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FEHLSHEL /- DNA ZHWE

A7 A RX I Sorex unguiculatus @
P 1)

aIldi—" - B - AN

CURHEE” - T AR R

(PR 26 4 1 H 23 H3ZAF/*FHk 26 4 6 J1 6 H52BE)

B h AT Y M) AR JEAIC X 2RI EE L v RS, RS X B ANR AR O BIEEATE AL Sk o
FBEMRICEKREA N VARG A 5WELH 5. 22 TARIETIE, FEOEKEZME L L PCRICE
AU B OWTHE Lze BICX 2WHPNIT S, M L AR TN %2552 L 22 8E2 S g %
BILL, WHHKED 7 7 A DNA THHBI 21T o720 BRI T I 4~ =133 —a v /S M FY & X 3 CTHESy
HEIEY OB HE SN TS DBYS, ML BT I/ —1ZA Y272 (Vryaw X)) BT
Aqp3 O DNA B A 5 FH 4 > L7z AQP3 vz, ZoOfEH, DBYS TidkE, AQP3 TidMkEm
MHICBWTHEER 1 AN KO PCR EWAMB SN, ZhoI1C X 2B o858, 6 iRl L2k
e —F L7z WOTHRBICHHKT 27/ 4 DNA THHNEIT - 728 25, fREICHERRL MR & 58451
—H L7 DEXY, EERPSREL CTHMEICRINTX 2KBE2HFE LT, PCRICXDZFTFT Y MY

AR I OUHGEE L L7z,

F—TJ—RF:FFT7TIT)AXT,

PEFBI, PCR, 1A%, DBY, AQP

1. # g5

) AXIWEHICBITH2EREWIE, YrI TR
(EBRSIM % A > 7 A, Suncus murinus) PN, B
FERIBOC & 2R POG, BUE T ORER i aE, o
X INUATE R ETE L D= — 7 RS RIB ST
WaY, Larl, Zofbo b A A X IHBICBT AE
BREp e 233 I M) A X IVEER LOBKEICH S
T, WBAWENRMERD B, T2 Ar 7 A
TR B O 2555 50, B EE TR OFR
HIZIFHETH L7290, REMEOZE L ARV IED D
BV Zo7z, WA EZIIEWEED P A X IH
BT BETNVEYORIENLEL SNT WA,

XTI AZXI (Sorex unguiculatus) VEALiEE
BT L MY AXINMBOREBELEETHL2DIZREL
THREZHRTE, MHICBTL2EWEOT T VE L &
LUREMEDS D B o

FAT T MAY A X IR R TR E 2 D
TANBIC X BRI L <Y, ARREIRAE, SE SO
EBLhoTWwd, 72, MO0 RREMOREI,
BPHE A HAAE L 72 RBIME OIS E R A ML A% 525
TREED & %o

HREGZBWERESEOITL I %L, RELTHRIT

ELEMEMEICH D, T, EEFE LTHREINMARELF
M5, Bl & FRICE ST OZ DR sh, JHRER
WZHRIL D 50 ZD72, KEH 57/ 2 DNA (gDNA)
AW L, PR R MR AR B R 2 AR B Y
PRRFAT TfibhTwh, M) AXIRETIE, +
FTYIT)VARRI, NAHVEIF)ARAZXI, AT
FAXI, TAIMHFVAZXI, YIFHYAXI, FE I
HYAZXI, 3—0v b HYFZXINTBWT, gDNA »
5 Y #etafk o Sry HMG R v 7 2% PCR CHilE L, M
BEINT B 720 DWERF RN PCR 754 ~—» RS h
TWw3*, Zm3 b, I—uv,8hHY) % X3 TDEAD
(Asp-Glu-Ala-Asp) box polypeptide 3, Y-linked i&{z 1% 14
lEd5ZEPMEINTWS DBYSIZEREH, AAH,
I H, 8 HCLMIESHR STV 720", IFLE)
WCHEEZRNT 2720 BNT T4 =L )%
Lo LAL, I oiidmmicImd 25y 2 1
g3 57954 <—"T, [KIZPCRZFEHEL TWiv, L
72535 T, DNA #ith, PCR HIKIZIMEDH - 729 7
TR S HE SR, M eI, RHES R
D A> TO BN D B, T2, ThO5OWMETI
gDNA Z i L2 AR xR s hTB 53, KE%
MEE L2BAC BT 2 OMFIEARHTH %,
ZZTAMGE, AT M) AZXIDERICKRE R
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AMVR, BEE2H 25242, KELTHEIIENZ
HETEXDLHEZHET A0, KEEZHE L L7 PCR
WX BRI Z G55 2 &1 L7,
2. MHEBLUVFE

AT YA A X T BRI O OB LI
BT B I D W BT O EZ1T> 72 BT OF
F— 7 BAIRBL M 3~8, 11, 12, 22, 23, 40, 41 %),
e E R ET O KK CTEEE G2 VT L7z, WL
HERIZIN A2 ELE LT IAF v 78O — AT 1H
FTOME L7z MEICHLEDMAE L CnW2iGs, Sk
ODNADZUAT VY IA—2a T H0HENEHSHD
T, HIZOWVWTRART 5, HIZT Yy Y RINVT—4A, T4
Aryagfus, g—uvSfTatuF, HEREEAH
B 25 L7, fIER1320+2C, 120:12D 12358 L 72
R B X O H oS8 CREARIZFESR L CAGgB L O
Rl ARGl TR & ) L 72k, — SR BR C I % 4 Y,
MRS PRAE U 720 SRS PR AE L 72 P& 1E, High Pure Tem-
plate Preparation kit (Roche) # M\, ==z 7 )LIZi#E
U T gDNA Z i L7z AREIE Lo T 72 13 6
BFHROAEMKPSTEBIRETLoml F 2 — 7IZRIL, ISO-
HAIR (NIPPON GENE) T~ == 7 L I|Z# T gDNA
A L7

PCRIZ X B4R, HEAF 240 DNA BLal & i ik 3k a8
DNA iyl % BiE L CT1T - 720 HEFR R 7 DNA Fiyl % 1
W3 5794 ~— (LT, EFERNTI AL ~—) 3,
DBYS8 (Forward : 5-CCC CAA CAA GAG AAT TGG
CT-3, Reverse : 5-CAG CAC CAC CAT AKA CTA CA-
3)7 % 7z, MM EE > DNA BLSI A BIIES 5 75 4 <~ —
(LT, M7 5 4 ~—) &, A ¥ 27 AD Aqp3 #ix
FOEH] (GenBank : AB275385.1) TFH#4 >~ L7z AQP3
(Forward : 5-TCC TCG TGA TGT TCG GCT GT-3,
Reverse : 5-TGT CTG AGC CAG GGC ATA GA-3) #
v 72, PCR 13 KAPAtaq Extra (KAPA BIOSYSTEMS)
ML, WEAko gDNA Z@EE O 72575 A, KE
Hisk® gDNA 3% v F %% » PCR TH7 572, #7% ® PCR
DTT T 5 ML, WA DOENE 94T T2 4, 21 94T 2585,
7==0rr750C158, MERCIH%23B¥A 7N
RKEOMERZ T2CT10E Lz §vF 57 Y PCROT
O 7T aE, RAOEMEE WUC T2, ¥y FFT I
X BHIEE 40 4 7V, JBEOMEEZ 72CT145E Lz,
Yy FF I X HIEIE DBYS O #H” 22 # 2L T,
BWE AT 2B, 7=—9 7 %60CH550C % TH
47NV EIZ05CTFIF-%, 50CICREZE L T4 304, i
F#& 72C 30 W T4 o720 PCREWIZ 2% 7 o — A4V
TEAXKEHL, TF VAT N Ot LCliggL 7,
—OPCREWIZFZ VA58 ) WL, QIAquick Gel
Extraction Kit (QIAGEN) T~ =2 7 )V |Z# T DNA
A, R L2 BB LZDNAWXPCREFM LU T I A v —
BN, ¥4 LY Y —F v A RFTo 7. MO,
Reverse 77 4 ¥ — 2 X A #E R0 5 #Hli$4 % Forward 7
T4 =X R E B2, BLAST ETiro 72,

3. #& S

R oS, s & B CHR 2R Lo 4 T v
FA)AZX IO ERL L, A Sl L7
gDNA TPCRICX M%7 > 720 ZORHRIE, K1
WCRTHEY THD, HERRWT T4 ~—0 DBY8 Tid,
HICBWTOR, T—av X bAY 2237 L 8
200bp @ PCR EEWAS, WHIER Y v 7 VN y FE LThRit
ENsee T2, MM E TS 4 ~—0 AQP3 T, Mk
DO EIZB W TH 500bp O PCR #EWAS, WHER T ¥ 7N
NYRFELTHRIEENA, AQP3 I A ¥ 7 ZDMHAIN
DNA (cDNA) T 227bp ® PCR EEMID SN B X 9 I27%
L7228 (K2), BohEWIERL) B RVERT
Holz,

500bp

200bp

Ladder oy Q

H,0 7 Q H,0

AQP3

DBY8

1 sk gDNA 12 & % PCR

(1) X>27 Z AQP3cDNA ICk3 751 v —5%Et
ATCCTCGTGA TGTTCGGCTG TGGCTCTGTG GCCCAGGTTG
TGCTCAGCCG GGGCACCCAC GGGGGCTTCC TCACCATCAA
CCTGGCCTTC GGCCTTGCTG TCACATTGGC CATCCTGGTC
GCAGGCCAGG TATCAGGAGC CCACCTCAAC CCAGCTGTTA
CCTTTGCCAT GTGCTTCCTG GCACGGGAAC CCTGGATCAA
ACTGCCTGTC _TATGCCCTGG CTCAGACACT

THUTT T A ~—FREHEIR, 60~280 FrDEFID HFER

(2) AQP3I(C&L3 PCREMDY—47 2R

CTTCCTCACC
CATCAACCTG
CTGGTCTCGG
ACCCCCATGG

ATCCCGGGGC
GCCTTCGGCT
GCCAGGTGTC
TTGTGCCCTG

ACCCACGGGG
TTGCCGTCAC
AGGTAAGGCC

GCTTCCTCAC
GCTGGCCATC
TGAGCCCATA

GGCAAGAGTA

AGTCCCCCCC

CCACCGCCCC

CGCCTCCTTC

CTGCCcecee

CCTTCCAGCC

CAATCTCGGC

AGAACCATCA

AGGATTCCCG

TTAGCCTGTT

ACACTGTCCA

GCCGCTGCCT

TTGGAACCTC

CCTCCTTATG

CCCAGGGCAG

GGGGGCCCCC

CCTGGCTGCC

TTGGCTGATC

CATCCCACCT

CCCCTCTGCT

GCCGTGACCT
GGATCAAGCT

TTGCCATGTG
GCCCGTCTAT

CAGGAGCCCA
CTTCCTGGCC
GCC

%< ODBIET—F LA %R Lz
THUTG) DA > b EREE SN HER

CCTCAACCCA
CGAGAACCGT

(3) (2)& BLAST ICANh TR e hA=3—Oy/NMH

1) % XX AQP3cDNA & DOHEEM (Query #° PCR E#))

JIF i B 3 gDNA CTf% 5 172 DBYS & AQP3 @ PCR

WTy— v A%4T 572, DBY8IZ X % PCREWIE~ Y



REL S L7z DNA Z2JHW72 4 F 7 ¥ b H Y 2 X 3 Sorex unguiculatus OVEHR B

165

2 DY et fk F 2 & 5 DEAD (Asp-Glu-Ala-Asp) box
poly- peptide 3, Y-linked (Ddx3y) # 2— F§ 5%H8& D
A T5~78% (4 #fk) OMFEME L & h7ze AQP3IC X
% PCR ¥ (8#fK) 1%, 3—a v /Sh YA X3ID Agp3
c¢DNA (GenBank : XM_004600197) & #isb C i\ A )Pk
BRI (M2, ZTD72d, AQP3IEF 47V M A
YAZIOF ) MEBWTD, Aqp3 DHIRABIIEL 72 &
£z bhiz,

AQP3 2L A PCREMWPHEELZL D DBENIP 72D
¢cDNA T7 74 ~—%i%il L, gDNA TPCR Z17-7-D
T, A bV MIEINDEELZTWD, 3T
MY AX I EFVHEEESBIEShg -0 v XY
A X 3D Aqp3 @ cDNA 1%, A REEERIDBGEHET 5
bOD, 8DODLY Y VY THEEINLZENHMOLENTVWD
(Ensembl : ENSSART00000001518) o

HEARD S TARTED gDNA THHBI L, Zh Sk
DOHEEAIED 5 WVIFFE TR LT, HE LR & o
G EERR L7z REHK gDNA T3, BFEZR PCR EW
LT &7 (X3), PCR CHE L 72,
ME 41 BH, M 20 BHOEBIT, AGes & B4R O BIE TH
E L7 & —F L7z,

4. % 7

AIF7E THiH % A 72 Dby #83 (DAx3Y) &, Y 4:fa
HRECHEL, BETEREND L 5HEICHEAER LV
N M —ERERE, EEOGEMEERERELZR T &0
SHTHEBRCEEABE2ZTsEELZORATVSY,
COFEIL, WAEWOHETEMIZhIzo THRAFASNTE
D, AR ATHRINENRTWAE”, E512, A+ 7V

PREDICTED: Sorex araneus aquaporin 3 (Gill blood group) (AQP3), mRNA

Sequence ID: refilXM_004600197.1] Length: 873 Number of Matches: 2
Range 1: 147 to 236 GenBank Graphics 'V Next Match A Previous Match
Score Expect Identities Gaps Strand
167 bits(90) 9e-38 90/90(100%) 0/90(0%) Plus/Plus
Query 14 CCGGGGCACCCACGGGGGCTTCCTCACCATCAACCTGGC GCT 73
. NNyl
Sbjct 147 206
Query 74 103
FEEEERRRRRRR e el
sbjct 207
Range 2: 232 to 315 GenBank Graphics V Next Match A Previous Match 4 First Match
Score Identities Gaps Strand
150 bits(81 1e-32 83/84(99%) 0/84(0%) Plus/Plus
Query 340 TCAGGAGCCCACCTCAACCCAGCCGTGACCTTTGCCATGTGCTTCCTGGCCCGAGAACCG 399
. R e e el Cerre e e el
Sbjct 232 ACCTCAACCCAGC! TTCGCC TGGCCC CCG 291
Query 400 TGGATCAAGCTGCCCGTCTATGCC 423
FEEEEERRRRRnnerrnnnnntl
Sbjct 292 TGGATCAAGCTGCCCGTCTATGCC 315

2 AQP3 774 ~—I12XbPCREWDY—7r v A

200bp

500bp
Ladder D A D A D A

D

HIAZXIEFUEMT)AZXIBTHLI—T v X M HY
AL IOHETH 200bp DN Y RAEFER SN2 &0,
FATYIT)AXINTBITLHEORIBICHHTE 5 L
L7z

HEXERY 75 4 ~— DBYS 13, K gDNA (2 X 5 PCR
L= VADOKENS, MDY Jefulk 112 dH 5SRO
AEINES 5 2 & D500 o 1o WL O ML & 85 713 Fl
ZHEATHESN TS 00, BYHIZL->THr%R) D
WHBEBHESELTBY, ZOMAEEE7T~9HE STy
59, AliZ~ ™ 2 Dby & 78% OMFETEA I X7z
7%, DBY834+ 47 MY & X3 TD Dby #IIEL
e Bbh b, DBYS 3 HED & TH 200bp DA & 12 PCR
EWEBINTE, MTIZPCREWIRB SN o722
LS, HEOBRMICFHTE 2 2 EAVRENT,

MM TS 4 <~ — AQP3 1, A ¥ 7 ZDEIEE %
MWT#&FT L7z AFT7 Y MFU AL, ITADLED
W27 MERBG o T\, FD720H, FLE NI A
ZAIPHETEL, ME—EBREWLICEILTWAEA Y7 X
D7 A L7z AQP3 1X Agp3 ¢cDNA 20 5 F
P4 v L7ze Agp3 MR % A L 72 KB 8 IC B ChERE
THBEDOKF v v A VEAEO MY T, HHLENZL
TR ISR SN T WA EEE L. AQP3 134
FT7 YT AARIT—AROWEZ: DNA N RERIT
&2l hs, FPHUAZXIBE MY A XIBTHIUL
WElEILE 7 5 4 < — & LCHATE 2N H 5. F 72,
AQP3 X DBYS LM U7 ==V v ZiETHZ % /20,
HENs M7 74 ~— LML @ T 9 4 ~—% 1 [0l PCR
THIET & TRV RV,

fKE gDNA TH&E L72HRNE, $XRToMKIZBWT,
TR CRERR L 22 & —F L7z LA L, 1A% gDNA I
X BNy R, b gDNA 2@ L72BEoNy KX 3
M, PCREMZE T -7 MMTERVWZ EORMICH -
oo TOFENELTIE, A LAKEOKRE DA% L,
DNA DKL o /2 e 3FETHEZOND, F/2, KFE
WCEEND A5 = VIZPCRIL % FET 4 72 (ISOHAIR
<=2 7)), EREBUANES CERIL THEI L2561,
PCR SUBICREE R LT TR D 5. REL OB L
72 DNA TiZ, KW mliE & 2R MEE 25, LiL,
Jx ATV MY FTIEPCR EWORE S % 170bp LLTFIC
T2 LY, KBS S L7 DNA X 2O
—FRE 100%I2WHE LTS, KHFRICBIT 58—
HEDL, PCREVOESHHF Y REL h o/ L0

A D A D A D A Ladder

H,0 fE{&DO E#E

{136

E#t@ iy Saiky

3 {KTEHIK gDNA ICX 245 D:DBYS, A: AQP3, MEAO@@IEHE. MAEGIZME L FE
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HBl7t#EzTnw5,

ARWFFETld gDNA $ii O FHIARE 2 R L 7278, #
EEEHT A EEWICE > TE Y IIREE 2D, KED
RIUIEW 2 RET 2LERH L2 L, KEOBRMEE
T2 D 0REIIFREBWHTETIEIR V. hiITHED
7R EE o 72413 DNA OZESEa S, MfEfko
REDRAT B HMED & Do FEMI R — KA S E b
B2 TIVBRIASTTRET, PRI S4B O A 7% 5 7RI
BFOV AT Lm0, HETHESIRNT X B850
Hbo L L, FEMpoSHih L7z DNA 2L, #aEfEofM
MeRr, AW, NZFUT, YA VAR EDDNA bR
LTw3”, £72, PCR SDMEWEOEH, DNA O
Wi b7 & B e s, HICHET 5 DNA OFFNTIZHAM
M WEEZ RS 2 EAB W,

DXy, ARCEIEHNAHER T+ 7Y M A A X
IZBWT, BEIA OB L TIRINTE, R E R
DRBEIMRNEEDNBZERELZMBL LAZPCRIZES
PEHIBIOBIZICRII L70 S oM BB R & &b 7
FBHRERD R ST, 74—V KRBT 2 BEEEC
LWL TE, SHROERBYALICINT THH ZHMNIC % %
riEbhs,

BEE AR D — BRI P 23 4E ARG W KB i A )
YRR AR A (WHREA - P ) A X ITBB BT
LHHETNVEORIE) 22 Tiro7ce TV T
) AR I O L FIFICOWTIE, HEHZ BB AR O
L —IK, BEMAREY Y Y —OWEFK (WTFhd Y
W), FEBREIY U ZE OTLASHEIRICEE L O T R34
AZnTzliviz, REURERZ B EIRE FAIIEE O
HfERBI 20 E, R OFERIZT X ¥ b xwniz7Zniz,
COWERMEN T, EIHFLEL RIF 5,
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Sexing of Long-Clawed Shrew (Sorex unguiculatus)
by Using Genomic DNA from the Hair

By

Yuichi Kameyama*', Takamitsu Kuropa*, Satoshi Kimura*, Kohei OxiMoTo™,
Gaku Suivor* and Ryoichi Hasnizume®
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Summary : Sexing of the long-clawed shrew based on its external features is relatively difficult. And
physical restraint to observe their external genitalia often causes extreme levels of stress, because the
wild shrews are unaccustomed to handling. In this study, we employed polymerase chain reaction (PCR)
analysis of genomic DNA (gDNA) from the hair of the shrews as an alternative method for sexing. In the
preliminary experiment, the sexes of the shrews were confirmed by observing their gonads after
dissection, prior to PCR analysis using gDNA extracted from the livers. DBYS8, a male-specific primer set
for the European shrew, was utilized as the male-specific primer set. AQP3, designed from the
complementary DNA sequence of Aqp3 from musk shrew, was utilized as the gender-neutral primer set.
A single, clear PCR product was detected in the gDNA from males by using DBYS8 and from both sexes
by using AQP3 after electrophoresis. The results of sexing by PCR analysis of the hair gDNA were
completely consistent with the sexing as confirmed by observing the dissected gonads. In conclusion, we
developed a reliable method of sexing by using PCR analysis of gDNA extracted from the hair of the
long-clawed shrew, which is a specimen that can be collected non-invasively and repeatedly.

Key words : long-clawed shrew, sexing, PCR, hair, DBY, AQP
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