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Abstract. When we researched freshwater planarians in Rishiri Island on August in 1998, we found one species of
the genus Phagocata that hasn’t found there so far, and named Phagocata sp. In 2010, one of the authors Mr. Satd
found another species of the genus Phagocata. Then we examined the intra-structure and identified them as Phago-
cata iwamai and P. albata, respectively. We also examined them cytologically. The chromosome number of P. iwa-
mai was 2n=16 (n=8) which is different from that of any other species of Japanese Phagocata ever reported. P. albata
obtained this time had the chromosome number 2n=24 and the karyotype was corresponded to that of the already
reported Wakkanai specimens. Further, we compared the 18S rDNA sequences (544bp) among Japanese Phagocata

species, and inferred that these two species of the genus Phagocata living in Rishiri Island are closely related species.
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U sIc 2D BAIFHEIZIZATED B LT3 ST 528
KIFET 5 ) TRIBY I ALV g (Phagocata) 75 (ljiima & Kaburaki, 1916 ; Ichikawa & Kawakatsu,
FUTIEORE 2 BfEDSHISTED GOk - fth, 1998), 1962a ; Ichikawa & Kawakatsu, 1962b ; Ichikawa
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& Kawakatsu, 1963), FJLEETl& 1998 EETHY Y
ALVIBET 7 FITIEFERIN Q0 Rd o7z, 1998 4F
ICEHEE, PRSI A E T 2R EC TR R W
L, Phagocata sp. ELCT\7= (FiH, 2000), EIAA8
2010 EFEHD 1A, VeiEs R RS v Ol s ©
DIRGSE R LR IS I B 2 R Y I ALV 875+
V7 EBICTERRL20T, SHons 2MomELR
B, RO S U bIT o7, 72, C
162D 18S rRNA EIE T O ALS %2 RE L 7z,
DT, KISV TR L JEME 3T OVES EE R Y
ALV IE2HED 18S IRNA s - UL, 4 1-%6
Wb 21172,

mRlEAE
ik
HABSEAD SEEI NI R I ALV R T 77
(Phagocata sp.1) KO, FIFLEEE R SERES
NIAYIALVIET 77 (Phagocata sp.2) 73
O, FetafimzE, 18S rRNA {5 Ti#hiozic A
ez, F7, 18S RNAEE T-OHHEESI O g
DL, HRBEEEEPSRESNIZI YR LY
Phagocata vivida (Ijima et Kaburaki, 1916), REfIE
PoREINa kg7 X L Phagocata kawakatsui
kawakatsui Okugawa, 1956, RITESERESNTF
A/ ahy ) ALy Phagocata kawakatsui naganoensis

Figure 1. The photographs of 2 living specimens of the genus Phagocata

Ni-imura, 1986, ERREPSHEINI NI H7ahy
7 ALY Phagocata teshirogii Ichikawa et Kawakatsu,
1962 v onte, HISIERY T A LY E 21,
NADVENCH VAT 2 oD SR EI N P
sibirica &, 77 ANV (BvaN) HOIREINELP
altaica b6z,

Jitk
HORE  Bouin TRl SNl 2 Bk - 8574
VAR S um THIYIL, A Y —D~erFL Yy - T
F v Qe LI AKGER Nikon ECLIPSE 50i Tt
ki Ay
Qeln i@l ettfREARIZ, Tmai ef al (1988) D%
REZEEE 77 ) T RIS LA (P, 1998)
ICEDPERIL, 5% ¥ty (1/15M U v BRI
pH6.8) THL 72, Pl EEAIIAA ¥ v M THEDAL,
e AR
18S rDNA i JERLS T Sk 5077/ 25 DNA O
i 1E, Vos & Dick (1988) @ J5 3 & 7213 DNeasy
Tissu Kit (QIAGEN Ltd.) % Ml \» T{F - 7. 18S
IDNA 12 PCRIEICK DR L 72, SOGHLRIZ LT o
HWHThHs %7779 7DNA L~ 100ng 1x
buffer, 0.2mM dNTPs, Ex Taqg DNA polymerase
(0.5U) (Takara, Japan), 0.4uM primer (Prl:5’
-TACCTGGTTGATCCTGCCAGTA-3’ , Pr2:5’
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Figure 2. Spawned cocoons. A, P. iwamai. B, P.

collected from Rishiri Island. A, collected from Himenuma. B, collected from albata.

Tanetomi Wetland (Reddish intestine is visible with food).
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-ATTACCGCGGCTGGCACC-3’ (Kuznedelov et al.,
1996)). PCR &I T oiEhTH5, 94°C, 347,
(94°C, 30 ¥, 55°C, 30 ¥, 72°C, 147, 25 ¥4 7)L),
72°C, 14y, ¥4 L 72 18S rDNA Wi A 13, Wizard
PCR preps DNA Purification system (Promega)
TR 72, FEBIL 7 DNA 35 L2 e —r vy
THICED, Edru— v LRI LR S 2
E L7z Eoisz 18S rDNA D HEEi %11 Clastal W
ZRGTHEIIL 72, 77 1RO fERIC1E MegAlign
(DINASTAR Inc.) ZF\7- .

mR

D5

i 8 T R £ L % Phagocata sp.l & E 13 5.6 ~
8.5mm, MAAFPeE ke 0@ (Figl, A).
FIRZ ABTIRLTRANT I ALALITADDS, BH
IS TN RRZEE LT B0 TID 2 & 134T
TEREIIZA LB 25T %, B S I3IGE (1 (7 A% (),
WRIE» oI TR R ahd I ALY, aABT IR L
ROV TYART XL DIND ) EEEBILTW2 (Fig.
2, A), REHMTOWEEEE, WSsnTwesnya
47 R I Phagocata iwamai DR (Ichikawa &
Kawakatsu, 1962b) DWW, #4705 ERES NI
ORGELIZIHL TH-7- (Fig. 3, 4). Thbb, ikl
% (seminal duct) (1ZP]&ICfEEe~EAL, Tl
W3R sT (Fig. 3, A), JAVHHE (cjaculatory

duct) ZfiEA7MH#EROEZE (penis papilla) (Fig. 3,
B), iADD R85 (penis bulb)  (Fig. 3, C),
Db fEE oAb ) (Fig. 3, D), MELZmEGAR
oI (Fig. 4) DMEZEINBDS, # (vagina) O
1213t Phagocata & THSNBIE L TREFIROFiAD
RERL T3 (Fig. 4) &) aly X DR
BIEEXNI=DT, D Phagocata sp. \&, T aByIR
23 P iwamai EFELT-,

ELE S E L 72 Phagocata sp.2 K133 ~
7.5mm, 6mm DA EOMAIEH % TH o7 REIiE
WK TELDATTIEA G (Figd, B), SEHLHIZ
MAzBERTREDT, AN IALY LAES NI
Phagocata sp.1 13 HBINIC R 5> T05, JiD9
iZTyanyyRLy (Fig 2, A) OZERICHS (Fig.
2, B). ZHEHEFEOWNBIGEZHTALE, T,
RS 2R 2 a2 AL, Ol 357

(Fig. 5), WO KREIDOZEDSH (Fig. 5, A, B),
Rwgtzo i (Fig. 5, A, B), B\ Hsdiaii e (Fig.
5, B), IR W HHROMF £ 2/ L/ (Fig.
5,C). ZOREEE, VYA P RLL DR (Ichikawa
& Kawakatsu, 1962a) L& 2DT, Az 7YA
R R 23 Phagocata albata E[FAEL 7=,

Beis gy - BRhT
EECTHEL X anIIRLYy T ART IR
> Phagocata iwamai 1%, 1962 SISO E R I N

Figure 3. Sagittal sections of the copulatory
apparatus of P. iwamai. A, section through
copulatory bursa (cb) and seminal duct (sd). B,
section through ejaculatory duct (ed). C, section
through copulatory bursa (cb) and penis bulb
(pb). D, section through penis papilla (pp) and
genital pore (gp). B and C, from same specimen.
ma, male antrum; p, penis; ph, pharynx; pl,
pharynx lumen; yg, yolk gland.
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7z, LoL, AR 2 os a3 Qnkror
720, PAEUI AW CH o, SRIRHTEREL 3
it (k&S 201, 205, 206) 1%, BEEL7- 35 14
DOFEMINE (neoblast) 4> TTHfAS 2n=16 Z/RL
7z (Table 1, Fig. 6, A). 7z, FRHAIEBORE I
—ZHIHTIE 8 DO Ziligutatk (8 1) AN
(Table2, Fig. 6, B). Htafko X {fihs>7: 3z

Table 1. The somatic chromosome number of Phagocata
iwamai at Himenuma pond (Rishiri island)

No. of Chromosome number observed

Specimen No. neoblasts
16
observed
201 8 100.0
205 23 100.0
206 4 100.0
Total 35 100.0

Figure 4. Sagittal sections of the copulatory
bursa (cb) and bursa stalk (bs) in 2 specimens
(A, B) of P. iwamai. ph, pharynx ; pl, pharynx
lumen; v, vagina.

Figure 5. Sagittal sections of the copulatory
apparatus and the pharynx (ph) of P. albata.
A, low magnification figure. B, section through
common ovovitelline duct (cod). C, section
through finger-like penis papilla (pp) and 2
sperm ducts (sd). B and C, from same specimen.
bs, bursa stalk; cb, copulatory bursa; ma, male
antrum.

JASTRIG W 2AT o TR, T any IR L O
1%, 5 Mot Rk metacentric chromosome
M) & 2Dk SRR {4 & submetacentric
chromosome (SM) B XU 1 KR E R Guth
£ subtelocentric chromosome (ST) 25f5K I 5E
HWiLZ (Fig. 6, C). 5 Mo fRg ik (M)
DHH 1 IR CbD 2 TOH RN & BRI XS
ni-.
FEEREPOREL VIR RLY  FREED
SIRELIYIVA R R LS DRt sE, F~7-41H
h4TT 2n=24 ThH-o7 (Fig. 7). VIVARIRLY
DOREMAEL (2n=24) FOZOKIME, 2004 FIHEN
T CHRESNATT TR STsh  (Nishitani
et al., 2006), 8xtOHEERMGEEAE (M), 2D
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Figure 6. Chromosome figures and its idiogram of P. iwamai. A,
metaphase plate of neoblast (2n=16). B, 8 bivalents in spermatocyte

(81I). C, Idiogram (10M+4SM+2ST)

R ARRY k. (SM) O 2 0 RS 8
Jetafk (ST) oo, ZOMOEHIORH#IZ,
KEIDOLSds R Yetafk (ST) Z20AT2ILT,
DRI Gt 2 T EARIPERY IR LV ET 7T
V7 LIG5> T0S, SRIFRE 2 PR L 7l
BT, [FRDR D 2 RO IR ARt fd
(ST) Z2%ETHIENHSD LT,

18S rDNA HiJLhesi it

Fig. 81%, AV IRLVIEICEKITS 18S IDNA DFSy
Bigl (544 HEEkxh) odmElsIZ2 R TED, Fig. 91
1, SRR/ (ahy 7 ALy 21ifE, Ivey
AL D 2 WA R A ETs) LiEsE 2 FIC B 21
HEBE IR LTS, any I AL O 2 i
DYGIEEHIRIZ 0.7% THo7z. aHFIRLLEFTH
73Ky ALy ORIFEROEIREIL 0.7 ~ 1.1%, 2
HYIRLL L) aHY IR Ly EDRIFERICE T BiE

Table 2. The chromosome pairing at MI in spermatocytes of
Phagocata iwamai at Himenuma pond (Rishiri island)

No. of Chromosome pairing observed
Specimen No. spermatocytes 81
observed
201 10 100.0

Figure 7. Somatic chromosomes of P. albata (2n=24).

BRIL 1.8 ~ 2.2% Thotz, F7z, bIAZABIIR
LI LI aRTIRNNE 1.6% THY, Fido 3l
DHFFEFBHRIIN R 1 ~ 2% Ths, [FREMDZE RN
HRELEBEDI VIR L THERE N, ZDZER
R 0.4% 1L, WNEOFRYIRLY)E 2 FEE (P altaica
& P, sibirica) THZEREK 0.2% & KERE IR
7. Aol HircHRE OS> S SNy
YART XL D 18S IDNA fitslz b eiz, ENESY
TR LY JE AR E DIFILIER AT R L, ks
RN EDEHERIZ 2.8% (15/544bp), +7HR7 2k
FYRLTEIL3.9% (21/544bp), aAYIRLY P k.
kawakatsui £1% 4.2% (23/544bp), fREEITY<eIR
Ly E1E5.9% (32/544bp) TH-7-. 18S tDNA D
AN AT - RFIT ORGSR, VI A P AL
LS HAFHRSNFRY IR LR TEOP TR, =2
IR LASTRGITETH L EHE SN DEERE Do
7= (Fig. 10).

%

FIPLEICE T 2KBE7 7 ) 7 ORI,
(1954) I - At (JINBE, 19585 JITS - 1L1H,
1964 ; Kawakatsu et al., 1977 ; Kawakatsu et al.,
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*

GTCATATGCTTATSTCAAAGATTAAGCCATGCATGTCTAAGTACACAGACTAGTACTCTG

*
AAACCGCGGATGGCTCATTATAACAGCTATRATTTGAGAGATTTAATGCTTGCTACAGGA
* kk K kK *

TAACTGTGGTAATTCTAGAGCTAATATTTDARWAWATGCCGTGACTYHBGAAGCGGCGRA

Kk kkkkk  Kkk
TTTATTAGATCAAAATCAACCTRCYYKKYAAYYRGGGTGGWYWYTTGATGACTCTGGATA

*% * x % *

ACTDWACTGATCGTACARCYTTKTGTKGACGACATATCTCTTGAAATGGCTGACCTATCA

* %

ACTTTCGATGGTAAGATCAWWGCTTACCATGGTTGTAACGGGTAACGGGGAATCAGGGTT

*kkk

CGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCCACGGAAGGCAGCAGGCGCGT

EE * * * kKK

AAATTACCCAATACYAGMTCRGTGAGGTAGTGACAATAMATAACAATATGRGCCYTWDHG

GTTTCATAATTGCAATGAGAACATTTTAAATACTTTATCAAGTATCAATTGGAGGGCAAG

60
120
180
240
300
Figure 8. The consensus sequence of the partial
360
18S rDNA in the genus Phagocata. Asterisks
420 indicate variable base positions (R = Aor G, Y
450 =CorT,M=AorC,W=AorT,S=CorG,
K = G or T, D = not G), the nucleotides at each
540

of which are placed by column mode in the

TCTG

1978) ickbInFc4blfrhiT 38 SRR ST
B, FHNOHPLERRDLZTEL Q050 (5
K, 1994), 2N oOWEHICIIRYIRLVIETTFY
TOFSHIME, FHFHSH 1998 FEIHiH T ak sy
DALY HGDTHEALTLIE, #HEHSD 1 AEAH:
FRZZ 0B bHEEN N, T any IR Ly DREIC
BIILTWBDT, TV any 7R LA I
ERLTCOfEEEZOND, £, VIVARIRALY
13 2010 44 Al REcylo TR LD FE RS
728, 6 HICHEEZ 223 N7 L FI3KDT EDsoTE
D, FRETIIEFMRED S, VIVARI AL
WP KEREASNTEY, INE TN, B
DAWBEAR L TLFE R IN Qo708 (Ichikawa
& Kawakatsu, 1962a), 4D YEiEDFE XD DL
BICHEELTORZEDMSh L ko,
M E I KD, = ady I XL DYtk
13 2n=16, n=8 THBIELHIIRINIH, 2n=36,
n=18 MI¥<= XL (Teshirogi et al., 1980) %>

Phgocata iwamai

1111111122222222222222222222233444444444
195555666700000011111222244566622334577777
410235789935678912345123445803701581915789

GAGGAATCGGGCCTTTATCGGTCTTTTATTGAATCACATTTA

P.albata ©eAscCAC:-cc: Cmmvv e Aceees G *TTT-A----" AC
P'k'naganoensis T TTTT: ===+ TA:***Arccrrereeeens G*A-*
P'k'kawakatslli «+T+ TTTTA *T=***"" TA* *TA* s scv oo Gr
P_teshirogii e e e PP ePeoceee - I Ge*
P.vivida Aom. CG-AY'T-:-A=GGC*C--~" + - CAAGCGT - *C - GA* CAGT
P.vivida Fuk. CG-AT*T-**A*=GGC*C—=="+ -C-AGCGT" - C GA*CAGT
P.altaica CG*A- T+ +A*=GGC*C-==" - *GAGCGT" *C*GA*C*GT
P.sibirica CG*A* T+ +A=GGC*C~=="** *GAGCGT *C" GA*CAGT

Figure 9.

TAEDFARSN TR ARIFER Y IR LVETF7FI T (B
IVIRI DALY, ©IRTABYIALY, ABNT IR L
¥, AVEIARIRLY, VIVARTIRLY) DRk
BIeT 2n=24, n=12 THHIEDBHESNT0S (2
B - b, 1976 ; FAUAKR - %K, 1977 ; Teshirogi
et al., 1979 ; Kawakatsu et al., 1984 ; ¥k, 1986 ;
Nishitani et al., 2006) DT, TV aAhTIRALUNIESE
THRESNTOBUDRY I RLU BT I FITEE,
7 B YRR A LTV B I EDSHIB L 72, A lulf
ERREDOFE R I NI A R R L DR fing,

VERDSHEN T CEREL 72V 70 A P A L DY
AL (Nishitani et al., 2006), 2n=24 T, AIpED
DRV IRLVIET T T )T ORI LR TH-
7o, Lrl, ARIEDRYIRLSED 7 5F )7 DREHI
&, KREUOHFEGEREL (M) DN 1 Gtk sE 24
ERDU TR (M) ERPRERE (SM) o
POEPSERINTOBDMIZEAETHEN, VYIY
AR AL DEEE, 20D KRG Ak (ST)

Figure 9. Variable base positions in Phagocata species.
Site numbers above the columns, being read from top to
bottom, correspond to the consensus sequence numeration
in Fig. 8. -, identical base; - , deletion; P. albata,
Phagocata albata; P. k. naganoensis, Phagocata kawakatsui
naganoensis; P. k. kawakatui, Phgocata kawakatsui
kawakatsui: P. vivida Aom., Phagocata vivida (collected
from Aomori Pref.); P. vivida Fuk., Phagocata vivida
(collected from Fukushima Pref.); P. altaica, Phagocata

altaica; P. sibirica, Phagocata sibirica.
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Figure 10. Evolutionary relationships predicted from the multiple sequence alignhment. The length of each pair of branches represents

the distance between sequence pairs, while the units at the bottom of the tree indicate the number of substitution events. Numbers at

the nodes indicate bootstrapping estimates. The phylogenetic tree was simulated by MegAlign program (DNASTAR, Inc.).

ZHY 2N ZDOBIIDOR L > T (Nishitani
et al., 2006), SHFEEMIEDSEELIZY 7PA RV R
LA 2R ORERE ARG R (ST) ZHLT»
7o, W, MENTDSERESNY 70 A IR LT
TV T THoIh, MEE»SDT 7)) 7134
DEETIERL, WEMINTo, A4S
KD EEDORREED T 2 LIS, KB E OfiE
DA LT IR 6h, SRFERINI77F)7
1374 R AL LAE S,

Y IRALTED 18S tDNA (544bp) DFf IR L
BRI 1 ~ 6% O#FiplCchH o7, —J, AL
VIBIZEBITS 18S rDNA (552bp) OffifE 3G IkE ffa
R RTY 1% (844 Bdellocephala angarensis &
ARIFAY ALY B, brunnea []) THY, EFIARE
HEEORE2FEY > VA AT AL B. borealis L))
A I3 Dendrocoelopsis ichikawai [t C o J& 3 5L i
$a#130.9% (5/552bp) TH 2 (Kuznedelov et al.,
2000). FYIRALYIEOMIEEARE LRI, A4 YA
LVBEDZNE LR,

TR, BYIIRLVIBIE2ODIFAY —IT
S, ZOBEERL T2 oD R Lz
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