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Abstract: [Objectives] The Siberian Flying Squirrel Pteromys volans is an arboreal, nocturnal, and gliding

rodent. It plays an important role in the dispersal of forest seeds and the maintenance of ecosystem balance. In
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northeast China, the population and distribution of the Siberian Flying Squirrels are decreasing due to
deforestation and habitat loss. As an important indicator species for sustainable forest management, it has been
listed in the Catalog of Terrestrial wildlife Species with Significant Ecological, Scientific, and Social Value in
China. It has also been listed as “Vulnerable (VU)” in the Red List of China’s \ertebrate. There is an urgent
need to further evaluate genetic changes of the population, especially genetic diversity and gene flow, to
enhance the pertinence of conservation and management. [Methods] From 2018 to 2023, we collected hair
samples from 20, 26, 15 and 27 Siberian Flying Squirrel individuals from four geographical populations
(Fangzheng, Bin County, Weihe and Muling) in southern Heilongjiang Province, northeast China, respectively
(Fig. 1 and Table 1), and evaluated their genetic diversity and structure based on the complete sequences of
mtDNA control region (1 070 bp). [Results] The results showed that 155 variation sites and 67 haplotypes
were detected in the control region sequence of these 88 individuals. In the populations, the haplotype
diversity (Hq) and nucleotide diversity (P;) were 0.992 (0.945 - 0.986) and 1.772% (1.221% - 1.974%),
respectively (Table 2). Only one haplotype (H_20) was shared by two populations (Bin County and Weihe),
and there were 52 haplotypes with only one individual, and the proportion of rare haplotypes is 77.16% (52/67)
(Figs. 2 and 3). The genetic differentiation coefficient (Fsr) and gene flow (N,) between populations were
0.051 3-0.135 7 (P < 0.05) and 3.19 - 9.24, respectively (Tables 3 - 5). The Mantel test indicated that
genetic and geographic distances were not significantly positively correlated (r = 0.413, P > 0.05).
[Conclusion] The genetic diversity of the populations was at a high level, among which the Weihe and Muling
populations were the highest, followed by the Bin County population, and the Fangzheng population was the
lowest. This may suggest that the Changbai Mountains were the refuge for Siberian Flying Squirrels during
the last glacial period. However, the high proportion of rare haplotypes indicated a risk of declining genetic
diversity of the Siberian Flying Squirrel population in the future. There were significant moderate levels of
genetic differentiation among the four populations, and the distance isolation model could not effectively
explain the current population genetic pattern. The phylogenetic tree constructed by maximum likelihood,
Bayesian inference method and haplotype network indicated that there was no obvious phylogeographic
separation among the four geographic populations (Figs. 2 and 3). This result implies that the geographical
barriers between the populations may be recent. It is suggested that conservation efforts for the Siberian
Flying Squirrels should be improved, and that habitat restoration and ecological corridor construction should
be carried out in the field, to improve gene exchange between individuals and accelerate population
restoration.
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Table1 Information about collected samples

ME#E (ind)

WHIEH X TRE BUR A i 3R AL bR
Stud Populati Geographic locati Number of Coordinat
ly area opulation eographic location individual oordinate range
MRIBTETTER JriE R AR AL 20 45°40'51" - 45°55'37" N
Fangzheng County, Fangzheng Northeastern Zhangguangcai 129°09'03" - 129°34'41" E
Heilongjiang Mountains
RITA R FEH G A DAL 26 45°30'00" - 46°01'01" N
Bin County, Heilongjiang Bin County Northwestern Zhangguangcai 126°55'01" - 128°19'01" E
Mountains

FRITAE S ML) i KT AW A 15 44°47'16" - 44°49'34" N
Weihe Forestry Bureau, Weihe Southern Zhangguangcai 128°21'39" - 128°22/55" E
Heilongjiang Mountains
RIETLA BRI 2 LA TR 27 44°19'59" - 44°24'00" N
Muling Forestry Bureau, Muling Southern Laoye Mountains 129°51'54" - 130°10'59" E
Heilongjiang
B sk FHA R molecular variance, AMOVA), #4171 000 IX

FIH Arlequin 3.11 (Excoffier et al. 2007)
THEMRE A L R E (Fsp), RIBAR
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GenAlEx 6.0 (Peakall et al. 2006) Mantel £ 5%
Sy HTRREIA) B AL BE 552 5 S Hh B PR B AR O, gt
FRBE B Fer/(1 - Fgr), HUER PR 28 S F 3 5] (4 B
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3% 10°4%, & 100 ARIFE—1k, &FFHT 25% 00

ZACKEA,  FFHH L35 S0 ME A P & 15 AU

XRFFR . RN 50% L0 ERISCREER, FERtiEl

BEEAT AL . HET H BE R (median-joining,

MI) VEAE Network 4.6 (Bandelt et al. 1999) #&

A rhORE S8 SR FRLAE L AT IR 2% IR 2

2 R

21 IR gk B A

ANTRER 4TI 88 ANFEA 145 I X 42 7

13574 1070 bp, 4 Rl EE & & AP E 5N
A31.9%. T30.8%. C26.1%. G 11.2%, A+T

TR (62.7%) HEST C+GHE (37.3%),
P il X 42 7 A1) R U B AR S 155 A4S, =
W25 B A 110 4y, B—AR A7 1 45 ),
B SER LUAE N 4.7, B TR, B 7
AT ST AFAESR AN B o

1E 88 MEA PR 67 MEAEH, J71E.
sEE WA 4 NP RIE 17, 15, 13
A1 23 AN EAE R A o (RS R H 20 A=A
FI R ILE, A 66 NS R N S A EE
Frfsh . AR IREARS D N 1~ 44,
H i 4 3 DMFERPIRERE 2 4, 2
ANFEARIIREEE 114, HA 52 M5
RA VFERITE, 5 RS 77.61%.
FhEER AL ZREMESHUE R, 4 AN/ KRR
BAERIZ RN (He) N 0.945 ~ 0.986, kN
0.992; HRZFENE (P) N 1.221% ~ 1.974%,
BN 1.772%, FHrr, ZEI AR P R e
FEAMBIRZ, HIEMBRMIK (& 2).
22 BESERAHERF

FTEHIX 4541 1070 bp TRl )5
FER RS (Fsr, R 3D , /NER 4 AN hEE
T ()35 IR s ik (P <0.05) o H
W, JTIESEBRFEEND Fer ik K, ®ES
JiIE . EEAEFEEEM For IR, FEi 55
B HiE. BB Fs H&/D. 57T
BT H (AMOVA) 4R ER (R4,
8.17%MH) 73 ¥ 7 AL TP HEIH], 91.83% 1) 4> F
o A o S I L S A B G R R T

x2 NERBHBHBERBESHEGER
Table2 Theinformation on genetic diversity of different geographic population

of Siberian Flying Squirrel Pteromys volans

g HAR (ind) AR DI B MR FEE BTN Tajima’sD  Fu's F
Population Number of samples Haplotype diversity  Nucleotide diversity (%) Number of haplotype
77 1E Fangzheng 20 0.984 1.221 17 - 1.306 -3.967
$EEL Bin County 26 0.945 1.698 15 -0.307 1.376
#57] Weihe 15 0.981 1.974 13 -0.973 - 0.948
£ #;: Muling 27 0.986 1.907 23 -1.293 - 4.385
411 Total 88 0.992 1.772 67 - 1.479 - 33.816
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Table3 Pairwise genetic differentiation coefficient Fsr (below diagonal) and corresponding P values
(above diagonal) between Pteromys volans populations
F#E Population J7 IE. Fangzheng F 4 Bin County #53] Weihe FH Muling
J7 IE Fangzheng <0.001 0.018 <0.001
5 5L Bin County 0.097 5 0.027 <0.001
%7 Weihe 0.052 2 0.0529 0.036
4% Muling 0.1357 0.077 2 0.0513
F4 DERHBENSTFERIH
Table4 Analysisof molecular variance (AM OVA) among Pteromys volans populations
AR AR H H Rt ZRHor BRESE (%) i %€ 2% Fsr P {fi P-value
Source of variation df Sum of squares ~ Variance components Percentage of variation Fixation index
FhEEIA] Among populations 3 83.413 0.845 62 8.17 0.0817 <0.001
FfH PJ Within populations 84 798.155 9.501 85 91.83
KAk Total 87 881.568 10.347 47 100.00

(Fgr=0.0817, P<0.001) . ¥ Fer it H
FEE R AL R N oA 3.19 ~ 9.24, Bk 1) 5
KRBT 1 (R 5) . Mantel FI83RAH, 7
KRB (RS A RE T S R B R A
BERIEMASE (r=0413, P>0.05), iU
28 B RN B AR /N BRI R E AT
6 53 BT B o
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AL, 4 AP A () B4 B35 2 IR A4 4y
A, FRWAHIT T DX /N R N 30 AR T ik
BRI R GRS R . B AL 4% e R K45
RGN B, R BRI R RS
AR, AN H_20 o= B A= ] A 3k =2,

H A RERIY RS BRI, K2H0n
RN 1 ASREAR G A1 1) W A5 A5 A
(77.61%) (K 3).
2.3 FREEY TR T

BTG o> A B, BETC 20 A LT S 000
(K 4), H Tajima’s D fll Fu’s Fg i A
B (P>0.05) ((2), RE/NERALT T
BRI S, (HARZ R AR K.
3 Wi

B A 2 R 1 R AR ) 2 1 ) B A D
gy, HOKP TR 23 A b J=) vl 48 7R P
(RCIR S FE, SRR RIEA ST e A0

HEAL T T ARAE, B R RR I TAE 1) 3 1
(Frankham et al. 2010, T K% 2017). HfgH

K5 ANKRABEKERR (Nn, WNAKT) SHUBEER (B4 km, MALED
Table5 Geneflow (N, below diagonal) and geographical distance (Unit: km, above diagonal)
between Pteromys volans populations

Fh#E Population 77 IE Fangzheng F£ 5 Bin County 257 Weihe 24 Muling
J7 IE Fangzheng 139.8 133.2 183.6
55 Bin County 4.63 115.9 253.9
#571] Weihe 9.08 8.96 147.1
B Muling 3.19 5.98 9.24
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Fig. 2 Maximum likelihood (a) and Bayesian inference (b) phylogenetic treesfor Siberian Flying Squirrel

Pteromys volans based on haplotypes of mtDNA control region

H_1~H_67 A/NCREBAE A RR, B3 TG 355 R R R sL S T R A RE (R TRTAR: F. D7 IERPRE: B.

BRI

FEELRE: WO SEIRREE ML B2

H_1 to H_67 are haplotype names of Siberian Flying Squirrel, and the letters in parentheses indicate abbreviation of different populations: F.

Fangzheng population; B. Bin County population; W. Weihe population; M. Muling population.
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Fig. 3 Haplotype network for Siberian Flying Squirrel Pteromys volans based on mtDNA control region sequences
H_1~H_67 NN CREAHEHK, NS0 BEERRR G, MEFRRBLH.

H 1 to H 67 are haplotype names of Siberian Flying Squirrel, small hollow circles indicate missing haplotypes, and short bars crossing network

branches indicate mutation steps.
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Fig.4 Mismatch distribution for Siberian Flying
Squirrel Pteromys volans populations based on

mtDNA control region sequences

ZRME (Hp MIZERZEME (P 24
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WAL ZFE MRS S ONRS R (Neigel et al. 1993, 1
JEEE 2019, HFrREE 2022a, 2023). HEL#E

W (Hg=0.305; P;=0.048%). &k
ZRIBT (Hg=0.700; P;=0.127%) F1252% (Hq
=0.642; P;=0.156%) /)N K FEE mtDNA %
Hl X 45 5 (Nummert et al. 2020), ASHF 7 FhEE
(R3eiAL ZREME S (Hg=0.992; Py=1.772%),
FEER S AR A (Hg = 0.5) FIEitr
FRZFEVE(P; = 0.5%)(Grant et al. 1998, Yuasa
et al. 2007) 38 BH B p VT 48 Fa H /N & BRUFI R
BEZFEEECONEE. R, 9T BRI
ZEREIR, H 91.83%MBREREEN IS, 12
8.17% M)A SAFAE TR (A], R Bt/ RO
PR A A R IE B RE ) AT IE T

CAFERIEFCIN AT, DK IBE X P P e 1) Jo8 A 2 R
B & T HAth A XA EE (Lee et al. 2018, X
BEAE 20200 o HEAMPHEAHLL, AHEFFEER
AU BB G AL Z R, R AT T T Ak
(1K 1 L Bk AT BE /N & ROR R OK BT . 3
T Cyt b EFEMAF AR, DN CERAEAE 3 A
BB R TARER. BOE ARG R
MHAIGEE R (BN 20220). HHAD



24 HBT RS SRV A r 0/ ORI RE mtDNA 25  IX R 8 4% 45 4 © 221

T RFEARLE, i AR S AR A R
i [ A 2 e v 10 588 DX R XY R K1Y
W ZFEME (Oshida et al. 2005, R4
2022a). Oshida 25 (2005) AN, FEEEPUZIK
HHII WO KB o] e A 2 AN/ K RGEEAE AT, UK
Ja /N KGR BB KREALH, 5 TRk
T 4TS R A SR s SR ARG UG E AN R,
PREATG /N B  KHA s A i RT R 5 B T T A A R
MENAE VI B AR SR B e VR A AR A
YIRS R R AR B, TR AR AL R R
AEMRAEIAE AR IR VKR HA AT B A7 E K Ll K R 3
2l . AR N R X A — AN B A X B
(MRS 2017), X—RILEE—5 0 41T
FUPRAL TR SRR, REFIT RN R0 e
& 2 FEIE T BB VS R T8 AE BT RN . S5 T VT
AR IR/ TR AR ORI A B BN A
51, 5 2P RE BN B SR T AFAE 5 0 A
BRI Z R R R RN TR AR
TR, TEBSIRRH, RAEEAR; HIH I
NI RISy, YDA TR, 47
EMFE AT e, DRI 4 S st /N KRRl
TR B S R4 3

AL AR R AR VPN PR B AR S5 A 1)
HERIR (ER% 2017). LSRRI For
B PTAT30 PR AL L AR S, & Fer <
0.05, RUFIHFIAIE AL LSS 0.05 <Fgr <
0.15, K HIMEEAIAELE o 557K [ 18 4% 401k
Fst > 0.15, 3% B BB A7 75 0 B 1A% o0 fk
(Wright 1978, FH#%%E 20200, Fsr M5 R
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R 7D IS S S 2 532 0 o 163 A 235 4 1) g L 2
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55, A AE S 5y 57 B BE B AR B R S 5
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SRR, AR 3 SRR AR 5 4% 4y
WECR, 77 IR 5 5 BT 1) #b 34 PR 58 T
(139.8 km), T —F SR M A HEE T (183.6
km 1 253.9 km), 93— 58 BA AR (R4
AORE BE ] R 52 3] B8 5 A5 R 29 1 DU R
T IEFI R BT AR X 2 2 2k SR A M =k
]38 A K 7 1E - 1 B AR FH o A7 s BELRG , FLARAR
WS 2 I A CHOBTIRSE 2022a) . 4H
X R AN R PR AT AE 0 EAA AKX, 7 IEREE
BLRRHE X S 7 BUR AR X, Ak i 7k
=AW A 52 NN B 52 e 5 E A 2 b A e
B ™ E (Qi et al. 2021), A REFHAS /N K&
P (E] )9 B S 2R R RS U o K T i A2 =6 0] A
FERE PRI AL Z AR s, T IEF s B
AR X LA 1) 32 L i R

TR ) 52 30 2 ()% oA, AR R R T )
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R 2% 00 F A R BRI B B bR
KU EIR/ANRER 4 ADFREEE R A2 3 T
PR, EX R PR i T B2 ia BB . IA
T ) o 20 0 o T B PR B TR R AN 4G, e ]
AT BB B AL MO B R B, 2
T HRZ -k BRIBT AN 22 (/N K SRR e fa]
UL B B B AL A% SR (Nummert et al.
20200 o /N K ERAE R 3 LIRS 5L SR R AT
AR F,  HOME 5 ) 52 3RS AR R 52
M (Lim et al. 2021). ALK, HRILHX 52
N R Ak B S50 R R
LRZERIRM, /N R R PSR
OBt 2 oo, AR A R BILVE 22 AR X HE DLK
ISR CHBRTRS 20210 SR /N K
BEBAE ZREMEBON TS, (HMRE ] 35 1AL
oAk, SRR A X R S AR R AT
S BE LA R v B A R A B B 3512 s /N TR
BEAFE L ZREVE TR RS . B BURRIF R/
CRFHEE . R, R HE R SV
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