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Abstract

This study set three main objectives for the restoration and conservation of endangered
species.

First, a multiplex genetic marker for both sex determination and individual identification
of the Long-tailed goral (Naemorhedus caudatus) was developed. The marker consists of one
sex-determining marker and eight microsatellite markers. Using these markers, 46 Long-tailed
goral carcasses from the Gangwon Province were analyzed, and the results showed that 19
individuals were female and 27 were male. The genetic diversity index (He) was found to

be 0.653, which is consistent with previously reported genetic diversity in the species.

Second, to assess the hybrid status of two Amur leopards (Panthera pardus orientalis) at
Seoul Grand Park with melanistic leopards, the ASIP gene variation was analyzed. Both
individuals were identified as heterozygous, providing valuable insights into the genetic

diversity and melanism in the leopard species.

Third, to support the collection of biological samples and the development of
cryopreservation techniques for endangered species, various samples were collected, including
endangered plants, goral tissues, sika deer carcasses, amphibian frozen sperm, and wildlife
reproductive cells. A total of 270 individuals from 8 species and 1,298 samples were
obtained. Among these, 259 individuals and 1,278 samples were from 5 species, including
the goral, and 20 samples from 4 species, including the Japanese brown frog, were obtained
as living cells.

This study contributes significantly to the development of genetic markers for individual
identification and genetic diversity analysis, as well as advancements in cryopreservation
techniques for reproductive cells, providing essential foundational data for future restoration

and conservation efforts for endangered species.

Key words: Microsatellite marker, genetic diversity, Cryopreservation of Reproductive cells
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w
o

202/204 208/212 132/132 185/189 145/147 122/149 278/290 100/100

w
©

198/204 203/205 132/132 193/193 147/147 126/149 2721274 100/100

S
o

202/202 189/203 132/132 185/193 145/145 149/151 2741290 96/100

=~
—

204/204 189/205 132/132 187/193 145/145 124/124 2741274 96/100

=~
Do

202/202 203/208 132/132 185/187 145/147 122/149 272/278 100/108

S
w

200/202 208/208 128/128 189/189 145/145 144/149 272/274 100/114

S
=~

200/202 203/208 130/132 185/193 145/145 124/149 274/290 100/100

W~
o

202/202 203/208 132/132 185/189 145/145 126/149 2721274 100/100

W
<)

202/202 203/210 128/132 185/185 145/147 126/149 274/290 114/116
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™

x5 &

- o

=

o

A A RECISM 24 23

Locus N Na Ho He PIC HWE
SY58 46 5 0.717 0.708 0.639 ND
SY12A 46 6 0.587 0.651 0.583 NS
SY12B 46 4 0.565 0.554 0.504 NS
SY84B 46 4 0.587 0.597 0.543 NS
SY48 46 2 0.261 0.482 0.363 *
SY76 46 6 0.761 0.797 0.755 ND
SY3A 46 5 0.739 0.742 0.688 NS
SY71 46 7 0.652 0.692 0.636 NS
Mean 4.875 0.593 0.653 0.589 -
N = number of analyzed individuals; Na = number of alleles per locus; HO = observed heterozygosity; HE =

expected heterozygosity
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2. AR QT8 T AR B SASMelanism) £
7 A7 W&
1) AS(EH)olA A =

7hH AetiEde] BA3h l»‘%’-é}:tﬂ 2u}E]( 3201634 2=, $2016348 E.2)olA
QA3 A A g Bkt Qiagen DNeasy Blood & Tissue KitS &-8-3}
o FHAE F=3IA Uﬂ IS Tt AT
1.5 ml microcentrifuge tube®l|] Proteinase K 20 ul, 383 AHzjd &Y
100ul, 728131 PBS 100ulS o] 220ulS 93 th

- AL buffer 200ulE 93 28 (Vortexing)dtd 412 F 56 CollA 10&3t
HE-S A T

3ol Ex tubeoll o &2(96~100%) 200ulE F7}sta EHEA 3 H,

=g F 600ulE 2ml tubeol] &2+¥ DNeasy mini spin ZHl| &7 A]

6,000xg(8,000rpm) 2.2 183+ YA EE] o}

- collection tubeol] EQl &ML w11 ZHES ANYZF 2ml collection tube
ol =3 T AW buffer 50045 LI 6,000xg(8,000rpm) o2 1537+ €
A& o

- collection tubeol] =<¢l &Me w1 HAHE ANEE 2ml collection tube
of 7]&% AW2 buffer 50005 31 20,000xg(14,000rpm)ol Al 33 €
Al&2 o

- A9E 7AW Al 1.5ml microcentrifuge tubeol] &%t

Ao WHHQ FUo] AE buffer 200E 27 Hojmmd T 420 A

157+ t7]8F3 6,000xg(8,000rpm) 0.2 157+ YA e8] DNAS %%

7l el FAEL ] 95 ASIP exon 477 fzte] Wol of i
: 12 915 ASIP A4S FEshid 1 wge obeel 2ok
- SEE A3 219 ARAdA FET FHAAE HESA(DNA template: 4
ul, Forward primer: 2 ul, Reverse primer: 2 uyl, 2 mM dNTP: 5 ul, 5X
Phusion GC Buffer: 10 ul, Phusion high-fidelity DNA polymerase: 0.5
ul, Nuclease-free water: 26.5 ul) 7t 50ul€ "HEU T

4
-~
ok
iy
O
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ZdolH S=
O Foward primer: TTTTCCCCACAGAAAAAGGCTT

O Reverse primer: GGAAGCCACACCTGTTAGAAAT
O FZ4k=: 360bp

- PCR 278 @D 98ColA 30%, @ 98CAA 10%, @ 62TAA 15%, @
72CAA 15%, ® 72TCeolA 108, @~@HAAH S 308 w53

= M

98°C 98°C
98 1 ’

1
30 sec E 10 sec
1

72°C E 72°C

~
N
1

62°C

1
15 sec ! 10 min
i

[2)]
N

15 sec

Temperature (°C)

30 Cycle

4°C
4 -

- PCRo] €YY 1% agarose gelollA F3F4HES &<l
3) A7 (Sequencing) ¥ A

pest

o},
7}) forward 3 reverse primerE A3l Sanger sequencing= | E 53T

. a2
1) NEEHY)AA FH2 F=
7H W A S2HE QIAGEN DNeasy Blood & Tissue Kits ©]-8-3|
genomic DNAS FE3}%13, NanoDrop2. 2 A3 A3} DNA s==
247} 202 ng/uL(FL) & 16.8 ng/uL(ZE)Z <15 QT
2) tHHASIP) A2 3
7h 1% Agarose Gel %1788 2= PCR A=< &RIgF A3 oF 360bp =7]9]
HE7h AT
3) A1 (Sequencing) ¥ A

7}) Sanger AlEA A, @9t 2o ASIP F32 2P LA 333 F



Ao @717F C&F AR A BEE(c333C>A) T MA 2T olFHF
(C/A)L.2 BRIFHATHTH 7).

i 52525246 4646 46 3628 36 54 5151 5858 5858 51 51 2§ 1448 2313 26 46 51 4631 36 51 58 58 5858 61 6161 51 512246 41 5161 5834 58 58 58 58 53 5858

CG TG :
120 130

]

LANANAWAMAANVAN A MWV Wi

LG TGCGCCTCCTGCCLGTGECGC TTCT TG
0

1

| 61 5851 46 51 58 61 61 5858 58 51 5151 58 512¢ 1746 4551 58 58 58 58 58 5261 61 58 52 58 51 5151 51 4144 46 5158 58 53 51 58 58 61 61 52 61 61 5858 58 51

MVWANVAANIAN /W MWW MWV
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3. B AAAME gH g FARE KA Te A
v, dF W& 2 A%
1) EFHH71E *ﬁil/\li Ia=k
7Hh W-¢ 7 g9 2 S T8 dFs AAANERE FERE[AT. BFHIF
S B3l 29704 3487 AE AES FHIFoH, Ui F
3}

@ ERT =3 ot M | HE | SR FE (2R YY
1 A gaigell Paeonia obovata 17 53 ol MEg|
2 e MEA Calanthe aristulifera 4 12 2 ARl
3 o= SET Dendrobium moniliforme 4 134 Q, =7 =
4 Sh=x Bulbophyllum inconspicuum 4 149 o]
51 28& | Gymnopleurus mopsus 180 180 INES]
= 20971 4| (5284 &

AL FE o]#REe AkeF HALA 5070 A
ZRE 750718 23 AMES FHIGY. SRE A= vEE Al A

E3) Arolol= A E 11714

=

oYl 2R I=% LI MM | ME | EE Hej |EE Y
S ATA
1 A Naemorhedus caudatus 50 750 Z3 ;11751-5'}_ <
2 | =gz EP—E‘: Procyon lotor 1 3 ’é';*ﬁlﬂlizi o
3 AFRF Panthera leo 1 3 dAUME |Heah

4 CEN Vulpes vulpes 1 4 RS
5 orijz 18 EEE Hynobius yangi 3 5 ARt —CT,'—_lf,SEEH'é,*E
6 FIENV]] Kaloula borealis 5 5 Xt ssdT

5 6170H| |770ME

) FRdE AES2 vlEZE A2Fd S5 2A42(80C) = dAda

st

=1

o

2h) oAl EFAVIFTS T8t AAAE F 8F 270714 1,298 A&

_16_



2) HEA7] AT 2F(aEss 2 W) 4 AR A d sERE

71 7Nt

h DUERE, Bl ZHAH H/MIAE st AWoRRE Y ARE A

FHstgth 18 EF %o hCG 200IU |32, WZo]o] hCG 300[U &H<&

3] AT ke PR S s 1.5ml tubel

f

of Hast] A AEES FASHATHLHE 8).

Fal A=

13 8 YMT S22 Fe U oY R A

A
Tﬂ

W HHEA FZARZEAQ 03M Sucrose?t IFA BHEAQA 5%, 10%, 15%
DMSO ZE+= 5%, 10%, 15% DMFAE &33te 67122 FZ2EEAE A

536}%15}(% 6)

= 1
SZEEN | SEEEA Tris-HCI
== oy Sucrose NaCl KCl CaCl2 MgSO4 (pH 8.0)
DMSO 5% 300 mM 100 mM 3 mM 1 mM 1T mM 20 mM
(Dimethyl 10% 300 mM 100 mM 3 mM 1 mM 1T mM 20 mM
Suffoxide) 15% 300 mM 100 mM 3 mM 1 mM 1 mM 20 mM
DMFA 5% 300 mM 100 mM 3 mM 1 mM T mM 20 mM
(dimethylforma 10% 300 mM 100 mM 3 mM 1T mM 1 mM 20 mM
mide) 15% 300 mM 100 mM 3 mM 1 mM 1 mM 20 mM
o Az® BAREAS 2 11 (v/v)E 4 T, 54 ¥4 H2d

S|
AW-E 0.25mL IMV straw©l] 23, PVA 22 dEsAtH (I 9). U5

3l straws 4C WAl o] 108 &< E3A3 3, Axdi

FH

Al 10cm Eolxl E#o] oA 1083t pre-freezing X33 5 HA|d

2o gol BRESIIAT(LE 10).
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[ feERoe”
The gersie L‘Assod

\MADE IN FRANCE
2000 PIECES

=-.=-!n| |

.
j_EE! 10 OEME A
. SMF MK} pre-freezing & HH AL HE

g =43s A =

) 2% AHA strawE 40CZ HAAHE HEuzoA 5x3F 3

straw®| 3 ES - =4 s ¥

) };—L % 22 7HIE Y 2 99 =20 1.5ml e-tube©l y_:r 192 =
A Sl A )] - 1—6‘

g A3 Y =Sy, WEo] HAA JdEgAS 7} +

= 3‘—'401] 742:1 o % %lsgé‘]—%q(:la 11) = 4 1:5 (V/V) nl-L




51

418 FAF BA A F amphibian ringer’s solution© = 50H] 3|4
g SYBR-14 A eF 5pl9} propidium iodid 1ulE £xH oz E3tsle]
AikE FAME FH (Hemocytometer)ol| 10ulE FYJ3kod 40X vi& 3

rAdez 1825 F 3 o] AAe] AEE FASAH(H 12).

K

Live sperm \

Head of a sperm

Head of a sperm

Dead sperm

Dead sperm

02 12 D2E2E(A%), YBO(LED) IS YA YES ol

Survival Rate (%)

Q —QDD*%-j 'E% _% D

==
eeeeeeee M < N ° DMS05 DMSO10DMSOT5_DMF5_DMFI0_DMFT5__DMSO5 DMSOT0DMSOT5 _DMFs _DMFI0_DMFI5

/T = -
/ T \\ 7 Temp
4 /ig * low

DMSO15 DNFS
Treatment

Mean Survival Rate (%)

AH

A2 Aot ZF 10%, 5% DMSO ZZ2KXZEA
SHATE F 37MA9] Al s T o2 HE 5719 &

T2l 13, SRR = w2 D EEs(X) uo|(LEXE)9

LT S o\= y © O

%
s EA 4EE =

DEgy U WBo] A FANEA FEE

off
_ll

s < & FH, &2 77
£ sty dAdiel B
2

A Azt 5A ]

=

ol 2RE 570 B4 A A2E Fusie] FAREIAT
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2) =AH HFEAVIET 2 o= A 7l M

7h AR A 22 A A E g

- AR dA 22 FA 53 Ed YA
o &4 Agsid. da 9 A A7
H, ¢4 HZ(cortex) FHE °F 1-2
mm T8 FZ4o=m AT gt dishell 4 - 671
A=A wAsigloH, o % 4 == A W 9

27} el Aol AESATHL

07 14, AR} ohA xF

rt

a

ke

Heol GEHS 1 mL syringe® F<lst] dAE 3|3ttt 3¢
WA= L-15 medium + 10% FBS + 1% p/solA 23] MAstAT. 1
o5, 4-well plateollA] MEM-alpha medium(Welgene, LM 008-01) + 5%
FBS + 1% p/s FACZ 37T, 5% CO, AFHlIolElo| A Day 37-A] nlj
33t 1 % fluorescein diacetate(FDA) 2 ng/mL$t  propidium
iodide(PI) 1 ng/mL o= 583t ¥H-gAIZ1 & 333w 7(CELENA S)
o7 ST
- 3 A, A MEE HdRtol] AA fluorescein diacetate(FDA) /2] =4
ggo] HHEHJH(TH 15). FDAE AlExHo] A3 FAH Aol Al
e F4kd &, Al W esterasedll o3 7hEslEo] F@de st
© =42, Ao A B4o] FAEEe Aot 7 A5E yE
AE AFZ=E AEETE (Boender, 1984; Mohr & Trounson, 1980). HFH
propidium iodide(PI)= A|3Zuo] &4H A ZARE 34y} Agtsto] Z
A g Ueille dAA R, 2 AN #EE dAeA = PI A A
37F kA #3AEA &kt (Nagy et al, 2003). o]g G4 A=

D3 Aol dArh Alxer FaAds 7122 R] A E4E FAS S

i

I

rr

¢
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e AlAREH, A9 v o] Fol= AE FEHVE fAENe = v
(Mohr & Trounson, 1980). 53] dAl= M=E =77 A3 M=4 ¥

Eol, FDA 30| sHo] opd Alxd Hyte] FitE o] #FHE= A
gzl Edo® Hugol glom, o)l & AdFolM HEA FF v

a9 15 AR BEe S wdabe] 4944 (IVM) 2 Live/Dead @4 23}

T4 AY § EE 2AS e 2y, g 8] il F23)
wHd & o met Y MESL W
g Holn A YErt Fvbeke S itk 22 Ael

=
o1

—_
2 |
=
o

o ol
_ﬂ

L
-
@
o

=

AT Z20] $AHRCH, p2 WAAA AME Fust FsaAct

Hjef 27](Day 0)2F ¥ief 9Lt &g Ay}, A 5 F7ket 34 A
ddo] F7kst= dE7E SAEUH.

X

Al
K
5

p2
74s

Fu8 A va 14E 2 O Fe AME 18ES FARE stgon,

1‘
odh
odk
fu)
mlm r

FA A

O 16, AFAE b =& Fef MMl Z o QF
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) 2 ez g
- THAHAANA BEFQ B TS B A 23S FHE
Aok " x2S DPBSE AAHE ¥ x73319 T

A
5 IAH B B3 BAME FFOZ ReFtHaY 17).

rlo

22 - B S
vitrification

O 17, 22 4 ' A 22

% 18 2tE MY 2 Mlx df 2t
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th o¢ ALz 9 AAE FH
- FYPH AN TR I S(HF 34) FHHFES B AL 232
grsit. grd =22 2A Z48A . ©]F collagenase type I 750
U/mL €942 5ml ¥7}staL, 37C, 5% CO, =719 <FulolE oA 30&
7 AR B4 Ae) Fol= 1 ml HATe] BRES Auste] wy
A< pipetting® FAFLEA £HE F7h2 RANAHAIY 19).

HE 52
equilibrium

a2 19, 012 Ha X3 Y MED 2e

- B2k Al A 40 ym cell strainer(FALCON, 352340)2 o33k |,
DMEM Low glucose HiA|°| 10% FBSE H7igH viAE 7|& dAgH
11 BIE&E EF3AT o] F 390 goll A 423t A Eefste] Al pellets
3ttt

- 28 ¥ AlZE= DMEM low glucose + 10% FBS + 2% p/s &4 v <F
st om, wief o E 13 #AE wARE § o]Fo= 2¢ 4o E u
AE wAAH. 27] G AlE= p0 AN FERES FH5A
o MEZ 522 DMEM + 80% FBS + 10% DMSO + 2% P/S o=
cryo vialell &SI coolcellel]l Eo] —80ToA HHAZ FH, thx & HA|
A Az &4 A7) BASATHLE 20).

- oo BEg ArAAS) 22 3A8E 2 AAE 18EE R
A BEIGT

¢

bl &

ol

O3 20 o da =5 7 AME 22 2 s At



u}um* o 2% HR Y SARE

I
- BESATETRAHANA Bt T 2AE 2 OuAE FAFgTES
53 A4 23S FRSFAGH(TY 21,22). FrE 2ZA AAHBS B

S vgsiel 21t suEd SANE s

M= M=y

M2 M| = b

PO, Day0 PO, Dayl
HEHsE NEZS2E
pre-equilibrium equilibrium
T8 21, =ALS Ho-Md &2 gl s et

STIVEE PN chopAbS MIEE

HE 2 d =¥
PO, Dayl

M M ZH) ¥
PO, Day0

N3z sZ
equilibrium

O3 22 chotAbs oM

MNEESZE
pre-equilibrium

o
Ho
o
=
02

_24_



g oA

(GHF TR A ) B ATA HFH o R 4Gy AAAEE 9% AR
870el MS w7 e} 1719 A3HE miAE sttt 4249 e dEsHEs 9l
dolg Ao, HFHOE 5/ 7R vAE 4ol 2719 HEE3

Astath Z9d A HAAU6NA) 2Rom HAE 3 An T 9 ulA
AEE w9 2 2538t o, 2k /A AT ol FHgdAE S 2

—LI
{(

l

AR ol2H E AFolA AEE A ANANE gESE ] AE
EUHY & A 7] dnl dats ARke TT% R €9 g s Aol
o= ot

(FEH AT 24) 2 A7dM= Aedlsd Ei olFE8W 24AGEL, 25)
dH oA gDNAE F=3tal ASIP exon 4 73HFEA4E 360 bps PCRE 5353 H

Sanger A|AA o0& WHolE sttt F /A =5 ASIP 29 A €(coding sequence)
3338 XA C/A o] HFoE FAHJTH= c.333C>A 3T

AAE gr 5 FARE 7lE D) B dFME 2EANF AT
L FHoE HFAVF AANEE AAZHCE FRET Aopde A=

ki
AC)
bl
oft
o
o
off
o
%
W,
2
03’:
ru{n
>
_>|~I_‘
AL
= M
£
—o
bl
_|>L
O
4
>
1
fru
of
ﬂ
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AE AZER ofygl 22, AHA9F e Fogle MERE gHste 25d EF9
< ZFsto] F 8% 27070Al 1,298 &< R o] 23, EFHVIF A

ArgELYS THAA 7S B HITAF AAANEREE B{S 7HoE
on, & 71F 1,903/ 6473 Z S H@Foln HEAY HE L Foo =

23 JBe $Y Aoz g,

fjH
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sk BE 7] Tl )

28 Mrde A

=)
=

1) fAA vhA AR

714

FEH7IF ZUEY d7 243

2) BEH71E MAT =27

3) A vhA Y 53

N
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