
   
                                                         

            152

   

Implementation of 16S rRNA Gene for Fish and Shrimp Barcoding in  
Mangrove Ecosystems in North Sumatra and Aceh, Indonesia
Hatika Hairani1, Rizka Amelia1, Ipanna Enggar Susetya2,3, Arida Susilowati1,3, Yuntha Bimantara1, Tadashi 
Kajita4, and Mohammad Basyuni1,3*

1Department of Forestry, Faculty of Forestry, Universitas Sumatera Utara, Medan, 20155. Indonesia
2Department of Aquatic Resources Management, Faculty of Agriculture, Universitas Sumatera Utara, Medan, 20155. Indonesia
3Center of Excellence for Mangrove, Universitas Sumatra Utara, Medan, 20155. Indonesia
4Iriomote Station, Tropical Biosphere Research Center, University of the Ryukyus, Taketomi, Okinawa. Japan

ARTICLE INFO
Received: June 15, 2022
Accepted: September 15, 2022
Published: September 29, 2022
Available online: January 29, 2023 

*) Corresponding author:
E-mail: m.basyuni@usu.ac.id

Keywords: 
Conservation  
DNA Barcoding  
Genetic Diversity  
Genetic Relationship  
PCR Amplification  
Restoration

This is an open access article un-
der the CC BY-NC-SA license 
(https://creativecommons.org/li-
censes/by-nc-sa/4.0/)

Abstract 
Fish and shrimp are among the species that are vulnerable to high level of 
disturbance in mangrove ecosystem. This study aimed to investigate the 
implementation of 16S rRNA gene for fish and shrimp barcoding in mangrove 
ecosystems in North Sumatra and Aceh, Indonesia. 50 samples fresh fish and 
shrimp were collected from five mangrove ecosystems in North Sumatra, namely 
Belawan, Lubuk Kertang, Percut Sei Tuan, and Pulau Sembilan and Langsa of 
Aceh for DNA extraction process. The research was divided into four activities: 
sample collection, DNA isolation, PCR amplification, and data analysis. DNA 
was extracted using kit extraction (kit Reliaprep gDNA Tissue Miniprep System) 
and with PCR amplification. Genetic parameters were analyzed using Gen Alex 
6.51 software and the relationship between sites was examined using the MVSP 
3.22. The genetic diversity of fish and shrimp from mangrove habitats was 
relatively substantial, according to the findings, with a heterozygosity of 0.926, 
with the exception of Langsa samples, which were only identified in subclass A1. 
Genetic relationship between sites revealed that all samples clustered into two 
branches and were randomly dispersed within each site. This work confirmed the 
16S rRNA gene worked for fish and shrimp barcoding in mangrove ecosystems, 
North Sumatra and Aceh, Indonesia and our findings are expected to be useful in 
developing mangrove conservation and restoration initiatives.
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1. Introduction

Indonesia is recognized for having the larg-
est mangrove biodiversity in the world. Indonesia has 
2.7 million ha of mangrove forest in 2020 spread over 
34 provinces, mainly spread out in Eastern Indonesia. 
Papua Province has the largest mangrove with 26.6% 
and followed by West Papua (17.5%), East Kalimantan 
(7.5%) and North Kalimantan (5.6%) (Basyuni et al., 
2022). Over the last 30 years, approximately 800,000 
ha of mangrove forests have been removed and convert-
ed (Ilman et al., 2016). Deforestation and degradation 
of mangroves, on the other hand, continue to become 
a problem throughout Indonesia. Land conversion to 
non-forest, oil palm plantation, tourism, pond develop-
ment, and excessive logging all contribute to the defor-
estation and degradation of mangrove forests in Indone-
sia (Richards and Friess, 2016; Basyuni and Sulistiyono, 
2018).

Mangrove species are scattered along the in-
tertidal zone or along the shoreline of the tidal zone in 
the tropics and subtropics (Balke et al., 2015; Fu et al., 
2018). Mangrove plants are able to adapt in terms of 
morphology, anatomy, physiology, and molecular com-
plexes that allow them to survive and grow well even 
in high stress habitats (Srikanth et al., 2016; Basyuni et 
al., 2017), such as flooded soil conditions, high salinity 
and unstable soil conditions (Hogarth, 2015; Woodroffe 
et al., 2016). The interaction between oceans, brackish 
water, rivers, and land waters is quite large, resulting 
in a high diversity of marine plants and animals, fresh-
water species, and land species in the mangrove eco-
system (Rizal et al., 2018). Mangrove ecosystems have 
an important role both ecologically and economically 
(Basyuni et al., 2022) as a home for various marine 
components such as algae, crabs, bivalves, snails, meio-
fauna, fish, and invertebrates as well as various animals 
such as birds that nest in the dense canopy, also serves 
as a shelter for migratory birds (Almasi et al., 2019). 
Many young fish from nearby coral reefs, such as pro-
tected snapper and grouper, crustaceans such as shrimp, 
crab and lobster also survive and grow in this ecosys-
tem, which proves that mangroves are important for ma-
rine life and invertebrates (Winata et al., 2017; Zhu et 
al., 2017).

Fish and shrimp in mangrove habitats are di-
verse and need to be identified. The fish and shrimp are 
identified using their morphology, while molecular ap-
proaches can also be utilized. Previous morphological 
study conducted by Sitorus et al. (2017) in Lubuk Ker-
tang found 16 species fish diversity that belonged to the 
5 orders, 15 families, 15 genera. Previous reports in the 
basic knowledge in fish systematics taxonomy based on 

morphological characters have been described before 
studying on genetic level (Fitri et al., 2018; Basyuni et 
al., 2021). A common molecular identification technique 
was DNA barcoding which has various advantages over 
morphological identification. DNA barcoding can be 
used to identify fish species from whole fish, fillets, fins, 
fragments, juveniles, larvae, eggs, or any other properly 
preserved tissue available, transforming taxonomy for 
taxa with validated data sets (e.g., fishes) by providing a 
quick and cost-effective method for identifying eukary-
otes (Becker et al., 2011).

The chloroplast 16S ribosomal RNA gene (16S 
rRNA) has been utilized in a number of studies to iden-
tify numerous coastal aquatic species and mangroves, 
including marine fish and shrimp (Galvão et al., 2013; 
Joseph et al., 2013; Wilwet et al., 2018). In this regard, 
the 16S rRNA gene sequences of 59 individuals from 
43 species from 30 fish families were examined (Habib 
et al., 2021). However, the importance of the applica-
tion of 16S rRNA gene for fish and shrimp barcoding 
in Indonesian mangroves were rarely reported. The 
primer used was 16S primer because 16S rRNA genes, 
they were utilized to form phylogenetic trees. Based 
on this consideration, this work aims to investigate the 
implementation of 16S rRNA gene for fish and shrimp 
barcoding in mangrove ecosystems, North Sumatra and 
Aceh, Indonesia.

2. Materials And Methods

2.1 Study Area
The study was conducted in five sampling sites 

in the provinces of Aceh and North Sumatra, Indone-
sia, which represents different management conditions. 
The Aceh Province of Langsa city (LGS) has a natural 
forest, while the mangroves in Percut Sei Tuan Village 
(PCT), Pulau Sembilan Village (PS) from North Suma-
tra Province are restored from abandoned and clear-cut 
aquaculture ponds. Meanwhile, the mangroves in Bel-
awan Village (BLW) and Lubuk Kertang Village (LK), 
North Sumatra Province are rehabilitated (Table 1) (Fig-
ure 1). This site has an average rainfall of 150–200 mm/
year and sea surface temperatures range from 26–30ºC.

2.2 Research Materials
A total of 50 fish and shrimp samples were 

taken from five different locations, namely Percut Sei 
Tuan, Belawan, Lubuk Kertang, Pulau Sembilan from 
North Sumatra Province, and Langsa City from Aceh 
Province, which were then used as DNA genetic materi-
al (Table 1) (Figure 1). 

DNA isolation was carried out using the Re-
liaprep gDNA Tissue Miniprep System kit (Promega).  
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Table 1. Information of sampling sites 

No Site Longitudinal Species names and num-
bers of fish

Species names and 
numbers of shrimp

1
Percut Sei Tuan District (PS), Deli 
Serdang Regency, North Sumatra 
Province

3°43’49.88” E Hexanematichthys sagor 
(3), Epinephelus 
coioides (3)

Macrobrachium 
equidens (2), Penaeus 
indicus (2)98°46’26.93” S

2 Belawan District (BLW), Medan 
City, North Sumatra Province

3°46’39.63” E Elops saurus (3), Epi-
nephelus fuscoguttatus (2)

Macrobrachium 
equidens (3), Penaeus 
indicus (2)98°40’31.40” S

3
Lubuk Kertang Village (LK), West 
Brandan District, Langkat Regency, 
North Sumatra Province

4° 3’13.59” E Leptocarpus potamiscus 
(2), Elops hawaiensis 
(2), Thunnus maccoyii (2)

Macrobrachium acan-
thurus (2), Penaeus 
indicus (2)98°16’33.53” S

4
Pulau Sembilan Village (PS), Pang-
kalan Susu District, Langkat 
Regency, North Sumatra Province

4° 8’18.15” E Larimichthys crocea (3), 
Pellona ditchela (2)

Macrobrachium acan-
thurus (3), Penaeus 
longistylus (2)98°15’36.38” S

5 Langsa City (LGS), Aceh Province
4°32’19.62”E Leptocarpus potamiscus 

(2), Danio rerio (2), 
Sphyraena jello (2)

Penaeus longistylus 
(2), Macrobrachium 
equidens (2)98° 2’7.32” S

Figure. 1. Sampling sites (red dot) at Percut Sei Tuan (PCT), Belawan (BLW), Lubuk Kertang (LK), and 
Pulau Sembilan (PS) of North Sumatra, and Langsa of Aceh (LGS)
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A PCR (Polymerase Chain Reaction) machine (Sen-
soquest thermal cycler) was used to amplify genom-
ic DNA extraction. A pair of 16S primers (16S rRNA 
F:5’-CCTGTTTANCAAAAACAT-3’ and R:5’-AG-
ATAGAAACCAACCTGG-3’) were used to amplify 
DNA, as previously described by Crandall and Fitzpat-
rick (1996). The quality of total DNA (200–300 ng) was 
evaluated using 1% agarose gels and then quantified by 
a nanodrop spectrophotometer (Thermo Scientific) with 
an absorbance ratio of 260/280. The following solution 
components were used to amplify each sample; 2 µl 
DNA dilute, 1 µl Primer forward and 1 µl primer re-
serve, 3.5 µl ddH2O, and 2.5 µl Green Go Taq, for a to-
tal mixture of 10 µl in one tube. The PCR amplification 
performed according to protocol included pre-denatur-
ation at 94°C for two minutes, denaturation at 94°C for 
30 seconds, followed by 35 cycles of annealing at 56°C 
for one minute, extension at 72°C for three minutes, fi-
nal extension at 72°C for seven minutes, and storage at 
4°C for 30 minutes. The PCR amplification data were 
evaluated using electrophoresis in a 1% agarose gel 
dyed with Gel Red (Biotium) and visualized using Ul-
traviolet Translation (UVP).

2.3 Data Analysis

UVITEX Cambridge Reader software was used to an-
alyze the bands to measure the molecular weight of 
DNA, which was then used to create specific band pat-
terns based on the primer employed. The genetic pa-
rameters for each population was assessed by GenAlex 
ver. 6.502 software (Peakall and Smouse, 2006) as the 
frequency of correlation alleles between individuals in 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

subpopulations (FIS), allele frequency correlation be-
tween subpopulations (FST), allele frequency in popu-
lation caused by both factors (FIT), number of migrants 
(Nm), number of alleles (N), number of different allele 
frequencies > 0.5 percent (Na), and number of active al-
leles (Ne). Shannon Index Information (I) was calculat-
ed for each population and locus as previously reported 
by Hayati et al. (2020). Analysis molecular of variance 
(AMOVA) and a principal coordinate analysis (PCoA) 
to examine the linkages between populations were cal-
culated using GenAlex ver. 6.502 (Peakall and Smouse, 
2006). Dendrogram analysis was done based on the 
sites and grouping analysis of fish and shrimp popula-
tions using the Unweighted Pair Group Method with 
Arithmetic Mean (UPGMA), and the relation distance 
was carried out with Multi-Variate Statistical Package 
(MVSP 3.2.2) program (Hayati et al., 2020).

3. Results and Discussion

3.1 PCR Amplification
The appearance of DNA bands produced from 

the 50 samples indicated the success of PCR amplifica-
tion. The resulting band pattern, however, has varying 
DNA thickness; thick, thin, and smear. Variation in DNA 
concentration is determined by the physical treatment of 
the extraction process as well as the effectiveness of ex-
traction buffers in breaking down cells (Basyuni et al., 
2017; Istiqomah et al., 2020). The process of physical 
cell destruction was carried out by crushing a sample 
which could perfect the extraction buffer in breaking 
down cells. Amplification of PCR employing a 16S re-
sults in bands ranged from 200 to 800 bp.

Figure 2.  Principal coordinate analysis (PCoA) visualization LK = Lubuk Kertang, PCT = Percut, PS = 
Pulau Sembilan, BLW = Belawan, LGS = Langsa
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3.2 Genetic Parameters
Genetic variety within and across populations 

was found in order to select populations responsible for 
the majority of current variation. If genetic variety is 
concentrated within a population, fewer populations are 
required to retain and perpetuate overall variation across 
a species’ geographic range. If genetic variety is gener-
ally retained between populations, then a larger number 
of populations that make up evolutionary units should 
be safeguarded (Szczecińska et al., 2016). The entire 
population obtained a higher Na value than the Ne value 
in the LGS population with a Na value of 16 and Ne of 
13, while the lowest value was obtained in the PS popu-
lation with a Na value of 5 and a Ne value of 5 (Table 2). 
According to Karabağ et al. (2016), genetic variation is 
more likely to be detected if the mean Ne is high, which 
is defined as the inverse of homozygosity. The values of 
Na and Ne obtained in the PS population are identical. 
Frankham et al. (2017) stated that the frequency of al-
leles is in equilibrium if the number of effective alleles 
(Ne) is equal to or almost equal to the number of alleles 
observed (Na).

This finding was supported by previous studies. 
Basyuni et al. (2021) reported that Langsa had the larg-
est fish biomass compared to Lubuk Kertang (Fitri et 
al., 2018), followed by Pulau Sembilan and Percut Sei 
Tuan. Furthermore, Langsa was characterized as natu-
ral mangrove forest which experienced no deforestation 
and degradation, in contrast to Lubuk Kertang, Pulau 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sembilan, and Percut Sei Tuan, all of which experienced 
deforestation and degradation (Basyuni and Sulistiyo-
no, 2018), and restoration activity has been progressed 
in these places (Basyuni et al., 2022).

Agglomerative hierarchical clustering (AHC) 
analysis revealed that mangrove sites were clustered by 
site attribute similarity clustering, with Langsa and Pu-
lau Sembilan within group 1, and Jarin Halus was more 
related to group 1 compared to group 3, which includes 
mangroves at Kampai Island and Percut Sei Tuan. Phys-
icochemical parameters and stand density were the vari-
ables with the most weight in the clustering (Fitri et al., 
2018).

Shannon’s diversity index has been used in var-
ious studies to estimate genetic uniformity. Shannon’s 
diversity index values are also utilized to describe ge-
netic variation at different population levels from single 
nucleotides to polymorphism (SNP) through whole spe-
cies or larger taxonomic units to ecosystems. The high-
est diversity index was obtained in the LGS population 
of 2,685, while the lowest diversity index value was in 
the PS population of 1,609.

Average heterozygosity of expectation (He) 
was understandable considering the population’s demo-
graphic history and genetic structure (Wang, 2018). The 
highest He value was in the LGS population at 0.926, 
while the lowest value is in the PS population at 0.8 
(Table 1). The value of heterozygosity is one of the pa-
rameters that can be used to assess the genetic diversity 

Figure 3. Dendrogram of fish and shrimp kinship relationship using cluster analysis, LK = Lubuk Kertang, PCT 
= Percut, PS = Pulau Sembilan, BLW = Belawan, LGS = Langsa
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of a population. Heterozygosity values range from 0–1. 
The value of heterozygosity is said to be low when it 
approaches 0, whereas the heterozygous value is said 
to be high when the value is close to 1. In this study, 
the heterozygosity value obtained from the entire pop-
ulation is close to 1, indicating that the genetic diver-
sity in the population is relatively high. The observed 
heterozygosity value (Ho) is greater than the expected 
heterozygosity value (He) (P>0.05) (Table 2). Inbreed-
ing, concealed population subdivision, and genotyping 
artefacts could all contribute to the apparent divergence 
from Hardy-Weinberg equilibrium if He > Ho (e.g., null 
alleles, allelic dropouts). If He > Ho, apparent devia-
tion from Hardy-Weinberg equilibrium could imply that 
the population has been hybridized or admixed (Wang, 
2018).

The wealth of information on which markers, 
otherwise known as Polymorphism Information Con-
tent (PIC) reported in this study, is very interesting. The 
PIC value can also be used to determine the absence of a 
polymic allele for a gene in a population. The PIC value 
generated from this research is 0.845–0.897. With the 
PIC value obtained, the 16S primer is suitable for use as 
a molecular marker in fish and shrimp. Previous studies 
reported PIC values of 0.387 to 0.899, with a mean a 
value of 0.750, which reveals that the marker has the 
necessary properties to be used in diversity studies (Zhu 
et al., 2017). The closer the PIC value is to 1, the more 
useful it is in the identification of diversity (Kwak et al., 
2020). The mean value of PIC is determined by several 
parameters, including the breeding behavior of the spe-
cies, genetic diversity within the collection, length of 
the collection, sensitivity of genotyping methods, and 
the location of the marker genome (Chen et al., 2017).

Table 2. Genetic diversity parameters in five fish and shrimps’ populations of the mangrove ecosystems of 
North Sumatra and Aceh 

Pop N Na Ne I Ho He F PIC

LK 14 12 10.3 2.404 0.214 0.903 0.763 0.89

PCT 11 11 8.6 2.284 0.364 0.884 0.589 0.88

PS 5 5 5 1.609 0 0.8 1 0.84

BLW 14 11 9.8 2.342 0 0.898 1 0.89

LGS 13 16 13.5 2.685 0.615 0.926 0.335 0.89

Mean 11.4 11 9.4 2.265 0.239 0.882 0.737

Description: N = Number of samples; Na = Average number of alleles; Ne = Average number of effective 
alleles; Ho = Average heterozygosity of observation, He = Average heterozygosity of expectation, I = Shan-
non’s information index, F = fixation index , LK = Lubuk Kertang, PCT = Percut, PS = Pulau Sembilan, BLW 
= Belawan, LGS = Langsa

Table 3. F-Statistics and Nm estimates for all popula-
tion observed using 16S rRNA

Locus FIS FIT FST Nm

16S rRNA 0.729 0.754 0.092 2.46

Description: Fis = inbreeding coefficient, FIT= over-
all inbreeding coefficient, FST= fixation index, Nm = 
number of migrants

Statistical analysis of F (FIS, FIT, and FST) is an 
important indicator in the analysis of genetic popula-
tions (Table 3). FIS, FIT, and FST values indicate inbreed-
ing in subpopulation, inbreeding in total population, and 
population differentiation, respectively (Maharani et al., 
2017). The magnitude of inbreeding in the subpopula-
tion of (FIS) is 0.729, while the rate of inbreeding in the 
total population (FIT) is 0.7534 (Table 3). FIS levels that 
are negative suggest an excess of heterozygotes, where-
as FIS values that are positive imply a shortfall (Parreira 
et al., 2020). Inbreeding that occurs in these populations 
results in a decreased uniformity in the long term, caus-
ing extinction. As the inbreeding degree of individuals 
decrease, genetic differences between them also in-
crease.

FST analyzes genetic variance in allelic frequen-
cies among demes and describes the mean reduction in 
heterozygosity of a deme compared to the whole, due to 
genetic drift and genetic differentiation (Parreira et al., 
2020). The FST  is 0.092, and this value indicates that 
there is no genetic difference between fish and shrimp 
populations from Lubuk Kertang, Percut, Pulau Sem-
bilan, Belawan and Langsa (Holsinger and Weir, 2009).  
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If the FST is small, it means that the frequency of alleles 
in each population is the same; if it is large, the frequen-
cy of the allele is different. An FST value < 0.05 indi-
cates that its genetic differentiation is small. The rate of 
fundamental evolutionary processes (migration, muta-
tions, and deviations) has a predictable relationship with 
the level of genetic differentiation among populations 
(Holsinger and Weir, 2009). With an Nm value of 2,460 
and a paired FST value implying poor genetic differenti-
ation and moderate genetic differentiation between pairs 
of other populations and is supported by an Nm value 
higher than 1.0 (Biba et al., 20217).

3.3 Genetic Structure through Molecular Analysis 
of Variations (AMOVA) and Principal Coordinate 
Analysis (PCoA)

The diversity among individuals in the popula-
tions were higher compared to those within individuals 
(Table 3). According to Groeneveld et al. (2010), the 
presence of genetic diversity that is rich and at a suf-
ficient level in a species enables the formation of new 
populations according to the changing conditions and 
needs.

Two-dimensional insecurity in Principal Coor-
dinate Analysis (PCoA) showed five populations spread 
over four quadrants (Figure 2). Populations that were in 
the quadrant showed that the species had similar special 
characteristics. The results of the PCoA analysis showed 
that almost all individuals from each population of Lu-
buk Kertang (LK), Percut (PCT), Pulau Sembilan (PS), 
Belawan (BLW), and Langsa (LGS) were in the same 
quadrant. This was because these individuals were geo-
graphically close together, and genetic flow from each 
sample population was also the same. The closer the 
geographic distance of a population was, the closer its 
genetic distance would be. However, there were some 
individuals from the LGS and PCT population which 
were in different quadrants. Coordinate differences in 
PCoA analysis are caused by differences in individuals’ 
genetic flow of a population influenced by their abilities 
to adapt.

3.4 Discussion
Phylogenetic relationships are not necessarily 

determined by geographical distance. Information based 
on phenotypic and molecular genetic features, as well as 
geographic and historical information from the popula-
tion studied, must be included to get superior phyloge-
netic results (Hariyono et al., 2019). The genetic kinship 
dendrograms of five fish and shrimp populations were 
grouped based on amplification results using primary 
16S (Figure 3). The genetic kinship dendrograms divid-
ed 30 fish and shrimp samples into two main clusters 
and four sub-clusters. Each cluster was divided into sev-

eral sub-clusters consisting of individual populations. 
The classification showed the magnitude of the varia-
tion between these species. It may be a consequence of 
migration between two different geographic populations 
(Shokoohmand et al., 2018).

Based on UPGMA, the population was divided 
into two main clusters and four sub-clusters (Figure 3). 
In sub-cluster A1, no LGS species was found which was 
caused by several factors. In accordance with Consueg-
ra et al. (2021) who stated that in addition to elevation 
and water velocity, barrier density and its interplay with 
cumulative barrier height determine a species’ presence/
absence.

In summary, amplification of PCR using prima-
ry 16S provides information and can be recommended 
for use in further molecular analysis. Primer 16S belongs 
to a specific primer where the PIC value obtained ranges 
from 0.845–0.897. The findings of a genetic diversity 
analysis utilizing many criteria revealed that the genetic 
diversity of fish and shrimp from mangrove habitats was 
high, with He value of 0.926. Our findings are useful in 
developing mangrove conservation and restoration ini-
tiatives (Basyuni et al., 2017).

4. Conclusion

The genetic diversity of fish and shrimp from 
mangrove habitat is relatively large, the entire popula-
tion obtains a higher Na value than the Ne value. PCR 
amplification using 16S produced bands with sizes rang-
ing from 200 to 800 bp. The highest Na and Ne values 
were found in the LGS population. FST value of 0.092 
indicates that there is no genetic difference between fish 
and shrimp populations from the five observation loca-
tions. Present work provides the developing mangrove 
conservation and restoration initiatives.
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