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7oo AMEIIAHFY a v RHIBETAHABAETSH
(#H, 2001), BEEEL Y FY A b O#MEEIE B EIC
TRESNTWD (BEBEE, 2007), F7-, ARz AdH
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AELTEY GRS, 2007 5F115, 2007 0 KF5,
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(EANS-Z i k#%ﬁénéo

RFEZOWTIE, 2 2> F1Y 7 DNA (LT, mtDNA
&Té)@%ﬁ\;oT$E27—meE%%ﬁﬁ
B S 2212 &8N TH Y (Sakaetal, 2003 : Sakai et al.,
2003 Mihara et al., 2005), #REAFEA 7 — Vo5 (b
TP 5, 2008 ; Aikietal, 2009) b AHNEA, FHLLT
DA =V TOEIE R OBEE LR L% T
PRI IEAT L 72/ HAK S (2008) 2 BRI IZEEE S OIS
RO AR L e\ Wi E 721 EZ T O A — )iz BT
éﬁﬁ%%ﬁ@%ﬁ’ibﬂ@ﬁ%ﬁ%%%?é:a
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mtDNA ON7 0% 4 7 (BA OFESE) % FIH L CEN
AT = WAZ BT B REIENT 24T, ANANRAEO A
EMERL L 72 BT, 2) WA —IVIZ BT A KIEA v b
7 =7 &L F DGR O B - SRS 2 5
RGN LT

LRI I R TIC S < AN S EE=e, W
B L Vo MBS T b0 RO ELA B EZ
NOICHET LERPEEE, S OB KT KR E TS
KHKIETH %o M A CTHTT ~ AT AL HIH T D 5 2454
T TIE, EEEIIA SN DEBTILOHEFTIZRE ) X
FERAA I - AKEEDOEABIZ X KA v N T — 2 DA
HEATET, L2 > T, KAy M7 —27 D5 &
B ARMEO B - SIREANOREZ T % DI
YrGgThsrtEZ 5N,

P TN 7B X UG O— I R TR A
KEFFTH R EORFFI, IR, EHEK
TN 7eE L7, EAROEFEIITEE LRI A
VhEWEETE L, 2R L CEHVwLET,
T/, AWIFIEE D &0 ) BRERGLI HIBFRBIEL (44l
W7e, No.288) B & URMEMIsEEMBh 4 (RERImfst B 3%
BhE, No.22-6719) 2L 5 E %722 & At
7ZLEd,

I #MRESE

1 JHRAE

ZEE)INE LB AR L &2 KR & L, HEER A &
FEHR & AN oB 2 i T L CHREBIE CHINE
138km, VLIF I 1,240km” O —#A I TH B0 A
WCIBREBLOBEREELSDE A ERDGAET S G
ZEENGEREZ B SR, 2001) 0 2811 ] 5 5 it p 0]
~KH (10 ~ 15 T ERD ICRET A EIERT S
BT, AR EEANEE L, B VR i
NBEEHI o/ fEREIN TS (HIR 1997). F
72, FOHROMSCRAEAIN (817~ 9 F4Fa1) 121
BERNABERINEAHR L Tz RS TS (It
B, 1994),

2 BE N G381 & 2 0 KR53 DYER T ~ #B T 2L /B Hbds T &
bo TDI, FUIRNOEFEIR EEROSEICEET
A KA AN % 2> 5 AL T TOHRBTHILIZ L > TRHA L
TWwa (HF, 2000) 1950 4F 121X HHUERN 12 36,021ha
AR L 72 HF R RS 1 2009 4E121F 1/4 LUT @ 7,800ha (27
LLTW5 (BIRAEBRREETER 1952 BWKEEKR
FELE AR, 2011) %O EEEWO IR TR LK,
F,o0d, BETED-2H, K EFO TG AR
IR L, EAEERE, B v ofE TR
Fr hon (I, 2003). T7bbH, KHOBHH
HOWDHEZETH Y, 1950 455 2009 4D IZ 1/20
(7,265 = 301ha) LLFIZHA L7z (BB HEHERGEEE
1952 ; BMOKEA KRR EREG R, 2011), — 45T, £

bz F SR AN 2 0 R0 3 < R AY 2 R U iR 05 T b L e
Motz e, YEEHIANC IE Y o I BTk
A OKMASEA DI R SN TB Y, AET 54
OBRETTEICETLMANLEE S RTWwD (F5,
2010) o

2 Ty

2006 4F 5~ 2011 4E 9 H ORIz, NGO 14
#2512 BT 266 R (54t 5 ~ 26 1K) ZIREL
(Fig.1), RO —Mx UM L 720 I L 72 R I35 £
OF FHREMTIR L, RBEEIE 99.5% =% / — i
BLIREETEIR T 7213 20C TIRE L 720

A SAEAHEREIRAE TH D720, Ko 7)) v oA
OFMOFIHIIIEZ 5%, Y1 ~ 813 LB H oo 73 [ s
L, ARHOKEE L TR SA/NII (LIF, #
AN E D) IiET B, T1 ~ 6 XL BN E
T FIMET A, 209 H T2 & T3 3Pk
Mk % Feie, KEANOKIEE L TR S5 LA E
The 72, Y1 ~8id—~=3kTJNZ, TI~ 63—k
TINZ B 725 AN & d NI A% A B
EDOMIZIZHNEBIZ X 5T 03 ~ 1.5m BEDEEN
AL TWAELD, flikigs S Y1~ 8 ~Of AILiH
CWFENTVDH, AWEETH L L TFHRIND, T2,
KBFFEAHRS R & L 7= -d /N o T i w212
LoC=Mary s ) — MEdHEATEB Y, REOA: DHE
BHEHER SN2 XL~ EFRICBR S5 L Tw iz, Tl
~ 6 L ENAFTRLHRICE > CHIFELTHBY, Kif -
TiENL CHEOBHADIWRETH L L TFHEIN L,
DIBETIE, Y1 ~ 8 IHEAES B MR HE A [ 4B L,
TI ~ 6 \ZHEET L MMEEEE [0 - 7~ FEMEE] &
T 5,

3 BIETFEN

a IREEIIOFEARY)

mtDNAZ I FI Y N 7BMRETAHHMEDT / AT
HY, FEALOMTHAEMLL, B DNA DX %l
AIZ R ST LS, RN IEIL TV D U
ih - I 2003)s K M FY a7 O mtDNA @ D-loop
TIEHBRAEDOIEIC L o TEEICBIT 2N Ty £ THH]
LI ENTWAD, INb 2 FH L CRET 21T
)L TABMIBMOFEZIETE2 L E2 515,
D-loop B BIEHRE T — F L TW R\ 72D 2R
L AMBEERARG I CEE L, K& eEL#EE (1075
FET2%REOHAEWE) 2o, 20720, O
TEREE L NV ORISR OMBICFIF SN D 2 LA
2wy (Uit - B 9F, 2003)0 DNA DO~ A 7075
A MEE D, HELEEDRD TR E W20, ENOMEE
HEL NV OBEEHIZIREORINFH S 525, aEIC
BIF B REOBEFEISHL N2 ENTWRWwizo, A
BB OAEZIERT A Z LD TE LV, FD72D,
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Sampling locations of specimens in the Tama River Basin. The number of specimens is in parentheses.

ANFECld mtDNA @ D-loop % f##T L 720

% 3", Dneasy Tissue & Blood kit (QUIAGEN) ¥ 7= (&
Gene Prep Star PI-80X (KURABO) IZ L > CTH v 7)) v 7
L 7-BE7 5 DNA Z 3l L 72 ¥KIZ MyCycler Thermal
Cycler ¥ 7213 C1000 Thermal Cycler (& % (2 BIO RAD)
v, filih L 72 DNA % %1 & | C Polymerase Chain
Reaction (PCR) |2 & V)% eI % i L 72, PCR T3,
94C, 1508EN 57C, 1507==1) 7, 72C,
1 OMERIGZ 30D R L7, 7I94~v—& L
T Pro S (5- GCATCGGTCTTGTAATCCGAAGAT -3'),
Phe AS (5- GGACCAAGCCTTTGTGCATGCGGAG -3')
M L 720 PCRIZ X 2 BEMREEW O K53 1213 AMPure
(Agencourt) % v 7z

K58 L 72 PCR EW % il 5 C, %M 1K D mtDNA O
D-loop D 3 FEBCHI % 5t AL o 720 FEA MY FUGIZ 1
BigDye Terminator ver 3.1 Cycle Sequencing Kit (Applied
Biosystems) B £ UV, 75 4 ¥ —& L TProS, PheAS
I 2 T 296S (5'- ATATATTAATGTAGTAAGAAACCAC
CAACCAG-3) %L, KISH D542 1% CleanSEQ
(Agencourt) %\ 7z, ¥ — 27 T H—121F3130x1 ¥ =
T4 v 7 T FF 4% (Applied Biosystems) % i/ L 72,

b NTO%1 TORE &RGEBROBEN
Segscape ver.2.6 (Applied Biosystems) % > CHEILEL
H% 74 7V 721, CLUSTAL X ver.1.8(Thompson
etal, 1997) I2&~>T7 54 %> L, DNaSP ver5.1
(Librado and Rozas, 2009) (X o> T/nT7T 0% 4 7%k
EL7Z. HELZNTO Y 47T EDNAT —F N— A
DDBJ/EMBL/GenBank (25§ S LT W27 ¥

A 7% &b+ T MEGA ver.5.05(Tamura et al., 2007) %
W TIRFIC L ) R 2B L, ENAT—icB
VF % RARBAFR E R L 720 AFED mtDNA 12DV Cld 4
A 7 — )V COBIEAEREAHH S 12 SN TB Y (Sakai
et al., 2003 ; Mihara et al., 2005), EtfionN7av 4 7
ERET LI L TIBIH - RO - U - T - dbRE -
Hbe O A 7 — IV TORKBEROILIES T FETH
bo BHIEDIIE N5 — 2 12DWTIE 1000 M D 7 — kA
kT v THE %47 - 72 (Felsenstein, 1985). HEHIDNT
0y A4 72, AB102823 (FriE IR M), AB102831 (15
KRIESTTE), AB102837 (HLUAREII), AB102839 (fi
Z3INELHE R T ), AB102843 (IR BRI . 17) | AB102846 (5%
HIFIEZENT), AB102848 (i WLERNT), AB102849 (=
BRI, AB177692 (fREVLERNT), AB177694 (fi
NI ELIEHT) , AB1777695 (fRFFILEETH), AB177697 (3L
ABHFVE M), AB177698 (fLEULFHET), AB177702 (1
ESULRITNT), AB177704 (3 E /NI, AB177705 (1L
RIS, AB177708 (REFIRJEHTT), AB251866 (i
FUAHRET), AB251867 (FKILILIKILTT), AB251868
(f Z= I B AE A1), AB251869 (i1 %3 )1 UL 48 KL JIT ),
AB471827 (ILTZILJITEHT), AB471838 (& IkILAlAT)
AB471843 (E9lL), AB471847 (11JEIEL) (Sakai et al.,
2003 ; Mihara et al., 2005 ; Aikietal, 2009) % fvy7z,

c EEFREDHETE
B D 2 > OMEEEEH O BIZR 5 LIEE F, % DNaSP
ver5.1 I2& o TFx v 7 (HEDOIA /R &EREL
THW L, SEEEBmN (Y B, MAaTE:28), &
-0 - T v FEEEER (Y-T B, MlAEEH: 48),
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7 v MR (T-T M, A 1s) o3 7v—
TR L2, i EFAZ0~1DEE &Y, [HAVK
EVIEEBIENMMLORBEDIKE L, #EfzTms) (ff
HROBHA) Bl &4 (Frankham et al.,
2002) . fFH N7z F, O E LT, 0~ 0.05 Tldsmfbz

L, 0.05~0.15 CHAEE DL, 0.15 ~0.25 TIXEE
D4k, 025 D E TR TEHED AR E Tni &
ENA (Hartl, 1987)

BH L7 F, KR Qo0 7)) v 7 E
DTN - 7o EE) L OBFR2 S, BT iRd)
(DRI A) ORE LKW L 7z. KEREERE & IR 4R
W2 E, DSEWIEE BRI E A LR, #I
F ARG & I 2 B R T B 23 2 Ll S
B URG - IR, 2004) F72, F, & KEEHEE S ORIC
EDOMBIBRAERD 5L, X T OMEREER T
EFREA S 5 LB S D UhG - IR, 2004) 7K
PR EEEE B 50000 (B - BT - M) B L O
FIRY 7 b verd.l (FELHIELRE) #HWTHEL. F,
ERBEEHEE & OAHBIBIAR 2 ME T A B 6 121X, Arlequin
ver 3.5 (Excoffier et al., 2010) {Z & - C Mantel test (Mantel,
1967) % 47-72,

NTuy 4 THBEEEOEYRET HHAEICIE
DNaSP ver.5.1 12 & o TH A ZIFEME 1T o 720 M
IRBERD (Y=Y ), B — it - 7 > RIERBERT (Y-T /),
YR -7y FEGEM (TTH) @3 7 Vv—7HoF,
DEFMET L EI2I1E R 2.11.1 % v T Steel-Dwass
test 4T 72,

d BEHEEBONTOZM TEEEOHRER

MR DL 7 WIEREE (T1, T4) 2B L2E %
EARBED T T ¥ 4 745k h % DNaSP ver5.1 12 X -
T¥yy 7H2FELCHEB LA hiZo~ 10z LD,
EPKE VI EEENSEREDS T E BT S E, —i%
V24 W DA A 72 /AMEREED h 13KVl 2 759 (Frankham
etal., 2002).

BEMEAEE (Y) &3 U v REGE (T) o277
V=T h DEEZRET HHEIZIER 2111 ZHWT
Welch t test 4T > 726

m # =R

1 ERIT—ILIZH T3 R6EE

4266 fHRIZ DT 915 ~ 925bp DIFILFEHAE 5 N,
BEHZIE 16 B 4 MIZBWTHA - REDA LN,
ZFEHIA S 30 DT T A4 7 (Hap 1 ~ 30) DSHRH &
7z (Table 1), 26 D/N71% A 7% DDBJ/EMBL/
GenBank |25 $% L 72 (Accession number: JQ410356-85) o
NTay A THBBEIIHE TR 572 (O 4 2k
%€, p<0.01, Table2),

Hap 1 ~ 30 B X BRI N7 0 ¥ A 7% JTI R H0H

e 9 5 &, Hap 1 ~ 30 IZRGRAH4EN] (Mihara et al.,
2005) @7 L— FIZJ& L7z (Fig2). MBEHRER 7 L —
FWIZBWT, Hap 1 ~ 29 13 Z B OEI DN
0y 478X, ZEINOEL G, ZEIEFEIC
B AT 28R (Figl) onTay 4 7 LH
CLH727VL—FBIZEL. —77, Yo ORIZHHBIL
Hap 30 A KB NTOa s 4 TER LS 727 L —
FAIWEL7:. &8, Hap30 LHLH 77 L—FAIZ
EnsnTay A7 [INFURZEAS ] (AR TR
[N e N RN s el 9 b s A N (VA A 29

2 EERMEER (FY

F AZoWC, A AT (v-y i), #d - 30 -
7 v FEAREER (Y-T B), Sciit- 7 > FEARER (T-T B)
ZNZNOFIME = BT 0.43 £ 0.25,0.39 £ 0.27,
0.16 £ 0.11 TH Y, TNETNDOi/D~IAfEIE 0.09 ~
0.97, 0.00 ~ 1.00, 0.00 ~ 032 TH 7> (Fig.3), #rid
AT % & O 2 AR (Y& Y ) o F, &,
EE 5L - T v NMEAREER (TR o F 2k
THED o7z (Steel Dwass test, p<0.05), 7272L, 15D
ENKRE L, BIEER - 7 v FEEEER (T-T 1)
OE% T LM AEHE LD SNz, i - 7~ M
REER (T-TH) O F (3K EEHEE & o R IE O AR B
AR 57275 (Mantel test, p<0.05), Z LAt
R CIERRO 5N h > 72 (Mantel test, p>0.05)o

3 NTO%ATSHEE (h)

hIZDWT, SEEEE (Y1 ~8) &3 - 7~ FH
RIE (T2, T3, TS, T6) T IL-EN DTGl + IEHEAF 71T 0.48
£029, 073 £0.14 TH Y, m/h~wmAEITENEN
0~ 0.76, 0.55~ 0.86 TdH o 7> (Figd), Fift - 7 F
TREED h 12 0.5 LEDMEZ R L7Z2DIH LT, B
FHEOHRTIZYS 02K, Y1 & Y8A70.5 LT fE
ZnL7zo L L, A &S - v v FEGgEEO
27N —THD h DFEITEETIE 2D > 72 (Welch t test,
>0.05)

v £ £

1 ERIT—ILIZH T3 R5MEE

EN A7 —)VIZ BT 5 mtDNA @ D-loop DFFATIZ & -
T, RN FY a7 - B0 - - JbkE - R
D6 DOOEMIGIND LIRE SN TS (Sakai et al.,
2003 ; Mihara et al., 2005). =415 @4 140~70 /5
EFNZBALG L2 ARG BB B 1IROERIC X > TH
I L7z & 352 E TV % (Mihara et al., 2005). ATf3E
T, 9, MEHEBOKR N FYa oo itizn
Ty A4 TEBAONT TS A T % TR % R
L, @EAT7 = VTORMEREHRL 2. TORK
ETCOHONTa Y A7 (Hap 1 ~30) ZHRAREND 2~
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Table2 HEEREIZBIFANT0s A TORBEE N7 0% 4 7OFESIE Table 1 & [Alfk.)

Haplotype Frequencies in each population. Haplotype numbers are defined in Table 1.

AR IR

- T v RE AR

YI Y2 Y3 Y4 Y5

Y6 Y7 Y8 T T2 T3 T4 T5 To

24

—
—
—_— = N

23

29 8
30

7 19 4 11 6 6 14 1

W = W W

ot 26 17 24 17 23

24

12 23 5 26 21 6 21 21

L—PFlZg L7, MEAREMDZ L — FOHTIE, Hap
1 ~290O1N7 0% A4 FTIZBEMOLEN, #RINKRD
NTay 4 FERUES T2 L—FKBIZE L7, BRI
WLENOBEERL, CHELDHREEICHRALTEY
(Fig.1), & 7=, #ESCREAEERIM (R 1 U7~ 9 F4FHi) 121,
IR &G L TW bR SN TWA (IR,
1994)c DL oML SEM2 Mmoo R br 8P aw
DOBIEWAERIT/NZIVEHERE SN, T2, SO LR
WFE D R BV CEEE) B RINAKRDONT T 5 1
THREBIIT T L - FBIZELZE2THT 5,

Hap 30 1ZBI7FB9 IZBEFTO A IR N7 1 & 4 7
ERUEY 727 L —FAIWZEL7z. Hap 30 2515 5 L7247
AN (Y6) &, ZEENI &3 Bl & o5k RO
JeflicfiiiE LT b (Figd). F72, Hap 30 23572
BENAI & e b 3B S0 & O AR Tkm L
NTHbo BIONTT Y A4 FIERHTH DA, B)IIZ
FABE)I & AR IS A LB Y (Fig), HIHE
] (89 10 ~ 3 TAERT) (ZIARB) N 2385811 it %
RN TWIEHRI N TWAEZ E2 S (BA, 1981),

B MBI OB DK M r RY a7 OBENAERITNS
WePHENL, L7225 T, Hap 30 285 b 7o 4t
AN, 0S4 (REOES I Eikils
A I EFiR A B S ORI A A LIER) FI2L-o
THEINGRIA S L BT AR FE N7, FE
TILD AR N W23 7 3L BENGIS O S 3% d /N
CRELZWTRESEZ NS, TOORME T,
Hap30 2SHHIENI I ONT 0 8 4 7 (Fi)l] & BRI ZEE AV
SWEHEREINS) LRET 77 L—-FAIELE
Mg sn b, W ERIBICAERT 2 MoffEicond
WA & BRI ORAEDRE SN Tw5 (Bl
(X4 7 F Salvelinus leucomaenis Tl Kikko et al., 2008) o
73, Hap 30 3% 5 - md/ il (Yo) & FEE %
JE I g3st & )11 5is & oK oz firE L, 51152
e OBEAMEHEX Ikm INTH 5 Y7, Y8 Tld¥ 772
L=FAWZET N7y A T3t s zrorzl
L, NSO & B0 & OB CldssE
WIS EDRE S o/ HE SN L, LAL,
NEBZIENHRONT TS A4 TONER L 72054
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Maximum Likelihood tree based on the genetic distance estimated from the mtDNA D-loop region sequences. The number beside each internal
branch indicates bootstrap values based on 1000 replications. Haplotype numbers are defined in Table 1.
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Mitochondrial DNA D-Loop Sequence-Based Analysis of the
Influence of River Basin Connectivity and Fragmentation on the
Genetic Structure and Diversity of the Japanese Eight-Barbel Loach
Lefua echigonia

Nishida Kazuya, Koizumi Noriyuki, Takemura Takeshi, Watabe Keiji and Mori Atsushi
Summary

This study aims to analyze the influence of basin connectivity and fragmentation on the genetic structure and
diversity of the populations of the Japanese eight-barbel loach Lefua echigonia in the Tama River Basin, Tokyo, by
analyzing their mitochondrial DNA D-loop sequences. A total of 266 specimens were collected from 8 habitats in
tributaries and oxbows that were perhaps linked by the Tama River and from 6 habitats in streams that were located
in hill-bottom valley (yatsu) and were perhaps fragmented because of the installation of drop structures and concrete
lining for river improvement. Thirty haplotypes were detected in the 266 specimens. Every haplotype from the Tama
River Basin was identified as an endemic haplotype because these haplotypes were classified into a clade of the South-
Kanto group and almost every haplotype was closely related to known haplotypes from the Tama River Basin in this
clade in the phylogenetic tree. Several coefficient of genetic differentiation (F,) values between populations, including
those for populations in the streams in the hill-bottom valley, were high, and several haplotype diversity (%) values
of the populations in the streams in the hill-bottom valley were low. The F, values between populations in tributaries
and/or oxbows were low, and showed significantly positive correlation with the distances between populations along
the water-course. The / values of the populations in the tributaries and/or oxbows were high. These findings suggest
that 1) the populations in the streams in the hill-bottom valley were segmented and reduced because of the measures
implemented for the river improvement, i.e., installation of drop structures and concrete lining, and this segmentation
and reduction probably decreased genetic diversity; and 2) the populations in the tributaries and oxbows constituted a

metapopulation structure, and the gene flow between populations probably preserved genetic diversity.

Keywords: Japanese eight-barbel loach, Lefua echigonia, Mitochondrial DNA, Drainage basin, Paddy fields on hill-

bottom valley, Genetic structure, Genetic diversity





