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Genetic Diversity and Evolution History of Chinese Chestnut
(Castanea mollissima) Populations in Beijing

HE Zhi, DONG Jinyi, LIU Yongbo

(State Environmental Protection Key Laboratory of Regional Eco-process and Function Assessment,

Chinese Research Academy of Environmental Sciences, Beijing 100012)

Abstract: Wild populations are important germplasm resources, and studying their genetic diversity and
variation pattern of local wild and cultivated populations can facilitate their scientific protection and sustainable
utilization. This study is based on the natural and cultivated distribution area of Chinese chestnut in Beijing,
collecting leaves from a total of 93 germplasm of 5 cultivated populations and 1 wild population, and collecting
leaves from a total of 16 germplasm of 1 population (as an outgroup) in Yichang (YC), Hubei. Sixteen pairs of
microsatellite primers (SSR) were used to analyze the genetic diversity and genetic structure. The wild C.
mollissima populations in Beijing was found with relatively high genetic diversity, and the genetic diversity of
the wild Hongluosi population (HLS) was significantly higher than that of other populations. There was
significant genetic differentiation between populations of C. mollissima (Fst = 0.232) , with low frequency of
gene flow (Nm = 0.547). AMOVA analysis showed that the intra-population genetic variation (57.70 % ) was
greater than that among populations (42.30%). The genetic structure analysis showed that YC chestnut

population was significantly different from Beijing chestnut populations. The HLS wild population was
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independent of Banliyuan population (BLY, an ancient tree population) and the other cultivated populations that
were clustered into a group, indicating that cultivated chestnuts might come from the ancient tree population in
Beijing. A coincidence was observed as well based on the UPGMA clustering, PCoA and PCA analysis. Treemix
analysis showed that the chestnut populations in Beijing were likely from the YC population in southern China,
indicating an evolutionary path for chestnut to migrate from central China to Beijing. The population history
results indicate that the Beijing populations differentiated from the YC populations approximately 83, 000 years
ago, while the differentiation of local wild and cultivated species in Beijing occurred approximately 32, 000
years ago. Our results support the hypothesis of chestnut migrating northward from central China. The
domestication of cultivated species reduced the genetic diversity of chestnut germplasm resources in Beijing. The

wild populations and cultivated ancient trees retain high genetic diversity, which should be protected

preferentially.
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Table 1 Sampling information of chestnut populations

BERAE 16 MR, 2 109 BRA A (R 1) o FIEE N A4 14
[ AR B AS /DT 10 mo BEIBUMCSE (R b, Ak 3~
5h L ARk as A AR CUREE T, Rk A
LR TR o BROERP R RRCR AR B
&1,

b FEA 7% (em) SFEIRE (m) )5 (m)
Populations Sample size Average DBH Average tree height Average crown width
WILEE YC 16 5~38 2~6 2~10
ZTI8F HLS 16 37~57 22~38 7~30
AT IX U REA% SZL 13 11~30 4~12 1~13

B X RILSF HSS 16 11~95 4-25 4.5~19

A AR S e BLY 16 55.5~191 6~20 6~24
PRFEX =AMEILT 16 34~128 5~17 4-21

B X K1 DYS 16 15.5~89 6~24 8~20

YC: Hubeiyichang; HLS: Hongluosi; SZL: Pingguqusizuolou; HSS: Miyunquheishansi; BLY: Mingdaibanliyuan; JLT: Huairouqusangezhen;

DYS: Changpingqudayangshan; The same as below

1.2 ##4% DNA IREXFA SSR % HFRIZH AR
FESCI % M 30 mg 2247 TR, fit AR ) 6
DNA # B 5 65 (R AR A= Wy BL 42 e A7 FR A A
KG202) $2 B - DNA. AW 5% A SCHik i 12 38
X 1R SSR 514 JE Wil i , i Je e B 16 X 235
P HLAS E P4 19 SSR 51 W T AR U 56 2
SSR 5 ¥y ih i TAERHE A B A FA (£ 2),
PR 95 CAEME 5 min, 55 CCiB k305,72 °C
FEMI30 s, 35AMAFR . AT R B HIK T,
E 5 Wk 4 Fh 57 -9 5% 2 Bk & (FAM, HEX .
TRAMA 5{ ROX) #5 ic , £ # PCR 7 BIO-RAD
T100TM #AEIMY 3217, 34 5 19 PCR =W ifE 45
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1.3.2 BERSA  TAGTERRRE ] B RREE A 5

78 S | i FH GenALEx 6.503 B AAAD X FPRE S 743
T 7 2250 BT (AMOVA ) , [R] i) % i 1] 3t % 1 25
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1.3.3 iEfE4EH  [§iH STRUCTURE version 2.3.4%"
BAEXS TASFIREEAT T DU e R0 . e KA
TN 10, Pk S B SRR 10, 8 TR A #H e s
1 ( Admixture ancestry model) , Burn-ini5% 4 10, 000-
step, Markov Chain Monte Carlo (MCMC) % & &
100, 000-step. ¥f iz B 45 R H 5 F & 2
STRUCTURE HARVERST version 0.6.94 [ 3§ 11
4 Delta K {f , #EWr e K {8 . i I MEGA version
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HH#S, 1# F GeneAIEx version 6.502 4 3% Tt AL HiE
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Table 2 The parameters of selected 16 pairs of SSR primers

EILZEA Em5(s -3 Femg (s -3 FOthrid
Primer ame Forward primers( 5'-3') Reverse primers( 5' - 3") Fluorescent marker
PD34 TTCGTAGTGGAAGGAGGTGG GTTTCTTAAAGACAGAGCCCACAAAGC FAM
PD52 CTTGTCATGGTGCATTGGTG GTTTCTTCCGCAGTGGTGATCCATTAT HEX
PAT75 GTGAAGAACCAAACGGACCA GTTTCTTACCGAATGTGCTGTCTGGAA TRAMA
C41 AAGTCAGCAACATATGC CCCACTGTTCATGAGTTTCT ROX
PD42 AAACAACCCAACACTCGGAC GTTTCTTCAAAAGGTTCTCTCGGCAAG FAM
CT15 TTCTGCGACCTCGAAACCGA GCTAGGGTTTTCATTTCTAG HEX
PD25 CACGCCGGTGACGAATAATA GTTTCTTTCTCCAACGGAACCAACAAC TRAMA
PD67 TGGGTATCCCTCAGAATCCA GTTTCTTCGTTGGAGACCAGAGGAGAG ROX
PD26 TCCTGAACAAGTCAAGGTGC GTTTCTTTCACACCACTGTGTTGCCTA FAM
CT14 CGAGGTTGTTTGTTCATCATTAC GATCTCAAGTCAAAAGGTGTC HEX
CP2 GGAGCTGCAATATTGCTG GTTAGGGAAGCATCTCAC TRAMA
Q19 CATTAGCTTTTACGCAGTGTCG TCGTCCATCTCCTCCATCTTT ROX
PD53 CTCAATCTTGGGCTCTTTGG GTTTCTTTCAGCTAGCCTTTGTCTCGG FAM
C2 GAGCCATTCCCTTTTAGAAT TTGAAAACCGGTATAGTTCG HEX
PAS83 TGCTGTTGGGTCTCTCTCCT GTTTCTTCTTTGTGGAGCGCAGAGTTT TRAMA
K009 GTAGGGAAAAGCACAAGGAT AGAAAGCAAGCAAGCATAACATAAT ROX
TTAN itk 143
Scenario | y Scenario 2 Scenario 3

N3 NI N2 NI N2 N3

Hf44 $f4s
Scenario 4 Scenario 5

N2 N3 N1 N3 N2 NI
NI 0, FoRIURURIERE N2 200, FOR Ut AR N3 2 200, FORWIILE BRI 3 RYARR (L B3R HEAL Y S e U
N1: Blue, Beijing cultivated populations; N2: Green, Beijing wild populations; N3: Red, Yichang populations in Hubei. Positions of the three
populations indicate their evolution time
1 DIYABC /Tl S M MB B A L=

Fig. 1 Five dynamic historical scenarios for chestnut populations in DIYABC
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2.1 FHEHEESHUEST

A6 AR SERNHE A 8L AR, SR Rk
(Na) A B R R (Ne) . Shannon’ s 8 54 (1) .
W 2 B (Ho ) ER A6 JE (He) DL B3R 0 B0
8 (Fis) F-¥{E 43 )4 3.330,2.064 ,0.768 ,0.398
0.404 F110.011 (F3) . 21025 BF Ak b SERh 0 45
#3 WEMBMEESEY

Table 3 Genetic diversity of chestnut populations

o7 FE PR AT 3850556 S TR E0RD Shannon” s 2 R4 48
O 2 m T IR , B 2R N FE (Na=
5.500; Ne=3.482; I=1.208) . 7 HEAA[) Shannon’s

B BCEIE o = £ RSFRE , S A IR (R AT
225 AR ORAT T i m AL 2R, DU
B LB R B A A S b R O S A R A
fIKF 0, 150 B B0 3 Al e 5 JH Al ol A8 1) 3 50 A
flR(#£3).

P S AREFNSENEL  Shannon’ s T84 W A WA S i BV
Populations Na Ne Ho He Fis
WILEE YC 2.688+0.740 b 1.656£0.392 b 0.640+0.168 b 0.303+0.087 a 0.332+0.083 a 0.069+0.097 a
LIHBFHLS 5.500:£0.890 a 3.482+0.577 a 1.208+0.196 a 0.477£0.091 a 0.552+0.085 a 0.137+0.089 a
AR X YRR SZL 2.875+0.455 b 1.962+0.332 b 0.726+0.131 b 0.447+0.086 a 0.400+0.065 a ~0.118+0.094 a
B XRILISF HSS 3.063£0.452 b 1.766£0.235 b 0.683+0.110 b 0.448+0.091 a 0.386+0.062 a -0.110£0.111 a
AR AR 2E b BLY 3.188+0.526 b 1.831£0.272 b 0.693£0.130 b 0.408=0.088 a 0.376=0.068 a -0.077+0.089 a
MR =AMEILT 2.813+0.421 b 1.816+£0.271 b 0.677+0.123 b 0.333+£0.072 a 0.379+0.066 a 0.092+0.112 a
B XK1 DYS 3.188+0.476 b 1.933+0.298 b 0.748+0.129 b 0.369+0.079 a 0.401+0.066 a 0.110+0.104 a
SF-45 Mean 3.330+0.233 2.064+0.142 0.768+0.056 0.398+0.032 0.404+0.027 0.011+0.038

[l —Z A [ # /N - BT 22 50 M i B2 K- (P fE < 0.05)

Different lowercase letters in the same column represent the significance level of ANOVA (P value<0.05) ; Na: Number of alleles; Ne: Number of

effective alleles; /: Shannon’s index; Ho: Observed heterozygosity; He: Expected heterozygosity; Fis: Coefficient of inbreeding

2.2 FHEHEESLO

JL PR 6 AN [] R 1] 1 22 52 AN K, R 0.237~
1.297, -390 0.547 , F A RPRE ] B SE R A T A A
PR MR SERNEE R st 1% 7L R ECH 0.162~0.514,°F

R4 WEFBFEMBEESNREIERR

¥4 0.232, HIHLE B (YC) FILL I8 (HLS) Fh e S

HARFREEI] 3R AL AR K, Fse>0.32(564) .
AMOVA 25 5L B | M SEFp O B] 152 4% A8 5

AR S 1 42.30% , B AL AR S R S5 57.70%

Table 4 Genetic differentiation coefficient ( Fst) and gene flow (Nm) between chestnut populations

P WAL E & LS AR BaXBILSE O R ERER A BRI
Population YC HLS SZL HSS BLY JLT DYS
Wk EE YC — 0.284 0.248 0.239 0.237 0.243 0.260
£188SF HLS 0.468 — 0.513 0.474 0.489 0.472 0.509
AR X PUAERE SZL 0.502 0.328 — 1.142 1.297 1.028 1.255
A K BILSFHSS 0.511 0.345 0.180 — 1.028 1.045 1.123
B AR e BLY 0.514 0.338 0.162 0.196 — 0.939 1.185
PR ZASHEILT 0.507 0.346 0.196 0.193 0.210 — 1.295
B XK1 DYS 0.490 0.329 0.166 0.182 0.174 0.162 —

XAERZE T I s e AL B E WA EAE I R R s AR 5 )% 1

Left below the diagonal is the genetic differentiation coefficient (Fs¢), and right above the diagonal is the gene flow (Nm). The population name is

the same as Table 1
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(P<0.001) (3%5), RUIMEGT RN BB 04 3 Mantel I 25 SRR W], A SEMRE ARG IR 5
T REGRTE], FREEE] FORAE AR AL AL B BRI RS 22 8] G 12 25 AH G (R=0547 , P=0.160) (151 2)

x5 WEMBNITAESNW
Table 5 Molecular variance analysis (AMOVA) of chestnut populations

-+, S . (L e
R g O %%Eiﬁ FEEI (%) gf’éﬁﬂﬁa#& . Pl
L Variance Percentage of Genetic differentiation
Source of variation df Sum of squares o . P-values
components variation index
FEfAR[E] Among populations 6 584.017 5.751 42.30 0.4230 <0.001
TEM A Within populations 102 800.332 7.846 57.70 <0.001
S Total 108 1384.349 13.598
§ j;gz : y=0.1 307x.| 04724 % 2.3 ﬁﬁiﬁ{%%*ﬂﬁ*ﬁ
é e !riz—ﬁol.]:;}? K-select 7341 2& B K=3 i} ) Delta K {& fz = (1]
£ 2000} 3A), FR M Structure 73 Hr4E R 7 AR ERR HE 5 4%
S sy ? HFTT 520 341 IR (YO RSl — 41
g 1000y Z1IRSF (HLS) B A= MR S O — 21, AR SR Oy
;go.sonh | | A | | (I 3B).
0 2.000 4.000 6.000 8000 10,000 12000 : 4 . =
HiHPF ] Geographical distance UPG\MA *Xj‘ %% 5 Stj;uCture zn A2 s Ho=
) EFmEAEtEBEatEEgEcsy (YO FBOAIER, SRR T 3C).
Fig.2 Correlation analysis between geographical distance AL LTS (HLS ) #pie S5 HA R T . FE A4
and genetic distance for chestnut populations i (PCA) F1 F= AL B3 20 #r (PCoA) 45 H 14 5 Structure

iR, SRR 3UL(E4)

A B
150 Delta K=mean(|L"(K)/sd(L(K))
A\
; A
100 3 0.
2
) Zo
g \ d:
8 50 &
H b
=
0 I T
2 3 4 5 6 7 8 9 YC HLS SZL HSS BLY ILT DYS
K
C D
LT
DYS
HSS
\—IZSZI,
BLY
&5 HLS
YC
T T T T 1
0.80 0.60 0.40 0.20 0

L B E Genetic distance
A5G RS IR 15 AR LTI KB AT s B ARSEHE LM S0 A 4558 C AR SR 260 s D ARG R I
Abbreviations refer to Table 1; A: K values of structure analysis; B: Results of genetic structure analysis; C: Cluster tree of chestnut populations;
D: Photo of one old chestnut tree
B3 REMBEREBEEEWSN

Fig. 3 Cluster analysis and genetic structure analysis of chestnut population
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A B
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- » S7ZL
. - HSS
1 .} *BLY
& <JLT 4 < HLS
s . - DYS 3
= o, . 2
0f—opw o1 +YC
e = 0
o, & -
¥ o Yo, |
1 -3 g?ﬁ. DYS
-4 SZL e
. | | - L e LT
-1 0 | 2 -5 -4 -3 -2 -1 0 1 2 3 4 5
PCA1 Coord.1

TETRBNA A LRI 3B FAAR A7
Abbreviations refer to Table 1; A: Principal component analysis; B: Principal coordinate analysis
B4 IREMBHERS DI ELIRSH

Fig. 4 Principal component analysis and principal coordinate analysis of chestnut populations

24 FHEHNKESE R DT LR (1 6), B (YC) R/l 17 £1
FERFTAC AT AR A S ATl R SE (HLS) R BE L ) 232 X 3 AN (JTL) Fn 2B 1 =5
U1 33545 (DIYABC) , #2 4 Structure 1 UPGMA  (HSS) FiETES .
RS ST RS R N1 2TIR S A=
M SRR A N2 B IA0 B BRI N3 250,
WE S gt . ARPER RIS R 503 1)
Ja WHER I, 4 0.454, R B35 3 8 et it
AL (B 5.3 6) . MBI A N1 N2 F11
N3 A BRI R /N3 5128 1220, 1900 F11910, #H.5%
FIHE NA A 0P HE RN R 80105 I8 5T PR ZH FhAE Y
SrALmsta] (ta) A7 2660 1%, B 31920 4F 2 i (LA 12 4F
R —AHEAR) 5 A A E AR E AR SRR ] (¢d) Ry
6920 1%, Bl 83040 4= 2 Hij
Treemix 474 5 5 Al R 22 1) 2 DR 37 450y 5 EF DIVABC TR MIE L FIFRE
2, 3? H %%% A {ﬁﬁ 7[511: M@?U It . *ﬁ%ﬂ‘ﬁlﬂjﬁ f'ETJ 4 Fig. 5 Optimal evolutionary scenarios in the DIYABC

simulation models

6920
td

2660
ta

0

&6 DIYABCHISA ARt EHFEBRMIT

Table 6 Posterior probability of five historical evolution scenarios in the DIYABC analysis

Jr S HF1 Hif2 HF3 Hit4 HF5
Number of posterior tests Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5
75000 0.011 0.297 0.473 0.089 0.131
150000 0.009 0.295 0.467 0.092 0.138
225000 0.008 0.293 0.463 0.092 0.144
300000 0.007 0.292 0.460 0.093 0.148
375000 0.007 0.294 0.455 0.094 0.151
450000 0.006 0.296 0.450 0.095 0.153
525000 0.006 0.298 0.446 0.096 0.154
600000 0.006 0.299 0.443 0.097 0.155
675000 0.006 0.300 0.441 0.097 0.156
750000 0.006 0.301 0.440 0.098 0.156

J5 B R Posterior probability 0.007 0.296 0.454 0.094 0.149
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. Y T ~0e - SHsS
.5 0.5
IBI,Y ) DYS
\ 0 e )
ﬂ\\lms P —HLS
s \ 10se.

 rr—— — 1 3 L

0se. ——IHLS BLY

0 2000 4000 6000 8000 10000 12000 14000 0 2000 4000 6000 8000 10000 12000 14000

Drift parameter Drift parameter

HFEFEZIR . AR 1A SRR R B (LL20) s B 7R 2 450 S BE R i 4k i (21 (20)

Abbreviations can be found in Table 1. A: Showing one gene flow event (red line) ; B: Showing two gene flow events (red lines)

B 6 tRIEMEL BT LA Treemix 5347

Fig. 6 Treemix analysis showed historical migration routes between chestnut populations
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XA S %) b 3 G A AR B0 2 g s B
YR A8, B AR — H = A IEYE , {0 )& Cheng
SR R I A Al S 32 3 A AE P R L X
AL —H7 . A5 AR X, JE L=
PRI R LA b IX S v AR St A% AR Y A Al
Hs UL RIZ Y B EERE T s (B A i 5T R B
VU B b X R A S s AR AR A O B A AR S
(IR 53 A7 B AT AP ARER , — S 2 TR D)1 b AR
G0 ot e R AR L XGE R, A i = VY R X,
ZUFFE B 5 03— SRR S AT E R VI e LU X i
W ATE R LK A, 4% BHAE DS F ] cpSSR A
TCA AT T MR S A e B S AR L A R L 25 U
P& 10 25 Mok B D AT e SR R T 2R 04 R RE T A TR A
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