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ABSTRACT

A Fairy Pitta is a bird known to breed only in mainland China, Taiwan, Japan and Korea and is
listed as Vulnerable in the IUCN Red List. We carried out a DNA analysis to contribute to conserve
the genetic diversity of Fairy Pitta. 32 samples were collected at Jeju Island, the Korean Peninsula
and Taiwan from 2004 to 2013 and DNA was extracted from them and several sequences were
amplified—it through PCR. And then we performed the population genetic analysis. We found there

was a transversion between nucleotide sequences at CO1 gene, while there was no changes at Cyt-b
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gene. And we confirmed the polymorphism from two genes was caused from genetic drift not from

selection. Through this analysis, the group within the Peninsula was found bigger than other two

groups based on the analysis of CO1 gene, and the group from Taiwan was found bigger than other

two groups through the analysis of Cyt-b gene. The population genetic structure of mitochondria gene

of three group was showing CO1 gene had 5 haplotypes and Cyt-b gene had 6 haplotypes. Haplotype

2 in CO1 gene was found in three group and many individuals of samples had this haplotype. Like

CO1 gene, haplotype 2 in Cyt-b gene was found in three group and was included in plenty of

individuals. Other haplotypes were not overlaped and broke off among the three groups. To prevent

from the extinction of Fairy Pifta and to obtain the genetic diversity, we need to compare with other

regional group such as Japan, China and perform additional research in the non-breeding area.

Key Words : Genetic diversity, COIl, Cyt-b, Endangered species, Conservation, Haplotype.
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gEk Aol 2 Ho Axe WY For A
Ht}(Lambert and Woodcock, 1996). A|F%=
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SAEo] ckBirdLife International, 2001, 2013).
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gl H7h ke FAEE ] HeAo| YTy
3 e A ol th(Wilkie, 2008).
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Tyl M HArPEdER AFHA e

ZAZE AA vkl 500704 o] o] A
e Aoz JEREI(Ko et al, 2009) $-2vet
AME AF=o 6042 E3Hato](Kim, 2006)
ok 200704 = #AE 1 gloy dEL ol

A7 w3 & Qs B A ezl deiola i A
A7k A & A0 Aotslis il 2
$ FAHA A7} ol FolAA ggron] A4
A7 g5 R g E A dva FHH 2 it
(Lin et al., 2008). 1]= HW|A}FSEAFFo A 1800
dof Z2R7RARE e 4= vk whe]r & olE
Heath Hen(Tympanuchus cupido cupido)= 1890
ddf @] 20078 ARke] A& A 3L(Gross,
1928; Johnson and Peter, 2006) 544 thokA o]
Sl A 1001 <F HE Ate]o] A o]
23 thJohnson and Peter, 2006). F-& 444
Hol& JHATo] 22 iR =2gs o 2
Ao 7]o]3}7] wj&Eol(Newman and Pilson,
1997; Reed and Frankham, 2003; Spielman et al.,
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(Endemic Species Research
Institute) | 4] A|g1gkom™ 2007 dFE 2012
7R digt S @ gink E EreldRo|
A EYE AL EYE o] 8515 t(Table 1).

2. Genomic DNA =
APAR AR d9fE 59 AEE 20°C
W& 10| genomic DNAS —%% A7 Bs)
%l Genomic DNA®| F&& A& kits A
3lo] high quality DNAS T%af’\i‘?}. DNeasy
Blood and Tissue kit (Qiagen, Germany)<] A}-&-
o= ofefet Zrh
g allo]] 20ul proteinase K& #7186} a1 23]
o] 7% 200ul2] ATLCA] pestle> o] &3l v}
% 20ul proteinase K& FH7}sith a8la
200ul AL H7F3E ¥ 56°ColA 1082 Ttk
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FATE &7 247195 8000rpmel| 4] 137+ A4
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Table 1. A list of samples used for molecular analysis.

No. Age Gender Rescue place Cause of injury and mortality — Sample part
J1 Adult Famale Jeju Window strike Muscle
2 Adult Male Jeju Car accident Blood
13 Chick Famale Seogwipo dehydration Blood
14 Adult Un. Jeju Window strike Feather
I5 1% year Male Jeju dehydration Blood
J6 Adult Male Seogwipo Car accident Blood
17 Adult Famale Seogwipo Window strike Blood
I8 Chick Male Seogwipo dehydration Blood
19 Chick Male Jeju dehydration Blood
J10 1" year Famale Seogwipo Car accident Blood
J11 Adult Famale Jeju Window strike Muscle
J12 Adult Un. Jeju dehydration Feather
J13 Adult Famale Seogwipo dehydration Feather
J14 Adult Male Seogwipo Window strike Muscle
J15 Adult Male Seogwipo Window strike Tongue
KP1 Adult Famale Gyeonggi-do Un. Liver
KP2 Adult Famale Gangwon-do Window strike Feather
KP3 Adult Un. Chungcheongnam-do Predation Feather
KP4 Chick Male Gangwon-do dehydration Muscle
KP5 Adult Un. Geojedo Window strike Muscle
KP6 Adult Male Busan Car accident Tongue
T1 Adult Famale Taiwan Capture Blood
T2 Adult Male Taiwan Capture Blood
T3 Adult Famale Taiwan Capture Blood
T4 Adult Famale Taiwan Capture Blood
T5 Adult Famale Taiwan Capture Blood
T6 Adult Male Taiwan Capture Blood
T7 Adult Male Taiwan Capture Blood
T8 Adult Famale Taiwan Capture Blood
T9 Adult Famale Taiwan Capture Blood
T10 Adult Famale Taiwan Capture Blood
T11 Adult Famale Taiwan Capture Blood
T12 Adult Famale Taiwan Capture Blood
T13 Adult Famale Taiwan Capture Blood

*I: Jeju, KP: Korean Peninsula, T: Taiwan.



AFE, s 9 o | gaze e A45Y #Y

o
Ho
&
o
2L
2
i)
iy

85

Table 2. Primers used the amplification of mitochondria gene.

Primers Sequences

Bird Fl 5’-TCTCCAACCACAAAGACATTGGCAC-3’
Bird R2 5’-ACTACATGTGAGATGATTCCGAATCCAG-3’
cyt b F 5’-CATCCAACATCTCTGCTTGATGAAA-3’

cyt b R 5’-ATGAAGGGATGTTCTACTGGTTG-3’

AL

o719 500ul AW2E 3L 14000rpmoil A 3%-7¢
ArlEelatalon gdo] x| G Folstu
ol dle AF Al AR Columns
1.5ml FHo] &7 F 200ul AE H7} 1% &
8000rpmel| 4] 133+ ¥4lE-elste] DNA F5=
473l%th F2% genomic DNAE -20°C Y
Ao HASHHT

3.PCR &%

PCR(polymerase chain reaction)< polymerase
o B4 F$lo ZPst=F sequenced Z7 T
primerE ©]&sto] 54 A B9 E i 5
sl 7)zolth AA AES A 71 de] 2]
= 71& 79 shvelth o= dHe] o] vHE
dozn dojdth WA denaturings E3H
double strand DNA7} A2 Ho]#] single strand
DNA7} #t}. ©] single strand DNAS] 57 -9
of primer7} 2= polymerase”} 2Hg3sto] 1
FEA A7I7te seW ks Aotk PCRE ©]
83} CO1 H-91¢} cyt-b -] universal primer
£ ol&dl SFstA gtk T FAA 7919
universal primer= ©}2| 9} ZTHTable 2).

712421 PCR 271 v} 2tk co1el A5
Initial denaturation= 95°Col|A] 2%, denaturation-S
95°Col|A] 1%, annealing-2 51°CollA] 13, extension
& 72°Co|A] 5EO R 35 cycless AAIE F,
final extensionS 72°Col|A 583 AA|8}S
cyt-bl 7J-%- Initial denaturationS 94°ColA 4
¥, denaturation> 94°Col|A] 1%, annealing->
50°Co| A 1%, extensions 72°Col|A 1&E o=

35 cycles= A8t F, final extension< 72°Cel|

A 5ERE AABEA T

PCR &%& % 25ule]™, 10X PCR buffer
2.5ul, primer(forward, reverse) 2t 0.5ul, dNTP
0.5ul, polymerase 0.2ul, genomic DNA 2ul®} ©]
A5 188ulE E§6FL PCRO| 220l
polymerase= 1L && Taq polymerase (Intron,
Enzynomics)E AFH&-3+S1Th.

4. PCR &% {H=29| &fol

2% genomic DNAE 0.01% EtBro] 4191
1% agarose gelolA] 2ul®] PCR SZAHES 1ul
] 6X gel loading dye®} 411 100V, 303 714
=S Sof i=E 20lska 100bp laddere} thz
stogx I A% Alolz2E A sIUTE HH ol
A GA kitE o] 83l PCR AHe= AAISHA
Kit(QiagenA}2] QIAquick PCR purification kit<}
Gel extraction kit)e] AFH& WHHL olgo} 2t} 5
el PB(QG)H ¥ E PCR AHE3} &3t & 1
EAES Column® 2 &7 14000rpmell A 30~
60327 94 st AN TS £ ot
Tk B12] 3 Collection FEE AHXAIA 750u12]
PE B = Y11 14000rpmol|A] 187F 94 &
Sttt 1 & mrhA| d=ant ¥i2] 3 Collection
FHE AR A7) F PEHHE S-S A A
7] 93] ©FA] 14000rpmol|A] 1383+ G4l F-2]8)a
Column< 1.5ml FEeol| &7 50ul EB 37}t
12 & daliEgste] -20°Co] BEaaiiith

5. Haplotype 71l 24
CO1#% cyt-b AL 791 & g5 &
(ver. 5)2] alignment explorerol|4] H]w ¥-A3}$iTh
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Table 3. Molecular diversity derived from analyzing CO1 and Cyt-b genes.

Statistics Jeju Korean Peninsula Taiwan Meants.d.
CO1 No. transitions 1 0 2 141
No. transversions 1 1 0 0.667+0.577
No. substitutions 2 1 2 1.677£0.577
No. indels 0 0 0 0+0
Cyt-b No. transitions 2 2 1 1.667+0.557
No. transversions 0 0 0 0+0
No. substitutions 2 2 1 1.667+0.577
No. indels 0 0 0 0+0
Table 4. Tajima’s neutrality test.
Statistics Jeju Korean Peninsula Taiwan Meants.d.
Co1 Sample 7 3 6 5.33333+2.08167
Tajima’s D 0.20619 0.00000 -1.13197 -0.30859+0.72048
P-values 0.63300 1.00000 0.15900 0.59733+0.42163
Cyt-b Sample 10 4 6 6.66667+3.05505
Tajima’s D 0.12030 -0.70990 -0.93302 -0.50754+0.55505
P-values 0.65100 0.25500 0.27800 0.39467+0.22229
A 249 AL Tt e el 7F 283 2909 Aoz dyFe, o ¥
DnaSP(ver. S)914 haplotypes] 8 AL AME A 2 ARG 1A Aol E et
©| haplotype®] #:= Fluxus network &~ZE ] g e @7IASe] AFES} gt A
£ o] 83lo] median joining AT ES A  Asks Bz COIFARAY WA
w2851 th(ver. 4.6.10)(Bandelt et al., 1999). e Q71X S Hwrt nlulskA| gt A5
o} gteo] Zefshe HAE S ikl J_EH‘S}
Il &3 A = MAEET #44 ol Qg FA ol
A5 5o Wst wes JYd 7hesdol
1. BMZ(Pitta nympha)2| HE &M EoH o]z Qdf vt =efet= 7hA ot
2z A2 BAE fl8M cot fd 0 vl Zefeke AR 4 Aole o
ZHeb Cytb fFdAHE gelstilestl, Co1RA 37 Eold & iga AdEn
A AT g FtE ek A 171 7] NEZE=

(nucleotide)ol| Al ¢17]%©](transversion) 7} LAY
PAT, Cyt-bfrRatel e @717k Mozt &
2] 2] 9kktH(Table 3). Avise®} Lansman(1983)
o oabH, dukzlo g FU mDNAS FH%
HolH == A7]A| S o3 fFHA EAWo]

glote] 7 ke v (poly-
morphism)©] A3t (selection)ol] &gk AIA]
FAA BE (genetic drift)oll <3k A<

Tajima®] D@t ©]-&3ste] A8t 1 23}
CO1fAAe] D & -0.30859, Cyt-b H31#}
o] DFE - 0507542 el & o /A
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Table 5. Slatkin’s linearized Fst test.

Co1 localities Korean Peninsula Taiwan
Jeju
Korean Peninsula 0.50000 0
Taiwan 0.18218 0
Cyt-b Korean Peninsula Taiwan
Jeju
Korean Peninsula 0.19375 0
Taiwan 0.20161 0.05357 0

Matrix of Slatkin linearized Fsts as t/M=Fst/(1-Fst)
(M=N for haploid data, M=2N for diploid data)

T el ASEE Aol RS EaHe]
=y Al £% haplotype] A8 =& %
A’ 8 (purifying selection)®] 7332 WAt 1
ey 7 A DRt B SAH R et
2 o BEP (CO1)>0.1, P (Cyt-b)>0.1) 5
AL Bol= thd/do] Mt og A
Sl Ette fAA FEdd o Aolgke Ae
A2 & AU TH(Table 4).
2927k A4 ASBR
ubde] WS dvhe HelAe 4 Jd 1
of vk A5G TAAT %
Aot A E e AR ZE 71 SAlA e A
o]2 Holw o]dl Aoz Zt A HelM A 2a}
© MYz mE gsoly F449 AelE
7P Al SFa(Kim et al, 2003; Lin et al.,
2007; Severinghaus et al., 1991) °]& <l3j 2t
A Z2g FAAE A AHA Yehdes A
ggtel] o3 A Aol B = 3l
o} AR ol B Bl A

>
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ookl & YEuA @ F402 <léEl(Lin
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o 2 3AES Bt & 4 it 24
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2009) WA Ao E2eE § Fojx] A ) WA
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Table 6. Distribution of Haplotype.

Haplotype

Korean Peninsula Taiwan

Co1 Hap-1
Hap-2
Hap-3
Hap-4

Hap-5

Cyt-b

W

—_

. ZME(P. nympha)el CO13} Cyt-b 7™
Xt2| haplotype network

B AP AFE - T - givke] X
Hete] rlEFZEeo} §34-CO13 Cytochrome
b-o HeRets F2E 2ARR A3}, COl
A= haplotype©] 57193 2™, Cyt-bf8212]
73§ 6719 haplotype°] AZ= Ut CO1H7A
22l 73 haplotype-27} EE A oA A E
Ko, AT 71 Bokeh Cyt-be] 75l
% 7R R haplotype-27F A oA A
Ha geder ge /jASE Blen, O
9] haplotypeE®] 74-F Hd FTEHA &1 A
Ao W A IthTable 6). ZA %]
CO13} Cyt-b % 212] haplotype networks A
HHEH Z+2F 5719 6719] haplotype©| A& %Y
<t ole #4104 tddol avkA 4] evke
A& YERATE CO19] haplotype- haplotype-2
7 BE A oA s FoRE Kol 24
ol 2125 H point mutations F3 TFE U]
71A] haplotype©] A€ Aoz dAcheth Hgt

haplotype-2<} Th2 U] haplotypeS ol mutation
site7} BA] & o Eou Aoz &
o 37t dojt Aoz Helh tivtz

Tol| Al FH3tal & haplotype-2E A|9] 3L
+ haplotype-13} haplotype-3->  th kol A1t
haplotype-4¢} 5= gho ARt Ay = o=
Hol A2 Zel¥o] Aoz HIth Cyt-b
A= haplotype-2 25-E] 57FA] haplotype &
ol &3l & delE, 247 dhte] mutation
site?h 7FA| 31141 CO1 71412} H| 523 haplotype
networkE HoJFa Slth Al A 9o Ffatar
%A= haplotype-2E #|¢]5}a= haplotype-1, 3+
A|F=o| A E, haplotype 4, 5 gHF=o| A gk
haplotype-6= TIRol| ATt L}2 Aoz Hol A
Age] Mz EeEo] e Ao Helrh

s

o]l
AT

1
.

v.dg &2

196\ E71A] FAZE Q) 7| A8 5 2l
L&l A48F= Indian Pitta(Pitta brachyura)<t
AgHor Aeleo] gol= ot 9
How wsdthu 4 2 Eoz dARn
(Lambert and Woodcock, 1996). 34|t 199613
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