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ABSTRACT

The study examined the habitation and the number of long-tailed gorals by molecular identification, sexing discrimination, and
identity tests on feces and hair samples estimated to be endangered long-tailed goral in Mt. Yongmasan, Mt. Achasan and Mt.
Inwangsan near Seoul metropolitan city. Mitochondrial cytochrome oxidase I (COI) gene sequences showed that the DNA samples
from the three mountains were those of long-tailed goral (Naemorhedus caudatus). The molecular sexing results showed that there
were a female and a male in Mt. Yongmasan, a male in Mt. Achasan, but no informative results for Mt. Inwangsan. The identity test
results indicated that the males of Mt. Yongmasan and Mt. Achasan were the same male, estimating the shift of this male from Mt.
Yongmasan to Mt. Achasan. In addition, the goral of Mt. Inwangsan had a different COI sequence from those of Mt. Yongmasan and
Mt. Achasan estimated to be this male with a different maternal lineage. Our present findings provide molecular evidence that at
least three gorals have been inhabiting or continuously visiting the mountainous areas of Seoul metropolitan city, suggesting that a
management system may be necessary for protecting this natural habitat of endangered long-tailed goral.

Key words: endangered species, genetic identification, long-tailed goral, Naemorhedus caudatus, Seoul metropolitan
city

INTRODUCTION

At (Naemorhedus caudatus)2- 5|2 2foFol| A FE] ‘s-5otAofol) A FastH, L-2|Utol| A<= N. caudatus raddeanus ©F&-0] 74 =
ot S FE, BAEE AR ol AAISHIL U TH(Yoon et al., 2004). AJA 2| = EE AR 0] Qb | oJo|m, REA O & The BE=4-12
np2] 4] Fe|x]o] st 4271 A1) = WA 7S A QJstH T2 =2 ZWHTHWon, 1967; Yoon et al., 2004; Jo et al., 2018).
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20417] &+ Wgat A AJA] mha]of sl 7iA] =7} FetHA HAZEE F IR 7IoMINE 1522 A= o] ATt 1964 -
1965'd 2+ = ZA = <lsl 2HH ZHAT 6,0000] Rijel] o] & A =2 HWRkO UK (Won, 1967), 1982'd 2F 4001 mhe]7kA] 7613l
1, 2002'0]l= 700 - 80001 W) 7F A A= 21 0.2 B 1 =] Qi Tk(Yang, 2002). T2 HI 78|t (demilitarized zone, DMZ)H % =
ER(AY, 2dibh, AdEE 21 59 Aol Adjol| A AARTAr Az 9lout, 2013l = A& <2l 47| &= 23, 2018
ofl= 3 A& Qlol| A TEE] 7| = 5} THJo et al,, 2018).

lolL} €3} 22 HIHEH A|BE o] 88 oPYSE AL S8 S0l L} A Qo] el AR E S5
" o] CHKing et al., 2008; Roy et al., 2012; Bhandari et al., 2019). SFA|9F £ DNA A7} oFo] 211, A& £4] ko
2% DNAO] 2Jgt 2 ¢, Fota A A4 HHg(polymerase chain reaction, PCR) #|3iAl|ol| gt §-A2Fe = @ 72| 7Fs/d wli=ell,
E2Ql At Aol A o] 0|7} Q L H U Taberlet et al., 1996; Fernando et al., 2003; Opel et al., 2010; Ramon-Laca et al.,
2015). 1ol S ot HIZ G Al&ol A €& DNA A H= AAZ] Y SA S AHet S U, & 72482 ofsfish= ol 2
3% F o3 HYHE A F5tH, T, o= B2, oM 5Eoll gt Ale] mof| 52 FAFSHE T /lof vl o3t EAH &
72 o] 85|11 Q] Th(Mucci et al., 2014; Bohmann et al., 2014; Ogden and Linacre, 2015; Staats et al., 2016).

200064 tH S0 AbeF Hoof tigh T4 S7ket BANY 0= 2 Aol A Q] AbF ZATS A&A o= FTkskaL QLo
U, o e B, BAERE, FHEE, 47| 557 ARt B A Y Sol| gHgE| o ok 5FAIRE 2018\ 0] A& FEE 7
A Ao |3t upita} opxbitol| Al Atk 7 25 = FEEC] W uet o] 52 BR¥E £75te] nEZE=2|oF DNA
(mtDNA) A& o]-8-5tof B} 20l M F2 54510, Y- A Eo] sex-related region Y (SRY) & zinc finger X-Y region (ZEXY)
FARFE 0|85 /d 4, 3 DNA microsatellite (MS) PH2] tiF 53213 ol] A3 5L/d AALE &l A 74 =& Ab=EskaL
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Figure 1. Map of sample collection sites at the Mt. Yongmasan, the Mt. Achasan, and the Mt. Inwangsan.
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MATERIALS AND METHODS
1. 2MA| =2} DNA

KZA19] 55F Aol RIS -&upit) ofxpith, BAE 2]l Q1Fhtol| A Atfo g A E = ARV HEEJL, dF =
AHE &0l e AIF 25 AlE 8ollA DNAE S5} H@‘ﬂ‘}i‘:}(FIgure 1). Supat A& B2 20189 22 S24H o]
£ 20194, 20201 0f] ZH7F 2345110 D# ofxpatoll Al 20201 5€ 20 AtFo 2 2T = 2o BH AIRE S35 &=
3k 2020 10€ QIAtoll A AbFo g FAE = 5= ‘QEE]M , AxAIA £33 © A 5ollA DNAE FE35t0] 240
0]-8-51%tHTable 1). B9 A]|E2] DNA 22 QIlAamp Fast DNA Stool Mini Kit (Qiagen, Hilden, Germany), & A|£2] DNA &2

IAamp Micro DNA Kit (Qiagen, Hilden, Germany)S- ©|-8-5}1th &3t DNA+= PCRS 9J$t 8 0.2 o] &513itt.
p g Y.

Table 1. Samples information and analysis results for ungulate fecal samples collected in Seoul metropolitan city

Sample ID Collection information Analysis result NCBI
Time Location Molecular sexing Identity test” Acc. No.

YMO1 2018. Mt. Yongmasan Female id_01 OR414363
YMO02 2018. Mt. Yongmasan Male id_02 OR414363
YMO3 2019. Mt. Yongmasan Male id_02 OR414363
YMO4 2020. 2. Mt. Yongmasan Male id_02 OR414363
ACO01 2020. 5. Mt. Achasan Male id_02 OR414363
AC02 2020. 5. Mt. Achasan Male id_02 OR414363
AC03 2020. 5. Mt. Achasan Male id_02 OR414363
W01 2020. 10. Mt. Inwangasan. Unknown id_03 OR414362

*, Identity test was carried out comparing MS genotypes. A male goral of the Mt. Yongmasan was identical to that of the Mt.
Achasan.

2. 0JE2C2j0} DNA MES 0|83 5 54

FAE A 5o £ 543 98| n]EE=2]oF DNAY] cytochrome oxidase I (COI) -G AMS PCR 235131t} PCR 222 9J5t =e}
o= 7] 2o ArFof| A B 1E mDNA HA| A1 S (Acc. No. FJ469673)011 4] 119F5}+3ATh NeaCOIF 5'-CAA CCC GGG ACT CTA CTT-
3’; NcaCOI2R, 5'-CCC TCC TCT AGC AGG CAA TC-3'. PCR-2 Multiplex Plus PCR Kit (Qiagen Hilden, Germany)2} Z38}5}0] 20 ulE
HR8-51%1 31, Mastercycler Nexus Gradient (Eppendorf, Germany) - ©]-2510] SZ5}3{th, PCR HHg-2 94°Col| A 5E7F 27 ¥4 & 04°
C 30%, 62°C 45%, 72°C 452 2 o|o| A= AHr-2-2- 353] 48435+ & 72°Co|A] 587 & A5ttt 220 2y pCR AHE
1.5% agarose 7 /g0l Al 717]%45510] &It &, DNA 714 E 240 o] 853t

3. G7IME 2Y A AISKHEA 24

O] EZE 2ol DNA COI ZHof| thet PCR AHE-2 JA| & dye-termination methodS- ©]-8-5F0] ¥-3-3F &, ABI Automated DNA
Sequencer 3730XL (Applied Biosystems, Poster City, CA)& -85} 27311 th 27 H DNA 7] H A2 )= P S A
E{(National Centre for Biotechnology information, NCBI)2] nucleotide database BLAST (basic local alignment search tool, https://blast.ncbi.
nlm.nih.gov/Blast.cgi) Aol A 2|11 FARM H-Z FRISIQITh 2|11 fAF A = SQle Ak} nehy o] {2zt A Fat 92 ueket
Q1 S HoAlololl AASHE SAIFEFAIY, 3l Tetok ALY, Capricomis & FEET A4, & 510 NS S $23t0] AEHA
IS BA5IITE £74%H 953 CLUSTAL W (Larkin et al., 2007)2 ©]8-5}0] t}=4 =35 & MEGA 6.0 (Tamura et al., 2013) =
2735 0]85}9] neighbor-joining tree S 213513 T
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4. 27

e

BALA T2 71 Eo] A9l Y-FMA| 37 AFQ] sex-related region Y (SRY)2} zinc finger X-Y region (ZFXY) 22| S of Hoj|
utet AA5kATk SRY Ak ZEXY 132 25 913t efo|n = o] LS ffsl 7HESI3l 21, SRY+= SRY152F, 5-ACG
CCT TCATTG TGT GGT CTC-3"; SRY152R, 5'-TCT CTG TGC CTC CTC AAA GAAT-3', ZEXY+= NcaZF F, 5-GCA GCAAGT AGC
CTA ACA TAG GAG TA-3"; NcaZF R, 5-GGA AAA GAA AGG AGC ATG AGT GAT C-3"2 ©]-&35}31t} PCRS Multiplex Plus PCR
Kit (Qiagen, Hilden, Germany)®2} Z%}5}0] 10 ul= ¥-8-51%1 1L, Mastercycler Nexus Gradient (Eppendorf, Germany)S- ©]-8-5}0] 5%}
ATk PCR HH2-2 95°Cof| A 587+ 27] W14 & 94°C 45%, 64°C 45%, 72°C 452 2 0|0} A= AAaf|uhe-2- 403] 43435+ = 72°Cof| A

B2 F AASHGT 52 0] 1 PCR AHE-2 1.5% agarose 2l Joll A 7] 9551, PCR AHE HIE S yHasto] A7), 4712 3t
=53

5. Microsatellite CHEIGMXIS 273 91 S2UM ZiA}

TGLA122)E A¥H5IQIt PCR $&-8 mato|H F $+&-2- 77} FAM, NED, VIC, PET 522 3 A|5}al, PCR2 Multiplex Plus PCR
Kit (Qiagen, Hilden, Germany)®2} £3t5}0] 10 ul2 ¥-3-3F & Mastercycler Nexus Gradient (Eppendorf, Germany)S- ©]-25} 5Z35}
Atk v EA 5ol A 2] /2 AAoA 2] a85 =o)7] 9ol @ FEol|A she] npAehE: 351 1 (Taberlet et al.,
1996), 3= PCR AH=-2 ABI Automated DNA Sequencer 3730XL (Applied Biosystems, Poster City, CA)°ll A Z 7§53t GeneMapper
L2310 2 pCRAMHES] /A& ERIgH & i fAAtd & A4S <, £4H A BollA A2 MS tlEFAA & A4 Bl asked
o}, COI AR A Fo] AteFo = SRIE|A] 942 Al &, T F-AAIER ol At f-4A7F 270 Bt H2- 73 = 2 DNAS] 2o
£ jeksto] Aol A A 2] st

RESULTS AND DISCUSSION

1. Mg A Urfio] Mok AjA] ol

2018 FF-E] 2020 A71A] -BHFLE, ofxbAE, Q1gHAtol| A =3 H @A) 7] Erixt Hofl A 253 DNACA mDNA COI 342 Mg &
Z7dstal, NCBI Hlo| EjH|o] Ao A BLAST AMS Foll 21 FAMME S AE0HL, ASS v Re 2] A1 MI s Al
£ 2deto] T2 575tk A Ak Subik ofabat, QlAtol| A S A S E-2 BT AFFN. caudatus)ol| A BalE A HEX
99.9% °)’&2] 5782 HEPIITHAER 1| 7| A). §abika} ofxbitel| A ERlE cor /-4 2F 4 H(0R414363)2 Q1g4ke] cor M
(OR414362)1H= A &2 THEA] LR O UK(Table 1), 184 ol Al Ul BalH 4beke] MAED 22 Al v B/ 5t thFigure 2).
olof u}z} o] Aol BAH A S5 25 HEA7OPIYE 5 Atde] 202 SRIE|QITt. o/de] ATHE-2 A& Tl
Bopik} ofxbih, mAIERI QAL S Aol A AbeFo] AMAlSkAL, 2|44 0 2 WSkl Q52 YERU= Aol

S-gutetol| A AR 1960 o SRIZFA| T ol &2 -2 ZHA|7F A ASIE A0 &2 def ] QI3 O L (Won, 1967), 1982'd 2F 4007 12
7 B2 &, 200210l 700-8009 1l2] 2 Z7HE RATHYang, 2002). SHA|TE AR A 4] ] = iR R W= 7S w2} 7wt 7
g0 Atetz| oot H| R T 5o 2 A A] Q1AL A& Aof 40km Hoi Rl 7] = EollA] 2013 WHH ARA|7FERIE A
o|t}(Jo etal., 2018). §H o] A5 5ol SrhitollAl=20181 o] 2|42 0 2 SQlx| 11 gl o, 2020'H0l| = ofxhitat QleH4tol]
A AbF Edo] ERlEo] ujet, o] 50] M Zulet mAIH AFFR| Aol A MAISHAL, Bem X424 0 2 HEFelal QITkal ke T
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NC 021381 Naemorhedus goral
KF500173 Naemorhedus griseus
381 1207532 Naemorhedus griseus

HQ269425 Naemorhedus goral

MG865962 Naemorhedus goral
% 4947—[ MT251414 Naemorhedus goral
1001 0K 244620 Naemorhedus goral | Naemorhedus spp.
Mt. Yongmasan, Mt. Achasan

Mt. Inwangsan | Naemorhedus caudatus
KP993115 Naemorhedus caudatus

98

MNB853103 Naemorhedus cranbrooki
MNB853096 Naemorhedus evansi

MK?234706 Capra hircus

MK847868 Myotragus balearicus
KF826487 Ovibos moschatus

82— NC 010640 Capricornis swinhoei
OM220074 Capricornis swinhoei
MNG635784 Capricornis milneedwardsii
KU605670 Capricornis milneedwardsii
99 ' MH155202 Capricornis sumatraensis

Bovidae spp.

0.01

Figure 2. Molecular phylogenetic tree of COI gene sequences from ungulate fecal samples collected in Seoul
metropolitan city and those of long-tailed goral (Naemorhedus caudatus) and its related animals previously
reported. Fecal samples were collected at the Mt. Yongmasan, the Mt. Achasan and the Mt. Inwangsan. A bar
under the tree indicates genetic distance.

2,914 4 ok
BAF F 5704 Ao 2 SR1E DNA A S5 T2 & ok A WS 34513} SRY S ZFXY Q] f-307ke] 32 it
H] WL wf, 2018 Lubik A| 2ol A= 2 (YMOTH 422 (YM02)o] B5 2HQ1E] 91 O L} 20191 (YMO03), 202018 (YMO4)ol| &= 4=
Th &1 Q) ofxbAk Al 5(AC01-03)= A0l A oL, IFAF AIE(IW01)= A& 53 4= 9l THTable 1, Figure 3).
ol gt Zro] o E-Zoll thet 211 sl glo] 3T 4= = v A BE o] A T2 oY= AollA
=23t HEE A|lZsta k. 53], At ZH2 HE 9] 7oy g BollA] 4| 9] -4~ g Bl (sex ratio)y= %? Ao 2717
QIA], 44T QIR & o =5 4 = H = 2 o] &= 4= QI TH(Le Galliard et al., 2005; Veran and Beissinger, 2009; Ancona et al., 2017).
B Aol A= 2018'd -Bobitoll A GAA T} 271 AbeFo] B SRIE|QITt of ﬁﬁh upitol| A 4] ZEol o5t A= 7HA| 2]
EX 7548 ARt iU o] 42 2018 0| F o o)) EWskA| ekotom, 71 oF nhelet | &F 0 2 phEkE| Qi) Ukt
2 0 &2 Qo] Gl AEfollA 9] ZiAE 37]= A} ZHAste] Ao o] 24 "}, gopite] -9 Agoll= ¢, 4= St npE|7p
=0}, o] & o] 2k & 77| wiZoll AFAA QI AT S 7| chE 4= glom, @] Fol| A AR A E(gene pool)©]
+ Sk WA 271 S7F A= Qlrkal ST 202019 ofxbitol| A HEAE AR HA] £ 7(AC01~03)0]| B &2 H Al EFof
P2 710 A E=

i o

l

M W YM YM AC NC

w01 02~04 01 01~03
cor S e - a—

SRY

Figure 3. Molecular sexing using SRY and ZFXY gene for ungulate fecal DNA samples collected at the Mt.
Yongmasan (YM), the Mt. Achasan (AC), and the Mt. Inwangsan (IW). NC is a female negative control. The question
marks on the top of lanes indicate uninformative PCR products for sex determination. Combining the results from
the amplification patterns of SRY and ZFXY, males have two PCR bands from SRY and ZFXY together but females
have a only band from ZFXY but not that from SRY due to lack of Y-chromosome.
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3. S0k MFat OFKfLE M2 SUTHIHA

Bohike] Ahef2 20187 20201742 2| &4 0 2 E| 9l O, opatilol|A] AheFo] 2 20201 Folli= EubitollAf Abef
| #Eol HI=|] Gttt Erpatat ofabatol A HAH Afgfo] B Ao i, E3t JE7E ARSI AHollMAs ml7IA), =
A2l tit 524/ HAMS Sl 4] 23, upatol A 201887 E 20209 29714 ERIEGE £ A BEL BF 5L
A 2 21| ov, opabate] 2 DNASH E DNAE FUsH ZHx 2 EelE| gict. ot ubat Akke] Ms nk7] ched-g- ke =t
opahik Abekel Ms nhA il FAHY i g gs] Ax]stol, Subitt opabtol A SAE QI 271 AP TR 7HAI R ERlE 2
CH(Table 2). A% /ol Eupika obabite M2 5%, oH ool Y5, sPdofut mRof] ojsirf Faj=|] 2 M= dd e
A1 @ 2 WAL Lo (Figure 1), B0HitollA] E5tE 471 Abafo] ofapito = o] 5ot 20 & Wl ThA| WA, Srpatat ofat
AR Aol EUeH A 2 o] g5hal 9l Ao A HT.

Table 2. Genetic identification of Naemorhedus caudatus in Seoul metropolitan city

Sample MS genotypes

name* SY12B SY50 SY58 SY141 SY17 ETHI10 TGLA53 ETH?225 TGLA122
YMO1 136 136 184 192 202 206 262 264 152 152 209 217 144 150 154 158 143 145
YMO2 136 136 184 192 202 206 262 264 152 152 209 217 144 150 154 158 143 145
YMO3 136 136 184 192 202 206 262 264 152 152 209 217 144 150 154 158 143 145
YMO4 136 136 184 192 202 206 262 264 152 152 209 217 144 150 156 158 143 145
ACO1 136 136 184 192 202 206 262 264 152 152 - - 144 150 154 158 143 145
AC02 136 136 184 192 202 206 262 264 152 152 209 217 144 150 154 158 143 145
AC03 136 136 184 192 202 206 262 264 152 152 209 217 144 150 154 158 143 145

M18-07 130 132 184 188 204 204 258 268 152 152 219 219 144 152 158 158 143 145
* YM, Mt. Yongmasan; AC, Mt. Achasan; M18-07, a male from the Seoraksan National Park and used as a negative control for
the identity test.

4. ptok MAIx|| Ehit

=1 L

2002t & gH=0] A2 FU = AR ER olofAl= AtetA| 2t DMZzoll 23] 700-80097 7HA|I7F A Alshs o= LAl
O m(Yang, 2002), 20121 0] & ZHIZHS
SUA T 1Y, F, 3P T AR = AR, 23, A4 5 AR S5 AR ol A AbeFe] AAlo] I ATk(Cho et al.,
2015). T3 20130ll= 7| = 323, 20180l = AT A2 Aol A BAE] 7| = 51 Th(Jo et al., 2018). Jo et al. (2018)2] E.1Lo]]
A P AE QI ARFE o/ At A1 Q1 Bupite] k¥ - ShtolH, 2018\ o] ol k= upitol| A 2|42 0 2 - E] ]
o, 20200l= L 7HA7F obxpAtell A = ERIw i}, Eupika} ofxbitk 2 ol A o) 4tef 232 BEL7IE ArFe] AAA] &
ArE ERloh= 23 AR7EE 2ol

A Fe Aol A o] ZHATE AR HAT L] A5, A Lol St IS T, AEIEH, S e RS 2
Qloj| ofsl A7 E T AAIA] ZF7NA| o] -2 70A P B ohd 2t ARR] ek 22 Al /gl J7F2 FTHJohnson and Gaines,
1990; Weif et al., 2016; De Villiers and Measey, 2017). F-A3-55H2] Q.91 7ha, A%, AHE, Wote] o] gt 22 A
‘ol ofshf A AIA] e, ohajof whet 7HA| ] shA 2ol o g Atz Ureh R Rk B AJejA] SRk U, F 2 B A ol A
A1z o] A v @A} & 5 B A] Fof S 9]3) o] 0] A2 LERATHBowler and Benton, 2009; Clobert et al., 2009; Peeters et al., 2019).
gt o2 WAt T E WAl Bk AJ-H e Bhak(sex-biased dispersal) ¥Vd-S LEFAE o], 212 ol A B2} A4, 231
33, A7) RS E 9Jst o]F 5o] YQlo 2 AHQbe 1 lth YU ] (monogamous) FENL] HAIHAE UEH = of2] 2FolA=
HE 7l WA B AKfemale-biased dispersaly2 LFEFU 1L, L ETHA (polygynous) FENS LFEF = E-Q-Fol A= £71-HFA 0l &
AH(male-biased dispersal)©] THE-2-0]CHGreenwood, 1980; Handley and Perrin, 2007). ¥, A1 22} Gorilla beringei beringei (Robbins
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et al., 2009), hamadryas baboon (Hammond et al., 2006), S+ A Tupaia tana (Munshi-South, 2008) -5 2350l 4] FBD7} 1%}
a1, AFA} Panthera leo (Pusey and Packer, 1987), &+ (Mclellan and Hovey, 2001; Dahle et al., 2006), =-°}H|2]7F~2 Lontra canadensis
(Blundell et al., 2004), BIAEFQIBFE Myotis bechsteinii (Kerth et al., 2002) & &2 X35+ MBD Y= Eolcka &&A Qlct
(Handley and Perrin, 2007). At 279 8)-5-Ho] 2k, 471 9] 35 o] & I (Myslenkov and Voloshina, 1998; Cho, 2013; Cho et
al, 2015, 2016), 5] H14]7] < 219 25 917F S7F6tAL, HIF EE7]= sHAR ofd 71 50] M2 AA A= 24ketka
A2 R Tth(Wilson and Mittermesier, 2011).

4,22

ol#l Q172 E) Gubito|Lt ofxAL, QIghatol A AT Aloyol ofuat o FolA o] 3t ZIRIA| & 4 glovt, ThE Aol A
A3He 2o o] F3E 7H5 Aol ek w5k 20181 0] F A4 0 2 AR D gIeke HolA §uhakoAr Ao 4] Aoy
of MAA) WA BRSO 2 o) g5 Tk S mhebA] ST, of XL, AT 5 A2 K| o)A Aloke] 5 et Ay
A 4 57 ol R RO et AL 4, B, WS 5 EARAL Bl Hof i 22 S5 2ALE Eo 140
2 227k 43Eolob 3 Zolth 5] mAIXIeL 7171 lgtarol Aol Aok ZEE QgL BEHEA7|HEE ol HAIA] Bkl
Atz 2k w5k o] ApolA Al SHo] ElE GubkobahL, SAF ot 7| Alk MAX 2 Lelrl 2, A7)
U DMZ S3ke] HAIH) AAE 93 JEIERO) B MAX WA L A% Y A7) S SRl SAT, sIEE B

= £349) BE m2 720 jals|ofop & Holr.
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