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INTRODUCTION

Because of the conservative nature, the nucleotide sequences of 18S rRNA have been widely adopted
in the construction of molecular phylogenies among the remotely related eukaryotes in recent years (Field
et al., 1988; Stock and Whitt, 1992). However, most studies used the partial sequences without complete
understanding of the sequence variability of each species representing certain taxonomic categorical rank.
Even though the results from those studies are congruent to those from the morphological data in many
cases, the 185 rRNA shows sequence variability, such as conservative, variable, and highly variable, across
the molecule. Therefore the nucleotide analysis of the complete sequences of many species will provide
the further understanding of the evolutionary relationships among the organismal groups, especially when
the groups being compared belong to the lower categorical rank.

As a part of study in examining sequence variability and general patterns of nucleotide substitution of
the 185 rRNA gene with the complete sequences among crustaceans, the 18S fRNA gene from one decapod
species, Pugettia quadridens, was cloned and sequenced. In crustacean decapods, there is only one species,
Oedignathus inermis, in which the complete nucleotide sequences of 18S rRNA gene were known (Kim
et al., 1992). Therefore we compared the nucleotide sequences of P. quadridens with that of O. inermis.

MATERIALS AND METHODS

In this study, the 18S rRNA gene of Pugettia quadridens was sequenced by PCR cloning and Taq se-
quencing as Kim et al. (1992). This species belongs to the infraorder Brachyura, suborder Pleocyemata,
order Decapoda in Crustacea (Bowman and Abele, 1982). The sequence datum of O. inermis is from Kim
et al.(1992) and this species belongs to infraorder Anomura, order Decapoda. We aligned the nucleotide
sequences of O. inermis and P. quadridens using FASTA program (Pearson and Lipman, 1988). The numbers
indicating nucleotide position in the following text are those of O. inermis when the sequences are numbered

without the insertion and/or deletion.

RESULTS

The total length of the 18S rRNA gene of P. quadridens is 1837 bases long, and 46 bases shorter than
O. inermis sequences (Fig. 1). The occurrence of each nucleotide in the two species ranges in 23.3-26.9%.
The G+ C content is around 50% in each species (Table 1),

The total number of different, identical, and null nucleotides between two species are 167, 1655, and
76, respectively. The similarity between two species is 90.8% when the insertion and/or deletion sites were
excluded. The number of different nucleotides in a row varies 1 to 10 and the one nucleotide difference
is the majority (86 out of 167). If the insertion and/or deletion sites are included and these sites are con-
sidered consider as the unweighted nucleotide differences between two species, the similarity is 87.2% (Table
2). The ratio of transition/transversion is 0.72 in the present two species. There are 34 insertion regions
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TACCTGGT%%ATCCTGCCAgTAGTCATAT8CTTGTCTngAGATTAAGggATGCATGTgT

......................................
......................................

AAGTACAA%%CGATGTAA%%TGAAACCGggAATGGCT OTTAAATCA&%TATGTTTCA%%

........................................................
........................................................

GGAACTG%AgCCCCACT%A%TTGGATAAE%GTGGTAA%S8TAGAGCTAK%ACATGCA&A8

.......................................................
.......................................................

190 8 210 220 8
AGAGTCCCCGGACCGCAGGGAGGGGCGCTTTTATTAGTTCAAAACCGGT: GGGCCTC--G

.................................................
.................................................

...............................................
...............................................

...................................................
..................................................

...........................................
...........................................

...............................................

480 490 520
GGTAGTGACGGAAAATAACGAnggAGACTCATCgGAGGCCTTGCAATCGGAAT%AGTAC

.........................................................
.........................................................

540 550 g g 580 8
ACTTTAAATCCTTTAACGAGGACCCATTGGAGGGGCAAGTCTGGTGCCAGCAGCCGCGGT

........................................................
........................................................

0
TAgTTCCAGCTC igTA CGTATE%%AAAGTTGT%SCGGTTAAE&RG TCGTAGTTSGAT

.........................................................
.........................................................

.................................................
................................................

720 740 770
A@ATGGGC.ccsccsc.%rcc.cco.s.cﬁmcrcrﬂ. y .A.CESAGTGT.cc.chGTGGcc.GGCATGT
G- RO G SO TR CAATTTCLLCT- OB AGAGT

780 790 g 8 g 8%
TTACTTTGAAAAAATTAGAGTGCTCAGAGCAGGCTA ATGAATT GCCTGAATGTCTATG

...................................................
...................................................

850 60 8
CATGgAATAATGGAATAGGACCTC TCTAIIllGTCGGIIII%TTCGGAACC%%AGGT

..........................................................
..........................................................

920 930 950
AATGAgTAATAGAAAé AGGCGGGGGTATTAGTACTCGAGCCAGAégTGAAATTCTTGGA

........................................
........................................

CCGTCS8AAGACTTg%gACTGCAAAgTATTTACC 8GATGTT%T8ATTAATCKR RACG

.................................................
.................................................
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Oed AAA&Q%RGAGGTTéggRGGCGATéRéRTACCGC%8%RGTTCTA%gggTAAACGigggTGA

..........................................................
..........................................................

Pug AAAGTTAGAGGTTCGAAG-CGATCAGATACCGCCCTAGTTCTAACCATAAACGATTCTGA

Oed CTA&SE?CCGCCGégggTATTCCéA?SACCGGC&&égAGCTTCé&égAAACCAAXS%CTT

.......................................................
.......................................................

Pug CCAC—ATCCGCCGGAGTTATTCCCATGACCGGCGGGGAGCTTCCGGGAAACCAAAGTCTT

Oed TGA&%%@CGGGGGAAS%ATGGTT& 22AGCTGA£A7 AAAGGAA%%GACGGA%&SSCAC

...........................................................
...........................................................

Pug TGGGTTCCGGGGGAAGTATGGTTGCAAAGCTGAAACTTAAAGGAATTGACGGAAGGGCAC

1208 1210 1220 1230 1240 250
Oed CACCAGGAGTGGCATGCGGCTTAATTTGACTCAACACGGGAAACCTCACCAGGCCCAGAC

..........................................................
..........................................................

Pug CACCAGGAGTGGC-TGCGGCTTAATTTGACTCAACACGGGGAACCTCACCAGGCCCAGAC

60 1270 1280 1290 0 31
Oed ACTé AAGGATTGACAGATTGAGAGCTCTTTCTC ATTCAGTG&ngGTGGTGéATgGCC

.........................................................
.........................................................

Pug ACCGGAAGGATTGACAGATTGAGAGCTCTTTCTTGATTCGGTGGGTGGTGGTGCATGGCC

1320 3 340 1350 360 137
Oed GTTCTTAGTTGGT gASCGATTTéTCTGGTTAATTCCGATAAC AACGAGACTC%ASCCT

..........................................................
..........................................................

Pug GTTCTTAGTTGGTGGAACGATTTGTCTGGTTAATTCCGATAACGAACGAGACCCTAGCCT

Oed ATTAR%?AGTCGA%%%RTCTCCA% RRTTGGTG é RGTCGCAAé%?CTTCTTAéggGGA

........................................................
........................................................

Pug ACTAACTAGTCGACGGATCTCCAGCAATTGGTGTCCAGTCGCAGCTTCTTCTTACAGGGA

Oed TAA%éégAACTCTAg38CGCACG£ggRTTGAGC%g%RACAGGT%%g%GATGCCé%%RGAT

...................................................

Pug AACGGGCAATTCTA-GCCGCACGAGA-TTGAGCAATAACAGGCTTGTGATGCCCTTAGAT

Oed GTT%%SSCCGAACCé§é8CTACAC%SERGGGATCAgg8TGTTGT%838CTCCGA&288AG

Pug GTTCTGGGCGCACGCGCGCTACACTGAAGGGATCAACGTGTCCTCCCC-TCCGAGAGGAG

156 157 1580 53 600 10
Oed CGGGTAA8CCTATGAAA8CCCTTCAT ATAGGGA%TGSGGCTTG&AATTGTT-TC& ATG

......................................................
......................................................

Pug CGGGTAACCCG-TGAAATCCTTTCATGATAGGGATTGGGGTTTGCAATTGTTCTCCCATG

20 1630 1640 1650 1660 1670
Oed AACGA&SAATTCCCAGTAAG—CGCAAGTCATCAGCTT CGTTGATTACCGTCCTGCC

.............................. ¢ e s e e s e e IREREEREX]
.............................. @ e e e e b e are s e IEEREEREREER

Pug AACGAGGAATTCCCAGTAAGGCGCAAGTCATGGGATTGCGTTGATTACG--CCTGCCCTT

Oed -GTACACA8§8CCG—TCG&?ggTACCGA%%ggATGATT%Zé%GAG-CTT&%%QCTG—CGC

......................................................
......................................................

Pug CGTACACACGCCCGGTCGCTACTACCGATTGAATGATTTAGTGAGGCTTCGGATTGGCGC

730 1740 175 1760 77 7
Oed ‘}C.TTG'GAT(}T.CCGG‘CCGTTCCCG__CGT(_?_ITCTCTCTGAGG GGSGGTGGT]L‘QSSGGITCC
Pug TCTTGGATGCCTGGC-------- CCGCCTTC---==-~-==-~ CGGTGG--GCTTTTTAG

730 00 8 82 1830 1840
Oed GGCCCTCGGG GACGGAAA&A+8TCCAAA%TTgATCATTTAgAGGAAGTAAAAGTCGTA

......................................................

Pug CCGCCTCGAGCTGACT—AAAGATGTCCAAACTTGATCATTTAGAGGAAGTAAAAGTCGTA

1850 1860 1870 880
Oed AgAAGGTTTCC TAGGTGAAC—TGCGGAAGGAT%ATTA

.....................................
.....................................

Pug ACAAGGTTTCCGTAGGTGAACCTGCGGAAGGATCATTA

Fig. 1. The nucleotide sequences of 185 rRNA gene of O. inermis and P. quadridens aligned by FASTA program.
Oed=0. inermis ; Pug= P. quadridens.
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Table 1. The total length, nucleotide compositon, and G +C content of the 18S rRNA gene in O. inermis and P. quadridens.

Total No. of each nucleotide G+C
Species length{base) A C G T content
O. inermis* 1883 468 439 507 469
(24.8%) (23.3%) (26.9%) (24.9%) 50.20%
P. quadridens 1837 444 437 481 474
(24.2%) (23.8%) (26.2%) (25.8%) 49.97%

* Data from Kim et al. (1992)

Table 2. Pairwise comparison of nucleotide sequences in Art/Oed” and Oed/Pug. Art=A. salina; Oed= O. inermis;

Pug= P. quadridens.

Art/Oed QOed/Pug

No. of nucleotide

— identical 1552 1655
— different 237 167
— null (insertion and/or deletion) 115 76
Similarity(%)

— with null sites 815 87.2
— without null sites 86.8 90.8
Transition / transversion (ratio) 1.26 0.72

* Data from Kim et al. (1992)

in O. inermis and 14 in P. quadridens. The number of nucleotide in each insertion region varies between
1 and 12. The longest insertion region is found at the postion of 1758-1769 and the second most at
1742-1749 (Fig. 1). The sequence variation in the primary structure of 18S rRNA gene are not evenly
distributed throughout the molecule as indicated by Kim and Abele (1990).

DISCUSSION

Kim et al.(1992) compared the nucleotide sequences of A. salina (class Branchiopoda) and O. inermis
to see the sequence variability between class levels and the present study compared the nucleotide sequences
between infracrder levels (between Anomura and Brachyura) in Decapoda. Result from the present study
show that the molecular data are congruent to the morphological data in terms of the higher similarity bet-
ween infraorder levels than between class levels {Table 2).

It has been known that the nucleotide sequences of the 3"-terminal region is well conserved among many

species. In the present two decapod species, the 3'terminal region (position of 1804-1883) also shows
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only one nucleotide insertion and/or deletion among total 81 nucleotides. Therefore this region appears
to be quite conservative, while the most conservative (identical) region locates at the position of 1137-1206
and it is 70 bases long. The most variable nucleotide differences in a row occur at the position between
46-55 and the second most between 399-407. The nucleotide sequences of these regions are identical bet-
ween A. salina (class Branchiopoda) and O. inermis. Thus the differences between O. inermis and P.
quadridens in these regions are due to P. quadridens sequences. Because A. salina and O. inermis are con-
sidered to be more primitive than P. quadridens, the different sequences of P. quadridens in these regions
seems to be the nucleotide substitutions occurred in the lineage leading P. quadridens.

We also compared the above three species together to see the insertion and/or deletion pattern between
class levels by using Multialign programs (Corpet, 1988; sequence datum of A. salina from Nelles et al.
1984). The results of the multialignment show that there are 54 insertion regions where two decapod species
show nucleotide sequences but no sequences in branchiopod species. Thus these regions may be impor-
tant in recognizing the difference of class levels of Crustacea.

Our results indicate that many additional complete sequences are necessary to determine the sequence
variability of 185 rRNA gene of each species among different taxonomic categorical groups. These sequence
variability will give more elucidation to construct the molecular phylogenies and to see the molecular evolu-
tionary patterns among the groups of other eukaryotic organisms as well as crustaceans.

ABSTRACT

The primary sequence of the 185 rRNA gene of a crustacean Pugettia quadridens
(Decapoda: Pleocyemata: Brachyura) was determined by the PCR cloning and Taq sequen-
cing. The 18S rRNA gene of this species is 1837 bases long, and 46 bases shorter than
that of another crustacean decapod Oedignathus inermis. The similarity between two species
is 90.8% when the insertion and/or deletion sites were excluded. Within the molecule, the
most conservative (identical) region locates at the position of 1137-1206 and it is 70 bases
long. The most long consecutive nucleotide differences occur at the position between 46-55
and the second most between 399-407. The sequence variation in the primary structure
of 18S rRNA gene are not evenly distributed throughout the molecule.
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