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WFZERE T DOEZE (330) : The freshwater snail Pomacea canaliculata shows a large variation
in offspring sex ratio. We investigated whether this variation is caused by a small number
of sex-determining genes, with two series of experiments. First, we reared F2 offspring
from several crosses involving full-sib sisters with the same male, and determined sex
ratios of F2. The sex ratios of F2 converged into a few values, indicating that the
sex-determining genotypes of the F1 full-sib sisters were also a few. This suggests that the
sex in this snail is determined by a few genes rather than polygenes. Secondly, we
developed genetic markers to study linkage with the putative sex-determining genes. We
found >40 microsatellite loci, and developed four useful markers. These markers were
repeatable in PCR, polymorphic and followed Mendelian segregation. We conducted
fragment analyses in two populations (Kumamoto and Nara) with these markers. One of
them showed significantly different frequencies between males and females in both
populations; it may be in the same linkage group as a sex-determining locus.

SN IR TE R
(BEHHAL - 1)
[ERESETA LiEESE & @t
2007 4FBE 1,100, 000 330, 000 1,430, 000
2008 “FE 1,000, 000 300, 000 1, 300, 000
2009 A 800, 000 240, 000 1, 040, 000
Gl 2,900, 000 870, 000 3,770, 000

RSB : Ay
FOFEROS - MIF SRR, ERE - B30
U= R, ML, A, PHRE, PEE, KIKEY



1. BFFERRAG SO 5=

A Y 3T ANIEEKIEE DY AKEH
T, TUVTHEMTREZIZ LD &35 KAMY
WCRERWELZ LS LTS, BETIEY
AV EURX A, RN L S TROKEE

AEEY L B &, YOKERHEEN) THE—,

R L O H ARDORIEHIA R Y — 2 K 100
U A RDOmFIZA> TS, ENTIE, K=
A MRREH T O Hdip & 72 2 BERE B B W
T, BHIUCB T DR ROMEFER &> T
%o FhARO @ MERBERIAEE AT XA 7B IS S
NTELT, Bhizar ba— 4585
T IR BABREANB R BT D72, S -
M 2> B OWFFEOHEENRE E N TN D,

Z OHOBIEAREDOIZIBNT, F—IN
B S L7k 80 EIKD ML (KEDE
&) EEEOIFIZONWTHR-LE 25, £
Mol TIIE Lo kE < IEH oK
ZENRER I (Yusa & Suzuki, 2003),
PRBEME LI I BEIR T L IR E - TR, B
DR EZ 72y (Yusa, 2004), ZDZ
EnD, MHEITEEICREDL EEZXBNT
W5, ZOX D AR e AR B X th O B
TIHIFE AL TN, D)
BRZREETDHZ E01E, Hicxrz 1) oahy
A DEBREMTOBFRICE T 5720 TR, K
REMIZ 35 1T B MO ER R O, &
SlZiTEemIcBs T S EICET 2 EREE
WD LD,

—WRIT, AR M 2B BRI, MEERE
fof-, MRV MR T, MR EBS 7O = fEE
WX T& 5, MboBl 7R EOFEBRD
fER, AU IV A hA O EENCE G
L0, BEEOMWIREBRIZTTHD I ENTR
BENTW3a (Yusa, 2006; Yusa, 2007a),
XY MRED & D VIR EEG 3 2 DDH
Thiux, eI EIX 0.5 127, K=
MR EN T IEARRICAE Uy, UL, M
PEBILF S 3 DL ETHIUE, PEINT I
TINBMELE D BB A B D, A7 I Y F
HA DX D BLEN O IEL 2’4 T 2
72DIiE, 4 2L oMW ERG OS2
METHDHEEZBND (Yusa, 2007a), 1
ZAE, B LD 2B TIEIIENEN2 O
DORNEBIRTRHDETBETNLDO—DT
X, A7 IV abA O Z D &
<FHHATE S, Wi, BFEIZW (RY
U—UMRRTE) &, R L Vo T i
TRPELE DS HERIICAE TIT < 72, 8
— [ & R — T D[RR A K
XL B Rl lnwols, A7V IS
THLNHERZ A TE 722\ (Yusa,

2006), L22L, ZD kR0 EOBEEFIC
LA EIRIF E A ERZER N 2 <, FEBED
) THEEE E OBRITIAR LTV
W, A7 IV I HAITHONTY, DEE
FIZ KA ENEH I NZ EEE VR
A

DEEAR T K D YRR E OBFZEH D) 7
WZ EIE, ENNEETRWI EEEWR LA
VW, S F I E R C BN AT D
ZEIZE T, MRIREMEIIEIICELT D
EEBEZONDTW, [F—RENCITRERM T
IEEN R 01X mbnTW5, -
20X, AT IV THA LT Z
=B ViviparusJ& T, XY HHRE & ZW
MRENPFR U HHE STV 5 (Yusa,
2007b) , VEGEIE FIZ X DMERENE, FOX
I, HDHOEDOMERTERERD S B OMER
ERRICHE LT 2B, HH VTS FSE
R T 2 BB FRIOMINIORER L LT
T iy, PERERER O AR EE BT
HHEEZBND,

(51 FH3C#R)

Yusa, Y. 2004. Brood sex ratio in the apple snail
Pomacea canaliculata (Gastropoda:
Ampullariidae) is determined genetically and
not by environmental factors. Journal of
Molluscan Studies 70: 269-275.

Yusa, Y. 2006. Genetics of sex ratio variation
inferred from parent-offspring regressions and
sib correlations in the apple snail Pomacea
canaliculata. Heredity 96: 100-105.

Yusa, Y. 2007a. Nuclear sex-determining genes
cause large sex-ratio variation in the apple
snail Pomacea canaliculata. Genetics 175:
179-184.

Yusa, Y. 2007b. Causes of variation in sex ratio
and modes of sex determination in the
Mollusca--an overview. American
Malacological Bulletin 23: 89-98.

Yusa, Y. and Suzuki, Y. 2003. A snail with
unbiased population sex ratios but highly
biased brood sex ratios. Proceedings of the
Royal Society of London, Series B 270:
283-288.

2. WEDOBEM

AWFEREOBNL, A7 IV IHAT
FERENTZE LR EED, DEoMRE
BETICE>TAELLTWDS E W) R A
AEL, ZOBBHEKOHEEZITHI 2L TH D,
Foldiz, (1) HirgbyERICL D



Bosin 5 ORGEE, BXO (2) ke
G JEREE DT DEIG~ — I —DE% &
HEHMNT L WD 2 oD BRI B 2R E
L7z,

3. WHED Tk

AWFEEREIL, V75—~ 1 EHTe5bhy
EE) LY TT—<2 (DNA~—H—DRF
EHEHIENT) BB,

(1) #FAabEER (K1)
HIFAbEERTIE, 2% 157 (full
sib) ORERICH DEE DGR (F7-1308)
%Al — O FMEEIR & Al &, A F it
OV ER T, £, RRARTHHITO L
ﬂyﬁﬁi@%®ﬁmm%#%$ﬂﬁ@x
RV IHA 80 EATREZBEL, HIR
Tﬁﬁbt( (P) fHAR), HkEZ I HERED
N7 THE L TRESE, IR ALNTZ6
BN L S 7=, IR L%, KIPBED
%%ﬁm@%m%kﬁ%ﬁ@&bzvﬂu
FFRE L (F1HAR), 2ok,
Mw%%ﬁbtoW%¢®%®%A%ﬁmk
EFL, I L OV RE LT,
WIZ,FL OPELEDS B L7230 2D,
PELE DR - 72 525%, HECR - 72 55%, R
D DIRNFERNLZENEN S SRRE (§F 15
FREE) BOHL, & (F2) ftftotkks
ATz, BATEKZ RO FL D 6 ERFREE
OME (X x 97V ORRICH D ifitk) %[
— 0 (R TR SERE LTIk Thh
I RIER D) LR S, (E5]
WZPEIR &7, IMEM b L5, Flo & X
& AR Sk D Az DUV TR 2 IR E
L7z, ZHUZXY, B EE 27700l
RIZH 5 F2 OB OME 2 IR 5,

gt & LTiE, £ F1 Ok & F2 Ok
&@%@%ﬁoto_@ﬁ%ﬁfﬁ (72 AH B
NHIE, MEHICERNEENE ST 52 &
@ﬁtﬁﬁm&&é WIZ F2 DL % F1 O
W%WT%@LKO@%#Lﬁm WCRFE-T
mé HSRIC K BT v 7 DT B Eh & bR

Qﬁ#ﬁ%f%é%&@ﬁm@éwﬁ
ﬁﬁk%&q%)@%Oﬁﬁ%wéwKEﬁ
T2, ZOFREEREBIFEX X )7V BIRKRIC
HDHTED, lﬁt%@LE%@%“ﬁ,%@
WA ED X 5z ofititk (F1) I[C#i6 T4
BT h, SF D @EEERIC ;of&iéom
OSBRI A 4uE, REEL (F1) @
FIOBE T DBV RE, TRbEAEY U—
VHERETHD EEZBND, —J7, F2 Ok
RO oo i el E L X, DEGE
I X B EDFHILE 725, &6, 4
BosinFORBETHIE, FRICK > Tt
DIELSEHFNERDITTTH D, HIZITH
— BRI AG - R E CEE LT

FHR T, FRNTRESHED EMEERT
TO0.51275,
FEEOHNT & ERRE, F1 R Te X &

I IEVORRIZH DRI L (=5L2) (2o
THRAT,
RHR1L & 2 RR2 & ?
Faae 29299 @ saaa 2999
F1 b

1 Rtk 1 F2dk
1. BHHEHhEERBEOTY A > (F1 ik f)
(2) Br~—D—0F (X2) &HEgHF

Hr (1% 3)
AKYyT7F—<7TlL, FF~A 707 T74
N~ ——OEEIToT, ~A47uaVT T
A M, 1—HX7 VAT ROEFHNHED K
waé%@f T AHRIZEBAFELTW
%o ZOMD IR UIEEITEEIC S AR T 2
ERRBNTWD 0, EIROEHIAZITS Z
EHARETH D, BT, v A 7Y T T4
s OO =—7 72BN E T A ~— &
L CHWTPCR CHIEL, 7T 7 A MENT
IR D W R EDOEWE T 5 BRI
BEITHOETT, BH AR TE S &
WOHFEES RN H D, TD=dI, £T50ME
NEWelFEnhs~A27uaY5I54 A
WAEEEL, ZOmAOEY]ZPE L PCR 7
FA~—%TVA L LI,
27 I oI TAIIRBTB~A 7 adT
54F?~ﬁ—%%%¢ékbm,if,x
IV IAHAMNBF ) HDNA BRI L,
FRE%E SR Sau3Al DO EEIZ LD 1 — 2kb
Wriz®plL, hbazEth77AIRN -~
JALDNATAT T —%ER LT, ~( 71
H7 T A MEROMEY K LESNE, (CAn <
(GTn & WVWo 7= 2 EEDOME Y R LEH %2 &>
HLONRZNN, SENIHRO T T T A M
OFENEEZZ 2, 1 RIEOEWVORELES
72 3HIILRERCH] (CAA, CAG) Z & LTH
Wz, #Nbax LA F U BLO~ 7y b T
BIRL, fERLTZ=AZ IV IHA DT I b
DNAFA TV —hb~A 70V TT74 88
Oz onEEEr 7 u— 2@ Lz (K
2), LT, 77 A ROFAW O IR
HaREDHK, PAROTIFTA~—%T WA
L7z, 728, wfEZ7 774V 394 CTH
REIN~A 70V T 74 MIOWVTYH, A
7V A A THEHARRE MR L, HEIC
JIGCTTTA ~—OFE&H R EERT, M
TEhH~——%&EH LT,
g7 oA ~—
OMER CEI & R Tz, A7 Y
VKA OYLAREIT 2n=28 72 DT, Yk
Yty NEREE D N—FT B0, ZRERT

1%, ZE L TR S,

-4

L L L F1 f&Lt \%
lZ!C‘ ;3%



~— 7 —% 40 HFEER R 35 Z L ARA T,
WM BV T, ERo~—h—n—
HIZDUWT, %%Tﬁﬁ%r@ﬁﬁé%@%
BRI UTo, MEREE s & R — O RE
(et fRITFRY) )BT+ S ~—H—I1%, M
HETHENRRD Z ERFREINDTEZDT
b5 (1X¥3),

DNAREF (T RHEE)

CAAY E— FEFIORE

2. R4 8T 4 MMLOER &

M2 M4 M6 W M8

X 3. EEHMITOBMEZE. M Hrs> MR-/ O09 TS
A4 rT, X Y, Z WHAEREEEF. WM H S M6 AR
EEETFELEHELTWSO, ETHREENER
Y, M7 & M8 IFEA SR

4. HFFERHE

(1) #HFEoEER
WATHRELEZAZ IV v IHA &30/
éﬁ-%@%1@0@ﬁw%%&t&:a
AR H BT > TV D RZR
RS> CWDHEARET, SFIF42MED
5728 30 % #%Bnt(HQO:nﬁg
FR7Z2PELE O B & 9 G O e & Sk
b FOH%, BFEZD FL Ohfilk % ik E <+,

4 — 6 ERFLE 233 A ClEl— O/ & A2/ - PE
glE, WHMEHZFRE L CHEREZRE LT,
ZORER, BN EE OV ORKRICH
% F2 OB OMHIL, WL O OBERA 2l
Lotz (K4), W O0DFRTIE, Wk
23 0.5 [ZIR L, REREENAOILILDN -
770 F7-Fl DML F2 DM E OMICEE
ZRIEOFBN A B, MR EENERER N
FELTND ZEDRHRINTZ, 2 b Ok
HL, DEOEE TS XL DR E AR < TR
5o

RIS, 2957 0VWoRICHS F1 ©
HE[R) = % [R]— OHE I T Ao, F2 Okt %
FRDIERBIT o7, REARRREARTIOL =2
VHENS AT I AT BREL, KA
DOEEN ST CTRIF L, EINSEZ, L
L, FEBREERECHEFEREEDOKREELH Y, #)

ONHEBRELVE LY, HAEETI
F2 251213 - TV, 5% b S 2k
ETAC LA

P, Hiz oW T EEETORES
EWVWIGERA AN, BEZHOWTH Z o
_eﬂiﬁéhmi W) TRERBID 72\,

DR TE BAR AT K DML B S RRGE S
Nz &z s,
0.87 ®
0.6 . . .
I i}
So4 ee .. . °
[0 ad e,
024 L[] L] :.
0 = .\ T T T T T T

0 0.2 0.4 0.6 0.8
Flott

4. F1 XDt &, F1 OffitkzR— 0k L #iTaH
HTTEF2 O, RELQRF 2 DOT—EANEL
STWBHIEERT. MAMICHDE F2 AL D
MOEICIERL TSI ENRDS.

(2) Bo~——0B% & HEEMT
OlEfn~—I—DR% : A7 I o IAHA4D
7 HDNATATT)—EERL, ~( 71
HT T4 NV EET T v — 2 DOBRNET
ST, RN~ A 7 oY T T4 MERE S
e DNA T & 7 v — b3 5 HiEEBR% LT,
ZOHFEIZ X 0BAEE TIZ 44 @ DNA Wil &
BAFL, ~A 27475 A ME (CAA, CAG
Je—1F) ZHET L2774 —DOT YA
ET L, &bz, v~Af 7 oY 554 E
WA GTP DNA WA D27 a— A&k L,
Eom ExX5,

Fiz, TRET 7T H Y o AHA THLI



TWab~A 7% T T4 ML ESEIZ, A
IV IAHA T 7 VT T4 NEIK
DIRBEATV, T T4 ~—DOFFFHEERT,
4oD~Ara% T T4 h~v—h—%B%
T&E T,

INHDO—H—D—HIZOWTIE, it
TTA~—DRFEEITY, HERMESCSAIME,
ATV E DA E AR L, Bis
~— A — & L TCOFEAMEZHRB L, 2B
ARK7mavxr NCTHZELEFIETIETICH
BTHDHID, MOEMREICHONTHISHN
MEsns,

QSN : 2T T A ~— %I L4
D~ ——|ZO\T, REARTHERBHOMIK
BENDMEEDO R 7 SV I A BEREL, 7
TR MR T T2, COFEE, 12D
< — N —ELIZ OV T, REA - SR
HECEMBTROHBIBEE N R > T, L
72N> TZO~—H—%, HREELGT &
BLTCWAHREMERNEWEEZ SN, e

L, AT U8RI B 0 S EREE LT 0
B RN ARARERTH - 2728, 51%iT
Rk DHBA L TV D FERTHERT 2 LEN
H5,

T TAY—DORRFITE > TRl
D~ —H—fEIRIZ OV TH, SBENTTA
~— O EEAEEMEL, BEOFRIC
BWTHLEOBE#EEZHERTITETH D,

Ak, BRI A S TO~ A 7 aYT T4
h~—H—IZ DWW T TV, EEEHEEZRET D,
EE DO VER E AR LD B 7 B EEHRE AT
E3 5 2 EGER SR, BT &R
ML D, DHOBRAE T L D HERE ORRGE
LA,

5. E7pdEIam LA
(WFFEFRAE . WHIEo 8 M ONEHEIT 724 |12
(=S

CdERERm L) (8 1)

(DAizaki, K. and Yusa. Y. 2010. Learned
predator recognition in a freshwater
snail, Pomacea canaliculata. Malacologia
52:21-29. HEHH Y

@FHE, ATE—RR, 56k, (LvEs1-,
WEERE—. 2009, VEFFREHIIZ 3V TR HE D
SAKKBICHET A2 A7 I ) I hA D
fEAEL. TUNRE BT 550 93-98.
EHHY

(®Yoshida, K., Hoshikawa, K, Wada, T. and
Yusa, Y. 20009. Life cycle of the apple snail
Pomacea canaliculata (Caenogastropoda:
Ampullariidae) inhabiting Japanese paddy
fields. Applied Entomology and Zoology 44:
465-474.  HFd Y

@2 DR —, 8RBT IEKIEE,
KRIGIEFE, #EES., BT 2009, &=
BNEMNSSHELI-IEEERTHL o7
KN EHWOEE. EW T 8T
356-357. HFRL

(®Aizaki, K. and Yusa, Y. 2009. Field
observations of the alarm response to crushed
conspecifics in the freshwater snail Pomacea
canaliculata: effects of habitat, vegetation, and
body size. Journal of Ethology 27: 175-180.
HiHd D

®]lwaguchi, S., Suzuki, M., Sakai, N., Yokoyama,
K. and Suzuki, T. 2008. The loss of parts of
chromosome 7 followed by the insertion of
URA cassette into RB2 on MRS in Candida
albicans strain CAl-4. Medical Mycology 46:
655-663. fraid ¥

(MYusa. Y. 2007. Causes of variation in sex
ratio and modes of sex determination in the
Mollusca--an overview. American
Malacological Bulletin 23: 89-98. #Hid ¥

(®Takeichi, M., Hirai, Y. and Yusa, Y. 2007.
A water-borne sex pheromone and trail
following in the apple snail, Pomacea
canaliculata. Journal of Molluscan Studies 73:
275-278. Hitdh v

(&) GEsth)

OFBEE 1, LR —. fMaffmcks R
7 2V A A OEBATEOE. H 5T
o] 0 A RE K2y, 20104E3 H 17 H. 31
.

@itk —, AT, HmAfEk. EriEKht
PWEFRALEZAYZ I U I U A RIS
HORRENE. B R Y T A TR
REOHT- 72 R & k). 2010 4F 3 H 15
H. B

®0zaki, Y., Iwaguchi, S. & Yusa, Y. Sperm
competition among dwarf males of
Scalpellum stearnsii (Cirripedia:
Lepadomorpha) as revealed by
microsatellite markers. The Crustacean
Society Summer Meeting. 2009 4= 9 H 22
H. H.

@Iwaguchi, S., Takaeuchi, T., Kiuchi, M.,
Okubo, M., Hosokawa, Y., Matsutani, T.,
Hashimoto, Y., Yokoyama, K., Suzuki, T.
Ecological roles of microbial volatile
organic compounds (MVOCs) in



Aspergillus fumigatus. The 17th
Congress of International Society for
Human and Animal Mycology. 2009 4 5
A 29 BH. ¥

ORIBER, &ofh—, #EEE—. ~1 271
YT I h~—T—FHWIa v Thd
A OERERF GO, % 56 [B1H AR4RE
AR 20094 3 A 19 H. K.

HILET, el —. KHBERBRIZBITS
A7V AT A BN LB R, & 55
[\] 0 AR B4 K4S, 20084E3 H 16 H. #&
fif].

@A O —, HAREC. YL LELNEE
@ Internal transcribed spacer regions
(ITS1, ITS2)IZ L D & [FE. %5 71\ H
AR FRF4. 2007429 A 7 A, TR
BT

®Yusa, Y. Sexual selection and sex
allocation in Aplysia: hermaphrodites
with nonreciprocal mating. World
Congress on Malacology. July 15-20,
2007. Antwerp, Belgium.

(K] GHofh)

(PEEI PERE)
ORI (G0 )

OBARIL (Ft0 )

(% D)
R Bt
L

6. AR

() ArgEfEH

Wifle B— (YUSA YOICHI)
SRR« BPRER - HEHGR
F7EE %5« 60355641

(2) Wrge /i

20 fifb— (IWAGUCHI SHIN-ICHI)
ZZR AR5 - LSRR - R
WFgeE &5 1 40263420

(3) HHENTIEA
mL



