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Executive summary 

The Indian mackerel genetic analysis workshop was held in Phuket, Thailand, 17-19 February 
2015. This follows two previous workshops of the Indian mackerel genetics working group, The 
Indian mackerel working group meeting 28-29 May 2012 in Colombo, Sri Lanka and the Indian 
mackerel genetics harmonization training workshop 20-27 August 2013 in Kochi, India. Since 
the start of the project, initiated at the Colombo meeting, a set of 14 microsatellite markers 
have been developed specifically for R. kanagurta by cross-species priming and 
next-generation sequencing. Geneticists from the eight BOBLME countries were trained on the 
use of these markers. Thirty-one tissue collections representing 2 365 individuals from all eight 
BOBLME countries were collected and analyzed in seven different genetics laboratories for 
microsatellite variation at 14 loci representing at least 33 000 PCR reactions that were then 
sent for genotyping at a facility in India.  

Microsatellite motifs for the 14 R. kanagurta microsatellites ranged from penta-to 
di-nucleotide repeats. Data was binned in the corresponding motif sequences determined at 
the time of locus discovery. Although there appears to be significant inter-lab variability in the 
data, most of the loci are not conforming to Hardy-Weinberg Equilibrium (HWE), and at least 
some genotypic data included are from non-target species (R. brachysoma in Bangladesh 
samples), we can still present a tentative tree structure based on these Indian mackerel 
markers. The dendrogram shows a pattern of east-west geographic stock structure across the 
Bay of Bengal where western populations (Indian) are most genetically distant from eastern 
populations (Malaysia-Indonesia-Thailand). 

Further work outlined in the recommendations is required to validate the tree structure 
include: select questionable samples for genetic species identification testing, evaluate the 
need for additional standardization work between laboratories, support additional regional 
capacity building in terms of both laboratory equipment and further skills development, 
evaluate the current set of loci to improve amplification, allele calling and data quality (null 
alleles, upper allele drop-out, linkage disequilibrium). As well, the working group should 
remain aware of rapidly changing technologies which allow for the inclusion of both adaptive 
as well as neutral markers for genetic stock structure work. 
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1. Background  

Bangladesh, India, Indonesia, Malaysia, Maldives, Myanmar, Sri Lanka and Thailand are working 
together through the Bay of Bengal Large Marine Ecosystem (BOBLME) Project and lay the 
foundations for a coordinated programme of action designed to better the lives of the coastal 
populations through improved regional management of the Bay of Bengal environment and its 
fisheries. 

The BOBLME Project is mandated to undertake regional assessments of the hilsa shad 
(Tenualosa ilisha) and Indian mackerel (Rastrelliger kanagurta) fish stocks and deliver stock 
assessment advice for fisheries management. There is also a plan to look in to the genetic 
characteristics and stock structure of the Long tail tuna along the Malaysia, Indonesia and Thailand 
coast. 

A key aim of sustainable fisheries management is to identify the spatial and temporal scale of 
population structuring and to devise tools to monitor its dynamics and contribution to overall 
fisheries production (Hauser and Carvalho 2008). This is essential for the realistic application of stock 
assessment models. BOBLME Project, under subcomponent 2.3 deals with the development of 
regional and sub-regional management plans and harmonization of data collection across the region. 
Under this project subcomponent, the development and use of a standard set of genetic markers for 
fisheries management which can be applied by all member nations fulfills this commitment. This 
standardization of methodologies helps promote collaborative fisheries management planning. The 
2013 work plan, adopted by the Project Steering Committee in March 2013 includes continued 
activities to achieve these requirements; the Indian mackerel genetic stock structure study is one of 
these activities.  

To date, three workshops have been held to develop an understanding of Indian mackerel genetic 
stock structure throughout the region. The first meeting was held in National Aquatic Resources 
Research and Development Agency (NARA) Colombo, Sri Lanka on 2012 (BOBLME 2012). The current 
knowledge of mackerel biology, fisheries management and genetic stock structure was presented at 
this meeting. Participants formulated a region-wide sampling plan to collect tissues for genetic 
analysis. The National Bureau of Fish Genetic Resources (NBFGR) lab in Kochi, India was identified as 
the lead lab with extensive experience in the development and use microsatellite genetic markers. 
Consequently, the second meeting was convened at the NBFGR lab with support from Central 
Marine Fisheries Research Institute (CMFRI) at the ICAR campus in Kochi (BOBLME 2013). Here 
participants were trained to analyze microsatellite markers which had been developed for Indian 
mackerel. Finally, a third meeting, the Indian mackerel data analysis workshop was held in Phuket, 
Thailand (17-19 February 2015). At this meeting participants used a number of different analytical 
techniques for the analyzing the combined microsatellite dataset from across the region. This report 
summarizes the Indian mackerel data analysis workshop and the subsequent preliminary analysis of 
the combined regional genetic dataset.  

The previous two workshops have been reported elsewhere as publications on the BOBLME website 
(www.BOBLME.org). A short review is provided here. 

1.1. Indian mackerel working group meeting, 28-29 May 2012, Colombo, Sri Lanka 

Previously, (28-29 May 2012) the Indian mackerel working group met at NARA, Colombo, Sri Lanka, 
(Figure 1) to develop a work plan to achieve the goal of determining the genetic stock structure of 
Indian mackerel in the Bay of Bengal region, this is reported in BOBLME (2012). The plan included 
sampling across the region and to identify molecular genetic laboratory capacity in the region. 
Subsequently, five countries were identified with genetic lab capabilities which could potentially 
analyse R. kanagurta tissue using microsatellite genetic markers (Sri Lanka, India, Malaysia, Thailand 

http://www.boblme.org/
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and Indonesia) and three countries who, at that point, had limited genetic laboratory capability 
(Myanmar, Maldives and Bangladesh). At the Colombo meeting, sampling protocols and a sampling 
plan was drawn up to collect tissue samples across the region from waters in all eight BOBLME 
member countries. From each sampling site, it was determined that optimum sample size of 100 
individuals would be required if genetic differentiation is low and highly polymorphic microsatellite 
markers were to be developed and used (Kalinowski 2005). At this meeting it was determined that 
there were no species - specific genetic markers available for Indian mackerel and so two 
approaches were proposed: 1) the development of a set of markers using 454 sequencing at US 
laboratory (Savannah River Ecology Laboratory, University of Georgia); 2) develop a set of markers 
through the use of cross-amplification of non-target species conducted at the NBFGR lab in Kochi, 
India. Both options were acted upon to give the widest possible choices of microsatellite marker for 
R. kanagurta.  

 

Figure 1. Participants at the Indian mackerel working group meeting, 28-29 May 2012, Colombo, Sri Lanka. 

1.2. Indian mackerel genetic harmonization training workshop, 20-27 August 2013, 
Kochi, India 

Prior to the Indian mackerel Harmonization training workshop, the NBFGR lab tested 36 
microsatellite markers in R. kanagurta through cross-species amplification using microsatellite 
markers from related species Scomber australasicus, Scomber japonicus and Scomberomorus cavalla 
(NBFGR 2015). Seven microsatellite markers were found to cross-amplify successfully and 
sequencing was used to confirm the repeat sequences. All the microsatellite sequences were 
submitted to GenBank (Ass. No. KF668002 KF668008). In addition, fifteen microsatellite markers 
were also developed in R. kanagurta through Next Generation Sequencing (NGS) (Candy et al. 2013). 
From these fifteen NGS loci NBFGR lab tested, seven loci were found to work well and utilized as 
part of the set for genetic stock analysis of Indian mackerel. A total of fourteen loci (seven 
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cross-primed and seven NGS loci) were optimized for PCR (Polymerase Chain Reaction) conditions 
and Standard Operating Procedures (SOP) were developed by NBFGR lab (Appendix II). It was 
thought to be too difficult at this time for the genetics labs to use multiplex loci with limited 
experience analyzing microsatellite variation. 

Attending the Indian mackerel genetic harmonization training workshop were sixteen scientists and 
fisheries department officers from the eight BOBLME member countries along with staff from both 
the NBFGR and CMFRI labs (Figure 2). The trainees were taken through a six day program of morning 
lectures and laboratory hands-on experience starting with DNA isolation, PCR amplification and 
genotyping. The participants also took a tour of a SciGenom genotyping facility which provided a 
standardized platform for genotyping all the R. kanagurta samples. These activities are detailed in 
BOBLME (2013) publication. 

Each country was to analyze samples collected in their waters except the Bangladesh samples were 
analyzed by an Indian lab (NBFGR) and the Maldives and Myanmar samples were analyzed by a 
Malaysian lab (SEAFDEC). Procedures were designed to standardize as much as possible the DNA 
extraction and amplification to minimize intra-lab variability. All labs used Qiagen kits for DNA 
extraction, and SOP’s were developed by NBFGR for DNA amplification. All samples were shipped to 
a private genotyping facility (SciGenom Labs Pvt Ltd, CSEZ, Kakkanad, Cochin-37, Kerala, India) for 
genotyping on an Applied Biosystems 3730 DNA automated sequencer.  

 

Figure 2. Participants at the Indian mackerel genetic harmonization workshop, 20-27 August 2013, Kochi, India. 
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2. Indian mackerel genetics data analysis workshop, 17-18 February, 2015, 
Phuket, Thailand  

2.1. Introduction - Dr Hermes 

A workshop on Indian mackerel (Rastrelliger kanagurta) genetic analysis workshop was convened on 
17-18 February, 2015 in Phuket, Thailand to bring together geneticists from each of the BOBLME 
member countries for the analysis of the data obtained by all the laboratories, the list of participants 
can be seen in Appendix I and in a group photo (Figure 3). Dr Rudolf Hermes, the Chief Technical 
Advisor for BOBLME, welcomed the participants and wished them well in the upcoming workshop. 
Mr Candy BOBLME Genetic Consultant provided an overview of the previous two workshops much 
of this presentation has been summarized in the background section above. This was followed by 
the country reports. 

 

Figure 3. Participants at the Genetic analysis workshop, Phuket, Thailand, 17-18 February 2015, Phuket, Thailand. 

2.2. Country report - India NBFGR - Dr Jena 

Meeting on Indian mackerel genetic data analysis workshop was convened during 17-18 February 
2015, to bring together geneticists for the analysis of the data which has been obtained by all the 
laboratories. Dr JK Jena, Director NBFGR Lucknow, India, Dr VS Basheer and Dr Divya PR, scientists 
from Cochin centre of NBFGR attended the workshop. Dr Jena presented the details of the work 
done in India, under this project. Details of the seven days regional harmonization workshop at 
NBFGR, Kochi centre for scientists/fisheries department officers from eight BOBLME countries on 
the genetic analysis using microsatellite markers were highlighted in his address. Total 16 trainees 
from eight BOBLME nations participated in the training program. He also emphasized the efforts 
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taken by NBFGR in developing polymorphic microsatellite marker in Indian mackerel 
Rastrelliger kanagurta and optimizing PCR conditions for all 14 primers (Seven through cross priming 
and seven through NGS (Candy et al., 2013), where the information were shared among eight 
BOBLME countries, so that they could perform the genetic analysis using the standardized protocols. 
The details of sample collection, DNA extraction, microsatellite amplification and genotyping of 
Indian mackerel collected from the Indian coast were also discussed during the presentation. 
Genotyping were done using 14 primers for 70 samples of mackerel collected from Mumbai, Calicut, 
Tuticorin, Nagapatnam, Kakinada, Paradeep and Port Blair coasts of Indian waters. The alleles were 
separated using capillary electrophoresis on an ABI Prism 3730 genetic analyser (Applied 
Biosystems). SSR fragment sizing was carried out using Gene Mapper software (Applied Biosystems) 
using the default analysis settings by comparison with the internal size standard. Initial data analyses 
were completed using software GENPOP version 3.3, TREEFIT and GENALEX version 6.5. The 
preliminary data analysis showed that the population is in random mating and overall, a low genetic 
differentiation exists among the mackerel populations distributed along the Indian waters. Apart 
from the targeted work, DNA isolation, PCR and genotyping of 200 samples from Bangladesh were 
also analyzed by NBFGR. Molecular identification of the three species of mackerels distributed along 
Indian waters Rastrelliger kanagurta, R. faughni and R. brachysoma were evaluated using 
Cytochrome C Oxidase I and 16s r RNA genes. Dr Basheer had given an overview of the research on 
Indian mackerel genetics. He had discussed about the earlier studies on stock identification in Indian 
mackerel from Andaman Sea, Thailand and Indian coasts. 

Table 1. List of sampling locations, latitude and longitudes, sample sizes, average length and weight of R. kanagurta 
sampled by the NBFGR lab 

Location Latitude Longitude Date of 
Collection 

No. of 
Specimens 

Average 
standard 
length (cm) 

Average 
body weight 
(g) 

Mumbai 
(Maharashtra) 

18.975°N 72.8258°E 18.01.14 70 19 113 

Mangalore 
(Karnataka) 

12.8700°N 74.8800°E     

Calicut (Kerala) 11.25°N 75.77°E 14.10.13 70 22 161 

Kollam (Kerala) 8.880°N 76.600°E     

Nagapattinam 
(Tamil Nadu) 

10.77°N 79.83°E 17.09.13 70 21 130 

Tuticorin (Tamil 
Nadu) 

8.81°N 78.14°E 23.10.13 70 20 150 

Kakkinada 
(Andhra Pradesh) 

16.93°N 82.33°E 31.12.13 70 19 134 

Paradeep (Orissa) 20.32°N 86.62°E 24.09.13 70 22 135 

Port Blair 
(Andamans) 

11.6683°N 92.7378°E 20.01.14 70 25 267 

2.3. Country report - India CMFRI - Dr Sukumaran 

Fresh samples of Indian mackerel R. kanagurta belonging to the breeding stock were collected from 
seven sampling sites along the Indian coast for microsatellite analysis. The details of sampling are 
given in Table 2 . 
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Table 2. List of sampling locations sample size, maturity stage, average length, and average body weight of R. kanagurta 
collected by the CMFRI lab 

Location Number of 
specimens 

Maturity 
stage 

Average standard 
length (cm) 

Average body 
weight (g) 

1. Calicut 30 Stage IV 23 200 

2. Nagapatnam 30 Stage IV 22.5 195 

3. Paradeep 30 Stage IV 21 185 

4. Tuticorin 30 Stage IV 21.5 190 

5. Mumbai 30 Stage IV 22 197 

6. Kakinada 30 Stage IV 22 198 

7. Port Blair 30 Stage IV 22 194 

 

Standard operating procedures were followed for tissue sample collection and preservation. 
Samples were collected as shortly as possible after being caught. Samples were examined for 
maturity stages and only those with ripe ovary (stage IV) were selected (average size 22 cm). 
Sampled fishes were kept in a container with ice to maintain freshness of the samples until the 
tissues were collected in the laboratory. Biological data such as weight, length, gill rakers count, sex 
and gonad development stage were recorded during sample collection for each fish. Muscle tissues 
of approximately 20mg were cut from the fishes in the laboratory and preserved in 95% ethanol. 
Each vial was labeled according to the format; Year/Country lab code/Location code/Sample 
number. DNA of the collected samples was extracted using Qiagen DNAEasy kit and preserved for 
further use. Fourteen microsatellite primers were identified for genotyping the samples collected 
from each location. Microsatellite genotyping was carried out on the ABI Prism genetic analyzer with 
primers labeled using 6FAM fluorescein dye and alleles were identified using allele calls in 
GENEMAPPER software. Microsatellite genotyping has been completed in 30 samples of Indian 
mackerel, Rastrelliger kanagurta from Tuticorin, Calicut, Nagapatnam, Kakinada, Paradeep and 
Mumbai using the all the 14 labelled primers. A preliminary analysis was carried out using GENEPOP 
and ARLEQUIN. Paradip samples showed the highest allelic richness, observed heterozygosity and 
gene diversity. The final analysis could be completed only after combining data from all the labs. 

2.4. Country report – Indonesia – Mr Suwarso 

Indian mackerel sampling sites consisted of three locations, namely Banda Aceh, Sibolga and Tanjung 
Balai (see Table 3). The number of samples taken is 100 samples at each location. Fish tissue samples 
stored in sample-sized tubes and preserved with ethanol then taken to the laboratory for further 
analysis. Analysis of samples from extraction to amplification (PCR) was carried out in the Laboratory 
of Genetics Research Institute for Marine Fisheries, Jakarta, Indonesia. Microsatellite analyzes were 
performed in the Laboratory SciGenom, India. 

Table 3. List of sample locations, sample size, sex ratio, and maturity stage for Indonesian R. kanagurta collected by 
RMIF 

No. Location Number of 
samples 

Fork length size 
range (cm) 

Sex ratio (%) Gonad stage (%) 

Males Females 1 2 3 4 

1 Sibolga 100 18.5-25.9 61 39 47 33 19 1 

2 Banda 
Aceh 

100 16.8-20.8 52 48 4 8 67 21 

3 Tanjung  

Balai 

100 18.2-23.0 50 50 45 20 32 3 
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2.5. Country report – Malaysia-SEAFDEC/MFRDMD - Ms Jamaludin 

A total number 668 samples were collected from South China Sea (Kuantan and Kudat), Bangladesh 
(Chittagong and Cox’ Bazaar), Myanmar (Yangon (Rakhine)) and Kawthung (Myeik) and Maldives 
(Male’) according to Standard Operating Procedure (SOP) of tissue sample collection provided by 
BOBLME. Sampling activity in Kudat (100 samples) was conducted from 7-11 January 2013 and 
Kuantan (100 samples) from 11-13 March 2013. Samples from Bangladesh (200 samples), Myanmar 
(200 samples) and Maldives (68 samples) were couriered to SEAFDEC/MFRDMD (SEAFDEC/MFRDMD 
2015). The Bangladesh samples (Chittagong and Cox’s Bazar) were sent to the NBFGR lab for DNA 
amplification and genotyping. The result from this work was reported in the terminal report 
(MFRDMD/SEAFDEC 2015) and the biological data from the samples are summarized below inTable 
4 
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Table 4. List of sample locations, sample size, length, weight, gill raker count, sex ration and maturity stage for samples collected by Malaysia, Myanmar, Bangladesh and Maldives sent to 
the SEAFDEC laboratory. 

No Country Location No. 
of 
sampl
es 

Standard 
length range 
(cm) 

Body weight 
range(g) 

Gonad 
weight 
range (g) 

Gill raker 
count 

Sex ratio Counts by gonads 

Males Females I II III IV V 

1 Malaysia Kuantan 100 13.4-20.0 114.1-181.3 0.2-13.6 - 64 36 0 0 39 61 0 

2 Malaysia Kudat 100 17.3-21.5 101.4-215.2 0.4-10.2 - 56 44 0 6 67 24 3 

3 Bangladesh Cox’s Bazar 100 17.0-19.5 110.0-180.0 - 40-52 42 58 1 4 3 1 91 

4 Bangladesh Chittagong 100 17.0-19.8 100.0-150.0 - 46-52 53 47 3 11 40 41 5 

5 Myanmar Rakhine 100 13-22.5 34.8-187.8 - 35-82* 52 48 0 0 48 0 0 

6 Myanmar Kawthaung 100 16.8-23.3 92.7-251.2 - 36-58 50 50 20 26 39 15 0 

7 Maldives Male’ 85 18.5-25.5 112.1-324.2 - 43-48 - -  - - - - 

*minimum number of gill rakers per fish 
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2.6. Country report – Malaysia-FRI - Ms Rahim 

Malaysia (Fisheries Research Institute) as agreed in Colombo meeting, 2012, has sampled Indian 
mackerel for genetic work from three locations namely Kuala Perlis (KP), Bagan Panchor (BP) and 
Hutan Melintang (HM). The sampling activities were conducted between 10 April 2013 and 24 
October 2013. For each location, the sampling was collected at least four times in different months 
to come out with 100 pieces of fish. 

Table 5. Sampling dates and locations for Malaysia (FRI) sampling 

Location/sampling 1
st

 (1-25
th

) 2
nd

 (26-50
th

) 3
rd

 (51-75
th

) 4
th

 (76-100
th

) 

Kuala Perlis 10/04/2013 21/05/2013 03/09/2013 15/10/2013 

Bagan Panchor 16/04/2013 15/05/2013 24/09/2013 22/10/2013 

Hutan Melintang 17/04/2013 16/05/2013 25/09/2013 24/10/2013 

 

All the specimens were taken back to the biotechnology laboratory in the Fisheries Research 
Institute, Penang for further analysis. As to date, all 4 200 PCR products (300 specimens x 14 loci) 
have been sent to Scigenom facility in Cochin, India for fragment analysis. Out of that, 2 500 
fragments have been analyzed at the time of the Genetic data analysis workshop, the rest of the 
samples are still with Scigenom waiting genotyping. These results are reported in FRI (2015). 

2.7. Country report – Sri Lanka - Ms Herath 

Indian mackerel samples were collected from ten different locations in Sri Lanka: Negombo, Chilaw, 
Kalpitiya, Mannar, Jaffna, Trincomalee, Batticaloa, Hambantota, Galle and Beruwela (Table 6). 20 
samples from each location were collected and thus, a total number of 200 samples were collected. 
Length and weight data was collected for the fish sampled. The samples were taken from the dorsal 
fin of the fish and stored in 90% ethanol till transported to the laboratory at NARA and processed.  

To confirm that the species collected for microsatellite analysis belonged to the species 
R. kanagurta, mitochondrial COI analysis was conducted on a few random samples from different 
locations. The 14 microsatellite loci identified by NBFGR lab were used for the genetic analysis. A 
total of 2 800 PCR reactions were sent to Scigenom Labs in India for genotyping. Initial indications 
from the microsatellite work would indicate that the Indian mackerel resources around Sri Lanka 
consist of one stock.  

Table 6. Sample locations, sample codes, numbers sampled and mean length and weight from Herath and Ranmadugala 
(2015). 

Location Sample code Number of samples Mean length (cm) Mean weight (g) 

Negombo  NM 20 25.6  214.8 

Chilaw  CL 20 20.1 130.1 

Kalpitiya  KP 20 25.6 203.8 

Mannar MN 20 25.8 202.8 

Jaffna JF 20 21.5 136.5 

Trincomalee  TM 20 23.8 196.1 

Batticaloa BC 20 22.5 135.8 

Hambanthota  HB 20 23.4 132.6 

Galle GL 20 20.8 133.7 

Beruwela  BW 20 24.6 189.8 
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2.8. Country report - Thailand - Dr Kettratad 

The Thailand laboratory processed a total of 200 samples from two sampling stations: Ranong and 
Satun (100 specimens per station). Out of these samples there were 97 samples of R. kanagurta 
from Satun and 73 specimens of R. kanagurta from Satun. The rest of the specimens were 
R. faughni. The DNA was then extracted from these samples and PCR of the 14 microsatellite loci 
were performed on them (Kettratad et al. 2015). Out of the 14 loci, the Thai lab successfully 
amplified ten microsatellite loci with the success rate of these loci ranged from 81% to 100 %. Locus 
RAKA1 had the lowest success rate (81%) among the loci that were successfully amplified. The rest 
of the loci had success rate of more than 93%. All of the loci that were successfully amplified were 
polymorphic (ranging from 2 to 37 alleles). The locus that had the lowest allelic diversity was SCA 8 
and the locus that had the highest allelic diversity was SA 2657. Observed heterozygosity ranged 
from 0.11 to 0.99 and the expected heterozygosity ranged from 0.24 to 0.96. Two loci were out of 
Hardy-Weinberg equilibrium. Locus SCA 2770 was out of the equilibrium for specimens from both 
sampling stations while locus SCA 2068 was out of the equilibrium for specimens from sampling 
station Satun. The FST suggested high gene flow with low population structure (0.006). 

2.9. Overview of previous R. kanagurta genetic studies - Dr Basheer 

Dr Basheer gave a presentation of recent genetic stock structure work that has been conducted on 
R. kanagurta using various protein and genetic markers by summarizing the following papers. These 
are reported in chronological order by publication date. 

 Menezes et al. (1990) is a study of R. kanagurta used allozyme markers from two localities 
(Colva and Panaji) near Goa on the Arabian Sea was assessed from genetic and 
morphological characters. Seventeen loci from eight enzymes, sarcoplasmic protein and 
haemoglobin. The allele frequencies were not significantly different between the two 
localities. The proportion of polymorphic loci at the 1% level was 47.2% and 52.9%. The 
average observed heterozygosity per locus was 0.058 (Colva) and 0.066 (Panaji) very low 
genetic distance of 0.0017 between the two samples. 

 Menezes et al. (1993) used allozymes looked at genetic divergence of Indian mackerel from 
three populations from the east coast, west coast of India and Andaman Sea. The average 
genetic distance was very small, range between 0.0003 and 0.0017 between east and west 
coast samples, but for the peninsular India and Andaman it was relatively high (D=0.059). 
From this study there was no genetic structuring in the distribution of R. kanagurta along 
the east and west coast of India but the authors suspected a difference between coastal 
India and the Andaman population. 

 Jayasankar et al. (2004) used one phenotypic and two genotypic methods to analyze 
possible population differences in R. kanagurta from three locations on the east 
(Mandapam) and west (Kochi, Karwar) coast of India. RAPD markers (OPA04, OPF02, OPA05) 
and Truss morphometric were used to calculate the genetic distance was about 18-20% and 
similarity index of 81-83% between populations. The Truss analysis showed 77% variation in 
morphometric characters between the populations. The authors concluded that populations 
from Karwar, Kochi and Mandapam region all belonged to the same stock.  

 Jamaluddin et al. (2010) used cytochrome b gene sequencing was applied to address the 
systematics and phylogenetic relationships of R. kanagurta, R. brachysoma and R. faughni. 
Specimens were collected along the north to the central west coast of peninsular Malaysia. 
Inconsistent bootstrap support for majority rule phylogenetic trees <50% to 88% between 
consensus R. kanagurta and R. brachysoma was observed indicating limited divergence 
between these two species. R. faughni is recognized as the most basal species for this genus 
with high statistical support (99% and 100%).  

 Munpholsri et al. (2013) sampled four populations of R. kanagurta collected from Andaman 
Sea coast at Ranong, PhangNga, Phuket and Satul. Six microsatellites loci were used (Rbr-7, 
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Rba-8, Rbr-9, Rbr-12, Rbr-13 and Rbr-14) were taken from cross-species amplification of 
short mackerel (R. brachysoma). These loci exhibited low-moderate genetic variation with an 
average 6.5 to 7.8 alleles per locus and an average expected heterozygosity at all loci or 0.60 
to 0.69. An overall estimate of FST indicated the genetic differentiation between samples was 
low. All populations of pair-wise comparisons exhibited non-significant FST values ranging 
from 0.034 to 0.020. The study concluded that Andaman Sea samples constitute a single 
population with moderate levels of genetic variation and can be considered as a single stock 
and lack of genetic differentiation was likely due to the impact of migration. 

 Basheer et al. (2015) showed that mitochondrial gens COI and 16S rRNA were sequenced 
from individuals of three mackerel species R. kanagurta, R. brachysoma, and R. faughni from 
the Andaman Islands and the Indian mainland to characterize the species genetically and to 
study the phylogenetic relationship. The study clearly demarcates the three species of 
mackerel based on these markers and it also shows a non-descriptive genetic distance of 
R. kanagurta between the mainland and the Andaman Islands. 

2.10. Allele size calling and Gene mapper software - Dr Divya 

Since the genotyping and allele calling was completed at the Indian genotyping facility, Dr Divya who 
is familiar with Gene mapper software used by SciGenom gave the participants and overview of the 
steps required to genotype the PCR products sent to India. But first she gave an overview of the 
fourteen microsatellite loci which had been developed for the Indian mackerel work. Using a series 
of Power point slides she showed the participants the steps involved in identifying alleles and allele 
calling using this software. 

2.11. Group learning activities overview - Mr J. Candy 

Indian mackerel is a migratory species that is widely distributed in the Indo-West Pacific, from South 
Africa and the Red Sea to Samoa, north to southern Japan. The habitat of this species is shallow 
coastal waters with a depth range of 20-90 m (FRI 2015). Generally marine fish species possess high 
levels of diversity within populations but display low between-population differentiation (Hauser 
and Carvalho 2008). This is due to large population sizes, high fecundity, and extensive gene flow. 
With marine species however, there is a possibility for long-distance dispersal, ocean currents 
patterns, different marine ecotypes, and sea floor topology along with other geographic features can 
provide opportunities for isolation and differentiation; although genetic differentiation tends to be 
much smaller than in freshwater or terrestrial species (Waples 1998). The Bay of Bengal is a rich and 
diverse ecosystem of more than twenty ecosystem sub-regions which could allow for genetic 
differentiation to be discovered with this newly developed set of microsatellite markers (Figure 4). 
Atlantic cod is an excellent example of the power of different genetic approaches, while not 
detected with allozyme or mitochondrial DNA, regional genetic structuring was apparent with 
microsatellites (Hauser and Carvalho 2008). Microsatellites have been used extensively in North 
Pacific Ocean fisheries in the aid of management by documenting the stock structure range-wide for 
the five species of Pacific salmon (e.g. Moran et al. 2012; Beacham et al. 2005).  

The intent of this workshop was to have participants bring together common genetic data derived 
from their locally collected and analyzed R. kanagurta samples to develop an overall pattern of 
genetic stock structure across the region. The genetic data came from seven laboratories within the 
region (India (2), Malaysia (2), Indonesia (1), Sri Lanka (1) and Thailand (1)). The learning activities 
followed the agenda outline in Appendix III for the remaining day and one half of the workshop. All 
the statistical packages used in this workshop were freely downloadable off the internet. 
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Figure 4. Map of twenty ecosystem sub-regions identified in the Bay of Bengal Large Marine Ecosystem (BOBLME 2014). 

2.12. Group learning activities - Data conversion program 

Participants were asked to bring the data generated from each laboratory to the workshop in 
GENPOP format (see Appendix IV). This allows the combining the genotypic data from multiple 
laboratories in a standard format. The learning activities were designed to take participants through 
some basic genetic data analysis used to evaluate data quality and a variety of tools available to 
determine stock structure. Understanding the degree of genetic structuring requires using a number 
of different kinds of analysis that help summarize and visualize the data.  

The first step was to allow all the participants access to the regional dataset. To do this each country 
was provided with the GENALEX (Peakall and Smouse 2012) Microsoft Excel add-in which was 
installed on the participant’s laptop computers. The regional genotypic dataset could then be 
imported using the GENPOP format into the GenalEx program. Data can either be analyzed in 
GENALEX or output in formats compatible with other genetic analysis programs. GENALEX allows 
validation of input files to ensure loci order, data formatting errors such as empty cells or missing or 
extraneous columns are found and rectified.  

2.13. Group learning activities - Descriptive statistics  

Determining the descriptive statistics is the first step in organizing and summarizing the genetic data. 
Summarization of descriptive statistics is usually reported in the first few tables in most genetic stock 
structure publications. Typically descriptive statistics are categorized by population/sample and/or 
locus. The population level is usually of most interest since it is the natural unit of evolutionary 
change, often corresponds to the level of conservation, management and enforcement and is acted 
upon by patterns of connectivity, dispersal and structuring which determines the resiliency of the 
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species (Hauser and Carvalho 2008). Realistically, however, defining what is a population is not so 
clear-cut where groups of individuals range from completely isolated from one another to panmixia 
(Waples and Gaggiotti 2006). The sample size is one descriptive statistic which indicates of how 
completely the population has been sampled. A sample taken from a population is usually relative 
small in number compared to the total number of individuals in the population. Proper random 
sampling from the population should reflect the allelic frequencies of that population. Sampling 
theory informs us as to the number of individuals that are required to be sampled to adequately 
represent the population; less polymorphic loci will require smaller sample sizes but do not contain 
as much information to resolve population structure (Kalinowski 2004, 2005). Random sampling of 
the population should avoid biased allele frequencies which can be caused by sampling closely 
related individuals. Also by sampling spawning individuals, where possible, biased allele frequencies 
can be avoided by not sampling multiple populations at once (“Wahlund effect”). 

Other useful descriptive statistics are genotyping completeness indicating how much data is 
available for analysis, heterozygosities by loci and population (sample) and conformance of observed 
genotypes with Hardy-Weinberg equilibrium. Loci should conform to HWE to ensure that allele 
frequencies are not biased assuming there is not some biologically based cause. Also, informative 
descriptive statistics include number of private alleles per population which indicates level of 
population differentiation and linkage disequilibrium which indicates if two or more of the loci are 
independent from one another. 

GENALEX has capability to output these and other descriptive statistics. Participants were also 
shown that by exporting the data in a “nexus” file format from GENALEX, the data can be imported 
into the program GDA (Genetic Data Analysis - Lewis and Zaykin 2001). The nexus format is similar to 
GENEPOP format such that each line is the multi-locus genotype for an individual where blocks of 
data define each sample (Maddison et al. 1997). The advantage of importing the data into GDA is 
that additional descriptive statistics are available and can be output through easy pull-down menus 
allowing for the inclusion or exclusion of populations and loci from the analysis. Other programs 
used to generate descriptive statistics, ARLEQUIN (Excoffier and Lischer 2010), GENECLASS 
(Piry et al. 2004) and FSTAT (Goudet, 1995) were touched on briefly. 

2.14. Group learning activities - Stock structure programs  

Microsatellite genotypic data are notoriously multivariate and differences in the frequency of each 
allele at each locus are used to delineate populations. Often a number of classification approaches 
are used when grouping genetic variation to determine population structure. These approaches 
differ with respect to the type of genetic data used and the framework in which the data is analyzed. 
Some methods use individual genotypic data for model-based clustering (Prichard et al. 2000; 
Corander et al. 2003). Other methods first derive a distance measure from one of a number of 
possible estimators before clustering. Kalinowski (2002) along with other researchers have reviewed 
some of the genetic estimators and their different statistical properties of some may be more 
suitable than others for reliably classifying populations. Weir and Cockerham’s (1984) FST is a widely 
used unbiased genetic estimator for population differentiation (Waples and Gaggiotti 2006) and one 
presented in this workshop. Besides genetic distance estimators and geometric distances are also 
used. While genetic estimators use differences in allele frequencies to determine degree of 
population differentiation, a geometric estimator such as Cavalli-Sforza and Edwards (1967) (CSE) 
uses the cosine of the angle between multidimensional points of the allele frequencies plotted on a 
hyperspere (a sphere with > 3 dimensions). Both genetic and geometric estimators tell us how A 
differs from B, B from C and A from C, pair-wise estimates of differentiation, which form a matrix 
table then clustered by some means (Figure 5). 
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Figure 5. Differences between geometric and genetic measures of differentiation and how pair-wise estimates form a 
proximity matrix for further analysis. 

Distance-based methods of clustering are either agglomerative or divisive. Most commonly seen in 
publications are dendrograms or trees which rely on agglomerative or bottom up clustering such as 
the neighbor-joining tree-building (Saitou and Nei 1987) where clustering occurs sequentially adding 
populations one at a time starting with the shortest mutual distances. Bottom up clustering uses 
deterministic algorithms with low computational demands but is sensitive to initial clusters which 
are not permitted to change once group assignments have been made. In this workshop we can load 
the GENEPOP file directly into the program TREEFIT (Kalinowski 2009) which has options for a 
number of genetic and geometric distance measures (FST Weir and Cockerham 1984, Ds Nei 1978, Da 
Nei 1987, Dc Cavalii-Sforza 1967) and tree building options. TREEFIT has two options for tree building 
routines either Neighbor-joining or UPGMA (Sneath and Sokal 1973). Neighbor-joining algorithm was 
found to work better in that it minimized the distortion of genetic relationships caused by 
bifurcating trees and better represented a broader range of evolutionary histories when compared 
to UPGMA trees (Kalinowski 2009). TREEFIT output is a distance matrix or a tree file that can be 
imported into TREEVIEW (Page 1996) or FIGTREE (Rambaut and Drummond 2012) tree building 
programs. The FIGTREE had the more options than TREEVIEW for rotating, re-rooting, labeling and 
colouring trees so the user is able to produce more appealing tree for publication. The program 
PHYLIP, the Phylogeny Inference Package (Felsenstein 1989) was briefly introduced at the workshop, 
an older command-line driven program, but still useful for features such as bootstrapping across loci 
and producing consensus trees. Divisive clustering or top down clustering is far less commonly 
presented in publications than dendrograms and trees but is useful to exercise because it helps 
validate the “robustness” of the genetic structure if similar structure is found from the bottom up or 
top down. PORGS-MFA (Candy et al. 2011) is one of the few programs that provides divisive 
clustering using either an exhaustive search or an approximation routine (mean-field annealing) 
when the number of pair-wise distances is too large for exhaustive search.  

Finally, the workshop participants used STRUCTURE (Pritchard et al. 2000) which is a model-based 
clustering method using individual genotypic data. The input format for STRUCTURE can be output 
from GENALEX. The latest version of STRUCTURE may require participants to upgrade JAVA script 
which provides an interface with the program. For the participants used the default settings for 
running the STRUCTURE program. The program works by assuming there are K populations each of 
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which is characterized by a set of allele frequencies at each locus. Individuals are assigned 
probabilistically to one of the K populations. Also participants can use the “use pop info” option 
where priors assume the individual membership in a population known or, alternatively, an 
uninformative prior can be used where all individuals have equal likelihood of belonging to any one 
of the populations. The value of K is varied to find the “best fit” with the dataset. 

2.15. Group learning activities – Assignment testing 

Assignment testing allows assessment of the degree of accuracy that individuals can be assigned 
back to their population of origin. The program ONCOR was introduced to the participants, it uses 
allelic frequencies to estimate the degree of accuracy individuals can be assigned back to their 
population of origin (Kalinowski 2007). Like other Kalinowski programs the GENEPOP formatted data 
can be used as an input into the program. The Leave-One-Out (LOO) option in ONCOR takes 
individuals out one at a time baseline and assigns then back to the baseline of candidate 
populations. By selecting and using only those most informative markers for population assignment 
can reduce genotyping costs while retaining most of the power of the complete set of markers 
(Anderson 2010). The LOO test in ONCOR will only select those individuals with complete genotypes; 
however, GENECLASS has a LOO test that will assign back to population for all individuals including 
partial genotypes.  

2.16. Workshop conclusions, recommendations and discussion points  

Over the past 20 years, the rapid technological advances and the development of new genetic 
markers and the analysis of these markers has led to a better understanding of species diversity and 
the development of science-based public policy for conservation and management of exploited 
species. Using the regional R. kanagurta dataset, this workshop was designed to provide the 
participants with a short introductory course in genetic data analysis (only a day and half of 
activities) using a wide range of analytical techniques. All the statistical programs used in the 
workshop are free downloadable executables over the internet requiring no programing skills. 

At the end of the workshop, participants compiled a list of short-term and longer term cooperative 
activities to further the genetic analysis of R. kanagurta in the region. It was apparent that at the 
time of the workshop that not all genotypic data had been received from the genotyping facility. It 
was also apparent that the additional detained work was required to evaluate species identification, 
intra-lab variability and allele calling before firm conclusions could be drawn on regional Indian 
mackerel stock structure. 

2.16.1.  Short-term 
 CMFRI has agreed to genotype 30 fish from two Thailand populations with four loci which 

the Thailand lab had problems getting to work (31 March 2015) 

 Both Sri Lanka and Indonesia had not received all their genotyped information back from 
Scigenom but this was expected shortly. 

 CMFRI, NBFGR and Mr Candy working to evaluate allele scoring from a regional perspective 
(31 March 2015) 

 Check samples from Bangladesh using CO1 to confirm species identification 

 Complete country reports to commitment of Letter Of Agreement (LOA) (31 March 2015) 

 Compete reporting on status of region-wide dataset by 31 July 2015 

2.16.2. Long-term 
 Continued collaborative work on Indian mackerel project possible with a phase two of 

BOBLME or alternative funding to complete the required tasks needed to build a regional 
picture of genetic stock structure.  

 Continue to build genetics laboratory capacity in all BOBLME countries to address this and 
other species questions across the region. Other priorities considered by the group are Tuna 
and Groupers. 
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2.16.3. Recommendation to managers at this point 
 Determination of the genetic stock structure of Bay of Bengal Indian mackerel is premature 

 Must address data quality issues, missing data and non-target species in the samples 

 Apprise the managers on the importance of this ongoing work 

3. Post-workshop genetic data analysis 

3.1. Post-workshop background 

At the time of the Genetic data analysis workshop in Phuket, Thailand, several labs had not received 
all their genotypic data back from the Scigenom genotyping facility in Kochi, India. In addition, 
post-workshop, the CMFRI lab agreed to analyze four loci for the Thailand samples (Raka26, Raka48, 
KSJ118 and KSJ26). The NBFGR and the CMFRI labs worked together to validate and standardize 
allele calling between labs resulting in one set of combined genotypic data for seven sampling sites 
common to both labs. The CMFRI samples were from spawning individual only, while the NBFGR 
samples had sampled individuals from a range of maturities to validate that genotypic frequencies 
were not age class dependant. Both of these tasks are now completed. The complete set of 
genotypic data including recent additions since the Genetic data analysis workshop in February 2015 
is available to workshop participants on the Genetic data analysis drop box site. This analysis is the 
first attempt to summarize the regional dataset and identify data quality issues. 

A total of 31 samples have been collected and analyzed across the BOBLME region from eight 
countries (Table 7). Most of these collections contained 100 individuals each for a total of 2 365 
individuals. For the fourteen microsatellite loci this resulted in at least 33 000 PCR reactions and 
genotyping of these PCR products. The Maldives sample size was slightly smaller (n=85) because 
R. kanagurta were less abundant in fisheries and more difficult to obtain. In Sri Lanka, sampling 
occurred at ten locations with collections of 20 fish at each location (Herath and Ranmadadugala 
2015). A summary of a complete list of regional sampling sites that have been analyzed can be found 
in Table 7.  

Table 7. Summary of country, sample location, sample sizes and latitude and longitude and stock codes for BOBLME R. 
kanagurta tissue collections that were analyzed for 14 microsatellites. 

Sample  Member 
country 

Sampling 
location 

Sample size Latitude Longitude Stock 
cod 

1 Bangladesh Chittagong 100 22.08 N 91.0 E CG 

2 Bangladesh Cox's Bazar 100 21.43 N 91.93 E CB 

3 India Mumbai 100 18.92 N 72.90 E MB 

4 India Calicut 100 11.25 N 75.82 E CT 

5 India Tuticorin 100 8.80 N 78.18 E TC 

6 India Nagapatnam 100 10.82 N 79.83 E NP 

7 India Kakinada 100 16.92 N 82.22 E KK 

8 India Paradeep 100 20.30 N 86.70 E PD 

9 India Port Blair 100 11.67 N 92.72 E PB 

10 Indonesia Banda Aceh 100 5.58 N 95.33 E BA 

11 Indonesia Silboga 100 1.73 N 98.77 E SB 

12 Indonesia T. Balai 100 2.97 N 99.78 E TB 

13 Malaysia K. Perlis 100 6.38 N 100.13 E KP 
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14 Malaysia Bagan 
Panchor 

100 4.52 N 100.62 E BP 

15 Malaysia Hutan 
Melintang 

100 3.88 N 100.93 E HM 

16 Malaysia Kuantan 100 3.78 N 103.22 E KT 

17 Malaysia Kudat 100 6.92 N 116.83 E KD 

18 Maldives Male 85 4.17 N 73.52 E MA 

19 Myanmar Yangon 100 16.80 N 96.15 E RK 

20 Myanmar Kawthaung 100 10.05 N 98.53 E MY 

21 Sri Lanka Jaffna 20 9.66 N 80.03 E JF 

22 Sri Lanka Hambantota 20 6.17 N 81.16 E HB 

23 Sri Lanka Trincomalee 20 8.57 N 81.23 E TM 

24 Sri Lanka Batticaloa 20 7.72 N 81.75 E BC 

25 Sri Lanka Galle 20 6.08 N 80.17 E GL 

26 Sri Lanka Beruwala 20 6.50 N 80.00 E BW 

27 Sri Lanka Chilaw 20 7.50 N 79.83 E CL 

28 Sri Lanka Kalpitiya 20 8.38 N 79.73 E KP 

29 Sri Lanka Mannar 20 9.02 N 79.90 E MN 

30 Thailand Satun 100 6.78 N 100.07 E ST 

31 Thailand Ranong 100 7.58 N 99.63 E RG 

 

The distribution of the regional tissue collections analyzed spans from the Arabian Sea in the west to 
the South China Sea in the east (see Figure 6 and Table 7). 
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Figure 7. Map showing BOBLME study area where DNA sample collections were taken analyzed for the fourteen 
R. kanagurta microsatellite loci 

3.2. Base pair calls binning to alleles  

The suite of 14 microsatellite markers used for the Indian mackerel work consists of seven 
di-nucleotide, three tri-nucleotide, three tetra-nucleotide, and one penta-nucleotide repeat 
sequences (Appendix II). The complete regional dataset of raw base pair calls was imported into 
GENALEX. The frequency option in GENALEX was used to output the data by base pair size for all the 
data by locus. Each locus is then binned into alleles consistent with the repeat sequences 
determined at time of marker discovery (Appendix II). The bin limits can be seen at the top of the 
plots (Appendix V). The assignment of bin limits can most easily be seen in Raka1. Here frequencies 
of all regional base pair calls are plotted for this tetra-nucleotide locus. Bin boundaries are defined to 
capture most of the frequency data within a base pair repeat sequence. For example, when looking 
across the frequency distribution for this locus, the four base pair repeat pattern occur at high 
frequencies at 176 bp then again 180 bp. Any base pair calls between 176 and 180 are assigned to 
allele 10 in this example. Alternative binning strategies have not been evaluated, for example, Raka1 
may be binned so base pair calls between 176 and 180 would be split between the two alleles so bin 
ranges would be 176.5 and 180.5 instead. Also, possible compound nucleotide sequences have not 
been evaluated. Some loci such as the di-nucleotide SA2068 do not to appear to be that informative 
such that that variability is low with two dominant alleles at 153 and 154 bps. It is known in other 
species that the upper and lower most alleles that roll-up low frequency base pairs at the 
distribution tails tend potentially remove discriminant alleles while reducing variability. VLOOKUP 
built-in function in EXCEL was used to convert raw genotypes using the bin ranges into alleles in the 
GENALEX format which is available on the Dropbox under “Subsequent Analysis”. 
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Table 8. Bin intervals used to bin base pairs calls in to alleles corresponding to repeat sequences determined from original marker discovery seen in Appendix II and regional frequency 
distribution by locus as seen in Appendix V 

Locus 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

Raka1 84 148 152 156 160 164 168 172 176 180 184 188 192 196 200 204 208 212 216 220 224 228 232 236 240

Raka2 90 180 185 190 195 200 205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 285 290 295 347

Raka10 30 196 200 204 208 212 216 220 224 228 232 236 240 244 248 252 256 260 264 268 272 276 280 284 288 292 300 304 308 312 316 320 324 328 332 416

Raka12 96 224 228 232 236 240 244 248 252 256 260 264 268 272 276 280 284 288 292 300 304 308 312 316 320 324 328 332 336 340 344 348 352 356 360 364 472

Raka26 57 126 129 132 135 138 141 147 150 153 156 159 162 165 168 171 180 183 186 189 192 195 198 201 204 207 516

Raka46 81 216 219 222 225 228 231 234 237 240 243 246 407

Raka48 88 142 145 148 151 154 157 160 163 166 169 172 175 178 181 184 187 190 193 196 199 202 205 300

KSJ18 112 152 154 156 158 160 162 164 166 168 170 172 174 176 178 180 182 184 186 188 190 192 194 196 198 200 202 204 206 208 210 212 214 216 218 220 222 224 226 228 230 232 234 236 238 240 314

KSJ26 94 154 156 158 160 162 164 166 168 170 172 174 176 178 180 182 184 186 188 190 192 194 196 198 200 202 204 206 208 210 212 214 216 218 220 222 224 226 228 230 232 234 236 238 240 336

SA2068 143 145 147 149 151 153 155 157 259 247

SA2657 148 237 239 241 243 245 247 249 251 253 257 259 261 263 265 267 269 271 273 275 277 279 281 283 285 287 289 291 293 295 297 299 301 303 305 307 309 311 313 315 317 319 396

SA2770 86 202 204 206 208 210 212 214 216 218 220 222 224 226 228 230 232 234 236 238 240 242 244 246 306

SCA8 82 148 150 152 154 156 158 160 162 199

SCA30 80 90 92 94 96 98 100 102 104 106 108 110 112 114 116 118 120 122 124 126 128 130 132 256

Allele Number
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3.3. Descriptive statistics from regional data set 

Substantial variation was observed in the number of alleles at the 14 microsatellite loci surveyed in 
the study. The fewest number of alleles occurred at SA2068 (eight alleles) and the greatest number 
of alleles observed at KSJ18 (46 alleles) (Table 9). Weir and Cockerham’s (1984) FST estimate for each 
locus over all populations were calculated with FSTAT (Goudet 1985). The variance of the FST value 
by locus over all samples was determined by jackknifing FST value over samples. Expected 
heterozygosity ranged from 0.40 to 0.96 (mean = 0.85) and observed heterozygosity ranged from 
0.33 to 85 (mean = 0.66) indicating homozygosity excess, possibly due to null alleles or upper allele 
drop-out. With the program GENEALEX, a Chi-Square test was used determine significant (P<0.05) 
departure from HWE for each population at each locus. Few of the genotypic frequencies at each 
loci conformed to those expected under Hardy-Weinberg equilibrium. 

Table 9. Number of alleles per locus, an index of genetic differentiation FST (SE in parentheses), expected heterozygosity 
(He), observed heterozygosity (Ho), and the percent significant Hardy-Weinberg Equilibrium (HWE) test for 14 
microsatellites and 23 R. kanagurta samples.  

 Locus Number of alleles FST He 

 

Ho HWE 

1 Raka1 25 0.088 (0.027) 0.94 0.71 91 

2 Raka2 26 0.028 (0.07) 0.93 0.76 91 

3 Raka10 36 0.057 (0.013) 0.93 0.49 100 

4 Raka12 37 0.065 (0.016) 0.95 0.69 96 

5 Raka26 27 0.145 (0.020) 0.94 0.73 100 

6 RAKA46 12 0.098 (0.036) 0.88 0.65 96 

7 RAKA48 22 0.108 (0.014) 0.92 0.51 100 

8 KSJ18 46 0.223 (0.037) 0.73 0.57 95 

9 KSJ26 42 0.195 (0.024) 0.92 0.71 89 

10 SA2068 8 0.050 (0.015) 0.40 0.33 75 

11 SA2657 43 0.020 (0.004) 0.96 0.77 95 

12 SA2770 25 0.039 (0.006) 0.93 0.84 55 

13 SCA8 10 0.215 (0.020) 0.59 0.60 95 

14 SCA30 23 0.156 (0.037) 0.85 0.85 95 

All 27 0.100 0.85 0.66  

 

3.4. Regional stock structure from multi-lab genetic data 

Although there appears to be significant inter-lab variability, most of the loci are not conforming to 
HWE, and at least some genotypic data included are from non-target species, we can still present a 
tentative tree structure for R. kanagurta using Weir and Cockerham (1984) estimator of FST and 
neighbor-joining tree (Figure 8). The tree structure shows a pattern of east-west geographic stock 
structure across the Bay of Bengal where western populations (Indian) are most genetically distant 
from eastern populations (Malaysia – Indonesia - Thailand). The Port Blair sample from the Andaman 
Islands is the most distinctive of the Indian samples which might be expected since is geographically 
separated from mainland India. However, if the stock structure is strictly geographically based then 
we would expect that the Arabian Sea sample (Mumbai, Calicut) would form a group, which they do 
not. Alternatively, two Indian samples in closer proximity Nagapatnam and Tuticorin form a common 
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branch. On a regional scale it might be expected that the Sri Lanka and Maldives samples would 
cluster with the Indian samples as part of a western Bay of Bengal group. This does not occur and 
may be related to data issues. The western Malaysia (K. Perlis, Bangan Panchor and Hutan 
Melintang) are separated from the eastern South China Sea samples (Kuantan and Kudat). However, 
the South China Sea branch is geographically confused with the Maldives and Myanmar (Yangon and 
Kawthaung) samples. The two Bangladesh samples (Chittigong and Cox’s Bazar) stand out on a long 
separate branch. These samples are known to be largely R. brachysoma and not R. kanagurta when 
tested with mitochondrial species identification. Further work mentioned below will be required to 
validate this tree structure. 

 

Figure 8. Tentative tree structure for R. kanagurta determined from fourteen microsatellite loci 

3.5. Further work required on regional dataset 

3.5.1. DNA amplification from non-target mackerel species 
At the Colombo meeting the Working Group recognized there were several other mackerel species 
which could co-occur in catches with the Indian mackerel (R. kanagurta). These were the Island 
mackerel (R. faughni) and the Short mackerel (R. brachysoma). Possible mis-classification could 
occur during genetic sampling. In Thailand at least, it was found that the 22 morphometric 
characters and multivariate analysis did not work well to separate species. A simple relationship 
between head depth and standard length along with gill raker counts provided a better measure for 
separating R. brachysoma and R. kanagurta (BOBLME 2012). The larger size (> 16 cm) of 
R. kanagurta was thought to be one of the most readily identifiable distinctive features which could 
be used for species identification.  
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The NBFGR lab found that three species of mackerel (R. kanagurta, R. faughni, and R. brachysoma) 
could be accurately identified to species level using Cytochrome c Oxidase sub unit I (COI) and 16s 
rRNA sequences (Basheer et al. 2015). All fifteen individuals tested from each of the Bangladesh 
samples (Chittagong and Cox’s Bazar) were found to match for R. brachysoma profile. The 
CMFRI-NBFGR labs identified private alleles found only in the R. brachysoma samples (Table 10). Dr 
Kettratad (Chulalongkorn University) screened the Thailand samples using Cytochrome B for species 
identification to ensure all tissue collections were R. kanagurta as part of a parallel project analyzing 
the samples for mitochondrial DNA variation. The NARA lab selectively analyzed individuals to using 
COI to see if any non-target species were present in their samples, none were found (Herath and 
Ranmadadugala 2015). 
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Table 10. Private alleles found in putative Rastrelliger brachysoma samples from Bangladesh 

 

Locus 

B
as

e
-p

ai
r 

si
ze

 

RAKA 1 RAKA 2 RAKA 10 RAKA 12 RAKA 
26 

Sca 8 Sca 30 RAKA 46 Ksj 18 Sa 2068 Sa 2657 Sa 2770 RAKA 48 Ksj26 

284(2) 90(22) 88(1) 144(1) 198(1) 90(55) 108(2) 81(3) 130(1) 99(2) 148(2) 86(1) 88(1) 236(3) 

316(2) 100(5) 104(1) 156(2) 213(1) 100(1) 110(1) 84(8) 222(1) 165(2) 156(42) 106(2) 264(2) 292(1) 

360(1) 105(6) 116(1) 392(19) 216(1) 106(2) 148(2) 87(1) 246(2) 168(1) 192(1) 112(1) 280(2)  

 110(1) 132(2) 404(5)  108(2) 154(13) 174(2) 250(2) 219(1) 198(1) 128(4) 292(4)  

 115(1) 140(2) 412(3)  156(2) 162(2) 195(1) 284(1)  232(2) 162(1) 296(6)  

 120(4) 172(8) 420(1)   232(1) 258(9) 300(1)  320(13) 164(1) 300(1)  

 125(2) 180(3) 424(12)   236(1) 279(6)   326(5) 246(1)   

 135(3) 204(3) 428(3)    285(2)   328(3) 248(4)   

 140(5) 208(2) 440(2)    294(2)   330(3) 250(12)   

 145(23) 212(1) 460(4)    300(1)   332(2) 258(2)   

 150(6) 372(2) 464(1)    306(2)   340(1) 260(2)   

 160(5) 416(6) 468(2)    309(1)   342(1) 262(2)   

 175(1) 420(1) 472(1)    336(2)   344(1)    

 190(7)      345(1)   356(1)    

 300(1)      348(1)   358(1)    

       375(1)       

       369(1)       

       402(2)       
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Genetic distances between Rastrelliger species was found to be at least ten times greater than 
within the same species using a Kimura 2 parameter for COI sequences (intra-species 0.000 to 0.012, 
vs inter-species 0.039 to 0.86 - Basheer et al. 2015). Skewed allele frequencies caused by the 
presence of either R. faughni or R. brachysoma individuals in genetic samples of putative 
R. kanagurta populations may make samples appear more highly differentiated from one another 
compared to samples without mixed species.  

3.5.2. Upper allele drop-out and null alleles 
Very few of the population fell within HWE, this is occurring across all of the laboratories. This may 
indicate that samples are originating from multiple stocks but more likely there is upper allele 
drop-out or possibly some loci have null alleles. Further evaluation of each of the binning interval 
may help correct some of the homozygous excess, for example possibly the expanding of bin limits 
toward the tail of the frequencies distribution might be of benefit. Loci such as SA2068 that have 
extremely low variability may be dropped in exchange for other more polymorphic loci. In many 
cases the binning interval are not immediately obvious from the regional data set. This indicates a 
degree of inter-lab variability mentioned below. 

3.5.3. Inter-lab variability 
To reduce inter-lab variability DNA extraction, amplification and genotyping was standardized as 
much as possible to reduce inter-lab variability. All labs used Qiagen extraction kits; a SOP was 
developed for each locus by NBFGR for PCR and genotyping. To reduce platform to platform 
genotyping variability, all PCR products were sent to the Scigenom genotyping facility and run on the 
same ABI 3730 automated sequencer. Seeb et al. (2007) outline the steps involved in multi-lab 
microsatellite standardization. The full extent of inter-lab variability has not been assessed here.  

3.6. Recommendations to foster further collaboration on the Indian mackerel genetics 
project 

 Select questionable samples for genetic species identification. 

 Evaluate the need for additional standardization work between labs. 

 Support further development of regional capacity building by providing funding for 
laboratory equipment as well as further training. 

 Ensure all labs are equipped with thermal cyclers that meet basic specifications needed for 
better standardization of PCR products and multiplexing capability. 

 Evaluate the effects on PCR products caused by delayed transit to genotyping facility. 

 Evaluate the use of local genotyping facilities reducing transit time for PCR products. 

 Evaluate current loci (null alleles, upper allele dropout and linkage disequilibrium) and 
optimize to improve amplification, allele calling and data quality. 

 Develop a set of multiplexed loci to reduce laboratory cost and effort. 

 Further optimization of the Indian mackerel loci. This can be caused by “null” alleles or 
upper allele dropout as mentioned above. Missing allele cause a homozygous excess. Those 
loci with missing allele will bias the data under most genetic models which assume H-W 
equilibrium. 

 Be aware of newer technologies that allow for adaptive as well as neutral markers. 

Finally, technical and analytical advances, combined with an enhanced awareness that neutral 
markers may underestimate adaptive variation likely to influence recruitment and dynamics, have 
stimulated important shifts on our view of the biology and evolution of marine fishes (Hauser and 
Carvalho, 2008). 
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Appendix II List of 14 microsatellite primers with optimal annealing 
conditions to be used for genetic analysis of R. kanagurta 

Locus Primer Sequence 5’ --> 3’ Repeat motif Ta(
0
C) Product size 

Raka1 
F: GCTTGACTGTGTTGGAAAGAGC 

AAAG 58 156-208 
R: AAAGACAGGAGCACGGAAGC 

Raka2 
F:TCATTGACTTTATTTCTGGCACG 

AATAG 56 192-312 
R:AAAGCCCTGATGTCAAGATGG 

Raka10 

F: 
GAATATCTGGTAATGAGAACTAAATGAGC TGCG 55 240-352 

R: CAAGCAAATACTATACTACAATGACTGG 

Raka12 
F: TGGCTTCTGTAGTGTCAATTTGC 

ATCT 62 192-346 
R:CATTCAGCTTGGTAAATGCCG 

Raka26 
F:CTACATGTCCAGCTGCAGGG 

ATT 60 183-198 
R:GCAGATGATAACTCAATATGTGTTGG 

Raka46 
F:GAGGATATGCAGTGTCAGGAGG 

ATT 60 221-248 
R: TTTATGTATCCATTATGGTCCAGG 

Raka48 
F:TCTTAATCTGCGCTAGTGGGC 

AATC 58 180-224 
R:TTTGGCAATGAAACTATGAAGTCC 

KSJ 18 
F: GCTGGTCATTTGTATCTTTGA 

(GT)17 55 206-240 
R: TGGCTGCCTTTTGAATAA 

KSJ 26 
F: GGAGCATTTGACAACACTTAC 

(GT)13AT(GT)3 58 216-246 
R: AGTCAGTTTTGGTGGATGAG 

SA2068 
F: CAAGACATGACAGTAGGACATTGAC 

(GGA)9 56 148-160 
R: AGATTGGGAGTTTGTAGGGGTAATA 

SA2657 
F: TGTCAGAGATGTAGCACATACGG 

(CA)19 56 
  

231-329 R: AGCATTATCTGGTGCTGTAAGGA 

SA2770 
F: AGAAATGAAAAGGGCTTTAAGGA 

(CA)22 56 205-243 
R: ACTGAGCTGCTTAAAATGCAAAA 

SCA 8 
F: TCAGCTGTTCATTCCCATAGCCCA 

(CA)21 55 155-161 
R: ATGAAGGAACAATGAGCCTCCAGC 

SCA30 
F: TGGCTGTCGGTCACTCTGCCTC 

(GA/CA)23 55 117-129 
R: ACACACACGGGTACACACAGGG 
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Appendix III Agenda for the Indian Mackerel Genetic Data Analysis 
workshop 

 

 

 

BOBLME Indian Mackerel Genetic Data Analysis Working Group 

Phuket, Thailand Feb 17th to 18th, 2015. 

Programme - Day 1, Feb 17th. 

9.00 Registration 

9.15 Introductions 

9.30 Dr Chris O’Brian, Regional Coordinator, BOBLME, Welcome Address to Indian Mackerel Genetic 
Data Analysis Working Group. 

9.45 John Candy, Fisheries Genetics Consultant, Nanaimo, BC, Canada. 

Review previous two workshops (NARA Colombo, Sri Lanka; NBFGR Kochi, India) 

10.00 Country report on genetic sampling and sample genotyping: Thailand 

10.15 Country report on genetic sampling and sample genotyping: Malaysia (DOF) 

10.30 Country report on genetic sampling and sample genotyping: Malaysia (SEAFDEC) 

10.45 Break 

11.00 Country report on genetic sampling and sample genotyping: India (NBFGR) 

11.15 Country report on genetic sampling and sample genotyping: India (CMFRI) 

11.30 Country report on genetic sampling and sample genotyping: Indonesia 

11.45 Country report on genetic sampling and sample genotyping: Sri Lanka 

12.00 Overview of what is known about Indian Mackerel genetics and stock structure from previous 
studies –– Dr Basheer 

12.30 Lunch 

13.30 Allele size calling and Genemapper software – Dr Divya 

13.45 Group discussion and activities 1 – Databases combining country datasets in genepop format, 
review data quality, standard fish, allelic ranges, data selection. 

14.45 Group discussion and activities 2 – Descriptive Statistics Hardy-Weinberg equilibrium, Allelic 
Richness, Hetrozygosity, Gene Diversity, effective population size, admixtures. 

20-30 min presentation by member of Indian Lab on descriptive statistics and Hardy – Weinberg 
equilibrium and hetrozygosity, Dr Gopal This session is an opportunity for participants to work 
with a number of programs and show the group the programs that they use to determine 
descriptive statistics 

16.45 Daily wrap-up 

17.30 End 
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Programme- Day 2, Feb 18th 

9.00 Group discussion and activities 3 – Genetic Stock Structure Distance measures, tree topology, 
principal components analysis, adaptive vs neutral genetic markers. This session is an opportunity 
for participants to work with a number of programs and show the group the programs that they 
use to determine genetic stock structure 

11.00 Break 

11.15 Group discussion and activities 3 -continued 

12.45 Lunch 

13.45  Group discussion and activity 4 – Applying genetic stock structure in fisheries management 
Mixture analysis, leave-on-out tests, individual vs composite estimations, simulating genotypes. 
This session is an opportunity for participants to work with a number of programs use to 
determine genetic stock compositions. 

15.00 Break 

15.15 Workshop wrap-up, next steps, data deficiencies, new technologies  

16.15 Dr Rudolf Hermes Coordinator BOBLME -Future opportunities and the big picture  

16.45 End 
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Appendix IV Pre-workshop preparation 

BOBLME Indian mackerel genetic data analysis working group 

Phuket, Thailand, 17-18, 2015. 

Pre-workshop preparation 

 

Dear participants, 

Please bring your laptop computer and programs that you are familiar with to share with other 
participants, the workshop is set up as a series of group discussions and group activities. 

Also please bring available genotypic data in Genepop format in order to allow us to combine and 
analyse multiple datasets efficiently.  

Use the six digit format for each locus. There should be two alleles per fish per locus. For example, if 
allele-1 call 112 bps and allele-2 call is 128 bps then Genepop format is “112128”. Note that there is 
a “,” to separate the individual name from the genotypic data (see example below). Missing 
genotypes will be denoted by “000000”. The “POP” designates start of the next sample and after the 
“POP” add the sample name.  

If you have any questions please email me at john.candy@dfo-mpo.gc.ca. 

For more information on the Genepop format go to: 
http://www.kms.ac.jp/~genomelb/takezaki/poptree2/test_genepop.html 

Here is an example of how the data should look.  

 

 

Thank-you  

J.R. Candy 

Country

RAKA1

RAKA2

RAKA10

RAKA12

RAKA26

RAKA46

RAKA48

KSJ18

KSJ26

SA2068

SA2657

SA2770

SCA8

SCA30

POP Sample Name

Individual 1 , 112128 294298 220224 156156 90156 156240 112128 276334 224236 156208 090156 156156 214224 156208

Individual 2 , ……..

http://www.kms.ac.jp/~genomelb/takezaki/poptree2/test_genepop.html


Report on BOBLME Indian mackerel genetic data analysis including final workshop 

34 

Appendix V Base pair frequency plots by locus 
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