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Abstract

Ani mdsbor a wpHdetnpwmingeamd genotypheypol ymor p
are shaped under the infuence of biotic/abiotic f
genetic mechani semsolodt itdhre andvnessitsipd attiimg.t he gene
evolutionary hbiasc wegirygswmrod @fmétyof t he most i mportant
evoluthiomlactyywt al so a crucial step toward wunder st
i nteractions bet@ieenshumamsdiamg nlatwirlad environme
popul ations, where natural selection, genetic dri
this a topic of. gTtehaelsosskgn hitérocpaogicc e ocusing on t wo
di st,iryett complé¢ e mtih)yewex ami h hggd ment iod daasti s of a
color varianéa wcbkdr Nedaaayuisn anjoa vk @ wdutsir otnh eo f
phyl ogeographic patterns tdife d eswslketrdidadmazrrs es pnod iee

i mai Juminid t he | ar gMo gddearpaa Niecsgeu meo | e (

I n PARJo&olnout aatt t vus neampbheéecosl|l | ected on Sad
Japan, was investigeatedad ci ibmsd atTodidiRtfthnoheeg/i cus
wasasily distinguwipsehedtfsr,omywiiltds stWei ki ng yell owi
sequencseedq utehnec e oat -dcdtteorrmi n Vo darngde niede st n-fed a
nucl edel eftei. 8rB)7acse It he mut ati on responsible for thi
Theol otrheemfat qwasti tatively evalwathdsendfwas | domp@m:
and geemdimeedMms cmugcul&s wasmist® wwi tfinraamens Hiafrt
i nduomunhgs(ico®7del , )c.do5 na&deall ways result in a yel
this heataoauwuntingf onwndtdimoméiadat i n@naln&k ampine x
mec haswormki ng behind the determination of coat <co
studiheas ref-dil tbi agl oWAlaB&ihammaalingd pointed out t ha
del etions tend atce | d adolC faRe gesmfbs t i t uti ons tend to
t rannsbmeane natnrdacel | dlharo lreeqil@ans basi s of this tren
bugince deletions | ehdr efachi é 3 meeersriud gt tshpanodi eni n
strucweurseu,spehbitstmaght be & ovokmmeoutemde mf a

prot etchienntg aacrelrlewli bhg-dbhyamedaeb leet i ons.

I n PARE® Iklondwcted a phylogeographic study on

the | esser Mopgamweas e nbmgzerna (i mai ndm/i i nhabits easte



Japan, while western Japan is mainly inhabited by
M. wo.g uHawe ver , t tpeartec hdtfise joshapeipanf At i ons i n wester
Japamenstern Honshu ( Mt. Hi ba), Shikoku ( Mt s. I shi
of shore islands ( Dofpyg exmad /Srso dtahsohuignben)c e o have
domi nated Arichi peblagoetreated eastwards Mubsequent
wogurmam t he vcioan tTisruesrhtT ma s 8t aaetd popel’patrieoens, or
thouglhave obteelmetiiedish t hd/. r é sma./Outr misit udy f ocuses on
uncovering the hi how itchadtp ¢gh @icekligirmmus dwer e f or med,
anal yzing t heiCy tsitei qtucecieoeradhrail lZjemdbe quentles of

/I mai ziwme I/ uds aamgp 11e€s f eipimcptult @an d suentfes of
woguyrancluding 14 samples frOmr thealcysnits nemowe d pt
t h@éytrskequentclwsee ofel ict popul ationbapkbgngepg to a di
(m¥/ V), adnidvetrhgegEntbhese populaptpir oms$Omant croyrar e d
(million fyreoam st haegot)hr ee maj or | i neagoygeircaenti fed
wogtiursa sai d to hawne Jmpemepheld3 émpat et hgmpeoliyhewi ze
that the geneMic/i maantimuwegw odestern Japan may ha
formed by the repeated expansi ormrcamd econtraction

environmental fuctuatyears @uwagtl eargriyasthye 100, 000

I n PART WwWe performed a reduced repriesentati on
i mai zaumd./ wo,g ufrvar t her | ooking intoTheheMleGpopul at i
met hod was chosen f oramealdsuscikelsde rHeklep@ erseeand sa t w eorne
mappedaodtaft denomgeeowhy created in this study u:
l i nkedFremdtshe analysis of populatioh structure u
I mai zamf./ wowevrea separ at(ebt/ mntt @ ntdh (ferdrel t o
5yenetically distinctitlTihee cddiWd/termargismer espetti vely.
separwittend A atvghuaseging from 0.376 tM OwodlgieBr.@a The cl
al so-sewephl &ted {2 97M%7X cepstammplres from Chugoku region
botn/we2 anMweBgenet i c Thleu ptad t £.rgie n entdii a@c aitretsr ogr es s i
de to seconbHetweebnnthettwo clusters, and this re:c
anal ysedfrswmch pas CompbPghand ANa@ailNehltb ;aarnBh g si s .
Kinki region, where both species shared a similar

with current and past geographic barriers. We ide
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i mportant site for the diversifcation of moles, v
barriers, interspecifc interactions, and/or isol e

t heiorpul gehehic structures.

I n PARWeal muhwvei more demagltadhic history of ¢t
clusters defned in Whhedhepigemwnicones eBARPplrlolaches are
expected twi pnibowi dletwas | ed andirsdboudtc ad atba ckrg rtoluen
popul aWh migesnome sequencing WwWASsS /cmanadaudcmWeedn on  si X
wogumai viAdwbalng. to the draft genonre warse apteerd oirnmeRIA
to combine the reads to creatfeh@i gidwpvraeles obust r ef €
supported that each genetwiagemleustcdar Fdafemdd aitre dRAF
Nei ghbor Nean deriNglhnybsdinsphg!l ogenetic tree did not f ul
of divergence, therebysi qriilfceadayltea geeft hatvv bodeweewatsh
cluspeokably right afDteawo gtr mgnitirie ade nvceersgheynvodas MC
that T maaatWmi woglwow a di ferent trend in populatio
expansion/ contractiofiuvich umres posse The cleismattisc supi
hypot he#i s/i mhbhgumoraedaptl ddl. t waguamd t hat their
popul ati onduerxipnagn dehde col der peri ods.

Fromiamgl e hgHReraatpechsenot ypi cad -gdawdmemal e
set of S$SMPedtetinhtgr Apbt oacerofi n pomrloagi scal e of

—

i mieitsseotf s tduedmeetsrsa theiwgni demetti cscaar bantf or wild an
popul altti opniseawi des new i nsi gehntds adcamit awhieode vaonli untailo n
popul ahii gomisntghipetot ent 5 & b n a h dvaanrci eo uosf wmetdthhfoedrse n t

| evel es @lf utrioobnu satGnde s § ndommgenly advance our knowl e
evolutionary deéenvedd gusnbato toinesrd orrel at ed studies by
genomi o thearstiasi ncepecikgting toetcthdoglpceedi ngs of

environmeddmaserhbiaoli oqy .
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Genelrmtlroducti on

I nvestihatgegetic and ev dlelntiprhaennaor tyy arieeccsh ani s ms
angopul ation diferentiati,onassita azedhnteasdegofalndam
qguestions about the origins Bhdnmayptenanaetef bl
coloration, -bedebopudbaesovsas, suabtrassgleaedscapes u
ofer critical insights into how organisms adapt t

forces shapdhkisedit opi £ist ywr e parpgdpwll atril oyn sr,e | vehvearnd

natural selection, genetic driftUndendtamhaseéafgow ir
me c hani s mshenl opts edursicye dh@ ev ol ut i oasapreyc iheiss tbourty aolfs o t
predict their reewvpomnaienentalf cthamegds be®&welenr esear
mol ecul arangle reevtoilcust i onary biology, fobBaerisg an i

essenti al ffourt cahdad rl ebsnosgienrege r mor e, t hese studies pro
for conservationfyshgaéegiesi bgardestgni fcant unit
critiscmdecifeog seusret iuvhadlersaniche our abil ity to under st
sustainably interacThiwbhteBdtthessasurhésamgrhdmes by
on two .s tPARIKeadmitrhees geneti c basis of. &PARITsiIBl &€ ophe
PART IV exel @orhgd ogeographic patterns of subterrarl

Firstl yinVPARTIi gat e cal raradantyrad Il or awiultdat i on i n

Nor wayRatattus n).r végatcusol or is a key trait with s
evolutionary implicati omg eritfpfece msi rt@ menaamade fad ¢ ® ,n
physiol ogic(@Carree,gud®5;onHubbard et al. 2010; Cuth

Mal |l arindhe 2RABR P system i s ian kdeeyt erindnedraitnigs onl or
ofmammard esgul at i ngmelhaemitoydpuec eadf by -ptrioed upcii gange n t

mel anoCThitessyst eénmes wiytpceh gosf o dedueaching hair gr owt h,
between bl ack eumel ani ngeamdnat elalnadve dp pead cheelrann i n
pattemea) ngl eDthywi*¥928; Gal braith et al .Sulcoh7 9; Mi ||
mi c r o spcaotptiecr ni ngomp eaxe@dmidst i cvadreida wii maummal s .
Since thASI MCdRstem is the core mechanism of coat
in the relatedhgercoatcam| oau ¢Bh ddchlarme gesee gdureansctei c al |
of t hdbvwaldueatler nimds dan-gl el ede¢li evea ® ni d earst it fheed

mut ation responsi bilThke floirghthn ess 9 hwednsottdyupaectoiatt a tciou elr
eval wmantdeodnp arteldo 4 @ o0 fe dgietheodens c v §,c hhows Im gt
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similar

mutaéecesbaddl pnoti dendnca atthadteatthaeniohati on

systiemnot f uPrlevircewstibddwdr eefser-di 6 u¢ 0 @ag weorfteat i ons

sear dhseede, i f t here i s tah e oorfy pduatdantiime inaechesv e e n

occihri s

study sheds |light on the molecul ar basis

popul at esfansdiscilgnmtri bute to our understanding of p

smal | Wi

mut ati on

Seco
Under st a
evolutio
oceans a
i's a bio
100,-p6ar
phyl ogeo
2008; He
popul ati
with gl a

Provan 2

Whi |
been ext
strictly
l argely
i kel y i
are cruc
changes
dynami cs

cyclmest

I d mammal s and al sbshmsghhirghg-Btwbeghnsesiiat

s can have observable efects on ftness ar

ndafroycounswé he phyl ogeography of two wild mc
nding the factors that infuence current g
nary, ecologic®hysacadlcbaseli eatsi suclhi alsog
re abiotic factors that contribute to ger
tic factor that can maintain historical g
gl saof atheymiddl e to | ate Quaternary infu

graphifeflrgmbh@ddwror i ng druiroidnsg (gMcaCoiranha cpke et

andSuJdlanhgi LI0d 4i)c al environmental fuctuat
on expansions or contractions, which can
ci al cycles being one of the most signifoc
008) .

e thdi geaBpplé gul atroature of many mammal s

ensively studied (St e veeretn a neds sCoeaxppe ro r2e0d0 8
Ssubterranean mammals, such as mol es. Alt
i nsuttetrad afnrdo s esalsoornta | climatic changes (
nf uencveedg ebtya tdihoen gesilmabil ity of food res:¢
ial factors that i mpaCotnspogpuwelnatliygn veyred mi
driven by past climatic shifts may have ¢
of subfTaeranhedm e ra @dijena,.t iscu gchhaaansgael s

have highldy sitmf benurmediesrt doiéo stehdet i vor es

Desphidwill mgr di spesosamke @mbi ki 68peededwihdaevikep asnudci cneg

t hdiirst rnirbantgiso seen in moles in .Thien ataipamwisckce Ar c hi

di st r inhakteisdrah E s<tte solfsamdd e al site to |l ook into th

bet webkbmol es and environment al fuctuati ons.
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The Japanese Ar c hdiipveelrasgego masmnmad meant of auna, eac
mi gration and di sper saclonpilsét opydrédmiioe20a7 )t h&@he
Archi pel ago, along with climatic oscillations dur

role in shaping iThecueyehd bndedrséensding the evc

terrestrial animals in the Japapné@sstAi bt pehagaoa i
response to climate fuctuation during the Quaterr
cycles, and the repeated fornmmatfiownr orhail manids Iban dg €
Asian continent, as well as t hRarsrnmea | d nedd Jsauer greoru nld9

The expansion/contraction issupoepudénitéemdsbhbrziedagas
cause the popul ati oTthse troe pneeartgeed/ soecocmuér g seinecel of suc
popul ation dynamics ¢ sfeagurneed ¢aontor iglewmtoimhng t o t
genetic popul atksenfattocsuhase contributed to t he
boundaries observed in terrestrial species. For ¢
Archi pel ago into eastern and western sections, as
Japanese wood mice (Tsuchiya 1974) and greater Ja
2001). This dohamdarmamiagd t he separation between
species, the | es8leger dapmpaéesemmel eagt and the | arg
mol Mo ger a woigwrtahet wesagh these underground dwell e
the high biodiverstiheg bifottihe &Amd halpiet mmor, f act or s

evolution and dispersal remain understudied.

From PART 11 wto i PARBtliM,ate the phyl ogeogr aph)
usi ng dgedreeateind winamk @ildeerce st ofl PARDIwet f oous on
t hiesol ated papolpes at &b meae/lziortg é r a 7 mai nd mi 7/
i nhabits edbautetmedapar,)] icts are distributed in w
their cl oM.e woedhaytldowwesmatl iys e £y asite q2u8eln /e s o f
f mai zamf./ wo,gmrcd udi ng samprlelpiomptiul alkM okismaitz vmi i
wer e perTfhoer ngeodad v etablet bi Baokgraund of whreell iammtd how
popul ati onlse adivreg gtea ,t mA T |a sdoubcaetdi ogne.n o me
represearnaltyi soisse o )dlloBhast negqbemwmded he twasspecies
perf ot medipr e h enrsd evred dyge®e @ tsitcr uc tt thress eo fd mART e s .
| Va whgpdreome apptakeh to Idedkntfourtthheerdemographi c h

of the popul ations
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These studies coandeari bfudled st oo ft heev dolrwt i onary bi

ecol ogy, and condemhd@tw®recoseisente. rel evance of wi
natur al | aboratories for understanding the genet:i
Eart h.
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Sato JJ. 2017. A review of the processes of mamn
from molecul ar phyl ogeneti cs. I n (Motokawa M anc

Ani mals in -B@&.pan, pp. 49

StewlkeRhd CoAapCO8 Il ce Age refugia and Quaternary e

Quaternary evolutionary pal aeoecd®4 #8448 Quaternar

TsucHKKily9ar 4 Cyt ol ogi cal and Apodemrus cao @a/pousdmmse s o f
Jap@dahe Journal of the Mammal-®giciah Faoapareyeowi Ula

English summary).

Wat eirM 011 Competitive excl's'siephapbhyli?ngebgrapbam
Mol ecul ar Eced3y4y. 20: 4388
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PARTAMMWc Imut ati on r esypednsaiwblledn fvoar iaanRabf ublor way r &
norvegianus i nsi ght sWCiInktaes i mammal i an

Introducti on

Body pigmentation is an important factor for
function as conceal ment, as communication signal s
sunscreen, th€amoreg0bD&ti elobbard et al. 2010; Cut
Mal l arino, 2020). A number of genes are reported
pattern formation in mammals, but the central ger
determini nhes MESERRP, syst em, ar el trheec enpetloarn ogceonret i n
(MC1R and t e gaqpd utnig pAStMChRgrsaniest(s of a single
carryi ngp aamMi5Mo acid coding regionrcoulphleedgene enco
receptor | ocalized i n Whleenh enealgaoma-cayt, @ ram erihlbacea n e .
stimulati ng-MSdnbnionndddC(t R,he coupled adenyl cycl ase

|l eading to the production of cAMPhipatshecond messe

ulti mateltyhe epuddsgc thiroonwno fe ubnhealcakni n . By contrast,
of aamagamitst (or inverse agonist) ;yeAdloPw induces t
pheomel anin in the melanocyte. These alternati ons
growth result in a striped pattern known as the &
199, Mills and PatteftASdrP Z0G3)e.m Ttee hNMM@hR Yy conseryv
vertebrates (Bennett and LamoreuxMZOoBRaluseand amin
i nt/feirntraspecifc color polymorphisms in several m
mi deRobbins et al. 1993), domestic dogs (Newton e
2007a), domestic cats (Peterschmitt et al. 2009),
2001), jaguars and jaguarundis (Ei zi3r)i.k lent al . 2¢C

some caseBucheetndéeepol ymorphism is enough to cau
complete black (melanism) to white or bright yell

spectrum (e.g. Hoekstra et al. 02806 SuKambe 2613l .

However, the genetic changes underlying the vari s
popul at itopu dkei. g&m0d OMr ’Isuchi hashi et al. 2011; To
van der Geer 2019) remain to be investigated.

Here, we report a Raatsteu so fn)oar et/ wanesdr ath (Sado
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Il sl and, Japan, with a yeddcliwavs s <ctod emg vaamaindat &c¢
the phenotype due to its specifcity (e.g. Suzuki
mut ati on responsible for ths scphtenoalypri cwaaralasa .
using a spectrophotometer andRecompeaeg®wdusith those
genoengi ted | aboWuwast omwgcifeier 41 |y, we went through
t hat r epdoirmi ncioslhoirng MU t&aai nommasl €l inasresdi t h e

consequeniésMef caant mutation with regard to coat

mammal s .
Materials and Met hods

Study ani mal s

ARnorvegnduswidtuhala yel | owicsahp tcuoraetd coon oS a dnoa sl s
Japann Decemberf olr2,co02a0tl 5 ol oge meetaiscu Faetmielnyt s iasn.d
represent awiidlvle e ohhorreghceees speci mens stored in F
University (KT3884we HS5896d fKiadatsOuxgd memtl o.r The
knockoutMurs crrugcwh ah Modgefreedr at ed from C3H/ Held (Su
202Were al.soshdsced wer e homolzpy gballsetfioon abgh. 97del )
del etion (c. 9V c I1orpdal yeadi nbeframe that were both
frameshifts. Weuge, chhe sMd lrecfacd e nds mut ant s.

DNA amplifsaguenciand

DNA was extracted using a Ql Amp DNA Mini kit
and theVewbrotleng region was sequenced. PCR was per
Gold 360 Master Mix (Applied Biosystems, Foster C
and cycle conditiMonsmvssahwpises abp |l FZ2@eMmadawet al
sets of primers wertemnmiedatt o monp&li flyddtihvees Nof t he
sequeMeel(r5 25°-GCTCATACCACCTGGAGCT-8CAGamd(r85,0 4
5-AAGAGGGTGCTGGAGACGATGER)TGACE&r mi nal 'Mal(f+13alnd 5
5-ATCCCAGATGGCCTCGCE Tahaw s 1(r+ 1 02-5
CCCTTAGACAAATGGAGRSBTJCAGG-t ehmi £al half. Base number
pri mer names refer to the nucleotide positions r e
gene (Moutjoy et al. 1992). Samples were then sec

Cycl e Sequencibigo skyistt e nmisp)p | uiserdhegn eatni cABAn &811y80er ( Ap |
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Bi osystems). The sequences obtained were aligned
2018) and searched manually to fnd the mutation r
Nucl eotide sequence data obtained are a&wail abl e i

under the acceS89b@G2number LC

Coat medsour ement s

A spectropho?76mdt eKofCMa Minolta Japan, Tokyo

qguantitatively evaluate coat color. Coat <color wa
dorsal and ventral si demsm odfi aenaecthe rs pweicni dnoewn. uAsniyn gd ac
tta were beyond 1.5x the interquartile range were

furtamerl ysi-samgt este was performed to compare the

speci mens. The spectrophotometer evaluates col or
ClELab col or space, defned by the International C
1976, i-di menbaowlecarl space Wwi*rt hathreaedabés, which ar
transformations of R, G, and B valwues. An L* wvaluUu

[ 610]0), an a* value represents re@EN&G]s) oramd ea nn’e
value is measure of bl uenes6s0-+06r0 {yde IElLoavbn ecsod o(rb | u e
space, 2003-hohmapn/ ddbcé el albh0e3s0e2 2u0M0i3t.sp dafr)e sui t ed

kind of study because they can be related to vi sl
Resul ts

Mi cr o socbospeircv at i ons

Th&. norvadiegidual captured on Sado I sl and h:
dor sal side and white DHai f Aoywidl tdsatve,ntpiad men td eg r( &
observed throughout the whole hair,Bexcemptr dotr, th
pi gment granules were observed only in the basal
none seemed to be present in the other half. The

wiitdwe noryvegheuvutsi p of wwihiitchl dghlt nondémr aaan opti ce

( Fi2dAB. I n t heed igteendb nm? ERRGH Fha@ir tips were transpar
the transparency was not as apparent in the hair
2B. Ventr al hairs appeared to | ack pigmentation.
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Genseequenci ng

i n

(a

We sequenced t he pbrp#/d iccotdeidn gwhroelgei 09n5 40f t he Sa
di vi dual awdhcampafedente rat sequence downl oac

ccession number ThARZ0OGBDMdzYgous nucl eotide var.i

two synonymous nucleotide substitutionsbp(c. C792T

de
t h

pr

Co

po
mu
20
de

ma

me

l etion at s,i t) B.3Tr ancs. 13a3t7ideen of t he mutated seq
e deletion caused a frameshift starting from tfF
oduced a premature stop codon at site 140 (11 el

at col or measur ements

L* scores for both the dorMcalmubadt veat e al Si o

igher than-ttyllResenoofy &icdvk* scores for the dorsa
ides of the rat with the homozygous -ackiltedd on wer
i cemohzoygo W tdefrci ent all eles (Suzuki et al. 2020
ignifcantly hi®ghBFg(P < 1.0 x 10

i scussion

enotypic change-odfuuen cttoi oan shtovieartei ol no sisn

Thebp del eti oho(nod3Bdildyem¥e during seguence an:
petwoednduce a frameshift starting at codon 113,
d odeddred extrackeHilaalvwaouldd mantnhroduce a prematur
sition 140, potenti alldsyf wuecswuil o n ngr iSmuntellsamgnaf ic@
tations have been observeHveéentsestadaeramammh@a0d anNe
0®a;r eBioar r 6n et al -Mazs0ad5; 2600g5g)keti ngbpg hat this 1
| et Mo dmaiyn be r efsprontsheblyeel | owi sl r aSmado closl loarn do.f t

The deletion obswasveldodant eéechivei tshtiundyt he gene r
tracel |l vallargndonngaiwi,t h patter ndCIoR o tdeed eitri omt hmaurt a
mmaN est.abl y;offsuimnxctlioers mut at i onssictawasteedd bwi tihnidne |l s
gitohnast exadecel | ul a8) | dooamati mas t(,Frhwgt.ladt iopftntsh 5(
sult in amino acid substitutions iamdcelolntri but e
mbr-apanning and i nt(rPaecteerisuleatr adloma2Onis6é) , wi th o

bsti(tputdyosnaS Riceg)i ng an extracel | uN-taer miemgalon t hat
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extracel | uWharl ed etahsed n .dfiosrt rtihbsustuindkinto wins, hypot hesi ze
that key amino MCiImsnetsisemtisalchioas those deter mi
structure and G protein interactions, are conser\yv
i ntracel | ulPert edssmeifrhaat . s@90¢6é63ts that amino acid
extracellular regi g Rmnght onar &byla3b mpuat castii xo nosf t +

l inked to | ighter hair col o rniegyibddg@&he hregaaom or
for the predomi-dahe¢ioh monsatiioos in extracell ul e
However, certain structural features of these reg

i MC1IRre often associated with spbpi Hopsegaenoass:
and inverted repeatguentasemn/dapR a ciadirndsed t o

mel anism (Eizirik et al. 2003: Hosoda et al. 200°¢

Whil e both theg®ademer 6 e paomsideskee f ci ent
mut at i odnesg r eeecheof coatbeltinehetrtn etshsemdir f ees d)peci es (Fi
Losossf uncti on mUCARIteynpsi cianli lay eas svdo ¢celu mee | haanlitn i n
produateisaid,t i ng i np hae osnheil fatn i tno Mgarwadd/e@1,& e hci ent
mut atgromdsuce a range of( Fc®gat fa olmoera eMiayrtiea toisesn s
di femammal i anespacweshias asesereciirersdogs ( Newton et

SchmutBeander eParklRO07dd .or chestnobseoaedcohospleas

suchhoasses ( MarlkOl9wnd Retedeaelr. et al . 2001; Ander sson
2003), and dogs (lrish SettemstalNe€@dHARIi ot al . 200C
commonl|l yrkedatdato, with multiple possi(kkl @.mdtoatri on
potential sites for amino aci@oswdmEedahwhtyiten; Wongdg

and faintly phecoomaetl acnoilco rfso theasvnd) allbkeehrd o e Vver s and

Gol den RétScihenuérzs and Berryere, 2007b), coyotes (I
Ant arctealcs f UPetsers et al . 2016), bl ack bears (Rit
SiberianDHuéfgi @k .s(u2g0gle8s)t,i ng a regul atory mechanis
pheomel anini phabdsen¥/&hf@fireéeg al . 201Mc)Lr Notabl vy,

defcient rmit@é nstsiolmle e ume(l laanmor d inx teteial .haz@x01l; Su

2020) . fmdesags ilnomluy sti WLl RARSd B tsayay pl aiyna rol e

suppoegmel anin pnodcammals
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Pi gment production and bodydecfoclioerntp amtuttearnnt sf or mat i

From our presentMUlnfAsrBtandieng 8lid its role i
formation -0f kan pEdbdbmReMhci ent neuxtpaenttissefdaa &y
pheomel anic. However, micrcolsied pmii esnitdb\weadt vtssht atons of
body habntpdhiedomel ani c regi onsporbtuitom,nlwi tim hihgh lbya
depigmentwaddchi pswht hashss expectation. | n- contr ast
edited mice displayed eumel anic sdbh&@minda&ld regi ons
pattern in individual hairs iisdeMagfrail dl,Imi c@er onour
whi ch hatviep pdaadrrks ( Bennett amdelsemdmauixngasd0Gl)ggest
pigment swihahirngyichethse regul atCddA IyP nsoyrset etnh.an |

Bennett and Lamoreux (200@)Mlro-efhantedonbhat mic
mut at WMe #FlsVic(Hrarmos tyley baw di splay slightly darker p
hair tips, suggesting thaWMchhmlyarsddytdaemeloadalcreng f L
Conkl i n and Bouwrpmoe B I3t d act as a competitive
binding otebept bhanHMWCARE-BMAI ek et parlovi(dedd 1)
conficting evidence, obldccAnMMd Pmi cteh adto meol ta naol ctyetre sc A
produtevehs i n reGerotsaignntad i AYlahr et e dMPat e
produamtoitem,t i ally thromglhanmoaytceas alc$dloal lomeuter et
Ensh&dilj fers et al. 2010) A&dintdio a@neeld g eoadsuicntgi o2n0 1 1
is retproepgi 0 mel-denfocciceentMB(Hdedé ci ensugmieséj ng that
eumel anin synthesis may bemslupmpopgdtetdiveesiadrnt er nat i
i ndependent (nsdcohrd misskmns et al . 2005) .

Asgpreviousl ytmenMESRBdAdsystem noanylngnwoh a rbiesm h e

responsi ble for the generation of pigment patterr
which displayed a weaKheocwoiné r i laddoi rnsga Ip aatntde rvnent r
coat wadsloesmsibgb with corresponding sidmwi f<cant dif
1.0 % data mMmowvhi $erowhepeentcapAShpdltaeyrs ian cruci al r

in shaping the coUNadeahadingl pa20e8n Hubbard et
fully explain the di #tiBlMctPr bbdy a.plrenti beedcem usseee n i n
doubl e nul |l Mmidarnadsifoenssulitn i n simil arMakhratl lcol or pa
indiviBualbki efThel gf 2000@08)e ( s) yar aevbd &tedr mminni ng
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the body c&loorg apwtesske rchg RdOnM2t)r d tuetdu ctohsat( Rodent i a,

Ct enomyeixdpardéy3’skn a gradient from their dorsal to \
we hypothesize that i nWCuUlReh earbes emay d & ugirca dioenmtl

expression iemcotdhenrg e matshlaitn g mglud@aarenPr oducti on.
Thissiggests that the countershading pattern | ikel\
MC1RSI P mgpetei Acabhyg therteéembreatmdc@eor eés al .

2014) .i dTehai sal i gns with the widespread occurrence

taxallawdi ngemoebrates (Rowland, 2009).
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FigumMdelyell owi sRaNbuwag)drmredbmd @ viss | alntds, elyaepsa nar e
bl ack, and its coat color is whnodtl pvnyadaslhldoewiesth r @t
(C). The dorsum (D, E), andditthedMméndrewry c(UH,usG) of
bp del eti-op:d®&lLefio2: E, G).
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Figuime p3.

a stereo

of

mi ¢

B

hairs of the yell owi sh-erdatt e(dA,miR)e,

Wi

i ndi c e

col c

(bpdel eti ofb:p HelRtizodn: G, H). The tipbndee
roscope, the tips are |ighter in
hair does not transmtcbntirghtsofwithe

the wil d

rat

the transparent tips of the vyelleadwiteh g tc e( B)F,

although

t he

hair. Scal e

transparéeheymbsskebsaiobvibas

bar s, 0.5 mm.
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@ Frameshifts

A: Red, pigs (c.67_68insCC, Kijas et al., 2001)

B: Red hair, humans (c.86 87insA,c.537 538insC, Beaumontetal., 2008)

C: Red, cattle (c.310del, Klungland et al., 1995; Joerg et al., 1996; Rouzaud et al., 2000)
D*: Yellowish, rat (c.337del, this study)

E: Yellow, mice (¢.549del, Robbins et al., 1993)

F: White, Alaskan and Siberian huskies (c.816_817del, Dirig et al., 2018)

. Amino acid substitutions

G: Yellow, sable (p.Cys35Phe, Ishida et al., 2013)

H: Light, beach mice (p.Arg65Cys, Hoekstra et al., 2005)

I: Light, mammoth and sheep (p.Argb7Cys, Rompler et al., 2006, Fontanesiet al., 2010)
J: Chestnut, domestic horses (p.Ser83Phe, Marklund et al., 1996)

K: Red hair, humans (p.Asp84Glu, p.Argl51Cys, p.Argl60Trp, p.Asp294His, Kennedy et
al., 2001; Smith et al., 1998), amber cats (p.Asp84Asn, Peterschmitt et al., 2009)

L: Red, pigs (p.Ala243Thr, Andersson, 2003)

M: Cream, Antarctic fur seals (p.Ser291Phe, Peters et al., 2016)

N: Cream/white, Kermode bears (p.Tyr298Cys, Ritland et al., 2001)

O: White, Arabian camels (p.Arg301Cys, Almathen et al.,, 2018)

. Truncation by a premature stop codon

FiguSeh&matic il

respo

studi

P: Red, goats (p.GIn225ter, Fontanesi et al., 2009)
Q: Red/yellow and cream, domestic dogs and coyotes (p.Arg306ter, Newton et al.,
2000; Everts et al., 2000; Schmutz and Berryere, 2007ab; Brockerville et al., 2013)

ustration of MC1R and t he

nsible for lighter col orati

e s .
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FiguBex4plots of L*, a*, and b* scores for the d

sides yef | tohefitrsdim (Swidiot e) and-etiveedemdmeaw(dday)
type mouse anypebhbbkeskh|l dhe dgdgdranmnibiea,w 1

del eted AdtMMGCE/&ECHTRATT sites 95G am@C/9®&Q. ( MM, T
Botdor sal and ventral L* scores of the yell owish
than those weefdittheed gmincoenteg pe t awtgwi Rth e-edienede

mi ce also had signifcantly hitgyhpe dontercdlr e(sMM o mp e
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PARITEvol ut i onoafr yt dtigicspt wirayt i bassef §ahpdoagesreamol e (

i mai yumhfemommadchondri @dgeagt eehuemees

ntroduction

The climatic changesi dalru dhign g¢ hyed aQulag Cear nidaér |y
cychase shown to have Jhagpd ne slea rnppanmarhmsag ctasoms hown i
the | arge Japamepvadewrsd {poeiezsueks vt al . 2015), and
speci es Mofgegeawasa et al . 2006; Kirihar anet al. 20
i mportanti ap®ektatpamia menailss t hat di stributions of sp
of closely related species expand and contract r ¢

northern and s odt Wedeemi pxlt a @aneisn a manner consi ste

climate changes. This trend has beesnt urdeypoornt ed i n
Asmnlal ack bears in Japan (Wu et al. 2015). I n smal
northern (or eastern) speci ewi tchainn htatve rfamgeme nd fe c
southern (or western) species (Kirihara et al. 2C
norther nMysogpckecsi easmder aohmhr agment ed populwittihoinn i n t h
t he r angseosutohfe rtniVfes pserd/iHesida et al . 2019). This fra
popul ation i s tt hreeugehatt etdo erxepfaencsti on and contractio

species, highlighting the impact of the Quaternar

The temperate zoArec hifpedlhaegad a(piakels,e, Hamgsihu, Sh
Kyushu islands) cont ai-maesl e ewvppeaail e ano(l fea minldy sTalemw d
which are endemic, following repeated ancient mig

the Tsushima Strait (Shinoharaoef0a&alF). 208BbgeKmol b

species oWMopgbheaagee naussubterranean | ifestyle, which
both plains and mountains; they feedesma(iAbeg on eas
1968; Yakwobatand evolved under the infuence of Qu
changes (Il wasa et al . Nak6@;moKior iehtarad .et20&I1.) .20Th3

mol Mogera i maiolbabits eastern Jampealni  thwe stheerrm Hon
Honshu and S®i, kakua; tRieg!l ar e Wa)g ainnghsaeb intosl ewe(st er n
Jap@snout hern Honshu, Shikoku, Kytuh&ka, i shédnadtsher i
Shodoshima | sland, Yakushima |Island, Tanegashi ma

addoinM. toksdeedemic t o Madearf slgenadredni cantdo t he Echi
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(Abe et al. 20089 MOpeaaehivegralralb. f200d on the Asi e
(Korean Peninsula, northeastern China, and Russi a
continental popul ations are e wmieMd.s mewsb wsoinasi der ed
(Zeml emer ova Motg eawdag u B8 D®)ner al IMy |/ aragard m/ian
commonly #®xclmwmaeBvmiuogh competition under soft and
(Abe 1974, 2001, 2010; Moribe and YokoMata 2011).
f mai zumhijii ch has trai-adaphat, amevedkapgtbotddring
of the QuaterMarwogowddiec,h ehrads a | arger body si ze

domi nan¥. oivma,;, zmaeoan €d north during interglacial pe
environmental fuctuation (Kirihara ®enahsukal3l).
popul aM.i oinreg h argerlipijocptul ati ons on Mt. Hs$hiazuahiChugok
anfdsuriumgi Shi koku, ShodosPRlianan lisd aTodk ait,h ea nNdo btihe St
Mount aiKn (kK wwbahsi h i 1982; Abe et al. 2008; Ohdachi «
popul atM. omn matva & mileyc echitscovered on Dogo I sland (Ts
among the OKki Il sl a%ds Tihmke Ghvwegdkw | (aRietfd. rel i ct pop
i mai ziunmiwestern Japan, including tM.e utoygouv roat shor e
provide opportunities for investigating the factoc
the relict popul ations.

Phyl ogeographMc vmwmabatinomolyams abeen investigat

with sequences odet({@pwr) k£iyn omihtrmanteondr ;i aTs DANMAI Y ant DN
et al. 2000; | wasa et alMog2lmé&/ zhidvask /a rhatece ealti sadli.n cz
phyl ogroupsogeaeptaoh dtivhneg ad mi ni st r &f v ¢ Twriotkss)gf J
Mi Al (Kan#oww, lanMdHok Ki nkMio gaervda Wagut bBree phyl ogr o
i n the Aracphainpeeskeagwel | as oMeolpvhyliongrtohuep n(fei ghborir
continent al area (Korean PleWi nkWul amahdredRiiiscsti an Fa
popul atni dknysot o, Nara, and MYaskbyamawPRreheshaowesubs!H
genetic diferMmit i ah/daoin (fKiomi hara et al. 2013; Nak
Okamoto (1999) exantiynteodc hnmiotnoec hco nodxriida@@@¥ subunit 1
sequenrcelW.¢ wma/ zpuorppuwl ati ons of Mt. Hiba on western
| shizudburia@fli koku, and an of shor @helstc®tNdA ( Shodos
haplofgpmedi stinct clusteM semacthumiléfspomabt  heug!

sequences were deposi tasde.i nRetcheen tnluyc,| eTostuindoei deatt aabl
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di scovered & framgmepmbEdti on oan®odemoessandted tha

l'i ne&gma V) was ditshtehmett &kmomn | inages. @€yekbkious s
sequences didlrledpiocgwxlaanti inens ( Tsuchiya et al. 2000
Nakamoto et al. 202), and t hreelpibcptbbgéognapwasahot

di scussed in Okamoto (1999). Thus, the phyl ogenet
[ mai zruempipcptul ati ons remain poorly understood, and

generahdopersi esenteagmenhed popul ations have not

In this stud#g, wemaszZamli asdcoll ected from Shod
Mt s . Hi ba, Tsuragdetanci h@&thistepedmces to analyze t
phyl ogenetic relationships and historical dynami c
anal yses of these sequences together with those r
2023) to elucidate t heatevdolruetliiocnt aWpyo phunlasadttmiaeyn so fo fi s
western Japan. We further invest gaimewmaisiow t he ev
infuenced by | ate Quaternary environmental change
rel atedMspreagwndai ch has been possibly competitive

two species distributions.
Materials and Methods

Mat eri al s

We collected M gspeadicmenn 2 00f ocal ities, with a spe
i solated popul ations in western Honshu (Mt. Hiba,
and TsurF)gi. Thirteen speci mensMwewaeag ouGeanloynicol | ect
DNA was extracted with a Ql Amp DNA Mini Kit (Qiadg
samples (liver, musc9 @%5etrh dromnleNws aplraedstieiagdvee ds eignu e n ¢
data newly obtained in this study are availabl e i
under the acck€svohZFudumb8rns LC807168, and LC8338E

Det ermi nation of mitochondrial Cytb sequences

Mit ochoGyise qlient 48 vegine determined with polym
reation (PCR) and Sanger seqguencing. PCR was perf
L142d4nd15915 (Kocher et al. 1 anBedt)e. r ST hfeo rt htehremoReG/ R |v
94 for 2 min;°C30 osy &®&sorataddds B6Or 2 mi n; foll owed
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72 for 7 min. ThepylP)CRc o xitpgliDeNfA dsf20lup L oBx 10
bufeplL2@M dNTPglL O6f 6each primeer (comeeéemwmini atidon:
water, pabndKOD. &4X Neo polymerase (Toyobo, Osaka, J:

Sequencing was performed with a BigDye Ter min
(Applied Biosystems, Waltham, MA, USA) and the se
The | abeled PCR pr oducrtAsBIwelr3e0 saeuqtuoemmacteedd wsietghu ean c e
Bi osystems). The sequenXesl0OwerEeEKamagnetd aln. MEGAS)

Phyl ogenetic anal yses

I ncludingdeher miemouge nces (n = 56)omandhet hose ol
GenBank, ENA, and DDBJ nucl eot i ¢ tsdeagtuaebnacseess, we U
(1140 Mp)/ madanmtMm/i wo,gurreaspecti vel y, in our phyl oge
Sequendestofamdlacewéenpge obtained from the databases

outgourps for phylogenetic inference.

A maximum | ikelihood (ML) phylogenetic tree v
with the substituti on mofdtetlisndgl NlOd3d etl Gwats Hd e tTehremibre
Akaiske nformation criterion imnalMEGIAat 6B ou sitm@p5 GET «
replicates. Divergence time estPiRdiokaenats e@teralor
2014 We used an evolutionary rate of 0.03 substit
G + | substitution motel shasedsodetaresnkedr in the

(Kirihara et al. 2013; Nakamoto et al. 2021).

Based on the results of ML phylogenetic tree,
forrehedW a(Yhapl ogrdbp aligned fasta fle was conyv
using DeaSPon(R@©b.zlaxk. (e)aald. thelhapl otype network w
by PRPBandelt ¢t al. 1999

Mat er nal demographic inference of each hapl og
Skyl inuesiPigotBEAST oBodick.aser(t )BEASIT. wa®l4un with HI
substitutainodn wmotdhe Ime an 1 & INoackka mmoattoe eafcdlai n202h)ygt h
50, 00@an@0@re burnin of 10 %.

Resul ts

Sample col Cegpstkeiquenared determinati on Mere cond.!
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i mai ziunmitihe Chugoku and Shikoku regions to analyz
and historical pghyywlaongerset iThet rMbe constructed from
geographically isMI| at maifawmieksaerandapan (Dogo | sl
Hi ba, Shodoshi mal slhsilzaunddh, u raengdd )Mt st.oget her wi th tho
from the databases, i ndi cat emttMi A-Vr, mafgar Alimonop hyl
hapl otypes from Chugoku and shi konktM/ Av&r et hategr at
was previously assigned to the |l ineageThef Dogo | s
remaining three |ineggegraphpireseagednspeasfceport
(Kirihara et al. 2013 5BNakkaort ¥ et adke. e282bjtEdgt
di stinct subl i n8hagkeoshil// Stvao)d,0 sMti mtaH iAb¥, (an-d Ok
DogmtM/ i VE Fi5g3. The ML treemtp/f @ded itnfeage (Kanto) in
basal position. Themttiamern gohbokKipfkit d vd sveo fe

not clearly resolved, which suggests that they di
ti meM. | mo,g utdhae e r g entuesl | | ( Kynussth/wwd V (continental)
was f ol |l owendVubsy( Tohkaat K iogfk dammti¥wel 1| ( Chugoku and Shi k-
( Fi5d..

The BEAST analyses producepgihwnl dgémreteing t opol c
relationships from that estimated by the ML analy
di vergemtehlofat appr7omiilmaited yyears ago (mya, 95%
post @rinei ty §6DP.CPIO, tOmaw/ Ao f meV/ aVanahtM/ a | | 586t O .
mya (95%4HP®F , OandmtMi atv/v snftM/ # | | S5d&my a0 .( 95 % HPD,
043068 Fo) gmiMv ah V, sublineage divergencd8ti mes wer €
mya (95% BBROR26) Oa.nld 0. 2 mya3Q97R%f BHPDt he. garly dive
ofmtM/ Ava ( Dlogloand) amM/ A Wat ( 8hodoshi naslasmmd)Shi koku
mtMi A Vb ( Kyomtd)mahii Peninsul an}fM/ 1Al Inlea gleisn & a @ en
(Hokuri ku) was estimated to 2héaya ©e5wWrlkBleOD, a®d. appr
03 3% .

The major phMl ogaweurpes eosft ® maaee ®dOilwyear ged 0.
(95% HPB]L .90diver gi miywslo | Mmmal V a nwemt mwel IT.h e
hapl ot Wpeswogtvom Shodppeamat o have been niknt egratec
and TmotkMasl phyl ogroumtMwaitiher t han
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A haplotype e whwo riks fsohrorwmt iins Fsihgown t hat i ndi
from Shi kokuat edntivbee swlhphhos pdeos remestpond to the tw

mai n mount a(iMt ss.y sltsehmisz uc hi and Tsurugi) .

The resuessanfSBpyine Pl&WhiaWe/ maioawvnmiin Fi g.
showed a sign of expanstihbha expaWs vogivefat ke | at e L

after the termination of LGP.
Di scussi on

I nterspeci fc phylogeneti cAhd/lsitmpealyapd mol es of t he

Prevsboudgies of mol e NMAodaguemceassiindgge mtiDf ed t h
phyl og moW pisil () , i ncl Peéinmgstubha IRiopul at2000; ( Tsuchi y
Kirihara et al. 2013; Nakamoto etMali m&I02dmi.7 1 n t
haplotypes from Chugoku and Shi konktM/ A&/ é/ofhhe mber s
f mai Zzturmoimi Dogo i n the OKki Il slands, where this spe
(Tsunoi et 2BIl.. B0 ZKo;mpkiag.t ati ons & &Kdi Kehonhshaa
the third m&j eirl Ic)l,adwehi(ch i s represented by haplo

Phyl ogenetic analyses showed that among Chugc
mtM/i iV diverged from the normtMweswabdh) Honshu 1 i ne
approxi danyed y(6f0i.gThi s fndi ng suggSehsitkso ktuh alti ntehaeg eCh

has persisted in westePheillapanems early as the mi

Phyl ogenetic relationships among distinct por
t hree subl i nlesalgearst¥s A1(Ma, OMti.mtMi ha/b() , and Shodoshin
and ShMkdlkhi@EZudbur mgd sh Vc, 5BFi.g These sublineages ¢
estimated t o0 .hd882%2 mndyi&heer gaendci ent di Merigmaceumi/ i so
popul ations in western Japan wipthlearkaso fHhaei abt

maxi mum (LGM) but gs-me mel tgvwiaact eatl h erRR@EM)mummvhi ch has

not been discussed in previous studiesroouns cl i mat:
small mammals in Japan (Oshida et al. 2009; Suzuk
et al. 2019). Our riemiullarsi tcy ematlwe d mdh amlt et yap ess  f

and Shikoku, whicH GMIgld vtrg etnfcei.r I mostummary, our
the obsBNRAkidventsi tMy/ manoapgprpi il at i ons i n western Jap
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i nfuenced by a series of expanisn orne sapnodn sceo nttor agclta cc
and interglacial pedyieads cygudiengft Qe al@0 n@0YF envi

changes.

Th&€yrskequences beicweoe BADatloxffog nd Kumakogen
cho @GAJ gcaldiny Shi koku di fered (biyg.a Tshiinsg | seu ghguecsl teso t
that the genetic diferentiation may not be signif
l ocalities, Welsipb#fe pmehawwmsi wo i sol ated habitats
|l shizudburagd i n Shi koku I(nChtdedaszh,ih agtl odly.pe2 h@®g3 )w.or |
(Fi7g. showsherheati s an alternati va epgeemweltatci osnts uacft ur
Tokushi ma PFe&Becltioessl,iftord )t heThesphyl obgeeagtalkso
showed thatdivhdsal s are more closd&ectemtt he ones f
di stribution s uM.v eynsaissuwgmoeusntd tihnatt he mountains be
| shizudbBuragd (TamBiaslka »020ahes e | fogdtcs,l border <ce
exi dthedhi «aokepaMatiemaihmumiwbowehhes, border does not
correspond to the geogrsd hlei ¢ avlo hnbuthlsseari énffs@at e separ a
presumahltlhtt hhshi zuchiiaweopadd sitwasgMt . Tsurugi

| mpact of Quaternary climate changes and | nterspe

Our results are consivsiteawn tt hvaitt hi ntthelt aecstti aobnl ibsek
i mai zamf./ woigwraenced thMogeraol mayohmnve adapted
to cold environments and expainddse d Kiitrsi htaefrar ietto rayl .c
Nakamoto et al M. 2Wwohyrtatvbagbbasto have experiencec
demographic expansion during periods of abrupt was
(202%)ported expansiLdcaM aingP@MMsitof epgbacdyatlb peri od:
sequenceMdawapfi/om west.erTnhulsapaint i s reasonable to
bot h symeddresent changes in their territory and ec

100,p96€8r Quaternary glacial cycle (Kirihara et al

Our BEAST phyl ogenetic anal ysMds mwhgooweal t hat v

di verged (shiear (6)yi bl mV | i neage was present in
for a®. b amitl;l itome Wefadg mamaymhave played a role in
three main | indagesgibteriingtdviessnt eTme Jmg@amani s ms

underlying the creation and maint enmtWwel lof the di
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anatMwel 1 | NAt Di ne&gewoigwr @h ugtolkee,staetr nmost tip of

Hons hu, have not bemtimdIVudii chetaggee tmm yd chtaev.e exi st e
boundary midwevé emtMavol | | ( e5 g.l,ocRilg.ty BANn be inferr
that the protwWikiavt ilommecafge had intermittently inter
expansions anmctVgeinle @iddwva | df diuhmei gl e Quaternary

period, which would have |l ed to mitveelclurarnednt phyl c
mtMwel IUi.k,Kliyi hara et al. (2013) have specul ated t
[ mai zmany/ ihave contributed to mtWeoslg.e nfet iacl sdoi sctoinnscitc
the presemttliemdf pltdipeons (e. g-43)l douaali ngi g$ a8d89 al per
potential factor mitMwet hamMmeai 1 e g®Ptrievn oaufs st udi es ha
specul ated that the (EKiersiemarea odt aal i n2@&Gh3) saemad a
ecol ogical preferenceNabhammaonea02s) amayphaveasf ¢r
boundary niweve emtMdwel | , and these multiple factors

(@]

ompl exl y.

The Bayesian Skylbontéh Pl maastWmivo §y hma &
popul asttiaoneexd adtnodom t he eamdd afhrlo@Ryh the Hol ocene.

s indi dAt gdnatéttaatmi 6d it s e x pMnswoodnirmeaarr d da £an tdfan

—

his trendbus uUubkoowhd be rel aW.é dirat agiusnircéo lhdy pot hes
adaptegdit henghance to expanAsSB&EWPriirsg ntohe caplad | leGR.f
estimating the ef eart ibvaec kp®ipradi | treiergaoinr esg za& scdrtain a
sample sizes, this dalsodnesnvsi molne®tpcepudlcaTednang of uct ua
estimate the overall deomnlyir aipmy otf hemenmet s, esy

i's required.

Concl! usi ons

This st ufdrysti st ot hper ovi de t We dJdenagwiiden/ sat ruct ur e

emphaogisol ated popul ations in western Japan. Our
mt DNA s equemne lgisochftari @mew e i nt egrated into M fourth
[ mai zimmthlii ih V) . Di ver gatVc eghsV wietrhei nesti mated at 200, (

ago, which suggestAr cthh apte | iangad,phtée adl adpaaiinpedseer we n t
genetic exchange between sites during glaciation

origin of these westerhndJaypdanress ea g oi.n eCugre sr edsautletss t

4 3



that theyeladr0O,Quwadt ernary gl aci al cycle caused mol e
expand repeatedly. The factor #./tma/tzaadft/er mi ne t he
woguurmrae only partly uncovered, but we specul ate t
competiti vecureixrcd utshenl ong peri dbd o fmatmaey mpuateer nar
been inwoltvhed generation of M. hewotighorreasee smheeirm |Jiameang
Mol e speci es Arnc htihpee | Jaagpoaveaepspeeean latyoe ahtaear i ety of

factors, including Quaternary environnent al chang
compet i tainadn regional habitéottdi béeosicyanldnadbodomwmdel «:
l i kely responsi bl e for wétddpteicn ¢ samgdke nmaddi rct aii rvierrg it

i mai zammf./ woigw r ah e Aracphainpeesiea g o .
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Figure 5. (A) Map of the Japanese Archipelago indicating sampling sites for Mogera
imaizumii and M. wogura used in this study. (B) Maximum Likelihood (ML) tree for M.
imaizumii, M. wogura, M. tokudae, and M. etigobased on Cytb sequences. Evolutionary
history was inferred with Tamura-Nei model (Tamura and Nei 1993). Bootstrap scores for

500 replicates are shown in percentages at nodes. (C) Administrative units of Japan.
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Appendiix Moglsraamp| eGymmmduences used in thi
Species Locality No. Location Specimen code Cytb haplogroup
Mogera imaizumii 1 Aomori Hachinohe KT2793/HS499; AB037611* Mim-la
Mogera imaizumii 2 Akita Akita MH14257/HS5786; LC554619**** Mim-la
Mogera imaizumii 3 Akita Yuzawa MH14258/HS5787; LC554620**** Mim-la
Mogera imaizumii 3 Akita Yuzawa MH14259/HS5788; LC554621**** Mim-la
Mogera imaizumii 3 Akita Yuzawa MH14263/HS5792; LC554622**** Mim-la
Mogera imaizumii 4 Iwate Morioka HEG319; AB245936** Mim-la
Mogera imaizumii 4 Iwate Morioka HEG320; AB245958** Mim-la
Mogera imaizumii 4 lwate Morioka HEG321; AB245937** Mim-la
Mogera imaizumii 4 lwate Morioka HEG322; AB245938** Mim-la
Mogera imaizumii 4 lwate Morioka HEG323; AB245939** Mim-la
Mogera imaizumii 4 lwate Morioka HEG350; AB245940** Mim-la
Mogera imaizumii 5 lwate Himekami HS5986 Mim-la
Mogera imaizumii 5 lwate Himekami HS5988 Mim-lla
Mogera imaizumii 6 lwate Miyako HS1777; AB245960** Mim-la
Mogera imaizumii 7 lwate Tono HEG346; AB245952** Mim-lla
Mogera imaizumii 7 lwate Tono HS2315; AB245961** Mim-la
Mogera imaizumii 8 lwate Otsuchi HEG170; AB245941** Mim-la
Mogera imaizumii 8 lwate Otsuchi HEG172/HS1498; AB245942** Mim-lla
Mogera imaizumii 8 Iwate Otsuchi HEG352; AB245943** Mim-la
Mogera imaizumii 8 Iwate Otsuchi HEG353; AB245944** Mim-la
Mogera imaizumii 8 Iwate Otsuchi HEG354; AB245945** Mim-la
Mogera imaizumii 8 Iwate Otsuchi HEG197; AB245948** Mim-la
Mogera imaizumii 8 Iwate Otsuchi HEG200; AB245949** Mim-la
Mogera imaizumii 8 Iwate Otsuchi HEG180/HS1514; AB245946** Mim-la
Mogera imaizumii 8 Iwate Otsuchi HEG344; AB245947** Mim-la
Mogera imaizumii 8 Iwate Otsuchi HEG347; AB245951** Mim-la
Mogera imaizumii 8 Iwate Otsuchi HEG325; AB245962** Mim-la
Mogera imaizumii 8 Iwate Otsuchi HEG326; AB245955** Mim-la
Mogera imaizumii 8 Iwate Otsuchi HEG327; AB245954** Mim-la
Mogera imaizumii 8 Iwate Otsuchi HEG348; AB245950** Mim-la
Mogera imaizumii 8 Iwate Otsuchi HS1508** Mim-I
Mogera imaizumii 9 Iwate Kamaishi HEG181/HS1515; AB245956** Mim-la
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Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

49

49

49

49

49

49

89

89

90

90

91

91

92

92

93

93

94

95

96

96

97

98

98

99

100

100

100

100

101

101

102

102

102

103

104

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Shimane

Hiroshima

Hiroshima

Hiroshima

Hiroshima

Hiroshima

Hiroshima

Hiroshima

Hiroshima

Hiroshima

Hiroshima

Hiroshima

Hiroshima

Hiroshima

Hiroshima

Hiroshima

Dogo, Oki Is.

Dogo, Oki Is.

Dogo, Oki Is.

Dogo, Oki Is.

Dogo, Oki Is.

Dogo, Oki Is.

Matsukawa

Matsukawa

Ninomiya

Ninomiya

Nagaya

Nagaya

Kanagi

Kanagi

Kochi

Kochi

Sufu

Uchida

Masuda:Umetsuki

Masuda:Umetsuki

Hiwa

Kimita

Kimita

Mirasaka

Kisa

Kisa

Kisa

Kisa

Uzuto

Uzuto

Fuchu

Fuchu

Fuchu

Fukuyama

Mihara
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HA56101/HS4433; AB638504***

MH14485

MH14486

MH14487

MH14488

MH14499

MH13052/HS5153; LC554691****

MH13053/HS5154; LC554692****

MH13054/HS5155; LC554693****

MH13055/HS5156; LC554694****

MH13407/HS5342; LC554695****

MH13408/HS5343; LC554696****

MH13605/HS5362; LC554697****

MH13606/HS5363; LC554698****

MH13603/HS5360; LC554699****

MH13604/HS5361; LC554700****

MH14024/HS5597; LC554701****

MH13691/HS5423; LC554702****

MH13689/HS5421; LC554703****

MH13690/HS5422; LC554704****

HA55944/HS4430; AB638506***

MH14017/HS5479; LC554705****

MH14018/HS5480; LC554706****

MH14023/HS5485; LC554707****

MH14019/HS5481; LC554708****

MH14020/HS5482; LC554709****

MH14021/HS5483; LC554710****

MH14022/HS5484; LC554711****

MH14043/HS5604; LC554712****

MH14044/HS5605; LC554713****

MH13042/HS5143; LC554714****

MH13043/HS5144; LC554715%***

MH13044/HS5145; LC554716****

HS5425; LC554717****

HS5323; LC554718****

Mwo-I1b

Mwo-I1b

Mwo-I1b

Mwo-I1b

Mwo-I1b

Mwo-I1b

Mwo-lla

Mwo-lla

Mwo-I1b

Mwo-I1b

Mwo-1la

Mwo-1la

Mwo-1la

Mwo-I1b

Mwo-lla

Mwo-lla

Mwo-Illa

Mwo-I11b

Mwo-I11b

Mwo-lIlle

Mwo-1la

Mwo-1la

Mwo-1la

Mwo-1la

Mwo-1la

Mwo-1la

Mwo-1la

Mwo-lla

Mwo-lla

Mwo-lla

Mwo-lla

Mwo-1la

Mwo-1la

Mwo-1la

Mwo-I11b



Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

104

105

105

106

107

108

109

109

110

111

111

112

112

113

114

114

115

115

116

116

117

118

118

119

119

119

119

119

120

120

120

120

121

51

51

Hiroshima

Hiroshima

Hiroshima

Hiroshima

Hiroshima

Hiroshima

Hiroshima

Hiroshima

Hiroshima

Hiroshima

Hiroshima

Hiroshima

Hiroshima

Hiroshima

Hiroshima

Hiroshima

Hiroshima

Hiroshima

Hiroshima

Hiroshima

‘Yamaguchi

‘Yamaguchi

‘Yamaguchi

‘Yamaguchi

‘Yamaguchi

‘Yamaguchi

‘Yamaguchi

‘Yamaguchi

‘Yamaguchi

‘Yamaguchi

‘Yamaguchi

Yamaguchi

Kagawa

Kagawa

Kagawa

Mihara

Kui

Kui

Miwa

Koda

Yoshida

Midori

Midori

Yachiyo

Oasa

Oasa

Totani

Totani

Tahara

Togochi

Togochi

Shiraki

Shiraki

Higashihiroshima

Higashihiroshima

Mizugasako

Waki

Waki

Nagato

Nagato

Nagato

Nagato

Nagato

Shimonoseki

Shimonoseki

Shimonoseki

Shimonoseki

Mannou

Uchinomi

Uchinomi
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HS5324; LC554736****

MH14045/HS5606; LC554719****

MH14046/HS5607; LC554720****

MH43614/HS5369; LC554722****

MH13613/HS5368; LC554723****

MH13612/HS5367; LC554724****

MH13045/HS5146; LC554725****

MH13046/HS5147; LC554726****

MH13047/HS5148; LC554727****

MH13409/HS5344; LC554728****

MH13410/HS5345; LC554729****

MH13608/HS5365; LC554730****

MH13609/HS5366; LC554731****

MH13607/HS5364; LC554732****

HAS55940/HS4449; AB638507***

HAB55943/HS4450; AB638508***

MH13048/HS5149; LC554733****

MH13049/HS5150; LC554734****

HS5322; LC554735****

HS5424; LC554705****

MH12401/HS5157; LC554737****

MH11524/HS4899; LC554738****

MH11525/HS4900; LC554739****

MH11084/HS4606; LC554740****

MH11528/HS4896; LC554741****

MH11529/HS4897; LC554742****

MH14350/HS5887

MH14351/HS5888

HS4448; AB638509***

MH11526/HS4901; LC554743****

MH11527/HS4902; LC554744****

MH14047/HS5608; LC554745****

MH11782/HS4951; LC554746****

MH14427/HS5994

MH14428/HS5995

Mwo-lIlle
Mwo-lla
Mwo-I11b
Mwo-lIlle
Mwo-lIlle
Mwo-I1Id
Mwo-lla
Mwo-lla
Mwo-I1Id
Mwo-lla
Mwo-I1b
Mwo-lIlic
Mwo-Ilic
Mwo-I11b
Mwo-I11b
Mwo-lIlle
Mwo-I11d
Mwo-I11d
Mwo-lla
Mwo-11
Mwo-I11b
Mwo-I11b
Mwo-I11b
Mwo-Ilic
Mwo-I11b
Mwo-Ilic
Mwo-I11b
Mwo-I11b
Mwo-I11b
Mwo-I11b
Mwo-Ilic
Mwo-I11b
Mwo-llc
Mwo-la
Mwo-la



Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

Mogera wogura

M. robusta

M. robusta

M. robusta

M. robusta

M. robusta

M. robusta

M. robusta

M. robusta

M. robusta

M. robusta

M. robusta

M. robusta

122

123

124

125

126

126

126

127

128

128

129

130

131

132

133

134

134

135

136

137

138

139

139

140

141

141

142

143

144

144

145

146

146

146

147

Tokushima

Kochi

Kochi

Ehime

Nagasaki

Nagasaki

Nagasaki

Fukuoka

Fukuoka

Fukuoka

Fukuoka

Kumamoto

Kumamoto

Kumamoto

Kumamoto

Kumamoto

Kumamoto

Miyazaki

Kagoshima

Kagoshima

Kagoshima

Kagoshima

Kagoshima

Russia

Russia

Russia

Russia

Russia

Russia

Russia

Russia

China

China

China

Korea

Mima

Kagamiogachi

Shimantonakamura

lyo

Tsushima Is.

Tsushima Is.

Tsushima Is.

near Fukuoka airport

Ukiha

Ukiha

Kurume

Yatsushiro

Amakusa

Ashikita

Menda

Hitoyoshi

Hitoyoshi

Kiyotake

Makizono

Uchinoura

Tanegashima Is

Yakushima Is.

Yakushima Is.

Krasnoarmeysky

Ussuriisk

Ussuriisk

Shkotovo

Vladivostok

Kedrovaya

Kedrovaya

Hasan

Liaoning

Liaoning

Liaoning

Seoraksan

56

MH5921/HS4605; LC554747****

MH11778/HS4947; LC554748****

MH11780/HS4949; LC554749****

HS5500; LC554750%***

KT2711/HS366; AB638510***

KT3473/HS2820; AB638511***

HA55911/HS4434; AB638512***

HS5501; LC554751****

HA55915/HS4437; AB638513***

HA55916/HS4438; AB638514***

HA55919/HS4439; AB638515***

HA55922/HS4441; AB638519***

YKO05/HS4428; AB638518***

HA55926/HS4442; AB638517***

HS414; AB638516***

HAB55932/HS4446; AB638520***

HS4447; AB638521***

KT3276/HS3066; AB638522***

KT2699/HS369; LC554209***

HS415; LC554210***

HAB55930/HS4445; AB638523***

HAB55926/HS4443; AB638524***

HA55928/HS4444; AB638525***

AK884; AB638530***

AK820/HS2004; AB638528***

AKB821/HS2005; AB638529***

AK002/HS2009****

AK001/HS2008; LC554752****

AK002/HS1170; AB037646*

AKB09/HS2001; LC554753****

AK707/HS1392; AB638527***

LN111102; HG737874*****

LN111103; HG737875*****

LN111104; HG737873*****

HS930; AB037641*

Mwo-llc

Mwo-llc

Mwo-llc

Mwo-llc

Mwo-lIlle

Mwo-lIlle

Mwo-lIlle

Mwo-I11b

Mwo-Illa

Mwo-Illa

Mwo-Illa

Mwo-Illa

Mwo-Illa

Mwo-Illa

Mwo-Illa

Mwo-Illa

Mwo-Illa

Mwo-Illa

Mwo-Illa

Mwo-Illa

Mwo-Illa

Mwo-Illa

Mwo-Illa

Mwo-1V

Mwo-1V

Mwo-1V

Mwo-1V

Mwo-1V

Mwo-1V

Mwo-1V

Mwo-1V

Mwo-1V

Mwo-1V

Mwo-1V

Mwo-1V



M. robusta 148 Korea Pusan KT2755/HS373; AB638526*** Mwo-IV

M. robusta 149 Korea Namphae HS929; AB037640* Mwo-IV
M. tokudae 150 Niigata Sado Is. KT2672/HS317 AB037607
M. etigo 151 Niigata Niigata HS667 AB638532.1

*Tsuchiya et al. 2000, **Iwasa et al. 2006, ***Kirihara et al. 2013, ****Nakamoto et al. 2021, *****He et al. 2014, *******Tsunoi et al. 2023
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mtMim-|

Effective Population Size

mtMim-ll

Effective Population Size

0.03 0.04
Time

mtMim-lll

Effective Population Size

Time

mtMim-IV

Effective Population Size

0.03 0.04
Time

Suppl ementlaBaysDanaSkiyoi GmethlBpbogafdupsmaamndmii

M. wo.gur a

0.05

Effective Population Size

Effective Population Size

Effective Population Size

Effective Population Size
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0.02

mtMwo-|

mtMwo-I|

0.03 0.04 0.05
Time

mitMwo-lll

Time

mtMwo-IV

0.03 0.04
Time



Ref erences
Abe H. 1968. Classifcation and biology of Japane

aspects. JournaAgrofcutlhteurFeac uHotkyk ao-i88 . Uni ver si ty

Abe H. 1974. Chanpenefofhewbomonbaeasiyons in a per.i
years. The Journal of t he6Mad@ha(liongi eafd a rSeoscd ewiyt I

English summary).
Abe H. 2001. | sol at ed kreeelpiicn gp onpeucl haatniiosnngs ainnd niohl eei
Ma mmal i an Sc4b2n(cien 4lap@&®ese with English summary

Abe H. 2010. The northeastMagperra ownginhd hee rdti rsa lr i
Honshu, Japan in 2009, 'ebprgeé allhyNagpanpaBiteBbdctlye
Ma mmal i an Sc+42d&nicre bdpane3se with English summary)

Abe H. 2008. Il nsectivor a. In (Abe H, Il shi i N, |t
Yoneda M Cudsde) to the Mammals of Jap24d4, Second

Tokali University Press, Kanagawa.

Bandel tFoH st eth|l PA.anl® 9Roi Memddg amet wor ks for infer
intraspecifc phylogenies. M61d8.ul ar Biology and

Bouckaert R, Hel ed J, Kiihn&i &€ D, QYawcehhaad M™MA, WRaC
and Drummond AJ. 2014. BEAST 2: a software platf
anal ysi s. PLoS Computational Bi ology 10: e100353

Hanazaki K, Tomozawa M, Suzuki Y, KhdoShruhki GH. Y
201KFsti mation of evolutionary rates of mitochond
mouse species based on calibrationZowl bbi Qahterr

Science=234%4:. 201

Honda Mur akami S, Harada M, Tsuchiyadak,e Ki noshit
Pl ei stocene climate change anMy opdvamlleat i mrfi edy eami
from mitochondwsaguegoeshabmef Mammallégy 100: 11

| waMMm, Kawakubo C, Tsuchiya K, and Suzuki H. 200
t hleesser Japanese mole in eastern Honshu, Japan,

mitochondrial gene anal:yS9®&l. Zool ogi cal Science
59



Kawada S and2 roMwmghertaa /Yoo Kuzx omiai, 11®5FQPhdachi SD,

|l shi bashi Y, | waedasMA, Tard Wh &Jda ppilan@ a3 .s o f
Kawada S and YoMmgeartaa @Xaeg 2miDmc. k , 1842). I'n (Ohda
|l shi bashi Y, | wasa TvmAe, Winldd Sha ninoahl sTF30efd sJ.aypan, pp

Kirihar@hi nohara A, TsuchiyanK, SHamu&da HM, 2KrlyBu k &
and tempor al aspectMogocbrpageheesccurteprcdaphnese | ¢

from mitochondri al and nucl ear gen28ls.equences. /Z

Kocher TD, Thomas WK, PRWeayBepr VA,l |Eadowaarndcsa SVX, and
1989. Dynamics of mitochondaim@all i D&NeAd ieom| uti on ir
sequencing with conserved pri mers. Proceeding of

6196200.

Kuma&ar, Stecher G, Li M, Knyaz C, and Tamura K. 2(
evolutionary genetics analysis across computing

Evolutionrl®469. 1547

Kushi hashi Hreli®8 2o0f Ot wo pefprac m et @ s lhwhdioma ,
Kagawa Prefecture, Japamnl (Kiargalvap &red au)t.su 10: 4 3

Mi | FFaernr a V and Jasedgaenrd JblJi.ogle9oQr.aphy of the Japan

mammal assemblages: an example of a r-8FR2ct faune

Mi t suhashi HWHRar ddanMj, STachdmmorS, and Suzuki H. 20

Evolutionary history of geographically isolated
Mogera imaiotvewved from mitochondri al cytochrom
St usl

Mori be J and Yokohata Y. MbQ@Qllr.a Mimadi gdirsat r i but i o
wogtuma the Tedori Alluvi al Fan in | shikawa prefei

139.

Nakamoto A, Harada M, Mitsuhashi R, Tsuchiya K,
H. 2021. olfnfQueantcee nary environmental changes on

from mitoxdpmandead and evolutionary r-dtle esti mat

60



Okamavi.o 1999. Phyl ogeny of JapaneseCOnolgesne nferr
sequences. I n (Yokohata Y and Nakamura S, eds.)

Japahasecitpipve2Zd Hi ba Society of Natur al Hi story

Oshi da T, avadkueddaa RKP h y2l0d0ge ogr dppyagefmatt hdé yi ng

squi Pekeauri/i st al Redieemotgieanyy ssfpcliiucraitdaoyn: of gl aci al r e
arboreal smal/l ma mma | in the Japanese | sl ands. E
98:-6407

Rozas JMate ahehBel BarXC,i oGRi caoS, Li brCndsa nFs, Ramo:
SE, &@mah-&arcia A. 2017. DnaSP v&6: DNA Sequence P
Large Datasets. Mol ecul 8r298i02.0gy and Evolution

Sato JJ. 2017. A reviewnff auhrealp raoscseesnsbelsy oifn mlaamn
from molecular phylogenetics. I n (Motokawa M anc
Ani miah sJapa®). pp.

Shinohara A, Campbell KL, and Suzuki H. 2005. An
talpids based on nucleotBf@e -S2Quences. Ma mma | St
Suzuki Y, Tomozawa M, Koizumi Y, Tsuchiya K, and

mol ecul ar evolutionagegnestesefefrimngodt¢iooQdrit al nart
events with inferred popul ati onApxgpamEBEMCns and ¢
Evolutionary-1Biol ogy 15: 1

Tamura K and Hsetii nvat ilddm® 3cf the number of nucl eot
control region of mitochondri al DNA in humans ar

Evolut 544 250 :

Tanioka H. 2020. A coll edvigem aofi Marwwa diiapanese
Kochi Prefecture and recent r echNatdusr aln Hihset osruyr r c

Research 3l 3:i n24dapanese with English summary).

Tsuchiya K, Suzuki H, Shinohara A, Harlakl,a M, Wa k
and KryukowWoARcpB@O6geny of east Asian moles inf
sequence variation of t hegemét oGdmasird aGermegttioc h3\

1#2 4.

61



Tssnoi T, Harada M, Not su M, Mi t suhashi R, and Su
|l esser Japlwomgesa moisor v momor pha, Tal pidae) from

|l sl ands, Japan. Mam@&l (iam Sepameee 6Bt B2Engl i sh

WulJ, Kohno N, Mano S, Fukumoto Y, Tanabe H, Hase
Phyl ogeographic and demographilldr amal yBibbemodnuas e
based on mitochondrliGa:l eDONIA3 6 3P9L80.S DOONE
10.1371/journal .pone. 0136398.

Yokohata Y. 2005. A brief review of the biology
S2530.

Zeml emerova E, Abramov ,A,MiKm yM%X,0vL eAe S F,b eadredv B/an
2019. Genetic and morphologic diverXNogegraf the n
from the continent al Far East. Journal of Zool og
Resed®dr7ic h-®dB&.

6 2



PARTILhsights into the popul ati on Motgauc tmay e uaenti / t h e
and the | argeMl)apagascasemdlead (by reduced represent

analysis

Introducti on

Mogera | matMzumblyav ehahihttaeganese Archipel ago
approximately 2.4 and 1.3 (or 1.6) million years,
2017).tTmeséenes pend owph ofami r ah nsehnitfatls t h®uch as
t emper atsuelae faricdt uati ons rel at @0 t-wé 8rh eg IQu @it eelr nay ol
Their broad habitat range makes these two mol e sg
topographic and climatic changes have shaped the
species RArnisodra fuesamigt oc h aeamdir ilalmi tean en sdudgtgae s t
that both species under went sevleast pG®lpaudiaali on bot
Maxi mum (LGKMRermwnldti mate Gl hoailal mMak é diaghopl d
t emper @Naukraensot o et al . 2021). This evolutionary h
f oerxploring factors that infuence population dife
Basewd mitochondri aldaalKad,r nluat @ aet galhe Wwa&m0mi3ng propo
during thedQoaeambharay d shift in themodsestri buti on
| eaving isol atiM.d /pmapiuanatair/coafse 9 f er ni Ndalpwdi,ng t he
mount ainous areas of the edinkul a)eatben€hudokg ar
Shi koku area, Shodoshima | sl ®@od,0 drsd asitalI(.ITsiusnloa n ¢
202@Ki9. However, thimaimppanmhesi®d on a | arge mol
|l eaving uncertainty about wMet/hmaaddhmsielasd gviaeg dt mi
replaceMenwopgpesal ted i ndiasf r alghe nWomadiodu wme st er n

Japan.

Previous situdii est enddWteh/ama oot/ wogomsi st of
sever al genetically distim@mdsushbpapetaal on2000kan
al(200a@a)enti fed twb |/iimad ageaa 6dfergne nHbomghaslihitur, i but ed
al ongvetshendct easterwi tlwasesadcocwr ri ng between these
Theé¢i neagepsar to be separated mapartyi dig@arri lgyh moun
an Ki t ak amiP hryalnoggeesosgtruadpitisc / maama t¥m/i wogavrass Japan

have aewainced using ambroalomsdmipadli nBNAf( mt DNA) an
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gene sequences (Okamoto 1997; Zowu8hi yameemalovaOe
al . 2019; Nak amntad ydatd ®a lonfi t200c2hlo)n.d hoi(@ynjeb g e n e

have revealMd /tnhaadtn tibrmo/tnho g weeoamposedgedgrfaphi cal |y
di stmintcotc hondr i(Saup pli enneeangteasrFYo MD a t ana $2e/éni me,ag e s

| abertdidab t arlevV,di stributedthe dpepanf Semegi des:

(Tohoku/ Hokuri ku areas), Pacifc Ocean side (Kanto
i solated island in wéxtgeor ( Tsaman FlewWo wiwo,g202IBi) .
theuf | ianreetMpeskf ouinmd t he Tokai and sawgthsern Kinki [

mtMwel |l ocated in the Hokuriku,eaotreher@h&Kgoaku (nKi
(eChugoku)Mma ¢ &4 s f ometrsd eirm Chugoku (wChugoku) and
and Mmiel V, sometimes identi fMd raosadaotrdgeprasat anspeci

coastline, i ncl ud(iNagk aRuostso ae tahaho.K o2r0e28l )al . (2021)
determined geneti balk dgetdwedn nmiuti schhadd cer i al |l ineag
identifed a geographiMmd boMmwedr yvi nbethwee eOs arkta pl a
in the Rokko and Hokusetsu mountains. However, no
mtMwel | aWavelmtl , t boaavusteghe@iernet i ¢ di eesol vadi on

Additionally, spreygigbes 4¢woisdiladei pnp pduihfeetrieoret i at i on
due to | imidadacolretphapetdapia¢c such as morphol og)

did not provide a complete picture of the popul at

Recent amvmaeetwsr ati on sequencing technol ogy h
col | ecdaxtoenn soifve dmoadaelf romgaminsms, moving beyond t

reliance on cl assi cani tgoecrheotnider inad r kDedrAsd ismugech eaasr g e

-

egions, and microsatel ISiaaheet( @aNgk aWwida®iohat aaét al
02Mept hods for reduced genonoeu fdliecape £ts eme @t iont i G
ssociated DNA segjaue,ncRentge r(sdadrRAeDt al . 2012), geno

L o N

mpl i con sciqruemtc-DIh@RAHD soya et al . 201s9)mplaend mul t

(7]

eqguence repeat genotypeggmypnadqNManhsukyg R2MLE), o

ncreasiingl ygemnesteidc research lam Japanes e 0n2almmaSlast o
2022; KinoshiAmorg thHSseqp24 ) iyawdlvamlt ageous due to
co®ef ecti vealeislsi tayndt o procegbsel dirgge aampbyle vokeme
nucl eoti de poOS$NPohrapthriesstiishees | i mi t ed variation in ec¢
st udAdedcksi ti onal |l yMI &Nejad @aurctani e enhanced using in
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reference genocSme fseequweancd . 20)1.7;CuKrurnevnatrl ye,t naol .r e2f
genoimay ai |faobbrheee nWeageTFlaer ei onrehudyleved oped a refere
genomeV.f amogoriancrease tMies &S@lPagalkysi $n Using this
assembled genwmeegspfoerdef he phyl Mgemagrzaupmiiic st r L
an. wo,gufracusing on 1) analyzing the discordance
nucl ear phyl ogeographhowpgebgrmaphi 2) baxaimiemnisngnf t
and introgressi onanal3mo nigd epmtpigfhneétedddnnts ,shi fts in spe

boundariedl. bemaaaWm/ wogur a
Mat erials and Methods

Whol e genome seguemicliinmgg atntde dr aft genome

AnM. wogamal e coll ected in Nara, Japan, was u
sequenci ng alnhde assasmepnmibelsy .wer e pCesdheebrat nmi husesd
and muscle tissuemolwecerel aseweif@ht h(ildMW) DNA extr a
DNA was extracted using the Nanobind -0Di0dsue Big L
01) following '$shprobocdbhctandrfragmentée DNA was
ShoRdgad Eliminator (SRE) X1 0Ril4# 1.)0)Cihe ud wpmércrsatl axrct
from the frst wash was also centrifuged and washe
elutionplwielhutiOon bufer. Temnd sHavp IDNsAnlo f SREe extr a
SRE and washed supernat anpusl-fseefl dSREIlwed ecsd ubjpdotr ed
(PFGE) usi /MAPPERHEBFK stRanmh) (BBased on the PFGE band
DNA integrity number value of the TapeStation (Ag
DNA derived from the brainr sampl es iwsesa ds dlliicarkaedy f c
was constructed from 1. 25 tnlgleOoxf g>5n00 nkibc sHMW rDoNW uuns
system and ' MGemomieumReagent Kitsfov2hgwibhxe Genomi cs)
manuf ast pret ocol . The fnal constra cTeepde Stiatriaony, w:
Bi oanalyzer (Agilent Technologies), and Qubit FI u
sequenced on an Il lumina Hi Seq X platform (I 1 umi
end reads. Sewpuencismsge mbdeaedls using Supernova versi
al . 2017) with default settings. The sequenced r e
of J@epmmer (DDBJ) and aacrcee sasvimdhns aBAABMHA@EO 000001
BAABMHO010020570.
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MI Geq | ibrary preparation and SNP data generati ol

DNA was extracted from tissue samples (liver, mus
using a Ql Amp DNA Mini Kit (QlI AGEN, Hi l den, Ger ma
samplMes /mais z&8n; wo.d@Hacoll ected between 1995 and
MI &eq analyses. The samples used i n tThies study a
DNA samples are deposited at the Botanic Garden &
Northern Biosphere, Hokkai do University, Sapporo
sampling sites covewWed/ tmaé&adlari wo,paibredladudsi md t he
coast al areas of thé/.mAsgwma €omei netecs Vaoewher eed
robusitabrary consdgewacst ipoenr ffoorrmeMll G ol | owi ng the pr
and Matsuki (2015), but with the ann€al iThg temper
PCR products were run using the MultiNA system ( S
after the frst and second PCR to determine whet he
The second PCR products wer 8 0@8Hdn bpo wleak aared efcrt ag
using SPRIselect (Beckman Coulter). The construct
paixa&ad reads usiatgermh(Eel IMiBmigna)ly with the Mi Seq Re
cyclam@ Phi Xi spi Raw FASTQ da&tga wleremdMIip@si ted in I
are available undPRJBBLt 8% 9 o6 BIRREDNH4E5016549 |,
DRR545PRR545312) .

Raw data obtained from Mi Seq system were trir
0.39 (Bolger et aGp. adda¥ hiep Tofe tirestr édads were tri
raw datafuwdil mpgairtralyeet er s: SLI DI NGWI NDOW, 4:15; CRO
HEADCROP, 5; and Ml NiLmENedd®. . wdhe thenMmapped onto
wogured erence genome -Whseien ¢ rt-rrexiiBouvenrmavisa b e s
( BWMEM) program version 0.7.17 (Li 2013), convert
program versi.omDaeddk alet, 220n2dl as sdiggmad st a sin enad
the AddOr Repl aceReadGroups function of Picard (Br
https://broadinst i)tQuotnet.iggi tgheunbe.riaat/i poinc aarndd/ SNP det e
perf or megds tussanikmdgy si s | mpl emeg€CatichenSenacab. 22621;
et al. 2013). Contigs that were not shared by 800¢9
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frequencies < 0.01 or heter omoymgwlsattewbsse 0. 5 were f
i mpl emented i n St aksp.vu/Wpadnh ecso nnddui cvtiidnugal s wer e as
popul ation based on t BDBREA rl isnaemapg e sn gd esfinteeds iann dN ankta m
(2029uybsequent fltering of samples and SNP sites
5.2.79 (Bradbury et al. 2007). This process fl ter
70% of theW. SNPgwiVar / ma/j zwens pect i vSeNPy ,s iatse swewhle raes
mi nor alleles were observedSNmM ddatlays eotn ei rscalmpd eed 8l
sampl es and 2988Mv armaadba demB8sbi tseasmpfloers and 3550 var
M. wo.guDiaf erent SNP datasets were simultaneously
randomly extracting a singlhéertéMNdPomppe rf algocbuys by adc
popul at Fohsering of samples and SNP sites was al ¢
the same conditions, r es wlrti iarhdt eifh/ /8y s@mpides and
86 samples and 998 wwogisdmige es i SNEs pedheéoeus dat as

single SNP per |l ocus datasets were created for anr
fast STRUCTURE does not consider |l inkage disequild:@
al. 2014). Conversion of SNP datasetsHYWll R,CF f orn

and NEXUS formats was conducted using PGDSpider 2
2012) .

Anal ysi s of popul ation structure

Popul ation assignment arfalsySiTRUCTI REe (fRaf med w@di n
wi tKltal ues (number -10f ocwleus t2e0r s )n deefp eRvdaelnute ruusnisn gf o r
the single SNP pre | ocus dataset. The mblse | ikely
chooseK. py function i mplemented in the fastSTRUCT
(PCA) was performed using the EbbhNE ptogftam20190%L
Pur aenl@h amgvw. egeegromi cs. onNnwi phi hhelf Ol ipovda-ng opti orn
heade-rdoud lda | l-oxwtcrhar PCAsul t s were visualized usi ng
4.1.3 version. The phyl ogemwetnidcs uelliaztd d nusshii nppgs Nwg it
Net analysis implemented in SplitsTreed4d 4.18.2 vVve
andei ghiNetr anal ypersf ecvemetdhSeNPaldlat aset. The interspe
fxationky)nded (ntraspsevcaileuse spawerrwei sceanlecul at ed wusin
SMARTPCA algorithm i mplemented in the EI GENSOFT p
Price et al. 2006). aBAvendgel aetedr d pbygesaichy sweci e:c
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by outputting all psiptud sa mvpd mesmesrctfe d lien uStiangks 2. 67

(Catchen et al. 2011;-vCGatid¢heopmaxiomarm. Li2l0dI3))haovod h( NV
tree was constr NGt dd 2wi2t veRAX MIn ( Kozl ov et al . 2
model wasbyseMoedceNI&ldeOs.t1. 7 version (Flouri et al. 20C
I nvariant sites tweanemitemsecbdasspyggscript obtainec
https://github. com/ bt maUnder7 2tlie akVil+ @4 ciho el |, ML
constructed with 1000 bootstrap replicates.

Resul ts

Genowm dasembl y

The constructed daft genome assembly wansd 1. 85 Gb
the estimated genome size was 2.09 Gb. It compri s
|l onger than 10 Kb. The N50 contig size was 109. 18
Mb. We identifed 11, 144c oyl .BUWoCQso nfpil ded ednPsli @igd Se
duplicated BUSCOs wusing BUSCO version 5seq 2 (Manr
reads to the draft geeo miat alef raommlBrave®@ e/ M1 G
wogtsraanpl es. I n total, we obMainwmaa2®#@BOoamda 3550
respechftheedry.ef eestaimpd epecrover age at MNP ma/tzeusmiwa s
(ranging fIr%.m x1). 8axnit o6w Bgw af@ofrr ®gn 4 x t o 17.8x). The
average rates of mappeM r/iemadasa dwebrive. 3937% MILEQNEE & o r
suggesting that th#&. red,ewdeenscpel tgee nboemengofsl i ght |l y |
suitabl e fMr /ama/l xidienid wo spercye838%haNBs, and the
val ue bWt wemeanaatWm/i wowags ali. 86i8Bctantatngt hey were genet
weddli f etir@etned, although they were sister-Nstpecies. V
graph and confrmed that the two species were gene
without any sign of hybBupgdpkamenotn3dan dheh 8MLE g Imreses i
al so showed that the two species are separated wi
rat e:Sulp@d,ement@r yThat af & r e, we present the result

diefrentiation among the popul ations of each speci

Genetic structure of M. fmai zumii

PCA based onMt hém&BPRemefl that PCl and PC2 seg
samples into approxi matleOlAy fPeClr ste@ agsiax eglr a hes pOPpi
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from the sKinki area (Osaka, Nara, Wakayama, and
(Shodoshima, Oki, and Hiroshima) from other sampl

(Shi ga, Kyot o, Hyogo) were grouped with other 1inc

Aowmr i, |l waa e, YAkagat a, Niigata, Nagano, Toyama, a
from those from the Pacifc Ocean coast (PO; Mi y ag
Kanagawa, Yamanashi, Shizuoka) on PC2. nPsC3 and PC
from Oki, Snmaoddaishriomsah,i ma dro@upbeemEnbh&Hr.y Data S

PC5 distinguished individuals from JS and nKinki
together with the nKsakipl pepblami doyamhewerns inte
bet ween JS Swmpdp IneKmenrktid) r(y Theet aNNe@tg hgbroarph present ed

Figlis in good agreement with the PCA results, in
into three to six major clades. The results of fe&
value of K that maximized th#& mamg.iThmaem/ I i kel i hooo

poptdms of JS/ nKinkiHjrBOhimad SKiodkniemiemanai ah¢g OKi
composedl/ mf, M2 , amMdm@nc respeci2hv.elAl t(lFFdwgh most
samples were assigned to a single genetic cluster
signs of admixed MinmteanM/iymbd ¢ B3Agen TKh @ k $

poptai ons were similar to the three isolated popul
Hi roshima) iMi @ erimsdiodatnicng that the nKinki/sKink
bet wednmnei¢c @ genetic grAwmd.ueBaiwewies éom g h rangi |
0.376 tBuppkh8menNtBr.y Ameetecaly®t er ozygosity i s summart
Suppl ementSary Dat a

Genetic structure of M. wogur a

FoM. wo,guR@l and PC2 separated the populations frr
Hokuri ku/QGhKugikkiu/ Shi koku/ Kyushu, and continental
(Filgg)B. PC3 refect egidattihen sgeinretiircdivvai dual s from t he
Kyushu Saurpepalse nfent &r,y POCAt s e arated Shikoku individ
and PC5 separated Tsushima, VYakushi mathend Tanega
ot her samples within theNeky ugsrhaupaha csehaoprsE ke n Bée ivg h k C
separated into fve major clusterhki.r cSetvireonaseld i ndi vi
signhsy borfi di zati on of Hokud@iKaé nkii dre Chaitgw&ain and
Kyushu/ wChugokaulXk| uBherfsagtFrSTRUCTURE analysis sho
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ofKt hat maxi mized the marginal |l i keli hood was fve

geneti c Mwmpeti dwe2, Wwel, Mwed, aMaeoh,c mai nly observe
in the Tokai/ sKinki, Hokuri ku/ nKinki/eChugoku, wC
Shi koku popul ation®) .ré&bhpectesaly a&aFigns well wit

hapl ogtryopees ned i n a previous study thMakamoto et a
i ndividuals from the Shikoku region were assignec
ncMwes (BiBgp. Consi stent wietth rtelsail Nesi,glstmare i ndi vi du
Shi mane and Hiroshi ma s Wweranmd/ixka8d (&iBgestry of noc
These admi xed icrodil dicdwalltshewedriest r i Muwéd2i eamdbor der o
ndwe3, most of whi ontMwalrlel hnisdddt yhes (Nakamoto e
2021). Theésrpalivevws swere very high between continen
popul ations,0.ranm7mitnag O.r76Mtwa sT hoeb sl eorweesd/ wb2e t ween nc
andMwedconsi stent witthhe steh & wioa cpto ptuHaatt i ons showed s
i ntrogrFeréeal noes ar@uphmloavme ntn& r yT hlkataav eS age heter ozy
of each genetic cl3wspgelre men tsautmpneaDla ézkeedSoizny gosi ty f

ndwe4d wasnsi derably | ow compared to other genetic
Di scussi on

Popul ati on M.t riumati uzruensi io f

The resuAGA, fNesdphbomnd fastt®hBRUGTWREI Yy divid
M. | mai atulmr £e ¢ edniesttcitnacktt gvp & ihr Wirvsael ueisnail sati ng
strong diferentigehehi bSgpeépmehe He.y |Dvaatsaa St al
(2006) demonM.t riammaeidedmdtaigr n Japan comprises two ge
grobmsed on miGwrehonedncat and restriction fragmer
pol ymorphism anal ygiishosPoNfaHgenecst padefB§&SQur
PCA (FQfgast STRUCT UIRPEa n(dF itghgglyv al WSeusp p(l ement ary Dat a
S»frame MG anal yses afevrernd! eaarhi @MA degree of di f
bet ween M.he mangor o tipi/ m/ nM/ AR )s,uppot hfeyngot hleai s
the mountain cha, nwhinclkafsaremsn tlhae aimd/imd amyd bet wee
nd//f @ distrabusiaswnsa barrier (lwasa et al. 2006) .
secondary contact model , s udg gsepsetrisnegd tah aotn gt hde sset itnv

(along the tchee&8sahdne®)otnd converwglkar é ngédmwate Pre
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i ntrogression waswe bfsawrvedtdr ollgwgeae, i ntrogressi or
nd/l/ m anM/ mMAdditiicodlatyeyd popul ations from Oki, Hi
Shodoshi mageweetei adlslbyea@ddchBtbinkel yogredhumeet itco dr i ft

foll owing isolation, as bBeggescstygdgodiytyheOki redadd
Hi roshima: 0.00152, Shodossehsiomaat e0d 0pddOp3wll)a t iAonmo nsga m
i ndividual from the Chugoku Modunstpal iianyse &I( Miti . x eKenast
ancebkKry 3A;B),BEuggeptdsagdheti ¢c contrimdtiimons from b
andMne@lt is noteworthy thatMt hiemapiaa «chihty/ dK esntarsi hbiu,t
Hi roshi ma i ss unrorwo uenndteidr ebly. t we.g wadmiggeg eokf &/t

[ mai zpuonp/wl artaiyorhsave expanded westward during the c
Quat eransartyhi s speci es, now | argelsy beitsteri mdtaed eidn
cold enviroMmemagKitehianar a et al . 2013; Nakamoto e
t hecscel der péryipod stehsate et he di W rad bauh ii fothed fwenst war d
from t he Kinki Chegiokmu, trangikioengV.a /s mapspmli ati on

rel ate M bhbanas ,t e mpse  rrabtsueritengo gtl aci al pvriods and

[ mai zpuonpi Wl ateigeams imnegarsatwaW/d®d nodi vi dual s may have
i nsolartegasr, si sadmigxeads popul attohns. i hpwevant to nof
fast STRUCTURBh raedgeugiaraepse e si ze t o accurately inter
strudtRafeet ,alandadBihwMené mai admii dawaali Imeabsi e f

the Chugoku Mountains, this mitwxretdheamcsesamplyi rtgp ud dd
anal yMi s/ mai aumhi sr d gseodreetqeud r edi hppdtelsdesit &.

Popul ation structure of M. wogur a

From PCA, -Net ghdmd fast STRUCT UKy asnmxlat ego,ri zed i r
fve geneti cMwwltust®)r,s gmac a sign of introgression
Chugoku area. I n this study, we identifed seeming
boundary bet ween t hsepsaen rBiwiogngroe ud md i Hbinrsgs hi ma pr ef
(Suppl ement@)y Data Bontrasts with the boundary o
popul ations, where no clearn Ssipph eomfe nd8Ba)miyx Dat a Ba s
execptthan individual was dwwslertvem! dtoy he | @nd hwa ant ma i
assigneve2 ogercet i ¢ cl)usttteri § HdtbaRl e t hat there s
abiotic barriers, such as mountains or rivers t ha

popul ations. Thethesnrndawy pepwkahi ons was previ ol
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on the distriMwet |l oaWMbimtihemimtochondr i al hapl otype
signature of introgression was observed in the mi
recombination (Nakamoto et al. 2021). Since most
contained mt D/Wal lolf hapel ot ype, this introgression
ei t hwednct Mwe2e, or vice versa. Althoug-bibbsedemai ns
di spersal occurs in mol-bs$acsdt genetdabnti 2049)i si f

case for most mammals (Greenwood 19-BDapsetihgeabser

fow frwe2-no Mwe3-domi nated popul ations. This type ¢
introgression is common in secondary contact zone
Levin 2005; Currat et al. 2008; Toews and Brel sfo
it is presibmaddtahyt itshias case in which two popul a

after their i1isol atRiorer3Aeclaatge fr (Sueprpb (@@oemha ray y

Daté@8B)S$S and this may have acted as a barrier that
hi nder the migration of mol es .M Navkognooptad aetti oanls. ( 2
in the eChugoku/ wChugoku region exhibited signs ¢
which could have all owed them to cross this barri

river source and admixing with each other.

Common genetic boundary In the Kinki area observe

wogur a

The Mwel /! WMwe2 bor der i s al sdt/ogb/lsa BBabtoridert he

oftM. /i maJj zummiis nKinki/ sKinki border could have pl a
segregation of mole populations, as no clear sign
clusters are seen. This distingui d9Hhgsnogl of geiactaulr e of

hi stTohrey .Os akias Pkknaowin t o have been dwnrdiemgvatlee mul t i
Quateramadr yt his possibly acted as a bher dioemont o di v
transgresilsevael, @i seaspanning from the early Pl eis
has been proposed by Theaek aemmetro eentc ea lo.f (t2h®2 Is)e.cond
(current Osadkm iPldlaanmnd water body that formed appr
until at | east the middle Pleistocene (Sugiyama 1
candidate that could have cont rTihbéustaekda tRl aihne ifsor r
al so known t o thhiwé& ko v & encagsterfe bect oni cs tmorvteank nitrs

the middl e (Pluel $BO caeimdesy e ment s hapedurnraenryt orfi ¢ ehse
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gi eeasgveearpyh ilci kheilsyt otro h

e distributi onalosfo nporloepso s ekd rtihhaatr at heet

popul ati on

of M.he mapkewprmil kau /i ki mekkipandi ng i

t

f-r)onc ofwlka i / Ki

S r

servingMaswemibgeaT heewmatnog ep rienv evnetget at i

a roleumme KopUWli ateghosegseqe

ferowsctfedr ast ai

and fembuetafns @ahdsbadynamic
infuenced th

di stinstovvehhs M. wogur a

be the result

sout hwards,

may al so have played

covered -limathe begittsh, t emper at e mi
corresponding to the border of
shifts to a boreal coni
interactions between mole popul

Appendi x

Appendix II: List of Mogera imaizumii samples used in this study.

xed deci

duous

f or e

t hea sreier lait /i oKi nki

ati ons.

Localit
Species e Collection Locality *Specimen code **HUNHM code DDBJ Accession No.
No.
Mogera imaizumii 1 Aomori Hachinohe HS499/KT2793 79062 DRR545082
Mogera imaizumii 2 lwate Himekami HS5986 84549 DRR545220
Mogera imaizumii 2 lwate Himekami HS5988 84551 DRR545221
Mogera imaizumil 3 lwate Miyako HS1777 80340 DRR545085/DRR545216
Mogera imaizumii 4 lwate Tono HS2315 80878 DRR545087
Mogera imaizumii 5 lwate Otsuchi HS1498 80061 DRR545086/DRR545217
Mogera imaizumii 5 lwate Otsuchi HS1514 80077 DRR545218
Mogera imaizumii 5 lwate Otsuchi HS1508 80071 DRR545072
Mogera imaizumii 6 lwate Kamaishi HS1515 80078 DRR545219
Mogera imaizumii 7 Akita Akita HS5786/MH14257 84349 DRR545083
Mogera imaizumii 8 Akita Yuzawa HS5787/MH14258 84350 DRR545084
Mogera imaizumii 8 Akita Yuzawa HS5788/MH14259 84351 DRR545214
Mogera imaizumii 8 Akita Yuzawa HS5792/MH14263 84355 DRR545215
Mogera imaizumii 9 Yamagata Tsuruoka HS5793/MH14264 84356 DRR545073
Mogera imaizumii 9 Yamagata Tsuruoka HS5794/MH14265 84357 DRR545088
Mogera imaizumii 10 Yamagata Kamio HS5795/MH14266 84358 DRR545089
Mogera imaizumif 10 Yamagata Kamio HS5796/MH14267 84359 DRR545222
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Mogera imaizumif

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumif

Mogera imaizumif

Mogera imaizumif

Mogera imaizumif

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

10

10

11

12

13

14

15

16

16

17

17

17

18

18

18

19

19

20

21

22

23

23

23

24

24

25

25

26

27

27

27

27

28

28

‘Yamagata

‘Yamagata

Yamagata

Miyagi

Miyagi

Fukushima

Niigata

Niigata

Niigata

Niigata

Niigata

Niigata

Toyama

Toyama

Toyama

Toyama

Toyama

Toyama

Ishikawa

Ibaraki

Ibaraki

Ibaraki

Ibaraki

Gunma

Gunma

Nagano

Nagano

Nagano

Nagano

Nagano

Nagano

Nagano

Chiba

Chiba

Kamio

Kamio

Ogunimachi

Kinkazan

Sendai

Kooriyama

Awashima

Ikarashi

Ikarashi

Itoigawa

Itoigawa

ltoigawa

Unazuki

Unazuki

Unazuki

Toyama

Toyama

Fuchu

Noto

Hitachioomiya

Tsukubamirai

Tsukubamirai

Tsukubamirai

Minakami

Minakami

Chikuma

Chikuma

Karuizawa

Matsumoto

Matsumoto

Matsumoto

Matsumoto

Katori

Katori

HS5797/MH14268
HS5798
HS5799/MH14270
HS1497

HS582

HS575

HS1521

HS470
HS364/KT2795
HS5809/MH14302
HS5810/MH14343
HS5811/MH14344
HS5806

HS5807

HS5808

HS5457

HS5458

HS5456

HS3366

HS4665
HS5632/KT4471
HS5630/KT4469
HS5631/KT4470
HS3057
HS3077/KT3331
HS4491
HS4572/KT4014
HS1778
HS6090/MH14478
HS6091/MH14479
HS6092/MH14480
HS6093/MH14481
HS5864/MH14343

HS5866/MH14345

74

84360

84361

84362

80060

79145

79138

80075

79033

78927

84372

84373

84374

84369

84370

84371

84020

84021

84019

81929

83228

84195

84193

84194

81620

81640

83054

83135

80341

84653

84654

84655

84656

84427

84429

DRR545223

DRR545242

DRR545090

DRR545224

DRR545091

DRR545225

DRR545064

DRR545092

DRR545226

DRR545227

DRR545243

DRR545244

DRR545234

DRR545235

DRR545236

DRR545098

DRR545099

DRR545233

DRR545067/DRR545237

DRR545229

DRR545066

DRR545077

DRR545228

DRR545074

DRR545075

DRR545078

DRR545065

DRR545076

DRR545309

DRR545310

DRR545311

DRR545312

DRR545248

DRR545249



Mogera imaizumif

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumif

Mogera imaizumif

Mogera imaizumif

Mogera imaizumif

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

Mogera imaizumii

29

29

30

31

32

32

32

33

33

34

35

35

36

37

38

39

39

40

41

41

42

43

a4

45

45

46

47

48

49

50

50

51

51

52

Chiba

Chiba

Yamanashi

Yamanashi

Kanagawa

Kanagawa

Kanagawa

Kanagawa

Kanagawa

Kanagawa

Kanagawa

Kanagawa

Kanagawa

Shizuoka

Shizuoka

Shizuoka

Shizuoka

Shizuoka

Shiga

Shiga

Kyoto

Kyoto

Kyoto

Osaka

Osaka

Nara

Nara

Wakayama

Wakayama

Wakayama

Wakayama

Shimane

Shimane

Hiroshima

Shirako

Shirako

Ichikawamisato

Aokigaharajukai

Atsugi

Atsugi

Atsugi

Yamakita

Yamakita

Matsuda

Yokohama

Yokohama

Hakone

Gotenba

Susono

Mishima

Mishima

Ito

Kutsuki

Kutsuki

Mt. Hiei

Nagaokakyo

lwakuranagatani

Kawachinagano

Kawachinagano

Mt. Wasamata

Nosegawa

Wakayama

Kumanogawa

Kozagawa

Kozagawa

Uzuki

Uzuki

Mt. Kenashi

HS5872/MH14341
HS5873

HS4545
HS3187/KT3468
HS3896

HS6007

HS6001
HS5901/KT4314
HS6013

HS6011

HS472
HS365/KT2697
HS3092

HS6029
HS6028/KT3630
HS3184/KT3469
HS6030

HS1022

HS3367

HS3368

HS4736

HS1843

HS463
HS5757/MH14237
HS5783/MH14253
HS4620/MH9967
HS6436/MH14387
HS462/KT2807
HS368/KT2707
HS5758/MH14218
HS5759/MH14219
HS6444/MH14492
HS6445/MH14493

HS5805

75

84435

84436

83108

81750

82459

84570

84564

84464

84576

84574

79035

78928

81655

84592

84591

81747

84593

79585

81930

81931

83299

80406

79026

84320

84346

83183

84999

7