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Abstract: Sardinella lemuru or Sardine is a marine fish that contains a high amount of omega-3 that is
abundant in Lombok Strait. Therefore, the genetic variation of the S. Lemuru and its omega-3 production has not
been widely studied yet. Furthermore, we have analyzed the correlation between genetic variation and omega-3
content in S. lemuru in Lombok strait. The variations of the S. lemuru were analyzed by using morphology and
RAPD method. The result suggested that the S. lemuru in Lombok Strait has three variants that were associated
with omega-3 production. Although differences of omega-3 content in marine fish could be caused by various
factors, but the differences in the omega-3 content of Sardine in Lombok strait can be assumed due to genetic
variations. This study also has discovered a molecular marker based on RAPD method by using primer
5'-AAGAGCCCG to identify Sardine that has high production of omega-3 cheaply, which is very beneficial for
managing the conservation of Lombok Strait.
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l. Background

Sardinella lemuru or Sardine is known as a small pelagic fish that contains a high amount of omega-3
and spreads in eastern Indian Ocean including southern coasts of East Java, Bali and Lombok. Lombok Strait has
abundant and has several kinds of S. lemuru. It indicates that Lombok Strait is very fertile and appropriate for S.
lemuru to live, making it a potential place to conserve the availability of main source of omega-3 in Indonesia.
The characteristic of Lombok Strait is relatively narrow, not so deep, with upwelling that occurs annually [1], a
suitable place for many kinds of fish, including S. lemuru, to live. Although it has several types, the genetic
diversity of S. Lemuru in Lombok Strait has not been widely studied yet. Therefore, we have analyzed the
genetic variations using molecular approach by RAPD method. Molecular approaches are strongly needed for
understanding the relationships of many species[2, 3].

Omega-3 is beneficial to prevent coronary heart disease, diabetes, cancer, nervous system and eyes
diseases [4-8]. Sardine contains the 3™ highest of omega-3 among other marine fish after Mackerel and
Salmon [9]. The variation of omega-3 concentration in marine fish were caused by multifactors, including
species and variant in species and food preference [10]. Furthermore, we have analyzed the association between
genetic variation and omega-3 content on S. lemuru in Lombok Strait. The result suggested that the S. lemuru in
Lombok Strait had three variants that were associated with omega-3 production. This finding is very important to
provide basic information for fishery management and conservation in Lombok Strait.

1. Methodology
Collection and lIdentification of S. lemuru
A total 260 S. lemuru (80 g/fish) were collected from Lombok Strait and transported to the Laboratory

of Biology, Mataram University, for further analysis. The S. lemuru population was caught from 5 locations in
Lombok Strait during September-December 2010. Lombok Strait is located between Bali Island and Lombok
Island, on 9°20" — 6°20’ south latitude, 115° 30’ — 119° 30’ degrees east longitude. The S. lemuru were identified
and grouped according to their body shapes, head shapes, types of scale, morphometric (i.e. standard length,
head length, body width), and meristic characters (the total number of scutes, pre-pelvic scutes, post-pelvic
scutes, dorsal fin rays, pelvic fin rays, anal fin rays, and branchiostegal rays).

PCR-RAPD

The genetic variations of the S. lemuru were analyzed by using RAPD method. The method is based
on the ability of primers to amplify DNA by using Polymerase Chains Reaction (PCR). PCR was performed in
50 uL reaction volume consisting of PCR buffer, 25 mM MgC1,, dNTPs, Primer, and 0.25U of Taq polymerase
(Promega Corp), and 5 uL of DNA template. The primers used were four random primers; they are
5'-AACGCGAAC, 5-AAGAGCCCG, 5-AACGCCCAG, 5-AAGAGCAGC. The conditions of amplification
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were as follows: pre-denaturation 94° C for 10 minutes, followed by denaturation for 30 sec in 94° C, annealing
in 36 °C for 30 seconds, and extension in 72° C for 1 minute. The denaturation, annealing and extension were
conducted on 35 cycles, respectively. Furthermore, the final extension was performed in 72° C for 5 minutes.
Amplification reaction was performed by using MyCycler machine (Biorad, USA). The PCR products were
separated in 2% agarose gel electrophoresis by using Tris-borate buffer at a constant voltage 100 V for
approximately 1 hour. DNA band were observed according to the intensity of Ethidium bromide under UV light
exposure. The size of the PCR products were measured on the basis of DNA Marker (Invitrogen, USA). Gels
were recorded on Polaroid film using the MP4 + Camera System (Polaroid). The genetic polymorphism was
analyzed based on the presence or absence of DNA bands. The variation of the band indicated the occurrence of
genetic polymorphism of the S. lemuru. The DNA profiles were used to construct a phylogenetic tree by using
N-TSYS software.

Extraction of Omega-3

The content of omega-3 fatty acid from S. lemuru was extracted by using urea inclusion method [11].
The meat of sardines was added by Aquades as much as 10 % of the sardines’ weight, then boiled for 20
minutes. Fish stew was filtered to separate crude oil and to remove out debris. The crude oil was purified by
adding NaCl
2.5 % of solution, then heating it at temperature 50° C until oil crust was developed. The oil was separated from
water with a separating funnel, then added by bentonite, mixed and stored for some minutes. After settling a few
moments, the clean oil was collected by filtering, then storing it in a sealed container to avoid contamination
from sun rays and air. As much as 350 g of fish oil were added by 700 g NaOH-EDTA solutions (120 g NaOH
and 1.25 g of Ethylene Diamine Tetraacetic Acid (EDTA) were deluted with 400 ml Aquades and 400 ml of
96% ethanol). Saponification was conducted at room temperature for 8 hours while, at the same time, being
constantly mixed and drained with nitrogen gas. The saponification products were adjusted by using 6 N HCI
until pH 1, followed by adding 200 ml n-hexane, and dried by using Rotavapor on 30°C. 25 g residues were
diluted by 100 ml hot urea solution (65 - 70 °C) and 267 ml methanol, then mixed until forming limpid solution.
The solution-urea complex was stored for one night until it formed crystal at -36°C. Then the liquid phase was
evaporated by using vacuum-evaporator at room temperature. The residues of evaporation product were diluted
by 0.1 N HCI 125 ml and n-hexan 125 ml, then the hexane phase was separated. The residues were added by 50
ml n-hexane, mixed, then evaporated by vacuum evaporator. The residues were omega-3 which was, then, added
by octyl gallate as stabilizer.

1. Discussion
Characteristics of Morphology of S. lemuru
According to the body shapes, head shapes, and patterns of scale, it was shown that the S. lemuru (260

fish) belonged to three groups, i.e. variant A (112 fish), variant B (80 fish), and variant C (68 fish) (Figure 1).
The three variants had different body shapes, i.e. cylindrical for variant A, flattened-elongated for variant B, and
flat up for variant C. The head shapes from the three variants were significantly different, i.e. rounded for variant
A, rounded-elongated for variant B, and elongated for variant C. The S. lemuru generally had an average length
of head which was shorter (26-29%) that the total length, ranging between 6.2 and 7.4 cm (mean: 6.6 cm). A
previous study reported that Sardine from the northern Atlantic and Mediterranean area had smaller heads and
head-to-body ratio than those from southern Iberia and northern Morocco [12].

Variant A o Variant B . VariantC
Figure 1. Variants and its Cycloid scales pattern of S. lemuru in Lombok Strait

Our analysis on the shapes of scales shows that all the three variants of S. lemuru has cycloid type of
scales with various patterns, i.e. tiny and circle scale for Variant A, irregular pattern for Variant B, and regular
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pattern for Variant C (Figure 1). The scale patterns are consistent with Bleeker’s (1853) report [13]. The result
indicates that S. lemuru in Lombok Strait has three morphology variants. Therefore, the variations should be
elucidated based on morphometric and meristic characters.

Table 1. Morphometric characters of S. lemuru in Lombok Strait

Morphometric Characters Variant A (cm) Variant B (cm) Variant C (cm)
Total length 22+ 0.45 22+ 0.5 22+ 0.58
Body width 6.05+0.21 6.05+0.26 6.05+1.32
Head length 6.6+ 0.35 6.6+ 0.42 6.6+ 0.5
Table 2. Meristic characters of S. lemuru in Lombok Strait

Meristic Characters Variant A Variant B Variant C
Scutes number 34+0.45 34+0.51 34+0.57
Pre-pelvic scutes 21 £0.25 22+0.45 23+0.65
Post-pelvic scutes 11.5+0.25 11.5+0.45 11.5+0.65
Dorsal fin rays 15+0.42 15+0.5 15+1.0
Pelvic fin rays 8+0.56 8+0.78 8+0.81
Anal fin rays 21+0.51 21+0.67 21+0.73
Branchiostegal rays 6+0.56 7+0.7 6+0.78

However, the morphometric (Table 1) and meristic characters (Table 2) from all of those fish are
similar. The morphometric and meristic characters of the S. lemuru are as follows: the total length is 22 cm; the
body shape is cylinder; the body width is less than 30 % of standard length; the number of pre-pelvic scutes is
23; the number of pelvic rays is 8 with 1 unbranched and 7 branched; and, the number of gillrakers is 77 and 6
branchiostegal rays. Other characters are the presence of black spot at hind border of gill cover and a faint
golden spot behind the gill slits followed by a faint golden at midlateral line of the body. These characters are
consistent with the previous study [13-15]. Moreover, Sardines in Lombok Strait have differences in size as
compared to those in Sibolga bay, Indonesia [16], Mediterranean and Celtic sea [17], and from the north-
eastern Atlantic and western Mediterranian [15]. Hence, the morphometric and meristic characters could not be
used to identify variations of S. lemuru in Lombok Strait. Therefore, the three variations of S. lemuru based on
its morphology (shape of head, body and scale) must be confirmed at the genetic level.

Molecular Marker and Phylogenetic Analyses

The analysis on the genetic variations by RAPD shows that a primer 5-AAGAGCCCG is able to
describe the differences between the three variations of S. lemuru in Lombok Strait (Figure 2a). The primer is
adequate to amplify DNA in eleven different places of S. lemuru genome that can distinguish the three existing
variants of the fish. Variant A is closely-related to variant C with similarity value 0.714; hence, the similarity
value between A or C with B is 0.357 (Figure 2b). This indicates that the genetic variations of the fish are still
high, and this information is very important to develop a concept for conserving S. lemuru as the main sources of
omega-3 in Lombok Strait. Also, the data is similar to the condition of Sardines in India and Philippine [17,
18]. Furthermore, the primer is warrant for molecular markers to identify variants of S. lemuru in Lombok Strait.
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Figure 2. PCR-RAPD products of three
variants of S. lemuru (a). Number 1 is DNA standard; number 2 and 3 are variant A; 4 and 5 are variant B; 6 and
7 are variant C of S. lemuru on 2% gel Agarosa. The phylogenetic tree of S. Lemuru in Lombok Strait (B).
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Content of Omega-3 Associated with Genetic Variant

The omega-3 content of the three variants of S. lemuru are not the same, ranging from 23.5% - 30.6%.
The omega-3 concentrations in variant A, B and C are 30.6%, 23.5% and 26.7%, respectively. This data is very
interesting because it shows an association between the levels of omega-3 to the genetic variant among the fish.
Variant A contains the highest concentration of omega-3 compared to the other two variants. Moreover, S.
lemuru in Lombok Strait have higher omega-3 content compared to Sardines in Bali Strait (18-23.3%) [11].
The other report presents that generally Sardine contains omega-3 ranging from11.33% - 40.26% [19-23].

Differences in omega-3 products from marine fish are caused by various factors, i.e. food consumed by
the fish [8, 24-26], genetics, and environmental characteristics [27]. Nonetheless, the study about omega-3
concentration on Gadus morhua in Atlantic is not correlated with food consumed [28]. Another report explains
that omega-3 concentration corresponds with A6-Desaturase activity in Zebrafish [3]. Since the three variations
of the fish were found at the same location and the same season, the different content of omega-3 in Sardine in
Lombok Strait can be assumed to be due to genetic variation. Taken together the result, it is concluded that
S. lemuru in Lombok Strait has three variants that are associated with the omega-3 production. The variations
could be identified by using the simple RAPD by employing one primer. This study has discovered a molecular
marker to identify Sardines that have high omega-3 production easily and cheaply which is beneficial to the
management of Lombok Strait.

V. Conclusion
S. lemuru population in Lombok strait has three genetic variations that are associated with the
omega-3 production. The genetic variations were identified based on RAPD method by using primer
5'-AAGAGCCCG.
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