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Abstract: Cervus nippon hortulorum was once considered to be extinct in the wild. In recent years, some
small size populations were found in the southeastern part of Heilongjiang province and the eastern part of
Jilin province, nearing the border. Since the habitats of C. n. hortulorum are narrow, isolated and fragmented,
it is an urgent need to further evaluate the genetic changes of the population, especially the genetic diversity
and inbreeding decline, so as to enhance the pertinence of conservation and management. In this study, 673
suspected fecal samples of sika deer were collected from 9 key research areas in Daxing'an, Xiaoxing'an and
Changbai Mountains (Fig. 1). Firstly, species identification was carried out based on DNA Cyt b gene
sequencing technology, and the positive samples were supplied for further individual identification by
microsatellite technology. At last, Microchecker 2.2.3 software was used to detect the invalid allele or allele
deletion of each locus; and Genalex 6.0 software was used to calculate the population average allele number
(N,), observed heterozygosity (H,), expected heterozygosity (H.) and fixed coefficient (F;). A total of 33
individuals (20 in Muling nature reserve and 13 in Laoyeling nature reserve) were identified from 106 fecal
DNA samples of sika deer (Fig. 2 and Table 1). Six variation sites and five haplotypes were detected in the
Cyt b sequence of these 33 individuals. The values of Hy, P;, N,, H,, He and Fis were 0.621, 0.006 7, 7.1, 0.604,
0.712, and 0.152, respectively (Table 1). The results showed that the population genetic diversity of
Northeastern sika deer was rich, but there was also a certain degree of heterozygosity deficiency and
inbreeding (Table 1); the population experienced bottleneck effect in recent years, without population
expansion (Table 1 and Fig. 5); there was no genetic differentiation between populations, which could be
protected as a management unit (Table 2 and Fig. 3, 4). It is suggested that the individuals with rare
haplotypes should be taken as the key point in monitoring and protection, and the artificial bred populations
should be released in the field at the right time, so as to improve the gene exchange between individuals in the
field and accelerate the population restoration.
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REFEFE 673 10 (B Do UUMIFh o F55E, i
MRS IR o A o b B R IL A G AR
[X (130°00" ~ 130°28' E, 43°49’ ~ 44°06' N) Fl
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Fig. 1 Sampling sites of this study
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Bureau; WH. Weihe Forestry Bureau; HNH. Huangnihe National Nature Reserve; ML. Muling Taxus National Nature Reserve; LYL. Laoyeling

Amur Tiger National Nature Reserve; YC. Yingchun Forestry Bureau.
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Fig.2 Sampling sites of Sika Deer

ML. BRAIRLELERL AR RX; LYL. ZFEARILRER Y B R R X.
ML. Muling Taxus National Nature Reserve; LYL. Laoyeling Amur Tiger National Nature Reserve.

A-3" (Kocher et al. 1989, Irwin et al. 1991)
ITFER %€ . PCR MNARZR 50 pl: 1 U/l
KOD FX Neo DNA polymerase ( Toyobo, Japan)
1 pl, 2 x Buffer for KOD FX Neo 25 ul,
2 mmol/L dNTPs 10 pl, 10 pmol/L L14724,
H15149 %% 1.5 ul, 10 ~ 30 ng/ul DNA 2 ul, PCR
grade water 9 plo ¥ 251F: 94 C AR 2 min;
98 ‘CAE 10 s, 59 CiBk 30 s, 68 CHEf
305,35 MEFF: 85 68 CHHAESH 10 min, 4 'C
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2% 2% PCR ¥ s, SAMLAHT 3 ~ 4
WRBHPEY 3G, B e 2R 8 (Bellemain
etal. 2005). PCR #)F ABI 3730XL il 71X
4R, L Genemapper 4.1 (3E[E Applied
Biosystems 2 7)) T & AL 3L R KN . B
Excel mircosatellite tool kit, 3#&EHEHAHILHEL
FR 3 R Y Kﬂﬁuﬁuﬁﬁﬁﬁ s 10 2k PR R A [R] B
ﬁ AL R — AN AR AR Z R H N
— MK (Bellemain et al. 2005) . fi H
Microchecker 2.2.3 (van Oosterhout et al. 2004)
BAFA I AL R AERES M o2 5 TS
A3z 35k [R] Bl A5 7 i PR ik 2 5547 O o BC#F Cervus 3.0
(Kalinowski et al. 2007) 15 12 /M ATk
& P (AN Py fH . #F GenAlEx 6.0 (Peakall
et al. 2006) iJr%‘:ﬁPﬁE‘J%"J%ﬁﬁli& (N2~
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L Ph 2 e AR T 5 R, A
AR E 51 H Clustal X 2.1 #44(Larkin et al.
2007) #47HES. F DnaSP 5.10 # 4 (Librado
et al. 2009) 73 #r Z &4 K% E (number of
polymorphic sites)  HAEMEE (number of
haplotypes ) £ & £ #£ #£ ( haplotype
diversity, Hg) M H 2 £ (nucleotide
diversity, P;) . % Arlequin 3.11(Excoffier et al.
2005) H 5§48 543 HT (analysis of molecular
variance, AMOVA) it &% A48 FeAE PP Ay Fl
FREEE A B O, T SRR 15 A% 0 F-
giit & (F-statistics, Fy), #EAT R ZF A,
FEob HE MR A R R AE B (the number of
migrants per generation, Nj) o

DL PP 3R B I 25 Fh 5 i (C. elaphus) 77
S K50, FIFH MEGA X (Kumar et al. 2018)
3 IR R B A5 B 442 (neighbor joining,
ND. #KfE#) (maximum parsimony, MP).
AR (maximum likelihood, ML) HR%ik
B SR AR KRR R S L B IR B
RABERL T92, die K181 20 B 8 &R J7 7% R H
Subtree-Pruning-Regrafting , H 2% & 56 {5
1000 X E 43513 FIF DnaSP 5.10 3 fF
1+# Tajima’s D 1 Fu’s Fs, SR bk 3%
THOL, BEAT S VEAG N s 255 TR 10 1 JR i
7 (A population growth— decline model) 73 #7

WO/ AT, SRA IR R =S K I 0 (Rozas

etal. 2003).
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55 AL 7 Gy . FET 12 RHMCEE 51 AMA IR
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ZPHER N EE3] Cyt b FEHIKE N 425
bp, HH T. C. A Al G R RIS
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TEEN61%, C+ G HEEN3I%, FEIY
mtDNA AT & & &SRS RIE] 6 438 A7
R YUONEH, AR, fEAEER . 33 K
Mg, L3RS 5 A H£5 4 Hapl ~ Haps, H
FERI AR 350N 54.5% 6.1% 6.1%-
30.3%7F1 3.0%, Hapl F1 Hap4 it # g,
M Hap2. Hap3 F Hap5 A#A AR (K1
A 3), Hrr, Hapl F1 Hap4 NEEMFIZSS
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Hap5 NESTIFHMA (K 1 FE 3. 73l
SINTEE R, WL EA RIS AL 2R, Bk
FhEERAAE R ZREMEFR B Hy = 0.674 £ 0.007 6,
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0.001 18; ¥&4& Hy = 0.621 + 0.065, P; = 0.006 70
+0.000 64, F& T30 TR EHE, 600 2 AR EE
SR FEERE N, = 7.1, MIMEEE H, =
0.604, HWIHIHAE H.=0.712 (£ 1. ZELE#E
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Table 1 Analysis of genetic diversity in Sika Deer populations
PR EEH A Population location
B R X AR X 2{k Total
Muling Reserve Laoyeling Reserve

AMA%CE Number of individuals 20 13 33
(% T K Number of haplotypes 4 3 5
AR 547 540 Number of variable sites 6 6 6
(% T Z B Haplotype diversity (Hg) 0.674 + 0.008 0.564 +0.112 0.621 + 0.065
WA RR 2 #E M Nucleotide diversity (P) 0.006 74 + 0.000 85 0.007 12+ 0.001 18 0.006 70 + 0.000 64

2.08559 (P<0.05)
3.795 (P>0.05)
Hapl. Hap4. Hap5
7.4
0.613
0.735

2.58429 (P<0.01)
2.798 (P>0.05)
Hapl ~ Hap5
7.1
0.604
0.712

Tajima’s D 2.208 35 (P<0.05)
Fu’s Fs 3.006 (P>0.05)
HL5A 43417 Location of haplotype Hapl ~ Hap4
S0 F R %L Number of alleles (N,) 6.8

WL 2445 FE Observed heterozygosity (Ho) 0.595
HWIEE 445 FF Expected heterozygosity (He) 0.689

€ Z# Fixation index (Fi5)

0.136 (P<0.05)

0.166 (P<0.01) 0.152 (P<0.05)

{29 R0 e K ABVIR = b O S5 R AR ABL, I A
TP A I L e I B 2 A T P B R ) % . W R
E i Hap3 &R A5, Hap2 1 Hap5
R E R A5, Hapl A1 Hap4 & FHIX 3 Ff
PR RGEARTTR ) (B 3). TR T I 4
W], Mg A6 JEE )AL AL S - B AR AEFIRE N
TR 8] R a8 73 A FE 2 (Fo) N - 0.056 9 (P>
0.05), R (N ALTHK G& 2). bik

@ BHAhEE Muling population (ML)
@ E55ISFEE Laoyeling population (LYL)

SRR, MEAERE RIS FREE G B
ok, FRBEREE R AS AN E .
24 MBI

KPR A8 0 43 A 9 75 3k R B RE 1 sk kAT AR
S, ARHE AL BB AR 7 47 1) ot B 2
FAI R O AES TC A3 A PR SE 7 , T Bh 2R 22 W 2
W ZR LA e A R v SR 22 7 S TR (1 o e
g5k (B 4). Fu's Fs PRI SR, ML

|

0.001

ML LYL
87/89/90 Hapl ‘ o
86/88/9 Hep2
88/91/89 Hopt @ @
Hap5 ‘ *
————————————— Hap3 i
,,,,,,,,,,, LRE Cer\{us elaphus

B3 ETHRENFIIMENEEERERER
Fig. 3 Phylogenetic tree of Sika Deer based on S haplotype sequences

X BB AR (ND KL (MP) MR BSR (ML) R B 24E, 18] T AR AR TR

The numbers on the branch represent the bootstrap value of the neighbor joining (NJ), maximum parsimony (MP) and maximum likelihood (ML)

tree. The size of each circle represents the frequency of haplotypes.
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Table 2  Analysis of molecular variance

(AMOVA) in Sika Deer populations

= = = iN=A
N B PERR KR
. egree of Variance ~ Percentage of
Source of variation L
freedom components  variation (%)
FREFIF] . 1 -0.078 76 -5.69
Among populations
ﬁ.ﬁw . 31 1.463 03 105.69
Within populations
St Total 32 1.384 26 100
WAL S LR EL

Fixation index Fu=-00569, P>0.05

04 -~ WEMISH 2R Observed frequency

g 0.3 — HEE4R Expected frequency
§ 0.2
£
0

12345678 91011121314151617181920
25X Pairwise number of differences

B4 RAY AR THAERE S HAF A NI B
Fig. 4 Mismatch distributions for total Sika Deer

population under the sudden expansion model

R APEEFN AR By AR T E M IEE. |
Tajima’s D FPERNSE R ER, BEMEED =
220835 (P<0.05), Z5FUWFHE D=2.08559
(P < 0.05), M{EE%E/R D = 2.584 29 (P <
0.01), ¥INEZEMIEM (R D hERNLE R
AT, MEAE JEEFPE T R0 Dy ik 17 s RO #T A8
R HTR IR, PASFEE SR AR [
EREL R YN BB A, RAMBAAE—E
TR (24 & FE A R AT SR EhE s L (£ 1),
3 Wi
3.1 MG

LSS N RE AR G T X R P i i 4R AN
5, 1EZ AU ILEKISEER) 165 #33%{F DNA
A 160 MIR1GY 8=, MR 97%, =
FRRIE/KM (Lutra lutra, 91%) (Hung et al.

2004). VE S (C. e wallichi, 85%) (Xi#f
5 2011 AREREFE (Equus przewalskii,

96.2%) (Liu et al. 2014). F£ 5 RE T FEA I
Ze, BFAMR AT REUCAE B R R S . X1 S UORE
b 2 KHREL DNA (2 8% 3 W) SRl FEARHIE T #F
i R R 2. A 2 8% (multi-tube
approach), 3 B¢ 4 /X PCR FHMEY HEHERR T 1L
SOy BB S B R R AR S S R I S,
{RASAR VR ) 1) IE B ( Taberlet et al. 1996,
Bellemain et al. 2005, Pérez-Espona et al. 2008) .
MR, BERAMER 2 ~ 5 IREER
B, BN IE Sl A AR IR A AR gk
— B ARUE T AMA 7 51 I HEfR 4 o
3.2 BfEERME

WitE Z L R 2 REE IR AR
MIERNRE ) TR, EERPIFIK L, MgEREi%
VIR B Z R, RBEE RS I — A E
% H#¥r (Frankham et al. 2010). A 5% 33 A
TR, JLRBL S NEfERL, 6 NEERAL
R ST AIKER 1.41% (6/425), A
ROEEE A AR, X 50 X 7
Y% AR R % (Irwin et al. 1991),
M TG 2 FEEASTIN, i EIAREAE JEE P  F
[ Z A E R 2 5. RPN Hy =
0.621, P, = 0.67%, SHE{CEFHFEER S5
A X BB AR, a2 niseif a0y 58 X AR E
JE (Hg=0.285, P,=0.649%), Hi&% &5 5h
FIFETLAIFIEE (Hg = 0.408, P; = 0.791%)
(Krojerova-Prokesova et al. 2013); H AT A
X F EB A 8 ANEAPEE, Hy N 0.063 ~ 0.590, P; N
0.01% ~ 0.63% (Yuasa et al. 2007). A2z
AN, FRE AR R RS 2 R
HATZ (KIS 2003, BT 2006, 3=
55 20060 . [F] I F 8 AR 22 R PR B bR TR
(Hy = 0.5, P, = 0.5%) (Grant et al. 1998),
IR E R A AE 8 T s E A 2R A A
Ko MuTmAR X IGIEasE, J R SME Wi
KB A B R T RS A EEEL
IR, EAMRE 1A S s 2R,
TRAE T XSRS AR A PE N RE ) o AN TR
GER A EAE AR S . ARG R B, S
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MR AR Z R ARK, A Hapl M
Hap4 NBRAE FISF RS, OIS as
B, oy 18 R 10 AAMA: 1 Hap2. Hap3
NEEMBRER, %8 2 AAMEK: Haps A&
RS, A 1 JAMK. Hap2, Hap3 I
Hap5 RIOYJEHR S5 AL | R A Y, RIS 2
Wi B . DR, EORFFHEAE EE MRS E 1
KRR, IR B X LR A B0 TR Rk IR L
VERIEE R, FF NS ERIT AT Lo 1) P 1) 4
T BN MIERERAIT T, St A
3.3 RS EMEEE

R IR RN, ARICHEAE REFN T AT RE 42 1)
o 3 S BN o 2R AEHREAEJEE B I SR 23 A X
AT TR AL X ZREB, AN 20 AL HIITAR, &)
SR BIFEE , AR ACMEAE R RN AR TR R B
1953 2 1957 4 [E R AR sh Vit LT /E AR AL
X AT 5 AE BRI E, A RIMEF AL
R, EA— NI E AR AL REAE BT A
K CREAIAR 1992). FEBEDRAT I EERIINR, ¥
e LLAMHBLIE I T B AL, RS BF AR
FAEMEAERE MA . P WE AKX AE 19 A
AN 20 22T, H AR b i 18 b X A SEIS T
B, S FEAR AR S 2w, MR 2
I ERD, &7 7 E FRERY (Makovkin
1999, Nabata et al. 2004). 52 JJj S fEIRL )
SO, A I S B BROR S 7 b XA AL RE R R
B ZHEEIFIET 03 E (Nagata et al. 1998a,
b, Goodman et al. 2001, Nabata et al. 2004,
Wu et al. 2004, Li et al. 2006, Krojerova-
Prokesova et al. 2013). KR, BHFET
e Ao [ A I 25 R 8 A% 3 AL, [RIINF Hap
A1 Hap4 WAL, FOuIH i,
I AP S MR PR BV SR, HE PSR
{ENE—AEHH 5T (management unit, MU)
(Moritz 1994) SE& R, SR R A FH
L A% RE 77 5 Wi o T 358 A 45 A 1) B B TR R
(Yuasa et al. 2007, Pérez-Espona et al. 2008),
PR XAHEEZ) 100 km, ES AR A S
OB, PRATILNEIE S206 J 34

S201 A1 S321 J#id, FEEMPHRT A &t
NP BRURIE . AHCHF LR, H A2
W E N 32 ~ 229 km, HEiEBEE
101.7 km (Igota et al. 2004, Takii et al. 2012).
DRI, Mg A JEE 8 e PRI R 70 R0 G B S 1 S5 W
BELRR CRAIE T 7 /NP (DA B R R R S i . 5 18
FUFPHEAFAERRE AT, FR S ) v A Fof
IR A G DL, AR & AR JL AL A
BHPPAN . BB E AR S A X R .
ANFIRE AR XA T AR AR S 5K A [l 4 2
il BEE E XA R RS RYT, HEERE
PR E 2 S ARALRSIE K A HE, A
Mk AR S EAT . AT MR — E IR
SEERANE I,  EIAE A IE I A AT DL RS P 57
FERTET AR, DL 2 B ANk (8] F 5 PR 22 Uik
IRV STV F =

Z F X W
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