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R IXUEJE (Babylonia Schluter,1838) S J& T A8 T (Mollusca). ML N
(Gastropoda). FIfV 49 (Prosobranchia). Hif 2 H (Nerobranchia). MkiZF}
(Buccinidae), AR HGMAG T EIEE- P iEHIX o o RO BT 2 23 A0 1 AR X
W A 7 AR BRI 5 KB, H T BT AR R R B T B IR 5 7 B 2R
IR TIRFEIITT I, NN AR XRS5 SR B A, [t I 8 T AN 405
TR A, RO AT A S W) 38 2% XU FR) 52 A% 45 R A A 22 R LU L T 7 ) A2 400
NS H T AR KR8 5 R IR SR 25 00 3R S R G R AE T TR AR A PR, 3L
Oy AZAE—BE L AN, FET DNA 20 TFRAC I A XU (A8 A% 45 1y K st
L Z R B RGERT ST, RIS ) R AR B AW T BE Tk, A
MAMBIERS . Betafh, SoRiiABEIA 20 Kt DNA Z2 AN KF0 7 B PRI B v
T BEAR RBR . FVESR I AR e 2 AR 5V AR XU L B0 =2 R XU IRV 2R XL
WEAE IR XV IR N AR R 43 225 . RGN 0y AR D7 AT T RS, #87
T e RGN IR RMFFEAL 2514 Bt ZREPE, P T4 T 00 2857 1) UR
ZhA LA ) . TR A R R

X AR RIRNAN TR 04~ JTEASTRAE LU S8R /TR 0], 2R XU 75 A b [
FHIESHE R (P<0.01) , T 7 B R USRI v G RUBVRFAIE 2 50U A 7
He/5¢ s (BE/BHD ERIMZEFIEZE (P<0.01) , RIEADX 73 2 1B A
Fabro f AR KR AT A LSS M LU ORI, AR R A TSR AAR AL,
WA « 1 11«0, RIMAFEGES MR, HiomE—
SEIAHDENE, DLFe RN G U E R/ R IEAH G R AR USSP 5 IR 11N TS
M LB BB AT R, 5EK/TE 5 (SL/RW)  FIABBIHErb o gk 1a) 5/ b e i
% (DE/AB) « 14 55 — SR /34 25— 5k (LM/IKD « 34 56/ ik 58 (KL/AB)D
EARLERN AR 25 57 (P<0.01) o FEIFSF RIS J7 B 4 XUE (T KL/AB
FRbRR W 225 (P<0.01) o X AR XUBR a8 ¥ A R 23 R I A & IR G 38 1 &
BAC. O. Na. Ca. MgHIK, HHC. OFKAEFFFEAEBE %S (P<0.05) ,
CHINafE A & AN AR A AT B35 % 7 (P<0.05)
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2n =66, EH SRR S G O RS H B, o T HEB AR I kAL
HUAT o PRI R AZ TS AT AN, 7 DR KR AL R 2 5004 2n = 66 = 32m + 20sm + 8st
+6t, QR REHNF = 118, 1fiJe 4 MR8 20 X 420 = 66 = 30m + 22sm + 8st
+6t, SEHINF =118, WIMREKRER O PR BIREGIR . RS Rt
(i

X T PR AR KB | BV R 2 VMBI e 2R IRV PR e A 4 ik DR 24 7 91 1) LA 23 A
AR, AR A R HE S A 5, SILER AL H AL, AL T
G ) BE DS (0 O~y o = PR B S5 A7 13N 8 1 e R B B L 2 rRNABE A
ANTE] 2 75 B AR AR e 2R AR B 22/ RN, 175 i 7 5 28 IR 21/MRNA,
7 TRNAPRIRNAMN Z [ FIRNAYSE R e e . =Bl B 7k B
[ 5 A1 i) DX R PR o 8 X, 3 a5 L e M AL 2R3N 1) R (A B R 20 17 LX) R B
A REM IR IAIX (Potential origin of replication, POR) 47 F-trnF 5 COIIILZ [A]f¥)
IXAN DR o o AN AR R 134N 5 11 Gt 5 R gk s 8 ) N 24 1 1 S35 B P A FH
FPRBL, K ARG T NATG, &IE%S 7 ATAA, {X4ND2,. ND3.
ND4L. ND4FIATPOZ N 7~ H AL 5 I =l (1) G i A 42 3 IR P 1) 7 45
Genebank [T A CLRAT IHIE AL H 2P 0 8k ik 4 L AL P FI AT R G0 B
(o adt, 25 SR R) JE MR L ZREUB R B A 5 MR R 28 KR SR A —
A, ARINR ST SRR E R SIS FE A — 3 TTBEZR IR AN v 5 2 RS 5%
N3, WERMHE G SRR,

ST ERRLRAN28S IDNA JT BUT F106 4 KR S 78 ANl 1) R GE kAL ok R AT 9T )
I, AR KR 43 oA WS AR P AN DR, R B Ay B0 8 v U B P 5 =2 2R XV LA
IRRVIRZE Jl— PR, oK F RSPV 7 R R BB R L Ve AR XU
RV VS AR RV A iy — S ST, 000 S A 485 L 15 D Bl 38~ T - e % g 1
I STPR AR RIS By 3 B ol e P IR 58 R AR R AR AT G Bk v BT 9146
R R T7 AR IR M VE G RIS S SR AE 2, e 28 KRR 65 ¥ 28 KV 5
SRAE i, R SRR 7 51 Rt A (2 120 45 R A 7 J7 TR 2% IXVHERIT i v 0 2 JRR (1) gt
e R B 328 /N T AR RN [l o 2 R) (R A B2, H ek A el ek A K &R
28S IDNAH TR R, SR RAK, ANREBLIEE N R G R G W 132
AR, ULHI28S IDNAANIE AT 4% KRN ol J LA B 2 169028 e & G kAL
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Abstract

Abstract

The genus of Babylonia (Schluter, 1838) belongs to Mollusca, Gastropoda,
Prosobranchia, Neogastropoda, Buccinidae, and all recent members of the genus are
restricted to the Indo-Pacific region. In China, there are only B. areolata and B. lutosa
distributing, and our country started to form industrial production cultivation of these
two species. With the widely development of Babylonia artificial cultivation, the
demand to the parent snails grows severely, and introduction from overseas develops.
This would cause Babylonia genetic structure and genetic diversity being influenced
as well as the latent biological invasion risk. At present, the study on Babylonia
relationships and phylogeny is very limited. The taxonomy of Babylonia also has
some divergences. Moreover, there is no systematic study on population genetic
structure and genetic diversity based on DNA markers, so individual dispersing
mechanics in large scale are not clear. For these reasons, this paper conducted the
researches on taxonomy, phylogenetics and the molecular ecology in the Babylonia
genus (including B. areolata, B. lani spec. nov., B. lutosa, B. formosae formosae, B.
zeylanica and B. spirata) from the morphological level, the chromosomal level, the
mitochondrial genome level and nuclear DNA level. This paper revealed phylogenetic
relationships, population structure and genetic diversity in Babylonia, and classified
some tanonomic and biogeographical problems. The main findings were as follows:

Morphological characteristic proportion parameters' analysis of six species of
Babylonia indicated that the morphological characteristic parameters difference
among these six species of Babylonia was extremely remarkable (P>0.01). But there
was only one parameter (EF/BH) extremely remarkable (P>0.01) between B.
areolata and B. lani spec. nov., and this parameter could be a morphological index
differentiating these two species. Comparison of radula shape and structure of six
species of Babylonia revealed that the basic shape of radula among the six species of
Babylonia was similar and the teeth-formula 0 1 « 1 + 1 « 0. However, the radula row
number had big variation among different individuals, assumed certain relevance with

the shell height. The shell size and the radula size were positive correlation. Eleven
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Abstract

morphological characteristic proportion parameters' analysis of six species of
Babylonia’ radula indicated that SL/RW, DE/AB, LM/JK and KL/AB parameters were
extremely inter-species remarkable difference (P>0.01). But there is only one
parameter (KL/AB) extremely remarkable (P>0.01) between B. areolata and B. lani
spec. nov.. The EDS analysis discovered that radula's elemental composition mainly
had C, O, Na, Ca, Mg and K. C, O and K had remarkable inter-species difference
(P<0.05). C and Na had remarkable difference among different areas (P<0.05).
Research on the karyotypes of the chromosomes of B. areolata and B. lutosa
found that the chromosome number in these two species was both 2n=66. The
chromosome number was close to most Buccinidae animals, and this result reflected
Babylonia possessed high evolution status. The karyotypes between these two
Babylonia species were a little different. The karyotype formulae of B. areolata was
2n = 66 = 32m + 20sm + 8st + 6t, and NF was found to be 118. The karyotype
formulae of B. lutosa was 2n = 66 = 30m + 22sm + 8st + 6t, and NF was found to be
118. The secondary constriction, satellites and sex chromosomes were not observed.
The comparative analysis of complete mitochondrial genome in three Babylonia
species (B. areolata. B. lani spec. nov. and B. [utosa) revealed that mitochondrial gene
order in three species was similar to other Neogastropod animials, and this suggested
close species had conservative gene orders. Three Babylonia species all possessed 13
protein-coding genes, 2 rRNA genes, and what was different was that B. areolata and
B. lutosa both had 22 tRNA, but B. lani spec. nov. only had 21 tRNA, with tRNA™®
(located between tRNA™ and tRNA™"?) absent. Three species all had large fragmental
gene gap and overlap regions. When compared with other gastropod animals’
mitochondrial genome, we found the potential origin of replication (POR) located
between trnF and COIII. Researches on the start codon and stop codon usage in the 13
protein-coding genes of the three Babylonia species revealed that most start codons
were ATG, the termination codons were TAA, and only ND2, ND3, ND4L, ND4 and
the ATP6 codons had variations. Using the complete mitochondrial genome sequences
of the three Babylonia species and all Neogastropod animals submitted in the
Genebank database, we constructed phylogenetic tree and found Nassariidae which

A%



Abstract

was also from Buccinoidea did not cluster with Babylnia. Moreover, B. areolata and
B. lani spec. nov. clustered firstly, and it suggested the two species had closer
relationship.

Phylogenetic relationship analysis based on mitochondrial sequence and 28S
rDNA partial sequence both revealed that six species of Babylonia divided into two
big clusters obviously. B. zeylanica and B. spirata both from Indian ocean formed one
cluster and B. areolata. B. lani spec. nov.. B. lutosa and B. formosae formosae all
from Pacific sea formed the other cluster. The result was related to the Tethys Sea’s
environmental change caused by the sea level variation in the ice age and plate
movements in the Eocene. Based on the partial mitochondrial sequence, B. areolata
and B. lani spec. nov. clustered together, and B. lutosa and B. formosae formosae
clustered together. The genetic distance between B. areolata and B. lani spec. nov. is
far smaller than among other Babylonia species. According to this, we can infer that B.
areolata and B. lani spec. nov. were subspecies relationship. Because 28S rDNA was
more conservative and had less genetic variation, it could not deduce above
conclusion. For this reason, 28S rDNA is not suitable for the taxonomic study among
subspecies and below levels. We conducted SNP research in mitochondrial sequence
among different geographical individuals of B. areolata and B. lutosa and found there
was a high variation region including nine consecutive SNPs between tRNA™™ and
COIII gene. The high variation region in B. areolata revealed that individuals from
Beihai and Naozhou Island were more relevant, and individuals from Luoyuan and
Shanwei more relevant.

Nine microsatellite markers were developed respectively in B. areolata and B.
lutosa using the biotin-magnetic-beads-enrichment method. From these markers, we
choosed five microsatellite markers applied in four wild B. areolata populations
(Hainan Lingao, LG; Guangxi Beihai, BH; Guangdong Zhanjiang, ZJ; Fujian Zhaoan,
ZA) and eight markers in four wild B. lutosa populations (Hainan Lingao, LG;
Guangdong Zhanjiang, ZJ; Guangdong Shanwei, SW; Fujian Zhaoan, ZA) to study
the genetic diversity and population structure. Allele number and heterozygosity
indicated the two Babylonia species possessed high genetic diversity and the wild
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resource were both in good condition. Nei’s genetic distance and AMOVA molecular
variance analysis revealed a little genetic differentiation. In addition, the genetic
relationship among different geographical population was positive correlated with the
geographical distance. When the geographical distance increased, the gene flow

decreased, and the genetic differentiation would also grow.

Key words: Babylonia; taxonomy; phylogeny; population genetics; genetic marker;

mitochondrial genome
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