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Abstract

In 1921, Japanese research Dr. Ando first discovered Alishan salamander.
However, over the past century, no one has documented their complete early life history.
The lack of such data prevents the prediction of their age and habitat conditions based
on morphological changes, as well as an understanding of the living conditions in their
breeding habitats, which are crucial for effective conservation management. To study
the early life history of the Alishan salamander, our research team undertook several

"

projects: the " High Mountain National Park Salamander Distribution, Genetic
Structure, and Biological Investigation " from 2020 to 2022, the " Investigation of life
history for Hynobius arisanensis " in 2023, and the " Monitoring of the Reproductive
Life History of the Alishan Salamander " project. These research projects enabled us to
conduct captive breeding trials in the salamander habitat at Tataka region. Successfully,
breeding salamanders in situ for two consecutive years (2022 and 2023). This allowed
us to study their early life history, morphological changes, and growth curves of the
Hynobius arisanensis. The " Investigation of life history for Hynobius arisanensis "
project builds on the previous work in the Tataka region, continuing to observe and
document the metamorphosis and growth of captive larvae of salamanders.
Understanding reproductive ecology is critical for formulating conservation strategies
for salamander breeding habitats and provides foundational information on
evolutionary adaptation. In terms of phylogeography study on the Alishan salamander,
Taiwan's salamander habitats are located on sky islands landscape at mid-to-high
altitudes. These populations are small and isolated in Taiwan's complex mountainous,
which has undergone long evolutionary histories. These salamanders serve as a valuable
and unique model for studying speciation history and mechanisms. They also offer an
important resource for science education on the speciation and phylogeography of
Taiwan's endemic species. The Alishan salamander represents the southernmost
distribution of Hynobiidae species. Its range and elevation span the widest among
Taiwanese salamanders, extending from Ganzhuowanshan and Kashedashan in the
northern Central Mountain Range to Beidawu Mountain in the south. It reaches as far
east as Liushun Mountain and spans westward across the Central Mountain Range, Jade
Mountain Range, and Alishan Mountain Range. The geographic distribution of the
Alishan salamander highlights its suitability as a model for phylogeographic studies,
helping to understand how Taiwanese salamanders have evolved and diversified across
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the island's diverse geographic environments.

During the study of the early life history of the Alishan salamander, three egg sac
clutches were successfully laid by captive salamanders in the Tataka habitat on
September 1, 2022, December 6, 2022, and November 23, 2023, respectively. The first
clutch hatched successfully approximately 60 days after laying and completed
metamorphosis 111 days post-laying, transitioning from an aquatic to a terrestrial
lifestyle. The second clutch hatched on February 18, 2023, after 74 days. The third
clutch hatched approximately 82 days post-laying and completed metamorphosis 135
days post-laying, transitioning to terrestrial life. For the first and third clutches, detailed
records were kept of the hatching process, parental care behavior, embryo
metamorphosis, and the transition to terrestrial life. After hatching, the salamanders
from the first clutch reached an average total length (snout-vent length) of
approximately 3.2 cm and a weight of 0.18 g by February 2023. By August 2023, their
average length had increased to 4.21 cm, and their weight to 0.5 g. By April 2024, they
had an average weight of 0.75 g and a length of 5 cm. By September 2024, their average
weight reached 0.95 g, and their average length was 5.5 cm.

In the analysis of population genetic structure and genetic diversity, we previously
developed 20 polymorphic cross-species microsatellite markers using transcriptome
sequences from five salamander species in Taiwan. These markers were applied to study
Alishan salamanders from 30 different sampling sites across the Central Mountain
Range, Jade Mountain Range, and Alishan Mountain Range. Using the 20 microsatellite
loci, we successfully analyzed 113 individual Alishan salamanders from these regions.
The assignment test results revealed that when the Alishan salamanders were divided
into six to eight groups, the clustering showed high confidence. Genetic characteristics
from Zhimaoshan, Xiluandashan , and Beidawushan were distinctly different from
those in other regions. Within the boundaries of Yushan National Park, Tafen Valley,
Lulu Valley, and Taguanshan formed one genetic group. Another distinct group included
populations from Marubajian West Peak, Malijianan Mountain, and Mabu Valley.
Similarly, the populations in Dashueikushan formed another unique genetic group.
Notably, populations spanning the southern face of the Central Mountain Range
westward, including Mt. Jade South Peak, Tataka, Tefuye trail, and Alishan, exhibited
genetic characteristics markedly distinct from Alishan salamanders in other parts of
Taiwan. Gene flow analyses of these genetic groups indicated limited gene exchange

between most regions. However, higher levels of gene flow were observed in
7



populations from the southern face of the Central and Jade Mountain Ranges, extending
westward to Mt. Jade South Peak and Tataka. We have now established permanent
monitoring plots along the Yushan Forest Road, standardized survey methods, and
implemented regular monitoring programs. Additionally, the design of informational
leaflets has been completed. These findings underscore the exceptional genetic
diversity of Alishan salamanders, fostered by the towering and complex mountainous

systems within Yushan National Park.
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2 1P L0 A L2GAFEAFIRREL 5 URTALH

P e 2 1Lz g ( Hynobius arisanensis )
BFE N N? NE}  Ho*  Hg  PICS
H54 5 96 1.470 0.247 0.370 0.339
H2667 9 96 1.943 0.482 0.798 0.767
H3108 6 96 1.763 0.333 0.714 0.660
H3455 6 96 1.667 0.383 0.529 0.462
HT13 11 96 1.821 0.354 0.524 0.490
T41 8 96 1.610 0.256 0.654 0.615
T45 7 96 1.775 0.402 0.684 0.637
H1305 7 96 1.447 0.159 0.621 0.563
H1664 5 96 1.580 0.380 0.513 0.406
H2222 10 96 2.128 0.469 0.777 0.744
H2784 3 96 1.455 0.226 0.410 0.362
H3478 6 96 1.228 0.116 0.169 0.162
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LA 2 PR SR RRBERED RS DT EE AL
REREEFEESDTEHE ~30cmXx30cm GG B G aiF2-30 48 F
DEFRREL A GR - 2R AR FE L REFT I RR; ¥R BS
B
1. 2 &2 &4
*E RIS A P R EHLER BMLR > K43-10cm 7
Sz GRERENSRER PR STE P AS R R
BARBR PR - B85 k%kB - KIFSemM: # * Rl
PoITE K NFIF R ORERB TR E ERFF R 52
EF KRB RR -
2. BwA R

BHO0N A LA AEH3ISCM A KB FH BT - F

G A PTRE S RESCM @ F RdE L b TRk K B R
GBRABRTE UERRE T ORIRE o

Bliz Liad sAEL R 3L L A5 B A - RG 8
WA S AR F RGPS S 3 RF AR LA p RIS LR D
WES T AT e oA T RE (TS A # T AR E R S 5cmo 3l
R ORI o RIR R B AT R T 4K
W2 R E S A AR RS e R o W5 R
T IR Y PR A Rk R Ao B RS I6R 3 AR

S A g RS R (MR F (@ % 28+ 8T8 e
FiEF) o L d ¥ M pH 702 MS-222 ( Tricaine
Methanesulfonate ) <& {7 firfis o firfis 5 B o B 67 ik 5oL fis o K oo F
Ao B RS dt 304 4R AL F S o MS-222# £ 5 0.8g/L &
R BAY  FRpSsA S PFR MO05 A 480 SRR B A B T AL G P
FH 255454 s fs £ 5t (righting-reflex) o Frps#p ¥ e 7482 £
Ble Bk WA SERFEER R EE RSB
i 7 MRl 8 o
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CEEABHAEFTERLTE
(-)BlAE=a= FTREE
IR BREMBIRBHAA CADESHGL c BXafe 2
Lol % R 5 20228 S Y o AP RT3O3R 5 B BAE Kk p
2022 Bl & BRE (HFEp BB IAF L AR ERSFE) B2 HIF
2Ll g R EE BRSSP RS DL A B R - AR
MR B (4£02022) EH R BHEEDOLBAEFERE T E K
323 B BFFaEEOL % o
(=) Mk H (MRI) &5 381555
Lt g = 88 4 pH 7.0 MS-222 (Tricaine Methanesulfonate ) frf%
Lifis g XM BRI E Z0.80/L 0 Frptih ERFRE M50 48 0 SRR
nHHET APFFEFTHE 251454 s a fe 0 F 5 (righting-
reflex) o Frpsh B2 748 £ Rl & 45 R~ MK - 2 & B E B
oME IR R PRESBHOME Ti25F MRI SR -
FREOEIER B AT E S RE R (micro-MRI) &7 Lifin g
WAL > > % (5 Sanchesetal. (2017) - #F#w % P > $o 4 0 MR %153
i 1 micro-MRI 8 5 > #-Liis & s (0.8 9/L MS-222-k 7% it % ie 2-54
3 AP R S) o I T PP E RS A JRE - 2 BRUKER
BIOSPEC 70/30 MRI - . thit > i MR 9204 48/ o & 1245 MRI
B R el s (9P L 2O L) 2 TET LR R e ] o i T R ]
DAL GIPE B R BRGS  HABRM MRI 2R ng? H Tk &
FREREERF R Ry ab (RA P 3laY RS ) E
pEHp 3w R e BF 2 o
) ZoAF P D A0 (Rl R ) B E L TS
L A BA BB AT R (5 PlEFME I TR KA E R
T RAPH e T R e T AP g & 2T

Iwasawa and Kera (1980) %} 'Nga/§ & v whia #ncrs SR8 » 4] (74 1y

(

10

FLEFHPILLLBAKPETINRERSPE T AL - T oo
AEFTH - RERPLILRFOFEFF L L LA DR RRT
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# 3~ A1 BARRKE

A% A
< 2~3% 40 2% da
+F e b
KA 3R
Pt B By PR R By PR F#
Bt 5 R 3-5cm 3-5cm
P FH. R FH B R  AE
K 5-10cm 5-10 cm
08 i Roed WERTIER s bRk RARE RITIEK ~ oAk
KR 0-16°C 0-14°C
I Wi ® ~ Aok WRE -~ 4Lk
Ped g R
Pt FA SR . e
H B FH S TH B

20 x 20 — 30 x 30 cm?chfg &

20 x 20 — 30 x 30 cm?cfg &
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FIH FLLLE RGN EF

- T EKRERERKRA
FHEFAFPLLLBARTLRFTOFP EFFY 2 B850
LB RPEREH LN 2016442 w8 F IR L L L f A s
BEHRE BEFFE ZonL s ST ESFRTETE T 2L
SURTE- IR T LN RN O N RN NI S 1 - L SN SN TY [ S NP
B GG LU AL e PR PR EL S A

Bos @ v EEALIMARALE > B30 B E 113 Rk B o

kb

CHEBRMT RS LN eREEL > TR v e o DR EOL

TR BB 2 95%hiF ¢ % -20C R B Y s o

I
E‘w_\;
A
4

2 DNA % B~

P~ X20% 5 22 Wizard® Genomic DNA Purification Kit ( Promega-

—

USA) % 2 5P~ A Flie DNA» *» Fulifh g L 3% % 2 {5 > 22500 uL Nuclei Lysis
Solution ~ 120 uL 0.5M EDTA (pH 8.0) (Sigma-Aldrich » USA) ~17.5uL
Proteinase K (20mg/ml) (Sigma- Aldrich » USA) & = > 3t 55-60°C it *
12-14 -] pF > {4 > 3uLRNase A (4mg/ml) > *t-kipH 37°C g% 20
A kg o 7 F-is £ 4 ~ 200 uL Protein Precipitation Solution » Z i ® 3 f& 3tk
+ #3154 48> 1214,000 rpm-4°C T Hr.u 104 & - jx £ ik 4 Isopropanol
7ok DNA G T 00 T0%IFpE ikt B dc » 1R 7] 2dH20 7% © Befs > 1 2
A E Sk FF 2 47 %k (Multiskan™ GO Microplate Spectrophotometer - Thermo
Scientific™ - USA) # ¢ DNA k& -
Z AR eyt B2 A 4T
(-) R épeagi 7 s (PCR) &2 DNA z &
ER e d % b(coyth) 5 Al A Flenig BiEe0 2% NCBI %
2.4 B0 gk s > £ B 5 (NC008084.1)» ND6 % %K "8
51+ HT cytb L > tRNA-Thr = tRNA-Pro %X+ F =513 HT cytb
H> %3 &2 4 & & $1,400-1,500bp-PCR * J&if i+ iz TOYOBO® Blend
Taqg-Plus (TOBOYO - Japan) #.p? 223k > @ * 25uL F 44 - 0.2
UMdNTP ~ 0.2uM 31+ ~100ng #-4 DNA ~0.04U/25uL » A8 4% <0
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Blend Tag® -PlusDNA ® & =it {7 PCR F & B R iT%* i£1£:94°C &
fe 2 Ak B4 94°C F i 30 40 61°C & s 30 £ 0 72°C F ik 1
&40 7f"j »EA4F 36 PATk 0 Bfe T2°C K 10 A~ &t g & PCR 1F
4 1.0%3% *5 % 88/05X TBE & A5 5 A4 o F g% & 17 PCR A

41 * GenepHlowTM (Geneaid > Taiwan) i& {7 % it o

(C)kawred 2 b 2EB7PFEE 2L
F =+ chPCR &4 4] * GenepHlow™ Gel/PCR Kit ( Geneaid >
Taiwan ) & & S-3. P 2 23R E 7400 > B 2 3730xI DNA & ik
( Applied Biosystems™ » USA ) & = DNA & 5| Z_F - JE {7 2. cytb DNA
B 7% EditSeq #42 (DNASTARINC.) %hik > & B € fpa i 7 E
Afwied 2 b >2E B 1,141bps @ 5@ * sk MegAlign 7.1.04¢
% (DNASTAR Inc.) - 41* Clustal W method & {7 5 7|+ % > & F 35
PHRE A =g W RS R 2R 5% % DnaSPv6.12.03 (Rozas et
al., 2017) FHPHRF A B T HE B o LWL AET LA
BAEE 4 Ao 58— HHRIPL L LA MR il B354z 8
EARBEASE T e o B 8504 POPART ;gr} Median Joining
method (Bandeltetal., 1999) £ ¥ £ 3] %k F - 1t fafr 2 L Lifs 4 48
pEREFERILEARR o
o~ JIF AR Al e (TR AT
(- ) #H¥ &5 Fchrh A R

W4 (2022) B % 200 v s A * 2 & A S s Rie
ALY £ L% 3L LR R R L L% e B L LR g R R @
Bl AT o MkiEL B IEH & * Blend Tag Plus system
(TOYOBO > Japan) fiz % &~ B484% 10ul ** 96 3445 > ¢ 7 1ul 10X
PCR buffer for Blend Taq ~ 1 pl 2 mM each dNTP Mix ~ 0.2 ul 10uM i =
513+ 202ul 10 uM & w313 ~ 1ul #-9% DNA (AR50 ng/ul) ~0.1 pl
Blend Taq Plus (2.5U/ul) 6.5l & &3 -k o 8 & (£% 1512 1 94°CF
5o g > % F94°CF B304 o k37 iR Rie2 B ARERARF &
3045 » 72°CF 3045 » £4F £ 3574 % » B s 11 72°CK 104 4815 % &

PCR it#% o 418%* 3§ "1 % 48/05XTBE T 247k KA » B2l &
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etk F kfRiesl 3 ot PCR A4 » £ d ¢ &7 7 IR 74 F]

o?*’f%ﬁﬂ"’ ¥« (NCGM STRP) it {7 = M % % (Capillary Genetic
Analyzer) » 47 » Bl e ikciEh F B2 & & 0 % 5 GeneScanTW
500 LIZ Size Standard ( Thermo, U.S.A.) £ Hi-di Formamide ( Applied
Biosystems, U.S.A.) T4 %is A F1E Byl 2 8% o @ (5 BB Rk
fﬂiﬁ%ﬁ BR3¢ w2 2 47% 5% 11 Peak ScannerTM Software version 1.0
(Applied Biosystems, US.A.) 2|t A2 B 7L B » A T HFARRD
SRR MUHEHEF EXRD o FlF B M2 PCR A €5 7
foehdr o ) ¥ RBLE T RS RS AR e ) d i X gt
DR A TR AR A R A L SRR 2 A 0 - AT A
Bz s kPR AR TR A B A g s e

(=) WPl Rie2 5 A8

(

I

)

WEP20 ML A TR A P2 i A FA1E 0 e k] Cervus
3.0.7 (Kalinowski et al., 2017 ) & {7 ek he v BERF 2 LoLk 4 f8
NS Al A > AT P ¢ 7 AR A TR e i AL Tl s BRI R
ER I RER OB ATFER S TRZE AL
( polymorphism information content » PIC) - @ {3 » 12 GenAlE Version
6.53 & 7 »cit® A F] (effective number of alleles) ; # * MICRO-
CHECKER 2.2.3% # Bl »c ¥t (% =) A7) foi=¥7d allele
dropout 5142 45 387 At 5 @ * $ick8 GENEPOP version 4.7.5 ( Rousset,
2008 ) i& {7 ¥4 78 T #+( Hardy Weinberg equilibrium ) #& B ; 12 #x %8 FSTAT
2.9.4 (Goudet, 2022) i& 7 18 A F1¥ & (Allelerichness) 3+ % ; 4%
12 Arlequin 3.5.2 ( Excoffier and Lischer, 2010 ) # ipl:d 4f 7 T {7
éﬁﬁ@%ﬁ@ﬁ

EP- iy AL T A 7)) 2 $ick8 Structure 2.3.4 (Pritchard etal.,

2000) & {7 4 %k T AR R] P L LR 2L LMK ER B L LR R
2L AR il BB B A E R R AT A
BT R RFOE B S RE KL T RF L CEE P IR M
Length of Burnin Period % #_% 50,000 - § ¥ % 4&;# ( Markov Chain

Monte Carlo » MCMC chain) % #_% 100,000 =t;F % » fp% & ¥H#k
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K=l 2 K=10> # # €438 10 = - ;&# & % % 2 #ic 48 structure
harvester ( Earland vonHoldt, 2012) &2~ deltaK > 7 2 F# 2 L Ly g 3%
B 2B A EREY Bom s ARG TR EL AL K
t# CLUMPAK (Kopelman et al., 2015) & {7 @ ] > 1 BL% L 4 f 0
BAEF 2 G s FHEA 0 b ¥ gtk GeneAlex (Peakall and Smouse,
2012 ) it {7 4 &4 47 (Principal Coordinates Analysis » PCoA) ,‘%ﬁ“r}
FEBHMAFROERE - BAERBER PG FHEREET BY
éﬁﬁ@%ﬁinﬁo
& F1 2 A R

(I REITE 8 VAR O - = N P a\Jrﬁ‘ DB s 2L LPREI R B
LR SRGFEHFELT R BB AR X RGED L EELI
B o F ek BayesAss version 3.0 ( Wilson and Rannala, 2003 ) 3+
B poRE R otk (migrationrate) A gRIP L Ll E %
HEREAPN oA TR o %5 E Length of burn-in Period % 2%
500,000 generations > § + % 4a% & + % ¥ ;2 ( Markov Chain Monte Carlo -

MCMC chain) 3 #_5 10,000,000 =x;& & > i£i7 5 xfp= % & o

26



528 RIFFRAAKRRFECARLIZAERB A

BELBERSFFEPN > AP ENZ BERA (2

L4

FR R

P2 il § FRRAS E R

BERGe P EAABALFS 4 EFA LA

I ‘P?giviv’}’ﬁﬁ/’}# Tk A

ERED B RS > TE LG VIEtag B 4 £ A5

TERIEHRE
| &

&P
B R

& F
- ST RSN IR K 551.3cmX24.0cm 0 N F53712F 0 424 o Bk o
%

KINNE: QUENTE S8 S I R S R e N =9

(&448) ~FP 2L dfaf? g4y

CABT N mEdod 4o

2 42 L LG RRIEE R

®/E #/P AR

¢ 2 .0 J_v’}’;ﬁ ﬁ[ £ r}ﬁz,\_}_‘!‘
C LD E X R
X

) BR L g AR B
2-3

A EEE

27

oS S pRpE o R F CH uh
B L Ll d o He P T
PR EE o RT3 LR R B
AR o
BS | SR AR P A o & gD
BA LA p Ad &l g
PG T 0 2 A ECS 4 A
Ak EsE R > R L s
A e oty (5.58-34F § &
W) AETE (34-23F FED)
S8 00 poAlie b RS

RIS S

ERFD)RPEFFTAAKBIRFCALNEIRDE AL PUF S

b PRt 52 (4% 67 8282 )y FER{TZ B A 0T

Ol I8 L

A A B BTy



At mE

[ ]
&AL d )
4-5
Fr e 18 i
[ ]
[ ]
[ ]

28

WL Tt B A AL
| R AR R e o

L8R L g 4 gE- )k
B RAE kP PR B D &
MAEBBLE BT ER BT
TR P LA L& R
TGRS~ A SO E KD
L g A 530 441,300 3 2,200
DR R EaLR g T R
e fa s LA S FT AR
2,000% 31002 % ;5 8 L g A
%74 4427001 3,400 & ; # & K
5 4 A (5 %575 $£2,700 % 3,300 2 = ;
G ANTNTE -8 WANT = o A
2,000% 3,600 & o

'_ﬂ
Fie L A5 $41,3002 < 33,6002

L P A A AT drenT 8L A

o

bR AEIRER 0 X3RS 7 i
Fer] RELE o

B L g S LR L ST
L g ? Bo®ene S8 2K 98T
PENAE L RSN TR EY Lo
Lt g ? Bme A R 246 > J
3 dm| hw BE o
AL G R

> 1092 & o
WEEH Ik ) 59 ¢ Rw

E
™

| Btk e R oa gk o



At mE

6-7

P2 L g

¢

L
[

29

sl d A EE L2104 o
WTE &5 foir d mBg
IR NI R et VRV
A5 L g ¢ Bk e
Failfnd @ SH2E91192
> o MWA R MG o 4R S
AR N AR EE W2 i T

P2 Ldidsd @ S8 >E 115D
Ao BAE R E - g ahd o A B
B ¥ im0 gk SAgL
WMo Rz EEpy P E > EINE
S

2Ry E 5o

MRA L L g B enE

o RAENIHLEANEY T

boA T e BTz il g 0 e

A

F EERERY R o DL
hOR R B K MBS BOE
(streamtype) > 4* * % € fdF ki
¥ (pond type) ¥ %7 o b2 d.RY ¢
A D - ¥R o P S BORER

e TR VRN N Y 3
PG 10 L L e R R S 4
EAEH0SA A g e g £ -
e & A & (egg sac base) Bzt



e

8-9

I JNENIECE A A

A ., ) P
e SUCAl "W s bl

30

kP EERE Y o BB A RGP A
o R A ELE R Mﬁ ( whiptail-
likestructure) - & g “r g ¢ o=x 3f
LN N I BR = l}ﬂﬂ;;’v’ﬂﬁwiag:
EREIE GRS S A S A
fo it o orimit 2B X 0 3]
B ek BREE (124~ F

B~ w5 1 Foadh 5 A S

21N

w

B, IVieET 7 A Hp V @A /‘g‘ﬁp’

§ RFEE R X ZEY (VI R
ATV S VI =248 2 IX
SRP) cMA LA P AT
%ﬁ%%«%ﬁ’%@g%m%
“RpaES T (B 3) o mit &
RUFTEEELREERE N
£ 8

@

FADT L sy g
T WA DT o
TARLEA ST R B S B A
L e 0 B AT s Bk
A~ B A S o - AL
Pd s §UET e eiER BT

BARAHRAT GG 2R o

SHE S e S R o %



At mE

10-11

12 (3 4)

fe B L le’]‘ﬁ,‘i’. ¥ EF*#

GEyac iy

Ll gt i 8 TR

BRY

R TEET Ao B > BEF S kR
E R oER: ST R R Py
BRE DS BB AT
TR LA § S (4
WALt ) ~ B L I (dedsl)
FRAFL o ¥ g B ]
sads 0 AeFE P O(RA) -
PormSEE R (B BISLE
BERAEY A RdEY Y
BT R AR S o AR T L
g e e kP RE > W
BopA o KA RTARA ) o
BEER A uj,%ggl microMRI £
CT 81 5 L g e Bedd (42
FHE) -

NS E ke ¥ Lo gy BB
(Mt B~ ey ~ KiR) o
BEERLRE -

i g P p I 1S RAER oK
oSl w7 *ies > FlL4 4

b g P e (XM PR EY

31



At mE

0524 ) » P & A Ji 85 iy
YR L AT UE "3 S R
Fofe o kg2 B 2R ¢
WA - LFFL P wAPp R
HEFERRELBLSHEN S
kR EES Py o B RS
Pl g g A S AL B AT
Jol iPlRiE BT B oE ] B o
TR T E A LA RS

B4 a0 HetER il AR e

2
Ffp o LR LR SRY
fa ke b -




¥=% EB¥xaisn
P& FLLLEASP BE o EE BREHULS 2 2H

R E- X AR
WS WA EY Gy TR AP A 202197 > T B L AR At
pophoBlA LR BT B R 0 272022290 1p ~2022£127 6
P 2023117 23p "EHIA T Z E PR o - E PP AT A RIS 60X E )
ML A PIS111R o Ak A OREE L Ao % o @ 202023#27 18
poiglemie (74% ) o 5 = PR T A P 82X E it » 3t & P {5135
AL ORE R Bow - B EE 2 E PP R s E AR
FNESEFL R ERE RME TS EEAR . F PRI IR
B %o A4R24 PN F 0 4it20232117 23p S 4 A T A2 (] 6) -
() Sk ~ PR~ P2 9p A5 Hp
R RSt IR R B2 i A Hp o PREAE A R i T e o B o FR el
FRFAF AR o M- E AR
(=) EaA) = dp ~ 5 8
PpE o mrr R M T B AT T i oo At
R
(Z2) BT ~ sy a5 4
SOEEHR 0 SEINE B A > BT R ARk BT LG AR Y
RAz o M- B AaREP o
()85 25 4

E

AW AW ERT F TS oA E AR T L DB

=

-‘?."
Ly

o Byt P PESEINA Rl pEE I3 B o fh g E L mA 2t

>_\_

AR SRS T KT fRT 80T
PR FHF TS GBI T AL BT RS T
PAF TN SRR AR mA AR B R T T A
P4 24

a5

¢

0

2]
=
pL-}

e

T R R L

33



(T)dpie A i~ B2 HERED
2024271 14 P B 4pomeit ghdr > it PRV E GETR o il (A A R T o
fePeid (e TR A T o T D B o AT E NI kg B
0 HEYRAL @AY PR BT 2R IEEY - 202424
260 H- LHMBERE LA

(=) =85 b 50

34



| 320 ~ JRd ~ BORRS

W 6 -3 ErBEFrRLLLELSHLET -
[ 5@LHi o SEorpEam  BhFREFen, 38 105 g8 ;I
AR ERARE IV A ETARE SV i, NE VI 255,88 BT R
B R T PR VL S dpak A 4 5 VIIT 5 =2 % 2 4 51X
Botsii 4 o X REY o

35



bl

120

100

%
S

N
=)

(5) SIFRN A B B R R s T
1] =)

12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00 0:00 1:00 2:00 3:00 4:00 5:00 6:00 7:00 8:00 9:00 10:00 11:00
RrfEh (24/1\8%)

0

W7~y BRES LA B HES -
ARpERAL BRIt REERILEp B F SR TS
- B ER20F) 0 Bl b SR RS o

kS
B

Dt

CLAEE L

T
j —

4

|

s
%
s
Ji
s

FoE Ay gy AiTag g > REFI8KET (A E -
B 51035 > ¥ — B 583F) o 18I APy 2 Ko > FOE i 5 il
5 100% o Hit (S inLifa g K NG BB 2 > F e v ¢ dmnd o B
e EE AT (LEDmr)) - o R RS 2 2§
B ARBEE IR E LS EA B T
IS T8 e M > A MRS e E EF 3 50% 0 p oA ] Bk e
TT A 0 RTREEL T FEF R A

(C)mEamegn

wE A R FOERIAT SRR RAFLOE R TH - T

<l

LAl b LR T R P R B e R 2k
#5 FlpiE 2 A FESLBHME Nk Bdp o RIERIE B BRI aE &
$ART A AP F- 2B EXERIFpEEL L

13_%3:3?,‘3@]]3&&, "'\j:‘\’%‘_ﬂl = ,1§_#§,3£Bh3ﬁ_1]3,§¥7, 2 B R"’\i"’){‘_ﬂl

36



¢z AR AT fRE 02022107 16p - &) gt TR
Yo - E6M 2 0 202022#127 20p (£ S111% ) &R kg > B
AR A S o APA2023£30 11 B4R AR E S E R A w3t
2023#5% 13p ~7725p ~8726p 212" 3p M E LA TR B
ZHEER TP EEPEPBEFILLH o W EBRE > B R AR

B o REEA 5T 2 H o SHMELF PR LT ) L ST

% $0.555. » 127 & B k 5]T 3248 £0.655 ©

N F]2024# 5 A A w310 3P ~29 17p ~40 7P ~671p -~
7129 299 Op HFFEHL A HMEEHMEIR (B 8) » & ANE
I AEFHET R TEWE P LY 0715 27 90,735 -
47 50755 ~ 67 90.965 ~ 77 F0.875 %t 197 +0.975 ©

FIE IR AR LRSS E L REAR

1.10

0.90
3070
kS

EES

0.50
0.30
0.10

38 58 78 88 12B 1A 28 48 68 78 95
At
20234 [ 20244

B 8~ sFipies GRHBEEZ LGS WAL R
WA A BA R R3E 0 SR e T E R o Bar 27 R E B

.
# °

37



(Z) BlAmit s dfn g ik~ 2R d $ 148
FXMEERIYABA RAPERIL U BHOENR A Y
AT Tl o BAPS B R AT %Y P EME 202229 44
iR 202337 BASFR Y E e RAHLEGHE P > B % 4B 94 7o
xBTS OB 2H o WML IPES S 2T 0 2 SHE P4
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3220467 B E 3504 P77 REE A 5193824 287 267
BE b R FIA20 0 02024% 47 T IR E 350 A 2024260 Lo E
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o~ BlEF L LG ERE R TR
PEHEPT L AP RBLEEEARL L LA S HERS R R
POFRE A7 2 ri- & (B 11) > ¢ - &5 2020& Bhaic b 4
AEGFAL S pi BGNOG ; = Sepl B4 (B 12) » ¢ 7- S9 &
AL FTE S Honenipal s 0k - G AR 2 PR (B 13)
19958 4L > 2244 1 BGGGB ~ BGBRY ~ BGNOG #.2024#4 " h
PoaET 21 (testis) P A > T2 4 4] > A B A T T R T
B R A B4 202387 4 L BGBRY {r BGNOG ¢ ¢
PR SR s BRI R 35 § B P AT 0P Ie B iE 0 & & B 4 BGNON
POE IR 3B 2023297 A T e o OB 2023 £8 7 pRALAR
Poenfrie e £Aje kA o G E - B A o RN AP AT Y
9P Sp A o 2 BRI A AT hiR A BGBON » AR ik A L Apch
By A Foa B G 4 i 3Nikgp0 XA kg o ot B
S BERE BRG] c P REET o UBRSEEGER
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¢ # BGNOG » 2+ (/)

20208 1 2020 12 * ‘ 20218

Wo1-» geprl Llfgmbd mRgFR-
BEF*mEndor B4 (testis): t- %% (lung) : 1> % (rectum):
rec» [ % (intestine) :i- 4 #&23 : B (E¢ )G (%4 )~N(H#+7¢ ) R

(Gzd ) O ()Y (F4 )0 2o Loah ko s (5005 15 5o 31 o
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4 4 BGNON » ¥4+

S ! 20214 3 ¥

¢ # GGGGO » ¥t (3f AL 1 R AY)

7t 4 3] 2021#87 2024% 47

1'4

- O s -
W 12~z 8epd 2 L L i BRGETR-
BEMFAGHERLT P (ovary) oo %5 (lung) 1> E % (rectum) :
rec > -] % (intestine) : i 3% (liver) : lio ¢ 23 B (F4 )~ G (%
F)N(H#) R(2¢ ) 0O(&F )Y (F¢) *od LHB-2 %1
f

-k 2R o

L
i\4

ne
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¢ # BGBON - #& & 3| ¥F

o 2 2024 4 7

W 13~PuieFr2 Lliid 2 AEGETH -
BEMFAHERH AT W5 (lung) t 1> 2% (rectum) i rec -] %
(intestine) : i » ##5% (liver) : lio ¢ #2038 B (F¢ )~G (%¢ )~ N (#

)R (&4 )~0 (&)Y (£ ) > od Lok 84 {8 0%-3 {8 %-

L
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CNCE INDE TR T ¥

AR cyth A FIEE P 2 L L b B R (R

A EP30BEHEE 8311138 BAE (B 14) - >3 B A 714 DNA
itk mMmied F b(cyth) AT - HEFF 200D~ = FE
BEZRTHE T 225 L~ B f4ea LEE R0y xR R L SR L
BESER ST LS T LaE s sd L BHLABL B P
Lo 8% s 2 B R s A LB s AP S ESR LI FLER S R
Toik B#cE Ao 5o FRH (5T B S50 MegAlign 2 #§8 DnaSP v6.:&
FRIDCHE P HRT N BT A 2L 1L141bp P PR ES T F
FoTRIEFAREET SRR T TIERFOLHERBEY L5548
EzAloagdfliral @By ~sd b~ s e iw BRI 050K K
BHY E34EFFPEEE 0 By BEZA I RME T U - HRHE
FoAM A ARTRRFERNE £ (£ 5)

Mt 50 R T LR AN & EE AR B i E R A
Hen2 S mpkBg o 231138 3472 371872 FendE 2] B %4
B 15-2%" - A BFRIBiATFAELT > F2ACETHEBI £ 5
FIB | 27 B 2B EKIE 2R MiTF LB ED
30i 7 e dk 3 - ApHEA FIBF e R P43 A8 23] e P pedc
FAZ R R RREF A BHMEZID I EOTERD B e L L
TaEIL s AR FREY R 2 ¥R RRHE 5 E 24 HALIOS -
1138 BAEY Bt Bk chEH £ 0 pleb o B2~ R B b B3R ehul

HBALF B AEROE EAHA - o AR BB DR A -

AIMAE I FEE R P2 L L g N RHEE RS LT R
B AT ERFR Y 920 L A S HciEmE B3k p 30 H E

1138/ 2 Ll ¢ Afdp R E B @a 4 > A u B i A

# (numberofallele » k) ~ @ipI32 & & (observed heterozygosity ) ~ ¢ # &

& & (expected heterozygosity ) 2 F 3 z £ % 4|4+ 4~ 47 ( polymorphism
information content » PIC) - %fig A Fl#icv (32 A FI AV 3 % H A L 2
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e 4 AP RBERIREE RETFHRE R T RPN R Bk
AFApa FRZEIABAPE AT E R BRe A %EY fEfEa
PIC &% *:0.2540 % M2 s 4 2z > PIC 470253055 ¥ & 2 &t
4 5 PIC E4 054 7kl B A R4 -

Wil % do2 60 HA05 - H3099 ~ H346 ~ H3478 ~ H12842 HO8 & & i,
fRfa 4 0 2 HAOSE F A 4t A F A HIF L L Liis g AR 38 B e
A 475 4 4 "5 H243 ~ H58 ~ H54 ~ H2784 ~ H166427 H34550| 2 4 ¢ A j2 8
ic 3 0 ¥ H58 ~ H542 H3455= e fhiez & 3 I fA%H1 A 3] 5 T13 ~ H330 -
H1305 » T41 ~ H3108 ~ T45 ~ H22228% H2667R] & & fafda 4 il @ik »
® 2 H2222% H2667E 4 %% cPIC &> » 3592 4 104 %18 & 717 > A fz i
wgmmwﬁﬁwﬁ@$ﬁj’£¢@gﬁﬂﬁﬁ40

VLA F R A TR RAR L L L g AN A T

PURETP L LRGN 2 R REER O S L B
20 4% Fh Flend BB e & R3e 0 i (7 25 F14] (genotyping ) # 4 &7 B~ ¥ -
AP AL ka2 e @ Lo v (¢ 2miEd i A FLE
F R %32 AR TSk o £ 4k p30BHEF L3 BH - 25
2 k8 Structure 2.3.4:8 7 4 ks 0 2 fic k8 Structure Harvest 3+ & & i 0
AEHER BERT 0 ZXLRFOFEFRYE DML L LG ER
REBEHEPUPARTAZ I AR ROSgHE (£ 7) 2§ A#
Bi - HFEG RROLES

PR TR P A EE T B4 F ed % - ¥ (Groupl>
BFRESRELL-2) & F a0 g LB B S LI RS R A 2 B
BHEREEFEE R B B 5o & (Group 20 B 2553 -
8) Bl A F e & Lk L 3 0 ok TR « B PR g W T
BF R BedpsRiee v )il @S s jpgiR ey = & (Group
S RBLHEI-14) hP B L d 0 AT FT A B N E
EESE R A RALE L LSS RBOBH § - 5

G B @ e i ’Fa—iz47fép\ FREI AT oo REY 40

4%

3]
o

v

e Ll Li AR 0 F oA v R B TR o B 45 (Groupd o
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B E F R LR A BIND T L BA A R 3w L BRI
THEF L LRSS R OB E A 7080 1L FE e 3 LS Ea
Bk B ER A B A e R L8 < ¥ T 473 (Group5 o B B 5
20-26) ¢ FEER A BB PR FEL S A B L s o BB L R
CHCBHE PR EEEL Tl By § 2 4 (Group 6 3 B g
$o¥L27) 2 %R E P N F L LGENB AR L A AT RS Re By - 9
# (Group7 # # 8-5%.28-30) Rl Z X A@ A X Fldg it L fa g
ERCE JTNITCY
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HEEE 2L Lo s K L 1P L 0 e R T R L
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o 2 LRFEFEFRTE Y FP L LD A TR

R LR FEOFEFRF Y B%F P2 L L dfap » FkprE
BEAESS R S EEEATILRAD BB RALT Bl
Pl B ApiTAR A o AT IR R BRI (sink) ¢ R G FBlG

THEEE (source) A F|vnm ke > WH W FEIEE T R 2 358

7’%""‘ {w.

-

Z (migrationrate) > ¥ & BEEEFE AT A FIR AR o
BE A TR ORLLLEL DS SEEN AT G593 65%

Brova Ly 3R%sEs it 29 g - s (60.22%) » ¥ 1 % =

KA A (90.79%) 5 A58 % TR B - 4§ 17.93%: 6] AL E &
FoHEFATIRM AR EHEL R T B REE B E Y

KRR W Z BTE S FrA u] 4R R F3.47% 2 2.90% 1k F1R R S o dnt gk
KEHY BT E A FIR AR R L S SEEA T L e L KR R
AT B A H R B F 0 20 1% %S AR 5 BT 1ok
KpoEEFI U2%EE S o ATid N E 4 K IIEAROL R4 0 2 AR 7
Pl na SHE L T AT OELR T T A BB AN A
Pt Mo T L H - PN L EHA LR K
BB BT A TR R R UM G FA KK R AT H -
Ao & * dodd g0 %R HpF (transcriptome sequencing ) ~ # Flie 75
# 4+ (whole genome sequencing) #% & &R A 14 & 47 w42 & > 1 R
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2 5~ Rp30BFFHEFZIBEFL L LBAFEF TR

fo BOE PRV gpem g Epyeg
(8 ()

1 2 1 Te gl oKz HALI33

2 4 3 AT R E HALI34 ~ HALI35 - HALI36

3 6 5 T T giﬂig + HALI46 ~ HALI47 ~ HALI4S -
4 3 2 L = 4 % ;% HALI45 ~ HALI46

5 2 1 A 4 3k HAL44

6 5 4 B 4em L LK HALIOS ~ HALI41 ~ HALI42 ~ HALI43
7 2 2 L B B 271i%  HALIO5 ~ HALI41

8 2 2 5B fAEE I HALI40 - HALI47

9 3 2 - Fkix HALIO5 ~ HALI27

10 4 3 TR EFRE HAALIOS ~ HALIO6 ~ HALIO?

11 2 1 EREY FkE HALI05

12 5 4 2 FikiE HALIOS ~ HALI22 ~ HALI2S ~ HALI26
13 3 3 <K A oI &R HALI20 ~ HALI21 ~ HALI24

14 3 2 3L [F) FRiE HALI23 ~ HALI39

15 1 1 ENRE W Fkix HALI23

16 7 3 B 4 #8585 B FL;%  HALIOS ~ HALIO9 ~ HALII0
Do 7 mEm ey mmmmmomee
1810 7 PRA PR MO HALIOL - HALIS
19 5 4 Y Tk E:gmi ~ HANMO2 - HANMO3 -
20 2 1 BB kL HALI20

21 5 4 W b ¥iEi%  HALIIG ~ HALII7 ~ HALIIS » HALII9
22 4 4 PR EL F B § %  HALII2 ~ HALII3 ~ HALII4 ~ HALILS
23 3 2 < B L $ B 3%  HALI3S » HAYKOI

24 2 2 w 3o E HALII1 ~ HASYO!

25 2 1 BERE L FEF X HALY

26 3 2 FRARE P A HALI31 ~ HALI32

27 6 3 pane B 2 .1L,;%  HASSROI - HASSR02 + HASSR03

28 3 3 < R vk HADGO1 ~ HADG02 ~ HADG03

29 3 2 Hx AL "% @i%E  HALI28 - HALI30

30 2 1 B At A R SFr2i% HALIRY
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406~ 1208 A RAFIKHE B AL Ll 4 @A 3R

Locus! N2 K3 Ho* He® PIC®
H54 113 5 0.239 0.352 0.321
H2667 113 10 0.513 0.808 0.780
H3108 113 5 0.345 0.692 0.631
H3455 113 5 0.398 0.540 0.463
T13 113 9 0.345 0.537 0.503
T41 113 9 0.239 0.657 0.622
T45 113 8 0.425 0.725 0.685
H346 113 2 0.097 0.124 0.116
H405 113 2 0.027 0.060 0.058
H1305 113 7 0.177 0.634 0.579
H1664 113 4 0.363 0.511 0.392
H2222 113 10 0.496 0.797 0.770
H2784 113 3 0.195 0.380 0.336
H3478 113 5 0.124 0.166 0.160
H58 113 5 0.142 0.314 0.300
HO8 113 4 0.150 0.250 0.238
H243 113 3 0.168 0.274 0.255
H330 113 4 0.398 0.563 0.516
H3099 113 5 0.035 0.094 0.091
H1284 113 3 0.062 0.213 0.193
mean 113 54 0.247 0.435 0.400

Yocus : Mrirs T A FI& &40 PN A 47 B A 3kt s A Pl ‘Ho

Blse & R S CHe: WL R SOPIC: Tz £ 5 Ak
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2 7-FLRARSFPEFFEFFL L LR TR

Sink
Source

Groupl Group2 Group3 Group4 Group5 Group6 Group7

Group 1 69.22% 1.22% 1.24% 0.86% 1.17% 2.55% 2.21%
P (0.0238)  (0.0118)  (0.0120)  (0.0084)  (0.0113)  (0.0236)  (0.0208)
Group 2 2.55% 89.89% 2.90% 0.87% 2.66% 2.57% 2.26%
P (0.0237)  (0.0333)  (0.0249)  (0.0085)  (0.0183)  (0.0237)  (0.0210)
Group 3 17.93% 3.47% 90.79% 0.88% 1.68% 2.56% 2.30%
P (0.0444)  (0.0240)  (0.0331)  (0.0086)  (0.0157)  (0.0238)  (0.0215)
Group 4 2.59% 1.66% 1.31% 94.81% 1.35% 2.57% 4.26%
P (0.0241)  (0.0154)  (0.0125)  (0.0194)  (0.0129)  (0.0239)  (0.0284)
Groun 5 2.57% 1.27% 1.28% 0.88% 90.67% 2.56% 2.30%
P (0.0238)  (0.0122) (0.0122)  (0.0085)  (0.0299)  (0.0237)  (0.0216)
Group 6 2.56% 1.24% 1.25% 0.85% 1.27% 84.62% 2.23%
P (0.0239)  (0.0120)  (0.0121)  (0.0083)  (0.0125)  (0.0444)  (0.0207)

0, 0, 0, 0, 0, 0, 0

Group 7 2.57% 1.24% 1.24% 0.86% 1.20% 2.59% 84.44%

(0.0240)  (0.0121) (0.0120)  (0.0084)  (0.0115)  (0.0238)  (0.0417)

Groupl & Group74 7w BhenA#H @ PR IMB 165 £ ¢ L@@ 4 78
(Sink) &5 % > G R ® a0 k p ABiT s (Source ) F25p B F £ 1 %

BE o5& B Group #rA F e =% £ E E14 o
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