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ABSTRACT

Deer is mainly raised for the deer velvet antler used as herbal medicine in Korea, but the self-sufficiency rate of deer velvet antlers
in Korea is low and there is no systematic system. Therefore, this study was conducted to establish a microsatellite (MS) marker set
for individual identification and paternity test of elk (Cervus canadensis), red deer (Cervus elaphus), and sika deer (Cervus nippon),
which are mainly raised in Korea. A total of 9 MS markers were selected and combined into one set based on the size of the marker,
the heterozygosity, and the polymorphism information content (PIC). It is thought to be a suitable marker for sufficient use with
an observation heterozygosity of 0.525, an expected heterozygosity of 0.643, and a PIC of 0.602. As a result of the probabilities of
different individuals with the same genotype being found, the random mating population was 4.68 X 10® and the half-sib mating
population was 3.23 X 10%. And the non-exclusion probability was analyzed as 0.0516621 and 0.0045074 when there was no
information about parents and only information about one parent. Therefore, if it is used as basic data for establishing a production
traceability system or improvement of deer through individual identification and paternity test system, it is expected to revitalize the
domestic deer industry.
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Introduction

UM AHES 2 SRR 2 o] 8 7Hsot 5-8-8 A4l I8l WA (Cervus canadensis; Elk), - AF&(Cervus elaphus; Red deer),
ZAE(Cervus nippon; Sika deer)2] F50°] AFSE 1L T}, T4t =-8-2 9] 583} v|wal 242 714 A o] ol =t w2
T, Ao}, T SollAQ U] =& U o2 Qs U] AbE AHd2 9171 & A B o H, ARSARS- T4 2001 156,076112] o] <
sjmbet ZHAsstod 20211 28 464112 2 ARE Abdo] QSE| L k. Fujol A= =89 E4 il 2 2R R-52 27] fi5to] 582 0]
85k =2 AT dl QJARZ] AH (Lee et al., 2008; Yoo et al., 2010; Kim et al,, 2012)7} Gj&0] -89 719 TS 4 F 7} A8 gl oLt
mitochondrial DNA (mtDNA)Z 2-8-51= Zlo] 22 0] thKim et al., 2000; Shin et al., 2008; Kim et al., 2012).
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AbEO] E-8-2 -8 Rt ohyet ARG 17| & 7hast), ARG L] Aol Zo] 1lg .0 2 QlAlE] o] n|=, {3 7tol|A] gt
Sk AH|7} o] 20i2| 11 gl oL} ol A= AbE 1171 & B85 A7} pIH|SHCH(Kim et al., 2020; Lee et al., 2021). WekA] AbE AHE2]
ChoFet 28 Wkt U AkS Abd el JAE s dsh7] Sl = U ARse] AAIA Q] )& flgh Al ARl @ FE T,

Microsatellite (MS)= 1 ~ 6 bp] A2 H7| A Ho| ¥HaE] = Z 0 2 334 thg Adat Bk ol AlF-2784 Aol ol &
25|31 Q1 O (Ellegren, 2004; Vieira, 2016), 24} 0F7H F0| 4| 7} Eo] o] 85| 31 Q) THGrover and Sharma, 2016). ©|1] $H-(Lim et al.,
2005), 1A (Lim et al., 2009), S(Suh et al., 2013; Seo et al., 2015)5-2] FQ 7}=0|A] MS HIF = =2 g A1 A S 7 = Z9
/3 ntA o] Zhs sl ZhA] A, XA, 54 thd ] 2 5 A 24 ol 285 1 Qi

=Q]of| A= ofm] thefot ARG Z0] Al A A2 U T, AlS A 2] A (Meredith et al., 2007; Zidek et al., 2008; Zsolnai et al.,
2009)5 0l MS7F -85 11 it} Tefut = ujol] AFSE 1L Y= AbG F2 TEsl7 o= 2551t

Multiplex Polymerase Chain Reaction (PCR)2 TF=2] F-HAE 3t Fof| FEA] 4= 91 o™, MS PHAHE &-8-3F multiplex PCR A] A
B2 22 v]-83 22 AlZto] Atk A wi 2ol EA-g-d SRt ofu gt jiojsh Rk o8} 5 Thfst Hofol| Al E-8-&| 11 Qlrk
(Edwards and Gibbs, 1994).

Az ZU ARG Ard Q] A7 o] gh= 7HA] Al 2l =} 737 of]| et At nH] St whekA] B Ats Akgoll -8 7Hs ek MS Tf
715 A5to] multiplex PCR A|AES o]-&3lf 7HA)| A8 9 212} 7ol E-88 4= = MS BHA M E L] 52 9fsl A A5k

Materials and Methods
SA| S=2} DNA
TA FES TPEFANEY 7SR AAMLAE (AR E EF)olA AFS 2 B2 S0l A3 siate], H2 Ak entel, ZAME S
nj2] o] Holl-& A gwto} ALE-SIITH F ALE 620 2] & lof|A] Sucrose-Proteinase K (Birren et al., 1997)% 2.2 genomic DNAE- 3

Z31.9™, NanoDrop 2000 Spectrophotometer (Thermo Fisher Scientific, USA)Z %3t genomic DNAS] &= X £ 5 SH513 oM
100 ng/ulE 24| o]-§-5H31ct.

MS Of7 At

B ALof] AREH MS v = A3 A2} National Center for Biotechnology Information (NCBI; https:/www.ncbi.nlm.nih.gov/)= 7| %
= 33709] upAE AEsich

MS O MIE 273

337112] MS A} 5 single PCRe 35t0] 53 §8/d0] HojA|= 11719 upAE A5kl 2271 up7 2] ti-d {32t 74,
annealing temperature, ©| % % $H& (Heterozygosity) 2t THg A % 1 A|4>(Polymorphism Information Content: PIC) 52] 7|2 &2 313
th 7|2 A& QS PCR 2/d-2 template DNA 100 ng=- 1 [l, Forward primer2} Reverse primerS 22} 1 pl, 10X buffer 1.5 pl, INTP
10 mM== 1.5 1, Hot-start Taq DNA Polymerase 0.1 Unit (Add Bio, Korea)ol| 375 ¥7}oto] 2|& £1] 15 W= BES-A|ZITEH PCR &
72 95°Cof| 4] 1027 oflH] 1A S 3F 5 94°Col| A 30%, 2 mafo|m 27 2291 55~ 66.2°Coll A 30%, 72°CollA] 4532 403] HHE.
S5 72°Col| A 57 F712 AR 3 8°Coll A 2251 Th PCR AFHE-2 ABI-3730x] AF5-9 71 A E 4] %3] (Applied Biosystems,
USA)E 0|83l 717] 952 43851312 ™, GeneScan version 5 (Applied Biosystems, USA)E- o]-&5}o] 3719 &g ZA|RIO] 5
H2 BE2s5to] g2k S ZA519) 7] % 242 CERVUS Ver. 3.0.7 (Marshall et al., 1998) ©]-8-5}%] 1 Brasher 5-(1998)2}
Kramer2} Coen (2001)°]] -2 PCR 43 A| annealing temperature”} 55 ~ 60°CY W] §&%]0| 22 gradient PCRS 53l 55 ~ 60°C
o FEEC] =2 MS IFHE A2 A o] e} P EAI+E o]-&ato] nhA 2] thad/d& w3t Multiplex
PCR A|A8lE 0] 85}7] flofl oA 53 Alo] 25 EU|E 2| F4 0 2 97lj2] MS riA & sl o, ol & 1712 A E=E X3ts

N
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o] MS npA M ES 753

Multiplex PCR ] 9 4kt

Multiplex PCR template DNA 100 ng= 2 {1f, 10X buffer 2.5 pl, dNTP 10 mM< 2 i, MS marker primer mixture 8.25 [, Hot-start
Taq DNA Polymerase 0.4 Unit (Add Bio, Korea)°ll 575 3 7Fsto] 2]F H ] 25 w2 ¥HS-A| T} Multiplex PCR 2712 95°Col| A
30571 ofH] A TS 711 94°CollA] 60, 59°COllA] 60, 72°CollA] 60%E 53] HHE 5 94°CollA] 60, 60°CollA] 60%, 72°Coll
A 6025 58] HHE-519I T} nFR 2RO 2 94°Coll A 602, 61°COllA] 60, 72°COlA] 6025 208 HHE-SH & 65°Col| A 3087 2712 41
A2 F 8°Col|l A =3t

A

CHEIREIRRE 24

HI

Multiplex PCR AHE-2 37" 2 B 75 =5 ABI-3730xI AH5-F 714 E 4] 42| (Applied Biosystems, USA)E 0|83l 17| J &=
sfetlon, 379k g TARke] FRE R B52517] 93l GeneScan version 5 (Applied Biosystems, USA)E- ©|-8-3l T -2t
S AA5I T E53H 25 S Microsoft Excel (Microsoft, USA)S ©|-&-3) 53t} GeneAlex 6.503 (Peakall and Smouse, 2006)=

|83 ol e, EEU R o a A 29 WE WshE B9, o2 el m e wAs sl

[©]
7

gt 2t 55 CERVUS Ver. 3.0.7 (Marshall et al., 1998)= ©|-&3l th-R-44} 74, 71l 0] A & (Expected heterozygosity: Hes),
T= o] P 3HE(Observed heterozygosity: How), TF/d W EA| 5 59 7|2 242 Qi SARA ol 2-8517] I8l Microsatellite
Analyzer (MSA) Ver. 4.05 (Dieringer and Schlétterer, 2003)Z 2 5.2] FJEfS HEH31 O™, GENEPOP Ver. 4.7.3 (Raymond and Rousset,
1995)C & F-EA|ZS ZA51ch XA 714 52 2412 915 API-CALC Ver. 1.0 (Ayres and Overall, 2004)2. & F2+9] wuj 7tk
dhgol wal o] SUNAEARES FH5HN AL, BHFE A E(non-exclusion probability)= CERVUS Ver. 3.0.7 (Marshall et al.,
1998)9] AT}E 0|85}t MSAE H$Het 2125 PHYLIP Ver. 3.698 package (Felsenstein, 2004)S 28510 Neighbor-Joining (NJ)
1 (Saitou and Nei, 1987) 2.2 7HAE Al 5-4+E 15513 2H 0] & SplitsTreeS (Huson and Bryant, 2006)2 LA 3} 51t e 7+
< IA BA-Z 215K Genetix version 4.05 (Belkhir et al., 1994-2004)2 7HAE 2 Q1th-8-4](Factorial correspondence Analysis: FCA)

Fict

ol

o
ol

Results and Discussion

H A= MSE 0] 83l U ARS 591 A2 7 A3 X2} Y-S 915 MS tA MIE A 918l AlgE ek Akse] A
A9} NCBIZ EE 33702] MS nlA & AEstelon, 13 S 58/d0] W ni & A|Qlst 2270 MS vk 9] the {2 7h4,

e P EAS 52 712 B4 ZIHE Table 19 YERARITE 7|2 BA12 nh# 2] TS H7tsh7] Qe 2o = o
FHFES o2 A BaeS Hehed olgdeEo] 5545 f43 tfdol &1l $e4E 447 tafdol ¥
chal Teksi, theg g Al 4= DNA nH 9] thadd TS 9ot A 22 Z-83tch MS ohA MEE /dsh] 95t 712 24 2
I}, 71oh o] FHTE-2 0120~ 0.843, TR A H A4 ZH2 0.116 ~ 0.8172] HH Q] 0B, thH 531212 7|44 ~ 137 2 SRl =]l T}

AIZEE H|g-2o] G848 t=0]7] 9J5f §F ®iof| ofg] nf7| 9] B4 o] 7H53 multiplex PCR A2 8of] 2-8517] 9J5F MS ulA HE 3
3E 95l 55~ 60°CollM FEFEC] w2 A E A0 2 Makstelct mmdh upA o] Ato] 2ot 7|l o] P EHE<| Fto] 0.6 o4, T
P BAI4= 31o] 0.5 o))l thAE w2 kA S A L E8517 ol &2 npA R BaE|o] a1 thg g BAI4 gro] 0.25
~0.5 Ato] Y 72 &-8517]ofl 2155 nh 2k B g o] Q1710 (Botstein et al., 1980) 71t o] @ X5, A EA S 7|02
5to] MS 1FA S A5 3l th(Table 2). MS UHA A ES &-85to] A& o] ti-3-40212 243 AT Figure 101 LFERH ALY

[¢]

=2
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97] MS ot 2] thE A2} 74, o] FHTHE, thg /g B A 4=9] 4] ATH= Table 30 HEFH AT 62012] 2] 2= MS tlH &
of|A] Z=o] Folx|l 1 FHGARFe] 47} 74 Wl = ETH225E 137]0] 2L 7|d o] @ - SE1} kA A B A4 ZH T501
0] 0.832, 0.8052 7Fg =7 UEF} O, IDVGA29+= T -R-Ake] 271 4702 71 11 7] f) o] Y- EHE 3t thg /3 A4 ko]
0.306,0.276 2. & 7P W& -5 ERlatict. 97) MS vhA 2] B -4t 42, BZ o|FHFE, 71d ol FHTE, TFE Y EA
4 Zh2 2 2 8,333, 0.525, 0.643, 0.6020] ™, 97§ MS A 2] T} /g BA| o= B 0.25 o/ O &2 F-gof A3t np7 &2 bt

Table 1. Basic analysis of 22 MS markers

Locus No. of Allele N Size (bp) Hixy PIC
IDVGAZ29 4 62 135-170 0.306 0.276
Hautl4 7 61 100-130 0.555 0.510
FSHB 8 60 175-215 0.568 0.542
RTI 10 62 236-290 0.740 0.703
TIZ3 7 62 74-145 0.723 0.671
1501 13 59 227-288 0.843 0.817
TGLA94 10 61 117-172 0.801 0.765
CSSM66 8 62 167-197 0.485 0.455
NVHRT73 6 50 205-253 0.528 0.458
DIK0S2 7 61 110-160 0.620 0.577
ETH225 12 62 129-195 0.729 0.688
BM1818 5 62 225-260 0.533 0.467
QarFCB5 10 60 75-117 0.680 0.655
BMS888 8 59 169-213 0.667 0.601
Co1 9 61 208-288 0.759 0.716
CellP27 6 60 177-195 0.655 0.586
T156 12 39 124-240 0.830 0.800
QarFCB304 4 56 123-146 0.120 0.116
RTi3 10 53 285-320 0.701 0.669
BL25 8 61 173-198 0.453 0.430
1507 6 62 176-230 0.646 0.575
CellP38 6 62 206-226 0.638 0.585

Y Hixp Expected heterozygosity
# PIC: Polymorphism Information Content

Table 2. Composition of 9 MS markers set for multiplex PCR

Locus Fluorescence - Dye Size (bp)
ETH225 FAM 129-195
RTI 236-290
IDVGA29 VIC 135-170
FSHB 175-215
1501 227-288
T123 NED 74-145
NVHRT73 205-253
DIK082 PET 110-160
ol 208-288
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Figure 1. Multiplex PCR and size fractionation using 9 MS markers on an ABI-3730x! genetic analyzer.
Table 3. Basic analysis of 9 MS markers of deer utilized in this study
Locus N No. of Allele Hops® Hey' PIC*
ETH225 62 13 0.484 0.723 0.683
RTI 62 10 0.710 0.740 0.703
IDVGA29 62 4 0.048 0.306 0.276
FSHB 62 8 0.419 0.538 0.500
1501 62 10 0.823 0.832 0.805
T123 62 7 0.597 0.720 0.667
NVHRT73 62 9 0.516 0.606 0.545
DIK082 62 6 0.435 0.568 0.524
Co1 62 8 0.694 0.761 0.718
Mean 62 8.333 0.525 0.643 0.602
* Hons: Observed heterozygosity
¥ Hixp' Expected heterozygosity
# PIC: Polymorphism Information Content
Takezaki®} Nei (1996)0l] T2 307 ThFd 24 of] 2-8517] YsliAl= ol FHEE©] 0.3~ 0.82 SF5tofof oh=tl, IDVGA29
o] T= o] FHTE2 0.048, 71t O] FHTE-2 030622 A B H HY S Hoju} G747 thefA B0 ojzfgo] & 7oz

(o]
AR a2 i Qo B8
013t 9 A7 ‘:‘E(genetlc dﬂﬂ)ol p

P 2Ajol Ms BHA HIE] B
83 58 A1, BAHsSl A B

on, 5 Sol4 tid

A3 s1uke)= IDVGA29 HF7ell 9lofAf shte] Tl
_O_§/\} E]UE LHHoR QF 00lo]9l=alg ZX

0tH(IDVGA29, T501, DIK0S2, FSHB)®Y| A
1Axlo] 9lom, 1501 £F2|o] thH-8-H A} 263, 271, 275, 279, 283, 2872] Q=g EZ E
Hth FSHB #Hjoll A& A3 E50] 190, 192, 196014 LHFEFYH, F-2 AHS-2 184, 186, 188, 2

501 clol 55 A1 oo\ Al 884 WS e 1 el
R 9wl jste] gt el =45t ShelckFigue 2).
Z Eo|% 2Z & BT IDVGA29 nlF oA A=
Eo|4g HojxX 1z olxtaty ok
ZALS EE2192,204, 210904 HE G

iz

|o

41}04—-% A7gof

77 HE WskE BAell

47(} HlE B A

24 23} 4717
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AAE ERISIATE F-2 ARG AT 9} ARSI H|WEI S ), 50]4 SZ2 Ho| A= 192 29]oflA] %%%‘—%E‘Rit}.
TSk DIK082 2+919] t--d Ak BE E20] QlojA] Eo]4] i q-dA 23S Hol=t| ¥ 252 i -3-44F 1352 1519])
2ol H2 kS E52 -G 1499} 1539] ZF9fof| A,

A ZAR: BE OiR e 1334 1419} Mow SRR
3Qle|o] 24 EF B5o] 9lo] ol i gzt 2HE HolFo B3 A EAQANRA B8 /M58 2l 0% ByH
IDVGAZ29 7501
1.2 0.8
1.0
0.6
o 08 .
= X
> 0.6 50.4
=
o g 02
02 it
0.0 0.0
144 146 156 166 247 251 255 1261 263 271 275 279" 283 287
Allele Allele
DIK082 FSHB
0 1.0
0.8 68
§0.5 0.6
2
S04 0.4
g
0.2 0.2
o0 0.0
53 - T4 145 - T3 184 186 188 190 192 196 204 210
Allele Allele
Elk Red deer Sika deer

Figure 2. Allele frequency distribution for 4 MS markers (IDVGA29, T501, FSHB, DIK082) in the elk, red deer and sika
deer. The X-axis represents the MS loci allele size (bp) and the Y-axis represents the allele frequencies in each graph.

Ak 7F 574 Holet Ak Y A ES] 22 mhek-2 95l F-5AIH-E 2751 thTable 4). Fsre= 414 F50 osh B2 .y
o] o] HTA| 74 FolE Yetl= 1 A|4olH, Fre A kol st 7hA 2] e 23 = 3EE WESH= A|4=0lt}. 97
MS 1t =0.616, B Frr= 02322 UERY = Eﬂ,F-%ﬁlE*O A7t =25E WA 71 AT 522 95ty

oi«

rhX
E

“;1
=]

F o8 on|sht}h Fu@} Fr7b 7H W& nbA = 1501 2 2H 2 0.506, 0.0129] 422 Q1) om, 714 =2 ulA
DVGA29Z 0.922, 0.8432] 4~ & &R1ict, 2 o] &-8-H MS FA ME= F-5A% 4ol =2 Ho 2 2 AToj|x| &85

fr w¢ 1o
ml;
=

I S
AEREe] 2R =7t =A] EAE =, ol IDVGA29 uHA 9] 9 MS v 9] 7|1 % 24 Aatel oA 2§44 Hgo 2
Sk ol HFA| Q] At gho] dojd A0 &2 A3 FFof| }lojA] 7t EAo] H estrtal Abg Hr}

A2 24 585 BA5] A5l 9712] MS rHA M EC] Fd7hAIEd et T:ﬂﬁxé%% F7g5to] e Atk Table 5). L A}
E2-9] wHiA T SUNAEHES 4.68 X 10, {H ol wEfA T SU/NAEAES 323 X 10922 LEFEO M NE-[P= F 120
et Y EI7L HE Qs S, NE-2P= $HE Bitof| tish R Q1= 792 oJu|dHH, NE-1P= 00516621, NE-2P= 000450742 £
A =it o] = AR I ARS ARS 27 oF 1008] S7toto] & 28 7HsshE 2ln| gt

=20l A MSE E-83t AkE T2 7HA Aol et Ao vl wal B, F-2 ARGt thuf Ak (Fallow deer) 501l Thsl 8712] MS
£ 2719 MER x3oto] XA 582 BARES w ot HHof oSt A Bt 9l= 790 BFARAES 0.00712 EalE|o] 9]
O H(Zsolnai et al., 2009), A7} 71-2 71 2] AR (Sitka black-tailed deer)2] 714 A2 )] 77112 MSE 2851 o1 Lof| A= B2kQ] wny
Al BA7NAZEE 0.0003, AP0l wHjA] SA7HAZHE 0.021 2 E 1% o] QTHBrinkman et al., 2010). Miller 5(2019)0)] w2 3
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£ 2915 X 1072 o]Ho] S m At A A (Mule deer)oll AFHRE-E SNP B} 9}
o= MS 8~ 11712 o] 7o) HE R 23sto] A= 2505}
= 2 A|7He] E 84S =9t T FUjoA] 582 220 2 ALS
4 0le ATe fle Aoz ERlun, 2 Aot O thE ARG T 527
A

T
ol

1 25 (White-tailed deer)2] 5L 7Y
v 2= MS 0} 7} v| 25k 5L 7}
Al 2 AL (7o) HEZ Z35}0]
ZQ1 g B2 AL EAGo EX
Aed=Edt FHREES 2y
o] g8 7Aoo 3ot wokE )

Table 4. Results of F-statistics of each MS marker using this study

=
o
k1
i
¥
5
o,
R
re
-4
o

N

o j]-o
&
H
)

Locus Fsr Fir
ETH225 0.666 0.333
RTI 0.521 0.041
IDVGA29 0.922 0.843
FSHB 0.611 0.222
T501 0.506 0.012
TIZ23 0.586 0.172
NVHRT73 0.575 0.150
DIK082 0.618 0.235
Co1 0.545 0.089
Mean 0.616 0.232

Table 5. The results of paternity test using MS marker set

No. of MS PIv Plhaifsibs* NE-1P¥ NE-2P~
9 4.68 X 10°® 3.23 X 10° 0.0516621 0.0045074
w PI: Probabilities of different individuals with the same genotype being found within random mating population
X Phharsins: Probabilities of different individuals with the same genotype being found within half-sib mating population
¥ NE-1P: Average non-exclusion probability for one candidate parent
* NE-2P: Average non-exclusion probability for one candidate parent given the genotype of a known parent of the opposite sex

HAME FABA £A42 918l 62m12] o] HAE AlS4E E=AISksto] UeRiITthFigure 3). A& 24 Al &2 Abgat A4S
o] FABAZF 77 2 2.2 Hol =t o] = Randi 5(2001)2] A2} F-AFSHH Polziehnt Strobeck (2002)2 w2 AR5 A=
o] §AA A7} 7Pgehal Bugict. B, Figure 4°0= 7HAE FCA ZHE 33k 0 2 T A5} slglom, BA Aaf A4t =
19.29%, H2EATAIE 15.75%, ABEAIAE 7.97%2 & 43.01%2] 242 E UEPRlth AlEet FCA 242 &0, A, &2 A,
ARG Tz FE FAcke e FAT 4 Aglout A9 AT FE ARG ARG HA S EH dEAolE R
we ARSI EARE S AAIE T o2 Sl Alg AR b R R A E 2 & et e Aer AlRd
o}

2 Aol A S E MS 1A M ES 283l Suliol AR E AL Qs ARG A A AIARE 5L IR Y2 S5 A Abol
& Al AE] o] upgto] Hrh At =-gof] Tt 2n|abe] AR 4 Bl AxH) BAJE7} 7)ol E o, RS 913 7] &g
=7 Ao Almdnh 3 uiofl AR S A3, 72 AR, ARG IAIE S-E] FEATH 27 EA S S8 /A4
e % A2 A fAEA A= 282 4 S Aoz 7|ttt
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Figure 3. Neighbor-joining (NJ) method phylogenetic tree among 62 individuals. The scale at the top represents genetic
distances in nucleotide substitutions per site.
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Figure 4. Plot of FCA shows the distribution of individual animals.
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