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Abstract

The common freshwater shrimp Palaemon paucidens is recognized as a species complex comprising three
genetically distinct types, referred to as A, B, and C. The B type is further subdivided into two subtypes, B-I
and B-II, with B-I being described as the new species P. septemtrionalis. In this study, we designed a PCR
primer pair based on the nucleotide sequence of the cDNA encoding the insulin-like androgenic gland
hormone (IAG) of P paucidens. PCR products were cloned and the nucleotide sequences from A, B
(including both B-I and B-II subtypes), and C types were determined. The PCR products encompassed the
entire exon 1, the complete intron 1, and partial exon 2. Phylogenetic analysis revealed two largely divergent
clades, designated as IAG1 and IAG2 paralogs. Substantial nucleotide sequence differences were observed
among the three types in IAG1 and between B and C types in IAG2. Notably, no IAG2 was detected in A
type samples, and no apparent difference was observed between the B-I and B-II subtypes in either paralog.
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I IR < A 3 % A ¥ = ¥ Palaemon
paucidens 1%, S KETHLF 2 d7 AV
P. sinensis ZFRITIX B ARDOBAKIBICA R T HME—
DAY ERDOFELZ 2 LN TNIZ, WD)
DIEREFE TR SN LTI TH D Z L bhro
T& 72, 1980 725 1990 FRUTT A Y WA Lo3HT
RABLFERRIC L > TRIGHIIC R 2 2 2 247 (A
& B) WFET D T & Z A TRITIXAERIRRED
FET 5 Z ERH LTS L2 (Chow and Fujio
1985; Chow et al. 1988; Fidhiany et al. 1988, 1990)
D%, I har Y75 LD 16SDNA L
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EHRIT 3.7-45% Th-7= (38D 2018a; Chow et
al. 2019; #H - #iE 2022), & 5IZ Katogi et al

(2019) 1L EH IR LB O CHRIRS iz A Y
T EFEAR%E P septemtrionalis & U CHETHE L.
ZAUEBI RIS T DD EEZ b (R
% 2018a; Chow et al. 2019; M « ¥ 2023), LA
FEo Xyl AV I < & bR O
A F AT FifERLE L 7e P septemtrionalis, B-
I ZfiZ LT C #A T TSN TS Z LI
25, ZOFRERRERIZEICT A VYA Lo E
F=2 RUT DNA GHTIC L DD TH DA, B-
[/ CHATDOT A VWA LDoHIE THILT
Wy, F72. 18STDNA BiFIIZEB VT A, B, C
LA THOERNRENTNDEN, Z A FHDAE
B 12 LEDTHTHY, B-1 & B-11 &l
ZIXZE R (IR S 2018b; BtH - #hH 2022),

Fx T AP OB DI T 5 BT
Feh S DICHED 572, % DNA ~— I — DR
AT o TC&E, TDORTA A URREHER R
£ (insulin-like androgenic gland hormone) (UL
IAG) B2 oW T RT a7 LHEE S DES]
KNG A TR OB FERLANZEIZ DOV TN DA
RAEBEZOTHRET 5,

MRS L UHE
W2 AT T A% Table 1 127”3, Zib
DIEARITIES (2018a,b) THEMSNTZH D TH D,
A Z A TITHFH L) SR ARZE (TOG) & i
HIRFEEEM (BIW). B-1 %% (P, septemtrionalis)

FAEEEE )1 (HNB) & FKH B EEES) T (AHR) |
B-II AL THEREHE)I (CH) &R ERE)

(AT), Z LT C A TR B RELKEHE
JII(AM) 725 D% 1 {l{& T & %, Banzai etal. (2012)
DTz 38 (avryrryfhiixzy
Macrobrachium lar, AT T, Y AT T b
Palaemon pacificus) ® IAG % 22— K925 cDNA
BBl 2 @E L Cnd, 2iUh 3 FEARIZ Ry M
IRCAFLZbDOTH Y, EHITIAHATH D,
DHIHBAVZEDEBERINN T A LIeT
7 4 ~— (AG2FP3: 5-GAAGTCTACAATCAAA
TTAC-3" &% O® AG3RP2: 5’-AAATGGACGCAAAG
GTGGTC-3’) % PCR g2 v 7=, PCR & Tt
1%, 94°C T4 53 DEAENME, 30 %A 27 )L OHEIREK
Ji (94 °C T30 OB - 58 °C T30 D7
=—U 7 -72°C TS50 BOHE), KU 72°C
TTHOME, XVkD, WIEEDO 7 v—=
7 L YR FEBCFIAENT X Chow et al. (2024) \ZHE~ 77,
BB Z 223000 6 A =—%H Lz, Bldl
MO I E#R (K2P distance) DOFFH, #ELET
JLDIBIR & ZAHRBHERIZIZ MEGA6 (Tamura et al.
2013) &M=,

R
PCR HEMDOER/INZRETE I m— %
IX BIW8 T4, HNB4 T3, ATI0 T2, AMI T2
Thole, MPEANEZRETE L7 v— 8T
TOGIl T 1, AHR2 T2, CHI T1 Tholz, 4
ETHI L7 a—r o9 b EEHR RS

Table 1. Specimens of Palaemon paucidens and P. septemtrionalis (B-I) used in the present study. See

ik ©(2018a) for detailed sampling location.

ID Location Prefecture date type  haplotype
BIWAS Lake Biwa Shiga June 2017 A JA1
TOGI Ohguri River Tokyo July 2017 A JA21
HNB4 Nobusha River Hokkaido June 2016 B-1 IJB6
AHR2 Hizume River Akita August 2017 B-I JB3
CH1 Choja River Chiba August 2017 B-II JB11
AT10 Atsumari River ~ Kagoshima November 2017 B-II IJB16
AMI1 Katoku River Kagoshima July 2014 C JA23
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Fig. 1. Maximum likelihood phylogenetic tree based on TN93 as the best-fit model of 12 IAG gene
sequences obtained from Palaemon paucidens and P. septemtrionalis (B-I).
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X774 ~—H3%kR< & 1,101-1,135bp ThH > 1% 4.8-63 % ThH-o72, B-1 & B-Il R KX
Too TIUH 12E5N DT 7 A A > b % Appendix Fig. oMbIE R T, Bl O K2P 1% 0.7-1.1% T
1 {2759, Banzaietal. (2012) (2L % AV T E IAG bHolz, £7-.BIWS 22645722 7 m— 2 (BIWS-
® cDNA Bl & DRIz LD, R TeRE% IAGla & BIWS-IAG1b) O ER S (1 7
IRECTERINI= 7 Y12k, A e NVEETe) 1221, K2P X 1.9% Th -7, IAG2 7
BRKEOTT V2 OSBRI L VRSN T L— RTiX B-1 & B-II R bixiz e AL
Wb EnNRENT, < B O K2P 1% 0.0-03 % Th-o7-, B &
12 B8l & V7= mbikt & Fig 1 IR L7z, Bl C #A 7RI ZRAE O, Bl O
FNIRK&EL 27 L—FRZpF b, 2 b % 1AG K2P 1 1.924%Th o7z, A XA T INHITIAG2
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Fig. 2. Maximum likelihood phylogenetic tree based on JC as the best-fit model of eight exon sequences in IAG
gene obtained from Palaemon paucidens and P. septemtrionalis (B-I), and corresponding cDNA regions of P,
paucidens and P. pacificus reported by Banzai et al. (2012).
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EEMRETE 2 8 BHIOT 7 Y HEE 125
bp & Banzai et al. (2012) (2L DAY LA Y
AV T ED cDNA B A WV CRAR 2 ERk L
7= (Fig.2), &RESZ HW23546 L RIRIC, A
T EDORSNLIAGL & IAG2 IZi%%T52 7 1
— Nz bz, 1AGlL 7 L— RIZJE T HEd%
L IAG2 7 L — RIZET D ELHIH @ K2P 1%
10.3-14.1%Td - 7=, Banzaietal. (2012) 2L 5
AYTE ¢DNA X IAGlI 7 L—RD A XA 7T
& ¥, BIWS-IAGa & BIWS-IAGb & @ K2P |%
ENEN 08 & 1.6 % TH-o7-, BIWS-IAGa &
BIWS-IAGb [} K2P 13 24% T - 7=, 1AGl 7
L— RTIXA XA T L& B+C ¥ A T DA 55T
S, 2RI O K2P 1% 3.3-5.0% CTh - 7=,
B-1 & B-II Zftflic AR TR ONT . B & CH A
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AT10-IAGI
AMI-IAGI
HNB4-IAG2
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3 . .GF.
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2

7D K2P 13 0.8 % TH-o7z, IAG2 7 L— R T
% B-1 & B-II R bITA ST B & CH
A 7D K2P 1 42 % Thoto, AV AYVTZE
cDNA & AVt IAGl X DVIAG2 7 L— RIZJE
JHHEHIE O K2P 1% 25.5-27.9% Ch o712, Zi
ba—7 4 U UEROBERET I BESIOT T
A A2 N EZIITES S KM% Fig. 3 & Fig. 4
\Z7R L7=, Ventura et al. (2011b) <° Banzai et al.

(2012) 2L HHE~ O+HBED 1AG (BT D1
T X FERCAI D O ARIFIE TR & LT
FEELFN D SRR T X BERLAIE TAG O
FART T RefEk s B Ho—#EEieZ &0
RENTE (Fig.3), AVZEOHEET X/ WAL
IXIAGL & TAG2 IZEM T 527 L— RIZHaTH
iz (Fig.4), 7 L— R TiX 6-8 FREDERE N

signal peptide<—|—B chain
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Fig. 3. Alignment of deduced amino acid sequences obtained from eight exon sequences in IAG
gene of Palaemon paucidens and P. septemtrionalis (B-1) determined in the present study and those
of P. paucidens and P. pacificus reported by Banzai et al. (2012) (asterisks). Amino acids identical
with those of the top sequence are shown by dots and gap is shown by dash.
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Fig. 4. Maximum likelihood phylogenetic tree based on JTT as the best-fit model of IAG amino
acid sequences deduced from eight IAG gene sequences of Palaemon paucidens and P.
septemtrionalis (B-1) determined in the present study and those of P. paucidens and P. pacificus

reported by Banzai et al. (2012).
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RO, TDOEL N T FNA_TF FEIC /RS
ni- (Fig. 3), IAGl 7 L— RN T X A T & 4F
BT 2R =R > 7, IAG2 7 L— K
NTIX B & CZATMT 2 EBEENALNT
(Fig.3), AVZE A VYAV EMTIE 13-15
FREENR O, ZDL LT 7 F VT F RF
Wiz bz (Fig. 3),

ZE

FBE O Pk 2 il 9 2 1 EMR (androgenic
gland) 7% ¥ B30 © v~ b B A ¥ Orchestia
gammarella TH 5 S CLLK  (Charniaux-Cotton
1954) . MEHER & TAG (2RI 5% < OWFZE &4
SN T&E7= (BlZiX Levy et al. 2018), AT
XYV H =0 1 # Cherax quadricarinatus T IAG
% 32— K9 % cDNA % Manor et al. (2007) |2 &
S THIO TR S, T ORIFERERIIZEN 7 v~
= bt%H (Banzai et al. 2011; Li et al. 2012; Vazquez-
Islasetal. 2014) . 77 4 = E4H (Ventura et al. 2009,
2011a; Banzai et al. 2012; Ma et al. 2013, 2016; Li et
al.2015), # 7 /3=t (Levyetal. 2020), HV
' =%f (Rosen et al., 2010; Savaya et al. 2020), 7
=% (Chung et al. 2011; Huang et al. 2014, 2017;
Jiang et al. 2020) TiTh TX7=, ZibHOW%E
T IAG 22— FT 28I FR 1 DTHDHI L%

RELTWD,
AWFIETHNT LIZEEEWEA Y~ A 147
(BIW8) @ IAG] THHi st/ 2 fH D7 v—
> (BIWS-IAGla & BIWS-IAG1b) [H] o>tk &
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BAIIEIRY AT =Pl L 2ER T T —0NEHE
b3 %2 LR ST (Pésbo and Wilson
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% (Chow et al. 2024), FEEIE A ¥ — B Tt
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ARG T/NT 1 7 O—2EHE LT IAG] Tl
RS, =7 YV KR OERE T X RS

DETTAYZYE 3 ¥ A RO LR
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CHATREBZTHY A XA THRERLHELT
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DNA DOIFF) & E T RFREAR (ES
2018a; #LH - #2022, 2023) & k< —#9 5,
B-1 372> P septemtrionalis & B-11 R %E[E D 168
tDNA FeFNZI 1T 2 M EHLARIL 3.7-45 % Th
YV (385 2018a; Chow etal. 2019; i [ - #1[H 2022) .
ZOMEIX 3 Z A TEDEITEAD LS WA, T
T A= ERD 16S IDNA T—AIZ L 51 5 N
MR EHE (02 %) (Murphy and Austin 2003;
Murphy et al. 2004; Cartaxana 2015) % Fe/ il 2
b, LML 6, IAGL &£ IAG2 &£ HITZ B &
B-11 R AN BARE 22 53 bIX R B9, TAG B s T
Tl B-I & B-II ZHE OB b2 T&
RN R ENT,

IAG2 XA Z A TP bR S e o T 3K &
LT, LT 794 ~—L A XA 7OMFHE
WORHIFTOI A~ vy TFREZ LI, 1AG] &
IAG2 M CIRIFENTESNEZSBIZ L TT A
L7 T7A4~—I2L% PCR ZITHMERH D,
—J7. A XA TIZIAG2 BFETE LR W ATREME S &
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RFMIE, AT EDRF T IAG O/3T 1 73
EUIEZbERT, £, BAA T 4HKT8 7
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ESI, ZDOHI>HLB XA 73K, C X471
ATIAGI & IAG2 O T3 STV D, —
FAZATTIE2METS 7 m— 2 OBLFIH
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VN2V, Banzaietal. (2012) AMEL7-AY B
T BN A XA T Tho7203, 1 FiHD cDNA
LB ENTW2RY, A Z A 712 TAG2 BFAE
L72WDOTHIUE, A XA T L& B+C XA 705y
BB T a ZOAKICEE L BE TEEN
B+C A 7OZM TR Z » = d[REMENE 2 Hh
%, IAG1 & 1AG2 MO E % L8 L=l
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Appendix Fig. 1. Nucleotide sequence alignment of partial IAG gene of Palaemon paucidens and P. septemtrionalis
(B-I). See Table 1 for the specimen ID. Nucleotides identical with those of the top sequence are shown by dots and
gap is shown by dash. Exon regions are shown in gray. Undetermined nucleotides are indicated by x-mark.
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Appendix Fig. 1. continued
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Appendix Fig. 1. continued
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