i 3 i) A A B R E
10.095 , 77 250 % A 5 R 0CH 3.488, B & &1 T Hir A1
WA R . R, B FH AW 7O 21 %F SSR 41
Fric B A% B it H AR S o PR R a8t AR 2 REVE . AR, X
342 1 BR SR i B B PR AT B A, 4 SRR B
BRI St P B2 U KB N AL N . (R AFAE R
047 e AL TR A d P, 6 T HR 2% i KR A A — 20
I AT F4bh BRI S A vh 45 20 e A T iR
TSR A KR R TERE S R E B AR VL
Bk BTER RS 19N RIS TE R
BT, R EOR, F AT R SRR AT PR
TR CEHEEM SRR SR IR R
IR O R MRS S R A
R A PR JE R R AR R R S K
CEVER B SRS AR L R E R . I
Gb, ERfEFRER T BRI & &SRR R
ok, R EE 7 MR R B e bR E 3 K T Ak b,
UNE 7K B ATV PR Bk R SR AR A, D
ArRe S R AL T MR 2 R A G, I R A A,
— P UE AR S A (RO KB A AL AN .
3.2 IREMIZOHMRAE S

ToltJ5 R P WSO T ORAT X W )8 A% 22 1 AR
PORE Pl LA AR AR — NP R 5 B R
AR F S, AT EE T EEFE MR, K,
1 HE— 58 TT AR AL O Bl BORHAR NS Z 8 A0 S A 5T %
PR EREN AN EMSR A EREEZE XY, B
Fa TS P S R A A% Lo P BT (1) R, AN TR (1) R SR
XA O RS RE SRR R B BRI R . b, &

=

A7 35 DR PR B0 A 22 R P ) S BT, (R B B &2 R AL
FERXTE A BBEERAD, 4 pE0ETREM
T W T R SE 530 M 5 2Rk R TS
FE ] g KA U AL S T AL A 189 40 Bl R s B AR
SO R R T S AR R SRR IER T — T VA
T ER N HEERAZ ORI . R, N T
O R T LA AR RN AT S, 28 3 75 AR 58 2R
F 3 Fh VAT R ORI A S, (R BST bUAE 3 o v Bl
PR B8 I S AT A B, 3 T 7 32 HH 2> P R R
DA KR B AR 3R S 4 o o (1) 83 4% 22 FE A

o E AR R, RIRARZ A G IRAE, Rt
FEAZ O R RO N EE . 3 AT FHEEAZ O Fh 5 R
AT, ik B SR 2 IR B IR T
HE LRSI A% O Fh 5T, AN 2 DAAER 4 BV B 9 AR
DR AR B s Nie 555 T K8t 2 REPE A RGR
KRR T 45 Oy AR SRR AZ ORI, (2 Rz
FH— Fh BRURE S s ELAE 70 O FE b, B R R A
[A] b i 75 440 e i 4 B S A R R aB A% 2 AR T
%O FT

2EiBiL SA, AN, AN RS, AN, AN 14} 2 ke
3P TIEA AL ORI, B 2L £ SA, AN, ANAE N
B I SR 5 R 2 1 85 4y BE IR £ o5 54 i T JZE 1
24.85% , Re % 78 73 AR R JEL 46 PR B384 2 FEE, 15
A HTN KT A% 0 S BURE LA 7E 5% ~40% [ A
AL, IS A AR LR K BV E AT L
AP B SRS 5, AR LA b 1 B IR AR A
JER UB R 1 1A% 22 BRI, HLBE S B 47 LR AE R U .
B 5 T 37 () 75 2 B R, 23 AN Wi H I 1R
SR B e R R R S A A% O BT — AN B A T
SRR 754 BRI 9T TR AN W TE A% LR

4 4 ik

SEHAEARWT TP IET SSR 73 Thrid, #oR T
J6 75 SR b b CRO AR 2 B2 R A8 i, [R) ) A
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A% O 5T, i T 25 Ao 5 TR B (A DLIR K BT A
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