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Genetic Diversity Evaluation of a Rare and Endangered
Species Phoebe chekiangensis
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Abstract: Phoebe chekiangensis is a rare and endangered species in China, and investigating its genetic
diversity and genetic structure of populations provides a scientific basis for the effective protection and
utilization. In this study, 15 pairs of SSR markers were used to analyze 175 germplasm resources from 10
populations by capillary electrophoresis. A total of 114 alleles (Na) were detected, with an average of 2.371
effective alleles (Ne) per primer pair. The polymorphic information content (PIC) of the SSR primers ranged
from 0.323 to 0.844, averaging 0.629. The populations exhibited a moderate degree of genetic diversity (Ho=
0.621, He=0.478). The inbreeding coefficient within subpopulations (Fis) was —0.237, while the inbreeding
coefficient for total population (Fit) was 0.082, indicating a high rate of heterozygosity. There was substantial
genetic differentiation (Fst=0.275) and limited gene flow (Nm=0.763) among populations. Analysis of
molecular variance (AMOVA) showed that inter-individual differences within populations accounted for 78.7%

of the total variation (P<0.001). Population structure and cluster analysis divided the 10 populations from
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different provenances into three groups, with some evidence of gene introgression between populations. Habitat

fragmentation and human disturbance are likely the primary reasons of endangerment for P. chekiangensis. To

protect its genetic diversity of P chekiangensis, measures by combining in situ conservation and ex situ

conservation should be implemented.
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Table 1 Geographical distribution of P chekiangensis

populations
I FeAR 2 (°) i ()
Population Sample Longitude Latitude
number
TLFEE4 JX_DX 15 117.7463 28.9432
YLPGZEN IX_WY 30 117.0664 29.4594
YLPEpS 1 IX LS 7 115.9942 29.5326
TLVE A3 IX_SC 30 116.3421 26.3143
RN IR AR SV 12 120.1362 30.2657
WRVL T 2] NB 11 121.8012 29.8103
WriTAABA ZJ_SY 10 119.4122 28.3970
LRI AH_QM 30 117.7322 29.8543
WiJLEI HB. WH 15 114.4297 30.5505
WiFER X HN_WG 15 110.6347 26.6784

JX_DX: Jiangxi Dexing; JX WY Jiangxi Wuyuan; JX_LS: Jiangxi
Lushan; JX SC: Jiangxi Shicheng; ZJ HZ: Zhejiang Hangzhou;
Z)J NB: Zhejiang Ningbo; ZJ SY: Zhejiang Songyang; AH QM:
Anhui Qimen; HB_WH: Hubei Wuhan; HN_WG: Hunan Wugang;
The same as below
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Fig. 1 Wild resource habitats of P. chekiangensis
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Table 2 Information of 15 pairs of SSR primers
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Primer Forward primer sequence(5'-3") Reverse primer sequence(5'-3") SSR motif - Tm Product

length
Pc06 AGCCCCTTAACCCTAACCCT CGGGTAGTTGTTGTGCCTCT CT(6) TAMRA 59.87 193
Pcl0 CGAGATATTTGAGATTTGTAGGCCA ATGCCAATGCGATCGAAAGC GC(7) TAMRA 59.00 228
Pcl13 TGCAAAAACCCCCTCCACTT TCGTAGACGAAAACCCTGCC TCG(6) HEX 60.00 242
Pcl4 GGGAGGCATCTCTTACTCGC CCACGGGAGATACCACTTGG CGC(6) HEX 59.96 242
Pcl6 CTAGTCGGAAGCAGAGCTCG ACCATTCCCCAAACAGTACCC TCG(6) HEX 59.97 246
Pcl7 TCTGAGGCCATGTTTCGGAC GCGTTTGTTTAGGTCTCGCC ACG(5) HEX 60.04 249
Pcl18 TGCAAAAACCCCCTCCACTT TCGTAGACGAAAACCCTGCC CT(8) FAM 60.03 254
Pc19 GGACCTCTCTACGGAGTTCCA GCCATTCATTTCTGGTGGGC GCC(7) FAM 60.34 255
Pc24 GCTTCTTCTTCGCATTCCCC GCCGCCGCCTATTCATTTCT ACC(7) FAM 59.27 272
Pc28 AGTGGTCTGAATCACCAAACCA TGGGTTGGAACTTGGAAGCA CG(7) FAM 59.83 273
Pc45 GGGAAAAGACAGACAGGGCA CAGGCCCTTTCACCTTTTGC ATCTG(5) TAMRA 59.89 176
Pc71 TCTTATGGTGAGGTCTCCAATGT GCAAGATGCGCAGATTTCTCT TTTTC(5) FAM 58.90 267
Pc73 ATCATGGTCTTTGTCGCCGT AGTCGGATGATTGTCAATCCG AAAAG(5) FAM 60.04 272
Pc81 GCTCCAACATGGGATTCACG GGATCAGCTTTGTGAGTTCTGC TACA(8) TAMRA 59.27 158
Pc96 CCCTCAACAAGGCCTCATGT GTGGGATCGAGAGGCTGATG GAT(8) FAM 59.96 254

155 BT IR R R R TRy A U

The numbers in parentheses represent the repetitions of SSR motif
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Table 3 Results of polymorphic analysis using SSR molecular markers

(A MIMSFALEEN A RBEEAIEN Shannon fr; L FE 4L WL 245 BE WA ZEFEE S
Locus Na Ne 1 Ho He PIC
PCo6 3 2.231 0.772 0.700 0.490 0.572
PC10 8 2.374 0.858 0.766 0.508 0.604
PC13 4 1.364 0.352 0.219 0.217 0.342
PCl14 3 2.010 0.687 0.761 0.470 0.542
PCl6 7 2.455 0.928 0.691 0.559 0.637
PC17 7 2.164 0.585 0.219 0.311 0.717
PC18 6 1.310 0.333 0.176 0.196 0.323
PC19 12 3.678 1.377 0.859 0.708 0.844
PC24 13 3.150 1.183 0.858 0.636 0.804
PC28 6 2.939 1.057 0.969 0.625 0.747
PC45 10 2.662 1.048 0.763 0.585 0.768
PC71 12 1.763 0.519 0.238 0.287 0.515
PC73 6 2.029 0.660 0.437 0.395 0.590
PC81 7 2.620 0.969 0.839 0.576 0.664
PC96 9 2.814 1.095 0.818 0.611 0.758
Y1 Mean 7.6 2.371 0.828 0.621 0.478 0.629

Na: Number of alleles; Ne: Number of effective alleles; /: Shannon’s diversity index; Ho: Observed heterozygosity; He: Expected

heterozygosity ; PIC : Polymorphism information content; The same as below

2.2 LB REE SN

WA 10 A BER ) 5L Z AR A AE I B 25 57
(F4) AN [FTRER I LI 2557 56 DR 85 (Na) 7228 A3 Bl
R 1.800 (WYL T W VLA PH ) ~4.400 (V175 255 ,

S Ry 3.047 5 7 505 A 3k B (Ne) AR Ak [k
1.692 (W VT HA BH ) ~2.972 (VL. PG #8824 ), S Ky
2.371. Shannon {5 .48 %% (1) 22 LI [ 4 0.449 (i
LT ) ~1.164 (VLPETEXS ) F13{E 2y 0.828, WL



570 Mo ow fE

LA S S 26 &

ZA T (Ho ) A ARFE I A 0.410 (G R X)) ~0.749 (4
BABTD) M 4 0,621, WIBEZE FE (He) A8 ALTE
FEl R 0.297 (WL 7% ) ~0.6 16 (VTP 24 ), SE-341E Ky
0.478. WA (He) SV FIr BEIAR B AL ZRENE )
TEE bR, TLPG SRR R 0 4 A e, HHL
R4 ITHEBEEESEEER

A 5% 57 BT L (Ne) . Shannon 15 B 48 21 (1) ¥ i
K, FR B VL VG FE SRR AT i = i it A% 2 5 1
WL T B B B B2 24 45 i (He ) F1 Shannon {75 B 48
B (DAL, RHHBHE A R AR, X T e 5 LR
(AT YU S

Table 4 Genetic diversity indices of P. chekiangensis populations

TN PURIIESZ g5

AR

Shannon {5 B 5% S A 45

ARelx

Population Na Ne 1 Ho He

VLPYfEX JX_DX 4.267 2.972 1.164 0.622 0.616
TLPYZEIR IX_WY 4.400 2.701 1.010 0.631 0.535
JLP) I JX_LS 2.400 2.084 0.704 0.670 0.433
TLPEAHE IX_SC 2.933 2.447 0.885 0.639 0.541
WHTHMN 2] HZ 3.000 2.544 0.881 0.666 0.498
WL T Z] NB 1.800 1.698 0.449 0.511 0.297
WILFAPH Z2) SY 1.800 1.692 0.484 0.646 0.338
LRARTT AH_QM 3.000 2.616 0.940 0.749 0.558
AL HB. WH 3.067 2.551 0.901 0.666 0.515
WX HN_WG 3.800 2.405 0.863 0.410 0.451
HJ{H Mean 3.047 2371 0.828 0.621 0.478
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SR A, 4 A0 IEAE, 2 BT VLA R R B R
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Table 5 Genetic differentiation coefficient and gene flow
of P. chekiangensis population

(VA=Y RERNIERE BRI SE BRI SME B
Locus ZRFis ZREFit FEH Fst Nm
PC6 -0.428 -0.087 0.238 0.799
PC10 -0.508 -0.180 0.218 0.899
PC13 -0.010 0.256 0.263 0.700
PCl4 -0.622 -0.248 0.230 0.837
PC16 -0.235 0.016 0.203 0.981
PC17 0.296 0.707 0.584 0.178
PC18 0.104 0.301 0.220 0.885
PC19 -0.213 0.001 0.177 1.165
PC24 -0.348 -0.018 0.245 0.771
PC28 -0.551 -0.254 0.191 1.056
PC45 -0.305 0.047 0.270 0.675
PC71 0.172 0.551 0.458 0.296
PC73 -0.107 0.328 0.393 0.386
PC81 -0.457 -0.152 0.209 0.946
PC96 -0.339 -0.041 0.223 0.871
Y Mean -0.237 0.082 0.275 0.763

Fis : Individual inbreeding coefficient relative to subpopulations ;
Fit: Individual inbreeding coefficient relative to total populations;
F'st: Subpopulation inbreeding coefficient relative to total populations;

Nm: Gene flow net migration
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Table 6 AMOVA of populations of P. chekiangensis

A AR FI Iz ¥y B 22 By 55 A (%) PlE
Sourceof varition Mean of square Sum of square Mean of square Estimated variance ~ Variation ratio P-value
TR IE] Among populations 9 402.766 44752 1.199 213 0.001
TN Within populations 175 777.500 4.443 4.443 78.7 0.001
St Total 186 1823.277 5.642 100
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Fig. 3 Structure analysis of P. chekiangensis with cluster number (K=3)
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Fig. 4 Dendrogram of P. chekiangensis populations based on genetic distance
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Table 7 Genetic distance among 10 populations of P. chekiangensis

N TEPYEERS LR TLPNBER TORONIL WHTADM WL WO IO KRG B
Population JX DX HB WH JX WY JXLS 7] HZ 7] NB 7] SY JX SC AH QM HN WG
TLPHE4 IX_DX 0

LRI HB_WH 0.143 0

TTPYZEHIX WY 0.194 0.145 0

JLPG) I IX_LS 0.368 0.401 0.381 0

WM 2] HZ 0.296 0.327 0.248 0.056 0

WL T Z] NB 0.350 0.391 0.253 0.496 0.243 0

WITHAH ZI_SY 0.603 0.782 0.780 0.663 0.656 0.767 0

TLVE A3 IX_SC 0.326 0.420 0.400 0.699 0.603 0.626 0.831 0

AR AH_QM 0.336 0.364 0.435 0.352 0.338 0.494 0.548 0.498 0

WX HN_WG 0.408 0.716 0.732 0.738 0.702 0.721 0.502 0.667 0.724 0

3 itie
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