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ABSTRACT

Aedes albopictus is one of the most important vector mosquito species worldwide,
characterized by high dispersal potential and ecological plasticity. Understanding its
genetic structure and gene flow patterns is critical for assessing disease transmission
risk and informing control strategies. In this study, we applied double-digest restriction-
site associated DNA sequencing (ddRAD-seq), combined with a two-phase systematic
sampling strategy, to analyze 416 individuals of Ae. albopictus collected across Taiwan.
Our aim was to comprehensively characterize genetic composition, kinship
relationships, and the influence of environmental factors on population genetic
variation.

Using ddRAD-seq, we obtained tens of thousands of high-quality single
nucleotide polymorphisms (SNPs) for downstream population genomic analyses. The
first phase involved intensive sampling in urban areas of southern Taiwan, while the
second phase employed a 10 km? grid-based sampling scheme covering a wide range
of habitats across the island. Results revealed moderate genetic diversity and largely
homogeneous genetic composition across populations, with no strong geographic
differentiation. However, subtle genetic structuring associated with elevation was
detected, suggesting potential differentiation between mountain and lowland urban
populations, possibly influenced by the Central Mountain Range. Kinship analysis
identified closely related individuals separated by tens to over one hundred kilometers,
implying the potential for long-distance gene flow, possibly facilitated by human
transportation.

Analyses of genetic and geographic distances indicated limited isolation by
distance, with gene flow exhibiting spatial heterogeneity. Further landscape analyses

identified potential gene flow barriers between mountainous and urban lowland
vi
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populations, likely shaped by topography and habitat differences. No single
environmental factor was found to dominate gene flow dynamics, suggesting a complex
interplay of multiple landscape and climatic factors. Functional enrichment analysis of
highly differentiated genes between mountain and lowland groups indicated significant
associations with neurodevelopment, behavioral regulation, and signal transduction,
potentially reflecting local adaptation to contrasting environments.

In summary, this study provides a high-resolution genetic landscape of Ae.
albopictus populations in Taiwan, revealing extensive gene flow and spatially variable
genetic structuring influenced by environmental heterogeneity. These findings offer
new insights into the species’ population dynamics and have important implications for

vector surveillance and disease risk assessment.

Keywords: Aedes albopictus, ddRAD-seq, genetic structure, population genetics,

landscape genetics, kinship analysis
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B {é i * Stacks2 ¥ hgstacks & {7 g #h B 71| % % (paired-end read assembly )~
SNP #ip| 22 # F14] 42 2 (genotyping ) » i3k % --min-mapq 20 &g i1 5 F - # o
% is o £ 12 Stacks2 ® & populations & :E T 0 80% 4k A ¥ B (-R 0.8) sk F

(locus)e B ¥ » &35 {8 & A1 4% H e % it =B (polymorphic sites ) ~ +% 3 kst

E B (nucleotide diversity, ) ~ i & 4 i 4p % (fixation index, FST) & @ 53 F
2 131%1 31 VCF (variant call format) [34]#:;% 175 %8 BT {8 §%#

@GR o

3.1 @ B &% ¥ L 47 (Genetic structure and population analysis )
3.1 4 # T g7 B (Linkage disequilibrium test)

AEHGOEFAT Y > A EEie B enit b i 3 5 A 4T w RJETF
B i “ﬁct % 1% & 4T §7 (linkage equilibrium, LE ) @k i > 125 i@ 45 7 T fF
Hindh e B[35] - @ 4 2 T f§= (linkage disequilibrium, LD ) Hip#Eae » B
7 B AT (loci) en% =4 7] (alleles) B 5 A 2ESg 8K 5% > H & F]¥ it ¢ 35:8
BIERAGOIEE P RERFLFF A ERT B TER[36] B AYF I

7
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LD 5§ 7 0 453 5 48 8735] ~ AL 15 A 47 [37] & 4 5 US4 RI[36] ik &
Bl gl
AR 7 E A * PLINK 1.9 [38]#-¢ 7 SNP #¥3 0 VCF < 2 8 5 PLINK
¥ 3 P~ PED/MAP 5% o 5% > @ % —-r2 $8c3t & SNPs 2 [ et 4 2 T =
T3k ¥--1d-window-r2 $#c s 021 %F #73 SNP FFfe e R2E /iR R A
Fliap @ 4l 7 T HFA F oo B % j:", Sld= i HPZedkT & SNP e
IRPEL A Flle ¥ T e Bgfe > 51 R package “tidyverse” [39]¢ h dplyr [40]
S > & % arrange() ~ group_by()¥ mutate() F S BiE (7 F LR~ A g2 SNP
Btk Fle b enf MRS (physical distance) 3t 5 o S fs 1% “ggplot2” g ® i

&3 T % B (LD decay ) » 14ARA © SNPs 2. [ e 48 7 T e i 484 -

3.2 3 % & £ ¥ (principal components analysis, PCA )

Ao A a4 (PCA) H— fasts = i > S ERPEHR S K3 Al i
PR L& %8 FTH[41] A475 & * L Stacks2 populations & 1 & § SNP
#yy 2= VCF 4% > %18 R package “vcfR” [42]3# B~ » T ¢ * package “poppr” [43]*
s function vefR2genlight #-%cdy #& #% 5 genlight object> 3% ¥ £ 1 * function g/Pca()
BFPCAFE FPAR XL F5 STy kBB ERPM Edplot()an; 42

PCA plot °

3.3353 ;i35 1T 2 & (Uniform Manifold Approximation and Projection,
UMAP)

B3 25837 % 8 (UMAP) .- #2337 #8% & /% (k-nearest neighbor )
PLALE A B0 R BR AN BT EAh PR N E44] - A R Y L
#» Stacks2 populations & ' & 3 SNP #idz 2. VCF 4 &% R package “vcfR”z
B~ # & * package “poppr’® 7 function vefR2genlight()#-¥cyy # 4% %  genlight
object » # ¥ £ 4| * function glPca()i& 7 PCA 3+ & - #B~1 & & {4 » 12 package
“umap”# i UMAP *# & - 8. {3 15 i package “ggplot2” [45]% ® UMAP plot -

8
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34 %FEBHAL N

BT fEY R RSB EFRRLRDEE SR A G R
ADMIXTURE v1.3.0 [46]:& {7 #-3] ;X 53 4 #4147 o & TR hEEk (K @)
%@; 237 F¥E - BKEREF 0 4547 0 E A b 2 BT
TR EROAINE] B FREFEAITZT ERM T HEF R LA LD
"R e

ADMIXTURE #: * £ = $#£i7 iz 3+ (maximum likelihood estimation ) = ;# »
%8 % BBl (block relaxation) /w5 2 ¥ @ S Fh Eiv g > &m ity
F B A7 AR B%E Y e R ) (ancestry proportion ) o # — =X A 47

S

wiB 172 R %% (cross-validation) » ¥ #5012 R %% £ (cross-validation error,

<E

CVerror) 1% & $33 % itk -

A3 hgr s TREEAE
LHFE Y ABOI AR el AR A2 H 2 MR F 2 B I AT

% @ % SPAGeDivl.5 i& {7 3.5 B 24 47[47] > 3+ & Loiselle & % #73% 11 2. 3L/E B
%4 % #ic (Loiselle’s kinship coefficient, k ) [48] 4 477 % 2_ FL F]A] F 4L B~ p Stacks
v2.65 populations 2 # 2. VCF #)% - I #i#6 VCFtools v0.1.17 4% B % & =2 &
0 kAP T 35 B R (mean read depth across individuals ) i€ (7B g 0
FIIEER <3N E 5 SNP =8 (@ * --min-meanDP 5 4-#c) > 1 Fx R4
e E AT B RS E AREST o
Loiselle’s AL/ fhdic k 5 — f64 * &1 BRI B B ip b enfy i &9+
et FF kg k EEBRBAS TR ARG E 5§ k>0.1875 B4 2 G - B
4ol B >+ A5 0.09375 <k <0.1875 5 = &Aoo drdr 3k X £ &5 0.046875 <
K<0.09375 RIARL 2 = & s 4ok e s bbbk 5 @ 3 kK<OPF» 2 7 AR alFan

B R 5 24p B B RYE[17, 49, 50] -
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5.8 G ey RN
53 AR R B e B pEAE S [ ehRd B4 > AF7 % 14 Euclidean i @

BE4E (Euclidean genetic distance ) 1% 5 ifl @ fEdgdn # - i @EAER * L Stacks2
populations & ! & 5 SNP #icdp 2. VCF 4% > A F1A] F 4 #E # 5 allele frequency
s fs > @ % Rbase ¥ 7 function dist()3+ & # A& & 2 Euclidean % # jedg » 17 5
FBALR2 F iRy

AR T AR ol By S RERR A X %8 (Natural
logarithm ) % JAUMERE (2[51-53] > F]b AF7 7 b JLEEE (7 p AR o4k {8
747 o

& 37nde® o & % Rpackage “ecodist” [54] © F 12 Rbase ¥ & function /m()
i = R A0 (linear model ) » 1315 iR @ pEAR e S ol 3e (5 o TR 2 Y s
P ko8- SHe%A F B AP L > & % function mantel()i& {7 1,000

=x £ 7] (permutations ) 2. Mantel’s correlation test [53] °

6@ inred TR AT

LRGP REHBHEE BB L AP @ £% Stacks2
populations & 1 2 5 SNP #icdp2 VCF # > T35 p ¥z Python #%;% 3k 5
ResDisMapper #7% 2. GENEPOP 3¢ o gt 427 » P B4k & 2 A 74|
(GT)» & @45 GENEPOP 438 34F » #-5 B & ehfk F14] (4r 0/1) 4% 5 =

T Hc A (BlherE A F) 0/1 #4 5 001002) 0 4% 2 F AR 2 000000 # 1 o &

-

f @ * R package “ResDisMapper” [55]4~ 17 B 48 @ pE4rer 3= 19 = ¥ 2 [ 0B 1%
i& @ 1395 Isolation by Distance (IBD) #3|A& £ > = &+ FHA FlHpicnz &
PR A o

% 7 > i @ EEHE Y Provesti’s distance [56]% 7= (Dist method=6) > I 4% * 4
ERC 25 % ;% (linear regression residuals ) 2= * Isolation by Distance (IBD) #-7|

10
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(IBD_method = 1) » ¥ 23R F e+ 2 JAef o 2 LB Ed it & JH03 £
B BA o AFTER N FRARFEE ]330 22 'ﬁ (max.dist = 30000 ) 34 12 50
x 100 2 f247 & (nrows =50 ~ncols =100) &z 5 B4 $£ 5 » T &7 1,000
XL £ 0 (random rep=1000) 12 & W &4 F B RIS BEM(R
% F3K 5 95% > conf intervals=0.95) o & % 14 function rdm_mapper() 5§ @ re 4
FRETAF I FRIES RS JEE TR FHBHA I LNE TR

£ R

THRRFIFEEBRH2 ML

PR RE R T AT S0 Mordcdk A B 2 BEEALE SRAE FAPM L A8
% & * WorldClimv2.1 T 5 %13k 2. 19 378 4 F % 8 F]+ (BIO1~BIO19) [57]°
i ELR R CERRRAPM L F iEd4pik 0 2 B 347 &R 5 30 arc-seconds (¥ 1 :
2 ) # 4 * R package “vegan” [58]¢ ¢ function vegdist():- % tk & F & — Tk 5 F]

+ 2_ % A §E3E (Euclidean distance ) » ¥ #-#7{HJEHEE v » 3 th A FHL Y o

N

ZFAL A e 7 kIR - = SNP T 43t ¥ 2 % i @4t (Euclidean genetic
distance ) > 12 2 & & F = I FEAE (spatial distance) ¥ F 3 o

NERS o KB E 1S 2 f A HEEAE T A 3 L RS E L (symmetric distance
matrices ) » 1 {5 4 4p B 4 4 7 @ * o Mantel ¥ Partial Mantel test ‘& 14 R package
“vegan”d {7 v 4 W% i function mantel()¥: mantel.partial() > ¥ 3p T4 M 1437
* 5 A &A% £ 4p B T d#ic (Pearson’s product-moment correlation coefficient )
B A GRS BEERR 2 AR R Gl IEERIS 2 BMIRB T
¥ ¥t #ck 59,999 (permutations = 9999 ) » 12 2 B Ap B fafic2 St EEE M o

peb s SE 19 B REFF 2 BT F AR FARM TR A s AR
3> AFF i 9 @ * R package “ENMTools” [S9]¥ 7 function raster.cormatrix()
PTE LR TS A ag f 4P M B Pearson’s correlation ) % TR B F]F i b o
FLF G2 AP GEEFEANAENOTF ORI ER RN TEFTE

11
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P2 - R RATFF S HEA T RFERRTI P AAMIEE R R ERE

¥+ 223 BEEA T Manteltest 2. 22 F 4 > BB E R A M F)F IFL e At o

8 B4 EhiE AT

v

2R B REEATIIRD é'h??);ie’ *F* 7 i€ * Rpackage “ResistanceGA”
[60] » 5:iEd BiF B2 h ity Bres 25 > N2 n G 3R ARG Gy
A AL RSP ABE B BB SR R AN G
$c i@ 4 #7] (Digital Surface Model, DSM ) ~ #i& % #7 #&-4] ( Digital Elevation
Model, DEM )~ % L i* £ Bz 4 :}I;} #z ( Normalized Difference Building Index, NDBI )~
¥ & v £ 2 4845 B (Normalized Difference Vegetation Index, NDVI) ~ # f it £
£ -k 4845 #c (Normalized Difference Water Index, NDWI) ~ & -] $63- % 4 T % &
( Population Density, PDEN ) ~ & 58 ( Annual Mean Temperature, biol ) 22 1 ~3
' (Jan~Mar) T35 ;8 (Average minimum temperature, tmin JFM ) o
A% B 1l o2 7 B 47 & 2 ASCllraster #2.5% (Lasc) % 7 » T304 45
WA TR T o B TG A E (NA) RREFEE & &
(drdo ] 53 R A v B A ) S X B (Aof B85 20 BF&H75 wiF
838 {7 Z-score h2F ft e 54 W e (+5) R Hilgos & - n@ L By h iz
BIOF EALY NIRAE I B K TG A E RS- K5 W B S0 LA AR Y~ 0T
Bt o R is e B F M e a B A (rasterstack ) i 5 function all_comb()
#r e
e 4 ) 2 w0 o A2 R package “gdistance” [61]i& = 22 4% A B R e

#BEEdr > 7@ * R package “ResistanceGA” ¥ function gdist.prep()ﬁa?] kA B
(O F &+ 3 Fl44 8 TWDO7 382 )2 pairwise i @ jE4g( %4 7 2 Euclidean
genetic distance 3+ 5 )o FEHEH 7 1 # "commuteDistance" » §_z 3t T 32 3% (circuit
theory ) #r2&f » #-97F ¥ v FHACEAL DML S L E B T E[62,63] 0 G B[ EF
BH - BT 2 g 2 AFEHE o d 9 Mpaix (dedes albopictus) b FEECHE® il

12
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TR a B3id 2 p REEY TARIRF R F AR L LR FREE
#EIERR o R P EEERCS R A A A R eh s B o
Fed oo 2 iRl i A2 R %538 function all comb()34 7 > M H SR F 50
Ty R WL R RN T IEIRERE 2370 o A TR e § R
7 HcF S B (transformation functions ) » -4 32 R ¥ ld B B F
¥ ;% o ResistanceGA # ix 5 /84 L5 F & &2 #4255 (b4 > Ricker £
Monomolecular & #c ) * g A B R 8BH F R i et
BHFE BLE A R oo 4 5A[60] o F B gAY 12 AIC
( Akaike Information Criterion ) 5 fcA:E# EP] > jF 5 2 Nigfe? X Th+ 2
=t fic maxiter = 10 > ¥4y LA AEF seed = 123 WA RS R LV LR o LW

F A T ac 4 B o 3f ‘M Ex* % ¥k check.transform = TRUE » 1/ #x i} ﬁ%l

“‘I‘M

NS
EREd iR o B MR - RiiTA 4 2 Bk isred BA (resistance surface)
Fd S ASCIL R3¢ & 2 MR ER LR B R &> ¢ 35 L v g ¥l BjE
iEE A anTip it (4 AIC~Rm~R% % ) 2 Al PRt % -
i B R R4eT BcE B A2H03] (DEM) B~ g NASA JPL #7f% o
NASADEM Merged DEM Global 1 arc second VOO1 (2021) > ¢ OpenTopography

T & 3% & (https://doi.org/10.5069/G93TIFDY ) 5 ¥ f& f* £ £ ety i (NDVI)

FAE LB okatdpc (NDWI) & 4 i £ 822 458 (NDBI) A+ 2024 & 7
" 3 p 2z Sentinel-2 Level 2A fF% 82> 5 d Sentinel Hub & 5 B8 ¥ g 32 ; 4
CRAETALL 2021 EBCPBRF R ETR B P FINE EFRT 5 SEGIS
(https://segis.moi.gov.tw/STATCloud/Catalog ) ; & 3 ¥]+ biol £ tmin JFM P %k

p WorldClim v2.1 & 5“3t &2 Bioclim F#2 % (https://www.worldclim.org/ ) e

9 R 7F1# it % & 44 (Gene Enrichment Analysis )

LT SR R L R TEE RS RN

11 veftools --weir-fst-pop 3+ & = %3 @ #75 SNP =82 FST & > ¥ #H p Eit

13
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7 Z-score &% i 22 FDR ( false discovery rate ) 2 i o & %% FDR &1 {8 p E<
0.055SNP » ¥ 5% 58 F B &~ 1“ SNP» £+ 708 B o ¥ £ i3 SNP #ic & & {5
KFIH LR R A R AR ¢ 6 O FST @ 30%2 § At SNP
(2 2123) Fais Ao

REEE Ui 2 A FI3EH, (GCF_035046485.1_AalbF5_genomic.gff) T ¢
A NCBIRefSeq T 42 & - 22 ddRAD-seqreads '* 71 * 2. %% A Fllem & (Ae.
albopictus strain: Foshan, BioProject Accession: PRINA942918) %= > - &k o :% & 7]
B 8 x f32 # ¥ p  NCBI Datasets % 7 P ¥ ( Index of

/genomes/all/GCF/035/046/485/GCF_035046485.1 AalbF5 )+ 12 fx % SNP i %27 &

Fleofa 2 #n FEli e - )L

A% ie- #E4f ddRAD-seq t ik Flio b snd ¥ 3 R

i

T bl MEREE X
2 ggérh o pAEE T AP BAM Fh % 0 ¥ * samtools view -q 20 &
FLHEE (MAPQ) >20 0A 71 o 3.4 17 bedtools v2.30.0 [64] ¥ <73 genomecov
-bga it B F Ba AR PIRIFR 0 T EEFAE DP>5 0% £ 0 B {812 bedtools
merge £ HE M EE 0 A4 ddRAD-seq Tk E 2. F ¥ 13 T o

“ie ¢ v AGAT v1.2.1 [65]% £agat sp keep longest isoform.pl p .gff 1%
P T L ATk L 44 (longest isoform) > # 4] * bedtools intersect #-H
21 it ddRAD B %A Ei7 b » GENFELRIRERL S AP EE S o B
{6 12 agat_sp_extract_sequences.pl £ 5% A Flin ¢ FBoip b g A GRA LS 7|
LU R R S L R T (RS R

4 E SNPHHITF it & 3 2L B A 7 BT A FI R B 7 i

9

BRI
ARk 212 BAREER AT SNP iRz AFleRfe  THELEN 10
kb EATHEI ATRLBTR 2B L npEATE > £ EF 21940 M
B mRNA-# FAFE gl > 2 B2 A Fer 23 LB A2 A TFE

7 £10kb B EAFE - T 4ht e 2 2 GOterm MM 0 CLEF AR R B A TR

14
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AL BT

FE AT RAMBBEIEEF PG > K23 eggNOG-mapper v2.1.12

(http://eggnog-mapper.embl.de ) * 5 » 452 eggNOG 5 T2 B & {7 30 B # i 3L
% & 1¥ GO( Gene Ontology )¥2 KEGG( Kyoto Encyclopedia of Genes and Genomes )
o F[66] o (s Eirfrg S %~ R > & * R package AnnotationForge
[67]¢ = function makeOrgPackage() > %4 NCBI mRNA ID £ H & 2. GO term
2 p TE S OrgDb LA FTHLE o

#ie % B~ 7P * R package clusterProfiler [68] ¢ & function enrichGO() »
Fepe b it p aE iz F R 2 7 GO: Biological Process 4 #f e # 4 17 > o § 2L %]
FRamdE 208 FEAF FRAFIELZ 2AFE? & GOz A Fe 275
% 5 FDR R M EG B0 0 -

LA AL BB T A B F R LR 5 4R 4 5 GO
BRSSO AL TR Metascape T 5 [69]:8 7 4 47 o d 3 Metascape A 42
WA 2 3 E e R wAFy R E AT 9 TR A
BLASTP [70]+* %+ & 2 % % ¥& ( Drosophila melanogaster) %o F F L E (3= #:
BDGP6.46 ) » I i £ 7 & ¥ 4p 1 e} (e-value<le-5> WPk iz, ) £ EF
167 £ ik ¥v o it 2% 5 Metascape & & A\Jf‘rﬁi%] ~ > i {7 GO: Biological

Process 4 #f » 1% 5 3ifgid Lea it % b oz %% o

15
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http://eggnog-mapper.embl.de/

2% 8%
3.1 ddRAD-seq Z_F £ 7L a2

AEFE LT LA E 6 Asaix (Ade albopictus) 416 Bk A o AL BB

BREAE 5 - AT REFE X220 B AL
90 i A > ‘ugt;b%»

KT-\‘L}:; -—:';’\‘;:;

5 1028 Gb (T3E 49 1.14Gb); % = = 5 130 B

Ao BB E 5 279.09Gb (T iEE A K 2.15Gb ) o S5 R AR B A0 S

BB 116 B AR F B E AT o B2 B S 2§ B £ 300 B A

BERE 5 3694Gh (LiEEH A 123Gb) a3 > S P TR AT IBIR

B4 | Gb BAHALT AHPARFENET - § B0 RITR

L GEUETE LSRR

B4 TR R R Stacks v2.65 i1 process_radtags 2 o T FEZE B 99%

e 7| (phredscore>20) > & * BWA-MEMvO0.7.17 3% %_%-#-A1 2-B7 \* ¥ 3

v ATk 43 A& 72 (BioProject: PRINA942918 ) > % § 4% 357 fie 5

( mismatch )

3 1%nR 7] 0 #&F 8 * Stacks ¢ gstacks &7 A 7| e EE AT T K

Z--min-mapq 20 FiFF v 1S H (MAPQ>20) 2 A {6 B30T g% o
- PEECE B8 3,149,757 B A F1 A& (loci) T3HA F £ B 5 244.4bp (&

BALE476) (£= ) A F AT S ? 519,648 B A FE > &> 305,609

B(FIZ ) So- @itk FRgR 5 414906 B (% £ 5 54.628) ¢ 235
HBER D 85 (LS

A21) X EE 1250 Bl E 5 32 (Rle )o
2 PR ECHRN 4,716,138 B A FIR 0 TR F R K R S 25091bp (HREZ G
51.2) (#m ) $hchfh P A #ic® B 5 530,261 B A F > &

B.% 105,006 & (@)
I - B ADAFEEE L 404913 B (L L 41,403) 0 T30 BoiF

Bi46 (HELL09) BxAEL77 B85 17 (H=)

32 3@ 3 A

16
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EH¥t e PR ECHR & A B3 {7 Stacks2 1 populations A 47 0 & i 1 2K 5 AL F)
B BN AT 0 80%H A Y 0 ¥ Bol B L A vt 30 B K - BN B
B 116 BHEA® > £ PP 227,571 B A FE 0 & E 57,550,024 B = 8
TR FIRE R G 9844bp (2 X 0.23bp) > £ @ % 4 1,266,923 i H ik 4
fif2 =8 (SNPs)e 4 & R4-F 42 SNP 8@ it + > 53 A 7oaf 3% Mg 4 7
T et s 4 g o - H Bt --write-random-snp $¥c> p F B A F AT 4
Wing - B &AM SNPo 5§ - §1* VCFtools i& (7 SNP k& %2 B ER % -
HETEPRECLENF HRAY PTIEEER AR EN S R g B E
879,545 B % & F SNP (£ 7 )e
FoPFER DL BR300 B A Y SR AR AT £ R F) 187,348
AT 0 & E 51,823,196 B B0 TIAFIAEE R S 9591 bp (L 0.26
bp)» % 3#%] 2,956,310 & SNPs o (S F k4 il 2 7FR &iF 15 B RF 40,263 B
B SNP (£ ) BHa 2 > AMFEHRALEERGESEHE »F L
Hod%Eder 23 & TSNP RS -
SEMEFEHZ NG @ S R AL ¥ LA S --write-random-snp # f§ 2
RERAFIRTHEFEAE A $ R AR BT 300 LA H Y

Fre B E AR P ABA U - £ RS A ERES S AR p TR

K

TRPFER TR o w i M RO B R R BER S TN AT - BRI
RIHRIFAFIEFTE > 5 - BEa N 3 EEEEA (X 116 1) 2 PHm@
5 #:1 (nucleotide diversity, 7) 4>t 0.0044 I 0.00635 > $H /2. § »c*E#H + |
(effective population size, Ne ) 4& iz 5 110,000 & 158,750 « % = [Afctk 22 1 &
A4 > 0.00364 1 0.00585 > d iz Ne 5 % 91,000 & 146,250 (% = 224 ~ ) Ne
hig BR[0T 2 REF (PR AERRHREBEL 1x10%) £
23 Ne=mn/(4p)i& 73 5 o

FE AR A YR Y B DR B SR AP R E R

e
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B L5 F Yy Rer AT 20 MR gk T AH#

33 T RIS
5 i {718 4F 7 T §7(linkage disequilibrium, LD ) # B » %47 7 #& * X 1§ Stacks

populations ¥ ¥ --write-random-snp %t fi§ 0 SNP FAL - 7 & B A F g p
T ORR B MREFERAFEPN M S BEAES ¥ LD AT

FHEE AL ONP T & e gim A 62 AR ¥ BT EihiE

—
¢

%} % - 3% > 353 %_Stacks populations % #c-R 0.8 (A FI1 A& F NI AT 0 80%
A ¥ ) ¥ 54 VCFtools 15 B % L 230913 A ¢ T 10 R R 12 (716

s

Jo o WERF T IEFER AN E S gk (F--min-meanDP 5) > 1 R F L 5
’E’T o

AR TS~ 4720 SNP TR ¥ 4r ~ stacks populations --min-mac 3 4#c 12
G iE TR X A Fl¥eb At 3 ghix gk o I fie--write-random-snp B F B 2k F A ¢
E%?—%@%ﬁSth&%@?ﬁﬁ@ﬁl%owmiT&@ﬁziwﬁw
FEFAFIREFE IR AT S 80% A7 (-RO.8) foT o BiEA + M35 (-
-min-meanDP 5) 2_ 7 A& i% ¢ > A 4K --min-mac 3 fr--write-random-snp %-#c > B

ERFRFENREGE O ONERATARAL ZEIRAT P @ g %o 2
= { M Fz e LD decay =5

AT SRR A B AT EME A9 LD %R (LD decay) 54 (HB- ¢
FoPFE116 2 BN % Z FEE 300 £ ) o ATEEB Y GAM T AT R
B2 PR3 4 EFEYE SNP # (<1kb) 75 2B r2E (5B ¥ AL 0.5) @ K4k
FRE T CEAES RERREE T o AA B ALY GAM ¥ ST RS 20 kb A
Wt 2= 005 FARITH 00 AEor 9 Mk A LD #FERE 0 ARE

FIE BEAE A ST o
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34%-HE:a FRERT B R IR RFRHA AT (N=116)
34.1 %=# %
AT A F - FEEATE-E 2 116 48T R A 0 B~ 79,545 B SNPs it {7 %

11 cPCARERHT » 5 - &% - 144 (PClL& PC2) ~ 5]jzff 1.61%

2 150% R B FR T FMEEEELRI THRAFZRABLREAER G Lo
MR A RS B (L8~ FD ~ BAK2000m B L) B FHET LS 0 A
FAZEY ARRP A FAREARY (B4 ) 8- H R ERT TEFK

Rl > ALl AAZF? DERAFIRE S ANF SHEST (B ).

AL PCAYTERZ B BRERLE & HIFFPCATAL 257 Baa
AR TR~ TR AR T UMAP 447« B % B fkhtd UMAPL &
UMAP2 42 - a7 B Y TRA T L4 ARBIRE ERSRE2Z R
BRI AT AP A HARS (BL- Do A2 % 2 PCA - R ¥ i1
AEEFS RAFLLEF AR AR RAARTT LG AR RS
ERCEHM G e 2 jpgar o

i~ # 7 ADMIXTURE i (7§02 8 %340 > A9 2 2857 2 R L
(cross-validationerror) & K=1pF& > 5 0% + S 328k FIK=1 82
Bz EHBHTN > L WEF K=231 K=42 8% (FL= )0 39
KET A d ERIEARARES 23 FHETARRIELS - R RA
TR ABRFATATERA AR o PR % AT 0 ¥ - IR AR
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% 1 2000m 2 22208609 87 207927 0.94 0.9969 0.0044  0.0039 0.0054 0.001 134250

Num Indv: *%# 7 # &~ ¥
Site: *%# ¢ i 2hific
Private site: *2%# ¢ 33 ik Fladk

Obs_Het: SNP =gk 4] & 5+ pLip) B
Exp_Het: SNP i+ 8LchB 4| & 3 7 &
AT B H LR R

Fis: 1T % % #c (inbreeding coefficient)
Ne: 7 »x%%# §

(2014)

polymorphic sites: %3 ¢ chir s & ik 1+ (SNP)i- gk
%Polymorphic Loci: % 7] &L F] b &)
P: & i SNP =2k} & % L % =4 7l enT oip

(p=1x10"® per site per generation) - % 4 Rasi¢ et al.
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FoAN N B ZFFER300 B4R A2 EER RS T

Population Num_Indv  Sites P::::ste Polymorphic_Sites %Polymorphic Loci P Obs_Het Exp Het = Fis Ne
AT 2 17693543 2 99053 0.56 0.9981 0.0036 0.0023 0.0036 0.0001 91000
AL 26 17968605 1604 933381 5.19 0.9968 0.0048 0.0054 0.0055 0.0047 138250
A 4 17961413 38 294277 1.64 0.9968 0.0049 0.0048 0.0057 0.0015 141500
FE P 12 17968605 305 633501 3.53 0.9967 0.0050 0.0056 0.0058 0.0035 146000

RO ERT 11 17968605 289 600480 3.34 0.9967 0.0050 0.0056 0.0059 0.0034 146250
ERES 13 17968605 3839 645938 3.59 0.9968 0.0049 0.0054 0.0056 0.0030 140000
ne 18 17968605 437 774584 431 0.9968 0.0048 0.0055 0.0056 0.0041 140750
@ KRk 22 17968605 579 843840 4.70 0.9968 0.0047 0.0054 0.0056 0.0047 139500
EARE S 11 17968605 219 582265 3.24 0.9967 0.0049 0.0054 0.0057 0.0029 142750
2 HFk 14 17968605 384 614323 3.42 0.9970 0.0047 0.0051 0.0053 0.0025 132500

& 16 17968605 354 713265 3.97 0.9968 0.0050 0.0055 0.0057 0.0032 141250
oo 26 17968605 886 929038 5.17 0.9968 0.0048 0.0055 0.0057 0.0050 141500
B e 27 17968605 960 934173 5.20 0.9968 0.0048 0.0054 0.0056 0.0048 139000
B Bk 29 17968605 1747 976029 5.43 0.9968 0.0048 0.0055 0.0056 0.0050 140250
¥ 16 17968605 697 724662 4.03 0.9967 0.0048 0.0055 0.0057 0.0042 143250
=R 26 17968605 1914 900386 5.01 0.9968 0.0047 0.0054 0.0055 0.0052 137750
o KB 27 17968605 1684 935029 5.20 0.9967 0.0049  0.0056 0.0057 0.0051 142250
Num Indv: *£%# ¥ $ & #k Obs_Het: SNP i~ 2Lenf A & 5 @Lp| (6
Site: % ¢ chi- gLl Exp_Het: SNP = gcnE 4| £ 3 H % &

Private site: %3¢ #4 o4 ¥ A e T EBRRP RS R R
polymorphic sites: *%3% ¢ % HpE % i1+ (SNP) =2 47 Fis: iT * % ¥ (inbreeding coefficient)
%Polymorphic Loci: % 3] 7L F] & 1t &) Ne: 7 »c%# £  (p=1x10% per site per generation) » & $5 Rasi¢ et al.

P: & 5 SNP =2 b f ¥ 0 % gk F]eh T poug & (2014)
d0i:10.6342/NTU202502821



F4 v - PRERRAZ R BEEg o I0 SR A0 BE 1 16 26

Tested Model Mantel r p-value 1lim.2.5% ulim.97.5% Intercept slope Kinship filtering
0.0441  0.001 3.81E-02 4.94E-02 139.86  -0.1204  with kinship
ene~geo
s s 0.0437  0.001 3.76E-02 4.92E-02 140.17 -0.1489 without kinship
. 0.0471  0.001 4.10E-02 5.27E-02 139.80  -0.0903  with kinship
gene~geo + timegap . o
0.0468  0.001 4.04E-02 5.20E-02 140.10  -0.1197 without kinship

gene = i BEEAE ~ geo= B ILEEHE - timegap= PR L (T X L )

FL s FoPRERRAZE DR e T EEARAR Bt e

Tested Model Mantel r p-value llim.2.5% ulim.97.5% Intercept slope Kinship filtering
0.00136 0304 -7.01E-04 3.42E-03 70.33  0.0912  with kinship
SEHETEe0 .0.00015 0540 -2.46E-03 1.80E-03  70.44 0.0815 without kinship
gene~geo + 0.00126  0.353 -1.09E-03 3.45E-03 70.26  0.1166  with kinship
timegap -0.00025  0.550 -2.29E-03 1.84E-03 70.37  0.1072  without kinship

gene = i} BEEH - geo= B JLFEHE ~ timegap= FFRF L (X #iciL )
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+
~

Lo B CoERAZE B S 193E 4 5 RS 5] 2. Mantel 2 Partial Mantel Test % %

Mantel test (gene dist | bioclim )

Partial Mantel test ( gene dist | bioclim | geo dist )

Bio Explain
r p-value r p-value
biol #3198 0.099 0.004 0.1 0.006
bio2 Tiop gL 0.006 0.422 0.003 0.448
bio3 EEMH (PEREIIERLH]) -0.017 0.695 -0.031 0.790
bio4 BREESREN 0.014 0.303 0.01 0.356
bio5 Bt Rg R 0.067 0.055 0.068 0.047
bio6 B0 BR 0.068 0.033 0.071 0.025
bio7 R4 0.022 0.197 0.019 0.225
bio8 BIREIEE 0.072 0.025 0.071 0.026
bio9 A T =) 0.085 0.013 0.087 0.006
bio10 S 0.079 0.013 0.08 0.023
bioll O 2 i 0.08 0.01 0.089 0.008
biol2 EEoLE -0.035 0.861 -0.036 0.850
biol3 BB ERE -0.025 0.752 -0.028 0.764
biol4 B! Rk E -0.089 0.957 -0.105 0.980
biol5 ok EEHR M -0.023 0.785 -0.046 0.906
biol6 BRFE'EKE -0.032 0.828 -0.034 0.816
biol7 BicEE-kE -0.079 0.938 -0.096 0.973
biol8 R 3 -0.038 0.844 -0.042 0.858
biol9 Bt FERE -0.083 0.943 -0.113 0.974

gene dist = genetic distance, geo dist = geographic distance ° = §8 {1 5 B ¥
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%+ = ~BIO # iz % # (BIO1~BIO19) ¥ 2. Pearson 4p b % #icie "L

biol bio2 bio3 bio4 bio5 bio6 bio7 bio8 bio9 biol0 bioll biol2 biol3 biol4d biol5 biol6 biol7 biol8 biol9
biol 1 -0.08 004 -0.12 0.68 0.81 -0.15 0.95 0.95 0.82 0.89 -044 -029 -009 028 -029 -013 -0.18 -0.28
bio2  -0.08 1 0.42 0.42 0.31 -053 0.67 0.09 -011 012 -029 -040 -0.26 -0.61 044 -022 -061 -020 -0.48
bio3 0.04 0.42 1 -064 -038 013 -0.39 024 -005 -037 0.30 0.12 0.35 -0.59 0.80 042 -061 060 -0.63
bio4 -0.12 042 -0.64 1 063 -059 095 -0.19 -006 046 -0.56 -0.44 -054 0.08 -041 -057 009 -0.75 0.23
bio5 0.68 0.31 -0.38 0.63 1 0.18 0.60 0.59 0.68 0.97 0.27 -0.68 -0.61 -0.08 -0.02 -0.63 -0.12 -0.67 -0.12
bio6 0.81 -0.53 0.13 -059 0.8 1 -0.67 0.73 0.76 0.41 096 -0.06 0.06 0.07 0.24 0.05 0.03 0.20 -0.17
bio7 -0.15 067 -039 0.95 0.60 -0.67 1 -0.15 -0.10 039 -0.57 -047 -051 -012 -0.21 -0.52 -0.12 -0.66 0.05
bio8 0.95 0.09 0.24 -0.19 0.59 0.73  -0.15 1 0.86 0.72 0.86 -044 -0.27 -022 043 -025 -026 -0.09 -041
bio9 095 -0.11 -0.05 -0.06 0.68 0.76 -0.10 0.86 1 0.82 0.82 -049 -033 -009 022 -035 -0.14 -0.25 -0.25
biol0 0.82 0.12 -0.37 0.6 0.97 0.41 0.39 0.72 0.82 1 048 -0.65 -0.57 -0.02 -0.0003 -0.59 -0.06 -0.59 -0.11
bioll 089 -0.29 030 -0.56 0.27 0.96 -0.57 0.86 0.82 0.48 1 -0.16 0.01 -0.10 041 0.01 -014 019 -0.33
biol2 -044 -040 0.12 -044 -068 -0.06 -047 -044 -049 -065 -0.16 1 0.90 0.52 -0.23 0.88 0.54 0.77 0.54
bio13 -0.29 -0.26 035 -054 -061 0.06 -051 -0.27 -0.33 -0.57 0.01 0.90 1 0.24 0.13 0.99 0.25 0.90 0.23
biol4 -009 -061 -0.59 0.08 -008 0.07 -012 -0.22 -0.09 -0.02 -0.10 0.52 0.24 1 -0.83  0.15 099 -0.05 0.95
biol5 0.28 0.44 0.80 -041 -0.02 024 -021 043 0.22 0.00 041 -023 0.13 -0.83 1 021 -0.85 041 -0.89
biol6 -0.29 -0.22 042 -057 -063 005 -052 -025 -035 -0.59 0.01 0.88 0.99 0.15 0.21 1 0.16 0.94 0.15
biol7 -0.13 -061 -061 009 -0.12 0.03 -012 -0.26 -0.14 -0.06 -0.14 0.54 0.25 099 -0.85 0.16 1 -0.03  0.96
biol8 -0.18 -0.20 060 -0.75 -067 020 -0.66 -0.09 -0.25 -0.59 0.19 0.77 090 -0.05 041 0.94 -0.03 1 -0.09
bio19 -0.28 -048 -0.63 023 -0.12 -017 0.05 -041 -0.25 -0.11 -033 0.54 0.23 095 -0.89 0.15 0.96 -0.09 1

BIO1 = Annual Mean Temperature, BIO2 = Mean Diurnal Range (Mean of monthly ( max temp - min temp)), BIO3 = Isothermality (BIO2/BIO7) (x100), BIO4 = Temperature Seasonality ~( standard deviation x100),

BIO5 = Max Temperature of Warmest Month, BIO6 = Min Temperature of Coldest Month, BIO7 = Temperature Annual Range  ( BIO5-B106), BIO8 = Mean Temperature of Wettest Quarter, BIO9 = Mean Temperature of Driest Quarter,
BIO10 = Mean Temperature of Warmest Quarter, BIO11 = Mean Temperature of Coldest Quarter, BIO12 = Annual Precipitation, BIO13 = Precipitation of Wettest Month, BIO14 = Precipitation of Driest Month,

BIO15 = Precipitation Seasonality ( Coefficient of Variation), BIO16 = Precipitation of Wettest Quarter, BIO17 = Precipitation of Driest Quarter, BIO18 = Precipitation of Warmest Quarter, BIO19 = Precipitation of Coldest Quarter
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-+ = ~ 2 & B ¥ 8T ResistanceGA 5 Bl & 32 2 H % %

Surface AIC AlCc R2m R2c LL
DEM 97358.44 97358.58 0.0030 0.9282 -48675.22
DSM 97359.37 97359.51 0.0029 0.9281 -48675.69
Biol 97360.09 97360.23 0.0027 0.9280 -48676.05

tmin_JFM 97360.17 97360.30 0.0027 0.9281 -48676.08

NDWI 97360.89 97361.02 0.0027 0.9280 -48676.44
NDBI 97361.73 97361.86 0.0031 0.9281 -48676.86
NDVI 97362.49 97362.63 0.0028 0.9280 -48677.25
pdeno 97385.35 97385.48 0.0021 0.9283 -48688.67

AIC = Akaike Information Criterion ( AIC)
AICc = Corrected Akaike Information Criterion ( AICc)

R?, = Marginal R-squared
R?c = Conditional R-squared
LL = Log-likelihood (LL )
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2w~ 8 Samixl F 8T 3R R E R F 4 1 A B2 GO: Biological Process # it f % % (eggNOG-mapper 4 7 )

ONTOLOGY ID Description GeneRatio BgRatio  pvalue p.adjust qvalue
BP G0:0002118 aggressive behavior 6/127 36/9259  8.22E-06 1.32E-02  1.16E-02
BP G0:0008038 neuron recognition 11/127 156/9259 9.05E-06 1.32E-02 1.16E-02
BP GO:0016358 dendrite development 16/127 335/9259 1.28E-05 1.32E-02 1.16E-02
BP GO0:0048841 regulation of axon extension involved in axon guidance 5/127 26/9259  2.34E-05 1.39E-02 1.21E-02
BP G0:0048638 regulation of developmental growth 19/127 480/9259 2.69E-05 1.39E-02 1.21E-02
BP GO0:1902667 regulation of axon guidance 7/127 66/9259  3.08E-05 1.39E-02 1.21E-02
BP GO:0008037 cell recognition 11/127 179/9259 3.30E-05 1.39E-02 1.21E-02
BP G0:0001934 positive regulation of protein phosphorylation 19/127 490/9259 3.58E-05 1.39E-02 1.21E-02
BP GO0:0045665 negative regulation of neuron differentiation 11/127 186/9259 4.70E-05 1.51E-02 1.32E-02
BP GO0:0042471 ear morphogenesis 8/127 96/9259 4.85E-05 1.51E-02 1.32E-02
BP GO:0043583 ear development 10/127 163/9259 7.73E-05 1.96E-02 1.71E-02
BP G0:0030335 positive regulation of cell migration 12/127 233/9259 8.11E-05 1.96E-02 1.71E-02
BP GO:0007626 locomotory behavior 16/127 391/9259 8.36E-05 1.96E-02 1.71E-02
BP G0:0050920 regulation of chemotaxis 9/127 134/9259 8.92E-05 1.96E-02 1.71E-02
BP G0:2000147 positive regulation of cell motility 12/127 237/9259 9.55E-05 1.96E-02 1.71E-02
BP GO:0048813 dendrite morphogenesis 13/127 276/9259 1.01E-04 1.96E-02 1.71E-02
BP G0:0042472 inner ear morphogenesis 7/127 80/9259 1.07E-04 1.96E-02 1.71E-02
BP G0:0048839 inner ear development 9/127 142/9259 1.39E-04 2.29E-02 2.00E-02
BP G0:0040017 positive regulation of locomotion 14/127 325/9259 1.40E-04 2.29E-02 2.00E-02
BP GO:0099536 synaptic signaling 18/127 500/9259 1.51E-04 2.35E-02 2.05E-02
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w8 Mamdx o F 8T 3R R E R F 4 1 A B2 GO: Biological Process # it f % % (eggNOG-mapper # 47 ) (4)

ONTOLOGY ID Description GeneRatio BgRatio  pvalue p.adjust qvalue
BP GO:0042063 gliogenesis 12/127 252/9259 1.70E-04 2.50E-02  2.19E-02
BP G0:0008347 glial cell migration 6/127 61/9259 1.77E-04 2.50E-02 2.19E-02
BP G0:0048846 axon extension involved in axon guidance 5/127 41/9259 2.26E-04 2.93E-02 2.56E-02
BP GO0:1902284 neuron projection extension involved in neuron projection guidance 5/127 41/9259 2.26E-04 2.93E-02 2.56E-02
BP GO:0008542 visual learning 5/127 44/9259  3.17E-04 3.94E-02 3.45E-02
BP G0:0007268 chemical synaptic transmission 17/127 488/9259 3.45E-04 3.97E-02 3.47E-02
BP G0:0098916 anterograde trans-synaptic signaling 17/127 488/9259 3.45E-04 3.97E-02 3.47E-02
BP G0:0099537 trans-synaptic signaling 17/127 491/9259 3.70E-04 4.08E-02 3.56E-02
BP GO:0007411 axon guidance 15/127 402/9259 3.84E-04 4.08E-02 3.56E-02
BP G0:0050768 negative regulation of neurogenesis 12/127 276/9259 3.94E-04 4.08E-02 3.56E-02
BP G0:0030334 regulation of cell migration 15/127 408/9259 4.49E-04 4.50E-02 3.93E-02
BP G0:0050804 modulation of chemical synaptic transmission 12/127 282/9259 4.78E-04 4.53E-02 3.96E-02
BP G0:0030516 regulation of axon extension 7/127 102/9259 4.86E-04 4.53E-02 3.96E-02
BP GO0:0099177 regulation of trans-synaptic signaling 12/127 284/9259 5.09E-04 4.53E-02 3.96E-02
BP G0:0097485 neuron projection guidance 15/127 413/9259 5.11E-04 4.53E-02 3.96E-02
BP GO:0007611 learning or memory 13/127 329/9259 5.61E-04 4.84E-02 4.23E-02
BP G0:0007186 G protein-coupled receptor signaling pathway 14/127 375/9259 6.04E-04 4.95E-02 4.33E-02
BP GO0:0001754 eye photoreceptor cell differentiation 11/127 249/9259 6.06E-04 4.95E-02 4.33E-02
CC G0:0031253 cell projection membrane 13/122 230/8944 1.41E-05 4.21E-03 3.70E-03
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S SUEIE L R 82T b 3R R B % o i A F]12. GO: Biological Process # it & & % % (Metascape ~ 17 )

GrouplID Category Term Description Log (g-value) InTerm InList
1 Summary GO Biological Processes GO:0030182 neuron differentiation -3.367 33/-

1 Member GO Biological Processes GO:0030182 neuron differentiation -3.367 28/729
1 Member GO Biological Processes GO:0000902 cell morphogenesis -3.327 22/489
1 Member GO Biological Processes GO:0008038 neuron recognition -3.327 11/117
1 Member GO Biological Processes GO:0048699 generation of neurons -3.327 28/786
1 Member GO Biological Processes GO:0008037 cell recognition -3.327 11/122
1 Member GO Biological Processes GO:0048666 neuron development -2.598 22/578
1 Member GO Biological Processes G0O:0120039 plasma membrane bounded cell projection morphogenesis -2.598 18/406
1 Member GO Biological Processes GO:0048858 cell projection morphogenesis -2.598 18/408
1 Member GO Biological Processes GO:0120036  plasma membrane bounded cell projection organization -2.306 23/663
1 Member GO Biological Processes GO:0031175 neuron projection development -2.306 18/435
1 Member GO Biological Processes  GO:0030030 cell projection organization -2.247 23/677
1 Member GO Biological Processes GO:0048667 cell morphogenesis involved in neuron differentiation -2.247 17/402
1 Member GO Biological Processes GO:0048812 neuron projection morphogenesis -2.247 17/404
1 Member GO Biological Processes GO:0007411 axon guidance -2.166 13/249
1 Member GO Biological Processes GO:0097485 neuron projection guidance -2.050 13/257
1 Member GO Biological Processes  GO:0007409 axonogenesis -1.472 13/306
1 Member GO Biological Processes GO:0061564 axon development -1.314 13/321
1 Member GO Biological Processes GO:0016358 dendrite development -1.051 8/145

1 Member GO Biological Processes GO:0048813 dendrite morphogenesis -0.670 7/136
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U ABEEE L R 8 T RS R R AR 4 4 2L B2 GO: Biological Process # it § # & % (Metascape 17 ) ()

GroupID Category Term Description Log (g-value)  InTerm InList

2 Summary GO Biological Processes ~ G0O:0007423 sensory organ development -2.019 37/-

2 Member GO Biological Processes ~ G0O:0007423 sensory organ development -2.019 19/519
2 Member GO Biological Processes ~ GO:0050793 regulation of developmental process -1.459 21/695
2 Member GO Biological Processes ~ G0O:0001654 eye development -1.302 15/418
2 Member GO Biological Processes ~ G0:0048880 sensory system development -1.302 15/418
2 Member GO Biological Processes ~ GO:0150063 visual system development -1.302 15/418
2 Member GO Biological Processes ~ G0:0048749 compound eye development -1.125 14/391
2 Member GO Biological Processes ~ GO:0001745 compound eye morphogenesis -0.984 12/316
2 Member GO Biological Processes ~ G0:0048592 eye morphogenesis -0.880 12/332
2 Member GO Biological Processes ~ G0:0090596 sensory organ morphogenesis -0.880 12/332
2 Member GO Biological Processes ~ G0:0051239 regulation of multicellular organismal process -0.707 17/608
2 Member GO Biological Processes ~ G0:0046530 photoreceptor cell differentiation -0.699 9/214
2 Member GO Biological Processes ~ GO:0001751 compound eye photoreceptor cell differentiation -0.499 8/189
2 Member GO Biological Processes ~ G0:0045595 regulation of cell differentiation -0.499 10/281
2 Member GO Biological Processes ~ GO:0001754 eye photoreceptor cell differentiation -0.455 8/195
2 Member GO Biological Processes ~ GO:0007166 cell surface receptor signaling pathway -0.370 10/302
2 Member GO Biological Processes ~ G0O:0051093 negative regulation of developmental process -0.355 8/212
2 Member GO Biological Processes = GO:0050769 positive regulation of neurogenesis -0.145 4/68
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T 8 Mpmix o F 8T gk R E A F 4 1 A F]2. GO: Biological Process # it  f % % (Metascape 4 17) ()
GroupID Category Term Description Log (g-value) InTerm InList
3 Summary GO Biological Processes ~ GO:0007156 homophilic cell adhesion via plasma membrane adhesion molecules -2.016 20/-
3 Member GO Biological Processes ~ GO:0007156 homophilic cell adhesion via plasma membrane adhesion molecules -2.016 6/46
3 Member GO Biological Processes ~ GO:0007155 cell adhesion -1.555 10/178
3 Member GO Biological Processes ~ GO:0098609 cell-cell adhesion -1.525 8/114
3 Member GO Biological Processes ~ GO:0098742 cell-cell adhesion via plasma-membrane adhesion molecules -1.104 6/76
3 Member GO Biological Processes ~ G0O:0090066 regulation of anatomical structure size -0.933 10/234
3 Member GO Biological Processes ~ GO:0008361 regulation of cell size -0.576 6/105
3 Member GO Biological Processes ~ G0O:0016339 calcium-dependent cell-cell adhesion via plasma membrane cell adhesion molecules -0.455 3/23
3 Member GO Biological Processes ~ GO:0030516 regulation of axon extension -0.442 3/24
3 Member GO Biological Processes ~ GO:0061387 regulation of extent of cell growth -0.442 3/24
3 Member GO Biological Processes ~ GO:0032535 regulation of cellular component size -0.355 7/167
3 Member GO Biological Processes ~ GO:0016318 ommatidial rotation -0.254 3/31
3 Member GO Biological Processes ~ GO:0048638 regulation of developmental growth -0.129 8/244

56

d0i:10.6342/NTU202502821



T 8 Mpmix o F 8T gk R E A F 4 1 A F]2. GO: Biological Process # it  f % % (Metascape 4 17) ()
GrouplID Category Term Description Log (g-value) InTerm InList
4 Summary Reactome Gene Sets R-DME-112315 Transmission across Chemical Synapses -1.635 19/-
4 Member Reactome Gene Sets R-DME-112315 Transmission across Chemical Synapses -1.635 10/172
4 Member Reactome Gene Sets R-DME-112316 Neuronal System -1.605 11/211
4 Member GO Biological Processes G0:0050804 modulation of chemical synaptic transmission -0.880 8/159
4 Member GO Biological Processes G0:0099177 regulation of trans-synaptic signaling -0.880 8/159
4 Member KEGG Pathway dme04080 Neuroactive ligand-receptor interaction - Drosophila melanogaster ( fruit fly ) -0.672 5/67
4 Member GO Biological Processes G0:1900073 regulation of neuromuscular synaptic transmission -0.273 3/30
4 Member Reactome Gene Sets R-DME-112314 Neurotransmitter receptors and postsynaptic signal transmission -0.273 5/94
4 Member GO Biological Processes G0:0007267 cell-cell signaling -0.204 9/280
4 Member GO Biological Processes G0:0099536 synaptic signaling -0.156 8/238
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T 8 Mpmix o F 8T gk R E A F 4 1 A F]2. GO: Biological Process # it  f % % (Metascape 4 17) ()
GrouplID Category Term Description Log (g-value) InTerm InList
5 Summary GO Biological Processes G0:0009887 animal organ morphogenesis -1.533 40/-
5 Member GO Biological Processes G0:0009887 animal organ morphogenesis -1.533 23/782
5 Member GO Biological Processes G0:0032528 microvillus organization -1.472 3/8
5 Member GO Biological Processes G0:0002165 instar larval or pupal development -1.266 18/572
5 Member GO Biological Processes G0:0009791 post-embryonic development -0.966 19/672
5 Member GO Biological Processes G0:0035220 wing disc development -0.934 14/417
5 Member GO Biological Processes G0:0048800 antennal morphogenesis -0.880 3/15
5 Member GO Biological Processes GO0:0008544 epidermis development -0.707 5/65
5 Member GO Biological Processes GO:0009888 tissue development -0.707 18/664
5 Member GO Biological Processes GO0:0007455 eye-antennal disc morphogenesis -0.670 4/40
5 Member GO Biological Processes GO0:0070593 dendrite self-avoidance -0.576 3/20
5 Member GO Biological Processes G0:0007560 imaginal disc morphogenesis -0.499 13/430
5 Member GO Biological Processes GO0:0035317 imaginal disc-derived wing hair organization -0.452 4/48
5 Member GO Biological Processes G0:0007444 imaginal disc development -0.452 16/603
5 Member GO Biological Processes GO:0035315 hair cell differentiation -0.442 4/49
5 Member GO Biological Processes GO:0035316 non-sensory hair organization -0.442 4/49
5 Member GO Biological Processes G0:0035120 post-embryonic appendage morphogenesis -0.428 11/343
5 Member GO Biological Processes G0O:0007476 imaginal disc-derived wing morphogenesis -0.394 10/298
5 Member GO Biological Processes GO:0035114 imaginal disc-derived appendage morphogenesis -0.368 11/353
5 Member GO Biological Processes G0O:0060429 epithelium development -0.360 15/571
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T 8 Mpmix o F 8T w0 AR R E A F 4 1 A F]2 GO: Biological Process # it  f %% % (Metascape 4 17) ()
GrouplID Category Term Description Log (g-value) InTerm InList
5 Member GO Biological Processes G0:0035107 appendage morphogenesis -0.360 11/355
5 Member GO Biological Processes G0:0009913 epidermal cell differentiation -0.359 4/54
5 Member GO Biological Processes G0:0007469 antennal development -0.359 3/27
5 Member GO Biological Processes G0:0048707 instar larval or pupal morphogenesis -0.355 13/465
5 Member GO Biological Processes GO0:0048737 imaginal disc-derived appendage development -0.350 11/360
5 Member GO Biological Processes G0:0007472 wing disc morphogenesis -0.336 10/311
5 Member GO Biological Processes G0:0048736 appendage development -0.332 11/363
5 Member GO Biological Processes G0:0009886 post-embryonic animal morphogenesis -0.273 13/480
5 Member GO Biological Processes G0:0007389 pattern specification process -0.229 14/545
5 Member GO Biological Processes G0:0007552 metamorphosis -0.213 13/492
5 Member GO Biological Processes GO0:0030855 epithelial cell differentiation -0.185 10/336
5 Member GO Biological Processes GO0:0035214 eye-antennal disc development -0.145 4/68
6 _Summary GO Biological Processes G0O:2000495 regulation of cell proliferation involved in compound eye morphogenesis -1.472 11/-
6 Member GO Biological Processes G0:2000495 regulation of cell proliferation involved in compound eye morphogenesis -1.472 3/8
6 Member GO Biological Processes GO:0048645 animal organ formation -1.222 5/46
6 Member GO Biological Processes G0:0002251 organ or tissue specific immune response -1.075 3/12
6 Member GO Biological Processes GO:0002385 mucosal immune response -1.075 3/12
6 Member GO Biological Processes GO:0042127 regulation of cell population proliferation -0.258 8/224
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T 8 Mpmix o F 8T gk R E A F 4 1 A F]2. GO: Biological Process # it  f % % (Metascape 4 17) ()

GrouplID Category Term Description Log (g-value) InTerm InList
7 Summary GO Biological Processes GO0:0120035 regulation of plasma membrane bounded cell projection organization -1.314 20/-
7 Member GO Biological Processes GO0:0120035 regulation of plasma membrane bounded cell projection organization -1.314 9/161
7 Member GO Biological Processes GO0:0031344 regulation of cell projection organization -1.292 9/165
7 Member GO Biological Processes GO:0051128 regulation of cellular component organization -0.990 20/721
7 Member GO Biological Processes GO0:0010975 regulation of neuron projection development -0.892 7/120
7 Member GO Biological Processes GO0:0050773 regulation of dendrite development -0.389 4/52
8 Summary GO Biological Processes GO:0002118 aggressive behavior -0.499 3/-

8 Member GO Biological Processes GO:0002118 aggressive behavior -0.499 3/22
9 Summary Reactome Gene Sets R-DME-1660662 Glycosphingolipid metabolism -0.499 3/-
9 Member Reactome Gene Sets R-DME-1660662 Glycosphingolipid metabolism -0.499 3/22
10 Summary GO Biological Processes GO:0008354 germ cell migration -0.499 17/-
10 Member GO Biological Processes GO:0008354 germ cell migration -0.499 4/46
10 Member GO Biological Processes G0:0035295 tube development -0.400 9/249
10 Member GO Biological Processes G0:0016477 cell migration -0.204 9/281
10 Member GO Biological Processes GO:0006935 chemotaxis -0.156 3/35
10 Member GO Biological Processes GO:0040011 locomotion -0.129 6/150
11 Summary GO Biological Processes G0O:0008039 synaptic target recognition -0.428 4/-

11 Member GO Biological Processes G0O:0008039 synaptic target recognition -0.428 4/50
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T 8 Mpmix o F 8T gk R E A F 4 1 A F]2. GO: Biological Process # it  f % % (Metascape 4 17) ()
GrouplID Category Term Description Log (g-value) InTerm InList

12 Summary GO Biological Processes G0:0008202 steroid metabolic process -0.389 4/-
12 Member GO Biological Processes G0:0008202 steroid metabolic process -0.389 4/52
12 Member GO Biological Processes GO0:0045455 ecdysteroid metabolic process -0.204 3/33
13 Summary GO Biological Processes G0O:0050954 sensory perception of mechanical stimulus -0.355 14/-
13 Member GO Biological Processes G0:0050954 sensory perception of mechanical stimulus -0.355 5/88
13 Member GO Biological Processes GO:0050877 nervous system process -0.138 14/570
14 Summary GO Biological Processes G0O:0008344 adult locomotory behavior -0.298 15/-
14 Member GO Biological Processes G0:0008344 adult locomotory behavior -0.298 5/92
14 Member GO Biological Processes G0:0007626 locomotory behavior -0.204 7/185
14 Member GO Biological Processes G0:0007610 behavior -0.145 15/627
15 Summary GO Biological Processes GO:0051253 negative regulation of RNA metabolic process -0.269 10/-
15 Member GO Biological Processes GO:0051253 negative regulation of RNA metabolic process -0.269 10/321
15 Member GO Biological Processes G0:0045934 negative regulation of nucleobase-containing compound metabolic process -0.145 10/344
16 Summary GO Biological Processes GO:0046578 regulation of Ras protein signal transduction -0.224 3/-
16 Member GO Biological Processes GO:0046578 regulation of Ras protein signal transduction -0.224 3/32
17 Summary GO Biological Processes G0O:0048646 anatomical structure formation involved in morphogenesis -0.192 22/-
17 Member GO Biological Processes G0:0048646 anatomical structure formation involved in morphogenesis -0.192 14/555
17 Member GO Biological Processes GO:0009790 embryo development -0.189 14/556
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T 8 Mpmix o F 8T gk R E A F 4 1 A F]2. GO: Biological Process # it  f % % (Metascape 4 17) ()
GrouplID Category Term Description Log (g-value) InTerm InList
18 Summary GO Biological Processes G0:0044057 regulation of system process -0.149 4/-
18 Member GO Biological Processes G0:0044057 regulation of system process -0.149 4/67
19 Summary GO Biological Processes G0:0043085 positive regulation of catalytic activity -0.145 3/-
19 Member GO Biological Processes GO:0043085 positive regulation of catalytic activity -0.145 3/36
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Number of loci per sample (116 dataset)
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Mean read depth per sample (116 dataset)
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PCA Plot (PC1 vs PC2)
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PCA Plot (PC1 vs PC2)
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Pairwise distance across geographic distance
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PCA Plot (PC1 vs PC2)
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UMAP Projection by Population
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PCA Plot (PC1 vs PC2)
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Pairwise distance across geographic distance
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=B E Bt wR A v %A (PDEN) 2 R4 B BA 5 + Bl 5 i ResistanceGA
ERSTAA 2B FINIES Ao B U IFERNATATIRB AL 2 JaBIES

B AFER A IS Ax L o F ¢ B FEEA Wik ADMIXTUREK =2 #5582

R T EES LR OREE A 2]
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1072
103

\ 104
106
1010
10-20

created by
http:limetascape.org

M neuron differentiation
M sensory organ development
W homophilic cell adhesion via plasma membrane adhe¢
M Transmission across Chemical Synapses
M animal organ morphogenesis
regulation of cell proliferation involved in compound ¢
M regulation of plasma membrane bounded cell project
W aggressive behavior
W Glycosphingolipid metabolism
germ cell migration
synaptic target recognition
steroid metabolic process
W sensory perception of mechanical stimulus
¥ adult locomotory behavior
negative regulation of RNA metabolic process
regulation of Ras protein signal transduction
anatomical structure formation involved in morphoge!
regulation of system process
M positive regulation of catalytic activity

created by
http:/imetascape.org

Bl= - 7 -~ Biological Process # it & & & % 2. %A% 1* B

LB L kA p B FM ([loglo (P)) #+¥ ¢ 2. GOterm i % B 5 T Bl & =45 GO
AEFETA R R LR o B F B EBAL - BHEF GOterm > $ BTGB AL T
BREAFIEEF LR -

94

d0i:10.6342/NTU202502821



v

Wk - - BRSSP 6 Mk AR A TR

Sample ID County District Date WGS84-X WGS84-Y
Tainan_city 1 5 & 7 L%  2020-12-01  120.21 22.98
Tainan_city 2 5 = L%  2020-10-20 120.21 22.98
Tainan_city 3 5 = L%  2020-10-20 120.21 22.98
Tainan_city 4 S = L%  2020-10-13  120.22 22.98
Tainan_city 5 o = % %  2020-12-15 120.19 22.97
Tainan_city 6 o @ ¥ & % 2020-11-15  120.20 22.99
Tainan_city 7 &~ & ¢ & % 2020-11-15 120.20 22.99
Tainan_city 8 = ¢ & % 2020-11-15 120.19 22.99

XingHua 1 ~&# #7i“% 2020-06-04 120.29 23.04

XingHua 2 &~ &# #7i“% 2020-06-04 120.28 23.04

XingHua 3 &~ & #7i“% 2020-07-03  120.30 23.02

XingHua_4 5% % A7Ti“% 2020-06-11 120.28 23.02

XingHua_5 &S % % #7Ti“% 2020-06-11 120.28 23.02

XingHua_ 6 &~ % % #7Ti“% 2020-06-11 120.28 23.02

Zuozhen 1 5@ = 4E% 2020-08-27 120.40 23.05

Zuozhen 10 & Z 4% 2020-07-23  120.41 23.05
Zuozhen_11 & = Z48% 2020-07-23 120.41 23.05
Zuozhen 12 & =% = 4% 2020-07-17  120.42 23.04

Zuozhen 2 5 =& Z 4% 2020-07-31  120.37 23.06

Zuozhen 3 5 =& Z 4% 2020-07-31  120.37 23.06

Zuozhen_4 5% % Z4E% 2020-07-31  120.38 23.06

Zuozhen 5 5% % Z4E% 2020-08-21  120.39 23.05

Zuozhen_ 6 S @& 7® 4% 2020-08-21 120.38 23.06

Zuozhen_7 S @& 7™ 4% 2020-08-21 120.38 23.06

Zuozhen 8 S @& 7™ 4% 2020-08-27 120.40 23.05

Zuozhen 9 S & ™ 4% 2020-08-27 120.40 23.05
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Stk C B FREB AT 6 MBI A A A T

Sample ID County District Date WGS84-X WGS84-Y
Daliao2021_1 B A F®H  2021-08-12 120.42 22.58
Daliao2021_2 B@d A% F 2021-07-22  120.42 22.58
Daliao2021_3 BF A F R 2021-09-23  120.42 22.58
Daliao2021 4 B A F®H  2021-07-15 120.42 22.58

Fengshan2021_1 & L w  2021-09-10 120.35 22.63
Fengshan2021 2 & L w  2021-09-10 120.35 22.63
Fengshan2021_3 & L w  2021-09-10 120.34 22.63
Fengshan2021 4 &% L ®w  2021-10-08 120.34 22.63
TRA_factory side2020 1 &3+ %% % 2020-12-08 120.32 22.62
TRA_factory side2020 2 &3+ %% % 2020-10-27  120.32 22.61
TRA factory side2020 3 ®z# #4L% 2020-12-09 120.33 22.61
TRA_factory_side2020_4 % 2% % 4E% 2020-10-18  120.32 22.60
TRA factory side2020 5 @B+ F% % 2020-11-13  120.33 22.61
TRA_factory side2020 6 @ %7 #4EF% 2020-12-02  120.32 22.60
TRA factory2019 1 ®&Ed L ®w  2019-05-14 120.33 22.61
TRA_factory2019_2 B L ®w  2019-06-11  120.32 22.61
TRA_factory2019_3 B L ®w  2019-07-23 120.32 22.61
TRA_factory2019 4 ®&%  BLI®w 2019-07-16  120.32 22.61
TRA_factory2019 5 B L ®w  2019-06-04  120.32 22.61
TRA_factory2019_6 ®&% L ®w  2019-05-14  120.33 22.61
TRA_factory2019_7 ®&% L ®w 2019-06-17 120.33 22.61
TRA_factory2020_1 % B E 2020-11-24  120.33 22.61
TRA_factory2020_2 Bz% B F 2020-12-07  120.33 22.61
TRA factory2020 3 ®&Ed L ®w  2020-11-10 120.32 22.61
TRA_factory2020 4 ®&%  BLI % 2020-11-10 120.33 22.61
TRA_factory2020 5 ®&%  BLI®w 2020-11-03  120.32 22.61
TRA_factory2020 6 ®&%  BLI®w 2020-11-10 120.32 22.61
TRA_factory2020_7 & L ®w  2020-11-20 120.32 22.61
TRA_factory2020_8 ®&%  BLI®w 2020-11-13  120.33 22.61
Xinzuoying2020 1 B2 ZF¥®  2020-12-10 120.29 22.69
Xinzuoying2020 2 B2 ZF¥®  2020-12-10 120.28 22.69
Xinzuoying2020_3 B = F % 2020-10-23  120.29 22.69
Xinzuoying2020 4 B = F % 2020-11-26 120.28 22.69
Xinzuoying2020_5 B = F % 2020-10-23  120.28 22.69
Xinzuoying2020_6 B = F % 2020-11-26  120.28 22.69
Xinzuoying2021_1 ®id = F % 2021-03-25 120.28 22.69
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Wk - s B- PREB D 6 Msmirdk s & A T ()

Sample ID County District Date WGS84-X WGS84-Y
Xinzuoying2021_ 2 ® 7% =¥ % 2021-03-04 120.29 22.69
Xinzuoying2021_3 ® 7% =¥ % 2021-02-18 120.28 22.69
Xinzuoying2021_4 ® 7% =¥ % 2021-06-17 120.28 22.69
Xinzuoying2021 5 ® 7% =¥ % 2021-03-04 120.28 22.69
Xinzuoying2021_ 6 & 7% =¥ % 2021-09-02  120.28 22.69
Xinzuoying2021_7 ® 7% =¥ % 2021-02-25 120.28 22.69
Xinzuoying2021_8 ® 7% =¥ % 2021-02-09 120.28 22.70
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A =~ B - FERB AR Mnaixik AL AT
Sample ID County District Date WGS84-X WGS84-Y
Chaozhou2021_1 LE: V4R 2021.3.17 120.54 22.55
Chaozhou2021_2 NE: V4R 2021.11.17 120.54 22.55

Chaozhou2021_3 L EL P M4E 2021.10.15  120.54 22.54
Chaozhou2021_4 LR P4 2021.3.17 120.54 22.54
Chaozhou2021_5 L EL M4 2021.11.17  120.53 22.55
Chaozhou2021_6 A EL P M4E 2021.10.15  120.54 22.55

Chaozhou2021_7
Chaozhou2021_8
Donggang2021_1
Donggang2021_2
Donggang2021_3
Donggang2021_4
Donggang2021 5
Donggang2021_6
Donggang2021_7
Donggang2021_8
Donggang2021 9
Donggang2021_10
Donggang2021_11
Donggang2021_12
Donggang2021_13
Donggang2021_14
Pingtung2021_1
Pingtung2021_2
Pingtung2021 3
Pingtung2021 4
Pingtung2021 5
Pingtung2021 6
Pingtung2021 7
Pingtung2021 8
Pingtung2021 9
Pingtung2021 10
Pingtung2021 11
Pingtung2021 12
Pingtung2021 13
Pingtung2021 14

LEE P Y4E 2021.10.15  120.54 22.54
LRL V4R 2021.3.17 120.54 22.55
ARk L B4L  2021.8.17  120.45 22.46
ARk L JB4L  2021.7.18  120.45 22.46
ARk LJB4L  2021.9.15  120.45 22.46
A Rh A B4L  2021.8.17  120.45 22.47
ARk L JB4L  2021.7.18  120.44 22.46
ARk L JB4L  2021.3.16  120.45 22.46
ARk L JB4L  2021.7.18  120.45 22.46
LRk KB4  2021.8.17  120.45 22.46
LRk L JB4EL  2021.7.18  120.45 22.46
LRk L B4EL 2021.10.17  120.44 22.46
LRk L JB4L  2021.7.18  120.44 22.46
LRk L JB4L  2021.7.18  120.44 22.46
LRk KB4  2021.8.17  120.45 22.46
LRk KB4 2021.9.15  120.44 22.46
LRt B4L®  2021.10.15 120.48 22.67
LRh B4L®  2021.8.17  120.47 22.67
LRh B4Ld 2021817  120.48 22.67
LRk B4L®  2021.9.15  120.48 22.67
LRk B4L®  2021.9.15  120.48 22.66
LB BEAT  2021.1.17  120.48 22.66
LR: B4L®  2021.7.18  120.48 22.66
LRk B4L®  2021.9.15  120.48 22.66
LRh B4L®  2021.9.15  120.48 22.67
LRh B4L®  2021.9.15  120.48 22.67
LRk B4L® 2021817  120.48 22.66
LR: BE4F  2021.9.15  120.48 22.66
LR: BE4F  2021.9.15  120.48 22.66
AR: BE4F  2021.9.15  120.48 22.66

FRERRRBRRRR R R R R
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R = s B - FFERE B AR Ak AR AT ()
Sample ID County District Date WGS84-X WGS84-Y
Pingtung2021_15 A L %% H 4L+  2021.7.18 120.48 22.66
Wandan2021 1 A L&k J§ 2 #% 2021.10.15 120.49 22.58
Wandan2021 2 H 4 f: 2 2021.10.15 120.48 22.58
Wandan2021 3 H 4 f: 2 2021.10.15 120.48 22.59
Wandan2021 4 H 4 F: 2 2021.10.15 120.48 22.58
B
)23
B
B

Wandan2021 5 QA 2021.11.17 120.49 22.58
Wandan2021_6 LE: g2
Wandan2021_7 LE: g2
Wandan2021_8 LE: g2

2021.10.15 120.48 22.58
2021.10.15  120.49 22.59
2021.10.15  120.49 22.59

ER
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.

MR A T B - RPERBARKK B AMBEARATR (BF RABERELEER
e 2 L)
Sample ID County District Date WGS84-X WGS84-Y
2000m_1 F*Fl# 4R # %  2022-04-28  121.38 24.67
2000m_2 E&E: PR L$R 2022-05-17  120.80 23.50
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A T R o RRERL Y Ml AR AT (X 300 £ 4R A)

SampleID County District Date WGS84-X WGS84-Y
Jhongjhengl 2L/ &+ % 2022-04-01 121.79 25.13
Nuannuanl ZMRK 7 88 % 2022-04-15 121.73 25.10
Beitoul A AR F 2022-07-15  121.53 25.17
Neihul6 FAF PP FE O 2022-07-05 121.58 25.07
Wunshanl £ #7% < 1% 2022-07-13  121.56 24.98
XinYi4 FAF B AR 2022-12-29 121.57 25.03
Balil AraH A2 % 2022-07-01 121.38 25.14
Banciaol AT %F#% % 2022-09-07 121.46 25.01
Banciao2 AT %F#% % 2022-11-23 12146 25.01
Banciao3 AT %F#% % 2022-07-12 12146 25.01
Banciao4 AT %F#% % 2022-07-19 12146 25.01
Danshueil  #7#*# k-K% 2022-04-15 121.45 25.18
Gongliaol  #7#*% F % % 2022-04-15 12191 25.08
Gongliao2  #7a*% F F % 2022-04-29 122.00 25.01
Gongliao3  #7a*%  F F % 2022-04-29 121.94 25.01
Jinshanl AraH £ % 2022-04-15 121.63 25.25
Linkoul Fra4® HRT % 2022-06-14  121.37 25.08
Pinglinl AT H AR 2022-05-06 121.67 24.94
Pingsil Frav® TUER  2022-05-06  121.73 25.02
Rueifangl #7477 %> % 2022-04-15 121.82 25.13
Sanjhih1 Fra = 3% 2022-04-01  121.47 25.25
Sansial Frad =% 2022-06-14  121.36 24.93
Sansia2 Fra =% 2022-06-21 121.40 24.87
Sansia3 Frad =% 2022-06-14  121.43 24.85
Shenkengl #7473 F¥L¥®  2022-07-12  121.63 25.00
Shihmenl  #7#*% FM™ % 2022-04-01 121.54 25.28
Shuangsil  #7#* %  BFE% 2022-04-29 121.86 25.03
Sijhih1 AT s ab % 2022-07-12 121.65 25.07
Sindianl Fra4® TR ®  2022-05-06  121.55 24.89
Wanlil A% 2 F® 2022-04-15 121.64 25.19
Wugul ATAH T K% 2022-07-08 121.43 25.08
Woulail Fratw o B KTE® 2022-04-29 121.54 24.86
Dayuanl  ¥*Fl# < Fl%® 2022-06-14 121.21 25.02
Dayuan2 FeFF < FE  2022-06-21  121.24 25.10
Fusingl FeFT O FREE 2022-04-28 121.38 24.67
Fusing3 FFF O FREE 2022-06-15  121.35 24.81

101

doi:10.6342/NTU202502821



WA T F DR D SRR D Rtk A A A F (& 300 4R A)CH)

Sample ID County District Date WGS84-X WGS84-Y
Fusing4 FHETF O OfRETE 2022-10-04 121.38 24.67
Guanyinl FHETF O OELE % 2022-06-07  121.09 25.05
Guanyin2 FCHETF O OBLE % 2022-06-21 121.13 25.06
Guanyin3 FCFETF O OBLE % 2022-06-21 121.12 25.01
Guanyin4 FHETF O OELE % 2022-06-14  121.08 25.03
Longtanl FEHETF O AR T® 2022-06-08 121.21 24.86
Pingjhenl FEFH T4ETE® 2022-06-08 121.20 24.91
Yangmeil FFET O HER 2022-06-15 121.15 24.91
HsinchuEastl  #7+ 7 L%  2022-07-06  120.97 24.79

Guansil Frofk B @45 2022-07-06  121.17 24.79
Hengshanl FroRk LR 2022-07-12 121.14 24.71
Hukou1 Fregh P T #R2022-06-15  121.05 24.88
Jhubeil Froofh AAd 0 2022-07-06 121.02 24.81

Jhudongl Frofh ©K4E 2022-07-12 12111 24.66
Jhudong2 Frofh ©R4E 2022-06-29 121.08 24.73
Jianshih1 ATTRE X BFR2022-07-12 121.28 24.61

Jianshih2 A RY W AR 2022-07-12 121.20 24.70
Sinfongl AT Bk TSR 2022-06-15 120.98 24.89
Wufongl FreRh 7 #R02022-07-13 12110 24.57
Datongl FRREL K F#R 2022-04-28  121.52 24.61
Datong?2 ¥R < F#%2022-10-04  121.45 24.53
Datong3 ¥R < FF%2022-10-12 121.42 24.48
Datong4 ¥R < F$%2022-09-27  121.37 24.43
Datong5 ¥R < B #%2022-10-13  121.50 24.54
Dongshantownl % %% % .Li¥8 2022-07-12 121.79 24.66
Jiaosil ¥ EL FEIEFR 2022-07-06 121.77 24.81
Luodong1 ¥R R44 2022-07-05  121.77 24.67
Nanaol TR @B 2022-09-29 121.77 24.44
Nanao2 ¥R 3 BFR 2022-10-06 121.76 24.33
Sansingl FREE = & #% 2022-07-05 121.65 24.66
Touchengl TR EL FR¥S 4R 2022-05-06  121.86 24.90
Wujiel BRI PR 2022-06-29 121.79 24.68
Yilanl TR FHY 2022-07-13  121.74 24.74
Yilan2 TR FFF  2022-07-06  121.69 24.78
Yuanshan1l TR B LFR 2022-04-28  121.68 24.70
Dahul WA EL *jPFR 0 2022-06-07 120.86 24.42
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g T H DR R S RREE L 0 Mnis A A A T (300 LA )(H)

Sample ID County District Date WGS84-X WGS84-Y
Dahu2 wE RN < PR 2022-06-21  120.84 24.37
Houlongl WO Rh f$3T4E 2022-06-14  120.77 24.64
Jhunanl v R gL T e 4E 2022-06-22 120.87 24.67
MiaoliCityl # %% w &% 2022-06-08 120.81 24.54
Nanjhuang2 W & %% = B %8 2022-06-14 121.00 24.59
Sanwan1 W RN Z A% 2022-06-15  120.94 24.61
Sanyil WA E: = &4E 2022-06-21  120.76 24.40
Shihtan1 WA RY RSN 2022-06-21  120.91 24.53
Taian1 wd Rk H &% 2022-06-14  120.90 24.44
Tongsiaol v d Bt W T4EL 2022-06-08  120.71 24.57
Tongsiao2 v & Bt W T4EL 2022-08-23  120.69 24.54
Toufenl v & Eh BRi»4E  2022-06-08  120.90 24.69
Beituni ¢ F A A E 2022-08-17 120.74 24.17
Dajial £ 93 <7 F%  2022-08-23 120.60 24.41
Dalil £9 3 <2 F%  2022-08-24 120.69 24.08
Dongshihdistl % # # & %% 2022-08-16 120.82 24.25
Heping1 ¢ 3 foT % 2022-08-16 120.88 24.17
Heping2 ¢ 3 foT % 2022-08-30 120.9 24.24
Heping3 ¢ 3 foTF 2022-08-30 120.94 24.17
Heping4 ¢ 3 foT % 2022-08-23 121.00 24.20
Heping6 ¢ 3 foT % 2022-08-31 121.16 24.25
Heping7 ¢ 3 foT % 2022-08-30 121.28 24.29
Longjingl 4¢3 42 % 2022-08-23 120.52 24.21
Shengangdistl % 7 % # B % 2022-08-30 120.66 24.25
Taiping1 ¢ 3 AT F 2022-08-24  120.72 24.10
Tanzih1l £¢ 3 EFF  2022-08-31 120.70 24.19
Wucil ¢ 3 E£#¥T%  2022-08-16  120.52 24.25
Wuci2 7% 4% 2022-08-30 120.50 24.23
Wurih1 £¢F  EP % 2022-09-06 120.61 24.10
Wurih2 £¢F  EP % 2023-01-05 120.61 24.10
Dachengl ;1% *35%% 2022-06-21  120.30 23.87
Erlinl F51 Bk = +R4E 2022-06-07  120.37 23.90
Ershueil ;1 R = -kF® 0 2022-05-24 120.61 23.81
Fangyuanl ;1" %% = 35%% 2022-06-14 120.34 23.96
Lugangl F51 Bk ALE4EL 2022-06-14  120.43 24.05
Lugang?2 51 Bk ALE4EL  2022-06-14  120.41 24.07
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MR T F DR D SRR O Rtk A A A F (& 300 4 A)CH)
Sample ID County District Date WGS84-X WGS84-Y

Pitoul §51 By M EESR 2022-06-21  120.45 23.89
Shengangtownl ;1 £t # %% 2022-06-14  120.48 24.14
Sijhoul §50 By JEOUSR 2022-05-24  120.54 23.82

Yuanlinl ;i & Rk 2022-06-07  120.57 23.96
Yuanlin2 ;i & Rk 2022-06-14  120.57 23.95

Caotunl 3 L T A4 2022-06-22 120.74 23.98
Caotun2 3 L FAM4E 2022-06-07 120.68 23.97
Guosingl 2 3B R4EFR 2022-06-15 120.87 23.98
Guosing2 3 #Bh R4FR 2022-09-13  120.87 24.06
Guosing3 7 3B R4EFR 2022-06-15  120.86 23.94
Jhongliaol 2 EL ¢ ®ER 2022-06-22 120.76 23.93
Lugul 2 3B R AR 2022-08-30 120.75 23.74
Nantoul # 3B adLP 2022-06-15 120.68 23.90
Pulil B 4R: ¥ 245 2022-05-24 121.01 23.98
Puli2 LKL ¥ 248 2022-10-26 121.00 23.92
Puli3 B RL ¥ 245 2022-10-19 120.97 23.95
Renail 2 3 BL =€ 48 2022-09-22 121.03 24.08
Renai2 P Eh €58 2022-09-13  120.95 24.06
Renai3 2 3 EBL =€ 4% 2022-10-04 121.16 24.05
Renai4 3B CE R 2022-11-24 12112 23.95
Shueilil P Eh (K2 ¥R 2022-05-10 120.85 23.73
Shueili2 P Eh (K2 ¥R 2022-08-02  120.85 23.80
Sinyil 3 BF B &F® 2022-05-17  120.86 23.56
Sinyi2 ? P EL B &SR 2022-11-02 120.94 23.78
Sinyi3 B LB 3 & #% 2022-05-17  120.87 23.66
Sinyi4 B 4B 5 & F% 0 2022-10-26 121.00 23.78
Sinyi5 3 B &SR 2022-05-17 120.91 23.56
Beigangl ZHRER A E4E 2022-10-04 120.30 23.56
Beigang?2 Z+RkEL A B4L 2022-07-05  120.30 23.56
Doulioul Z4kp: LW 2022-06-21 120.54 23.70
Dounanl Z+RE: il e 4 2022-06-07 120.47 23.67
Erlunl Z+kB4 - A ¥R 2022-05-24  120.38 23.79
Gukeng1 Z kB4 w BUFR 2022-06-07 120.56 23.64
Huweil Z 4Bt U E4E 2022-06-07 120.38 23.70
Huwei2 Z 4Bt LR 4R 2022-06-14  120.43 23.71
Kouhu1 ZHREL TIPSR 2022-06-14  120.16 23.61
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g T H DR R S RREE L 0 Mnis A A A T (300 LA )(H)

Sample ID County District Date WGS84-X WGS84-Y
Kouhu2 ZHREL TUPFR 2022-07-05 120.18 23.53
Linneil Z L RPN #R 2022-05-24  120.61 23.75
Siluo1 ZHREL #4345 2022-05-24 120.46 23.79
Taisil ZHEL &9 #% 0 2022-06-07 120.19 23.70
Tukul Z4REr 3 E4E 2022-06-21 120.39 23.67

ChiayiEastl &% 7 i % 2022-07-05  120.46 23.48

Alishan1 E&F P2 L 2022-05-25 120.72 23.40
Alishan2 E&F P2 L8 2022-09-29 120.71 23.47
Budail E &8y % R4 2022-11-15  120.16 23.37
Budai2 E&F % R4 2022-07-12  120.11 23.34
Budai3 EA&F  * 84 2022-07-05 120.16 23.37
Dalin1 E &R < HR4E 2022-06-14 120.46 23.60
Dapu2 E &5 < HF 2022-08-02 120.54 23.23

Dongshihtownl £ #%: L #%#%  2022-11-01  120.21 23.46
Fanlul E & HEFR 2022-07-20 120.65 23.42
Fanlu2 AR FEFR O 2022-05-11  120.61 23.43
Jhongpul E&E ¢ 2022-07-12 12051 23.40

Jhucil E&E  AMFR 2022-06-14 120.53 23.49
Lioujiaol E &R AR 2022-07-05  120.25 23.50
Meishan2 £ & L3R 2022-06-14  120.55 23.58

Taibao1l & %% 2022-07-05 120.38 23.49
Annanl 37 8% 2022-0524 120.22 23.07
Annan2 37 8% 2022-09-13  120.11 23.07
Annan3 + 37 X% %  2022-07-05 120.09 23.05
Annan4 37 8% 2022-09-13  120.11 23.07
Baihel = v P % 2022-10-12  121.38 23.34
Baihe2 t 7 v @ %  2022-07-05 120.41 23.35
Beimen1 a7  AME  2022-07-05 120.12 23.26
Beimen2 a7 AME 2022-06-28 120.11 23.27
Cigul £ 3% S E 2022-09-20 120.10 23.15
Cigu2 + 3% S E 2022-07-05  120.09 23.08

Dongshandistl 4% & 7 L% 2022-07-26 120.44 23.26
Guanmiaol = MAE %  2022-11-15  120.32 22.97
Guantianl 37  F® % 2022-05-17 120.34 23.18

Jialil e 2% 2022-07-12 120.17 23.15
Nanhual = % 1* %  2022-09-13  120.51 23.07
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Nanhua2 % & # % i“ %  2022-07-26  120.49 23.07
Nanhua3 % & 7 B it 2022-07-26  120.47 23.04
Nansil tad  pd 2022-08-02  120.48 23.17

pe]

peoll

Shanshangl 4+ %% .} %  2022-09-13  120.35 23.09
Sigangl % &% @B %  2022-07-12 120.20 23.12
Sinyingl %&7®  AT¥ %  2022-07-26  120.31 23.33
Sinying2 %&7®  AT¥®  2022-08-02 120.30 23.31
Sinying3 +&7®  AT¥ %  2022-10-12  120.32 23.31

TainanEastl 4 3 # L% 2022-05-17  120.23 22.96
TainanEast2 4 3 # L% 2022-05-24  120.21 22.98
Yongkangl % & ® A B % 2022-05-24  120.25 23.03
Alian1 B3 WIE®R  2022-08-23 120.32 22.87
Cijinl BT MEAF 2022-09-28  120.28 22.58
Cishanl  ® 7% J#.L %  2022-08-23  120.47 22.88
Cishan2  ® 7%  J#.1 %  2022-08-23  120.47 22.85
Daliao5 F®P A F®  2022-10-05  120.39 22.61
Jiadingl  ® %% ¥ % 2022-08-16  120.19 22.86
Jiasianl  ®#7% Y ihE%  2022-07-19  120.55 23.05
Linyuanl B 2%  {kF®  2022-10-05 120.39 22.50
Linyuan2 B z%  +cFl®  2022-10-05 120.40 22.52
Liougueil ® 7% =& %  2022-04-26  120.63 22.99
Liouguei2 % 7% 2% %  2022-04-26  120.67 23.07
Liougueid % 7% 2% %  2022-04-19 120.62 22.90
Lujhul ®ED O BRH R 2022-08-23  120.28 22.86
Maolinl B 7  FHe®  2022-11-16  120.71 22.91
Meinongl %%  £k%  2022-04-19 120.57 22.86
Meinong2 %%  %E%  2022-08-23  120.53 22.89
Namasial &2+ 7RIFE % 2022-07-19 120.69 23.21
Namasia2 2% 7RIFE % 2022-07-26  120.69 23.25
Namasia3 & 22% 78355 % 2022-08-02  120.72 23.27
Nanzihl &%  fp$ %  2022-10-13  120.30 22.72
Renwul B 2 =# %  2022-10-05 120.35 22.70
Taoyuanl 3 &% ¥R % 2022-11-09 120.72 23.05
Taoyuan2 3 % FeF % 2022-04-19  120.82 23.26
Taoyuan3 B &% TR 2022-04-26  120.76 23.15
Taoyuand 3 &% TR 2022-04-26  120.71 23.12
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Taoyuan5 &%  FFFH  2022-04-12 120.81 23.23
Zuoyingl B W =% % 2022-10-13  120.28 22.68
Chaozhou9 A 4L K+ @4  2022-05-26  120.53 22.55
Chechengl B & Bt & #45%  2022-05-11 120.71 22.07
Checheng2 B 4d &% & #H45%  2022-05-18  120.70 22.05
Chunrihl B L%t Hp#  2022-07-07 120.71 22.44
Chunrih2 A& F: %P5  2022-06-30 120.62 22.36
Donggangl5 & A %t L E4L  2022-05-26  120.45 22.46
Fangliaol B L%t $ % 7%  2022-05-26  120.59 22.36
Fangshanl B Lt  #.L%8  2022-07-07  120.65 22.26
Fangshan2 B L Bt L %8 2022-06-16  120.69 22.18
Fangshan3 B L Ft  .L%8  2022-05-26  120.61 22.33
Hengchunl A L %% |=%4L  2022-05-18 120.79 21.94
Hengchun2 A& L f% |=%4L  2022-05-18 120.74 22.00
Laiyil B gr  k&$R O 2022-07-07 120.62 22.50
Ligangl BARL 2B 2022-08-25 120.49 22.77
Linbian1 A& 4 5%  +R##%  2022-05-26  120.50 22.41
Linbian2 A& 4 8% +##%  2022-06-09 120.52 22.45
Majial BA Ry IHRF® 2022-09-15  120.70 22.67
Neipul BAR: P H 0 2022-08-25 120.63 22.69
Neipu2 BAR:  PpHF 2022-05-19  120.56 22.61
Pingtungl B &5t HE&L+F  2022-05-26  120.48 22.66
Sandimenl A& Rt = ¥ FF#% 2022-07-28  120.63 22.79
Sandimen2 A& Rt = ¥ FP#% 2022-08-25  120.65 22.71
Shihzih1 B L Bt JjF+ #%  2022-06-16  120.75 22.20
Shihzih2 B L Bt JF+ 5% 2022-06-23  120.83 22.24
Shihzih3 B L Bt JF+ ¥ 2022-07-07 120.71 22.26
Wandan9 A X f: ® 2 #%  2022-05-26  120.49 22.58
Wanluanl B L E:  F &7 2022-11-24 120.61 22.58
Wutail BARL 5o 2022-07-28 120.73 22.75
Yanpul BAR: Wy s 2022-05-26  120.55 22.74
Fengbinl  f=iLf: %P 2022-09-14  121.49 23.45
Fengbin2  f=iLf:  E %7 2022-09-14 121.52 23.59
Fengbin3  {=iLf:  E P 2022-09-22  121.53 23.65
Fulil TEEY B IR 2022-11-02  121.24 23.17
Fuli2 TERY B 2T 2022-11-02  121.30 23.26
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Guangful -3 Bk B4R #%  2022-09-13  121.38 23.60
Guangfu2  foiLBh B4R % 2022-09-13 121.42 23.66
Hualienl — f=ig: {-i®  2022-09-14 121.61 23.98
Jian1 TERL F &% 2022-09-08 121.59 23.95
Rueisueil — f=iLfk FHARF  2022-09-13  121.37 23.50
Rueisuei2  f-ifh IB48%%  2022-09-21  121.37 23.57
Rueisuei3 ~ f-ifh FHARF  2022-09-13  121.40 23.58
Shoufongl T=iEf: £ ¥4 2022-09-14 121.55 23.74
Shoufong2  T=iff: & ¥ 9% 2022-09-22  121.59 23.87
Shoufong3  T=iff: & ¥ 9% 2022-09-22  121.47 23.81
Shoufongd  T=iER: & ¥#% 2022-09-07 121.49 23.84
Sioulinl  fwiER: % +RF® 2022-11-02 121.62 24.15
Sioulin2  TWiER: % +RF® 2022-09-14  121.49 23.90
Sioulin3  f-iRE % +RF% 2022-11-03 121.42 24.20
Sioulindg  f-iERE % +R7% 2022-11-02  121.74 24.30
Sioulin5  T=if: % HRF%  2022-09-22  121.48 23.96
Sioulin6 TmERL £ 4R¥% 2022-10-19 121.62 24.11
Sioulin7 TSR £ kPR 2022-10-27  121.49 24.18
Wanrongl f<#R: ¥ %#%#%  2022-09-22  121.39 23.72
Yulil mER 18 2022-09-06  121.39 23.45
Yuli2 mER 18 2022-09-21  121.31 23.33

3
Beinan2 & A F: % = 5% 2022-11-04 120.99 22.69
¥

4

4

Beinanl % A F% ¥ =% 2022-11-01 121.08 22.83

7R

Beinan3 % & Rk #8 2022-11-03  120.99 22.70
7R

Changbinl 4 % 2t K /%% 2022-09-14 12145 2331
Changbin2 & 4 &% K /& %% 2022-09-22 121.46 23.35

Chenggongl % K 5% = #4L 2022-09-21 121.39 23.13
Chenggong2 % L 5% = #4L 2022-09-21 121.40 23.15
Chenggong3 % L 5% = #4EL 2022-09-21 121.37 23.10
Chenggongd % K 5% = #4EL 2022-09-21 121.33 23.02
Chihshangl & L 5% 2022-11-02  121.21 23.12

Darenl T ARE = 2022-06-16 120.86 22.29

Daren2 + AEE 2022-06-23 120.88 22.45

Dawul LR = 2022-06-16 120.90 22.35
2022-06-09 120.89 22.34
2022-09-13 121.28 22.99

Dawu2 AR =
Donghel % X% &K@
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Guanshanl 4 k%% B L4E  2022-07-27  121.16 23.04

Haiduanl 4 4 %% #:$%%  2022-08-03 121.17 23.09
Haiduan2 & L %%  /a=h#%  2022-07-27  121.02 23.18
Haiduan3 & 4 %% 533 2022-11-02  121.19 23.15
Haiduan4 & 4 &% /533 2022-12-14  121.07 23.14
Haiduan5 & 4 %% 533 2022-08-03  121.07 23.14

Luyel AR R 2022-10-18  121.12 22.90
Taimalil & L 8%  ~F-25% 2022-11-04 120.96 22.53
Taitungl & A% £ LB 2022-11-23  121.15 22.75
Taitung2 & A% £ LB 2022-11-24  121.12 22.79
Yanpingl & L 5% 4T $R 0 2022-10-18  121.08 22.90
Yanping2 & LBt 4T HR 2022-10-25  121.09 22.97
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