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Hiroka Kobayashi', Hiroyuki Sekimoto"? and Yuki Tsuchikane®**: Rediscovered mating group II-C of
Closterium peracerosum-strigosum-littorale complex. Jpn. J. Phycol. (Sérui) 70: 117-123, July 10, 2022

Closterium peracerosum-strigosum-littorale (C. psl.) complex is a unicellular zygnematophycean alga. At
least seven reproductively isolated mating groups have been reported and studied. However, only four
groups (IT-A, II-B, I-E, and G) were available for the analysis of reproductive isolation, because three
groups (II-C, I-D, and I-F) had not been maintained in a fertile state. In this study, we analyzed eight
clonal strains of C. psl. complex, which were isolated and established from Lake Inba (Chiba, Japan).
Phylogenetic analysis suggested that four of them (Inbal-3, 9, 12, and 20) belonged to the clade of
mating group II-C. Crossing experiments between these strains and NIES-261 (an mt" strain of group
I1-C) revealed that they were fertile. It also revealed that Inbal-12 was mt and Inbal-20 was mt

because NIES-261 made zygospore with Inbal-12 but not with Inbal-20. Further experiments using
the strains, Inbal-12 (mt) and 20 (mt'), suggested that they were completely reproductively isolated
from the existing mating groups (IT-A, II-B, I-E, and G). Since the mt strains of group II-C had not been
maintained anywhere, the restoration of fertile group II-C will be useful for the deep consideration of
reproductive isolation and speciation in the C. psi. complex.
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speciation
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EHERREE DT, O bicB W TEERREE R,
T U HERE 2 AR T B 72D, REA i 7 F L C AR5
BlEfEEICEE S A IZEAM TN TV (Widmer et al. 2009), H
HINEEEED . A 29V FE (Closterium peracerosumv-strigosum-
littorale complex) ICBWTH, LHElREECE T 57D
BNTE (148 2017) EXIAYVFER, AFLT M
PIfRy 2 Fagis ) EHICE L TED (Adl e al 2019),
FE LWIC R G IEBREBBEO—DTH B L RBEINTVS
(Wickett et al. 2014), © A IV FEIL, EBRETOEMESE
JHRAEEMNER 7 TH D, ZOWERET 20T HFICDVT
DWMENEA TN S, Tz, KEREE VS FTHNICIREES
T2 NV —THEBIFIET % 728, ASubm ke OfATIc i L
T3, IHIC, BIETHELZIC KB EEERRMN TSN
(Abe et al 2011, Kawai et al 2022), CRISPR/Cas9 i< & % &

LTFIHEEREETH S T LS (Kanda er al 2017), AL
7 MY OE W T BT bDETIVEY LR D DD
&% (Tsuchikane & Sekimoto 2019),
BEEMENZ2ENEHEETITS S YFER (Closterium)
i, FEZVU AL, NTEEY XL EREEN S E5RED
MENd, EXAIAYFEIRIBNTE, ZNTNOEHER
ZoRL, BEMAICHELIERERXRY ZLRMENTOXY X
LRFEMDEET D (Tsuchikane et al. 2010), FEXY X L%
il 1 iladskD 7 o—VHillofTEA L, BRIN&GZ1T
Io —H, NTHEZYALRREARANEGTHD, + M
- HEMENS 2 D0 (HER) ZRTRETHKE NS,
O+ HE - BOMBOR THEMNMTHN S (Tsuchikane &
Sekimoto 2019), TN 5DRMIFMAATH LA 1T X
LI TH D, BHRFZTERVESFELM (VT 55 ;
Ichimura 1971) TH;#E T 52 & T, HEEDOFEENRETDH
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% (Ichimura 1971, N7 O XY X LRKOBEEERETIE, +
e - RO TN Z R A (BN 2175 7T
ESFEMI 2R L, XTER, Ta 7S A BT
28T, RN TZIBIKT 5. C OHEAEEOH]
i, 2EBOREZ N EEONT zueY (PRIP L
PRAP Inducer) HEd5 L TW% (Sekimoto e al. 1990, 1993,
1994, Tsuchikane et al. 2005, Akatsuka et al. 2006),

ANTHAZY ZLFRFEDOE X I Y FEICIE, EFENIC R
ENTN—7 GREEE) DFEELTHED, TNETIC7D
(RECBETIA, 1B, IFC, D, IE, IF, G) MPMEIh T
% (Watanabe 1977, Watanabe & Ichimura 1978, Tsuchikane
et al. 2018b), TNHICH SN2 EIHMREED RIS, SBCAERH
TH7 2o Y OMBEFEFEN DN EWERTH % Low
BENTW5 (Tsuchikane ef al 2008), L AIHVFEICEH
B AR OKREZ IS M T B 0ICiE, TRENOR
BLREDRIC BV TR ZiI A S T & THAOERZIERET S
WEND B, 7 LU TEATIREMESREI N DO THNIT, #
EFED £ D BRETERERREEREEED D B D &V > T A FER
HEoREE L, M7 o' OMEH - HiE L ORRZLLIRT %
BN D B

CAIHYFED 7 DDORBLHEDS B, AR IF & UTH
HE N7 M-10-21 & M-10-25 : Ichimura 1973, Watanabe
1977) &, BRI ENTWIR, KTz, ZRCRE
II-C & ID &, R H Z 2 H I G TE A
EIENHEERTE T, D FREBIORENS I-CO - L X
NTWIkk (NIES-55) BARBAFIIAD Y L—FRicEENs
T, REREID EENTWRD + #RE - NI 2 7 L —
RicELizc &b, RIFORICHROIDEZDNECT L
MRENTWVS (Tsuchikane ef al 2018b), Z D7z, + AL
- ROWHERDIRT SN TOTERE TOHEEAEN A HE
TR, 1A, TIB, TE, GD4BOATHD, LbxL
DORBEREZE AFT 208N DH 5,

AT, b XY FEOLTEREERE ORI DTz
IS, FEERECHED 2 WIGBEOZRRED 5 BBIHF T 2D H
PEAESEAR DR ATREIC 72> TV REBE IFC & 1D 2135 C
EZHWNE L, 74— IV R TOREZED TV T A,
TREOHIEA T A AV FE LA SN BMMZ EERH
L7z, RWIFETIE, chohsra—2BEHLL, 7 T%R
Mifgsr, SRR, JEREODFHIZTTS T &ic kD, HIEED
LR LNTMORERE, A ERMAEON S, #a%, BfF
DAZHLEE & DTZREDENEORHEHZI S M LTz,

MHEEBE
BTV DRE &R EEE

AW THERALEZIAYFEDOHE Table 1 1/5 L 72,
201646 H 25 H, THEEOMHER (BRI & OREEH:
35°44'30.2"N 140°12'08.2"E) IC BT, ST 7 b 2w
N (H& 32 um, BESH, Hu) ZHOTEM LIk >
JU (Inbal) ZHR%E U7z, M HBMOIKIRIE 24.7°C, pH &

81 THolze THYFEREALNDHINEEE Y MEE
(Pringsheim 1946, Tsuchikane ez al. 2018a) I XD 1 HIfESD
HEE . Y Uiz, MRS LB 7 a— U ERKEETT 5
7z, Abe et al. (2011) D J5iEICHELVY, CAE3Hh (Kasai er al
2004) 7z KM Uit (Conditioned medium) % {F
UL 7z, HHE U 72 AR, 15 mL OFBIREHAS A - 723t B (E
£ 18 mm, £ 150 mm) OHIT, 23°C, 16 RifHAAME, 8K
MDA T TR Z Ui, BEBICHWAIERIE, 71> F 2
N—Z—NDLED 71+ (LT30C, ©—LT v, HE) %
fEH L, EHRmCEBT 2RI 55 yumol s'm2 Th o7z,

DT REEN

97T RN H O DNA ZHit 4 2 =i, K¥ > 7 )v
(Inbal) » 5 HEEUBEN TR #ZE Lzl %Z, 150 mL ©
CA M Z 31 ELT2 300 mL =AT7 5 AaB L, aiRosEt
FTTRERICHEE STz, HHRT, F—n/KY > 7 (Inbal)
DOERUCHEEEN TV L AI Y FELEDNDS 7 DDORK
# (Inbal-1, Inbal-3, Inbal-6, Inbal-9, Inbal-10, Inbal-
12, Inbal-13; Tsuchikane et al. 2018a) IZ DWW T & [AIFRICHI5H
THTz,

B S B 7l DNA flit, 18S rDNA FEHIEKD 1506 group
Lintron BAADEIEE XA LT b —r VR, 1R
Tsuchikane er al. (2018b) ICERHELE NI TEICHEW T T2, B
DT ZA A M MAFFT (Katoh et al. 2019) 7 FWT
TV, Fv v IRARENZHNETE TR\, REMFICH
W7 IA VAV R M)y IR, TNETICREEINZS5
DOLREE (1A, 1B, IFC, IE, G) X0 fF5hiz 17 filsl)
ISR 8 BB ZMA Tz £ D TH S (Table 1), FRFKHDH
B L TAAIAYFE (C chrenbergii Meneghini ex Ralfs)
@ 1506 group I intron AR % (AY148821) Z M7z, F 7z,
A — DA% —>0 OTU (Operational Taxonomic Unit) &
LTz,

BHATEDFIL & PR

14 HHEEE L2 X 2 Y FEDREMIEZ 50 mL 3.0
Fa—TICEIXL, #0078 (3000 rpm, 3 min, 23°C) Z17-
et BRI TR, XS, BAHEEMTH 5 ML i
Z 10 mL inA CHifaz @ L, #0708 (3000 rpm, 3 min,
23°C) DZIC LEZIETH2HFEZ 3 MR DKL, miZIC5
mL O MI F5HICHIRZ Nz TRl L7z, T ORIFSRETRIE,
TS0 b VEFE (MPC-200, MAERT T3, KO %#H
W, BIRTEEMEE (CK40, OLYMPUS, #Hu)) | CHifais
Rt -, REEARTIE, KidZildh 2 2 DDRMME Z
NZFN1AMRRT D247 L— b (ERE 16 mm, TWAKI,
TFH) WL, #igas 2 mL 125 &5 MI BhEhnz 7z,
F7z, 2 mL O MI EEHUCHEIMOZRFD 2 FHlEEZEh5E0
BRI E Uz, LT, 23°C DA VFaX—Z—HNIcE
WCHEDE T 72 REMETE L7k, 12.5% V2V T VT e R
Z 100 uL U CHEEL, BN ILOEEE#S Uz, C
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Table 1. List of Closterium peracerosum-strigosum-littolale complex strains used in this study.

Strain designation Locality Mating type

Total length of the

Accession No. 1506 group I intron (bp)

Mating group

NIES-53%> Ibaraki, Japan +
NIES-54> Ibaraki, Japan -
NIES-58> Ibaraki, Japan -
NIES-59+> Ibaraki, Japan +
NIES-62+> Ibaraki, Japan +
NIES-63*" Ibaraki, Japan -
NIES-60> Ibaraki, Japan

NIES-61+° Ibaraki, Japan -
NIES-64* Ibaraki, Japan -
NIES-65%> Ibaraki, Japan +
NIES-69+> Chiba, Japan +
NIES-70%» Chiba, Japan -
NIES-67¢ Damchan, Nepal +
NIES-68% Damchan, Nepal

NIES-4319 (ASA13-14)°
NIES-4320 (ASA13-21)¢
NIES-261+>

Inbal-12 (NIES-4321)

Shizuoka, Japan -
Shizuoka, Japan +
Ibaraki, Japan +
Chiba, Japan -

Inbal-20 (NIES-4322)¢ Chiba, Japan +
Inbal-3f Chiba, Japan -
Inbal-9f Chiba, Japan -
Inbal-1f Chiba, Japan na.
Inbal-10f Chiba, Japan na.
Inbal-6f Chiba, Japan n.a.
Inbal-13f Chiba, Japan na.

IIA AB363682 534
II-A AB363683 534
IIA AB363684 534
ITA AB363685 534
II-A AB625558 534
ITA AB625559 534
1B AB625557 534
II-B AB625556 534
IIB AB363686 534
II-B AB363687 534
II-B AB363688 534
1I-B AB363689 534
FEd AB363691 514
LE4 AB363692 514
G LC361439 526
G LC361440 526
II-C AB363690 565
II-C LC685248" 562
II-C LC685247" 562
II-C LC685249" 562
II-C LC685250" 562
II-B LC685254" 534
II-B LC685253" 534
G LC685251" 526
G LC685252" 526

Strains obtained from the National Institute for Environmental Studies (NIES; Ibaraki, Japan)

bWatanabe & Ichimura (1978)
¢Ichimura (1973)
dMating group I-E is denoted as IB in NIES
¢Tsuchikane ez al. (2018b)
fTsuchikane et al. (2018a)
sStrains established in this work.
hSequences ontained in this work.
n.a., not analyzed

C TR 2 BRI ZIT > 1o A TIERERZ KD BRI,
MR 2 R S U IR S 2 —I1c Lic 5 A Tz
Ty b UERERICE D, BMET R THIlRZ AT VL
IRIE, BEATFEMER (%) = HEEGFOB 2/ (&%E
Ml + B F O < 2)} x 100 & Uiz, KAGEERZ 3 BT,
P E FHEROE R R LT,

CREHIRFIODAIE

HEE U7z Inbal-12 & Inbal-20, XU NIES-261 12D\ T
TEREMIEF M2 308k L, BHZEDE X 2 Y S ThBEORR & L
95720, MlOES LiEzilE Uk, HlEicid, 10 HiE
F#% U7z Inbal-12 & Inbal-20 D EMALZ AV Tz, IV EH
#M$E (BIO REVO, F¥—T VA, HE) THHEEREL, %
DEF&ZE LI 50 [BAOHIROE X LiEEE L, ik
HHE RO Tz,

BREER
ENFEBD S1F S NIARD D F BT
FIfEAD HEREE LTz/KY > 7 )L 5 Inbal-20 277 L7z,

TOfkE, I TICHEENTWZEAIAYFELEDNS
7 DD (Inbal-1, Inbal-3, Inbal-6, Inbal-9, Inbal-
10, Inbal-12, Inbal-13; Tsuchikane et al 2018a) &t 8 ¥kicD
W, 1506 group I intron Fi% 7z W72 0 F Rt 217>
720 2 HRHHFK D 1506 group 1 intron @ fic 51| £ 1 Table 11
IRLTIEEBODTHD, DFRETICHWET S A A
< MUY T AR 427 bp TH o Foo HTOFER, Inbal-3,
Inbal-9, Inbal-12, Inbal-20 M 5SELRE I-C O + Y (NIES-261)
EHRMBEZTER LTz (Bayes HEHERIE 1.00, NI EBXT
MP D7 — b A by FEIFHIC 100%), F/z, Inbal-1 &
Inbal-10 (& 32ECEE IFB, Inbal-6 & Inbal-13 (Z3SHRE G DFE
® 1506 group I intron Fd%ll & ZNZFN—B L7z (Fig. 1) &3,
Fig. 1 DR TH— OTU & L TH > TV BHED 1506 group
I intron Bl5I, 754 A2 b ORIOIRAET 100% —EFL Tz,

FNIEBEEDE II-C MRDIBEEE & L TElRRER R

RECHE I1-C DRk & R 2 L T ENEBE DO (Inbal-
3, Inbal-9, Inbal-12, Inbal-20) IZDWT, EEFEKOA
BEEGHZHALMMNIT 5728, AR IFC O + B (NIES-
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261) & DORERBZEIT o T ZTDFEHR, NIES-261 & Inbal-
3, Inbal-9, Inbal-12 & DI THEAETHIEK I N, TNhD 3K

NBR - BEA - S

Table 2. Intercrosses between NIES-261 and the strains of mating
group II-C.

FASHIE THC O - BTHB T LISRENT: (Table 20 E7, Inbal3  Inbal9  Inbal12  Inbal20
NIES-261 L I3 A TR E T, -~ MO (nba1-3, NES26L ' ’ ‘ -
Inbal-9, Inbal-12) L& FAFMKT % Inbal-20 &, sefight  nbals . . :
ILC D + BITH% T EhRENT (Table 2), Iniai'; ) ) '
e N P i \ _ I - _
FANT, FIREED D155 NFASRRE I-C OBICOWVT, i I“bal " :
i > . Ny, nbal- _
DRZFREE OEFHREIRIN ZAS NS T 5728, Inbal-12 (- — . — :
. . L +"; zygospore formation was observed, “~”; no zygosphore formation was
) & Inbal-20 (+#) 2D (Fig. 2) ZR&EFE LT, XK observed.
Bl 1A, 1B, LE, G L OB ZIT > Tee T DR,
C. ehrenbergii (AY 148821)
NIES-53 (AB363682)
NIES-54 (AB363683)
_1Loo_ - NIES-58 (AB363684)
%B/99 . NIES-59 (AB363685) Group I1-A
NIES-62 (AB625558)
NIES-63 (AB625559)
1.00
100/ 100
NIES-64 (AB363686)
NIES-65 (AB363687)
NIES-69 (AB363688)
NIES-70 (AB363689)
1.00 . Group 11-B
53799 NIES-60 (AB625557)
1.00 NIES-61 (AB625556)
100 /98 Inbal-10 (LC685253)
Inbal-1 (LC685254)
Bay NIES-4319 (LC361439)
o NIES-4320 (LC361440) Groun G
: Inbal-6 (LC685251) oup
1.00 Inbal-13 (LC685252)
100/ 99
NIES-67 (AB363691)
[N]HS—GS (AB363692) | Group I:E
0.05 Inbal-12 (= NIES-4321) (LC685248)
Inbal-20 (= NIES-4322) (LC685247)
Inbal-3 (LC685249)
1.00 Inbal-9 (LC685250) Group 11-C

100/ 100 L
NIES-261 (AB363690)

Fig. 1. Bayesian phylogenetic tree based on 427 bp of the combined aligned 1506 group I intron. Closterium strains with identical sequences were
treated as a single operational taxonomic unit. The numbers indicate posterior probabilities from the Bayesian analysis (Bay.; top), bootstrap
values from neighborjoining (NJ; bottom left), and maximum-parsimony (MP; bottom right) analyses. Branch lengths represent nucleotide
substitutions per site. The strains for which 1506 group I intron sequences were determined in this study are indicated in bold.
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Fig. 2. Vegetative cells of mating group II-C, established in this study.
(a) Inbal-12, (b) Inbal-20. Scale bar: 100 um.

Inbal-12 & Inbal-20 TR EAFERDHEENTZDICH LT,
TS DR MDA BEOKRDOB TIEV TN E 2 EFEN G
MHRENT, EETEIEKRT % &idfEh -7 (Table 3), L
7zh5 T, Inbal-12 & Inbal-20 (X MDISEIRED 5 AEFEIIC b
XN TNBT AV RENT, &3, Inbal-12 & Inbal-20 ®
BETIEREZRDI-L A, 94+27% (n=3) Tholz

WEDHIZEIC KD, & A IHYFEDORAEHER DA 5w
RSN ENT E . RELRE ITA & 1B AR T,
BlRRBROOFESR (Table 3) TE&/RINIK I, HEE IFA O
+ B (NIES-53) &, SHdBEIIB O - % (NIES-64) 3L+
ZEKT BT ENTES, —7F, TOMDHAGDOE TId#E
BFERET, R BN EES S (Watanabe &
Ichimura 1978, Tsuchikane et al 2008), 3ZHCEEIE & G T
&, BEFEERLEZVEDD, 3ZEEETE O + L 33l it
GO -MERETSE, REHEGC D - BHRXRTEDLLTH
mTT7u TS A (BEF) ZHRHIT 2 L0 S Rk
G 579 (Tsuchikane ef al 2018b), T DT & h SATHCEE
IE & GRIOETEREEDRELE, AL B XD EHEREL
EFEZBND, KEREMOLERE ORI, RN
LHHBENRD S T EMNRBENTWS (Tsuchikane e al 2008)
AR TELNIEZRA ILCICBWVWTE, RRMICHNZZ
BoBE 1A, 1EB, E, G &3 EhElRREL T 0, Rtk (Fig. 1D
EXNE URWRERZ R U Tz,

REREE 11-C DAZRERES

A INYFEORRER O ENRMIZIZIZE—TH
5500, —EOREETCEMEOEE LIFISEVDS S
T EMREINT Wz (Watanabe & Ichimura 1978), Z D7z
&, FIcB S NASE A I-C (Inbal-12, Inbal-20) & Bf
FDOAIERE I1-C D + £k (NIES-261) DEX Lig#E#lE LT,
Tsuchikane ez al. (2018b) THIE X N7z22EEE IE & G DR
ELEE U7z (Fig. 3)o ZOMEE, M BIfRICH % AR TE
ERIBORE G T, FIEDY A ZHNEWND, b & EbEbREEEL
TWCHRIR (Fig. 1) L TEEN/ZBIRICH 2 5RLRE TI-C D
ZIRRE (NIES-261) 3540 Inbal-12 & Inbal-20 (3
DY A ADZEEETE R G KD ERKEFVE WV RO RE NIz,

a Length
R
Width
16
Inbal-12
b -ﬂ}-/
15
] Inbal-20
NIES-4320
— 14
§ NIES-4319
=z 13
=
Z NIES-261
11 /0
NIES-68 i
NIES-67
10
0 i
0 120 140 160 180 200 220 240 260
Length (um)

Fig. 3. Graphic analysis of width and length variation among the
strains of mating group I-E, G, and II-C. (a) Scheme of morphological
characters (b) Mean values of each strain in width and length. Symbols:
triangles; group G, circles; group I-E, squares; group II-C, closed
symbols; mt', and open symbols; mt . Horizontal lines and Vertical
lines depict standard errors of length and width respectively (n = 50).
The data for the mating groups I-E and G were from Tsuchikane ez al.
(2018b).

RELEE II-C RRDERLSEBDERE

AFARAE R B B A EORE I-C A A B T X T,
- ENTVzRE (NIES-55) D 1506 group I intron B4
WARELRE IFA OO ED L B LTzT &h b, RIFEDBITHEK
OO EZIADELCT ENREINTWS (Tsuchikane er al
2018b). ARWFZEIC KD, BifF 9 2EE 1A, 1B, LE, G
Ihnz, A MR PTRE &R R BLEE 11-C DFE 7z 4 BUETS
Lizz lc kD, AhlbREOREN#IR2S 5 DD A I
FEDZRBOMMEERZ S N TE, AWK TELN
T ZEREIFC @ 5 B 2 #k (Inbal-12, Inbal-20) (3 [E 7 Bi5E
AT RRAR R IC A RE L, Z N2 N NIES-4321,
NIES-4322 L WH HFEZTERINTWVD, 5%, INHOHKk
ZHWAZ EMWTE, EHRREOIRE T 2 o' DY
[Hia ER@E LT, e AIHYFEICET A FEbREEEAE O
BN E NS, F 7z, Watanabe & Ichimura (1978)
LUK, ZBCEE I-C OFERE MW=, SR OHIFEE O
3 40 SESD OFFRR Lo Tz,

L XIAYVEFETE, A—0WiEkEENSELNTE
BB OM T, seeEEiniaon ik 1982),
LZECEFIFA & 1B, IE & G D X S5 B R5e i L habm i %
FTHAGDLEDOLZRELFRFDN SRR I NIz VI HEITR
Vo [AEDA A I AYVFETEEBOMEN TN TS G
F1982), AWIZEOHIEAE L A AYFETEHWVICE
IZAESHRREE L T B BIHRICH 2 ALEE IB, 11-C, G DHMNMT
bz, TOFRKD—D & LT, SXRBERNCZSH T (Groning
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Table 3. Intercrosses between strains of the C. psl complex.

NBR - BEA - S

Mating group II-C Mating group II-A Mating group II-B Mating group I-E Mating group G
Inbal-12 | Inbal-20 | NIES-261 | NIES-53 | NIES-54 | NIES-65 | NIES-64 | NIES-67 | NIES-68 | NIES-4320 | NIES-4319
) Inbal-12 - + + - - - - - - - -
gr?j;‘?lg_c Inbal-20 - - - B B - - - - -
NIES-261 - - - - - - - - -
Mating NIES-53 - + -2 +2 -a -a -b b
group II-A | NIES-54 - _a _a _a _a b b
Mating NIES-65 - + —a —a b b
group II-B | NIES-64 _ _a a _b _b
Mating NIES-67 - + —b ~b
group I'E | NIES-68 - b b
Mating | NIES-4320 - +
group G | NIES-4319 -
“+”; zygospore formation was observed, “-"; no zygosphore formation was observed.

The results marked with a and b are untested combinations in this study, but results reported in previous studies are used instead

(“Tsuchikane er al. 2008, "Tsuchikane er al. 2018b).

& Hochkirch 2008, E&5 2010) DK 5 SHEIERADFEET
LA ZERLTVWS, FEESDINE TOMIET, AW
WA ASBRE TE & G ZNZno + Bl & - A7z [F RS
BAT 5L, Kk G OEMRAEENHETINIHSENH LN
TW5 (Tsuchikane er al 2018b), TDT &MD, EHFIEAMA
BEDFEMICTEIELIc L &, —DMs 04 ZAEL, H—
DIKEIRIC BT 2 BLBE ORI 5872 I IE LT 5 ] e
MEZBND, 5%, KOZOEBNMTRERHLNKZHE
TBHILT, IRERARBRHIARYICR CAE RIS E LW O
WS T 2080 H %, AWt 2 EH, TNETIKEDS
NTVBREAIAYFEOKRE, TIVT7 MRy FRARA
N CHRELIKT Y TIVDS FEXETHEFISNZEDTH S
W, TOHETIE, 70—V RICFEET 2 HEEZMRENICH
BITBHTLIFHLY, EXIAYVFTEEER DNA & UTHE
U CRBEE 2 [AE 3 % 75 & OREFE S IEE DT S g,
A I NV FEOREB LB ZANCHRITT S EHT
EBAD, TOXIEENTESRHCTHASMNI LT 4 —
WV RICBTBREHOS AL, LHRREHRN, AT IBEI%
DEEZHK TS LT, BIFEOLE A I Y FEREROM
B OREER P S M TES T eI NS,

AMHZEIE, TSPS BIiFE: (26440223, 15H05237, 16H04836,
18K19365, 19K06827,20K21451) DBk %2 F 128 D TH %,

51 F>Zik

Abe, I., Hori, S., Tsuchikane, Y., Kitao, N., Kato, M. & Sekimoto, H. 2011.
Stable nuclear transformation of the Closterium peracerosum-
strigosum-littorale complex. Plant Cell Physiol. 52: 1676-1685. doi.
org/10.1093/pcp/pcr103

Adl, S. M., Bass, D., Lane, C. E. ez al. 2019. Revisions to the classification,
nomenclature, and diversity of eukaryotes. J. Eukaryot. Microbiol.
66:4-119.doi.org/10.1111/jeu.12691

Akatsuka, S., Tsuchikane, Y., Fukumoto, R., Fujii, T. & Sekimoto, H.
2006. Physiological characterization of the sex pheromone protoplast
release-inducing protein from the Closterium peracerosum-strigosum-
littorale complex (Charophyta). Phycol. Res. 54: 116-121. doi.org/
10.1111/j.1440-1835.2006.00418.x

Groning, J. & Hochkirch, A. 2008. Reproductive interference between
animal species. Q. Rev. Biol. 83: 257-282. doi.org/10.1086/590510

Ichimura, T. 1971. Sexual cell division and conjugation-papilla
formation in sexual reproduction of Closterium strigosum. In:
Nishizawa, K. (ed.) Proceedings of the 7th International Seaweed
Symposium. pp. 208-214. University of Tokyo Press, Tokyo.

Ichimura, T. 1973. The life cycle and its control in some species
of Closterium, with special reference to the biological species
problem. Doctoral dissertation, University of Tokyo.

TIFEEE 1982. X4V FEOMOL & TN FRMEREHE. BE 30:
332-343.

Kanda, N., Ichikawa, M., Ono, A. et al. 2017. CRISPR/Cas9-based
knockouts reveal that CpRLP1 is a negative regulator of the sex
pheromone PR-IP in the Closterium peracerosum-strigosum-littorale
complex. Sci. Rep. 7: 17873. doi.org/10.1038/s41598-017-18251-8

Kasai, F., Kawachi, M., Erata, M. & Watanabe, M. M. (eds). 2004. NIES-
collection. List of strains. Microalgae and protozoa, 7th ed.
National Institute for Environmental Studies, Tsukuba.

Katoh, K., Rozewicki, J. & Yamada, D. K. 2019. MAFFT online service:
multiple sequence alignment, interactive sequence choice and
visualization. Briefings Bioinf. 20: 1160-1166. doi.org/10.1093/
bib/bbx108

Kawai, J., Kanazawa, M., Suzuki, R., Kikuchi, N., Hayakawa, Y. &
Sekimoto, H. 2022. Highly efficient transformation of the model
zygnematophycean alga Closterium peracerosum-strigosum-littorale
complex by square-pulse electroporation. New Phytol. 233: 569—
578.doi.org/10.1111/nph.17763

Pringsheim, E. G. 1946. Pure cultures of algae. Cambridge University
Press, London.

Sekimoto, H., Inoki, Y. & Fujii, T. 1993. Detection and evaluation of
an inducer of a diffusible mating pheromone of the heterothallic
Closterium peracerosum-strigosum-littorale complex. Plant Cell
Physiol. 34: 991-996. doi.org/10.1093/oxfordjournals.pcp.a078535

Sekimoto, H., Satoh, S. & Fujii, T. 1990. Biochemical and physiological
properties of a protein inducing protoplast release during
conjugation in the Closterium peracerosum-strigosum-littorale
complex. Planta 182: 348-354. doi.org/10.1007/BF02411384



A IV FERERE 1-C OFFHA

Sekimoto, H., Sone, Y. & Fujii, T. 1994. Regulation of expression of the
genes for a sex pheromone by an inducer of the sex pheromone
in the Closterium peracerosum-strigosum-littorale complex. Planta
193: 137-144. doi.org/10.1007/BF00191617

EE R - PHEAER T - PHE R 2010, AIIC B 2 BhET B
L OARE - EYHBIC G X %558, 08 10: 151-162. doi.
0rg/10.18942/bunrui.K100006537116

TBTER 2017, I AV FEOETEAGA - AHHMREE - AHRR. WY
Rl i 8: 175-189. doi.org/10.24480/bsj-review.8d1.00126

Tsuchikane, Y., Fujii, T., Tto, M. & Sekimoto, H. 2005. A sex pheromone,
protoplast release-inducing protein (PR-IP) Inducer, induces
sexual cell division and production of PR-IP in Closterium. Plant
Cell Physiol. 46: 1472-1476. doi.org/10.1093/pcp/pcil’58

Tsuchikane, Y., Hamaji, T., Ota, K. & Kato, S. 2018a. Establishment of a
clonal culture of unicellular conjugating algae. J. Vis. Exp. e57761.
doi.org/10.3791/57761

Tsushikane, Y., Ito, M. & Sekimoto, H. 2008. Reproductive isolation by
sex pheromones in the Closterium peracerosum-strigosum-littorale
complex (Zygnematales, Charophyceae). I. Phycol. 44: 1197-1203.
doi.org/10.1111/}.1529-8817.2008.00577.x

Tsuchikane, Y., Kobayashi, H., Kato, M., Watanabe, J., Wu, I.-T. &
Sekimoto, H. 2018b. Identification of a new mating group and
reproductive isolation in the Closterium peracerosum-strigosum-
littorale complex. J. Plant Res. 131: 735-746. doi.org/10.1007/
$10265-018-1043-8

75 A% (Nitella) FIREINCT 5 AE LHINT,

SEHTENSEHTE /R

123

Tsuchikane, Y., Sato, M. & Ootaki, T. et al. 2010. Sexual processes
and phylogenetic relationships of a homothallic strain in the
Closterium peracerosum-strigosum-littorale complex (Zygnematales,
Charophyceae). J. Phycol. 46: 278-284. doi.org/10.1111/j.1529-
8817.2010.00806.x

Tsuchikane, Y. & Sekimoto, H. 2019. The genus Closterium, a new
model organism to study sexual reproduction in streptophytes.
New Phytol. 221: 99-104. doi.org/10.1111/nph.15334

Watanabe, M. M. 1977. Biosystematics in Closterium of sexual
unicellular green algae and Calothrix and Spirulina of asexual
filamentous blue-green algae, with special reference to the
analyses of natural populations. Doctoral dissertation, Hokkaido
University.

Watanabe, M. M. & Ichimura, T. 1978. Biosystematic studies of
the Closterium peracerosum-strigosum-littorale complex. II.
Reproductive isolation and morphological variation among
several populations from the northern Kanto area in Japan. Bot.
Mag. Tokyo 91: 1-10. doi.org/10.1007/BF02489098

Wickett, N. J., Mirarab, S., Nguyen, N. ez al. 2014. Phylotranscriptomic
analysis of the origin and early diversification of land plants.
Proc. Natl. Acad. Sci. USA. 111: E4859-E4868. doi.org/10.1073/
pnas.1323926111

Widmer, A., Lexer, C. & Cozzolino, S. 2009. Evolution of reproductive
isolation in plants. Heredity 102: 31-38. doi.org/10.1038/
hdy.2008.69

(2022 % 3 A 10 H&Zf, 202246 H 6 HZHD
WEYREERES Ml =&

)

-4
GEESS

WE (1910, HEYIAHES 24: 343-344) B T55TENS

59CE/RF VI ELTTTAIERIC FIIE Lic, E6IC, BARRAE KT DDT I A 3E EMHENIGHLO T

oM Ulz (BT 1916, WEYIWTZEMERE 1:35), o, /N - g (2021.
HeeHHRE (1805-1859) T 7o va furkts| ofh CYERIRE) IcE W Tmsalizckl, k75

[EdE <y
AEBEMENARE Z TR LTz LA LT S RAOET
WHE T IRAE L ENEHREAHDOEE 7 572,

WE (1916) 3 F7 (55698 /4 BERELRX
NKHT R EBRTED, FIILFRAOHBERE MES
) CRHE7EM. 1800 L) I 75X HET
N 559 b n) LHB (TLHOIWHRRE
& 1993. MEFHEE AERAR 5/\E] p.105), 77
ARG —ETTIAEMENTW b IR, T75 2/
D] TONXTTAETEMMEL %, T TICERL
17 SRATAEDXESHEITSATIKRINE L3Ebik
VWA, 7IRADEICHELLTLUES>T2DIXKRIFOREHE
Zolzhs L,

BBRHEENS, TEAM MSEE] (1899-1900 FH()
WERET & AT L T e (RIS AT R R 1983, T
T EEER GIIEOT) D,

B 69: 71-78 5 2022, #4EH 70:135) 13,

$o ¥
i

=

=

RERINIFNNSTHURS
%E':-J"H

PRHOENIEN ~WOE Aol

Nigrnelad £ 2
N ML TS Mo

WO .

T (555D (RES 1899 [ | - Hi], 1900 [F]. %%ﬁ) ZIK
HOTTLAG, IMESHRE) 3EATORMONE. £ &, A, 15
59 OIHHE (R p.262). HIRA LI TAZ EMENIHRES.





