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Abstract

The number of endangered wildlife species designated by the Korean
Ministry of Climate, Energy and Environment (MoCEE) has increased nearly
threefold over the past three decades, from 92 species in 1989 to 282
species in 2022. Although long-term national surveys and research programs
have been implemented (e.g., nationwide distribution surveys, wildlife status
assessments, observation-based evaluation and management, and migratory
bird studies), substantial knowledge gaps remain for many taxa, and the list
of endangered species continues to expand. International conservation studies
emphasize that effective recovery requires not only species-specific research
but also an understanding of (i) interactions within biological communities, (ii)
behavioral responses to environmental change, and (i) habitat-based
conservation measures. Analyses of endangered bird conservation and
restoration programs also identify environmental-biological threats—such as
predation, breeding constraints, inter- and intraspecific competition, and
human disturbance—as the most frequent direct causes of failure. These
findings highlight the urgent need for comprehensive ecological approaches
that integrate organism-organism and organism-environment relationships.

This project was designed to move beyond baseline monitoring toward
species-tailored conservation and restoration by establishing an integrated
research framework covering: (1) annual and regional updates of wild
population and core-habitat dynamics, including identification of core habitats
and movement routes; (2) evaluation of population supplementation and
reinforcement via captive breeding and release, including development of
pre-release  conditioning, release  protocols, post-release  monitoring
techniques, and captive population management; (3) characterization of
ecological and evolutionary attributes through assessment of genetic
uniqueness, genetic diversity, and hybridization processes in wild and captive
populations; and (4) development and application of threat-management
technologies, including improvements in habitat carrying capacity, reduction
of nest predation, and tools for hybrid identification. Four focal species were
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selected, including two MoCEE-designated priority restoration species and two
additional research targets: the Black-faced Spoonbill (Platalea minor), Hill
Pigeon (Columba rupestris), and Black Stork (Ciconia nigra).

For the Black-faced Spoonbill, breeding surveys at 27 Korean breeding
sites in 2025 recorded 2,601 breeding pairs, representing a 7% increase from
2024. A total of 107 nestlings were banded, and band re-sighting data were
integrated across breeding and non-breeding areas, including citizen-science
records and international databases. Habitat enhancement actions (e.g.,
artificial ~ rock  structures, nest-site preparation, and nest-material
supplementation) were implemented at selected colonies to evaluate effects
on colony settlement and breeding capacity, and remote camera monitoring
was used to identify predator incursions and guide site-specific mitigation
measures. For the Hill Pigeon, nationwide population estimates increased to
401 individuals in 2025 (25% increase from 2024), largely driven by the
confirmation of two new localities. To address hybridization risk with feral
pigeons, targeted removal was conducted where feasible. In addition, a
molecular toolset for Hill Pigeon X feral pigeon discrimination was
developed: whole-genome and SSR-based screening led to the selection of 11
informative SSR markers, which demonstrated high performance in individual
identification and parentage assignment (up to 99% assignment probability
under standard confidence settings). For the Black Stork, genetic baseline
data were established for one domestic captive individual and six individuals
imported from Japan (n = 7). Mitochondrial control-region sequencing (1,149
bp) identified three haplotypes, and phylogenetic comparisons with available
international sequences indicated weak geographic structuring, consistent with
low differentiation reported for this species. Cross-amplification tests of
microsatellite loci from related storks yielded two loci (Cc07, Cc37) with
stable amplification and detectable polymorphism, providing an initial
foundation for future expansion of nuclear marker panels.

Overall, this project provides an integrated set of ecological, behavioral,
and genetic evidence to support species-specific conservation planning,
long-term population viability assessment, and applied management of key
threats (predation, habitat limitations, and hybridization). The outcomes



contribute to the systematic implementation of Korea’ s national endangered
wildlife conservation plans and offer scalable tools and datasets for policy
support, scientific advancement, public communication, and local stakeholder
cooperation for habitat-based recovery initiatives.

Keyword: Endangered species, conservation, restoration
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-1-3)). #iid 3070A o] F2shr] ARG (10dE olFEE 6.5%~41.9% Abole
ABFEo] et on, 23] AolA M A|oA 7tFAE F2APE F=x 10770A
£ A5 F R2MAEC] ol& olF I H = AR A FFEH HF
HI&0] 29.9%= FRJAFHJT. =FA4, GAEdA 7HFAE F28 A7 HA A
9] AN A SAHAA(50.0%) = 71 B@ol #EE wEA, vEoA JEgAE 7
g Aol &3l WMAA YJeolA FHEA] FUTHE [-1-4). AoJl= dREE S
2 A Aok 2EY HT AolA
, Aol ME HASE Aot ¥

o g

2 opolA 10 d o] BEZL F A= A

27} ol ol %, YEAR o Falok HAn

e
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iz
ar

1-1-3

). ‘o5 = X Oo{A| Ji2HX| HExF A D}

B

=t

L

il

=]
e

7H &

A
T

Z Jlebx| B (EE JhetR| AfAh

06.09

9

R44(rbT), R45(rbU), R46(rbV), R47(rbW),
R48(rbX), R49(rbY), R50(rbz), R51(rgA),
R52(rgB)

06.26

FO3(yrC), FO4(yrD), FO5(yrE), FOB(yrF),
FO7(yrG), FO8(yrH), FO9(yrl), F10(yrJ),
F11(yrK), F12(yrL), F13(yrM)

07.15

F39(ybN), F40(ybP), F41(ybQ)

07.26

F42(ybR), FA43(ybS), F44(ybT), F45(ybU),
F46(ybV), F47(ybW), F48(ybX), F49(ybY),
F50(ybZ), F51(ygA)

06.27

F14(yrN), F15(yrP), F16(yrQ), F17(yrR),
F18(yrS), F19(yrT), F20(yrU), F21(yrV),
F22(yrW), F23(yrX)

HE RS

07.05

15

F24(yrY), F25(yr2), F26(ybA), F27(ybB),

F28(ybC), F29(ybD), F30(ybE), F31(ybF),

F32(ybG), F33(ybH), F34(ybl), F35(ybJ),
F36(ybK), F37(ybL), F38(ybM)

TR

06.17

R58(rgH), R59(rgl), R60(rgJ), R61(rgK),
R62(rgL), R63(rgM), R64(rgN), R65(rgP),
R66(rgQ), R67(rgR), R68(rgS), R69(rgT),

06.19

10

(
R70(rgu), R71(rgV)
R72(rgW), R73(rgX), R74(rgY), R75(rg2),
R76(rwA), R77(rwB), R78(rwC), R79(rwD),
R80(rwE), R81(rwF)

06.23

RI3(rwS), R4(rwT), RI5(rwU), RIB(rwV),
RI7(rwW), R9I8(rwX), RI9(rwY), ROO(rw2),
FO1(yrA), FO2(yrB)

06.23

R83(rwH), R84(rwl), R85(rwJ), R86(rwK),
R87(rwL), R88(rwM), R89(rwN), RIO(rwP),
RI1(rwQ)

06.11

R37(rbL), R38(roM), R39(rbN), R40(rbP),
R41(rbQ), R42(rbR

107
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AojAl MAR F F= B2 WY HATE Xﬂl* A8l AoAl AR F Akl
AAE FEaA, SAE, AAY, W=l F 214709 SAHE =43 &
ANEE TFSFATHE T-1-(5), :L%] I-1-(4)). =A8H =4 23, SAEE A9

o

3 iAo A Mol AL FAGE FAE BET £3, GEFEA
o
T

QE A4 AAZ B3l Aol WA F1e Husiark

H 11-1-(5). ‘25T Mol HAX| 2 HMxte! sat
ma i e
2tA| 2t 43 SxME B2, SXE 500 =N
23 E 4.19 SAME 22, SAE 577 =N
2o soe SAME =23, SAE oF 500 =4,
ol sel AN H
o = 52 SXME 22, SXE 577 =M

AojAle] W2 T o]zl 4€ 3Y AALE WES A

=23 A ARE & o 50708 FAEHE 2ASAT. AALGE 20240 50
Hel TA7F &lE vk Aoy, FAE 24 o] Fl 2025
gRlEo] WA FA 71 F7H Ao E YEyT o=

A Agw Fgol Ao A FHol TAHAQN FdFES v AF}E AGHT 3
4 13¢5 49 199 F 239 Zzii# HAZE st bt Aol 177, AHHF-
of 40719 FAHE At F 57709 SAEHE vdstdo. 18y FAH
Aol B3tar 2025d WA TA = 16712, 2024 d3270)0l vl <F Axt

=
<
T
FOoZ Ztad Zlog IRIFIL. ol FAH 24 Qo= xR I, A
2l
=
=
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() HAA 8l met 9 #e

Ao WA Ao ARk FRAAAM 7ML 485 SIS A, A g 478 W
z o)

A7 F ZAgelA B acle] AR ok Azkriol UTelzt 2
2 AYstel Aol B TAsE mio BAHYCH, ol s WA BF
of APHoE FWE AT Ut [-1-7). 53, U7 AY A &
zAo] 3o Ma) YO FAso] WA A ojojd FFeAo] B W, ¥
3 e TxE 4 5 294 492 5O AR AR PAe AU "o
A Aew AnH
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2talolol Elelet L7l

T8 11-1-7) MojAl HAR| L 23R 9lgieol

oA R E Uelel ofs) WA SaE e dH dERFA Aoy 2 AL
Ure 24 sl tgsr] Slsl 7] AAE Axel oMy 9 ARe wAgSs
AHEAE 22d 1299 ASFATHIY M28). °1F 25972 Aoja Hole
U7l Aol BAHA Ggror, WA mF FEI Zrkste HAF FEE

of UFe AYWA FHHOE JFS v Hog Wedh by 20do] e
g 4X ol F TRAL BAZ s UTt AN AN, 0G FA o|F
#

A= ALKF oz WHAA EUHP S 3 A A adFel 488 A=

I T —

E9, A RE A& SeE WESA WA YL Agsr) )
FERAel golE HNE AN wY Ao BT nay e Py AN
stol MB/PRSA ] HEe ABSAA Sgom, 1 AT YERFA ALl

= HIY Zols AA o|F RE7tvheA e o] & R=T}; fasts 5 dF HA
%

=4eE =

3 dEGeA AeHT dedulsl B Fa MAXelA BB ske] B2k A A
o] AR NEIRISAF AHH O A AAT BS, Aol ol T
53 WA ko] AT sbsAel o, FF WEB/ELSAL WA A7) B o) g
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7F 47 W& € Wy
(D ok NAT 5= &4
P MA T =27

A 571 d7H2021~2025F) =W AAT 27 HES Fobstr] Qe B xA 2
AR ZALE HYPSATHEHAEY 2021, 2022, 2023, 2024). @& A= 7|E A
AAQL FEHT 1074 @ AHT ViLE Wders 44 dF A AAsE =
Abskdar, 20251 Al AR 270 AGEFET 14 B LT i) F718t
JATHEE M-2-(1). FEl AY AA AAT gofs st sdAL 5 A21A 1074
axofl tiste] 2025\ 49 2~3Y, 62 25-26%, 9¥ 11~12¢ T 33 AAH SA=
AHE AAEERE 2AE AZEE AAAE dE Z(16:00-18:000 B <

(07:00-11:00) 5 23] & Uro] A & AAS B8t AThE 11-2-(1)).

A

Ky
T

it

E -2-(1). Fa XS Go[S7] MAX]
x| o Db Zeo| N
MAIR| | BhdAb | ORIE | Tokel | EAf2] | ol®1 | olm2 | AN | A2 | ®E1 | ®E2

AT A AMAT A Fobs 95t WEAHd A A AAA AN(BEn
8~10¢, 4¢ 28~30¥, 6¢¥ 20~22¥, 9¢¥ 24~26

d T 432 UFol A JHAIFE AR 3 AAAE HUXE s AT =

gk 2025 A SA(HY, 249 204, A3}, 7€ 319)9 270 A At A A el o

sto] 79 28~31Y 2 9¥ 23269 ZAME MAFE FU)stHTh
(2) Y1l #AY
p g8 #Y 23 4

2 g Slstel AMEs1E
BSY 8 55 AKE IBYS o] g3t

= m
of\
o
ok
N
ml

sl AAA U gEEs] AYe
AAGAT s T



ZsAT. HrlE719 FHA AF vas 9t
ZARFATE E=3h, A 5713 7H2021~2025) A
A, 28 9 A& FE Hn BA57] 98 29

ATHEHAEN Y 2021, 2022, 2023, 2024).

> &
e
%
=
i—";
BU

1;(]

d

Q) FHl=E7] x Hrl=E7] €44 #E &4 A A
Oh A% FAA &4

FHlE7I9 JAulE7], ®&F MAY E@d #d EA viAE Ndshr] A A
HA GAZ AZFZAA(WGS; whole genome sequencing)ES 831 SSR(simple
sequence repeat)= AR WGS £4& & 7 B vbA (= EAAEH A
2023)°ll A3t WRIEZ] THAL, HHlE7] THAS] WGS HolBE 283k
t}. WGS pre-processing 3 S 2 trimmomatrix-0.39 ZZ 1S ©]-83lo] window
size 4bp WFE slidingdtill mean quality control >15, leading trimming > 3,
minimum length of reads > 36bpY] ZO=E FP3HUT. o]& T3l AAEH NGS
AqE =712 o] &3] SOAPdenovo2 v.2.04) ZZ 1] k-mer 692 De novo
assemblyS FH3FA T oA ET] o]F A2 genome HIC|E Al W3 coloumba livia
(GCF_036013475.1) gemone= 7|22 H|ln AME3 reference E 7He] SSR W E
g5 Attt

WiES pre-processing

!

D¢ novo Assembly

!

S55R detecthon

1

Selection of polymorphic 558 marker candidates

Prmer design
n-silice PCH

T2 1-2-(1). SSR AHS I3t WGS 24 =AlE



=4 AE o] SSR O Hlnw BAE S5yl #8l,  Columba  livia
(GCA_036013475.2)5 7|22 Hln AZ3} reference F2] SSR size matrixS 2+
St T, Columba livia (GCA 036013475.2) A EollA] 2t2 SSR G99 & 7|&Fo=2
F 20bpe] flanking sequenceE F=3}al, flanking sequences HIE7]F 147142 Al
Z9 draft genome A €3} NCBI®| 370 chromosome scale, Columba livia 1 &l
in silico PCRS 33} reference ' 4l SSR sizes Al4FeIARA T Columba livia
(GCA_036013475.2) genome A1AolA in silico PCRS 33 AFjo|A 5o
#2E = SSR Y92 matrix 2ol AL FH AT}

E 11-2-2). 2Moll Ar2=E Columba lvia &= & S < ME
No. of No. of Total . .
chromosome scaffolds length(bp) Contig N50 Contig L50

41 858 1,325,566,026 14,042,120 28

AlBA ZFAE Ak w2 SSR do] HE AH O =Z, Miseq] read 20|
7} 300bp= A FHE O] 2o forward read®} reverse readE AZAsIH T °F 580bpE
Z233t= Al 2e BYA AR T =S product size ZFO]7F SSR motif W&
T W3] 7|lstA e A AYsAa, &G AEolA 370 ©]/de] product

sizeZ7t = Al primer o] o] wo} A2], AME X product size”} monomorphicdt
o g@Pdo] FZ3g 49 A9, Motif HHE = Z}o]7} k2 SSR2 A 2] 3} T

o %

(1}) SSR-GBS #4]

WGS E4S S8 Addd 1307H4 SSR= € BAZF WET FrlEr] 1470
A, A¥l=7] 4a70A, &F Fl 470A F 227045 2= SSR-GBS sequencing ¥
filtering= A A3} T iaz\gﬂ]‘ﬂ 2 AegtEd FERAATAAA AS H F2
& AAE AHEEe™ & [M-2-3)°l F7]skAn 1307He] SSREHFE HA]ld
primerE ©] &3}, ZF MES OS2 forward E reverse ZEto]m o] 5 o
illumina XIHE(p5 L pNH)A LS H23E SSR vpA ] 12 PCRE A d3IATE 13}
PCR 4H=& o] &3] oJRE AdZ2& 9% 23 PCR<S Zdste golBgeE A%
3T ©] % Illumina Miseq “&Hlol Al paired-end 300bpZE Al HJE F3Y3}3L raw
datas B 53ote] £ 3 78 v 2 F Ul 77 A E AEEATH
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E 11-2-(3). SSR-GBS 4ol A= dH|E7|, U&7, &5 /A H&E
N EE e E o M NI M=

080-07108 | == | A0S0 - = 080-07153

080-07123 | &% | AHI=0| - - 080-07153

080-07153 | - | &BI=0l | 080-07108 | 080-07123 .

080-03187 | =% | ZHI=0] - - 080-07119

080-07101 | 221 | ZHI=0] - - 080-07119

080-07119 | - | Z8I=0l | 080-03187 | 080-07101 -

080-05567 | =% | ZHI=0] - - 070-02417

080-05562 | &% | ZHI=0| - - 070-02417

070-02417 | - | 8IS0l | 080-05567 | 080-05562 -
Bl0-1-5-27 | =21 | 0= - - B10-1-5-54, B10-1-5-59
Bl0-1-5-41 | 2% | —HI=0| - - B10-1-5-54, B10-1-5-59
Bl0-1554 | - | Z8I=0l | B10-1-5-27 | B10-1-5-41 .
Bl0-1559 | - | ZHI=0l | B10-1-5-27 | B10-1-5-41 -

BLO-15-7 | =% | SHI=J] - - B10-1-5-51
B10-1-5-23 | &% | ZHI=0] - - B10-1-5-51
BlO-1551 | - | JHI=0l | Bl0-1-5-7 | B10-1-5-23 .

- 070-02422, 070-02423,

080-07103 | 221 | LHISD] - - 070-0243. 070-09437

080-07154 | 2421 | MHISII | 080-07108 | 080-07123 007700__0022442326: P

070-02422 | - | F1(9x&) | 080-07103 | 080-07154 -

070-02423 | - | F1(—x&) | 080-07103 | 080-07154 =

070-02436 | - | F1(9x&) | 080-07103 | 080-07154 -

070-02437 | - | F1(—x&) | 080-07103 | 080-07154 .

=

Dl estrmitinn sl apeality oheeck (DK}

!

l

CansaniTn of 558-GES Earary gl
S

!

Serumiteld deviniltipree lig

|

v annn of SRR prqqurl HFE TR

|

0 fikenng

!

Blarier dpladman

a8

I -2-(2. SSR-GBS &4
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&35l F 2270415 A O 2 SSR matrixE 2HAJ3Fe] ZF SSR vl
HE 30% ol ME Aol BT A, AT A= AASATE 2 SSR vt
79l 313k SSR motif A B 22704 peak &S SO Z FFH T (homozygous)
2 o] & A F(heterozygous) T= FlstAt. dRIE7Ie HRIE7]S I/F3F SSR
motif AEE 717 A= AA, sFHY FHEA 7+ T AZ & ALE 7t
e AF T 0 & AR &8 JtsetH, 24 oldFY FEHEA J/F Fle
T 7Fsdtth =3 72 F WelA olgdyde Hole wreE T W F&°l 7k
g uHARA AESES AT o] FAHA F 11719 wiAYE HFoE HAAHEHI L
AAE vwAE Cervus 3.0.7 ZE2IHS &3t A4 88 B4 A 248
g 1A 4 AG=E FGristgen, v Al AR &8 Jteds T84

o2 AEsHL
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. A+ 2
(1) obA AAE S BA
Oh AT =27

T AMATT Z71= 2020874 1007HA] PR (= HA Y 2023)0] SQAEH AL,
o]% 2021'dFE X AY AqF AAXZF ZIEEA A 142704 7F A=
o olFo= AW dH] &Z Frlsle 202239= 167/0A(AE tiH] 17.6%
7h, 2023dol= 17570 ACAE tiv] 4.8% =71), 2024 d0E 32070 (AE tiH]
83% Z7hH7F FE AT, 2025E 0= 401 AAE thH]l 25% Z=7H7F FelE ok
(28 I-2-3). AYEZ= Fd MATL soNAZ A3 vl 4% SV, 9
A MATL 263MAZ Al LS MAZE RAHATHEE T-2-4). A7 H2A
A (AL 65704, &3t 1470A)ANA = AA 7974 A7F FJASH ATh ™ 1T-2-3)).

Ly | 7] WA 2 (20012008 ot X 2005
=l ik i r4
- &
s - &0
=4
& 5 ; D
E A - 182 e 3w
154 - - " "
P i
a0
5 o
M3y MEY HOER i s E° )] -]

a2 1-2-Q). Azt ST HM (=) 27| Hat A HAX| HE EH, Z3

B AT zoay2028) Tl T F2021-po2s)
L] o
I.m rﬁ“ i &l bl - "j &7 =
il :
1]
a
i+ g an
w4 ;
E ! 108 '-_'-’ o
168 un o
1]
= 1
a o
20k ik A L i i 2 ot oA poFil

OB 0-2-(4). ¥k GHI=7] JHA (T, X)) 37| H2H2021-2025)
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(2) 1da<l &g
b flded #g 523 4

Ak 570d(2021~2025d) F EHIE7] AAA W G JHlErie T A
A AQoA = A e T4 MATE ALHA BZFEHAD, FF HAE 2022
FE 127047 BEEATHEE T-2-(5). ?E:ﬂ-? i}%AP 2 A A2 A Y
g HAulErl= 397kA URAZE ER1E oY, = F7Vste Aol AT &
A=A HulE7] HA= 8L WA FA 3711& T MAE HATF & HE<l
Hlow, 10€e ®/F 3 oA ARYstAT AT AR A= FHHlE
Z17F Ao sAA 7 BEEJoH, ZF2 v FAHATE Al HAXA HY, 43
ANE FHuEZ] L FZFol 72tz a7, 171A 2 1A, A7 Sl A
3 WA E 93 Ayt "G AW 571E(2021~20253) I FE A HolA =
= AAE 20259 AA7A 6070A7F T HJAT. FEANAE XA W FAHE
7] A @522 © ol FF FUHE FRAFHA FUTHIE -2-6)).

T AR -BI%) e RE)
H T
L (=12
b o
& 4
= 119
"
a 5
: I I s Iaﬂ I.‘.' I.*.' st Hse
= w
'Hlil.?!- -Edllil EREIE «HEHER S UR
% n1-2-5). -_rLE4I, XM FH|E7| 2 EHE IHA T BHEH2021-2025)
UsE? =8 U S pman-anes) ARSR WA k)
[ 1]
1] “ L]
H E =
-] A i
™ - E »
u g x
W g =
- s iy . ., milem ! . py: =t
2011 »z ] | L] =]
- - I?H -1 1 e WHEH - UaET «TF
I3 1-2-6). 7ol &elE7| 2=, ES #HaE g AF HAX] Mu|E7] #HE
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(3 EHl=7] x HH]

SHE7]2 FHAulE7] 2 770419 de novo genome assemblyE F3l &

7l €4 B2 A wA AN

Aol DNA =7t g9 A= & [-2-(4)s 2o

E 11-2-(4). Short-read de novo genome assembly =4 Z 1}
Sample Kemer No. .of Length(bp) of contigs
contigs Total Min. Max. Avag. N50
IN3848 1,102,144 | 1,084,797.795 200 95,475 984 1,868
IN3897 797,240 | 1,115572,111 200 63,057 1,399 3,284
IN3902 787,107 | 1,108,669,130 200 41,893 1,408 2,907
IN3903 840,652 | 1,107,426,667 200 59,916 1,317 2,480
IN3905 949,963 | 1,124,104,198 200 56,933 1,183 2,565
IN3907 974,124 | 1,123,325,102 200 43,796 1,153 2,526
SRS468666 1,703,732 | 988,999,436 200 11,009 580 735
Cliv_1.0 69 922,434 | 1,119,604,433 200 82,192 1,213 3,767
IN3788 1,238,983 | 1,138,828,848 200 63,374 919 1,743
SRS346865 1,104,924 | 1,093,982,523 200 33,175 990 1,791
SRS346873 961,062 | 259,262,362 200 6,278 269 261
SRS346877 608,601 156,117,406 200 3,896 256 248
SRS346884 1,567,881 | 454,524,335 200 3,927 289 282
SRS346899 543,079 138,387,173 200 13,251 254 246
Average 1,007,280 | 858,114,394 200 41,298 872 1,765

—

deca-nucleotideE & =] gt}
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7zt WEo| assembled contig A1 B3} HFLIHIE7] reference genome X8-S T3l F

o
SSR

=3t ® GHIEY] O-2-5)2 Zth %2 ZF motif type?! P2+ di-nucleotide
o2 Eo] (AC)ES 9u|slH, p3E  tri-nucleotide, ©]F 2

2 FAo=Z plo




v
ar

[1-2-(5).

HIE7]F & 1471Hd el SSR & 21t

Sample

p2

p3

p4

pS

p6

p7

p8

P9

plO

Total

GCA_03
601347
5.2

36,019

13,607

28,433

101,211

531,483

469,604

101,879

41,751

66,145

1,390,132

GCA_03
271937
5.1

35,992

14,567

26,481

41,801

564,291

159,704

102,276

41,505

28,667

1,015,284

GCA_03
601077
5.2

34,611

12,301

25,311

79,326

480,444

379,582

88,913

38,973

54,938

1,194,399

Hill-pig
eon—-IN
3848

11,810

25,147

32,782

457,719

140,837

26,598

14,721

819,653

Hill-pig
eon-IN
3897

32,371

12,911

25,842

34,148

476,850

144,627

83,222

28,550

16,261

854,782

Hill-pig
eon-IN
3902

31,775

12,715

25,012

33,468

474,259

141,464

82,702

28,307

15,828

845,530

Hill-pig
eon-IN
3903

31,841

12,751

24,977

33,177

474,021

140,606

82,335

28,100

15,697

843,505

Hill-pig
eon—IN
3905

32,191

12,863

25,122

33,697

480,580

144,433

83,959

28,813

858,168

Hill-pig
eon-IN
3907

31,721

12,645

25,027

33,145

480,273

143,517

83,478

28,785

16,351

854,942

Hill-pig
eon-SR
234686

25,041

9,007

22,420

28,241

400,549

125,074

69,339

22,154

12,357

714,182

Rock-pi
egon—Cl
iv_1_0

31,698

11,881

25,632

33,324

471,228

144,583

83,392

28,604

17,393

847,735

Rock-pi
geon-1
N3788

32,285

12,936

24,664

31,786

487,110

139,765

83,519

28,682

16,024

856,771

Rock-pi
geon—-S
RS3468
65

30,829

11,404

24,449

31,323

140,214

79,509

26,233

14,901

815,218

Rock-pi
geon-S
RS3468
73

1,554

4,490

7,877

99,414

30,680

16,353

5,207

2,904

172,991

Rock-pi
geon-S
RS3468
77

3,138

1,092

3,565

61,649

22,351

10,093

3,257

1,916

111,561

Rock-pi
geon—-S
RS3468
84

7,823

2,982

7,843

176,983

52,789

28,821

9,156

5,259

303,187

Rock-pi
geon—-S
RS3468
99

2,528

852

2,560

52,637

17,916

8,752

2,747

1,639

94,136
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FB]E7] reference genome(GCF 036013475.1)& 7]|+22 </F 20bpe] flanking
sequences FE3I3L HIE7]F 1470A1Y draft genome A1 83 reference genome 4
€< in silico PCR F33te] thFo 2 #FH SSR IS F 1,390,132/ 2 &<l
HATHI-2-(6)). ZEHB AAFES AH HFTHSZ polymorphicst SSRE AEHH
SSR 1,62371 2 &A= At

E 11-2-(6). SSR size matrix & Z1}

g g4 gH 35 No. of SSRs
1 No. of SSRx1 1,390,132
2 SSR WA <d 30bp Woll repeat A€ gle F AH=2 64,554
3 No. of Recommended primer*3 53,291
4 No. of SSR size matrix*4 13,426
5 Polymorphic expected SSR size?l #FE AWHx5 1,623

*1) No. of Primer: Columba livia(GCF_ 0360134751) SSR Z}E target 22 LC|XIQIEl SSR primer 70
*2) SSR FHAMG SObE Lioll repeat M 8l= Z} ME: Columba ||V|a(GCF 036013475.1)0 A At2 SSR &
/5 FHMYE 30bp LHO repeat A{EO| 7‘)(Hc’# o, 3H|:+ x|. XAk

*3) No._of Recommended primer: primerE reference genomeOf in silico PCRE &5}0],
primer 7{==

|_o

t

ro

il

e

mat

=

rir

*4) No. of SSR size matrix: SSREA 2129 fIankm% setyencg% assembled_contigs A‘IO“OH in silico PCRE %=

°"°P01 O|Z ME 2 SSR sizeE matnx SEZ 81 =5t= SSR "PQP primer®| =t 7§4=
)t”E_FIymorph|c expected SSR size?l ZE M In 5|I|co PCR R2 53l 03 SSR 7|7t polymorphicst =&
Mgt

(1}) SSR-GBS &4

dA BAVE HEgE F 2271419 SSR-GBSE &8 sequencing A3, ¢F 20MB
o]e] HlolHE AY4FSEH AL, sequence quality Q30%S W M4AEZZE FFol o
ol E FHHSIITHIE M-2-7)).

® 11-2-(7). &dAAHTI Hetst HE7|F/F T 2270A 2] SSR-GBS sequencing & ot
Sequencing Num. of Avg. length | Total length GC Q30
file reads (bp) (bp)

080-07108 683,160 301 205,631,160 43.10 73.30
080-07123 617,696 301 185,926,496 43.00 73.30
080-07153 692,982 301 208,587,582 42.60 73.30
080-03187 675,642 301 203,368,242 43.20 73.90
080-07101 665,330 301 200,264,330 43.10 73.90
080-07119 650,740 301 195,872,740 43.00 73.50
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080-05567 691,180 301 208,045,180 42.70 72.70
080-05562 782,126 301 235,419,926 42.70 73.80
070-02417 735,798 301 221,475,198 42.50 74.60
B10-1-5-27 806,074 301 242,628,274 42.10 73.00
B10-1-5-41 817,404 301 246,038,604 42.60 74.10
B10-1-5-54 764,368 301 230,074,768 42.60 73.70
B10-1-5-59 745,212 301 224,308,812 42.60 74.10
B10-1-5-7 735,016 301 221,239,816 42.80 74.20
B10-1-5-23 806,960 301 242,894,960 42.80 74.20
B10-1-5-51 729,370 301 219,540,370 43.00 74.80
080-07103 751,586 301 226,227,386 43.00 75.20
080-07154 685,482 301 206,330,082 42.80 75.20
070-02422 816,884 301 245,882,084 42.50 74.90
070-02423 854,990 301 257,351,990 42.80 74.10
070-02436 799,442 301 240,632,042 42.90 74.70
070-02437 782,520 301 235,538,520 42.90 74.30
Average 734,687 301 221,140,667 42.78 74.00
Sum 22,040,598 - 6,634,219,998 - -

o]% WGSE T3l A3k 1,6237012]  polymorphicdt SSRE] primerE ©] 83}
A 270AE HFSE 1,623709] SSRES FE33 T FE3 SSRS F 5HAE
2 HE " S AASHAT 1) 580bp ©]7+e %1 SSRE A oA ALt L, 2) 4
Z3} product size ZF°]7} SSR motif HFE-~ Eﬂ§‘r0ﬂ 71038HA &= A5 93A
Aol ou|7} glom=z AL, 3) G AZFolA 37] ]2 product size’t HEH =
3% A€, 4) monomorphicste] Thg/ge] -7k A Alef, 5) motif W=
22 A5 ALt o F 130709 SSRS AEsiglen, ol 227HA 9
2 83Fo] product size?| peak@tS §oF FRIstH(1H MM-2-(7) F I+ TEO]
7bsdt vt T W FEo] 7 viARE AESATHE T-2-(8)).

T2 1-2-(7). Product size2l peak

eSS

e

Py =1 __?,rol_|-9§ slo|

HAE=
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x 11-2-8). =& MEE St & S = ot 1174

e WA e

gHl=7] HH[=7 S

otA 9

N
11&0
o

(2
Pigeon_027 [ |
Pigeon_034 ||
Pigeon_036 ||
Pigeon_038 ||
Pigeon_047
Pigeon_066 ||

[ |
[ |
[ |
[ |

it}
I e

Pigeon_079
Pigeon_100
Pigeon_109
Pigeon_125
Pigeon_130

HEFHoz A¥HE F 1170 vtA9 ZF /WA 8 product sizes ® I-2-(9)2 &

E 11-2-09). zl& MHE 1170e] ot} 2t MEZ 2| product size

AE 027 | 034 | 036 | 038 | 047 | 066 | 079 | 100 | 109 | 125 | 130
08007108 | 189, | 27L [ 271, | IOL [ 197, | 342 [ 311, | 399, [ 398, | 16L | 9850,
189 | 271 | 271 | 113 | 197 | 346 | 311 | 429 | 423 | 177 | 385

080-07123 | 189, [ 27L, [ 271, [ 10L, [ 197, | 342, [ 311, | 399, [ 313, | 145 | 365,
189 | 271 | 271 | 113 | 197 | 342 | 311 | 404 | 348 | 169 | 385

080-07153 | 189, [ 271, [ 271, [ 113, [ 197, | 942, [ 311, | 399, [ 338, | 161, | 369,
189 | 271 | 271 | 113 | 197 | 342 | 311 | 399 | 348 | 169 | 385

080-03187 | 196, | 262, [ 279, [ 95, | 197, [ 346, | 306, | 414, | 308, | 161, | 385
196 | 262 | 279 | 95 | 197 | 346 | 306 | 419 | 308 | 161 | 390

080-07101 | 196, [ 262, [ 275, | 95, [ 197, | 946, | 306, | 419, | 308, | 161, | 350,
196 | 262 | 275 | 95 | 197 | 346 | 306 | 449 | 308 | 161 | 390

080-07119 | 196, [ 262, [ 275, | 95, [ 197, | 346, [ 306, | 419, [ 308, | 161, | 350,
196 | 262 | 279 | 95 | 197 | 346 | 306 | 449 | 308 | 161 | 390

080-05567 | 196, [ 262, [ 275, [ 95, [ 197, [ 346, | 306, | 409, | 808, | 13, | 895,
196 | 262 | 275 | 95 | 197 | 350 | 306 | 449 | 308 | 153 | 400

080-05562 | 196, [ 262, [ 275, | 95, [ 197, | 346, | 306, | 409, | 308, | 153, | 400,
106 | 262 | 275 | 95 | 197 | 346 | 306 | 449 | 308 | 153 | 405

070-02417 | 196, | 262, [ 275, | 95, [ 197, | 346, [ 306, | 409, [ 308, | 163, | 400,
196 | 262 | 275 | 95 | 197 | 346 | 306 | 409 | 308 | 153 | 405

B10-1-5-27 | 196, [ 262, [ 275, | 95, | 107, | 346, | 806, | 409, | 808, | 163, | 895,
196 | 262 | 275 | 95 | 197 | 350 | 306 | 449 | 308 | 153 | 400

B10-1-5-41 | 196, [ 262, 275, [ 9, | 107, | 346, | 806, | 424, [ 808, [ 163, | 950,
196 | 262 | 275 | 95 | 205 | 346 | 306 | 444 | 308 | 161 | 365

B10-1-5-54 | 196, [ 262, [ 275, | 95, | 197, | 946, | 806, | 424, [ 808, | 153, | 369,
196 | 262 | 275 | 95 | 205 | 350 | 306 | 449 | 308 | 161 | 400

B10-1-5-59 | 196, [ 262, [ 275, | 95, | 197, | 346, | 806, | 409, | 808, | 163, | 950,
106 | 262 | 275 | 95 | 205 | 350 | 306 | 424 | 308 | 161 | 400

B10-1-5-7 | 196, [ 262 | 275, [ 95, | 197, | 846, | 306, [ 409, | 308, [ 161, | 385,
196 | 262 | 275 | 95 | 197 | 346 | 306 | 419 | 308 | 161 | 390

B10-1-5-23 | 196, [ 262, | 275, | 95, | 197, | 346, | 806, | 409, | 808, [ 161, | 350,
106 | 262 | 279 | 95 | 197 | 346 | 306 | 439 | 313 | 161 | 385
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B10-1-5-51 | 196, | 262, | 275, [ 95, | 197, | 946, | 806, | 409, [ 308, | 161, | 350,
196 | 262 | 279 | 95 | 197 | 346 | 306 | 439 | 313 | 161 | 390
080-07103 | 196, [ 262, [ 275, | 95, [ 197, | 346, [ 306, | 409, [ 308, | 16L | 350,
196 | 262 | 275 | 95 | 197 | 346 | 306 | 419 | 308 | 161 | 390
080-07154 | 189, [ 27L, [ 271, | 10L, [ 197, [ 542, [ 3I1, | 399, | 338, | 145 | 365,
189 | 271 | 271 | 101 | 197 | 342 | 311 | 404 | 348 | 161 | 380
070-0z422 | 189, [ 262, [ 271, | 95, | 197, | 942, [ 306, | 399, [ 308, | 145 | 365,
196 | 271 | 275 | 101 | 197 | 346 | 311 | 409 | 338 | 161 | 390
070-02423 | 189, [ 262, [ 271, [ 95, [ 197, [ 342, [ 306, | 899, | 808, | 161, | 365,
196 | 271 | 275 | 101 | 197 | 346 | 311 | 419 | 348 | 161 | 390
070-02436 | 189, [ 262, [ 271, | 95, | 197, | 942, [ 306, | 399, | 308, | 16L, | 380,
196 | 271 | 275 | 101 | 197 | 346 | 311 | 409 | 338 | 161 | 390
070-02437 | 189, [ 262, [ 271, | 95, [ 197, | 342, [ 306, | 404, [ 308, | 161, | 380,
196 | 271 | 275 | 101 | 197 | 346 | 311 | 409 | 348 | 161 | 390

<
T

HAEzH oz AWHE uvlA 11719 primer ARE &
o}

I-2-(10)= &3 A

® 11-2-(10). =& MU= 11702] otz L] primer Y&
ulA 8 _For/Rev A d(5'->3" MEHs
Pigeon_027_For | ACTGGCCTGAATCCTGCATG 1
Pigeon_027_Rev | CCCACTGCACCACTTATCCA 2
Pigeon_034_For | GGATTCTGCACGCCAAGTTG 3
Pigeon_034_Rev | AAAGGTGAGTTGCTGCAGCT 4
Pigeon_036_For | AGAGTCAGCCAGCAACCAGA 5
Pigeon_036_Rev | AGTCCCGATCCTTGTCCAGT 6
Pigeon_038_For | AGGTGGTGTGCAGAGATTCA 7
Pigeon_038_Rev | TCTGGGAAAGTGAATCGAGGT 8
Pigeon_047_For | TGGCTCAGTCTGAATCCTGC 9
Pigeon_047_Rev | GCAACCTGAGCTGGTGAAGA 10
Pigeon_066_For | TCGACACGTGGACTCAAACA 11
Pigeon_066_Rev | TGCTTGTGCTCTGTCCTGTT 12
Pigeon_079_For | CAGTTCCAGAGACATCCAACCT 13
Pigeon_079_Rev | CACCGCAGCTCAGACATGAT 14
Pigeon_100_For | CATGGAGGTGCTGAGCTCTT 15
Pigeon_100_Rev | ACACCTCATTGGCTGCAGAA 16
Pigeon_109_For | AAATCAGTGGTGGCCAGGTC 17
Pigeon_109_Rev | GTGTCAAATCCCTCTCCTCTGA 18
Pigeon_125_For | GCTTTCCAGGTCCCTTCCAA 19
Pigeon_125_Rev | AGTCCCATTTGCCTGAGTGG 20
Pigeon_130_For | TGTGCCTCCGTTCCTTTGTT 21
Pigeon_130_Rev | GTGCTCCTGTGGCAAGAGAT 22
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(th A¥® SSR np7 o] Ham B4

& Cervus 3.0.7 Z2138 383lo] np7] 7]1:3} LAz A B o

2 2} AlE
doldE FYPstath AAXHOZE 11719 vAE AFe F59 384 & BolH,
B 71 olFHFTEIE 05258 R FHF OgFAde] vlud oS BAT
(3 II-2-(11)).
E I1-2-(11). oFz 117ofl s B R A 2 ol E H Qo
a5 w*
R I e B 4.09
Ha 71 o] A% (HExp) 0.525
Hat Bz o] P AL (HObs) 0.454
4+ PIC 0.463
A loci EFo]d v & 1.000

AEE w7 F Pigeon 0363 100, 109, 125, 1302 PIC(polymorphic information
content) #t°] 0.5°0]F o= JHA A F A FA4o] 53] FE&Fo] AJAHJH
(3 [I-2-(12)). F=22 vlujx|gEc] 7b4 w2 Pigeon 1003 130> 7N 2 2
A 3l BAe w9 HEs o= QJEIOIE} Pigeon_0273} 034, 079, 0472
It ol @A =Tt 0.5018t= w2 HolARE F I o] bt HxZF nh
2A &80l 7t AoE AIRHTL

E I-2-(12). M=l ol 1174 cledMd 24 Ha}
n}# g Allele | pone | HE PIC Null allele ¥1% W) w2 85 (-2 A)
o] Zl: S Xp ull allele "! = =5 =T 370
Pigeon_027 2 0.18 | 0.41 | 0.318 0.3714 0.753
Pigeon_034 2 0.18 | 0.41 | 0.318 0.3714 0.753
Pigeon_036 3 0.32 | 0.59 | 0.509 0.2772 0.544
Pigeon_038 3 0.27 | 0.44 | 0.385 0.2597 0.644
Pigeon_047 2 0.14 | 0.13 | 0.119 -0.0267 0.892
Pigeon_066 3 0.41 | 0.51 | 0.432 0.0814 0.612
Pigeon_079 2 0.18 | 0.41 | 0.318 0.3714 0.753
Pigeon_100 10 0.91 | 0.85 | 0.81 ~0.0486 0.153
Pigeon_109 5 0.45 | 0.61 | 0.554 0.2012 0.448
Pigeon_125 5 0.36 | 057 | 05 0.2129 0.519
Pigeon_130 8 1 0.87 | 0.83 ~0.0843 0.137
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o
_ll

Delta 3% £4 A3}, x| HF delta 740 5342 A 7+28 2 I
dgo] 43 Aoz IAJFAUTE Delta 7 7HE FES $H O g TH
X FTE AIEI =S gu|IoiE O-2-(13)).

E 11-2-(13). &€& Aol Cist delta =2 24 Z1f

24 g4 Mean Delta ETHA
BA (A 2.90 1.68
A (L&A 0.97 0.83
A (XA 2.94 1.72
A (FA) 1.00 0.90
228 (A 5.34 3.10
HRA (L52%) 1.09 1.15

A2 F4 AEHA A, 95% Cass =
80% A ZHM= ErS ‘%WQ ﬂeo] 99%= A= AT
Aol A R 71 99% FFE H ES delta BEE %

XE A
46& #% o] zkowmu}, B As} AFF IAA-AR g Fus A4 A

E 11-2-(14). 215 1171e] o7 E &8t 72X 2 SHEHE

. Sl o o
£y 22 Strict SHE (95%) | ool SO |oigE g
DX cth= 75% 98% 2.4%
£H Eh= 77% 97% 2.5%
Hon 87% 99% 0.5%
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o 1%
(1) ok AT SE) 24

= Aol 20243 BIE] 20251 FE% AL Al AR 271&(H Y,
3} geloz RATrol 20243 3207RA A 2025 401MAE F 25%7}
Zol F2 gglolty 7 AAAE At AH, Y, A3 (e =F
AT AHREFDeE 53 MATHY uF T o] d& s
ol T AT A sAAAZT 6071A Y2 Z WslEsE $RlE A
MAT RAL Yalrs 9z == ooz Y2 MATE Yo
AR W FHEIE7] WA B2 RA Y FAS AdEtr] 95 283Y H
7b deshy A, # %, Aol e FZol A AYEFAAY, # 5
A3 FHA &Fol ojggo] Ut B ATl R GrIEr]e MAT HE
AAA AFagl #E T AHAT BRE AFVIE B A4 9 4 #g

8% 12487 8 o2 ARE,

TES:

- — OL m

iﬂlOr&ﬂﬂ%i\lﬁﬁ
o ol

I
fin i

LA 1IN

2

SH[=7| obMIHA = 3 &(202072024) M SVt [ +X [ &2 [ §EFF
- 2020 O|™ WA = s & (e, 11&)1007H A ofgk

- 20219 = JHA = (S, AX™): = 14270 A

- 2022 =4 JHA = S E (S, AM™): =h 1677H A

- 20239 =W JHAl= & (S, dH): = 17570 A

- 20249 =4 JHA = & (S, A™): =i 32070 A

- 2025 =4l JHA s SEHFE, A, 7%—?:, Z=h): =i 40170 A|

« At HAX|(HY, 23 d=2 I A JiMsIF Sotet A2 e et
Mutdoz A JiM-E RAISHL A20f, Hatet WA+ HES mets fldl
M 7|5 2UEHZ 2%




() ¢HE7] x FAuE7] dA BE 24 wpA A

HZ A" 11709 SSR &4 miAE= A @A A FEo w53 A
TS Bt FE% ZHE A 8l Al ASE 99%E BERAL, d43%E V|FAAE
o

Sz AYES nal, nprle] BAeY 9 o Fdo| v Fs

g #ATE HE&stA 2 MASNA FEol bt fd ddd S =54
! A g 38

°FZ MAZ AT AL = HLo] /15T Folth T §HA Tha
7

ARE A4 x] 2] B Aol E fEskA E8E Ao Vddn.
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3. HE3A
7h A7 e 2 Y
(D A7 W&

HAG M (Ciconia nigrav= F2 FH5T0 2XH, dF NATS Fotzelvtol
He2 F3x30 A7 oz HF(VU), = B9V 1522 X4H HEF
olm, FAM& 8F F 7Hd 1A <A @3 F(monotypic species) &2 dH A 9lod,
FRA WHol7h A4 ge Al=E AFEY. FEF AY HIA JHAT S mtDNA
£ o]&3st Ao 31 & AF3 71€ dFoANAXE tFEEY AS A
+r FolH A &UtHKim et al. 2024b). whekA = 9

Bl Aol A F EYo] FHZCRE v«l‘ﬂd
LB A AT A 67HAIE =AU SHATH2024'3).
A 59 MATe A4 d Ago T2
& e47t dAo. B 04%“ A AT AZ71H PSS GRS S
mtDNA®} microsatellite vFA S 83t ALS AAC)1E AFS A 23 & 77)
Aol F4A TS Hrrstaa £ AT Microsatellite v /Ae %7
A7 AYPE Yo, FE =120 nfr] FRE =& =9 AAFe AR A
ol Bt} A3 ot H V|2ARE E8E F Us ASE AdHT

o

(2) A+ A

A TR A A2 g B4 283 MELS oA AS T
A HE A IHAAODLF GE oA =dH 671 (A02, A03, A04, A07, A09, AlDell
A dAde AFHs FRIFATHE O-3-(1). AFHF Y 5 W& HiGene™
Genomic DNA Prep Kit for Bloods ©]&3}e) DNAE FE&3l9oH, &% DNA
= -70 ColA W& HASATHIHE O-3-2), & O-3-(1). =LA MAEL MA
H AR A ARe Y A AT 2 ANS 7 E5S 7IRte R gl

mitochondria DNA (mtDNA) control region 94714 <& £42 ¢35t mtDNA full
sequence (Accession no. KY767670.)& #t=3ste] PCR % sequencingol &3t
primer 6% AEA TUAJSIATHIE T-3-(3), E I-3-(2). 2 q MElA
2% DNA 1 pE AH&3te] primer F-1/R-1/SEQ-1 =& o2 % M-3-(3)9 =3
of uwet PCRE HASHATE olF, 371 primer (F-1-1/R-1-1/F1-1-2)F F7}3t4
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% 67 primer® sequencing< % 33ted, 1,149 bpA7|AE-S SR

MEGA 118 o] &3l HaA] 77019 mtDNA control region 9714 <E 1,149 bp
& Ad(@lignment)stal, /WAIZE F7IAE WHolE vlustAY. °ol& HIEe=E 7}t
7HA)e] haplotype= AA3A oM, A3 AE HHE o] &3t ATTE £43
Atk =S FH AMS AT H =9 NAT Y FABAE FESH] 918,
71Eo W Fo(F7(3); WEtFA(T), XEFZQ), 2H=); 29 A1) H3HA)
157841 2] mtDNA control region 714 E 5 && 753 232 bp 73S NCBI
GenBankel A Stxate] wlmise] TSATHLY 11-3(5)). ASS5= MEGA 11
2] maximum-likelihood method (Tamura-Nei modeDel| 7]¥tsle] A stRa, <A

=21 BN(C boyciana)®t FRFM(C ciconia)E outgroup .2 E 3519t}

mtDNA &4 235 Boeta 3 A9 FFolA MATY 4 EAS H
7vst7] 98l microsatellite w7 A 2 A THeAdE HAESIAH. SAS(EA
C. boyciana, R33N C ciconia, FEE3AN C episcopu)ol A Nde 3971 ¢
microsatellite ©}# 5, A13§<-(Shephard et al., 2009; Wang et al., 2011, Huang
& Zhou, 2011; Naito et al., 2012; Feldman et al., 2016; Yoon et al., 2023) 23}
T T olBANA mxt FF AR allele 5 Faste] 1774 mAE 1A SR =
AR ATHE [-3-(4). AAE mAEL 7|& AFdA &% Ta(C) #he Fa
st Fle] AMZS thA e =Z touch down 2419l PCRE F33stda, z+ npAHE
SZ 7S FJSATHE [-3-(5). I 2 tHH oz FEo] gld nAE
HETHom s, ¥FFFEA ZtolH(6-FAM X+ HEX)E A &3t A Al
SM=7) A genotyping PCR& AAstAth £ AFdA= dRdEA FF vA 7}
A o) A7] wioll, AASAHA TS 7 g A T F7F A7E B
A & B & 3P Aot

p

Mo r
o J
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E I1-3-(1). &dollM &3 DNA 55

No. Sample  Conc. (ng/ul) Total Conc. (ug) 0D260/280
1 A0l 82.0 3.28 1.87

2 A02 74.4 2.97 1.90

3 A03 85.2 3.40 1.90

4 A04 85.6 3.42 1.90

5 AO07 104.6 4.18 1.87

6 A09 109.0 4.36 1.88

7 All 88.3 3.53 1.88

E 11-3-(2). =& mtDNA control region(1,149%p) PCR 2 Sequencing primer &37|M<&

Primer Sequence (5’ -3” )

F-1 ATTAGATGCAACCGCCAATG
R-1 CGAACGATGAAAGAACGAATG
SEQ-1 GCTTGGGTCTGTACAGAAGT
F-1-1 TAGTCAAGTGGACATGATATTGT
R-1-1 CAGCTTTAAATCCCTGATTAAG

F1-1-2 ATTGGTTTAGGGCATATTATTGT
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2 ATTRGRTOE BOFFTRATD [IO0CRRRST REXGORERG] TIOOOCRRRAS GIROALEGTR S TRTCAZE TOIROCCHCE TEROITTOT ARG
TS SRAIETTTIN. TRTCTESTEN FETT- GETETTECET THESTASTET #-LLENCOTIE. oS ENTEEERELT

=]
Okl ROt LOTE RAALMARGRCT CRORLCIRUE selACRE] RbFGCREW (OTTToERD SIOCIRRCL OOCliRURIA Wk BiEIE
GCCELACTTE TRRICEECE TTTTERSTEN ERATTESTNT STITOTCSeS TICCTIEADT SOSESIciiT OSOONT s DOSIaTITET - (TTIRLOT N

[T
EEL  eiTACT RTETRATTT RCATERATET efthroel EEehiing AlhadSiTT eRhlATECAY FENAATTGRE TTidew At  TTad el
EOCTRRSTER TROEFTALTE TATAET LSl DA LIS ERTOSTEETH TEASTHSREd COTETATITE ARRTTALSTE AT SOGTER LATRLCATTE

T
mz oiEcTTaels AtevEa et feimridi it aFruTthlEsT O il o CEFERChENS
CRLSERTTTY TRITETASAT RCATSRETT) ECCTOTESTE TRLCATTLOR GRATCCTRET CEVTRITTTR OUORTEMSIT ATTOOAAATE EOREFTRATS

THTARE

I POATTIRANS CTEACTE S ILRTOS SETRTETRAT  GRTRTASECT TRMMATTTN OPEATINTT MMITOATY TCTIRANGE WSTTATTT

CCTERATTTG WTTROTTC TATGETERGD {CATRIRTTA. TRATATIOR STLOSTRAAT OOISTROCRR TCTIRAATALE RRRCTTCNT CTCCLATRRA
— |

P __ Pl .-
FAMITETTSS TRMICEETTE TTOCNMRNEA AT T BAARSWTELEF MACIRANCTE ATANIROICE TOHESICTHTE
TITCREACC RITORECANT BCGOEIITCT ARCCCTIRLE SIRCTOON0C CUTRTOCCE, CTTITCLESD CTRATTIRGE TATEATCOGE AOOCAGRCAT

S
i  EANAATTUD TAOTALEATE SEECTETTCT TERFARRRE ALTTTOLLTE WERECTEIET ECIERALCTE RITTESTUWCT CUERNFW--F HTANCTEEND
RTCEECAALE ATOAETTTNT SR TResl ROTOOCCRT. FTUARACTYAL CATOGMTTR TROSTTAGES T hbisibeldn R ETi00el (AT CTES
TEE NACTAESTTA STCTATTRATS SERITECTCE CHTHALLTES SCLLCCCRET #EC ToCERTOREE. TELEC T=TT TES==TTELE
ErSafronkf mdsbfiadtied Cottabbin? BEACTTFERUT PElFrdekeich ChECERET datTnlbcd Gafteauisl clholihies hekbmd T

[

I GOSTTEESS IASTTEEST TTTECEESTS TIETIESTE SSSLSE=L TIET=TTICE TRASTECTEL TIALTTEES TT=ESLOLET CATTTETLE
RRFLARTTOIT . TTUARAS BTN i BC e AL AR CRUTOCCINT A-CACARCET AFTRASIICT ATTIAACTSS ARITETSTLE MTAMAL LALD
BB RTOGETETE TEAT=i—acc CHTGESEECE SCETGEERAT ECTRTRTEE: JonTUTaeTR TTETTTTET TaeE=TITE [t ==
TROSERUAIT ASTASESTTR FUNCTASCES  CETAURSTTA CUAMALESTS SENRAACTRT AGESRALNLR S——siil AUTIICENCS SEILLEST—S
FAEE  DCOSREDGG RECTITRTAS FTGAMIMAT SRACHPCRTS PROTCOSCEHN TEAWaTRe STSTEABSL ATACCTILLN DRILSDATES CRaTATATS

COCTITIETOT TOSAIRGATT AACSTTCOTATA CTTOTAITOT RILCAOIIET NIROCOCERS TAFESTTITT TADSEACTCR CTOTICLDARS OO NIRTHCC
[t =t Loy R e Py e e e e R e ey P ey e e e iy ey

ey
LEE]  CRAETTATIT TRACESTRAT SR TLOSET TITOATTTAS TTATENTTA TILATAIRDT CTTIREITE TTAITATTIR CTIRATHITE GTTREACATS
COTTRITALL RTTITTRCTE SUTLLAECCL ELTTTLEIET.. LETLCCAAT LadTaT IR MLLETTT ES ZAFIRTRLAD SLCTTRCILE TS TTTITLRS

S .
LARE  CTARUCTACT TTTACRITT. CTOTAROTTT T0WhbCRAGH TTRaehiiTT TURCTTARAT CZRITTTCAY OGTT0RCACE TATTTTOATE DNTTOITITOR
EATEADATAL EAATITEELD EAELTTEALS SATTTITTET SETCCTRARL  BATHAATTIA SITRALLETL SCLASTITIE ATELLLITEL SkElpaiast

=1
LEia 1\'.u!l|.i
L

a2 11-3-(3). H&Al mtDNA control region
Q| x[(BtZ=MH: Accession no. KY767670.1)

EEN]

ol

i At primer 2%

Hr

FE 11-3-(3). H&AH mtDNA control region(1,149p) PCR =71

Step 2%=(° 0 Time Cycle
Initial denaturation 95 2 min 1
Denaturation 95 20 sec

Annealing 60 40 sec 30
Extension 72 1 min 30 sec

Final extension 72 5 min 1
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E 11-3-(4). 2EA FECILY 24

M

M

mjo

(=]
[L

M
A

g 9l

B A MESE 1 X microsatellite OFH EE =

Previously analyzed

Locus Primer Sequence (5° -3’ ) Number of alleles Ta(‘C) species* Reference

Cco1 iﬁ‘%g?{“:égﬂ%ggﬁégfégf 2 54 cC, CB Shephard et al., 2009
Cc02 g:%%gg%gg%%ggﬁ%&%c 2 54 CC, CB. CE Shephard et al., 2009
Cco4 E:i%%é\éggggggggggﬁ 10 54 CC. CB. CE Shephard et al., 2009
Cc06 g:ggi%%g%i%%%i@%&c N 54 CC, CB. CE Shephard et al., 2009
Cc07 E:ggﬁgggﬁﬁgﬁgéﬁ%éw 10 54 CC, CB. CE Shephard et al., 2009
Chot0 1 A ROOTCACAAAT TS 6 55 CB. CE Wang et al., 2011
Chot0g 1 GTOCTOTRCTOCATTITATO 6 55 CB, CE Wang et al, 2011
Chotzl | LA TOOUARTITT A 8 55 CB, CE Wang et al, 2011
Chol51 ﬁ:ég%%%gggggggigg 6 55 CB. CE Wang et al, 2011
A1 FrOCTEATEATTACTIOARTETO0C 56 CB, CE Huang & Zhou, 2011
wsulz o AeOOC T AT 5 55 CB, CE Wang et al, 2011
Wsul4 g:é‘frﬁgﬁg%ggfgﬁggm AAG 2 54 cC, CB Shephard et al., 2009
WSul7 E:g%%ﬁggfg ﬁfi@?& 2 54 CC. CB Shephard et al., 2009
WSuls g:%ﬁg‘}%%ﬁ%ﬁiggmmc 3 54 CC. CB Shephard et al., 2009
Cl0 e et T 60-45 cC. CE Feldman et al.. 2016
3T O e 5 60-45 cC, CE Feldman et al. 2016
Cca2  [-GCAGGAAAGGAGGAAAGGTG 7 60-45 cC, CE Feldman et al., 2016

R-GCATCACAGTATGCAAACGC

* CC: Ciconia Ciconia, CB; C. boyciana, CE: C. episcopus
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E 11-3-(5). H&A microsatellite marker test & /8t PCR =4

Step 25(° 0 Time Cycle
Initial denaturation 95 1 min 1
Denaturation 95 30 sec

Annealing 58/60 30 sec ?_lloolcl ?
Extension 72 30 sec

Denaturation 95 30 sec

Annealing 53/45 30 sec 25/30
Extension 72 30 sec

Final extension 72 30 min 1

. a7 A

mtDNA control region @71A4<€ 1,149 bp &4 A3}, F 117] HAANA 7] &
o7} glE e, B4 i TAdAE 371l A2 tE haplotypee] 21EEF
ATHLE O-3-(4), & [O-3-6). MAE dAdA HE} vlusis o, FA #
Aol Jde= MNAELS BF TL3 haplotypes &3t A2 e

grE d7IAYE A5E VIV R AT B4 AAT A, 71E FuellA
S 2 AAAODS AR =E 6717(A02, A03, AO4, AO7, A09, AlDE
A 2Foz FEEJSH, o= haplotype 44 T3 &¢E 1§ Aol U
sttt AEa AolA =43 x}o]E haplotype 1S haplotype 22t} haplotype 3
aFe MAEY Fudoz 77k FABAV e Aoz YeigthadE 1
-3-(9)).

%E3F NCBI GenBankoll A &R 3E =] | A} 15784 2] mtDNA control region <
232 bp AMEe & A7 A5 I AleTE BAS AAsdS W, =W A5 7
MA= =2 MA T 54 JHad ZHIAY Zede 7 o dgS Hol
A gAth AAHo = AT AdolA I AL =9 JHA o] FES st
A FAEA e FFES BAHTHE 11-3-6)).

okl

_l 0

H3 A o]l Microsatellite vl# WS & 1xk2 AAS 177 vlA(E 1O

3-4) < PCR FZo] #dd rmAa= F 1278RHCc01, Cc02, Cc06, Cc07,
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Cbo109, Cbol21, Cbol51, Ah211, Wsul3, Wsul4, Cc37, Cc42). o]& 127} n}AE
oz FFxA Zgo|HE o] &3 PCRES 33 Ao BF FZo] &
olE et 18y genotyping A3, 8709 m#A(Cc01, Cc06, Cbol09, Cbol2l,
Cbol51, Wsul3, Wsul4d, Ccd2)ol+= NH AR WHol7p #&E R ol thd Ao
golx] ] ¢kttt Ah211+& hetero S Ej(27) allele)7} vreEbA 9 QA7 x}o] 7} $
of HEgE L2 ot} 37 wlAH(Cc02, Cc07, Cc3NAA= €7 /A A= g
FA o] #AZ=Eo] polymorphicgt S-S B oy, Cc02 v+ allele =ol7} &
GASHA e AAF miAR F8etrlde FFekA &2 AR AdHIIH
HZEA O 7 Cc07, Cc37 F/He mA7E vlnA kA A PCR SE3 FEH3 O3
e B, FF AAAE R {FH7F g8 Frkd &8 Jted viAE AAEHA
th1d 11-3<7)).

M 1 2 3 4 5 6 T M NTC
a0 ADS a0 AD4 AQF ol A1

a2 11-3-(4). mtDNA control region 1,149bp 2| PCR ¢&t=22| M7|d & &1}

# 11-3-(6). mtDNA control region(1,149p) 24 S &Sdlif =2lE A haplotype
2! polymorphic site(#40] 2| %)

Polymorphic site

Type samples

2060 228 232 260 266 342 384 407 438 476 793
1 A0l T G C T C A G G A C A
A02 C A T C T G G G G T A
2 A03 C A T C T G G G G T A
All C A T C T G G G G T A
A04 T G T T C G A A G C G
3 A07 T G T T C G A A G C G
A09 T G T T C G A A G C G
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Jasan A1

R Ln A Haplotype 2

Jnpan A
.ﬂwﬁrﬂl
L]

4 Jupwn 80T Wﬂ! 3

Japan Adw |
e it Haglabype 1

— Cocorm boyciess ABIETIY 1

Crons cloonk ABZES1E 1

Ao

ozl 11-3-(5). Maximum-likelihood tree (mtDNA control region 1,149 bp sequences)
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@ Japan ADV
& Japan ADS
(' @ Japan AD4
Belarus MK033009.1
Belarus MKO33014.1
-I Poland MH264508 1
- Belarus MIK033008.1
1 Belarus MK033013 .1
| China MKS18509, 1
i—Emain AYBE0581.1
Belarus MK033010.1
® Korea ADY
Belarus MK033011.1
- Belarus MKD33012.1
China KF906246 1
| China NC023946 1
, @ Japan AD2
4 @ Japan AD3
@® Japan A11
Portugal AYE85122 1
Portugal AY685123.1
Portugal AYGES5126.1
Ciconia boyciana ABD26183.1
Ciconia ciconia ABO2EE18 .1

A

Qo5

a7 11-3-(6). Maximum-likelihood tree (MtDNA control region 232 bp sequences)
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azl 11-3-(7). Microsatellite
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2 dA7s HI3A AT #4425 gotstal RAE 28 JheA
7Fst7] 913l mtDNA #2413 3} DNA ~7]4F microsatellite marker?] &4
Stk EAuATE Jke JHAIEC] $YE haplotypes® wRE A
mtDNA7} A Alee 9% & W9d & Jd5& HoFH, 24 ddF=x
FAste H FaAEE &83 JteAdEs AR

T3 mtDNA control region®] 232 bp @ ¢F 1,100 bp &4 F3H& 7|Hle =2
g AT EHNAE 4 7o Zfolo] wel JdF JHAl vjz] o] H

o, Ak o g AN AT F FHFH E3h= vEE Ao® RIFHUT o]
= 71& d7oA RiE 2 FH3F WHol £FEH d3H Adeo|w(Kim et al,
2024; =HAHY, 2024), ¥ Rty FHE VLD ARIF FHEGHE ol
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oo we} B AFoA AEH microsatellite vFA M- WA AATY F
2 g BHrt AAE vpdshs o 2430 o2 AdEHE, &5 13 AA
3] i

szl PCR 2 HA8h 9 2ATOIA ARE A ANPL B3l wpAES
g0 dgolth. oHF & AFE F Sold np Fu FsALe ko, F
F A ol B4 JUEE BN B 79T o Y

THHoR, B AFoA grE mtDNA 2 microsatellite 719 HH = = 3HA)

F g d4sks o v e ARE AT, AT 5
Hell 7122482 282 F vt ¥ Boh tdg 3 DNA v
F2 FFe T3 MAT 24 dHYe A BUrE 2

A
7}

glom, oldd AT Hae AATe ) L wH Zeage] HEAY A
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