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Abstract---Anadara antiquata belongs to the Mollusca phylum, class
Bivalvia, distributed in the coastal areas of Vietnam, with high
nutritional and economic value. This study focused on the
morphological characteristics and genetic diversity of A. antiquata in
six regions of central Vietnam (Da Nang, Quang Nam, Phu Yen, Nha
Trang, Binh Thuan and Thanh Hoa). The analysis of morphology of A.
antiguata had the following results: shell width (SW: 41.45 mm), shell
length (SL: 22.54 mm), right shell height (HRV: 29.27 mm), height left
sheath (Coach: 28.49 mm), ligament length (LL: 25.74 mm), right
trochanteric cavity depth (UHR: 7.90 mm), left trochanteric space
depth (UHL: 8, 33 mm), right case symmetry (SRV: 8.58 mm) and left
case symmetry (SLV: 8.41 mm). The mean shell volume (SV) and shell
cavity volume (DSWT) were 4.45 ml and 11.11 ml, respectively. The
average dry peel weight was 11.17 g. Genetic diversity showed that the
8 random primers used to analyze DNA polymorphisms of 41 A.
antiguata had 87 amplified polymorphic DNA bands. Among the 6
study areas, the A. antiquata in four regions in central Vietnam (Da
Nang, Quang Nam, Nha Trang and Binh Thuan) had genetic similarity
coefficients between individuals from 0.76 to 1.00. The genetic
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distance between populations of A. antiquata was quite low, varying
from 0.0172 to 0.0229.

Keywords---Genetic diversity, morphology, population, shellfish.

Introduction

Currently, A. antiquata is a favorite food and a species of high economic value in
Vietnam and some countries around the world. Shellfish is a very healthy type of
seafood. The nutritional components in scallops, such as protein, lipids, total
sugars, etc. have the effect of enhancing flexibility, providing energy for the
body... In addition, to making real food, products, meat and shells are also used
as medicine by traditional medicine. Traditional medicine calls A. antiquata meat
as humiliation, sweet, salty, warm, nontoxic, has the effect of nourishing blood in
the central region, nourishing the taste, laxative of the five organs, quenching
thirst, aperitif, treating chronic dysentery, curing anemia, blood damage, poor
digestion, and stomach pain. Their shells are mainly composed of calcium
carbonate (over 97%), this is a medicinal herb with a sweet and salty taste, that is
slightly cold, and has the effect of reducing accumulation, chemical phlegm,
curing hematoma, bruises and paralysis, bloody stools, dysentery, orange teeth,
etc. However, today, along with urbanization, the expansion of residential areas
and over-exploitation, the resources of shellfish in the regions have decreased.
Our country's lagoons and coastal areas have been seriously reduced.

Vietnam is located in the tropical monsoon region, with diverse topography, soil
types and landscapes, creating favorable conditions for the development of these
species. In our country, shellfish are mainly concentrated in some coastal areas,
from Quang Ninh to Binh Thuan [18]. However, in our country, there have been
no publications on the morphological and genetic characteristics of A. antiquata,
especially for our central coastal region. For these reasons, a study on the
morphological characteristics and genetic diversity of A. antiquata is necessary
now for conservation work, as well as for teaching and research work at the
university.

Study Materials and Methods
Study materials

The number, symbols and locations of A. antiquata samples in some study areas
in central Vietnam are shown in Fig. 1 and Tables 1 and 2.

Table 1. Samples of A. antiquata shellfish used in the study

Sampling location Number of Sample symbols
samples

DN1, DN2, DN3, DN4, DN5, DN6, DN7, DNS,
PN9, DN10, PN11, DN12, BN13, DN14,
PN15, DN16, PN17, PN18, DN19, PN20,
PN21, PN22, PN23, PN24, DN25, DN26,

Da Nang 30
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Quang Nam

Phu Yen

Nha Trang

Binh Thuan

Thanh Hoa

13

30

30

30

30

DN27, DN28, DN29, DN30.
ON1, QN2, QN3, QN4, QN5, QN6, QN7, QNS,
ON9, QN10, QN11, QN12, QN13.

PY1, PY2, PY3, PY4, PY5, PY6, PY7, PYS, PYO,
PY10, PY11, PY12, PY13, PY14, PY15, PY16,
PY17, PY18, PY19, PY20, PY21, PY22, PY23,
PY24, PY25, PY26, PY27, PY28, PY29, PY30.
NT1, NT2, NT3, NT4, NT5, NT6, NT7, NTS,
NT9, NT10, NT11, NT12, NT13, NT14, NT15,
NT16, NT17, NT18, NT19, NT20, NT21, NT22,
NT23, NT24, NT25, NT26, NT27, NT28, NT29,
NT30.

BT1, BT2, BT3, BT4, BT5, BT6, BT7, BTS,
BT9, BT10, BT11, BT12, BT13, BT14, BT15,
BT16, BT17, BT18, BT19, BT20, BT21, BT22,
BT23, BT24, BT25, BT26, BT27, BT28, BT29,
BT30.

TH1, TH2, TH3, TH4, TH5, TH6, TH7, THS,
THO, TH10, TH11, TH12, TH13, TH14, TH15,
TH16, TH17, TH18, TH19, TH20, TH2I,
TH22, TH23, TH24, TH25, TH26, TH27,
TH28, TH29, TH30.

Among the above samples, 41 samples from 4 study regions were qualified for
genetic diversity analysis (Table 2).

Table 2. DNA samples used in genetic diversity studies

Population Number of Sample symbols
samples (n)

Nha Trang 11 NT1, NTS, NT8, NT9, NT11, NT13, NT15, NT19,
NT20, NT22, NT27.

Da Nang 12 bN3, bN10, bN11, BN13, BN14, BN15, DN18,
DPN19, bN22, bN24, bN28, bN29.

Quang Nam 9 QN1, QN2, QN3, QN4, QN5, QN6, QN7, QN8, QN9,
QN10, QN11.

Binh Thuan 9 BT2, BT3, BT7, BT9, BT14, BT15, BT18, BT20,

BT21
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Figure 1. Sample collection sites of A. antiquata. Note: the star is the sampling
location

Research Methods

Methods for studying morphological characteristics: The collected samples were
washed with sandy soil and organic debris, and the morphological characteristics
were analyzed. Nine morphological features were examined, including: width (SW),
length (SL), right shell height (HRV), left shell height (HLV), ligament length (LL),
depth right saliental space (UHR), left saliental space depth (UHL), right cortical
symmetry (SRV), and left cortical symmetry (SLV) (Fig. 2) [11].

HRV

Figure 2. Indicators for measuring the morphological characteristics of
scallops. (Source: Qonita Y et al 2015)

The dry weight of the shell (DSWT) was determined. The volume of the shell (SV)
was calculated as the amount of water displaced. The shell cavity volume (SCV)



3066

was calculated by measuring the volume of sand that filled the shell cavity. The
shell shape is described by the height/length ratio (SH/SL). The shell density (SD)
is the ratio of dry shell weight to shell volume (DSWT/SV) (Sambrook and Ruesel,
2001).

Genetic diversity analysis: Genomic DNA from muscle tissue was extracted using
the modified phenol-chloroform protocol (Sambrook et al., 1989). The quantity
and quality of the extracted DNA were determined by measuring its absorbance
value at 260 nm and estimating the ratio of absorbance values at 260 nm and
280 nm, respectively. The purified DNA was kept at -20°C until further analysis.
PCR-RAPD reaction, eight random primers: Primer use for PCR: OPA-03
(AGTCAGCCAC), OPA-04 (AATCGGGCTG), OPB-01 (GTTTCGCTCC), OPB-11
(CCACAGCAGT), OPF-04 (GGTGATCAGG), OPG-17 (ACGACCGACA), OPD-11
(AGCGCCATTG), and OPN-06 (GAGACGCACA). The amplifications were carried
out in a 20 ul reaction mixture containing 10 ul GoTaq® Green Master Mix 2x
(Promega, USA), 2 pl 10 pmol primers, 2 pl 25 ng of genomic DNA, and 6 ul
nuclease-free water. The amplification reactions were performed on a
thermocycler (MJ Research, USA) programmed at 94°C for 4 minutes, 92°C for 1
minute, 35°C for 1 minute, 72°C for 2 minutes, for 43 cycles, and finally 72°C for
10 minutes. The PCR products were analyzed by electrophoresis on 1.5% agarose
gels, visualized by staining with ethidium bromide and photographed by a Gel
Documentation.

Data analysis: The RAPD patterns of individuals were compared within and
among earthworm populations. The RAPD bands were scored as 1 if present or O
if absent. The sizes of the RAPD bands were estimated by using Quantity One
software (ver. 4.1, Bio—Rad, USA). The genetic identity and genetic distance
between earthworm populations were expressed using Nei’s (1972) genetic
distance (Nei, 1972).

The genetic parameters calculated were: the observed number of alleles (na),
effective number of alleles (ne), number of polymorphic bands, Nei's (1973) gene
diversity (h), Shannon's information index (I), total genotype diversity in
populations (Ht), total genotype diversity within populations (Hs), and the mean
coefficient of gene differentiation (Gst). The gene flow (Nm) was estimated for
RAPD data using the POPGENE software (ver. 1.31) (Yeh et al., 1999). RAPD data
were analyzed using NTSYS-pc (Numerical Taxonomy and Multivariate Analysis
System) software. The dendrograms were generated using the UPGMA
(Unweighted Pair-Group Method with Arithmeticmean) clustering method to
estimate the relationships between two populations of earthworms. Building the
phylogenetic tree: The construction of the phylogenetic tree and the cluster
analysis according to the UPGMA algorithm of 163 A. antiquata samples studied
was performed by NYSYS 2.1 (Exeter Software, USA) based on the genetic
similarity coefficient (Jaccard, 1908).

Results and Discussion
Morphological characteristics of A. antiquata

Shell size: Research results show that the average length (SL), width (SW), right
shell height (HRV), and left shell height (HLV) of A. antiquata scallops on average



3067

are 41.45 mm (variable from 34.33-50.00 mm), 22.54 mm (variable from 18.50-
29.00 mm), 29.27 mm (variable from 24.25-36.00 mm), and 28.49 mm (variable
from 23.50-34.75 mm), respectively (Table 3). The research results of Siahainenia
et al. (2018) show that shell length varies from 15.87 mm to 57.5 mm, width is
from 15.50 mm to 48.60 mm and height is from 9.36 mm to 35.9 mm [16]. The
ligament length (LL), right mastoid space depth (UHR), left trochanteric space depth
(UHL), right cortical symmetry (SRV) and left cortical symmetry (SLV) of A. antiquata
were 25.74 mm (varying from 20.83 to 31.67 mm), 7.90 mm (variable from 6.33-
10.25 mm), 8.33 mm (variable from 6.33-10.05 mm), 8.58 mm (variable from 6.41-
11.50 mm), and 8.41 mm (variable from 6.08-11.25 mm), respectively.

Table 3. A. antiquata feather shell size (mm)

Location Da Quang Phu Khanh  Binh Thanh Average
Index Nang Nam Yen Hoa Thuan Hoa &
_ 44.46 4500  40.16 4000  40.80  37.43
X 48D 4586 +3.43 242 572  +2.10  +4.10  T1-45%3.93
. 34.33+4.76
oL Min-Max 36-62 40-52  36-45 28-51  37-44 2046 oo onlD
CV (%)  13.18 7.62 6.02 13.98 5.14 10.95  9.48+3.75
22.50 23.92 24.03 2446 19.58  20.80
X 1sp  £3.60 £2.32  £1.56 *4.44  +1.13  13.46  22°0H2.76
. 18.08+2.5
sw  Min-Max 18-32 2120 2127 16-36 17.5:22 1528 o002
CV (%) 164 9.7 6.49 18.15  5.77 16.63  12.1945.53
_ 30.06 31.23 29.00 2040 27.43  27.60
X4SD 1404 +2.75 +2.42 +3.92  +1.54  +3.04  29-27%2.98
. 24.25+2.36
ugy  MinMax 2540 27.5-37 26-36 21-37  23-31 2335 b oS
CV (%)  13.43 8.80 8.09 1330 5.61 11.74  10.1643.15
_ 20.86 30.50 29.10 28.90 2626  26.36
X+SD 1400 +2.72 +2.01 +3.95 +1.43  +3.40  28:49%2.92
. 23.50+2.88
gy Min-Max  25-40 27-36.5 26-34 20-36  22-29 2133 oS0
CV (%) 134  8.92 6.90 13.67 5.44 12.00  10.2143.59
_ 25.85 27.30 2633 2471 2536  24.90
X+SD 1406 4104 1041 3.1 £1.49 1.9 25.74%2.56
. 20.83+2.04
. Min-Max 20-37 24-32 20-32 1832 2228 2120 g 2Ot
CV(%) 15.7 8.8 9.15 12.54  5.87 7.63 0.94+3.57
_ 820 8.80 8.71 823 6.05 7.40
X+SD 41957 4099  +0.70 +1.15 +0.54  0tl.oe 20098
. 7.5- 6.33+1.17
Upr  Min-Max 612 8-11 B 6-10.5 5-7 5510 O e,
CV(%) 1548 11.25 8.03 13.97  8.92 17.02  11.116.16
_ 821 8.96 8.71 823 6.00 7.36
XD 4114 +1.10 +0.55 +1.08 +0.54 +1.46  °-33*0.98
UHL  Min-Max ’- 8-12 755 610 5.7 4.5-10 ©:33t1.40

11.5 9.5 -10.05£1.74
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CV(%) 13.88 12.27 4.88 13.12  9.00 10.83  12.16%5.01
_ 8.83 927 920 871 7.38 8.11
X+SD 1188 +1.26 +0.92 +1.43  +0.66 +1.74  °°8%t1.331
. 6- 6.41+1.08
SRV Min-Max 13.5 8-12 8-11 5-11.5 6-9 5.5-12 11.5+1.48
CV(%)  21.30 13.60 10.00 16.41  8.94 2145  15.08%5.41
_ 8.81 9.15 8.68  8.58 7.38 7.87
X+SD 4170 +1.23  £0.90 +£1.39  +0.61 +1.73  S-41*1.26
. 6.0840.58
SLV  Min-Max 613 5512 7-10 6115 659 5512 00058
CV (%) 1930 13.44  10.36 1620  8.26 21.98  14.9245.05

The lengths of the feather shells in different locations are different. The largest
shell length was obtained from samples collected in Quang Nam Province (45.00
mm), and the smallest was obtained from samples collected from Thanh Hoa
(37.43 mm). The widths of the feather shells in different locations are different.
The largest shell width is in Nha Trang (24.46 mm), and the smallest is in Binh
Thuan (19.58 mm). The heights of the right shell and the left shell of A. antiquata
in different locations are different. The height of the right shell and the left shell of
the largest A. antiquata collected in Quang Nam was on average 31.23 mm and
30.50 mm, respectively. The smallest samples were collected in Binh Thuan, with
averages of 27.43 mm and 26.26 mm, respectively. The lengths of the ligaments
are different in different locations. The longest ligament length was found in the
samples collected from Quang Nam Province (27.30 mm), and the shortest was
found in the samples collected from Nha Trang (24.71 mm).

Shell volume and shell cavity volume: The results showed that the average shell
volume (SV) and shell cavity volume (SCV) of A. antiquata were on average 4.45 ml
(variable from 2.76- 7.36 ml) and 11.11 ml (varying from 6.60-18.05 ml). The shell
volumes in different locations are different. The largest volume of feather shells
was in Quang Nam (6.03 ml), and the smallest was in Binh Thuan (2.78 ml)
(Table 4).

Table 4. Shell volume and shell cavity volume (ml) of A. Antiquata

Sample SV SCV
X +SD Min-Max CV (%) X +SD Min-Max CV (%)
Da Nang 5.44£1.95 3.4-11.6 35.84 12.21+4.56 6.9-24.5 37.34
Quang Nam 6.03£1.42 4.2-8.5 23.55 12.92+3.38 8.9-21.4 26.16
Phu Yen 4.54+0.72 3.2-6.1 15.86 11.89+2.19 8.4-16.9 18.42
Khanh Hoa 4.95+1.55 2.1-84 31.31 10.50+3.52 3.4-18.2 33.52
Binh Thuan 2.78+0.52 1.9-4.5 18.7 9.51£1.29 7-12.1 13.56
Thanh Hoa 2.99£0.89 1.8-5.1 29.76 9.65+2.86 5-15.2 29.63
2.76+0.97
Average 4.45+1.17 - 25.83£7.76 11.11+2.97 _61'2630552;2742 26.43+9.04
7.3612.65 T

The volumes of the shell cavity in different locations are different. The largest
volume of the feather shell cavity was in Quang Nam (12.92 ml), and the smallest
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was in Binh Thuan (9.51 ml). The volume of the shell cavity is arranged in
ascending order as Binh Thuan<Thanh Hoa<Nha Trang<Phu Yen<Da
Nang<Quang Nam. Dry shell weight and shell density: The average dry shell
weight (DSWT) and shell density (DSWT/SV) of A. antiquata were 11.17 g (range
6.80-1917 g) and 2.51 g (variable from 6.80-19.17 g), respectively, and the shell
density bias was from 1.89-3.00. The dry weights of shells of shellfish in different

locations were different (Table 5).

Table 5. Dry shell weight (g) and shell density of A. Antiquata

DSWT SD (DSWT/SV)

Sample X +SD Min-Max CV (%) X +SD Min-Max  CV (%)

Da Nang 13.55£5.21 7.50-30.50  38.45 2.4910.27 2.02-2.92 10.84

Quang Nam 14.90£3.46 11.00-21.80 23.22 2.4910.26 2.10-2.93 10.44

Phu Yen 11.18+1.97 8.20-16.00  17.62 2.4610.24 2.00-2.96 9.75

Khanh Hoa 12.64+3.98 5.20-22.30  31.48 2.56£0.31 1.62-3.28 12.10

Binh Thuan  7.18+1.20 5.10-10.30  16.71 2.60+0.26 1.97-2.89 10.00

Thanh Hoa 7.57+2.78  3.80-14.10  36.72 2.48+0.34 1.68-2.97 13.70
6.8042.60 1.89+0.20

Average 11.17#3.10 0" 707  27.37#9.50 2.5120.28 - 11.13%1.50

e 3.00+0.14

The largest dry weight of shells was collected from Quang Nam (14.90 g), and the
smallest was collected from Binh Thuan (7.18 g). The dry weight of the peel is
arranged in ascending order as Binh Thuan<Thanh Hoa<Phu Yen<Nha Trang<Da
Nang< Quang Nam.

Research results on genetic diversity

Total DNA extraction results: The total DNA after being extracted must be clean
enough and less broken to ensure the best efficiency for the next RAPD-PCR.
Therefore, we need to pay attention and study to choose the appropriate
extraction method for the object. After extraction, total DNA was electrophoresed
on a 0.8% agarose gel to check for quality (Fig. 3).

g
BT2 BT3 BT7 BT9 BTl4 BTIS NT1 NTS NT8 NT11 NT19 NT22 NT27 - BTI8 BT20 BT21 QN2 QN1 NT9 NT13 NTIS NT20 NT29 DN10 BN11 6Nl3 DNI4 QN4 QN5 QN6 QN7 QN8 QN9 QNI10 N3 BNIS

Figure 3. Total DNA electrophoresis of some samples of A. antiquata

The total DNA products of the extracted A. antiquata feathers were concentrated
into clear bands, showing that the total extracted DNA was quite clean, less
broken, and could be used for further studies. RAPD-PCR performance results:
From the results of DNA extraction, 11 Nha Trang DNA samples, 12 samples from
Da Nang, 9 samples from Quang Nam and 9 samples from Binh Thuan were
selected for PCR-RAPD (Table 2). For effective RAPD analysis, we conducted
exploratory reactions with 20 different random primers and selected 8 primers
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(OPD11, OPNO6, OPG17, OPA0O3, OPBO1, OPA0O4, OPF04, OPB11) for RAPD
analysis.

RAPD results with primer OPD11: The results showed that with the primer
OPD11, 25 individuals were amplified, with the number of amplification bands
being 14. The individuals with the most amplification bands had 4 bands
(individuals DN29 and QN9), and some had at least 1 amplification band
(individuals DN10, DN11, DN13, QN6, BT7, BT20) (Fig. 4).

DN3 DN10 DN11DN13 DN14 DN15 DN18 DN19 DN22DN24 DN28 DN29 QN2 QN4 QN5 QN6 QN7 QN8 QN9 QNI0 ONI1I

NTI NTS NT8 NI9 NTIl NTI3 NTIS NTI9 NT20 NT22 NT27 I i i g L2 B 2R R S T

Figure 4. PCR-RAPD electrophoresis image with primer OPD11. M: Marker DNA 1
kb ladder

PCR-RAPD electrophoresis analysis showed that the 450 bp DNA band (presented
in 11/41 individuals) was the main product of this primer. The 1850 bp DNA
band appeared in individual BT3. The 1650 bp DNA band appeared in the BT9
individual and the 1280 bp DNA band appeared in the QN4 individual. These are
the 3 bands that were amplified in the fewest individuals when PCR-RAPD was
performed with primer OPD11. RAPD results with primer OPNO6: The results
showed that with primer OPNO6, 34 individuals were amplified with amplification
bands of 11. The individuals with the most amplification bands had 3 bands
(individuals NT11, NT22, QNS5, QN6, BT2, BT3, BT21), and some had at least 1
gain band (individuals NTS, NT9, DN3, DN11, DN18, DN24, BT20) (Fig. 5).
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NTI NTS NI8 NT9 NTII NTI3 NTIS NTI9 NI20 NT22 NT27

DN3 DN10 DN11 DNI3 DN14 DN1S DN18 DNI9DN22DN24DN28 DN29

QN2 QN4 QNS QN6 QN7 QNS QN9 QNIO QNII BI2 BI3 BI7 B9 BTI4 BTIS BTI8 BT20 BT

Figure 5. PCR-RAPD electrophoresis image with primer OPNO6. M: Marker DNA 1
kb ladder

Analysis of PCR-RAPD electrophoresis images showed that the 500 bp DNA bands
(appearing in 19/41 individuals) were the main product of this primer. The 1200
bp DNA band appeared in individual NT22. This is the band that was amplified in
the fewest individuals when PCR-RAPD was performed with the primer OPNO6.

RAPD results with primer OPG17: The results showed that with primer OPG17,
28 individuals were amplified with a number of amplification bands of 13. The
individuals with the most amplification bands are 5 bands (individuals DN13,
DN22, DN29) and some of them have at least 1 band of amplification (individuals
DN11, DN14, DN19, BT2, BT3, BT7, BT20, B21). The analysis of PCR-RADP
electrophoresis images revealed that the DNA bands were 1250 bp in size. The
1000 bp and 350 bp sequences (present in 9/41 individuals) were the major
products of this primer. The 600 bp DNA band appeared in DN22 BT9, and the
300 bp DNA band appeared in DN2. These are the two bands that were amplified
in the fewest individuals when PCR-RADP was performed with primer OPNG17
(Fig. 6).

DN3 DNI0 DNI1 DNI3 DN14 DNI5S DN18 DN19 DN22 DN24 DN2§ DN29 NTI NTs NS NT9 NTIl NTI3 NTIS NT19 NT20 NT22 NI27

QN2 QN4 QN5 QN6 QN7 QNS QN9 QNIO QNII BT2 BT3 BI7 BT9 BTI4 BTIS BTIS BI20 BT2I

Figure 6. PCR-RAPD electrophoresis image with the primer OPG17. M: Marker
DNA 1 kb ladder
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RAPD results with primer OPAO3: The results showed that with the OPAO3
primer, 8 amplification bands were amplified from 30 individuals. The individual
with the most amplification bands had 3 bands (BT3) and amplified at least 1
band (individuals NT2, NT27, DN10, DN18, DN19, DN22, DN24, DN29, QNS,
BT7, BT15, BT20) (Fig. 7).

M DN3 DNI10 BN11 DNI3 DN14 DN15 DNI8 DN19 DN22 DN24 DN28 DN29 M NTI NTS NI8 NT9 NT11 NTI3 NTIS NT19 NT20 NT22 NT27

M QN2 QN4 QNS QN6 QN7 QN8 QN9 QNI0O QNI1I M BT2 BT3 BT7 BT9 BTI4 BTIS BTIS BT20 BT21

Figure 7. PCR-RAPD electrophoresis image with primer OPA0O3. M: Marker DNA 1
kb ladder

PCR-RAPD electrophoresis analysis showed that the 1000 bp DNA bands (present
in 13/41 individuals) were the major products of this primer. The 500 bp DNA
band appeared in the BT2 individual, and the 300 bp DNA band appeared in
DN19. These are the two bands that were amplified in the fewest individuals when
PCR-RAPD was performed with primer OPAO3. RAPD results with primer OPBO1:
The results showed that with the primer OPBO1, 26 individuals were amplified
with 10 amplification bands. The individuals with the most amplification bands
had 3 bands (individuals NT20, DN19, DN20, QN5, QN6, BT2, BT3, BT21) and
some with at least 1 gain band (individuals NT5, BT7, BT20) (Fig. 8).

DN3 DN10 DN11 DNI3 DN14 DNIS DNI8 DN19 DN22 DN24 DN28 DN29
NTI NTS NT8 NI9 NT1I NTI3 NTIS NTI9 NT20 NT22 N127|

QN2 QN4 QNS QN6 QN7 QNS QN9 QNIO QNI BT2 BT3 BT7 BT9 BTI4 BTIS BTI8 BT20 BT21

Figure 8. PCR-RAPD electrophoresis image with primer OPBO1 M: Marker DNA 1
kb ladder
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Analysis of PCR-RAPD electrophoresis images showed that the 500 bp DNA bands
(present in 9/41 individuals) were the main product of this primer. The 2000 bp
DNA band appeared in individual BT7. The 1800 bp DNA band appeared in
individual BT20. The 600 bp DNA band appeared in individual BT21. The DNA
band with a size of 400 bp appeared in individual DN29. The DNA band with a
size of 350 bp appeared in individual DN11, and these are the 4 bands that were
amplified in the fewest individuals.

RAPD results with primer OPAO4: The results showed that with primer OPA0O4, 23
individuals were amplified, and the number of amplification bands was 11. The
individuals with the most amplification bands had 3 bands (individual DN18), and
the numbers with at least 1 amplification band were NT9, DN3, DN13, DN15,
DN19, DN24, DN28, QN7, BT2, BT3, BT7, BT18, BT20, and BT21 (Fig. 9). The
analysis of PCR-RAPD electrophoresis images showed that the 1000 bp DNA
bands (present in 5/41 individuals) were the major product of this primer. The
800 bp DNA band appeared in QNS, and the 650 bp DNA band appeared in
DNZ28; these are the two bands that were amplified in the fewest individuals.

DN3 DNI0 DN11 DNI13 DNI4 DN15 DNI8 DN19 DN22 DN24 DN28 BN29 NTI NTS NT8 NT9 NTIl NTI3 NTIS NTI9 NT20 NT22 NT27

QN2 QN4 QN5 QN6 QN7 QNS QN9 QNI0O QNII BT2 BT3 BT BT9 BTI4 BTIS BTI8 BT20 BT21

Figure 9. PCR-RAPD electrophoresis image with primer OPAO4. M: Marker DNA 1
kb ladder

RAPD results with primer OPFO04: The results showed that with the primer
OPF04, 25 individuals were amplified, and the number of amplification bands was
9.
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DN3 DNI0 BNI1 DNI3 DN14 DNIS DNI8 DNI9 DN22 DN24 DN28 DN29 NTI NTS NT8 NT9 NTIINTI3 NTIS NTI9 NT20 NT22 NT27

s
QN2 QN4 QNS QN6 QN7 QN8 QN9 QNIO QNII b e U g A L S i

Figure 10. PCR-RAPD electrophoresis image with primer OPF04.M: Marker DNA 1
kb ladder

The individuals with the most amplification bands had 3 bands (individuals BT18,
BT20, BT21) and some had at least 1 gain band (individuals NT1, NT15, NT20,
DN10, DN11, DN15, DN18, DN19, DN28, QN6, QN7, QN9, BT2, BT3) (Fig. 10).
Analysis of PCR-RAPD electrophoresis images showed that the 1000 bp DNA
bands (present in 8/41 individuals) were the major products of this primer. The
700 bp DNA band appeared in individual BT9, this is the band that was amplified
in the fewest individuals when PCR-RAPD was performed with the primer OPFO04.

RAPD results with primer OPB11: The results showed that with the primer
OPB11, 32 individuals were amplified, and the number of amplification bands
was 11. The individuals with the most amplification bands had 4 bands (NT13
individuals) (Fig. 11). The PCR-RAPD electrophoresis analysis showed that the
500 bp DNA bands (presented in 14/41 individuals) were the major products of
this primer. The 2000 bp DNA band appeared in the BT9 individual; this is the
band that was amplified in the fewest individuals when PCR-RAPD was performed
with the primer OPB11.

NTI NTS NTS NT9 NTIl NTI3 NTIS NTI9 NT20 NT22 NT27
DN3 DNI0O DNII DNI13 DNI4 DNIS DNIS DN19 DN22 DN24 DN28 DN29

Figure 11. PCR-RAPD electrophoresis image with primer OPB11.M: Marker DNA 1
kb ladder
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Analysis of the genetic relationship of A. antiquata: the PCR-RAPD results with 8
random primers after statistics were processed using NTSYS 2.1 software to build
the pedigree diagrams (Fig. 12).

NT1
NTS
NT11
NT5
QN2
BT14
NT1%
QN10
QN3
BTIS
NT27
DN3
DN14
DN24
DN28
DN18
DNI11
NT22
DN10
QN11
QNS
QN7
DN19
DN13
DN13
BT2
BT3
BT7
BTS
BTI8
BT20
BT21
DN22
DN29
QN4

QN9
QN5
NT9
NT13
NT15

NT20
I T T T 1

076 082 088 024 100
Cosfficient

Figure 12. DNA pedigree of A. antiquata individuals

The pedigree chart shows that the coefficient of genetic similarity between the
studied A. antiquata is quite high, ranging from 0.76 - 1.00 (76-100%). Genetic
relationships of A. antiquata populations: The genetic distance and genetic
similarity coefficient between four populations of A. antiquata in Nha Trang, Da
Nang, Quang Nam, and Binh Thuan were calculated according to the Nei index
(1972) (Table 6).

Table 6. Genetic distance (below the diagonal) and genetic similarity coefficient
(above the diagonal) among four populations of A. Antiquata

Population Nha Trang Da Nang Quang Nam Binh Thuan
Nha Trang i 0.9830 0.9830 0.9773

Da Nang 0.0172 Rk 0.9813 0.9794
Quang Nam 0.0172 0.0189 FdE 0.9810
Binh Thuan 0.0229 0.0208 0.0191 il

The results show that the genetic distance between populations of A. antiquata
was low, varying from 0.0172 to 0.0229. The population pair Binh Thuan - Nha
Trang had the largest genetic distance (0.0229). The population pair Nha Trang -
Da Nang and the population pair Nha Trang - Quang Nam had the smallest
genetic distance (0.0172). The coefficient of genetic similarity between the
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populations of A. antiquata was high, varying from 0.9773 to 0.9830. The Da
Nang -Nha Trang population pair and the Quang Nam - Nha Trang population
pair had the highest genetic similarity coefficient (0.9830), and the Binh Thuan -
Nha Trang population pair had the lowest genetic similarity coefficient. From the
results obtained, we constructed a pedigree showing the genetic relationship
between four populations of A. antiquata (Fig. 13).

Femmmmmm e eeemeee————— Nha Trang
+--1
g A L S Da Nang
¥ .3
=3 Femmmmmc e ———————— Quang Nam
!
L —— Binh Thuan

Figure 13. Pedigree chart obtained by the UPGMA method based on the genetic
distance of Nei (1972) of four populations of A. antiquata

The pedigree shows two groups: three populations in Nha Trang, Da Nang and
Quang Nam form a group, and the population of Binh Thuan forms a group.

Conclusion

A. antiquata in six regions of central Vietnam (Da Nang, Quang Nam, Phu Yen,
Nha Trang, Binh Thuan and Thanh Hoa) had shell width (SW), shell length (SL),
and shell height, right (HRV), left cortical height (HLV), ligamentum length (LL),
right trochanteric space depth (UHR), left trochanteric space depth (UHL), right
cortical symmetry (SRV), and symmetry of the left shell (SLV) of 41.45 mm, 22.54
mm, 29.27 mm, 28.49 mm, 25.74 mm, 7.90 mm, 8.33 mm, 8.58 mm, and 8.41
mm, respectively. The mean shell volume (SV) and shell cavity volume (DSWT)
were 4.45 ml and 11.11 ml, respectively. The average dry peel weight was 11.17 g.

Eight random primers were used to analyze the DNA polymorphisms of 41
individuals of A. antiquata. 87 polymorphic DNA bands were amplified. Primer
OPD11 had the most amplified DNA bands (14 bands). The OPG17 primer had 13
bands, and the least amplified band was OPAO3 (8 bands). The primer OPB11 had
the highest number of amplified individuals (32/41 individuals), and the primer
OPAO4 had the lowest number of amplified individuals (23/41 individuals). The A.
antiquata in four study areas (Da Nang, Quang Nam, Nha Trang and Binh Thuan)
has a genetic similarity coefficient between 0.76 and 1.00 individuals. The genetic
distance between the populations of A. antiquata scallops was low, varying from
0.0172 to 0.0229. The pair of Binh Thuan - Nha Trang populations had the
largest genetic distance (0.0229). The pair of Nha Trang - Da Nang populations
and the pair of Nha Trang - Quang Nam populations had the smallest genetic
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distance (0.0172). The coefficient of genetic similarity between populations of A.
antiqguata is high, varying from 0.9773 to 0.9830. The Da Nang - Nha Trang
population pair and the Quang Nam - Nha Trang population pair had the highest
genetic similarity coefficient (0.9830), and the Binh Thuan - Nha Trang population
pair had the lowest genetic similarity coefficient.

Acknowledgments
This work was supported by Hue University under the Core Research Program,
Grant No. NCM.DHH.2022.07.

References

(1]

(2]

(3]

[4]

5]

(6]
[7]

(8]

[9]

[10]

(11]

[12]

[13]

Afiati N (2007). Hermaphroditism in Anadara granosa (L.) and Anadara
antiquata (L.) (Bivalvia: Arcidae) from Central Java. Journal of Coastal
Development. 10(3). 171-179.

Broom M.J (1985). The biology and culture of marine bivalvie molluscs of the
genus Anadara. International center for living aquatic resources
managenment. 1-37.

Girsang E. Fachrial E. Aziz H. Chaidir Z. Zein R (2017). Utilization of
Anadara antiquata shells to improving of waste cooking oil based lipid
profiles measurements in experimental rats. Scholars Research Library. 9(5).
156-163.

Hameed A. Muhammad F. Muhammad AA. Shafi M. Sultana R (2018).
Morphological and structral characterization of blood cells of Anadara
antiquata. Iranian Journal of Fisheries Sciences. 17(3). 613-619.

Hidayat T (2013). Profile of amino acid and fatty acid of hairy cockle
(Anadara antiquata). Jurnal Pengolahan Hasil Parikanan Indonesia. 16(2).
159-167.

Jaccar A (1980). Nouvelles recherches sur la ditribution florale. Bulletin de
la société des Sciences Naturelles. 44. 223-270.

Jacobsen K. Esherick L (2007). A survey of the cockle Anadara antiquata.
Chumbe Island. SIT Zanzibar Coastal Ecology.

Kimberling DN. Ferreira AR. Shuster SM. Keim P (1996). RAPD marker
estimation of genetic structure among isolated nothern leopard frogs
populations in the South western USA. Molecular Ecology. 5. 521-529.
Matojo ND. Pratap HB (2009). Histopathology of gills and gut of the edible
cockle Anadara antiquata (Bivalvia: Arcidae) exposed to acute level of
Ammonium sulfate. International Journal Of Integrative Biology. 7(3). 166-
170.

Moretti A. Mule G. Ritieni A. Laday M. Stubnya V. Hornok L. Logrieco A
(2008). Cryptic subspecies and beauvericin production by Fusarium
subglutinans from Europe. In J Food Microbiol. 127(3). 312-315.

Qonita Y. Wardiatno Y. Nurlisa A.B (2015). Morphological variation in three
populations of the pill ark cockle. Anadara pilula (Mollusca: Bivalve) of Java.
Indonesia. AACL Bioflux. 8(4). 558.

Mzighani S (2005). Fecundity and population structure of cockles. Anadara
antiquata L. 1758 (Bivalvia: Arcidae) from a Sandy/Muddy Beach near Dar
es Salaam. Tanzania. Western Indian Ocean J. Mar. Sci. 4(1). 77-84.
Sambrook. J. Russel. D. W (2001). Molecular cloning: A laboratory manual.
Cold spring harbor labortory press. New York.


https://www.google.com/search?q=cold+spring+harbor+laboratory+press+&stick=H4sIAAAAAAAAAOPgE-LSz9U3MLKwrCzIUuIAsSstzMy0NDLKrfST83NyUpNLMvPz9POL0hPzMqsSQZxiq_TEoqLMYqBwRiEASshVJ0IAAAA&sa=X&ved=2ahUKEwivtZ21icHdAhVMT30KHXFlAyQQmxMoATATegQICBAi

3078

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Shahnaz J. Ghazala S. Zarrien A (2013). Temporal variation in the
reproductive pattern of blood cockle Anadara antiquata from Pakistan
(northern Arabian Sea). Turkish Journal of Zoology. 38(3). 263-272.

Shunula JP (2004). Length-weight relationship in the bivalve Anadara
antiquata (Linnaeus 1758). Tanz. J. Sci. 30(2). 425-429.

Siahainenia L. Tuhumury SF. Uneputty PA. Tuhumury NC (2018). Pattern
of relative growth in cockle Anadara antiquata in Thamahu coastal water.
Central Maluku. IOP Conference Series: Earth and Environmental Science.
139(1). 116-122.

Tanaka T. Aranishi F (2013). Mitochondrial DNA Markers for PCR-Based
Phylogenetic Analysis of Ark Shells. Open Journal of Marine Science.
2013(3). 182-189.

Nyandra, M., Kartiko, B.H., Susanto, P.C., Supriyati, A., Suryasa, W.
(2018). Education and training improve quality of life and decrease
depression score in elderly population. Eurasian Journal of Analytical
Chemistry, 13(2), 371-377.

Toral-Barza L& Gomez ED (1985). Reproductive Cycle of the Cockle
Anadara antiquata L. in Calatagan. Batangas. Philippines. J. Coast. Res.
1(3). 241-245.

Verma S. Karihaloo JL. Tiwari SK. Magotra R. Koul AK (2007). Genetic
diversity in Eremostachys superba Royle ex Benth. (Lamiaceae). an
endangered Himalayan species. as assessed by RAPD. Genner. Resour. Crop
Evol. 54. 221-229.



