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in the western North Pacific

Seinen Chow"?*, Takashi Yanagimoto®

IFisheries Technology Institute, 2-12-4 Fukuura, Yokohama, Kanagawa 236-8648, Japan, 2Aquos Institute,
3-2153-79 Motohachioji, Hachioji, Tokyo 193-0826, Japan, 3Fisheries Resources Institute, 2-12-4 Fukuura,

Yokohama, Kanagawa 236-8648, Japan.

*Corresponding author, e-mail: kaiyoeell@gmail.com

Abstract

Exon-primed intron-crossing (EPIC) polymerase chain reaction (PCR) was applied to ribosomal protein
genes of long-spined sea urchin species of the genus Diadema. Amplicon size differences among three
species (D. clarki, D. setosum, and D. savignyi) were observed in 40S ribosomal protein S3, to which large
indels in the intron were primarily responsible. This may be a simple and diagnostic nuclear DNA marker

for hybridization study in Diadema.
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Long-spined sea urchins of the genus Diadema are
widespread and ecologically important species in
tropical to temperate areas. Four Diadema species are
known from the shallow coastal areas of the Japanese
archipelago (Lessios et al. 2001; Chow et al. 2014,
2016), of which Diadema setosum is the most
abundant and widespread species, ranging from
subtropical areas such as the Ryukyu Islands to the
temperate zone of mainland of Japan. Diadema
savignyi and a rare D. paucispinum are scarce in the
temperate zone, while D. clarki is abundant in the
temperate zone. Diadema setosum and D. savignyi are
sympatric in the Ryukyu Islands, as are D. sefosum and
D. clarki in the temperate zone. The co-occurrence of
these three species is limited in the southern temperate
zone (Chow et al. 2016). Lessios and Pearse (1996)
first raised the question of hybridization in Diadema
species. Although the temporal reproductive isolation
between D. sefosum and D. savignyi has been observed
(Muthiga 2003), the temporal difference is not perfect.
Natural hybrids between D. setosum, D. savignyi, and
D. paucispinum were detected using allozyme assay
(Lessios and Pearse 1996). Laboratory experiments

showed that gametes of D. setosum and D. savignyi are

capable of fertilizing each other and of producing
viable hybrids (Uehara et al. 1990). To further study
genetic exchange and introgression between Diadema
species, it is necessary to develop convenient nuclear
DNA markers instead of the cumbersome and no
longer available allozyme assay. However, the bindin
gene locus is currently the only nuclear DNA marker
for hybridization study in Diadema species (Geyer et
al. 2020; Lessios 2024).

Table 1. Nine individuals of three Diadema species
collected in Japan and used in this study. Individuals
marked with an asterisk were used for nucleotide
sequencing.

o — collection
locality date
DSV10*  D. clarki Iki Is., Nagasaki Feb. 2012
DSV14 D. clarki Iki Is., Nagasaki Feb. 2012
DSV17 D. clarki Iki Is. Nagasaki Feb. 2012
DSTI1 D. setosum Yokosuka, Kanagawa Dec. 2011
DST3 D. setosum Yokosuka, Kanagawa Dec. 2011
DST7*  D. setosum Yokosuka, Kanagawa Dec. 2011
DSV20  D. savignyi Ishigaki Is., Okinawa Oct. 2013
DSV22  D. savignyi IshigakiIs., Okinawa Oct. 2013
DSV24* D. savignyi Ishigaki Is., Okinawa Oct. 2013
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Fig. 1. Agarose gel electrophoresis profile of
amplified 40S ribosomal protein S3 gene
fragments of Diadema clarki (DSV14 and 17), D.
setosum (DST1 and 3), and D. savignyi (DSV20
and 22). The leftmost lane is a DNA marker with
the size (in bp) indicated at the left margin.

We performed PCR amplification for three Diadema
species (D. clarki, D. setosum, and D. savignyi) (Table
1) using 19 primer pairs for 12 ribosomal protein genes
(Chow et al. 2015). Species of these individuals used

were identified using mitochondrial COI gene

sequence analysis in previous study (Chow et al. 2014).

PCR mixtures were preheated to 94 °C for 4 min,
followed by 30 amplification cycles (94 °C for 30 s,
55 °C for 30 s, and 72 °C for 50 s), with a final
extension at 72 °C for 7 min. Single fragment
amplification and amplicon size differences between
species were observed in one primer pair (RPS3ex3F
and RPS3ex4R) targeting the 3rd intron of 40S
ribosomal protein S3 gene (Fig. 1). Size of the
amplicons estimated from gel electrophoresis was c.a.
1,500 bp for D. clarki (DSV14 and 17), c.a. 550 bp for
D. setosum (DST1 and 3), and c.a. 500 bp for D.
savignyi (DSV20 and 22). The PCR products from the
other individuals of these species (Fig. 2) were cloned
using a DynaExpress TA PCR Cloning Kit
(BioDynamics Laboratory Inc.). Colony-direct PCR
was performed using M13 primers, and the PCR
products were treated with ExoSAP-IT (GE
Healthcare) to remove PCR primers, purified and
subjected to nucleotide sequence analysis using M13

primers and those used for the initial PCR
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Fig. 2. Underwater aboral view of three Diadema
species. A: D. clarki (DSV10), B: D. setosum
(DST7), C: D. savignyi (DSV24). See Table 1 for
sample information.

amplification. Nucleotide sequences determined are
available in DDBJ/EMBL/GenBank
(LC861745-LC861747), and the

presented in Fig. 3. The amplicon sequence consisted

database

alignment is

of the 3’ region of exon 3, the entire intron 3, and the
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exon 3 « 80

D. clarki GTTCAACTTTGCTGAGAGCACTGTCGAGGTATTGTTGTGGAAAAAGACCCATGATCTATGCATTGTTGTATGGAAATTTC
Doselosum: =~ ousids o e e s deviaaieni sl wleile T wwgiae o Seslsiios EsiaBisi s se@eian Tie 4G
D.5avignyi et i O — Gevennnnnnnnn I
160
D. clarki -AATTCTGAAGAAAGAGGAGTTTATGGTGAAAGTCTTTATTGGTATCTCACAAGGGCTT-ATTAGGCCTACCTTTCATCT
D. setosum P CTE s s Dhevansnevesmsone e, wxe) aie - W BIG avnnersuesoysnaiaze, e BB o ase:esd Wisre oyoiane » b & DO DN A
D. savignyi S A W S W NN A W B wsmimiminain o8 wd {1 RN, - SO — Sl wie i simmi GesCuunos c
240
D. clarki
D. setosum
D. savignyi
D. clarki
D. setosum
D. savignyi
400
D. clarki TGGCCGGGTTGGAAGAGTTTCGCGTGTTTTTAATTCCGCGGAATCAAGACATTACACACAGGCACATATGGCAAGCAAAA
D.SEOSUMT =~ = = =i i o i i e o e o e e e o e e e e e e
D. SQVIgnyi = mm e e e e e e e o
480
D. clarki ATATTCGCGTGCTTTTATTTTCGCGCTAGTTTCTGGTTGCGCGARAATTTGAACAACGCAAAAATTTCAACTTTTACAGT
D S, e g N T S et Sl s e s
D. savignyi = e e
560
D. clarki AGATGGGAAGAATGTGAAATGTATAATGTTCTTAGAGACCTTAACCCTAAAATGGTGGGGGTTTGTTGAATCAACCCCCC
D. setosum TN S SN bR, S—— (c PR, . I ATGC——————————m———mmmmmmmmm——m
D. savignyi muraite e e S SRRSOV TS S0e §T L Jpe— s s e 766 Cv Bl s smm e
640
D. clarki CCCCCTCGACATTTTCCATACCATTCCTCCCCGGGAATTTTTTTGACTACACCGCTTGCTGACTTTTTAAGTCTTGCACA
D Selostim, =~ == e e e e e e e e e S e i S
D SaVIgNYl  mm e e o
720
D. clarki CTTATTTATGACACCATTTTCGTGAAAATCTGTCATACCTACAGTATACGACAATGCACGACCTTTTATACATACTTTTC
D.sefostum: = == 0 i——mememememee e e e e
D. s@vignyi  m e e e
800
D. clarki AGACCGAAAAACATGTTTTTGTGTACAAAGTCCATACARATGGAGTTTTCTCACTTTATTCARAGATATGATTATTTTCA
D. Setosum = = = o—— e e e e
D. savignyi = e e e
880
D. clarki CTTTCATTGGCTGARATGAATTGATTTTAGCATTTATAATCATGCTTGAAGTAGACTCTGTCTTAAATCTCGCGGGGARA
BLSEIoSHM, = cemmemem e e e e e e e e e e e e e e
D. 5avignyi = e e
960
D. clarki AAATGACAAAAATAAAATGTTGAAAACAGAAATGCATAAGAAATTCATAAAACAATACAATACATTAGAAAATAACTTTG
DiSClOSUM: =~ = sy s iR s i i S e e o e e R S e R e R e T e
D. savignyi = e e
1040
D. clarki ATACTAGATTTTTTTTTTCAAGTACATGGTTAGGATTACTACAAAGGACATTATCGCCAAATATTAGGGTTCTAGGGGCT
0 IR 2 .. S e
D. savignyi = e
1120
D. clarkii TTACTTTCTGATTTAGAGCAAAATGTATGCTTTCATGCATATTAGCGTTATTACTTAAAAATTATATGGTTTTGTACAGT
D.Setostim: = oesissimoimsieon o e e e S L S e S T I e N
D. 5avignyi = mm e mmm e

Fig. 3. Nucleotide sequence alignment of partial 40S ribosomal protein S3 gene of three Diadema species.
Nucleotides identical with those of the top sequence are shown by dots and gap is shown by dash. Exon regions
are shown in gray.
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1200

D. clarki TTGGTAGATTACGCCACAGGTAGTGTATGTGCCAATTTTCATGGCGATTGCGCTATCGACGCCAAGATCTCGGAGGGGTT

DuSBlOSUn =~ = e e e e e e e e e e e e

DLSAUIBNE =~ e e e e e e e e e e e e B o e R e e o e e e P e S R o e e S o
1280

D. clarki GTTTCAACCCTCCCCCGGCCACAGAACAGCCAAAAAAGCCCGGCCTGATTCGGGTTAAATGTGACCAGCAGAAGTCCTGA

D. setosum = = @o———mm e e L T ssimallios sn uie

D.savigmyi =0 2 e s s A R s R S S SR s L SR SRS S SR e RS, L e 0
1360

D. clarki CTTETATCT~———————ooosnaanos AAATATAGTAAAGAGGATGAAAAGACATTTTTCCATGAAT ———————————

D. setosum  ..... T-..TATTAGAAATTGTTAAAAGTG..GT....C.ocevencnns GG....CoeGuovvvnnn TTATTAAAAAC

D. savignyi T....T...TATTAGAAATTGTTAARAAGTG. .GT . v eecoucnn Al GG o e e e e e e
1440

D:iclarkt:. = = o cmmmmrmer i e T R T T e T T T T T T T T R TTATGACAAACTAGCTTGGA

D. setosum TGGCTTGAAAGACTGAGAAAAGTTACGTGTAGATGTTTTAACAG. .CTC.CTTAGCAGTG.C...... G...GA.A.——~

D. savignyi = =  —=e=mmsmmmmmmemeememememee e TAGATGTTTTAACAG. .C.CCCATAGCAGTG.CG..... G...GA.A.—-—-

1501

D. clarki AGACCCAGAAATGTGGAGGTCTTTTCAACTAACTTATCCTTGGGTTCTATGTCCGCAGCTC

D. setosum S, e Beessimieiniey Shn suangs e e 508 mi i { /P — Tian mimemimins win mon aom sommioaim e

D. savignyi i W Pl wow sewrasemmsson wa w58 TP, o coBmssm o e oS A W W BRI G

Fig. 3. continued.

3’ region of exon 4. The length of the nucleotide
sequence excluding primer sequences was 1,408 bp
for D. clarki (DSV10), 552 bp for D. setosum (DST7),
and 496 bp for D. savignyi (DSV24), corresponding to
the amplicon size estimated from gel electrophoresis.
Large indels in the intron were primarily responsible
for the difference in amplicon size between species,
which may be a simple and diagnostic nuclear DNA
marker for Diadema. The feasibility of this nuclear
DNA marker for hybridization studies in Diadema
needs to be verified with a much larger number of

individuals.
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