
Analysis of Growth Gene Expression and DNA Barcoding of 

Indian Major Carps 

 

 

Submitted by 

Shahid Sherzada 

(Roll No.ZP14-18) 
 

 

Supervisor 

 

Prof. Dr. Muhammad Naeem Khan 

Vice Chancellor, 

University of Baltistan, 

Skardu, Pakistan. 

 

 

 

Co-Supervisor 
 

Prof. Dr. Masroor Ellahi Babar 

Dean, Faculty of Science and Technology 

Virtual University of Pakistan. 

 

 

 

 

Department of Zoology 

University of the Punjab, 

Lahore, Pakistan 
  



 

i 

 

Research Completion Certificate 

 It is certified that the research work done and contained in this thesis entitled 

“Analysis of Growth Gene Expression and DNA Barcoding of Indian Major 

Carps” for the partial fulfillment of Ph.D. degree in Zoology has been carried out and 

completed by Mr. Shahid Sherzada, Roll No. ZP14-18 under our supervision. It is 

the original work of the author that has been found excellent and according to 

prescribe format. We recommended that this thesis can be processed for the 

evaluation by the examiners for the ward of Ph.D. degree.  

 

Supervisor 

 

 

Prof. Dr. Muhammad Naeem Khan 

Vice Chancellor, 

University of Baltistan,  

Skardu, Pakistan. 

Co-Supervisor 

 

 

Prof. Dr. Masroor Ellahi Babar 

Dean, 

Faculty of Science and Technology 

Virtual University of Pakistan. 

  

  

 

 

 

 

Chairman 

 

 

Prof. Dr. Javed Iqbal Qazi 

Department of Zoology 

University of the Punjab, 

Lahore, Pakistan. 
 

  



 

ii 

 

Declaration 

 I, Shahid Sherzada, Roll No. ZP14-18, student of Ph.D in the subject of 

Zoology, Session 2014-2019 hereby declare that the material printed in this thesis 

titled ―Analysis of Growth Gene Expression and DNA Barcoding of Indian Major 

Carps” is my own work that has been submitted as thesis or would be published in 

Pakistan or internationally. 

 

 

 

 

 

SHAHID SHERZADA 

                                                                                                 Roll No. ZP14-18 

                                                                                                 Session 2014-2019 

 

  



 

iii 

 

Acknowledgement 

 I thank to Almighty Allah who facilitated me to finish this project and to 

overcome all the difficulties faced during the course of this project. I pray to Allah for 

his guidance and mercy throughout my life. All respects and honors are only to the 

Holy Prophet of ALLAH, Hazrat Muhammad (PBUH), whose kind teachings are 

permanent and ever green source of guidance for all of us and for the whole universe. 

 I pay my gratitude from the core of my heart to the most honorable teacher 

and research supervisor, Prof. Dr. Muhammad Naeem Khan, Vice-Chancellor of 

University of Baltistan, Skardu, Pakistan for his generous guidance and 

encouragement throughout the course and the whole research work. 

 I also express my core feelings to respected teacher and mentor, Co-

Supervisor Prof. Dr. Masroor Ellahi Babar, Dean Faculty of Science and 

Technology Virtual University of Pakistan Lahore for great support and opportunities 

during the conduction of sample processing. Sir your door was always open if I 

needed it and your continued encouragement, especially throughout the more 

challenging times, was much appreciated. 

 A big ―Thank You!‖ to Mr. Muhammad Nauman Sharif, Dr. Abdul Wajid 

and Dr. Qurban Ali for all of their help regarding experimental design, DNA 

Barcoding, RNA extraction, Real time PCR and data analysis. You people are the best 

guider ever.  

 I would also like to thank Prof. Dr. Muhammad Idrees, Dr. Tanveer 

Hussain, Dr. Rashid Saif, Dr. Sana Zahoor, Dr. Akhtar Ali, Dr. Fahad Rafiq, 

Mr. Muzamil Hussain, Mr. Zaheer and Mr. Saeed Akram Khan for your 

significant input to my project. I appreciate the time you invested in me and in my 

work. 



 

iv 

 

 I am also incredibly grateful to Dr. Khurrum Shahzad, Dr. Muhammad 

Sohail, Dr. Ali Hussain, Dr. Sohail Ahmad, Mr. Muhammad Akmal and Mr. 

Ghulam mohayudin. I don‘t know how I would have survived this without you all. 

Thank you for making everything bearable. But most of all, thank you for making me 

laugh through good times and bad. 

 Last, but not least, I would like to thank my family, especially my dad Ch. 

Sher Ali Khan who is no more in this world. I love you and I will really miss you my 

beloved dad. Your support and encouragement throughout this process was awesome. 

 

SHAHID SHERZADA 

  



 

v 

 

Table of Contents 

Research Completion Certificate................................................................................. i 

Declaration.................................................................................................................... ii 

Acknowledgement .......................................................................................................iii 

Table of Contents ......................................................................................................... v 

List of Tables .............................................................................................................viii 

List of Figures ............................................................................................................... x 

Abstract ......................................................................................................................xiii 

Chapter 1 ...................................................................................................................... 1 

Introduction .................................................................................................................. 1 

1.1 Aims and Objectives ....................................................................................... 9 

Chapter 2 .................................................................................................................... 10 

Literature Review ...................................................................................................... 10 

Chapter 3 .................................................................................................................... 34 

Materials and Methods .............................................................................................. 34 

3.1 Sample Selection for Barcoding Analysis ..................................................... 34 

3.1.1 Blood Sample Collection ....................................................................... 34 

3.2 DNA Extraction and Quantification .............................................................. 37 

3.2.1 The Sample Wash .................................................................................. 37 

3.2.2 Protein Digestion ................................................................................... 37 

3.2.3 Precipitation of Nucleic Acid ................................................................. 37 

3.2.4 Alcohol Washing ................................................................................... 38 

3.2.5 DNA Quantification ............................................................................... 38 

3.2.6 Gel Electrophoresis ................................................................................ 38 

3.2.7 Nanodrop................................................................................................ 39 



 

vi 

 

3.3 Polymerase Chain Reaction (PCR) ............................................................... 40 

3.3.1 Primer Designing ................................................................................... 40 

3.3.2 Primer Optimization............................................................................... 40 

3.3.3 PCR Product Confirmation .................................................................... 41 

3.3.4 PCR Sample Sequencing ....................................................................... 41 

3.3.5 Data analysis by Bioinformatics Tools .................................................. 41 

3.4 Sample Collection for Growth Expression Analysis .................................... 42 

3.4.1 RNA Isolation ........................................................................................ 43 

3.4.2 RNA Quantification ............................................................................... 43 

3.4.3 cDNA Synthesis ..................................................................................... 44 

3.4.4 Primer Designing and Optimization ...................................................... 44 

3.4.5 Real-time PCR ....................................................................................... 45 

Chapter 4 .................................................................................................................... 46 

Results ......................................................................................................................... 46 

4.1 DNA Extraction and PCR Amplification ...................................................... 46 

4.2 Sequence Analysis of COI Gene in Indian Major Carps and Four other Fresh 

 Water Fishes .................................................................................................. 47 

4.2.1 Labeo rohita ........................................................................................... 47 

4.2.2 Catla catla .............................................................................................. 51 

4.2.3 Cirrhinus mrigala .................................................................................. 54 

4.2.4 Bagarius bagarius .................................................................................. 58 

4.2.5 Rita rita .................................................................................................. 61 

4.2.6 Wallago attu ........................................................................................... 65 

4.2.7 Coptodon zillii ........................................................................................ 69 

4.3 Differential Growth Gene Expression ........................................................... 76 



 

vii 

 

4.3.1 RNA quantification ................................................................................ 76 

4.3.2 Optimization of Primers and Real-time PCR Analysis.......................... 77 

Chapter 5 .................................................................................................................... 81 

Discussion, Conclusion and Recommendation ........................................................ 81 

5.1 Discussion ..................................................................................................... 81 

5.2 Conclusion ..................................................................................................... 89 

5.3 Future Recommendations .............................................................................. 89 

References ................................................................................................................... 91 

Published and Accepted Research Articles  .....................................................................  

Plagiarism Report ............................................................................................................  

  



 

viii 

 

List of Tables  

Table 1:  DNA quantification using the nanodrop (2000/2000c  ... spectrophotometer, 

Thermo Scientific), few samples are shown below  ................................. 39 

Table 2:  Primer sequence detail used for fish COI gene amplification .................. 40 

Table 3:  Water quality parameters and feeding data recorded during tissue sampling 

for growth expression ................................................................................ 42 

Table 4:  Mean weights of high and low weight fishes at harvesting stage ............. 43 

Table 5:  Recipe and conditions for cDNA Synthesis .............................................. 44 

Table 6:  QPCR primers sequences .......................................................................... 44 

Table 7:  Recipe and conditions for RT-PCR........................................................... 45 

Table 8:  Similarity of Pakistani Labeo rohita sequences with sequences of Labeo 

rohita available in BOLD and GenBank databases. ................................. 48 

Table 9:  Assigned accession numbers of Genbank submitted sequences of Labeo 

rohita ......................................................................................................... 49 

Table 10: Similarity of Pakistani Catla catla sequences with sequences of Catla catla 

available in BOLD and GenBank databases. ............................................ 52 

Table 11: Assigned accession numbers of Genbank submitted sequences of Catla 

catla ........................................................................................................... 52 

Table 12: Similarity of Pakistani Cirrhinus mrigala sequences with sequences of 

Cirrhinus mrigala available in BOLD and GenBank databases. .............. 55 

Table 13: Assigned accession numbers of Genbank submitted sequences of Cirrhinus 

mrigala ...................................................................................................... 55 

Table 14: Similarity of Pakistani Bagarius bagarius sequences with sequences of 

Bagarius bagarius available in BOLD and GenBank databases. ............. 59 



 

ix 

 

Table 15: Assigned accession numbers of Genbank submitted sequences of Bagarius 

bagarius .................................................................................................... 59 

Table 16: Similarity of Pakistani Rita rita sequences with sequences of Rita rita 

available in BOLD and GenBank databases. ............................................ 62 

Table 17: Assigned accession numbers of Genbank submitted sequences of Rita rita

 ................................................................................................................... 63 

Table 18: Similarity of Pakistani Wallago attu sequences with sequences of Wallago 

attu available in BOLD and GenBank databases. ..................................... 66 

Table 19: Assigned accession numbers of Genbank submitted sequences of Wallago 

attu ............................................................................................................ 66 

Table 20: Similarity of Pakistani Coptodon zillii sequences with sequences of 

Coptodon zillii available in BOLD and GenBank databases. ................... 70 

Table 21: Assigned accession numbers of Genbank submitted sequences of Coptodon 

zillii ............................................................................................................ 70 

Table 22:  K2P Genetic distance within various taxonomic levels ............................ 73 

 

 

  



 

x 

 

List of Figures  

Fig 1:  Map showing the four different sampling localities along river Chenab 

Pakistan. .................................................................................................... 35 

Fig 2:  Selected fish species for identification through DNA barcoding.............. 36 

Fig 3:  Extracted DNA as tested by 1% agarose gel electrophoresis ................... 46 

Fig 4:  PCR product confirmation results on 1.5% agarose gel ........................... 47 

Fig 5:  Graphical representation of similarity index of Pakistani Labeo rohita 

sequences with Labeo rohita sequences available in BOLD and 

GenBank databases. .................................................................................. 48 

Fig 6:  Median-joining network indicating Labeo rohita haplotypes. Yellow 

circle denotes a haplotype and circle size represents haplotype 

frequency. Red color values show number of variation sites. .................. 49 

Fig 7:  Graphical representation of similarity index of Pakistani Catla catla 

sequences with Catla catla sequences available in BOLD and 

GenBank databases. .................................................................................. 52 

Fig 8:  Median-joining network indicating Catla catla haplotypes. Yellow 

circle denotes a haplotype and circle size represents haplotype 

frequency. Red color values show number of variation sites. .................. 52 

Fig 9:  Graphical representation of similarity index of Pakistani Cirrhinus 

mrigala sequences with Cirrhinus mrigala sequences available in 

BOLD and GenBank databases. ................................................................ 55 

Fig 10:  Median-joining network indicating Cirrhinus mrigala haplotypes. 

Yellow circle denotes a haplotype and circle size represents haplotype 

frequency. Red color values show number of variation sites while red 

color circle specifies median vector. ......................................................... 56 



 

xi 

 

Fig 11:  Graphical representation of similarity index of Pakistani Bagarius 

bagarius sequences with Bagarius bagarius sequences available in 

BOLD and GenBank databases. ................................................................ 59 

Fig 12:  Median-joining network indicating Bagarius bagarius haplotypes. 

Yellow circle denotes a haplotype and circle size represents haplotype 

frequency. Red color values show number of variation sites. .................. 59 

Fig 13:  Graphical representation of similarity index of Pakistani Rita rita 

sequences with Rita rita sequences available in BOLD and GenBank 

databases. .................................................................................................. 62 

Fig 14:  Median-joining network indicating Rita rita haplotypes. Yellow circle 

denotes a haplotype and circle size represents haplotype frequency. 

Red color values show number of variation sites...................................... 63 

Fig 15:  Graphical representation of similarity index of Pakistani Wallago attu 

sequences with Wallago attu sequences available in BOLD and 

GenBank databases. .................................................................................. 66 

Fig 16:  Median-joining network indicating Wallago attu haplotypes. Yellow 

circle denotes a haplotype and circle size represents haplotype 

frequency. Red color values show number of variation sites while red 

color circle specifies median vector. ......................................................... 67 

Fig 17:  Graphical representation of similarity index of Pakistani Coptodon 

zillii sequences with Coptodon zillii sequences available in BOLD and 

GenBank databases. .................................................................................. 70 

Fig 18:  Median-joining network indicating Coptodon zillii haplotypes. Yellow 

circle denotes a haplotype and circle size represents haplotype 



 

xii 

 

frequency. Red color values show number of variation sites while red 

color circle specifies median vector. ......................................................... 71 

Fig 19:  Intraspecific, Intragenus, Intrafamily and Intra-order K2P Genetic 

distance trend. ........................................................................................... 73 

Fig 20:  Maximum likelihood tree of Indian major carp species. Bootstrap 

values greater than 50 are presented only. ................................................ 74 

Fig 21:  Phylogenetic relationship among seven freshwater fish sequences of 

Pakistan and the sequences reported from NCBI and Genbank. .............. 75 

Fig 22.  Quality of extracted RNA from fish muscle tissue 1.5% gel .................... 76 

Fig 23:  Optimization of primers for quantitative analyses. (A) amplification of 

gene (Beta-actin) fragments of 146bp: M= 1kb plus marker; L1-L12 

denotes 146 bp of Beta-actin gene fragments. (B) amplification of gene 

(GH) fragments of 111bp: M= 1kb plus marker; L1-L12 denotes 146 

bp of Growth hormone gene fragments. ................................................... 77 

Fig 24.  Growth Gene (GH) expression in high and low weight fish (Labeo 

rohita) ........................................................................................................ 78 

Fig 25.  Growth Gene (GH) expression in high and low weight fish (Catla 

catla) ......................................................................................................... 79 

Fig 26.  Growth Gene (GH) expression in high and low weight fish (Cirrhinus 

mrigala) ..................................................................................................... 79 

Fig 27.  Comparison of Growth Gene (GH) expression among different high 

weight fish species .................................................................................... 80 

Fig 28.  Comparison of Growth Gene (GH) expression among different low 

weight fish species .................................................................................... 80 

 



 

xiii 

 

Abstract 

 Pakistan is bestowed with very diverse fauna of fish naturally. The proper 

identification and conservation of this fish fauna is on prime importance of many fish 

biologist. DNA barcoding tool has gained much popularity worldwide due to its 

precise and effective ability of species identification and discrimination. Moreover the 

sound knowledge about growth and development of fishes is also vital for better 

production and to uplift country‘s economy. Present study was conducted to identify 

Indian major carps and four other freshwater fishes as well as to assess the differential 

growth gene expression in Indian major carps under uniform culture conditions. 

Blood samples (n=210) fishes were taken carefully from caudal veins of each 

captured fish species. Genomic DNA was extracted from blood and short segment 

COI gene (680bp) was amplified by PCR. Mean conspecific, congeneric and 

confamilial K2P genetic distance was 0.25%, 5.75% and 16.45% respectively. The 

mean congeneric K2P genetic distance was 23 fold greater than the mean conspecific 

K2P genetic distance which declared that COI region of mtDNA is very effective for 

species discrimination. For differential growth gene expression, tissue samples 

(n=360) were collected and further subjected to RNA isolation, cDNA development 

and Real-time PCR. Growth hormone gene expression was checked against the 

reference gene beta- actin. Expression analysis revealed a partial dependency of body 

weight with growth gene expression in Indian major carps. It was a first documented 

report from freshwater reservoirs of Punjab Province of Pakistan granted with diverse 

fish fauna which needs to be focused for sustainable management and proper breeding 

and conservation plan in future. 

Keywords: Labeo rohita, Cirrhinus mrigala, Catla catla, COI gene, DNA barcoding, 

GH gene, Beta-actin gene, Real-time PCR. 
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Chapter 1 

Introduction 

 Fish belongs to Kingdom Animalia, Phylum Chordata, and Sub-phylum 

Vertebrata. There are three natural divisions of fishes, Cephalospidomorphii, 

Chondricthyes and Osteichthyes. They are further classified into orders, families, 

genera and species. Living representatives of Pisces group are Agnatha that are 

jawless fishes. This class includes the earliest known organism. Jawless fishes of this 

group have round mouths bearing teeth and suckers.  They attach to their prey host 

with the help of suckers and feed on its blood. Ancient Hagfish and lampreys belong 

to this particular group.  Subclasses of Agnatha are Cyclostomata that includes 

hagfishes and lampreys. In addition, other subclass is Ostracodermi in which extinct 

armored jawless fishes are placed (Janvier, 2015). Chondrichthyes are the fishes 

whose skeleton is made up of cartilage. Examples are Rays, skates and Sharks. 

Subclasses are Elasmobranchii involving sharks and rays. Other subclass is 

Holocephali which includes chimaeras and its extinct relatives (Weigmann, 2016). 

Osteichthyes or bony fishes have bony skeleton and scales are present on body. 

Operculum is present for protecting gills. Air bladder is present that maintains 

buoyancy of fish in water. Examples include eel, tuna, catfish and cyprinids etc. 

Subclasses are Actinopterygii consisting of ray finned fishes, and Subclass 

Sarcopterygii involving ancestors of tetrapods (Romano et al., 2014). 

 Inland major water resources of Pakistan are the Indus, Jehlum, Chenab, Ravi 

and Sutlej rivers. Indus River is the major one among other rivers. It has the total 

length of 3180 Kilometers. This river system begins from the Himalaya and the K2 

that involves five tributaries. These tributaries flow throughout the whole Punjab 

province. The name 'Punjab' is given to this province because of these five rivers, 
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‗Panj‘ meaning five and ‗aab‘ meaning water (Chaudhry, 2010). These Large 

Himalayan Mountains indicates their existence to be before 20 million years ago. 

Now large quantity of these Himalayan substances is carried away to the Indus River 

and is distributed by the four major rivers of the Punjab (Clift and Blusztajn, 2005). 

Other river systems in Pakistan include Balochistan coastal drainage including 

significant rivers like Zhob, Nari, Bolan, Pishin, Lora, Mula, Hub, Porali, Hingol, 

Rakshan and Dasht. Mentioned tributaries are seasonal and smaller (Mirza, 1975). 

Indus river system is one of the largest rivers in the world, comprising of the main 

Indus, 2 western branches and 5 eastern branches. This river system is communal 

between China, India, Pakistan and Afghanistan.  In Pakistan, the Indus River is the 

individual origin of water that changes barren land into productive land (Zawahri, 

2009). Indus river delta is the point where Indus River finally enters into Arabian Sea. 

This delta point is situated in Sindh province. These water reservoirs are abundant 

with a variety of fish fauna. Species abundance is maximum in the Indus river system 

and in the Himalayan slopes.  

 In Pakistan, freshwater fish species are more commercially important than 

marine water. It is reported that more than 186 species of freshwater fishes are present 

in freshwater reservoirs, but only commercially important fishes are captured in large 

number. Commercially important species are Labeo rohita, Cirrhinus mrigala, Catla 

catla, Channa striatus, Wallago attu, Bagarius bagarius and Rita rita etc. (Khan et 

al., 2008). Marine fish fauna is estimated to be 800 species from which 120 are said to 

be commercially important. The Chandra and Bhaga rivers situated in the higher 

Himalaya Mountains combine to make Chenab river. Chenab goes over Jammu and 

Kashmir. At that juncture, it is united by the Jhelum river at Trimmu, near Jhang and 

on advancing more it unites with the Sutlej adjacent Uch Sharif in Pakistan. Chenab 
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River is approximately 960 kilometers extended. Fish fauna is abundant in this river 

(Altaf et al., 2015). 

 In Pakistan, aquaculture is relatively newly introduced activity and is still in 

its growing phase. The fisheries sector as a whole contributes about 1% to the 

country's GDP. The consumption of fish is very low i.e. 1.7 kg per capita annually in 

Pakistan while per capita consumption in the world is 20 kg. Only 26% of total 

production is consumed domestically, 19% being exported and 55% used for 

fishmeal. The country has vast fresh, brackish and marine water resources where only 

carp culture is practiced in earthen ponds by adopting extensive farming technique 

with very little inputs. Pakistan is very rich in fish fauna but only nine species (7 

warm and 2 cold water) are being cultured on commercial scale. Carp polyculture 

system that mainly consists of Indian major carps (Labeo rohita, Cirrhinus mrigala 

and Catla catla) is more common in our country. These carp species are selected for 

fish culture because of their fast growth and adaptability in captive conditions (FAO 

2016; Wasim, 2007). 

 Carps belong to the freshwater family Cyprinidae. This family consists of 

1600 different species of which only few are used for fish farming. In the recent years 

carp fish culture is gaining popularity in various parts of the Asia. Indian major carps 

(Labeo rohita, Cirrhinus mrigala and Catla catla) are found to be well suited for 

rearing in fresh water ponds as a major income generating enterprise. They are fast 

growing and well adapted to the climatic conditions of Asian countries. Successful 

carp culture depends very much on the proper feeding and health management of 

healthy fry and fingerlings (Pandey et al., 2002). 

 Catfishes are ray finned fishes with long barbels. These barbels are easily 

visible and resemble whiskers of a cat. Some species of catfish have scales while 
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others have naked body. Their size also ranges from a killer giant Mekong catfish to a 

small fish that eats dead material. Vampire fish is also a catfish of size 40cm, which is 

parasitic in nature. Mostly catfishes are bottom feeders due to its outsized heavy head 

and condensed gas bladder (Wong et al., 2011). 

 Almost 37 catfish species belonging to order siluriformes are listed from 

Pakistan and Kashmir. Genus bagarius is commonly found in countries of South Asia. 

This genus includes four species; B. bagarius, B. yarrelli, B. suchus and B. rutilus. 

Bagarius bagarius is widely dispersed in Indian rivers. Its local names are, Bagari, 

Baghar and Gorua. Due to its high palatability it is sold with high price in markets. 

Stock assessment of this fish species has revealed that its population is in declining 

phase (Allan et al., 2005). It has been declared as threatened species in IUCN list 

(Menon, 1989). Fresh water catfish Wallago attu is a member of class Actinoptergyii 

(ray-finned fishes). It belongs to order Siluriformes and family Siluridae. Local names 

are Mulley, Latchi, and Tapah. It is inhabitant of both freshwater and brackish water. 

It‘s widely distributed in India, Pakistan, Afghanistan, Bangladesh, Vietnam and 

Indonesia. Its IUCN status is near threatened species (Hossain et al., 2008). 

Freshwater catfish Rita rita is located in India, Pakistan, Nepal, Afghanistan and 

Bangladesh. Its bottom feeder and feed on flesh of small fish, crustacean, insects as 

well as dead and decaying organic matter (Shrestha, 1990; Mirza, 2003).  

 Coptodon zillii (redbelly tilapia) belongs to family Cichlidae and is found in 

Africa and south Asia. It is introduced and cultured in many other countries of world 

for food and economic benefits (Froese and Pauly 2016; Chakrabarty 2004). The old 

name of this species was Tilapia zillii that is now transformed to new name Coptodon 

zillii after its detail study at molecular level (Dunz and Schliewen, 2013). 
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 Taxonomic ambiguity exists for several fish species, and a proper 

identification is imperative for management and trade. Besides this fish fraud like 

species mislabeling, fish fillet mislabeling is also common in fish markets of globe.  

 Therefore, to deal with these problems, Hebert et al. (2003a) introduced the 

concept of DNA barcode and proposed a new approach to species identification. DNA 

barcoding offers several advantages compared to conventional taxonomic 

identification. One obvious advantage is the achievement of on time genetic data. On 

the other hand, morphological data collection is time consuming and laborious. 

Moreover, in three chief conditions, the typical species recognition should be genetic 

based: 1. During identification of taxonomic status of broken or fragmented 

organisms; 2. In case fish eggs, larvae and fish fillet, genetic identification is 

authoritative; 3. Molecular based identification is also vital when we are unable to 

distinguish organisms traits morphologically (Blaxter et al., 2005). 

 DNA barcoding advocates the adoption of a ‗global standard‘ by using a 680- 

base fragment of the 5‘ end of the COI. This fragment size has been selected so that a 

single sequence pass can obtain reliable sequence read in conventional Sanger 

sequencing platforms. Shorter fragments of COI have also been shown to be effective 

for the identification of specimens with degraded DNA. In addition, the usability, 

robustness, and reliability of COI in a standard high throughput barcoding analysis 

has been assessed extensively (Hajibabaei et al., 2005). 

 DNA barcoding offers an accurate and unambiguous identification of not only 

whole fish, but fish eggs and larvae, fish fragments, fish fillets and processed fish 

(Costa and Carvalho, 2007). 

Growth is important trait in aquaculture regarding economics. Growth of a fish 

is very important in varying fish production ratio. Enhancements in traits related to 
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growth may diminish duration and expenses to make fish of good market-size. 

Thusly, a monetary importance of growth has incited continuous research of its 

genetic basis. According to these studies, genes inside somatotropic axis and 

superfamily of transforming growth factor have been focused in growth of finfish as a 

candidate gene (De-Santis and Jerry, 2007). 

Growth is a significant phenotypic characteristic for production of fish and has 

been the subject of a broad number of hereditary studies identifying to selective 

breeding (Gjedrem et al., 2012; Hulata, 2001). Growth is a perplexing, quantitative 

trait constrained by a great number of genes (Mullis, 2005) as well as ecological 

factors (Mackay, 2001; Moriyama et al., 2000). Various candidate genes that are 

significant for growth have been recognized in both domesticated animals and 

aquaculture species including GH, GHR, IGF, and MSTN genes (De-Santis and Jerry, 

2007). One of the most well-read qualities for development is GH. GH is one of the 

primary controllers of postnatal somatic development and is referred to invigorate 

anabolic procedures, for example, protein union, cell expansion, skeletal muscle 

development and numerous other physiological procedures (Reinecke et al., 2005). 

The activity and regulatory process of GH is profoundly mind boggling with it being 

engaged with various hormone flagging pathways, cell pathways, and input circles 

(Backeljauw and Hwa, 2016). 

 A variety of experimental approaches have been used to identify the key genes 

underlying the growth process in fishes. The studies have focused on gene expression 

in fish where growth has been reduced via starvation or the onset of gametogenesis 

through to those where growth has been accelerated via refeeding after starvation, 

GH-transgenesis or domestication. These studies have revealed complex interactions 

between factors that regulate growth and other biological pathways. Many 
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somatotropic genes, including growth hormone gene, GH receptor genes, and insulin-

like growth factors (IGFs), are up-regulated in a variety of fast-growing fish species 

including Rainbow Trout (Oncorynchus mykiss) (Devlin et al., 2013). 

Muscle growth is under numerous sorts of physiological control. It includes 

the somatotropic axis made up of GH (growth hormone). The growth hormone 

regulates the release of GH releasing hormone and somatostatin. Numerous products 

which are released by growth hormone include factors like insulin and other related 

factors which include IGFs (insulin-like growth factors) (Sheridan and Hagemeister, 

2010).  

The growth hormone GH is a single-chain polypeptide of about 22kDa. 

Somatotrophs secretes this growth hormone (GH). For growth and development, it 

has a great importance. Similarly, in vertebrates, it plays a very big role in 

metabolism. Growth hormone GH also has a role in reproduction and adaptation to 

seawater, along with functions related to immune in fish. Similaly, issues related to 

appetite and food conversion are also regulated by growth hormone (Rajesh and 

Majumdar, 2007; Canosa et al,. 2007).  

The Growth hormone gene of fish species tench and some other individuals of 

the order Cypriniformes consist of five exons and four introns. But in other cases, 

some fish orders possess growth hormone gene with six exons regions. Though, 

growth hormone gene‘s length differs among firmly linked organisms. The length 

difference between DNA of species is confined to introns. As an example, a length of 

266 or 269 bps has been noted in first intron (I1) of tench. Its comparison can be done 

with I1 which has the size of 239 bp and is found in common carp (De-Santis and 

Jerry, 2007). 
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For measuring mRNA transcripts‘ relative abundance, study of gene 

expression has become a good knowledge giving, informative, sensitive and creative 

methodology provided that it is done by quantitative real time polymerase chain 

reaction (RT-qCR). Due to its precission and accuracy, this methodology is a largely 

utilized methodolgy regarding analysis of expression of gene. Similarly, this 

methodology is very fast, efficient, sensitive along with that it gives us reproducibility 

and wide dynamic range (Purohit et al., 2016). 

The present study was conducted for proper identification of seven freshwater 

fishes (Indian major carps and four other important riverine fishes) of Pakistan as well 

as for assessment of differential growth gene (GH) expression in Indian major carps 

which are commonly cultured in our country.   
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1.1 Aims and Objectives  

 The main objectives of my research work were, 

1. To develop DNA barcode library of Indian major carps (Labeo rohita, 

Cirrhinus mrigala and Catla catla) through mitochondrial Cytochrome 

Oxidase-I gene. 

2. To determine the differential expression levels of GH gene in fast and slow 

growing fish species of Indian major carps (Labeo rohita, Cirrhinus mrigala 

and Catla catla). 
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Chapter 2 

Literature Review  

 Fish is a word commonly used for aquatic animals that have fins, tail, gills and 

elongated stream lined bodies with scales present on it. They belong to group Pisces 

that comprises of cold blooded vertebrates and are poikilothermic i.e. their internal 

body temperature varies with respect to external environment temperature. Cambrian 

period has its importance in our history, as life on earth first originated from this 

particular time period. During Cambrian period i.e. 530 million years ago, fossils of 

the first vertebrate organism were found along with fossils of other animals. By the 

mid of Silurian period, these jawless fish looking organisms spread out further, but it 

was not until the Devonian period that the proper diversity of these organisms 

developed (Freyhof,  2009). Fishes can be found in freshwater, marine water and 

brackish water. More than 18,000 or 58.2 % fishes belong to marine water. On the 

other hand 13,000 or 41% fish species are reported from freshwater. This statistical 

data is obtained from a database called Fish-SPRICH (Brosse et al., 2012). 

 Pakistan is a predominantly water-deficient temperate country. Three-fourths 

of its terrain is mountainous, with the Himalayas occupying much of the north and 

west. The remaining quarter constitutes the Indus Plain, which includes four 

permanent deserts. The Indus Valley is a reservoir for the Himalayas; the mountains 

water is drained by 5 rivers: the Indus, Jhelum, Chenab, Ravi and Sutlej. These flow 

though the higher Indus Valley eventually all joining into the Indus River, which runs 

south to drain into the Arabian Sea. 

 Non-cultivated and cultivated fish is a better substitute compared to any other 

meat options available around us. Cultivated fish have a more sustained nutrient 
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composition paralleled to their wild equivalents, whose surroundings, nutrition and 

contact to food fluctuates throughout the year. The atmosphere of cultivated fish can 

be supervised and controlled to obtain an ideal product. By monitoring the 

composition of aquaculture feeds and other contributions, healthy fish and fish 

products with ideal dietary constituents can be produced. Punjab, Sindh, and Khyber 

Pukhtonkhawa provinces are chief spots for fish culture on limited scale in Pakistan. 

Fisheries departments in partnership with government of Pakistan has planned many 

conferences and aims to provide teaching services about managing fish culture and 

hatchery to bring more skills and information about fish cultivation to fish farmers. 

Approximately 365000 people from Pakistan were directly and indirectly involved in 

fisheries sector during 2002 to 2003. 227,000 persons were working in domestic 

fisheries sector and 138,000 persons were hired in marine sector. About 13000 fish 

farms have been established in Pakistan for the perseverance of fish culture (Roos et 

al., 2007). 

 Due to increase in demand of fish meat as a food source and also as its role in 

national economy, the government of Pakistan has adopted some compulsory methods 

to escalate the total fish production. This movement initiated the process of increase 

in marine and domestic fish production. Total fish production that was 174000 tons in 

1975-76 is now expected to be 638000 tons in 2002-03 (Wasim, 2007). 

 Flora and fauna are part and parcel and equally essential for conservation 

preservation and protection for each other. If one is disturbed the other one would 

automatically declines. The sudden deterioration in many species of the flora and 

fauna is due to illegal animal trade and criminal activities of smugglers. Increase in 

research publications is the proof of the growing awareness about the criminal 
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activities in this area of wildlife. The identification of species primarily depends on 

sequence study of mitochondrial genome (Linacre and Tobe, 2011). 

 In eukaryotic cells, the mitochondrial genome is made up of a circular 

molecule using bacterial roots that ranges in size from 16kb to 18kb. In vertebrates, 

the mt-genome usually comprises of 37 genes, 22 transfer RNA genes, 2 ribosomal 

RNA genes, 13 genes for coding protein and a non-coding control region. There are 

numerous explanations why MT-DNA markers have been used widely in studies of 

animal population genetics. mt DNA is comparatively easy to work with because of 

its small size, shared arrangement of genes which means that several sets of universal 

primers can increase regions of the mitochondria in a wide range of vertebrates and 

invertebrates (Avise, 2004). 

 Animal mitochondrial DNA has tendency to produce extraordinary copy 

number. Presence of introns and pseudo genes are occasional, which frequently makes 

gene amplification straightforward and decreases the probability of analytical error. 

Unlike nuclear DNA, MT-DNA does not recombine and is transferred as a single 

component from parent to offspring through a maternal mode of inheritance. Also the 

frequency of nucleotide progression of MT-DNA is greater than nuclear DNA such as 

DNA repair mechanisms are sluggish, permitting the build-up of impartial mutations. 

Therefore, lineage categorization happens faster in MT-DNA, with the actual 

population size for attaining mutual monophyly being numerous times lesser than 

nuclear DNA where inherited polymorphisms can continue. This makes MT-DNA 

sequence data appropriate for systematic studies even at lower taxonomic levels, and 

also marks mtDNA as a great efficient marker for use in phylogenetic techniques to 

hint on ancestral evolutionary histories and deviations in organisms (Kubatko et al., 

2011).  
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 The complete MT-DNA control region (CR) and cytochrome (a, b and c) co-

oxidase (COI), the functional areas (TAS, CD & CSB) and their conserved sequences 

(TAS, CSB-F, CSB-I CSBII & CSB-III) are identified on the bases of similarities. 

The control region has two hypervariable regions (HVR1 & HVR2) of around 440 

bps (Bernt et al., 2013). 

 The practice of MT-DNA in molecular phylogenetic studies was beneficial as 

this fragment displays evolutionary connections between newly isolated groups that 

comprise of species, populations, or even individuals. All protein end products are 

encoded by mitochondrial enzyme complexes. This MT-DNA is passed on to next 

generation which means all off springs receive paternal haploid genotype MT-DNA. 

Phylogenetics, a field of study that states COI gene to be known to have the fastest 

mutation rate which can help in finding out closely related species. There are proper 

primers available for this respective gene (Lakra et al., 2011). COI also known as 

complex IV is an enzyme complex made up of two or more peptide chains situated in 

the inner crevices of mitochondria which comprises of 3 large subunits containing 

enzymes active sites that are programmed by the mitochondrial genome and 10 

smaller subunits encrypted by nuclear genes. These nuclear encoded subunits are 

believed to modify enzyme function. COI gene is composed of 13 subunits in 

vertebrates, moreover 30 proteins are required for the proper assembly of COI 

(Boopathi et al., 2004). In eukaryotes this enzyme complex is located in the inner 

membrane of mitochondria. It is considered to be the main site for mitochondrial 

oxidative phosphorylation.  

 A single gene sequence present in any animal species would be enough to 

distinguish them among other species around. The COI region is very helpful in 

distinguishing between interrelated species across varied animal phyla. This 
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phylogenetic method has also been applied on marine and freshwater fishes (Hebert et 

al., 2004). 

 Recognizing Fish and fish eggs using DNA barcoding approaches is being 

followed by many research laboratories all over the world. The practice of modern 

molecular genetic methods shared with taxonomic know-how offers a very influential 

approach to resolve prevailing taxonomic problems, and it also permits new 

perceptions into the kinship and evolution of fish species. In this study there is a 

comparison seen in specie like marketable reef fish species paralleled with L. miniatus 

(Pegg et al., 2006). 

 Identification of fish species is a tough work due to diversity of it. Especially 

larval stage is tough to monitor and identify. Therefore, DNA barcoding technique 

proved itself an efficient technique which can identify a fish sample by using its 

cytochrome c oxidase 1 gene obtained from MT-DNA. DNA barcode can also be used 

to classify a neighbor distance among species. In this article, study was conducted on 

Nigerian freshwater fishes (Nwani et al., 2010). 

 The key objectives of DNA barcoding are to classify unidentified specimens 

up to species level, and escalate the process of finding new species and enable 

identification mostly in ambiguous, minute and few additional organisms with 

difficult or isolated morphologies. The crucial goal of the DNA barcoding program is 

the progress of complete barcode libraries for all species present on earth. A ticket to 

an open reference database of taxon permitting identification of a diverse variety of 

species will be helpful each time a precise taxonomic identification is necessary. 

Hence, a project called the DNA Barcode of Life has established a consistent, prompt 

and low-cost identification mode available to non-taxonomists. This project also 

wishes to generate an inventory that uses molecular methodology for identifying 
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eukaryotic species. So the Barcode of Life Data System facilitates the achievement, 

storage, exploration and publication of DNA barcode documentations (Hebert et al., 

2007). 

 In DNA barcoding technique, species can be identified commonly by using a 

short DNA sequence taken from a part of their genome. This DNA sequence is also 

known as a ‗barcode‘. This acquired barcode sequence from every unidentified 

specimen is then matched with a reference library that contains different barcode 

sequences of acknowledged species. A specimen is recognized only if its sequence 

equally matches the one present in the barcode library. If not, the new discovery can 

escort to a unique barcode sequence for a particular species or it can propose the 

presence of a newly came across species. FISH-BOL promises to provide 

ichthyologists a potent tool and services for spreading research information on fish 

species interactions and shed light on their natural and ecological history. Multiple 

substitutions simultaneously occurring at same site of a genetic sequence lowers the 

importance of COI barcode sequences for the purpose of deep level phylogenetic 

interactions. Now Barcode data are merged into numerous projects like ‗tree of life‘. 

Certainly, a method called ―high-throughput barcoding‖ is balancing phylogenetic 

studies because it clarifies divergent lineages for subsequent addition in such 

explorations (Hajibabaei et al., 2007). 

 Barcoding of DNA is a technique used for recognition of species. It is used to 

monitor the degree of polymorphism occurring within a population in a small section 

of mitochondrial gene which is 650 bp long, encoding for COI protein. This selective 

region of gene usually displays slight fluctuations inside a species, on the other hand 

significant variance between species leading to species diversification. In procedure 

of identification of species, an unidentified DNA barcode sample is compared to a 
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reference sequence library, if similarities are found between any of species of 

reference library and sample then a given task is said to be completed. All DNA 

barcodes of fish species in a reference library is now under great care by Fish Barcode 

of Life campaign. With archives of 6500 species, it is confirmed that barcodes can 

clearly categorize around 98% marine species and  93% of freshwater species (Ward 

et al., 2009). 

 Mitochondrial DNA (mtDNA) genes have long dominated the field of 

molecular systematics because of their maternal inheritance, limited recombination, 

rapid evolution, and the robustness of mtDNA against degradation (due to their high 

copy number compared with nuclear DNA), making them ideal markers for many 

species level questions (Avise et al., 1987). These genes are widely accepted markers 

for molecular identification of various invertebrates and vertebrates. 

 The availability of broad range primers for the amplification of this 5‘ region 

of COI from diverse phyla established this gene sequence as a particularly easily 

recovered segment of the mitochondrial genome. In contrast to these conserved 

sequences, the overall rate of sequence evolution for COI is relatively high, especially 

at degenerate codon positions. With some important exceptions, the rate of evolution 

is high enough to result in sequence divergence between most species as well as 

varying levels of sequence polymorphism within species (Neigel et al., 2007). The 

well characterized COI gene has proved to be a robust evolutionary marker, enabling 

recovery of its 5‘ end. It third position nucleotides show a high incidence of base 

substitutions which lead to fast rate of molecular evolution (Lakra et al., 2009). 

 Geographical sampling has a thoughtful impact on DNA barcoding globally. 

They have very numerous effects on the configuration of local and global access on 

the species for taxonomy. The combination of geographical statics will be necessary 
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for the identification of regional barcoding studies. DNA studies shows that the 

variations are very much 11 helpful to understand the fundamental processes and 

describe the biodiversity patterns among the species. Although single gene onset can 

be practically initial step in learning variations. The discovery of new species will 

need a joint approach that draws conclusions from phylogenetic and molecular data 

available (Hickerson et al., 2006). 

 For identification of any specie, DNA barcoding encourages the use of 648 bp 

fragment taken from the mitochondrial 5′ region of COI gene. The main objective of 

barcoding is to motivate on the association of reference sequence libraries resulting 

from skillfully acknowledged voucher specimens in demand to improve consistent 

molecular methods for species identification in natural surroundings. Barcoding has 

been wrongly characterized as molecular taxonomy, even though it is not proposed to 

swap classical taxonomy. Its purpose is to assist in species identifications by amateurs 

and to do so in a rapid and beneficial way. The efficiency of barcoding has been 

confirmed in various taxa, including birds, mammals, springtails, bivalves, flies, 

spiders, butterflies and fishes. Barcoding systems now has been established for plants, 

macro algae and bacteria also (Galal-Khallaf et al., 2014). 

 DNA barcoding, a creative framework for the quick differentiating proof of 

any species in view of removing a DNA grouping from a moment tissue examination 

of any living being, is currently being down to earth to taxa through the tree of life. 

As an examination apparatus for taxonomists, DNA barcoding helps in recognizable 

proof by expanding the capacity to analyze species by including all life history 

periods of a creature. Being bio-diversity revelation apparatus, DNA barcoding 

backings to signal species which are possibly imaginative to science. As an organic 

apparatus, DNA barcoding is fact used to address fundamental environmental and 



Chapter 2 Literature Review 

18 

 

transformative questions, for example, how species in plant bunches are collected. 

The procedure of DNA barcoding includes two basic advances: (1) developing up the 

DNA standardized identification library of identified species and (2) coordinating the 

scanner tag arrangement of the obscure specimen as opposed to the scanner tag library 

for documentation. This gives the progressive data on producing, applying, and 

exploring DNA standardized identifications over the Tree of Life from creatures and 

parasites to protists, green growth, and plants (Kress and Erickson, 2012). 

 Barcoding joins scientific categorization, atomic phylogenetics and populace 

hereditary qualities. It was conceivable to make a creature database in light of COI 

arrangements. For different realms, more broad dissects are expected to locate the 

most appropriate scanner tag. Assist improvement and advance of this task will give a 

clearer knowledge into biodiversity, and dissects are considerably more goal than in 

established morphological breaks down. It is likewise intriguing to consider the 

presence of an online reference book of life on Earth. In spite of the fact that the task 

is moderately new, endeavors are made each day to defeat any obstructions during the 

time spent building such a framework. Strategies in molecular science end up 

noticeably less expensive and can be brought into the barcoding procedure. Numerous 

new techniques are produced, for example, red-coding that permits brisk investigation 

of blended specimens. There are as of now created methods of non-damaging 

extraction of DNA from as of late gathered examples, which improves their 

preservation. All deterrents must be unmistakably characterized and crossed over with 

the goal that the Striking database can be completely grown effectively. In the event 

that some association, for example, the Worldwide Biodiversity Data Office or the All 

17 Species Establishment assumes control over this venture, it would be a noteworthy 

advance towards the life span that many existing databases need. All in all, it is the 
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ideal opportunity for the present society to confront numerous organic issues, for 

example, evading pandemics, safeguarding biodiversity, giving natural security and 

ensuring species (Polak, 2012). 

 Estimation of biodiversity on the basis of nucleotide sequence within the 

mitochondrial genome is the blessing of DNA barcoding. In a number of studies COI 

gene was used for a standard to framework the taxonomic initiatives e.g. in birds, 

fishes, mammals and fungi. For cold blooded animals it is now announced as ―Cold 

Code‖ for vertebrates (Murphy et al., 2013). Among cold blooded groups reptiles are 

ecologically significant in evolution. Their morphological character is the core 

template for their significance. DNA barcoding gained globally acceptance for its 

accuracy and advancement in the line of taxonomy. Biodiversity valuation and 

conservation of reptiles are the basic intentions for the need of time. There should be 

exclusive attention for the conservation of reptiles through DNA barcoding and 

modern techniques. DNA barcoding of marine turtles is proved to be a useful 

technique to develop the studies on intraspecific variability and conservation of 

wildlife and its forensic purposes. For this COI gene was extracted from all species 

and for further investigation in Atlantic and Mediterranean nesting COI is the 

standard for all barcoding techniques (Trivedi et al., 2016). 

 Fish approval and sustenance security concerns are a creating issue in the 

present overall business focus, though standard morphology-based recognizing 

verification codes and existing sub-atomic approaches have hindrances for species ID. 

Starting late, DNA barcoding has grabbed help as a speedy, down to earth and widely 

applicable atomic definite technique. In any case, the improvement of the scanner 

label database as a gadget for angle approval still can't be taken a stab at using 

veritable market tests. Disregarding the way that the database is encountering constant 
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change, it could give species matches of >97% plan. A part of the cases were 

potentially mislabeled, showing that DNA institutionalized recognizable pieces of 

proof are starting at now an extreme gadget for the recognizing verification of fish to 

species level. We reason that institutionalized IDs have wide importance for validity 

testing and phylo-geographic outlining of genetic better than average assortment can 

similarly inform parts with respect to traceability (Wong and Hanner, 2008). 

 The COI gene quality is the terminal individual from the respiratory chain 

catalyzing the diminishment of dioxygen to water by ferro-cytochrome C. The present 

examination incorporates insilico 3-dimensional structure expectation of cold-water 

angle Indian snow-trout, Schizothorax richardsonii. The T-structures of COI were 

anticipated utilizing the relative demonstrating technique. The reasonable format for 

near displaying protein databank has been chosen on the premise of fundamental 

nearby arrangement seek device (BLASTp). The objective layout arrangement, 

display building, circle demonstrating and assessment have been made in Modeler 

9.10. The tertiary structure of COI is helix structure associated by circles, which 

shapes a compacted complex kept up by 2-di-sulfide spans. The resulting 3D models 

are confirmed by ConSurf and Professional Check Projects. Further, dynamic site 

expectation was finished utilizing Qsitefinder. The computational models could be 

useful for encourage assessment of atomic instrument of capacity, structure and 

characteristics of protein COI (Chandra et al., 2015). 

 Parts of the COI subunit quality, particularly quint 5′ end, are much of the time 

selected to deduce bring down side phylogenies in creatures. In diplo-blasts, 

mitochondrial factor were find to develop in a slower rate than their bi-laterian 

partners. As needs be, diplo-impact COI quality trees again and again remained 

indeterminate, which furthermore brings up issues on the fittingness of COI for 
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Deoxyribonucleic corrosive barcoding of these organisms. The whole mitochondrial 

genome groupings from Anthozoa and starting late from Porifera empower us to 

examine the settlement head honcho of the 5′ sectionalisation, that has moreover been 

suggested as the measure marker for the DNA barcoding, with a smaller once in a 

while used portion progress downstream. We investigate the finding of altogether 

unique substitution equation of the downstream parcel contradicted to the 5′ segment. 

We talk about the outcomes and electric potential with the reference of diplo-blast 

phylogenetic reproduction and DNA barcoding (Erpenbeck et al., 2006). 

 In the previous decade, DNA barcoding turned out to be progressively regular 

as a strategy for animal types distinguishing proof in biodiversity inventories and 

related investigations. In any case, for the most part because of specialized 

impediments, squamate-reptiles have been the objective of scarce barcoding thinks 

about. In this article, we introduce the consequences of a DNA barcoding 

investigation of squamates belonging to Comoros archipelago, an ineffectively 

examined gathering of maritime islands near and for the most part colonized from 

Madagascar. A few animal varieties taken as endemic to the Comoros as indicated by 

current scientific classification were come out to the group with non-Comoran 

genealogies, presumably because of ineffectively settled scientific categorization. 

Every single other specie for which more than one standardized tag was gotten 

compared to unmistakable bunches valuable for species recognizable proof by 

barcoding. In many species, even island populaces could be recognized utilizing 

barcoding. Two secretive species were distinguished utilizing the DNA barcoding 

assay. The acquired barcoding methodology, a Bayesian tree in view of COI 

successions of 5 genera, was contrasted and accessible multi-gene assays, and in 3 

cases, main incongruences among 2 topologies wound up noticeably clear. Three of 
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the multigene thinks about were started after introductory screening of a preparatory 

adaptation of the barcoding dataset displayed here. We presume that on account of the 

squamates of the Comoros Islands, DNA barcoding has demonstrated an extremely 

helpful and productive method for identifying secluded populaces and promising 

beginning stages for ensuing exploration (Hawlitschek et al., 2013). 

 Fish species has also been identified using a Real-time PCR method. There are 

two common procedures of real-time PCR, which are categorized based on the 

recognition method. Intercalating luminous dyes, like SYBR Green, can be used for 

the recognition and quantification of double stranded DNA. While it is possible to run 

multiple samples at the same time over multiplexing with SYBR Green, this involves 

gel electrophoresis to relate product size (Dooley et al., 2004). TaqMan real-time PCR 

is more suitable for multiplexing applications as it exploits several different 

fluorescent labelled probes that are intended to join the target sequence among the 

forward and reverse primers. The different fluorophores can be separately identified 

however in the same reaction therefore removing the need to run a gel to distinguish 

products based on size. TaqMan real-time PCR depends on on the 5‘-3‘ exonuclease 

activity of Taq Polymerase. When the probe is in one piece, the unique wavelength of 

fluorescence emanated by the fluorophore is concealed by a slaking molecule. 

Nonetheless, when Taq polymerase increases the target DNA, it digests the probe thus 

discharging the fluorophore and quencher from the probe. As the covering action of 

the quencher is reliant on being in close vicinity to the fluorophore, when the probe is 

consumed they separate and the fluorescence is identified and can be measured for 

unbiased analysis (Kesman et al., 2009). 

 Barcoding initiatives are still in process all around the world and most of them 

are in close interaction with Consortium for the Barcode of Life. CBOL is dedicated 
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in making DNA barcoding as a customary process for the identification of species. 

Key tool in this method is to work with The International Barcode of Life project. 

Their foremost aim is to generate a DNA barcode reference library for all species and 

this indicates it to be the major biodiversity genomics enterprise in the world. In 2015, 

Collaborators from 25 different countries are now involved in attaining the goal to 

achieve barcodes of 500,000 different species. There are also many subdivisions 

arisen from CBOL. The Fish Barcode of Life movement is a group with the objective 

to collect fish barcodes from worldwide and shift in one vast database that will 

function as a consistent reference library for fish species. Barcoding of bees, is an 

alternative example and the third example is Sponge Barcoding Project (Hebert et al., 

2004). 

 DNA sequence data enclose a higher perseverance of information when 

matched with methods such as RFLP fragment length variation. The progress of the 

DNA barcoding method (Hebert et al., 2003a) has simplified a consistent technique 

using sequence data, disabling some of the difficulties recognized with prior methods 

(Federhen, 2011). DNA barcoding uses a sequence data that is taken from a short 

∼650 bp fragment of the protein-coding mitochondrial cytochrome c oxidase I gene, 

for animals. The basic advantage of a DNA barcoding method is its regularization. 

Widespread and preserved primers are capable of amplifying a homologous gene 

region across various domains of life, and more correction is accomplished through 

joint lab protocols and data organization systems. With every innovative sequence, 

the reference database can then be upgraded and developed in terms of both 

interspecific and intraspecific variation (Borisenko et al., 2009). 

 Classic method of barcoding for biosecurity can include introducing travelers 

an imported agricultural product thereby applying to species and notifying an 
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appropriate biosecurity reaction based on the pest status of the organism selected 

(Armstrong and Ball, 2005). For ornamental fish aquarium, it is typically the status of 

the imported species that is alarming. Addition to this is the usage of DNA barcoding 

for wildlife forensics, where organized and frequently threatened species are dealt 

(Reid et al., 2011). Authorized cases including trade in illegal animals or byproducts 

are related to that of biosecurity, with risks and tasks being significant, i.e. improper 

examinations or treasured consignments unreasonably ruined. Authentication of the 

method is thus essential for the acceptability of a DNA test in court. The procedure of 

authentication is to guarantee ―that a laboratory method is strong, trustworthy, and 

capable of being reproduced‖ (Alacs et al., 2010).  

Growth rate from hatching to marketable size is a fundamental attribute of 

concentration in selection programs of most financial fish and has an inherent 

connection with efficiency and gainfulness of aquaculture organizations. Growth of 

vertebrates (counting fish) is basically constrained by the growth hormone (GH) 

(insulin-like growth factor-I (IGF-I) axis) (De-Santis and Jerry, 2007).  

 Growth hormone which is created by the declaration of GH gene is viewed as 

a main dominant candidate gene especially for monetarily significant attributes. GH 

genes had been considered broadly in various kind of species, for example, humans, 

bovines, rodents, porcines and ovines. The noteworthiness of growth hormone as an 

inert growth advancing operator has been perceived, and GH gene has been appeared 

to improve growth rate in various species, including fish. Growth in fishes is 

maintained by a lot of ecological and physiological factors. It is formed by the genetic 

background of every and each species. The studies on last time microarray of 

salmonid growth examination shows that fish experiences rather enhanced muscle 

growth patterns after refeeding. It may also experience such conditions by the 
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influence of transgenesis and growth hormone (Kocmarek et al., 2014). 

The gene of a growth hormone in warm blooded animals and bird‘s genome is 

typically spoken to by a solitary copy. However, exemptions have been accounted for. 

Structure of growth hormone gene in fish is not the same as that of different 

vertebrates and comprises of six exons and five introns. In progressively uncommon 

cases, genes with five exons and four introns have been accounted for. The growth 

hormone gene is spoken to by two nonlinked useful paralogues gh1 and gh2, in 

numerous types of fish (Sekar et al., 2014).   

As poikilotherms, fish are especially delicate to temperature which can 

influence essentially all natural procedures in fish including development. By and 

large, hotter temperatures are related with expanded development; however, reactions 

to temperature contrast between species. Expanded temperatures are commonly 

connected with an expansion in plasma GH and IGFs in fish recommending that the 

GH-IGF pivot assumes a job in intervening the impacts of temperature on 

development (Gabillard et al., 2005). Because of the unpredictability of this 

framework and the heap of natural elements ready to impact it, the particular impacts 

of temperature on the development pace of fish are still to a great extent indistinct. 

Muscle growth is also regulated by genes that control protein turnover 

including, cathepsin, ubiquitin, calpain, and caspase genes. In addition, growth is 

regulated by factors that control metabolism and the availability of energy and 

nutrients. These include ghrelin, which can both decrease and increase food intake 

and specific growth rate and leptin, which inhibits food intake (Chisada et al., 2014). 

There are numerous traits which have been targeted for building the efficiency 

and at last productivity of aquaculture forms. Of these traits, growth has been from 

times very important. An expansion in growth ration encourages the fish to grow to 



Chapter 2 Literature Review 

26 

 

size of harvesting in just a short period of time. In this way, it maximizes the fish 

production. Similarly, it also increases efficiency along with profitability (De Santis et 

al., 2011). Growth hormone (GH) has a great impact on process of growth, digestion 

and cellular differentiation in vertebrate organisms (Herrington and Carter-Su 2001;). 

A lot of somatotropic genes, including growth hormone (GH) in addition to GH 

receptor genes and insulin-like growth factors (IGFs), are up-regulated in different 

tissues. They are up-regulated in faster growing strains or individuals in several 

species including Nile tilapia, Oreochromis niloticus (Huang et al., 2012). Similarly, 

the species list also includes smooth tongued sole, Cynoglossus semilaevis (Ma et al., 

2011), along with the channel catfish, Ictalurus punctatus (Peterson et al., 2004). 

Though, rainbow trout growth hormone (GH) with transgenic and growth selected 

domesticated traits showed differential expression of genes. The expression shown 

was regarding different traits including metabolism and immune functionality. Along 

with that, detoxification, and transcription regulation in the liver also included those 

properties. These properties were then compared to properties of wildtype control fish 

(Gahr et al., 2008). 

The pathways depicted here make up the significant flagging pathways of the 

GH-IGF axis. Be that as it may, as expressed, the guideline of development is 

exceedingly intricate and might be impacted by numerous different pathways and 

boosts. For instance, it is realized that development and the GH-IGF axis are 

influenced by natural factors, for example, sustenance, temperature, photoperiod, and 

conduct (Bjornsson et al., 2002; Gabillard et al., 2005). 

Aquaculture is the quickest developing sustenance generation industry with 

fin-fish making up the biggest extent of aquaculture species and 73.8 million tons 

gathered in 2014 (FAO, 2016).  
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Understanding growth is of incredible noteworthiness for animal breeding 

programmes expecting to expand generation effectiveness. Improving development 

rate lessens the time required for raising creatures and enabling the creature item to 

arrive at market on time is of prime importance today. In addition, improving the 

generation productivity of creature rearing projects is ending up progressively 

significant as interest for protein for human utilization ascends with expanded 

worldwide populace, and as endeavors are made to lessen the ecological effects of 

animal breeding programmes. Particular rearing includes recognizing variations 

related with an attractive characteristic and reproducing (Gjedrem et al., 2012). 

Development is a complex and dynamic process that is directed by various 

hereditary and ecological variables. Natural variables are equipped for improving or 

subduing the expression of genes underlying basic distinctive growth traits 

(Danzmann et al., 2016). Temperature assumes a key job in poikilothermic animals, 

for example, fish as it can influence practically all natural procedures (Hochachka and 

Somero, 2002). Because of the impacts of temperature on poikilotherms, an 

expanding number of studies are developing that research how temperature influences 

significant traits, for example, growth. These investigations are additionally especially 

helpful for creating ideal conditions for raising fish in captivity and foreseeing 

reactions of fish species to environmental change. The advancement of high 

throughput, cutting edge sequencing innovations has given a novel technique for 

transcriptome examination called RNA sequencing. As of late, RNA sequencing has 

been utilized to research the molecular components associated with temperature 

adoptation and acclimation of teleost fish, for example, catfish chinhook salmon 

(Tomalty et al., 2015), rainbow trout  and zebrafish (Scott and Johnston, 2012). 

The vast majority of phenotypic variation is thought to be a result of 
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quantitative genetic variation where individual phenotypic traits are determined by the 

cumulative effects of multiple regions of a genome and environmental factors 

(Mackay, 2001). Growth is an ordinarily examined quantitative characteristic because 

of its essentialness in animal breeding projects, for example, for agriculture and 

aquaculture. Thusly, the control of growth traits and related pathways are generally all 

around portrayed in vertebrate species utilized as livestock. Vertebrate growth is a 

complex and exceptionally planned procedure. Growth traits can be impacted by a 

large number of ecological variables including temperature, photoperiod, food 

availability, and disease (Johnston, 2006; Reinecke, 2010) and also by underlying 

genetic variation (Mullis, 2005). The essential framework managing somatic 

development in vertebrates is the growth hormone (GH) – insulin-like growth factor 

(IGF) axis and is profoundly rationed crosswise over vertebrate species (Moriyama et 

al., 2000). 

Pituitary organ is a master organ in vertebrates that delivered and emitted a 

pluripotent hormone known as a growth hormone (GH). It is a fundamental 

polypeptide required for growth and development of vertebrates. GH is likewise 

associated with numerous other physiological procedures, for example, multiplication, 

starch digestion, skeletal and delicate tissue growth, lipid preparation, nitrogen 

maintenance, rummaging conduct, hostility, predator avoidance, invulnerable function 

and guideline of ionic and osmotic parity in fish (Perez-Sanchez, 2000). 

The hypothalamus produces opposing polypeptides, growth hormone-

releasing hormone (GHRH) and growth hormone-inhibiting hormone (GHIH) also 

known as somatostatin. Hypothalamic hormones generation is constrained by pituitary 

gland. GH ties to its receptors in the target organs predominantly in the liver and 

animates amalgamation and arrival of insulin growth factor-1 (IGF-1). IGF-1 is 
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associated with the guideline of protein, lipid, starch, mineral digestion in the cells, 

separation and generation of the cells, and eventually body growth. The activities of 

IGF-1 are encouraged by the IGF receptor. A wide assortment of tissues, for example, 

brain, muscle, kidney, and gut likewise produce IGF-1 locally. Halibut liver is the 

essential site of IGF production (Brown et al., 2014). 

In spite of the fact that the essential GH-IGF regulation of development is 

preserved in vertebrates (Moriyama et al., 2000), fish represent a special model for 

considering the key instruments managing development. In different vertebrates, for 

example, warm blooded animals, somatic muscle development is accomplished 

through GH hypertrophy (increase in cell size) of muscle strands framed before birth. 

This procedure is determinate, just happening in early life stages. In fish be that as it 

may, muscle development is indeterminate, happening all through GH the entire life 

cycle of a fish, and can be accomplished through both hypertrophy and hyperplasia 

(cell proliferation) (Mommsen, 2001). Moreover, the complexity of the GH-IGF pivot 

in fish is expanded because of a whole genome duplication (WGD) occasion that is 

thought to have happened in the common ancestor of all teleosts (Glasauer and 

Neuhauss, 2014). This has brought about both ortholog and paralog genes being held 

in surviving teleost species. 

The analyses that can be compared between species include polymorphism 

discovery, small RNA identification and gene and genome annotation (Sarropoulou 

and Fernandes, 2011). Using a comparative approach can accelerate the rate at which 

genetic knowledge can be gained for emerging aquaculture species. As the GH-IGF 

axis is largely conserved from mammals to fish, aquaculture species have largely 

benefited from the extensive knowledge of mammal growth systems by using 

comparative gene approaches (Moriyama et al., 2000). As the demand for improved 
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aquaculture production increases, it is expected that the application of these genetic 

techniques to aquaculture species will also increase (Gjedrem et al., 2012). The 

knowledge gained from these studies can be used to assist in selective breeding 

programmes aimed at increasing the growth rate of a target species. 

Somatotrophic axis is the fundamental intrinsic regulators of growth. 

Somatotrophic axis is made out of growth hormone (GH) along with GH directing 

factors (GH releasing factor and somatostatin) in addition with the results of GH 

discharges from the liver by linking to GH receptors, including IGFs (insulin-like 

growth factors). Positively, it is resolved that few of these genes (GH, GHR2, GHR1, 

IGF2, and IGF1) are upregulated in an assortment of tissues which are brain, skeletal 

tissues, muscle tissues, and liver from faster developing strains inside a lot of species 

including Nile tilapia (Oreochromis niloticus), smooth tongued sole (Cynoglossus 

semilaevis) and channel catfish (Ictalurus punctatus). Concentrates on GH-transgenic 

rainbow trout have additionally uncovered that liver-explicit gene articulation 

examples are increasingly like those seen in better developing trained rainbow trout, 

diverged from more slow growing wild species fish (Huang et al., 2012). 

Growth hormone (GH) is associated with numerous significant physiological 

capacities, for example, development, digestion, cell separation, insusceptibility and 

multiplication in vertebrate. Growth is midway managed by the hypothalamic–

pituitary pivot with the help of growth hormone (GH) also known as prolactin or 

somatolactin hormone families. These are additionally engaged with the help of 

encouraging conduct, safe capacity, digestion and osmoregulation (Kawauchi and 

Sower, 2006). It was noticed that there are two diverse GHR genes present in fish. In 

earlier years it was accepted that solitary single gene encoding growth hormone 

receptor (GHR) was available in vertebrates however as of late two diverse GHR-like 
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genes namely eGHR1 and eGHR2. These two genes have been inspected in Japanese 

eel. 

In late decades, hereditary building endeavors have concentrated on the 

creation of quickly developing transgenic creatures with embedded growth hormone 

gene into their genome, other than the immediate usage of hormone in species. In this 

manner, advancement in gene exchange innovation has coordinated to making GH 

transgenic fish that present a significantly improved growth, including growth 

enhanced transgenic coho salmon, mud loach, common carp, Atlantic salmon, and 

tilapia species. The growth hormone (GH) gene has been cloned and sequenced from 

a few types of teleost fish species, as a result of its capability to improve the growth 

pace of fishes in aquaculture (Devlin et al., 2006). 

The association between growth of fish and GH gene genotypes has been 

considered like in Atlantic salmon (Salmo salar) and Arctic char (Salvelinus alpinus) 

(Tao et al., 2011). This association has also been studied in olive flounder 

(Paralichthys olivaceus) (Kang et al., 2002). As of late, GHR cDNA sequences have 

likewise been recognized from a few fishes, for example, goldfish (Carassius 

auratus) (Lee et al., 2001). Similarly same sequences has been recognized in Japanese 

eel (Anguilla japonica) (Ozaki et al., 2006) and gilthead sea bream (Sparus aurata) 

along with Mozambique tilapia (Oreochromis mossambicus) (Kajimura et al., 2004). 

Growth fluctuates among the classes of vertebrates, aside from its value in 

growth enhancement. Pangasianodon hypophthalmus is a quickly developing catfish, 

which have the capability to grow up to or even more than 3 kg in a year on a 

balanced diet. Thusly, transgenesis is a viable strategy than the conventional selective 

breeding technique to deliver another fish strain with better growth genes in light of 

the fact that the quick growth pace of the fish could be a significant characteristic for 
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transgenesis. The capacity of the gene is recognized by the delivery of hormone in a 

heterologous framework. Thus, by knowing the status of growth hormone (GH) gene 

while examining the transformative relationship of fishes with its potential in the 

growth improvement of aquaculture species, the study shows that the total growth 

hormone (GH) gene of Pangasianodon hypophthalmus was secluded and portrayed, 

and sub-atomic phylogeny was contemplated. The tissue-explicit phenotypes of the 

gene were also considered (Bart et al., 2010). 

Quantitative hereditary strategies have isolated the measure of phenotypic 

variety into hereditary and ecological elements and distinguished critical measures of 

added genetic variety controlling growth related attribute. As of late, chromosomal 

areas have been situated by quantitative trait locus (QTL) investigations that influence 

polygenetic genes, including growth. These investigations have found numerous 

locales all through the genome with consequences for growth and have demonstrated 

that QTL can fluctuate between strains inside a species and environments (Laine et 

al., 2013). 

A focal point of research into growth has been revolved around distinguishing 

type I markers related with competitor genes for development. Various candidate 

genes for development have been accounted for fish with specific accentuation on 

GH, IGF1, IGF2, and MSTN. Both VNTRs and SNPs related with development genes 

have been recognized in fish for GH (Hilsdorf, 2017) and IGF2, while just SNPs have 

been related with growth traits in IGF1 and MSTN. Genome-wide scans to search for 

measurable relationship between countless hereditary loci and attractive generation 

attributes would now be able to be done utilizing genome-wide association (GWAS), 

and quantitative quality loci (QTL) contemplates. Genome-wide investigations, for 

example, these have been completed in monetarily significant aquaculture species, for 
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example, Atlantic salmon, rainbow trout, and enormous head carp. These genome-

wide methodologies are helpful for the distinguishing proof of loci related with 

quantitative traits, for example, growth, which are affected by an enormous number of 

genes with little impact (Wellenreuther and Hansson, 2016). 

Comparative genetics is an amazing asset that empowers the exchange of 

discoveries from investigations of model species to firmly related non-model species 

(Sarropoulou and Fernandes, 2011). Because of the rationed idea of the GH gene in 

fish, there is a huge potential for comparative studies to quicken the rate at which 

hereditary advances can be made for rising aquaculture species. 

 Key protein known as Actin plays a pivotal part in keeping cell compartments, 

cell multiplication, cell movement and cell signaling (Xiao et al., 2011). Among 

Actins, β-actin is widely announced as reference gene due to its constant expression 

among individuals. They are designated as housekeeping genes because of their 

ability to standardize the gene expression. Although current investigations have 

revealed that expression of this internal control gene is influenced by some stimuli 

during growth and development as well as in case of stress conditions (Ruan and Lai, 

2011). β-actin is recently studied in some fishes like Acipenser baerii, Oreochromis 

aureus (Hu et al., 2012) and Epinephelus coioides (Zhang et al., 2014). 

  



Chapter 3 Materials and Methods 

34 

 

Chapter 3 

Materials and Methods  

3.1 Sample Selection for Barcoding Analysis  

 River Chenab is the second largest river of Pakistan after Indus river. This 

river originates from Himalayans Mountains and after covering its path through 

Kashmir it enters into Pakistan. River Chenab combines with River Jhelum at Trimmu 

Barrage district Jhang Punjab Province of Pakistan. Later it unites with River Ravi 

followed by River Sutlej and then falls into Indus near Mithankot.   

3.1.1 Blood Sample Collection 

 The freshwater fishes (n=210; 30 sample of each fish) including Indian major 

carp (Labeo rohita, Cirrhinus mrigala, Catla catla) catfishes; Wallago attu, Rita rita, 

Bagarius bagarius, and one Chichlid, Coptodon zillii were captured by gill nets from 

different regions of  River Chenab near Head Trimmu District Jhang. 

 Blood samples were taken from caudal vein and these samples were further 

preserved in EDTA coated vials in order to prevent blood clotting. The volume of 

blood in each vial was almost 1ml. The average length of these experimental fishes 

was 28±5 cm and average weight was 900±100g. There is a central contrast amongst 

mammalian and fishes RBCs: In fishes all RBCs are nucleated, while in warm 

blooded creature's just leukocytes. The Morphological identification of all the selected 

fishes was done with the help of fish identification key provided by Punjab Fisheries 

Department. 
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Fig 1: Map showing the four different sampling localities along river Chenab Pakistan. 

 



Chapter 3 Materials and Methods 

36 

 

   

(a) Wallago attu       (b) Rita rita 

 

 

   

(c) Coptodon zillii     (d) Cirrhinus mrigala 

 

 

  

(d) Labeo rohita      (e) Catla catla  

 

 

 

(f) Bagarius bagarius  

 
Fig 2: Selected fish species for identification through DNA barcoding  
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3.2 DNA Extraction and Quantification  

 The whole blood samples were used for DNA extraction using standard 

organic method (Sambrook and Russell, 2006a). The step by step DNA extraction is 

as follows: 

3.2.1 The Sample Wash  

 The sample size for the DNA extraction was 200ul and taken in 1500ul 

Eppendorf vessel. Then it was washed with lysis buffer (Tris HCl 10mM and EDTA 

2mM, pH 8.0) to remove the haem from the blood. After adding lysis buffer the blood 

samples were being centrifuged at 8000 rpm for 15-minutes to settle down the cell 

debris in the form of a solid pellet. Supernatant was then removed and the pellet was 

scattered or smashed. The washes with lysis buffer were repeated at least three times 

to remove all the haem from the blood. 

3.2.2 Protein Digestion  

 Afterwards specific amount of (250ul) TNE Buffer (Tris HCl 10mM, NaCl 

400mM and EDTA 2mM), SDS (Sodium Dodecyl Sulfate) (10%) and 50ul Proteinase 

K (10mg/ml) (an enzyme to digest all kind of proteins) were added to that smashed 

pellet and the Eppendorf vessel was set in the water-bath for 16 to 20 hours at 37°C 

for the further digestion of all kind of proteins in the samples. 

3.2.3 Precipitation of Nucleic Acid 

 After taking out of water bath, 300ul PCI (Phenol-Chloroform Isoamyl 

alcohol) was added to the whole solution and vortexed the reaction vessel gently to 

mix the contents till homogeneity. Then reaction vessels were centrifuged at 13000 

rpm for 15 mints. It separates the nucleic acid contents from proteins on the basis of 

partition coefficient in between different liquids. The nucleic acid dissolves in upper 

aqueous layer hence it was carefully extracted from the lower alcoholic mixture. 
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Taking the upper aqueous layer in a new Eppendorf vessel and added 1:1 ratio of 

Isopropanol in it and vortexed the tube for several times to precipitate out the DNA 

thread. On seeing in front of white light very thin and fragile short threads were seen 

in the solution. The isopropanol solution was then centrifuged at 13000 rpm for 10 

mints to concentrate the DNA at the bottom of the vessel. 

3.2.4 Alcohol Washing 

 After removing the supernatant isopropanol, chilled ethanol was added to the 

residual pellet and the set for half an hour in a dark cold place. Then centrifuged the 

samples at 13000 rpm for 10 mints and poured off the supernatant ethanol and let the 

vessels to dry for overnight period of time. Then added 50ul DI water in the samples 

and put them in the freezer until electrophoresis (Sambrook and Russell, 2006b; 

Ozcelik et al., 2012). 

3.2.5 DNA Quantification  

 The quantification of DNA was made and confirmed with DNA ladder as a 

standard in gel electrophoresis and nanodrop (2000/2000c Spectrophotometer, 

Thermo Scientific). Electrophoresis of DNA sample was processed in 1% agarose gel 

for 30 minutes at 90 V. The gel was placed in the gel documentation to identify the 

DNA bands. 

3.2.6 Gel Electrophoresis  

 0.5g of agarose powder was mixed in 50ml TAE 1X buffer, after boiling it in 

the oven to make a transparent solution, the solution was cooled down up to 40 degree 

centigrade. 8ul ethidium bromide (conc. 10 mg/ml) was added in it and mixed it 

homogeneously. Then it is poured into the caster and dried it until the gel got 

solidified. Then the gel was transferred into the gel electrophoresis. 3ul loading dye 

(Bromophenol blue) was used with 5ul DNA and the sample was loaded in the well of 
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gel prudently. The electrophoresis was performed at 90v for 30 minutes and then gel 

was visualized in the gel documentation system under UV light to assess the quantity 

and quality of the DNA. 

3.2.7 Nanodrop  

 Nanodrop technique was used to measure the quality and quantity of genome 

DNA (2000/2000c spectrophotometer, Thermo Scientific). 1ul DNA sample was 

measured at A260 and A280 nm with 5 sec. DNA concentration values ng/ul were 

noted along with the ratio 260/280 for purification purpose. 

Table 1: DNA quantification using the nanodrop (2000/2000c spectrophotometer, 

Thermo Scientific), few samples are shown below 

 

Sr.No. Sample Name Conc. ng/uL 260/280 ratio 

1 FISH-1 6.8 1.34 

2 FISH-2 9.2 1.43 

3 FISH-3 5.9 1.21 

4 FISH-4 8.7 1.12 

5 FISH-5 12.2 1.76 

6 FISH-6 14.5 1.48 

7 FISH-7 12.6 1.65 

8 FISH-8 15.3 1.62 

9 FISH-9 11.5 1.78 

10 FISH-10 9.7 1.16 

11 FISH-11 12.3 1.42 

12 FISH-12 4.7 0.98 

13 FISH-13 9.4 1.68 

14 FISH-14 10.5 1.71 

15 FISH-15 11.8 1.56 

16 FISH-16 14.3 1.52 

17 FISH-17 24.0 1.86 

18 FISH-18 22.8 1.74 

19 FISH-19 18.6 1.76 

20 FISH-20 26.5 1.67 

21 FISH-21 20.6 1.59 

22 FISH-22 18.7 1.66 

23 FISH-23 19.3 1.71 

24 FISH-24 17.6 1.44 

25 FISH-25 16.7 1.62 

26 FISH-26 8.5 1.57 

27 FISH-27 5.2 1.61 

28 FISH-28 7.7 1.15 

29 FISH-29 12.9 1.42 
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30 FISH-30 8.7 1.26 

31 FISH-31 14.6 1.64 

32 FISH-32 17.1 1.61 

33 FISH-33 21.4 1.52 

34 FISH-34 18.6 1.59 

35 FISH-35 13.8 1.53 

36 FISH-36 10.7 1.55 

37 FISH-37 6.4 1.4 

38 FISH-38 16.2 1.61 

39 FISH-39 14.4 1.32 

40 FISH-40 12.6 1.41 

41 FISH-41 14.8 1.28 

42 FISH-42 11.9 1.47 

 

3.3 Polymerase Chain Reaction (PCR) 

3.3.1 Primer Designing  

 Forward and Reverse primers of COI gene from mitochondrial DNA of 

freshwater fishes were taken from universal fish primers (Ward et al., 2015). The 

DNA barcode region (approximately 680 bp) of the COI gene was then amplified by 

using those universal primers. The length of both primers is 26bp―Oligo Calc. 

Oligonucleotide Properties Calculator‖ was used to detect the potential hairpin 

formation and complementarity of the selected primers. The designed primers 

exhibited no hairpin formation and there is zero complementarity. 

Table 2: Primer sequence detail used for fish COI gene amplification 

Gene Primers Sequence of primers Product size 

(bp) 

COI COI-F TCAACCAACCACAAAGACATTGGCAC 680 

COI-R TAGACTTCTGGGTGGCCAAAGAATCA 

 

3.3.2 Primer Optimization  

 Reaction mixture was used to optimize the primers by PCR condition. The 

precise annealing temperature was identified to acquire the amplification of the target 

sequence. In reaction mixture dNTPs, Taq DNA polymerase, Buffer, genomic DNA, 
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MgCl, forward primer and reverse primer are used in PCR tube.  

 The polymerase chain reaction (PCR) was accomplished using Thermocycler 

T100 BioRad (Ozcelik et al., 2012). For this PCR reaction, a reaction mixture of 25 ul 

was made in PCR tubes. This reaction mixture comprised of 2ul DNA template, 1ul 

dNTPs, 3ul Mgcl2, 3ul buffer, 0.4ul primer forward, 0.4 ul primer reverse, 0.4ul Taq 

polymerase enzyme, and 14.8ul deionized water. The PCR conditions for this typical 

reaction were; initial denaturation for 5 minutes at 95ºC, denaturation for 30 seconds 

at 95ºC, Annealing at 55ºC for 1 minute, extension at 72 ºC for 1 minute and final 

extension for 10 minutes at 72 ºC. 

3.3.3 PCR Product Confirmation 

 The samples obtained after PCR, amplification was run on 1.5% agarose gel. 

The gel was then placed in a gel documentation system for the confirmation of PCR 

bands of required size. The most suitable and clearly identified amplified products 

were sent for sequencing. 

3.3.4 PCR Sample Sequencing  

 PCR products were sequenced from 1st Base Laboratories Singapore by 

automated DNA sequencer (ABI PRISM 3130XL genetic analyzer, Applied 

Biosystem USA). 

3.3.5 Data analysis by Bioinformatics Tools  

 Amplicons were then analyzed using BioEdit and Mega 6.06 softwares for 

assembling, aligning and editing the sequences. Sequenced results analyzed through 

NCBI BLAST test to examine the similarity with the reported sequences. The 

evolutionary history was concluded using Neighbor-Joining method. Phylogenetic 

analysis was performed for CO1 gene barcoding conserved sequence for the 

barcoding of fishes in Pakistan. 
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3.4 Sample Collection for Growth Expression Analysis  

For analysis of growth gene expression, muscle tissue samples of Indian major 

carp species (Labeo rohita, Cirrhinus mrigala and Catla catla) were collected from 

Tahir Arshad Fish Farm District Khanewal Punjab Province Pakistan. Muscle tissue 

samples (n=120) were taken against each fish species and total sample size of three 

above mentioned fish species was 360.  

 Sampling was done on the base of extreme maximum and minimum weight of 

fishes under uniform farm conditions. From 120 samples of each fish species, 60 

samples were collected from fishes having extreme maximum weight and 60 from 

extreme low weight.  Fish species were weighed first and then tissue sample was 

collected in 1.5 ml centrifuge tube containing RNA later solution. RNA later solution 

is very effective against degradation of RNA inside tissue during field sampling. 

Along with weight the age of fish (in months) was also observed from date of fish 

seed stocking to fish harvest. Water quality parameters and feeding data was also 

collected from the selected site. 

Table 3: Water quality parameters and feeding data recorded during tissue 

sampling for growth expression 

 
Nursing and rearing stage Grow out stage 

Total age 

18 months 

July-Aug Sep-Nov Dec-Jan February March- October 

Feed CP level 

(%) 

Rice 

polish CP 

13 

Supreme 

aqua feed 

CP 25 

Due to low 

temperature 

partial 

feeding 

CP 25 

 

Due to low 

temperature 

partial 

feeding 

CP 25 

 

Supreme aqua 

feed 

CP 30 

DO (ppm) 5-6 5-6 5.5-7.5 5-8 4.7-7 

Temperature (ºC) 30-33 26-30 18-22 18-24 24-33 

pH 7.5-9.5 8-9.5 8.-9 7.5-9.5 7-9 

Salinity( ppt) <1 <1 <1 <1 <1 

TDS ( ppm) 2000-2500 2200-2600 2200-2600 2300-2500 2200-2800 

Ammonia ( ppm) 0.01-0.03 0.02-0.04 0.04-0.07 0.02-0.05 0.03-0.08 
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Table 4: Mean weights of high and low weight fishes at harvesting stage 

Species Age Mean (High 

weight) 

No. of 

samples 

Mean (Low 

weight) 

No. of 

samples 

Labeo rohita 18 months 1.8908kg 60 0.8265 kg 60 

Catla catla 18 months 2.7961kg 60 1.8378kg 60 

Cirrhinus mrigala 18 months 1.6453kg 60 0.6485kg 60 

 

3.4.1 RNA Isolation 

 Total RNA from muscle tissue was extracted after homogenizing fish tissue 

using TRIZOL® reagent (Thermo Fisher Scientific, USA). Following steps were 

taken under this protocol, 

 I took 200mg of tissue in 1ml Trizol solution. I homogenized it well and kept 

at room temperature. 

 I added 200μl of chloroform, shake vigorously for 15 minutes and kept at 

room temperature for 2-3 minutes. 

 Sample was centrifuged at 12000rpm for 15 minutes at 4°C. 

 The top clear layer was transferred to a new 1.5 ml centrifuge tube. 

 500μl of isopropanol was added and sample was kept at room temperature for 

10-15 minutes. 

 Sample was centrifuged at 12000rpm for 10 minutes at 4°C 

 Supernatant was removed and pallet was washed with 75% ethanol solution. 

 Again wash pallet with 75% ethanol solution. 

 For proper storage I dissolved pallet in 25μl DEPC treated water and sample 

was stored at -80°C. 

3.4.2 RNA Quantification 

 The extracted RNA was quantified through Nanodrop 2000/2000C 

spectrophotometer. Gel electrophoresis was also carried out for confirmation and size 

of extracted RNA. I used 1.2 % gel for this purpose. 
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3.4.3 cDNA Synthesis 

 Extracted total RNA was subjected to synthesize cDNA library using Revert 

Aid First Strand cDNA Synthesis Kit (K1622) by Thermo Fisher Scientific. The 

overall cDNA Synthesis protocol inside Thermocycler T100 BioRad is given in 

following table 

Table 5: Recipe and conditions for cDNA Synthesis 

Ingredients Quantity(μl) PCR conditions 

RNA 5  Annealing temperature: 

           25°C for 10 minutes dNTPs 0.8 

Buffer 2  Extension temperature: 

           37°C for 120 minutes Rt primer 2 

Rt enzyme 1  Rt enzyme denaturation 

temperature: 85°C - 5minutes RNase inhibitor 1 

Water 8.2  Storage: 4°C-infinte time 

  

The newly synthesized cDNA was stored in ice.  

3.4.4 Primer Designing and Optimization 

 For QPCR analysis Primers for growth hormone gene and housekeeping gene 

were designed (table) by using Primer Express 3.0 software. Beta-actin was selected 

as internal control for proper and efficient analysis of the real-time PCR data. 

Table 6: QPCR primers sequences 

Gene Primers Sequence of primers Product size 

GH GH –F ATAACGACTCCCTGCCACTG 111 bp 

GH –R CCTTGTGCATGTCCTTCTTG 

β-actin β-actin-F ACCCACACTGTGCCCATCTACG 146 bp 

β-actin-R ATTTCCCTCTCGGCTGTGGTGG 

 

 Reaction mixture was used to optimize the both primers (GH and β-actin) by 

PCR condition. The precise annealing temperature (60°C) was identified to acquire 

the amplification of the target sequence. In reaction mixture dNTPs, Taq DNA 

polymerase, Buffer, cDNA, MgCl, forward primer and reverse primer were used in 

PCR tube.  
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3.4.5 Real-time PCR 

 The differential growth gene expression of fishes having highest and lowest 

weight under uniform pond condition was quantified by using real-time PCR. The 

RT-PCR process was accomplished using PikoReal™ Real-Time PCR System. 

SYBER Green was used as fluorescent dye. The reaction mixture and RT-PCR 

conditions are listed below in table. 

Table 7: Recipe and conditions for RT-PCR 

Ingredients Quantity(μl) Real-time PCR conditions 

cDNA 5  Annealing temperature: 

           94 °C for 5 minutes        

           followed by 40 cycles 
Master Mix 5 

Pf 1  Extension temperature: 

            60 °C for 30 seconds) Pr 1 

Water 2  Rt enzyme denaturation 

temperature: 72 °C for 30 seconds 

 Storage: 4°C-infinte time 

 

 The melt curve assessment was executed at the end of each reaction to validate 

the amplicons from 60-85 °C with an increment of 0.5°C after every 10 seconds. 2 − 

ΔΔCT method was applied to analyze quantification results. Calibration of subsequent 

CT values was done by β-Actin which is used as a reference gene in this study. The 

differential growth gene expression was evaluated in different fishes with respect to 

their weight and the consequent fold variations in the level of targeted growth gene 

was recorded and analyzed. 
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Chapter 4 

Results 

 In this research, Mitochondrial Cytochrome c oxidase quality particularly 

codons inside subunit 1 (COI) of freshwater fishes of Pakistan was sequenced and 

adjusted. PCR items were around 650-680bp. All the perceived types of Pakistani 

freshwater fishes were found on the bank of River Chenab near Trimmu Barrage 

District Jhang Punjab Province of Pakistan. The Barcode Initiative is a push to 

attempt an atomic stock of freshwater fish biodiversity. Cytochrome Oxidase c 

subunit I (COI) sub-atomic labels for Pakistani freshwater fish species have been 

portrayed. COI barcode sequences for the seven types of freshwater fishes that live in 

River Chenab were created. These exhibited broadly unique haplotypes. Every 

barcode sequence was on an distinguishable range from those effectively portrayed 

for other fish species. We got species-particular COI standardized identification labels 

that can be utilized for recognizing seven different types of the Pakistani freshwater 

fish species considered. 

4.1 DNA Extraction and PCR Amplification  

 The genomic DNA from whole blood samples was extracted by using standard 

organic method (Sambrook and Russell, 2006a). The extracted DNA was confirmed 

by 1% agarose gel (Fig.) The amplified PCR products were checked by 1.5% agarose 

gel (Fig.) The most suitable and clearly identified amplified products were sent for 

sequencing. 

 

Fig 3: Extracted DNA as tested by 1% agarose gel electrophoresis 
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Fig 4: PCR product confirmation results on 1.5% agarose gel 

4.2 Sequence Analysis of COI Gene in Indian Major Carps and 

Four other Fresh Water Fishes  

 A partial sequence of COI gene was used and a consensus sequence was 

applied for further data analysis. COI sequences of (Labeo rohita, Cirrhinus mrigala, 

Catla catla) three freshwater catfishes (Bagarius bagarius, Rita rita, Wallago attu) 

and one cichlid Coptodon zillii were aligned and checked for species resemblance 

with reference sequences on NCBI and BOLD databases. The sequences showed 

maximum similarity with NCBI (99.2-99.9%) and BOLD (99.4-99.9%) references 

sequences of those species. Assigned accession numbers against the submitted 

sequences are mentioned in tables against each species. Maximum Likelihood tree 

method based on the Kimura 2-parameter model was applied for the phylogeny 

analysis of Pakistani identified fish species and species reported from Genbank and 

BOLD databases. 

4.2.1 Labeo rohita 

 Sequence analysis in Labeo rohita samples (n=18) within the sequenced data 

is as follows: The mean nucleotide length was 658bp. The Sites with alignment gaps 

or missing data was 0. Whereas Invariable (monomorphic) sites were found 644. The 
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Variable (polymorphic) sites were only 14 (Total number of mutations: 11). Singleton 

variable sites were 11 having site positions: 2, 9, 24, 42, 53, 248, 283, 593, 603, 607, 

642. The Parsimony informative sites score was 3. Site positions: 632, 645, 651. 

Number of the Haplotypes was 8. The haplotype diversity was Hd: 0.641 where 

nucleotide diversity was Pi: 0.00281. The mean intraspecific K2P genetic distance 

was .002. The nucleotide range in Labeo rohita was computed as T, 28%; C, 27.4%; 

A, 26.9%; G, 17.7% with combined composition as, A+T= 54.9%, G+C= 45.1%. 

 The estimated Transition/transversion bias R was 1.14. Rate of transitional and 

transversional substitution was 13.34% and 5.83% respectively. Tajima D test and the 

Fu and Li D and F tests (Tajima D: -2.05286; Fu and Li‘s D test: -2.3243; Fu and Li‘s 

F test: -2.5989) were also conducted. 

Table 8: Similarity of Pakistani Labeo rohita sequences with sequences of Labeo 

rohita available in BOLD and GenBank databases. 

 
Phylum Class Order Family Genus Species Similarity 

(%) 

Status 

Chordata Actinopeterygii Cypriniformes Cyprinidae Labeo rohita 100 Published 

Chordata Actinopeterygii Cypriniformes Cyprinidae Labeo rohita 100 Published 

Chordata Actinopeterygii Cypriniformes Cyprinidae Labeo rohita 100 Published 

Chordata Actinopeterygii Cypriniformes Cyprinidae Labeo rohita 100 Published 

Chordata Actinopeterygii Cypriniformes Cyprinidae Labeo stolizkae 98.84 Published 

 

 
Fig 5: Graphical representation of similarity index of Pakistani Labeo rohita sequences with 

Labeo rohita sequences available in BOLD and GenBank databases. 
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Table 9: Assigned accession numbers of Genbank submitted sequences of Labeo 

rohita 

 

Species name Common name Family Gene name Accession 

number 

Labeo rohita Rohu Cyprinidae COI MK690394 

Labeo rohita Rohu Cyprinidae COI MK519637 

Labeo rohita Rohu Cyprinidae COI MN355553 

Labeo rohita Rohu Cyprinidae COI MN355554 

Labeo rohita Rohu Cyprinidae COI MN355555 

Labeo rohita Rohu Cyprinidae COI MN355556 

 
Fig 6: Median-joining network indicating Labeo rohita haplotypes. Yellow circle denotes a 

haplotype and circle size represents haplotype frequency. Red color values show number of 

variation sites. 

 

The suggested sequences 

>PAK_Labeo rohita1 

CCGCCTTAAGCCTTCTTATCCGGGCTGAACTAAGCCAACCCGGATCGCTTCTAGGTGATG 

ACCAAATTTATAATGTTATTGTAACTGCCCACGCCTTCGTAATAATTTTCTTTATAGTAA 

TGCCCATCCTCATTGGAGGATTTGGGAACTGACTCGTGCCACTAATGATTGGAGCCCCAG 

ACATGGCATTCCCCCGTATAAACAACATAAGCTTCTGACTCCTACCCCCATCATTCCTAT 

TACTATTAGCCTCTTCCGGTGTAGAAGCTGGAGCTGGGACAGGATGGACAGTATACCCAC 

CTCTTGCAGGCAACTTAGCCCACGCAGGAGCATCAGTAGACCTAACAATTTTCTCACTTC 

ACTTAGCAGGAGTTTCATCAATTCTAGGGGCTATTAATTTTATTACTACAACTATTAATA 

TGAAACCTCCAGCCATCTCACAATATCAAACACCCTTATTCGTCTGATCTGTCCTAGTAA 

CCGCCGTACTACTTCTCCTCTCACTACCAGTACTGGCCGCTGGAATCACAATGCTTTTAA 

CAGATCGAAATCTGAATACTACATTCTTCGACCCGGCAGGAGGAGGGGACCCAATCCTTT 

ATCAACACCTATTCTGATTCTTTGGCCACC 

>PAK_Labeo rohita2 

CCTTAAGCCTTCTTATCCGGGCTGAACTAAGCCAACCCGGATCGCTTCTAGGTGATGACC 

AAATTTATAATGTTATTGTAACTGCCCACGCCTTCGTAATAATTTTCTTTATAGTAATGC 

CCATCCTCATTGGAGGATTTGGGAACTGACTCGTGCCACTAATGATTGGAGCCCCAGACA 
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TGGCATTCCCCCGTATAAACAACATAAGCTTCTGACTCCTACCCCCATCATTCCTATTAC 

TATTAGCCTCTTCCGGTGTAGAAGCTGGAGCTGGGACAGGATGGACAGTATACCCACCTC 

TTGCAGGCAACTTAGCCCACGCAGGAGCATCAGTAGACCTAACAATTTTCTCACTTCACT 

TAGCAGGAGTTTCATCAATTCTAGGGGCTATTAATTTTATTACTACAACTATTAATATGA 

AACCTCCAGCCATCTCACAATATCAAACACCCTTATTCGTCTGATCTGTCCTAGTAACCG 

CCGTACTACTTCTCCTCTCACTACCAGTACTGGCCGCTGGAATCACAATGCTTTTAACAG 

ATCGAAATCTGAATACTACATTCTTCGACCCGGCAGGAGGAGGGGACCCAATCCTTTATC 

AACACCTATTCTGATTCTTTGGCCACCC 

>PAK_Labeo rohita3 

CAACCCGGATCGCTTCTAGGTGATGACCAAATTTATAATGTTATTGTAACTGCCCACGCC 

TTCGTAATAATTTTCTTTATAGTAATGCCCATCCTCATTGGAGGATTTGGGAACTGACTC 

GTGCCACTAATGATTGGAGCCCCAGACATGGCATTCCCCCGTATAAACAACATAAGCTTC 

TGACTCCTACCCCCATCATTCCTATTACTATTAGCCTCTTCCGGTGTAGAAGCTGGAGCT 

GGGACAGGATGGACAGTATACCCACCTCTTGCAGGCAACTTAGCCCACGCAGGAGCATCA 

GTAGACCTAACAATTTTCTCACTTCACTTAGCAGGAGTTTCATCAATTCTAGGGGCTATT 

AATTTTATTACTACAACTATTAATATGAAACCTCCAGCCATCTCACAATATCAAACACCC 

TTATTCGTCTGATCTGTCCTAGTAACCGCCGTACTACTTCTCCTCTCACTACCAGTACTG 

GCCGCTGGAATCACAATGCTTTTAACAGATCGAAATCTGAATACTACATTCTTCGACCCG 

GCAGGAGGAGGGGACCCAATCCTTTATCAACACCTATTCTGATTCTTTGGCCACCCGGAA 

GTCT 

>PAK_Labeo rohita4 

GGAACCGCCTTAAGCCTTCTTATCCGGGCTGAACTAAGCCAACCCGGATCGCTTCTAGGT 

GATGACCAAATTTATAATGTTATTGTAACTGCCCACGCCTTCGTAATAATTTTCTTTATA 

GTAATGCCCATCCTCATTGGAGGATTTGGGAACTGACTCGTGCCACTAATGATTGGAGCC 

CCAGACATGGCATTCCCCCGTATAAACAACATAAGCTTCTGACTCCTACCCCCATCATTC 

CTATTACTATTAGCCTCTTCCGGTGTAGAAGCTGGAGCTGGGACAGGATGGACAGTATAC 

CCACCTCTTGCAGGCAACTTAGCCCACGCAGGAGCATCAGTAGACCTAACAATTTTCTCA 

CTTCACTTAGCAGGAGTTTCATCAATTCTAGGGGCTATTAATTTTATTACTACAACTATT 

AATATGAAACCTCCAGCCATCTCACAATATCAAACACCCTTATTCGTCTGATCTGTCCTA 

GTAACCGCCGTACTACTTCTCCTCTCACTACCAGTACTGGCCGCTGGAATCACAATGCTT 

TTAACAGATCGAAATCTGAATACTACATTCTTCGACCCGGCAGGAGGAGGGGACCCAATC 

CTTTATCAACACCTATTCTGATTCTTTGGCCACCCGGAAGTCTA 

>PAK_Labeo rohita5 

CCGCCTTAAGCCTTCTTATCCGGGCTGAACTAAGCCAACCCGGATCGCTTCTAGGTGATG 

ACCAAATTTATAATGTTATTGTAACTGCCCACGCCTTCGTAATAATTTTCTTTATAGTAA 

TGCCCATCCTCATTGGAGGATTTGGGAACTGACTCGTGCCACTAATGATTGGAGCCCCAG 

ACATGGCATTCCCCCGTATAAACAACATAAGCTTCTGACTCCTACCCCCATCATTCCTAT 

TACTATTAGCCTCTTCCGGTGTAGAAGCTGGAGCTGGGACAGGATGGACAGTATACCCAC 

CTCTTGCAGGCAACTTAGCCCACGCAGGAGCATCAGTAGACCTAACAATTTTCTCACTTC 

ACTTAGCAGGAGTTTCATCAATTCTAGGGGCTATTAATTTTATTACTACAACTATTAATA 

TGAAACCTCCAGCCATCTCACAATATCAAACACCCTTATTCGTCTGATCTGTCCTAGTAA 

CCGCCGTACTACTTCTCCTCTCACTACCAGTACTGGCCGCTGGAATCACAATGCTTTTAA 

CAGATCGAAATCTGAATACTACATTCTTCGACCCGGCAGGAGGAGGGGACCCAATCCTTT 

ATCAACACCTATTCTGATTCTTTGGCCACC 

>PAK_Labeo rohita6 

CCTTAAGCCTTCTTATCCGGGCTGAACTAAGCCAACCCGGATCGCTTCTAGGTGATGACC 

AAATTTATAATGTTATTGTAACTGCCCACGCCTTCGTAATAATTTTCTTTATAGTAATGC 

CCATCCTCATTGGAGGATTTGGGAACTGACTCGTGCCACTAATGATTGGAGCCCCAGACA 

TGGCATTCCCCCGTATAAACAACATAAGCTTCTGACTCCTACCCCCATCATTCCTATTAC 

TATTAGCCTCTTCCGGTGTAGAAGCTGGAGCTGGGACAGGATGGACAGTATACCCACCTC 

TTGCAGGCAACTTAGCCCACGCAGGAGCATCAGTAGACCTAACAATTTTCTCACTTCACT 

TAGCAGGAGTTTCATCAATTCTAGGGGCTATTAATTTTATTACTACAACTATTAATATGA 

AACCTCCAGCCATCTCACAATATCAAACACCCTTATTCGTCTGATCTGTCCTAGTAACCG 

CCGTACTACTTCTCCTCTCACTACCAGTACTGGCCGCTGGAATCACAATGCTTTTAACAG 

ATCGAAATCTGAATACTACATTCTTCGACCCGGCAGGAGGAGGGGACCCAATCCTTTATC 

AACACCTATTCTGATTCTTTGGCCACCC 

>PAK_Labeo rohita7 

CAACCCGGATCGCTTCTAGGTGATGACCAAATTTATAATGTTATTGTAACTGCCCACGCC 

TTCGTAATAATTTTCTTTATAGTAATGCCCATCCTCATTGGAGGATTTGGGAACTGACTC 

GTGCCACTAATGATTGGAGCCCCAGACATGGCATTCCCCCGTATAAACAACATAAGCTTC 

TGACTCCTACCCCCATCATTCCTATTACTATTAGCCTCTTCCGGTGTAGAAGCTGGAGCT 
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GGGACAGGATGGACAGTATACCCACCTCTTGCAGGCAACTTAGCCCACGCAGGAGCATCA 

GTAGACCTAACAATTTTCTCACTTCACTTAGCAGGAGTTTCATCAATTCTAGGGGCTATT 

AATTTTATTACTACAACTATTAATATGAAACCTCCAGCCATCTCACAATATCAAACACCC 

TTATTCGTCTGATCTGTCCTAGTAACCGCCGTACTACTTCTCCTCTCACTACCAGTACTG 

GCCGCTGGAATCACAATGCTTTTAACAGATCGAAATCTGAATACTACATTCTTCGACCCG 

GCAGGAGGAGGGGACCCAATCCTTTATCAACACCTATTCTGATTCTTTGGCCACCCGGAA 

GTCT 

>PAK_Labeo rohita8 

GGAACCGCCTTAAGCCTTCTTATCCGGGCTGAACTAAGCCAACCCGGATCGCTTCTAGGT 

GATGACCAAATTTATAATGTTATTGTAACTGCCCACGCCTTCGTAATAATTTTCTTTATA 

GTAATGCCCATCCTCATTGGAGGATTTGGGAACTGACTCGTGCCACTAATGATTGGAGCC 

CCAGACATGGCATTCCCCCGTATAAACAACATAAGCTTCTGACTCCTACCCCCATCATTC 

CTATTACTATTAGCCTCTTCCGGTGTAGAAGCTGGAGCTGGGACAGGATGGACAGTATAC 

CCACCTCTTGCAGGCAACTTAGCCCACGCAGGAGCATCAGTAGACCTAACAATTTTCTCA 

CTTCACTTAGCAGGAGTTTCATCAATTCTAGGGGCTATTAATTTTATTACTACAACTATT 

AATATGAAACCTCCAGCCATCTCACAATATCAAACACCCTTATTCGTCTGATCTGTCCTA 

GTAACCGCCGTACTACTTCTCCTCTCACTACCAGTACTGGCCGCTGGAATCACAATGCTT 

TTAACAGATCGAAATCTGAATACTACATTCTTCGACCCGGCAGGAGGAGGGGACCCAATC 

CTTTATCAACACCTATTCTGATTCTTTGGCCACCCGGAAGTCTA 

 

4.2.2 Catla catla 

 Average read length of COI sequences (n=17) in Catla catla was 650bp. The 

conserved sites (Invariable polymorphic sites) were 637 and variable polymorphic 

sites were 17. Out of 17 variable polymorphic sites, singleton variable characters were 

8 having site positions; 94 583 593 599 621 633 634 637 while variable characters 

with parsimony informative sites were 5 having site positions; 112 642 643 644 649. 

Number of haplotypes was 7. Mean haplotypes and nucleotide diversity was 0.596 

and 0.0031 respectively. The mean intraspecific K2P genetic distance was 0.001. 

Mean values of nucleotides in Catla catla was calculated as T, 28.4%; C, 27.1%; A, 

27.4%; G, 17.1% with combined composition as, A+T= 55.8%, G+C= 44.2%. The 

Transition/transversion bias value was R=1.81. Rate of transitional and transversional 

substitution was 16.09% and 4.46% respectively. The rate of population demographic 

changes (bottlenecks or expansions) and neutrality test was assessed by using two 

approaches; Tajima D test and the Fu and Li  D and F tests (Tajima D: -1.77517; Fu 

and Li‘s D test: -1.41677; Fu and Li‘s F test: -1.75084). 
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Table 10: Similarity of Pakistani Catla catla sequences with sequences of Catla catla available in 

BOLD and GenBank databases. 

 

Phylum Class Order Family Genus Species Similarity 

(%) 

Status 

Chordata Actinopeterygii Cypriniformes Cyprinidae Catla catla 100 Published 

Chordata Actinopeterygii Cypriniformes Cyprinidae Catla catla 100 Published 

Chordata Actinopeterygii Cypriniformes Cyprinidae Catla catla 100 Published 

Chordata Actinopeterygii Cypriniformes Cyprinidae Catla catla 100 Published 

Chordata Actinopeterygii Cypriniformes Cyprinidae Labeo barbatulus 98.02 Published 

 

 
Fig 7: Graphical representation of similarity index of Pakistani Catla catla sequences with Catla 

catla sequences available in BOLD and GenBank databases. 

 

Table 11: Assigned accession numbers of Genbank submitted sequences of Catla 

catla 
 

Species name Common name Family Gene name Accession 

number 

Catla catla Thaila Cyprinidae COI MK690395 

Catla catla Thaila Cyprinidae COI MK690396 

Catla catla Thaila Cyprinidae COI MK690397 

Catla catla Thaila Cyprinidae COI MN355562 

Catla catla Thaila Cyprinidae COI MN355563 

Catla catla Thaila Cyprinidae COI MN355564 

Catla catla Thaila Cyprinidae COI MN355565 

 

 
Fig 8: Median-joining network indicating Catla catla haplotypes. Yellow circle denotes a 

haplotype and circle size represents haplotype frequency. Red color values show number of 

variation sites. 
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The Suggested Sequences 

>PAK_Catla catla1 

GTAGGAACCGCCTTAAGCCTTCTCATCCGGGCTGAACTAAGTCAACCCGGATCGCTTCTA 

GGTGATGACCAAATTTATAATGTTATTGTAACTGCTCACGCCTTCGTAATAATTTTCTTT 

ATAGTAATACCTATCCTCATTGGAGGATTTGGAAACTGACTCGTGCCATTAATGATCGGA 

GCCCCAGATATGGCATTCCCCCGTATAAATAATATAAGCTTCTGACTCCTACCCCCATCA 

TTCCTATTACTACTAGCCTCCTCTGGTGTAGAAGCTGGGGCTGGAACAGGATGAACAGTA 

TATCCACCTCTTGCAGGCAACTTAGCCCACGCAGGAGCATCAGTAGACCTAACAATTTTC 

TCACTCCACTTGGCAGGAGTTTCATCAATCCTAGGGGCTATTAATTTCATCACCACAACT 

ATTAATATGAAACCTCCGGCCATCTCACAATATCAAACACCTTTATTTGTCTGATCCGTA 

CTTGTAACCGCCGTACTACTTCTCCTATCGCTACCAGTACTGGCCGCTGGCATTACAATG 

CTTTTAACAGATCGAAATCTAAATACTACATTCTTCGACCCAGCAGGGGGAGGAGACCCA 

ATCCTCTACCAACACCTATTCTGATTCTTTGGCCACCAAAAAGTCT 

>PAK_ Catla catla2 

GGAACCGCCTTAAGCCTTCTCATCCGGGCTGAACTAAGTCAACCCGGATCGCTTCTAGGT 

GATGACCAAATTTATAATGTTATTGTAACTGCTCACGCCTTCGTGATAATTTTCTTTATA 

GTAATACCTATCCTCATTGGAGGATTTGGAAACTGACTCGTGCCATTAATGATCGGAGCC 

CCAGATATGGCATTCCCCCGTATAAATAATATAAGCTTCTGACTCCTACCCCCATCATTC 

CTATTACTACTAGCCTCCTCTGGTGTAGAAGCTGGGGCTGGAACAGGATGAACAGTATAT 

CCACCTCTTGCAGGCAACTTAGCCCACGCAGGAGCATCAGTAGACCTAACAATTTTCTCA 

CTCCACTTGGCAGGAGTTTCATCAATCCTAGGGGCTATTAATTTCATCACCACAACTATT 

AATATGAAACCTCCGGCCATCTCACAATATCAAACACCTTTATTTGTCTGATCCGTACTT 

GTAACCGCCGTACTACTTCTCCTATCGCTACCAGTACTGGCCGCTGGCATTACAATGCTT 

TTAACAGATCGAAATCTAAATACTACATTCTTCGACCCAGCAGGGGGAGGAGACCCAATC 

CTCTACCAACACCTATTCTGATTCTTTGGCCACC 

>PAK_Catla catla3 

CCGCCTTAAGCCTTCTCATCCGGGCTGAACTAAGTCAACCCGGATCGCTTCTAGGTGATG 

ACCAAATTTATAATGTTATTGTAACTGCTCACGCCTTCGTGATAATTTTCTTTATAGTAA 

TACCTATCCTCATTGGAGGATTTGGAAACTGACTCGTGCCATTAATGATCGGAGCCCCAG 

ATATGGCATTCCCCCGTATAAATAATATAAGCTTCTGACTCCTACCCCCATCATTCCTAT 

TACTACTAGCCTCCTCTGGTGTAGAAGCTGGGGCTGGAACAGGATGAACAGTATATCCAC 

CTCTTGCAGGCAACTTAGCCCACGCAGGAGCATCAGTAGACCTAACAATTTTCTCACTCC 

ACTTGGCAGGAGTTTCATCAATCCTAGGGGCTATTAATTTCATCACCACAACTATTAATA 

TGAAACCTCCGGCCATCTCACAATATCAAACACCTTTATTTGTCTGATCCGTACTTGTAA 

CCGCCGTACTACTTCTCCTATCGCTACCAGTACTGGCCGCTGGCATTACAATGCTTTTAA 

CAGATCGAAATCTAAATACTACATTCTTCGACCCAGCAGGGGGAGGAGACCCAATCCTCT 

ACCAACACCTATTCTGATTCTTTGGCCACCCAGAAGTCT 

>PAK_Catla catla4 

GTAGGAACCGCCTTAAGCCTTCTCATCCGGGCTGAACTAAGTCAACCCGGATCGCTTCTA 

GGTGATGACCAAATTTATAATGTTATTGTAACTGCTCACGCCTTCGTGATAATTTTCTTT 

ATAGTAATACCTATCCTCATTGGAGGATTTGGAAACTGACTCGTGCCATTAATGATCGGA 

GCCCCAGATATGGCATTCCCCCGTATAAATAATATAAGCTTCTGACTCCTACCCCCATCA 

TTCCTATTACTACTAGCCTCCTCTGGTGTAGAAGCTGGGGCTGGAACAGGATGAACAGTA 

TATCCACCTCTTGCAGGCAACTTAGCCCACGCAGGAGCATCAGTAGACCTAACAATTTTC 

TCACTCCACTTGGCAGGAGTTTCATCAATCCTAGGGGCTATTAATTTCATCACCACAACT 

ATTAATATGAAACCTCCGGCCATCTCACAATATCAAACACCTTTATTTGTCTGATCCGTA 

CTTGTAACCGCCGTACTACTTCTCCTATCGCTACCAGTACTGGCCGCTGGCATTACAATG 

CTTTTAACAGATCGAAATCTAAATACTACATTCTTCGACCCAGCAGGGGGAGGAGACCCA 

ATCCTCTACCAACACCTATTCTGATTCTTTGGCCACCCAGAAGTCT 

>PAK_ Catla catla5 

GTAGGAACCGCCTTAAGCCTTCTCATCCGGGCTGAACTAAGTCAACCCGGATCGCTTCTA 

GGTGATGACCAAATTTATAATGTTATTGTAACTGCTCACGCCTTCGTAATAATTTTCTTT 

ATAGTAATACCTATCCTCATTGGAGGATTTGGAAACTGACTCGTGCCATTAATGATCGGA 

GCCCCAGATATGGCATTCCCCCGTATAAATAATATAAGCTTCTGACTCCTACCCCCATCA 

TTCCTATTACTACTAGCCTCCTCTGGTGTAGAAGCTGGGGCTGGAACAGGATGAACAGTA 

TATCCACCTCTTGCAGGCAACTTAGCCCACGCAGGAGCATCAGTAGACCTAACAATTTTC 

TCACTCCACTTGGCAGGAGTTTCATCAATCCTAGGGGCTATTAATTTCATCACCACAACT 

ATTAATATGAAACCTCCGGCCATCTCACAATATCAAACACCTTTATTTGTCTGATCCGTA 

CTTGTAACCGCCGTACTACTTCTCCTATCGCTACCAGTACTGGCCGCTGGCATTACAATG 

CTTTTAACAGATCGAAATCTAAATACTACATTCTTCGACCCAGCAGGGGGAGGAGACCCA 
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ATCCTCTACCAACACCTATTCTGATTCTTTGGCCACCAAAAAGTCT 

>PAK_Catla catla6 

GGAACCGCCTTAAGCCTTCTCATCCGGGCTGAACTAAGTCAACCCGGATCGCTTCTAGGT 

GATGACCAAATTTATAATGTTATTGTAACTGCTCACGCCTTCGTGATAATTTTCTTTATA 

GTAATACCTATCCTCATTGGAGGATTTGGAAACTGACTCGTGCCATTAATGATCGGAGCC 

CCAGATATGGCATTCCCCCGTATAAATAATATAAGCTTCTGACTCCTACCCCCATCATTC 

CTATTACTACTAGCCTCCTCTGGTGTAGAAGCTGGGGCTGGAACAGGATGAACAGTATAT 

CCACCTCTTGCAGGCAACTTAGCCCACGCAGGAGCATCAGTAGACCTAACAATTTTCTCA 

CTCCACTTGGCAGGAGTTTCATCAATCCTAGGGGCTATTAATTTCATCACCACAACTATT 

AATATGAAACCTCCGGCCATCTCACAATATCAAACACCTTTATTTGTCTGATCCGTACTT 

GTAACCGCCGTACTACTTCTCCTATCGCTACCAGTACTGGCCGCTGGCATTACAATGCTT 

TTAACAGATCGAAATCTAAATACTACATTCTTCGACCCAGCAGGGGGAGGAGACCCAATC 

CTCTACCAACACCTATTCTGATTCTTTGGCCACC 

>PAK_Catla catla7 

CCGCCTTAAGCCTTCTCATCCGGGCTGAACTAAGTCAACCCGGATCGCTTCTAGGTGATG 

ACCAAATTTATAATGTTATTGTAACTGCTCACGCCTTCGTGATAATTTTCTTTATAGTAA 

TACCTATCCTCATTGGAGGATTTGGAAACTGACTCGTGCCATTAATGATCGGAGCCCCAG 

ATATGGCATTCCCCCGTATAAATAATATAAGCTTCTGACTCCTACCCCCATCATTCCTAT 

TACTACTAGCCTCCTCTGGTGTAGAAGCTGGGGCTGGAACAGGATGAACAGTATATCCAC 

CTCTTGCAGGCAACTTAGCCCACGCAGGAGCATCAGTAGACCTAACAATTTTCTCACTCC 

ACTTGGCAGGAGTTTCATCAATCCTAGGGGCTATTAATTTCATCACCACAACTATTAATA 

TGAAACCTCCGGCCATCTCACAATATCAAACACCTTTATTTGTCTGATCCGTACTTGTAA 

CCGCCGTACTACTTCTCCTATCGCTACCAGTACTGGCCGCTGGCATTACAATGCTTTTAA 

CAGATCGAAATCTAAATACTACATTCTTCGACCCAGCAGGGGGAGGAGACCCAATCCTCT 

ACCAACACCTATTCTGATTCTTTGGCCACCCAGAAGTCT 

>PAK_Catla catla8 

GTAGGAACCGCCTTAAGCCTTCTCATCCGGGCTGAACTAAGTCAACCCGGATCGCTTCTA 

GGTGATGACCAAATTTATAATGTTATTGTAACTGCTCACGCCTTCGTGATAATTTTCTTT 

ATAGTAATACCTATCCTCATTGGAGGATTTGGAAACTGACTCGTGCCATTAATGATCGGA 

GCCCCAGATATGGCATTCCCCCGTATAAATAATATAAGCTTCTGACTCCTACCCCCATCA 

TTCCTATTACTACTAGCCTCCTCTGGTGTAGAAGCTGGGGCTGGAACAGGATGAACAGTA 

TATCCACCTCTTGCAGGCAACTTAGCCCACGCAGGAGCATCAGTAGACCTAACAATTTTC 

TCACTCCACTTGGCAGGAGTTTCATCAATCCTAGGGGCTATTAATTTCATCACCACAACT 

ATTAATATGAAACCTCCGGCCATCTCACAATATCAAACACCTTTATTTGTCTGATCCGTA 

CTTGTAACCGCCGTACTACTTCTCCTATCGCTACCAGTACTGGCCGCTGGCATTACAATG 

CTTTTAACAGATCGAAATCTAAATACTACATTCTTCGACCCAGCAGGGGGAGGAGACCCA 

ATCCTCTACCAACACCTATTCTGATTCTTTGGCCACCCAGAAGTCT 

 

4.2.3 Cirrhinus mrigala 

 Sequence analysis in Cirrhinus mrigala samples (n=14) within the sequenced 

data is as follows: The average read nucleotide length was 665bp. The sites with 

alignment gaps or missing data were 0. Invariable (monomorphic) sites were found 

649. The Variable (polymorphic) sites were only 16. Singleton variable sites were 5 

having site positions: 54 248 291 605 606. The Parsimony informative sites score was 

11 with site positions: 6 7 8 9 10 12 15 126 180 648 657. Number of the haplotypes 

was 8. The haplotype diversity was Hd: 0.890 while nucleotide diversity was Pi: 

0.00633. The mean intraspecific K2P genetic distance was 0.002. The nucleotide 

range in Cirrhinus mrigala was computed as T, 27.6%; C, 28.4%; A, 25.2%; G, 
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18.8% with combined composition as, A+T= 52.8%, G+C= 47.2%. The estimated 

Transition/transversion bias R was 2.61. Rate of transitional and transversional 

substitution was 18.08% and 3.46% respectively. Tajima D test and the Fu and Li D 

and F tests (Tajima D: -0.67065; Fu and Li‘s D test: -0.11719; Fu and Li‘s F test: -

0.10954) were also conducted. 

Table 12: Similarity of Pakistani Cirrhinus mrigala sequences with sequences of 

Cirrhinus mrigala available in BOLD and GenBank databases. 

 
Phylum Class Order Family Genus Species Similarity 

(%) 

Status 

Chordata Actinopeterygii Cypriniformes Cyprinidae Cirrhinus mrigala 100 Published 

Chordata Actinopeterygii Cypriniformes Cyprinidae Cirrhinus mrigala 100 Published 

Chordata Actinopeterygii Cypriniformes Cyprinidae Cirrhinus mrigala 100 Published 

Chordata Actinopeterygii Cypriniformes Cyprinidae Cirrhinus mrigala 99.86 Published 

Chordata Actinopeterygii Cypriniformes Cyprinidae Cirrhinus cirrhosus 98.76 Published 

 

 

Fig 9: Graphical representation of similarity index of Pakistani Cirrhinus mrigala sequences with 

Cirrhinus mrigala sequences available in BOLD and GenBank databases. 

 

Table 13: Assigned accession numbers of Genbank submitted sequences of 

Cirrhinus mrigala 

 
Species name Common name Family Gene name Accession number 

Cirrhinus mrigala Mori/Morakhi Cyprinidae COI MK820366 

Cirrhinus mrigala Mori/Morakhi Cyprinidae COI MK820367 

Cirrhinus mrigala Mori/Morakhi Cyprinidae COI MK820368 

Cirrhinus mrigala Mori/Morakhi Cyprinidae COI MK820369 

Cirrhinus mrigala Mori/Morakhi Cyprinidae COI MK820370 

Cirrhinus mrigala Mori/Morakhi Cyprinidae COI MN355557 

Cirrhinus mrigala Mori/Morakhi Cyprinidae COI MN355558 

Cirrhinus mrigala Mori/Morakhi Cyprinidae COI MN355559 

Cirrhinus mrigala Mori/Morakhi Cyprinidae COI MN355560 

Cirrhinus mrigala Mori/Morakhi Cyprinidae COI MN355561 
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Fig 10: Median-joining network indicating Cirrhinus mrigala haplotypes. Yellow circle denotes a 

haplotype and circle size represents haplotype frequency. Red color values show number of 

variation sites while red color circle specifies median vector. 

 

The Suggested Sequences 

>PAK_Cirrhinus mrigala1 

AGGAACTGCCTTAAGCCTTCTTATTCGGGCCGAGCTAAGCCAACCCGGATCGCTTCTAGG 

CGACGACCAAATTTACAATGTCATCGTCACTGCTCACGCCTTCGTTATAATTTTCTTTAT 

AGTAATGCCCATCCTCATTGGAGGATTTGGAAATTGACTCGTCCCATTAATGATTGGGGC 

CCCAGACATAGCATTCCCCCGTATAAACAACATAAGCTTCTGACTTCTACCCCCATCATT 

CCTGCTACTACTAGCCTCTTCTGGTGTTGAAGCTGGAGCTGGAACAGGATGAACGGTATA 

CCCGCCTCTTGCAGGAAATTTAGCCCACGCAGGAGCATCGGTAGACCTAACAATTTTCTC 

ACTTCACTTAGCGGGTGTTTCATCAATTCTAGGGGCTATTAATTTTATTACCACAACCAT 

CAACATGAAGCCCCCAGCCATCTCACAATACCAAACACCTCTGTTCGTTTGATCCGTGCT 

CGTAACCGCCGTACTGCTTCTTCTATCACTGCCAGTCCTAGCTGCTGGTATTACAATGCT 

CTTAACAGATCGAAACCTTAATACCACATTCTTCGACCCAGCAGGAGGGGGAGACCCAAT 

TCTCTACCAACACTTATTCTGATTCTTTGGCCACCCAGAAGTCTA 

>PAK_Cirrhinus mrigala2 

TAGGAACTGCCTTAAGCCTTCTTATTCGGGCCGAGCTAAGCCAACCCGGATCGCTTCTAG 

GCGACGACCAAATTTACAATGTCATCGTCACTGCTCACGCCTTCGTTATAATTTTCTTTA 

TAGTAATGCCCATCCTCATTGGAGGATTTGGAAATTGACTCGTCCCATTAATGATTGGGG 

CCCCAGACATAGCATTCCCCCGTATAAACAACATAAGCTTCTGACTTCTACCCCCATCAT 

TCCTGCTACTACTAGCCTCTTCTGGTGTTGAAGCTGGAGCTGGAACAGGATGAACGGTAT 

ACCCGCCTCTTGCAGGAAATTTAGCCCACGCAGGAGCATCGGTAGACCTAACAATTTTCT 

CACTTCACTTAGCGGGTGTTTCATCAATTCTAGGGGCTATTAATTTTATTACCACAACCA 

TCAACATGAAGCCCCCAGCCATCTCACAATACCAAACACCTCTGTTCGTTTGATCCGTGC 

TCGTAACCGCCGTACTGCTTCTTCTATCACTGCCAGTCCTAGCTGCTGGTATTACAATGC 

TCTTAACAGATCGAAACCTTAATACCACATTCTTCGACCCAGCAGGAGGGGGAGACCCAA 

TTCTCTACCAACACTTATTCTGATTCTTTGGCCACCCGGAAGTCTA 

>PAK_Cirrhinus mrigala3 

GGAACTGCCTTAAGCCTTCTTATTCGGGCCGAGCTAAGCCAACCCGGATCGCTTCTAGGC 

GACGACCAAATTTACAATGTCATCGTCACTGCTCACGCCTTCGTTATAATTTTCTTTATA 

GTAATGCCCATCCTCATTGGAGGATTTGGAAATTGACTCGTCCCATTAATGATTGGGGCC 

CCAGACATAGCATTCCCCCGTATAAACAACATAAGCTTCTGACTTCTACCCCCATCATTC 

CTGCTACTACTAGCCTCTTCTGGTGTTGAAGCTGGAGCTGGAACAGGATGAACGGTATAC 

CCGCCTCTTGCAGGAAATTTAGCCCACGCAGGAGCATCGGTAGACCTAACAATTTTCTCA 

CTTCACTTAGCGGGTGTTTCATCAATTCTAGGGGCTATTAATTTTATTACCACAACCATC 

AACATGAAGCCCCCAGCCATCTCACAATACCAAACACCTCTGTTCGTTTGATCCGTGCTC 
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GTAACCGCCGTACTGCTTCTTCTATCACTGCCAGTCCTAGCTGCTGGTATTACAATGCTC 

TTAACAGATCGAAACCTTAATACCACATTCTTCGACCCAGCAGGAGGGGGAGACCCAATT 

CTCTACCAACACTTATTCTGATTCTTTGGCCACCCAGAAGTCTAGTCT 

>PAK_Cirrhinus mrigala4 

AGTAGGAACTGCCTTAAGCCTTCTTATTCGGGCCGAGCTAAGCCAACCCGGATCGCTTCT 

AGGCGACGACCAAATTTACAATGTCATCGTCACTGCTCACGCCTTCGTTATAATTTTCTT 

TATAGTAATGCCCATCCTCATTGGAGGATTTGGAAATTGACTCGTCCCATTAATGATTGG 

GGCCCCAGACATAGCATTCCCCCGTATAAACAACATAAGCTTCTGACTTCTACCCCCATC 

ATTCCTGCTACTACTAGCCTCTTCTGGTGTTGAAGCTGGAGCTGGAACAGGATGAACGGT 

ATACCCGCCTCTTGCAGGAAATTTAGCCCACGCAGGAGCATCGGTAGACCTAACAATTTT 

CTCACTTCACTTAGCGGGTGTTTCATCAATTCTAGGGGCTATTAATTTTATTACCACAAC 

CATCAACATGAAGCCCCCAGCCATCTCACAATACCAAACACCTCTGTTCGTTTGATCCGT 

GCTCGTAACCGCCGTACTGCTTCTTCTATCACTGCCAGTCCTAGCTGCTGGTATTACAAT 

GCTCTTAACAGATCGAAACCTTAATACCACATTCTTCGACCCAGCAGGAGGGGGAGACCC 

AATTCTCTACCAACACTTATTCTGATTCTTTGGCCA 

>PAK_Cirrhinus mrigala5 

AGTAGGAACTGCCTTAAGCCTTCTTATTCGGGCCGAGCTAAGCCAACCCGGATCGCTTCT 

AGGCGACGACCAAATTTACAATGTCATCGTCACTGCTCACGCCTTCGTGATAATTTTCTT 

TATAGTAATGCCCATCCTCATTGGAGGATTTGGAAATTGACTTGTCCCATTAATGATTGG 

GGCCCCAGACATAGCATTCCCCCGTATAAACAACATAAGCTTCTGACTTCTACCCCCATC 

ATTCCTGCTACTACTAGCCTCTTCTGGTGTTGAAGCTGGAGCTGGAACAGGATGAACGGT 

ATACCCGCCTCTTGCAGGAAATTTAGCCCACGCAGGAGCATCGGTAGACCTAACAATTTT 

CTCACTTCACTTAGCGGGTGTTTCATCAATTCTAGGGGCTATTAATTTTATTACCACAAC 

CATCAACATGAAGCCCCCAGCCATCTCACAATACCAAACACCTCTGTTCGTTTGATCCGT 

GCTCGTAACCGCCGTACTGCTTCTTCTATCACTGCCAGTCCTAGCTGCTGGTATTACAAT 

GCTCTTAACAGATCGAAACCTTAATACCACATTCTTCGACCCAGCAGGAGGGGGAGACCC 

AATTCTCTACCAACACTTATTCTGATTCTTTGGCCA 

>PAK_Cirrhinus mrigala6 

AGGAACTGCCTTAAGCCTTCTTATTCGGGCCGAGCTAAGCCAACCCGGATCGCTTCTAGG 

CGACGACCAAATTTACAATGTCATCGTCACTGCTCACGCCTTCGTTATAATTTTCTTTAT 

AGTAATGCCCATCCTCATTGGAGGATTTGGAAATTGACTCGTCCCATTAATGATTGGGGC 

CCCAGACATAGCATTCCCCCGTATAAACAACATAAGCTTCTGACTTCTACCCCCATCATT 

CCTGCTACTACTAGCCTCTTCTGGTGTTGAAGCTGGAGCTGGAACAGGATGAACGGTATA 

CCCGCCTCTTGCAGGAAATTTAGCCCACGCAGGAGCATCGGTAGACCTAACAATTTTCTC 

ACTTCACTTAGCGGGTGTTTCATCAATTCTAGGGGCTATTAATTTTATTACCACAACCAT 

CAACATGAAGCCCCCAGCCATCTCACAATACCAAACACCTCTGTTCGTTTGATCCGTGCT 

CGTAACCGCCGTACTGCTTCTTCTATCACTGCCAGTCCTAGCTGCTGGTATTACAATGCT 

CTTAACAGATCGAAACCTTAATACCACATTCTTCGACCCAGCAGGAGGGGGAGACCCAAT 

TCTCTACCAACACTTATTCTGATTCTTTGGCCACCCAGAAGTCTA 

>PAK_Cirrhinus mrigala7 

TAGGAACTGCCTTAAGCCTTCTTATTCGGGCCGAGCTAAGCCAACCCGGATCGCTTCTAG 

GCGACGACCAAATTTACAATGTCATCGTCACTGCTCACGCCTTCGTTATAATTTTCTTTA 

TAGTAATGCCCATCCTCATTGGAGGATTTGGAAATTGACTCGTCCCATTAATGATTGGGG 

CCCCAGACATAGCATTCCCCCGTATAAACAACATAAGCTTCTGACTTCTACCCCCATCAT 

TCCTGCTACTACTAGCCTCTTCTGGTGTTGAAGCTGGAGCTGGAACAGGATGAACGGTAT 

ACCCGCCTCTTGCAGGAAATTTAGCCCACGCAGGAGCATCGGTAGACCTAACAATTTTCT 

CACTTCACTTAGCGGGTGTTTCATCAATTCTAGGGGCTATTAATTTTATTACCACAACCA 

TCAACATGAAGCCCCCAGCCATCTCACAATACCAAACACCTCTGTTCGTTTGATCCGTGC 

TCGTAACCGCCGTACTGCTTCTTCTATCACTGCCAGTCCTAGCTGCTGGTATTACAATGC 

TCTTAACAGATCGAAACCTTAATACCACATTCTTCGACCCAGCAGGAGGGGGAGACCCAA 

TTCTCTACCAACACTTATTCTGATTCTTTGGCCACCCGGAAGTCTA 

>PAK_Cirrhinus mrigala8 

GGAACTGCCTTAAGCCTTCTTATTCGGGCCGAGCTAAGCCAACCCGGATCGCTTCTAGGC 

GACGACCAAATTTACAATGTCATCGTCACTGCTCACGCCTTCGTTATAATTTTCTTTATA 

GTAATGCCCATCCTCATTGGAGGATTTGGAAATTGACTCGTCCCATTAATGATTGGGGCC 

CCAGACATAGCATTCCCCCGTATAAACAACATAAGCTTCTGACTTCTACCCCCATCATTC 

CTGCTACTACTAGCCTCTTCTGGTGTTGAAGCTGGAGCTGGAACAGGATGAACGGTATAC 

CCGCCTCTTGCAGGAAATTTAGCCCACGCAGGAGCATCGGTAGACCTAACAATTTTCTCA 

CTTCACTTAGCGGGTGTTTCATCAATTCTAGGGGCTATTAATTTTATTACCACAACCATC 

AACATGAAGCCCCCAGCCATCTCACAATACCAAACACCTCTGTTCGTTTGATCCGTGCTC 

GTAACCGCCGTACTGCTTCTTCTATCACTGCCAGTCCTAGCTGCTGGTATTACAATGCTC 
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TTAACAGATCGAAACCTTAATACCACATTCTTCGACCCAGCAGGAGGGGGAGACCCAATT 

CTCTACCAACACTTATTCTGATTCTTTGGCCACCCAGAAGTCTAGTCT 

>PAK_Cirrhinus mrigala9 

AGTAGGAACTGCCTTAAGCCTTCTTATTCGGGCCGAGCTAAGCCAACCCGGATCGCTTCT 

AGGCGACGACCAAATTTACAATGTCATCGTCACTGCTCACGCCTTCGTTATAATTTTCTT 

TATAGTAATGCCCATCCTCATTGGAGGATTTGGAAATTGACTCGTCCCATTAATGATTGG 

GGCCCCAGACATAGCATTCCCCCGTATAAACAACATAAGCTTCTGACTTCTACCCCCATC 

ATTCCTGCTACTACTAGCCTCTTCTGGTGTTGAAGCTGGAGCTGGAACAGGATGAACGGT 

ATACCCGCCTCTTGCAGGAAATTTAGCCCACGCAGGAGCATCGGTAGACCTAACAATTTT 

CTCACTTCACTTAGCGGGTGTTTCATCAATTCTAGGGGCTATTAATTTTATTACCACAAC 

CATCAACATGAAGCCCCCAGCCATCTCACAATACCAAACACCTCTGTTCGTTTGATCCGT 

GCTCGTAACCGCCGTACTGCTTCTTCTATCACTGCCAGTCCTAGCTGCTGGTATTACAAT 

GCTCTTAACAGATCGAAACCTTAATACCACATTCTTCGACCCAGCAGGAGGGGGAGACCC 

AATTCTCTACCAACACTTATTCTGATTCTTTGGCCA 

>PAK_Cirrhinus mrigala10 

AGTAGGAACTGCCTTAAGCCTTCTTATTCGGGCCGAGCTAAGCCAACCCGGATCGCTTCT 

AGGCGACGACCAAATTTACAATGTCATCGTCACTGCTCACGCCTTCGTGATAATTTTCTT 

TATAGTAATGCCCATCCTCATTGGAGGATTTGGAAATTGACTTGTCCCATTAATGATTGG 

GGCCCCAGACATAGCATTCCCCCGTATAAACAACATAAGCTTCTGACTTCTACCCCCATC 

ATTCCTGCTACTACTAGCCTCTTCTGGTGTTGAAGCTGGAGCTGGAACAGGATGAACGGT 

ATACCCGCCTCTTGCAGGAAATTTAGCCCACGCAGGAGCATCGGTAGACCTAACAATTTT 

CTCACTTCACTTAGCGGGTGTTTCATCAATTCTAGGGGCTATTAATTTTATTACCACAAC 

CATCAACATGAAGCCCCCAGCCATCTCACAATACCAAACACCTCTGTTCGTTTGATCCGT 

GCTCGTAACCGCCGTACTGCTTCTTCTATCACTGCCAGTCCTAGCTGCTGGTATTACAAT 

GCTCTTAACAGATCGAAACCTTAATACCACATTCTTCGACCCAGCAGGAGGGGGAGACCC 

AATTCTCTACCAACACTTATTCTGATTCTTTGGCCA 

 

4.2.4 Bagarius bagarius 

 Average read length of COI sequences (n=15) in Bagarius bagarius was 

647bp. The conserved sites (Invariable polymorphic sites) were 639 and variable 

polymorphic sites were 8. Out of 8 variable polymorphic sites, singleton variable 

characters were 6 having site positions; 10 11 363 645 646 647 while variable 

characters with parsimony informative sites were 2 having site positions; 6 7. Number 

of haplotypes was 6. Mean haplotypes and nucleotide diversity was Hd: 0.571 and Pi: 

0.0020 respectively. The mean intraspecific K2P genetic distance was 0.002. Mean 

values of nucleotides in Bagarius bagarius was calculated as T, 28.4%; C, 27.8%; A, 

25.4%; G, 18.4% with combined composition as, A+T= 53.8%, G+C= 46.2%. The 

Transition/transversion bias value was R=0.60. Rate of transitional and transversional 

substitution was 9.38% and 7.81% respectively. The rate of population demographic 

changes (bottlenecks or expansions) and neutrality test was assessed by using two 

approaches; Tajima D test and the Fu and Li  D and F tests (Tajima D: -1.74389; Fu 

and Li‘s D test: -1.73679; Fu and Li‘s F test: -1.99268). 
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Table 14: Similarity of Pakistani Bagarius bagarius sequences with sequences of 

Bagarius bagarius available in BOLD and GenBank databases. 

 
Phylum Class Order Family Genus Species Similarity 

(%) 

Status 

Chordata Actinopeterygii Siluriformes Sisoridae Bagarius bagarius 100 Published 

Chordata Actinopeterygii Siluriformes Sisoridae Bagarius bagarius 100 Published 

Chordata Actinopeterygii Siluriformes Sisoridae Bagarius bagarius 100 Published 

Chordata Actinopeterygii Siluriformes Sisoridae Bagarius bagarius 100 Published 

Chordata Actinopeterygii Siluriformes Sisoridae Bagarius yarrelli 99.12 Published 

 

 

Fig 11: Graphical representation of similarity index of Pakistani Bagarius bagarius sequences 

with Bagarius bagarius sequences available in BOLD and GenBank databases. 

 

Table 15: Assigned accession numbers of Genbank submitted sequences of 

Bagarius bagarius 

 
Species name Common name Family Gene name Accession number 

Bagarius bagarius Foji Khaga Sisoridae COI MN355566 

Bagarius bagarius Foji Khaga Sisoridae COI MN355567 

Bagarius bagarius Foji Khaga Sisoridae COI MN355568 

Bagarius bagarius Foji Khaga Sisoridae COI MN355569 

Bagarius bagarius Foji Khaga Sisoridae COI MN355570 

Bagarius bagarius Foji Khaga Sisoridae COI MN355571 

Bagarius bagarius Foji Khaga Sisoridae COI MN355572 

Bagarius bagarius Foji Khaga Sisoridae COI MN355573 

Bagarius bagarius Foji Khaga Sisoridae COI MN355574 

 

 

Fig 12: Median-joining network indicating Bagarius bagarius haplotypes. Yellow circle denotes a 

haplotype and circle size represents haplotype frequency. Red color values show number of 

variation sites. 
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The suggested sequences 

>PAK_Bagarius bagarius1 

TTGGCACAGCTCTTAGCCTCCTAATTCGGGCAGAGCTAGCCCAACCTGGCGCCCTTCTAG 

GCGATGACCAAATTTATAATGTCATTGTTACTGCTCACGCCTTTGTTATAATTTTCTTTA 

TAGTAATACCAATCATGATTGGTGGGTTCGGCAACTGACTAGTGCCACTAATGATTGGAG 

CTCCCGACATGGCATTCCCTCGAATAAATAACATAAGCTTCTGACTACTGCCCCCATCCT 

TTCTACTACTGCTTGCCTCTTCTGGTGTTGAAGCAGGGGCAGGAACAGGATGAACCGTAT 

ACCCCCCACTTGCAGGAAACCTCGCACATGCAGGAGCTTCCGTGGATTTAACTATTTTTT 

CACTGCATCTTGCAGGAATTTCATCAATTCTAGGAGCCATCAACTTTATCACAACTATCA 

TTAATATAAAACCTCCAGCGATCTCCCAGTACCAAACACCATTATTCGTGTGGGCCGTCC 

TCATCACAGCAGTACTTCTCCTGCTCTCTCTGCCAGTACTTGCCGCGGGCATCACAATGT 

TATTAACAGACCGAAACCTAAACACCACCTTCTTTGACCCAGCAGGAGGAGGTGATCCAA 

TCCTATATCAACATCTTTTCTGATTCTTTGGCCACC 

>PAK_Bagarius bagarius2 

AGTTGGCACAGCTCTTAGCCTCCTAATTCGGGCAGAGCTAGCCCAACCTGGCGCCCTTCT 

AGGCGATGACCAAATTTATAATGTCATTGTTACTGCTCACGCCTTTGTTATAATTTTCTT 

TATAGTAATACCAATCATGATTGGTGGGTTCGGCAACTGACTAGTGCCACTAATGATTGG 

AGCTCCCGACATGGCATTCCCTCGAATAAATAACATAAGCTTCTGACTACTGCCCCCATC 

CTTTCTACTACTGCTTGCCTCTTCTGGTGTTGAAGCAGGGGCAGGAACAGGATGAACCGT 

ATACCCCCCACTTGCAGGAAACCTCGCACATGCAGGAGCTTCCGTGGATTTAACTATTTT 

TTCACTGCATCTTGCAGGAATTTCATCAATTCTAGGAGCCATCAACTTTATCACAACTAT 

CATTAATATAAAACCTCCAGCGATCTCCCAGTACCAAACACCATTATTCGTGTGGGCCGT 

CCTCATCACAGCAGTACTTCTCCTGCTCTCTCTGCCAGTACTTGCCGCGGGCATCACAAT 

GTTATTAACAGACCGAAACCTAAACACCACCTTCTTTGACCCAGCAGGAGGAGGTGATCC 

AATCCTATATCAACATCTTTTCTGATTCTTTGGCCACC 

>PAK_Bagarius bagarius3 

GGGATAGTTGGCACAGCTCTTAGCCTCCTAATTCGGGCAGAGCTAGCCCAACCTGGCGCC 

CTTCTAGGCGATGACCAAATTTATAATGTCATTGTTACTGCTCACGCCTTTGTTATAATT 

TTCTTTATAGTAATACCAATCATGATTGGTGGGTTCGGCAACTGACTAGTGCCACTAATG 

ATTGGAGCTCCCGACATGGCATTCCCTCGAATAAATAACATAAGCTTCTGACTACTGCCC 

CCATCCTTTCTACTACTGCTTGCCTCTTCTGGTGTTGAAGCAGGGGCAGGAACAGGATGA 

ACCGTATACCCCCCACTTGCAGGAAACCTCGCACATGCAGGAGCTTCCGTGGATTTAACT 

ATTTTTTCACTGCATCTTGCAGGAATTTCATCAATTCTAGGAGCCATCAACTTTATCACA 

ACTATCATTAATATAAAACCTCCAGCGATCTCCCAGTACCAAACACCATTATTCGTGTGG 

GCCGTCCTCATCACAGCAGTACTTCTCCTGCTCTCTCTGCCAGTACTTGCCGCGGGCATC 

ACAATGTTATTAACAGACCGAAACCTAAACACCACCTTCTTTGACCCAGCAGGAGGAGGT 

GATCCAATCCTATATCAACATCTTTTCTGATTCTTTGGCCACC 

>PAK_Bagarius bagarius4 

CGGTGCTTGAGCTGGGATAGTTGGCACAGCTCTTAGCCTCCTAATTCGGGCAGAGCTAGC 

CCAACCTGGCGCCCTTCTAGGCGATGACCAAATTTATAATGTCATTGTTACTGCTCACGC 

CTTTGTTATAATTTTCTTTATAGTAATACCAATCATGATTGGTGGGTTCGGCAACTGACT 

AGTGCCACTAATGATTGGAGCTCCCGACATGGCATTCCCTCGAATAAATAACATAAGCTT 

CTGACTACTGCCCCCATCCTTTCTACTACTGCTTGCCTCTTCTGGTGTTGAAGCAGGGGC 

AGGAACAGGATGAACCGTATACCCCCCACTTGCAGGAAACCTCGCACATGCAGGAGCTTC 

CGTGGATTTAACTATTTTTTCACTGCATCTTGCAGGAATTTCATCAATTCTAGGAGCCAT 

CAACTTTATCACAACTATCATTAATATAAAACCTCCAGCGATCTCCCAGTACCAAACACC 

ATTATTCGTGTGGGCCGTCCTCATCACAGCAGTACTTCTCCTGCTCTCTCTGCCAGTACT 

TGCCGCGGGCATCACAATGTTATTAACAGACCGAAACCTAAACACCACCTTCTTTGACCC 

AGCAGGAGGAGGTGATCCAATCCTATATCAACATCTTTTCTGATTCTTTGGCCACC 

>PAK_Bagarius bagarius5 

CTTGAGCTGGGATAGTTGGCACAGCTCTTAGCCTCCTAATTCGGGCAGAGCTAGCCCAAC 

CTGGCGCCCTTCTAGGCGATGACCAAATTTATAATGTCATTGTTACTGCTCACGCCTTTG 

TTATAATTTTCTTTATAGTAATACCAATCATGATTGGTGGGTTCGGCAACTGACTAGTGC 

CACTAATGATTGGAGCTCCCGACATGGCATTCCCTCGAATAAATAACATAAGCTTCTGAC 

TACTGCCCCCATCCTTTCTACTACTGCTTGCCTCTTCTGGTGTTGAAGCAGGGGCAGGAA 

CAGGATGAACCGTATACCCCCCACTTGCAGGAAACCTCGCACATGCAGGAGCTTCCGTGG 

ATTTAACTATTTTTTCACTGCATCTTGCAGGAATTTCATCAATTCTAGGAGCCATCAACT 

TTATCACAACTATCATTAATATAAAACCTCCAGCGATCTCCCAGTACCAAACACCATTAT 

TCGTGTGGGCCGTCCTCATCACAGCAGTACTTCTCCTGCTCTCTCTGCCAGTACTTGCCG 

CGGGCATCACAATGTTATTAACAGACCGAAACCTAAACACCACCTTCTTTGACCCAGCAG 
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GAGGAGGTGATCCAATCCTATATCAACATCTTTTCTGATTCTTTGGCCAC 

>PAK_Bagarius bagarius6 

GAGCTGGGATAGTTGGCACAGCTCTTAGCCTCCTAATTCGGGCAGAGCTAGCCCAACCTG 

GCGCCCTTCTAGGCGATGACCAAATTTATAATGTCATTGTTACTGCTCACGCCTTTGTTA 

TAATTTTCTTTATAGTAATACCAATCATGATTGGTGGGTTCGGCAACTGACTAGTGCCAC 

TAATGATTGGAGCTCCCGACATGGCATTCCCTCGAATAAATAACATAAGCTTCTGACTAC 

TGCCCCCATCCTTTCTACTACTGCTTGCCTCTTCTGGTGTTGAAGCAGGGGCAGGAACAG 

GATGAACCGTATACCCCCCACTTGCAGGAAACCTCGCACATGCAGGAGCTTCCGTGGATT 

TAACTATTTTTTCACTGCATCTTGCAGGAATTTCATCAATTCTAGGAGCCATCAACTTTA 

TCACAACTATCATTAATATAAAACCTCCAGCGATCTCCCAGTACCAAACACCATTATTCG 

TGTGGGCCGTCCTCATCACAGCAGTACTTCTCCTGCTCTCTCTGCCAGTACTTGCCGCGG 

GCATCACAATGTTATTAACAGACCGAAACCTAAACACCACCTTCTTTGACCCAGCAGGAG 

GAGGTGATCCAATCCTATATCAACATCTTTTCTGATTCTTTGGCCACC 

>PAK_Bagarius bagarius7 

GAGCTGGGATAGTTGGCACAGCTCTTAGCCTCCTAATTCGGGCAGAGCTAGCCCAACCTG 

GCGCCCTTCTAGGCGATGACCAAATTTATAATGTCATTGTTACTGCTCACGCCTTTGTTA 

TAATTTTCTTTATAGTAATACCAATCATGATTGGTGGGTTCGGCAACTGACTAGTGCCAC 

TAATGATTGGAGCTCCCGACATGGCATTCCCTCGAATAAATAACATAAGCTTCTGACTAC 

TGCCCCCATCCTTTCTACTACTGCTTGCCTCTTCTGGTGTTGAAGCAGGGGCAGGAACAG 

GATGAACCGTATACCCCCCACTTGCAGGAAACCTCGCACATGCAGGAGCTTCCGTGGATT 

TAACTATTTTTTCACTGCATCTTGCAGGAATTTCATCAATTCTAGGAGCCATCAACTTTA 

TCACAACTATCATTAATATAAAACCTCCAGCGATCTCCCAGTACCAAACACCATTATTCG 

TGTGGGCCGTCCTCATCACAGCAGTACTTCTCCTGCTCTCTCTGCCAGTACTTGCCGCGG 

GCATCACAATGTTATTAACAGACCGAAACCTAAACACCACCTTCTTTGACCCAGCAGGAG 

GAGGTGATCCAATCCTATATCAACATCTTTTCTGATTCTTTGGCCACC 

>PAK_Bagarius bagarius8 

GAGCTGGGATAGTTGGCACAGCTCTTAGCCTCCTAATTCGGGCAGAGCTAGCCCAACCTG 

GCGCCCTTCTAGGCGATGACCAAATTTATAATGTCATTGTTACTGCTCACGCCTTTGTTA 

TAATTTTCTTTATAGTAATACCAATCATGATTGGTGGGTTCGGCAACTGACTAGTGCCAC 

TAATGATTGGAGCTCCCGACATGGCATTCCCTCGAATAAATAACATAAGCTTCTGACTAC 

TGCCCCCATCCTTTCTACTACTGCTTGCCTCTTCTGGTGTTGAAGCAGGGGCAGGAACAG 

GATGAACCGTATACCCCCCACTTGCAGGAAACCTCGCACATGCAGGAGCTTCCGTGGATT 

TAACTATTTTTTCACTGCATCTTGCAGGAATTTCATCAATTCTAGGAGCCATCAACTTTA 

TCACAACTATCATTAATATAAAACCTCCAGCGATCTCCCAGTACCAAACACCATTATTCG 

TGTGGGCCGTCCTCATCACAGCAGTACTTCTCCTGCTCTCTCTGCCAGTACTTGCCGCGG 

GCATCACAATGTTATTAACAGACCGAAACCTAAACACCACCTTCTTTGACCCAGCAGGAG 

GAGGTGATCCAATCCTATATCAACATCTTTTCTGATTCTTTGGCCACCCGGAAGTCTA 

>PAK_Bagarius bagarius9 

CTTAGCCTCCTAATTCGGGCAGAGCTAGCCCAACCTGGCGCCCTTCTAGGCGATGACCAA 

ATTTATAATGTCATTGTTACTGCTCACGCCTTTGTTATAATTTTCTTTATAGTAATACCA 

ATCATGATTGGTGGGTTCGGCAACTGACTAGTGCCACTAATGATTGGAGCTCCCGACATG 

GCATTCCCTCGAATAAATAACATAAGCTTCTGACTACTGCCCCCATCCTTTCTACTACTG 

CTTGCCTCTTCTGGTGTTGAAGCAGGGGCAGGAACAGGATGAACCGTATACCCCCCACTT 

GCAGGAAACCTCGCACATGCAGGAGCTTCCGTGGATTTAACTATTTTTTCACTGCATCTT 

GCAGGAATTTCATCAATTCTAGGAGCCATCAACTTTATCACAACTATCATTAATATAAAA 

CCTCCAGCGATCTCCCAGTACCAAACACCATTATTCGTGTGGGCCGTCCTCATCACAGCA 

GTACTTCTCCTGCTCTCTCTGCCAGTACTTGCCGCGGGCATCACAATGTTATTAACAGAC 

CGAAACCTAAACACCACCTTCTTTGACCCAGCAGGAGGAGGTGATCCAATCCTATATCAA 

CATCTTTTCTGATTCTTTGGCCACCCAGAAG 

 

4.2.5 Rita rita 

 Sequence analysis in Rita rita samples (n=18) within the sequenced data is as 

follows: The mean nucleotide length was 654bp. The Sites with alignment gaps or 

missing data was 0. Invariable (monomorphic) sites were found 639. The Variable 

(polymorphic) sites were only 15. Singleton variable sites were 9 having site 
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positions: 375 384 437 483 531 588 651 653 654. The Parsimony informative sites 

score was 6 with site positions: 216 270 279 429 474 549. Number of haplotypes was 

9. The haplotype diversity was Hd: 0.758 while nucleotide diversity was Pi: 0.00489. 

The mean intraspecific K2P genetic distance was 0.013. The nucleotide range in Rita 

rita sequences was computed as T, 30.4%; C, 25.7%; A, 25.9%; G, 18.0% with 

combined composition as, A+T= 56.3%, G+C= 45.1%. 

 The estimated Transition/transversion bias R was 2.76. Rate of transitional and 

transversional substitution was 18.35% and 3.33% respectively. Tajima D test and the 

Fu and Li D and F tests (Tajima D: -1.01293; Fu and Li‘s D test: -1.43602; Fu and 

Li‘s F test: -1.52175) were also conducted. 

Table 16: Similarity of Pakistani Rita rita sequences with sequences of Rita rita 

available in BOLD and GenBank databases. 
 

Phylum Class Order Family Genus Species Similarity 

(%) 

Status 

Chordata Actinopeterygii Siluriformes Ritidae Rita Rita 100 Published 

Chordata Actinopeterygii Siluriformes Ritidae Rita Rita 99.82 Published 

Chordata Actinopeterygii Siluriformes Ritidae Rita Rita 98.75 Published 

Chordata Actinopeterygii Siluriformes Ritidae Rita Rita 98.75 Published 

Chordata Actinopeterygii Siluriformes Ritidae Rita Gogra 96.75 Published 

 

 

Fig 13: Graphical representation of similarity index of Pakistani Rita rita sequences with Rita rita 

sequences available in BOLD and GenBank databases. 
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Table 17: Assigned accession numbers of Genbank submitted sequences of Rita 

rita 

 
Species name Common name Family Gene name Accession number 

Rita rita Khaga Ritidae COI MN368885 

Rita rita Khaga Ritidae COI MN368886 

Rita rita Khaga Ritidae COI MN368887 

Rita rita Khaga Ritidae COI MN368888 

Rita rita Khaga Ritidae COI MN368889 

Rita rita Khaga Ritidae COI MN368890 

Rita rita Khaga Ritidae COI MN368891 

Rita rita Khaga Ritidae COI MN368892 

Rita rita Khaga Ritidae COI MN368893 

Rita rita Khaga Ritidae COI MN368894 

 

 

 

Fig 14: Median-joining network indicating Rita rita haplotypes. Yellow circle denotes a haplotype 

and circle size represents haplotype frequency. Red color values show number of variation sites. 

 

The suggested sequences 

>PAK_Rita rita1 

TTGGTGCTTGGGCTGGGATGGTTGGTACAGCCCTCAGCCTACTAATTCGGGCAGAGCTAG 

CCCAACCCGGCACTCTTTTGGGTGATGACCAAATTTATAATGTTATCGTTACTGCCCATG 

CCTTCGTAATAATTTTCTTTATAGTAATACCAATTATGATTGGAGGCTTCGGAAATTGAC 

TAGTACCACTAATGATTGGAGCACCAGATATAGCATTTCCTCGAATAAACAACATGAGTT 

TCTGACTTTTACCACCATCATTCCTACTACTACTAGCCTCATCAGGAGTTGAAGCAGGGG 

CTGGAACAGGATGAACTGTTTACCCTCCCCTTGCCGGCAACCTTGCACATGCAGGAGCCT 

CTGTTGACTTAACTATCTTCTCCCTGCATCTCGCAGGTGTGTCTTCAATTCTTGGGGCCA 

TTAACTTCATCACAACAATTATTAACATAAAACCTCCAGCCATTTCACAATACCAGACAC 

CTTTATTCGTATGAGCCATTTTAATTACAGCCGTACTTCTTCTATTATCTCTACCAGTTT 

TAGCCGCTGGTATTACCATGCTACTAACAGACCGAAATTTAAATACAACATTCTTCGACC 

CCGCTGGAGGAGGTGACCCAATTCTTTACCAACATCTATTCT 

>PAK_Rita rita2 
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GGTGCTTGGGCTGGGATGGTTGGTACAGCCCTCAGCCTACTAATTCGGGCAGAGCTAGCC 

CAACCCGGCACTCTTTTGGGTGATGACCAAATTTATAATGTTATCGTTACTGCCCATGCC 

TTCGTAATAATTTTCTTTATAGTAATACCAATTATGATTGGAGGCTTCGGAAATTGACTA 

GTACCACTAATGATTGGAGCACCAGATATAGCATTTCCTCGAATAAACAACATGAGTTTC 

TGACTTTTACCACCATCATTCCTACTACTACTAGCCTCATCAGGAGTTGAAGCAGGGGCT 

GGAACAGGATGAACTGTTTACCCTCCCCTTGCCGGCAACCTTGCACATGCAGGAGCCTCT 

GTTGACTTAACTATCTTCTCCCTGCATCTCGCAGGTGTGTCTTCAATTCTTGGGGCCATT 

AACTTCATCACAACAATTATTAACATAAAACCTCCAGCCATTTCACAATACCAGACACCT 

TTATTCGTATGAGCCATTTTAATTACAGCCGTACTTCTTCTATTATCTCTACCAGTTTTA 

GCCGCTGGTATTACCATGCTACTAACAGACCGAAATTTAAATACAACATTCTTCGACCCC 

GCTGGAGGAGGTGACCC 

>PAK_Rita rita3 

TGGTGCTTGGGCTGGGATGGTTGGTACAGCCCTCAGCCTACTAATTCGGGCAGAGCTAGC 

CCAACCCGGCACTCTTTTGGGTGATGACCAAATTTATAATGTTATCGTTACTGCCCATGC 

CTTCGTAATAATTTTCTTTATAGTAATACCAATTATGATTGGAGGCTTCGGAAATTGACT 

AGTACCACTAATGATTGGAGCACCAGATATAGCATTTCCTCGAATAAACAACATGAGTTT 

CTGACTTTTACCACCATCATTCCTACTACTACTAGCCTCATCAGGAGTTGAAGCAGGGGC 

TGGAACAGGATGAACTGTTTACCCTCCCCTTGCCGGCAACCTTGCACATGCAGGAGCCTC 

TGTTGACTTAACTATCTTCTCCCTGCATCTCGCAGGTGTGTCTTCAATTCTTGGGGCCAT 

TAACTTCATCACAACAAC 

>PAK_Rita rita4 

GGTGCTTGGGCTGGGATGGTTGGTACAGCCCTCAGCCTACTAATTCGGGCAGAGCTAGCC 

CAACCCGGCACTCTTTTGGGTGATGACCAAATTTATAATGTTATCGTTACTGCCCATGCC 

TTCGTAATAATTTTCTTTATAGTAATACCAATTATGATTGGAGGCTTCGGAAATTGACTA 

GTACCACTAATGATTGGAGCACCAGATATAGCATTTCCTCGAATAAACAACATGAGTTTC 

TGACTTTTACCACCATCATTCCTACTACTACTAGCCTCATCAGGAGTTGAAGCAGGGGCT 

GGAACAGGAT 

>PAK_Rita rita5 

GGTGCTTGGGCTGGGATGGTTGGTACAGCCCTCAGCCTACTAATTCGGGCAGAGCTAGCC 

CAACCCGGCACTCTTTTGGGTGATGACCAAATTTATAATGTTATCGTTACTGCCCATGCC 

TTCGTAATAATTTTCTTTATAGTAATACCAATTATGATTGGAGGCTTCGGAAATTGACTA 

GTACCACTAATGATTGGAGCACCAGATATAGCATTTCCTCGAATAAACAACATGAGTTTC 

TGACTTTTACCACCATCATTCCTACTACTACTAGCCTCATCAGGAGTTGAAGCAGGGGCT 

GGAACAGGATGAACTGTTTACCCTCCCCTTGCCGGCAACCTTGCACATGCAGGAGCCTCT 

GTTGACTTAACTATCTTCTCCCTGCATCTCGCAGGTGTGTCTTCAATTCTTGGGGCCATT 

AACTTCATCACAACAATTATTAACATAAAACCTCCAGCCATTTCACAATACCAGACACCT 

TTATTCGTATGAGCCATTTTAATTACAGCCGTACTTCTTCTATTATCTCTACCAGTTTTA 

GCCGCTGGTATTACCATGCTACTAACAGACCGAAATTTAAATACAACATTCTTCGACCCC 

GCTGGAGGAGGTGACCCAATTCTTTACCAACATCT 

>PAK_Rita rita6 

GGTGCTTGGGCTGGGATGGTTGGTACAGCCCTCAGCCTACTAATTCGGGCAGAGCTAGCC 

CAACCCGGCACTCTTTTGGGTGATGACCAAATTTATAATGTTATCGTTACTGCCCATGCC 

TTCGTAATAATTTTCTTTATAGTAATACCAATTATGATTGGAGGCTTCGGAAATTGACTA 

GTACCACTAATGATTGGAGCACCAGATATAGCATTTCCTCGAATAAACAACATGAGTTTC 

TGACTTTTACCACCATCATTCCTACTACTACTAGCCTCATCAGGAGTTGAAGCAGGGGCT 

GGAACAGGATGAACTGTTTACCCTCCCCTTGCCGGCAACCTTGCACATGCAGGAGCCTCT 

GTTGACTTAACTATCTTCTCCCTGCATCTCGCAGGTGTGTCTTCAATTCTTGGGGCCATT 

AACTTCATCACAACAATTATTAACATAAAACCTCCAGCCATTTCACAATACCAGACACCT 

TTATTCGTATGAGCCATTTTAATTACAGCCGTACTTCTTCTATTATCTCTACCAGTTTTA 

GCCGCTGGTATTACCATGCTACTAACAGACCGAAATTTAAATACAACATTCTTCGACCCC 

GCTGGAGGAGGTGACCCAATTCTTTACCAACATCTATTCTGA 

>PAK_Rita rita7 

GTGCTTGGGCTGGGATGGTTGGTACAGCCCTCAGCCTACTAATTCGGGCAGAGCTAGCCC 

AACCCGGCACTCTTTTGGGTGATGACCAAATTTATAATGTTATCGTTACTGCCCATGCCT 

TCGTAATAATTTTCTTTATAGTAATACCAATTATGATTGGAGGCTTCGGAAATTGACTAG 

TACCACTAATGATTGGAGCACCAGATATAGCATTTCCTCGAATAAACAACATGAGTTTCT 

GACTTTTACCACCATCATTCCTACTACTACTAGCCTCATCAGGAGTTGAAGCAGGGGCTG 

GAACAGGATGAACTGTTTACCCTCCCCTTGCCGGCAACCTTGCACATGCAGGAGCCTCTG 

TTGACTTAACTATCTTCTCCCTGCATCTCGCAGGTGTGTCTTCAATTCTTGGGGCCATTA 

ACTTCATCACAACAATTATTAACATAAAACCTCCAGCCATTTCACAATACCAGACACCTT 

TATTCGTATGAGCCATTTTAATTACAGCCGTACTTCTTCTATTATCTCTACCAGTTTTAG 
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CCGCTGGTATTACCATGCTACTAACAGACCGAAATTTAAATACAACATTCTTCGACCCCG 

CTGGAGGAGGTGACCCAATTCTTTACCAACATCTA 

>PAK_Rita rita8 

GGTGCTTGGGCTGGGATGGTTGGTACAGCCCTCAGCCTACTAATTCGGGCAGAGCTAGCC 

CAACCCGGCACTCTTTTGGGTGATGACCAAATTTATAATGTTATCGTTACTGCCCATGCC 

TTCGTAATAATTTTCTTTATAGTAATACCAATTATGATTGGAGGCTTCGGAAATTGACTA 

GTACCACTAATGATTGGAGCACCAGATATAGCATTTCCTCGAATAAACAACATGAGTTTC 

TGACTTTTACCACCATCATTCCTACTACTACTAGCCTCATCAGGAGTTGAAGCAGGGGCT 

GGAACAGGATGAACTGTTTACCCTCCCCTTGCCGGCAACCTTGCACATGCAGGAGCCTCT 

GTTGACTTAACTATCTTCTCCCTGCATCTCGCAGGTGTGTCTTCAATTCTTGGGGCCATT 

AACTTCATCACAACAATTATTAACATAAAACCTCCAGCCATTTCACAATACCAGACACCT 

TTATTCGTATGAGCCATTTTAATTACAGCCGTACTTCTTCTATTATCTCTACCAGTTTTA 

GCCGCTGGTATTACCATGCTACTAACAGACCGAAATTTAAATACAACATTCTTCGACCCC 

GCTGGAGGAGGTGACCCAATTCTTTACCAACATCTATTCT 

>PAK_Rita rita9 

GGTGCTTGGGCTGGGATGGTTGGTACAGCCCTCAGCCTACTAATTCGGGCAGAGCTAGCC 

CAACCCGGCACTCTTTTGGGTGATGACCAAATTTATAATGTTATCGTTACTGCCCATGCC 

TTCGTAATAATTTTCTTTATAGTAATACCAATTATGATTGGAGGCTTCGGAAATTGACTA 

GTACCACTAATGATTGGAGCACCAGATATAGCATTTCCTCGAATAAACAACATGAGTTTC 

TGACTTTTACCACCATCATTCCTACTACTACTAGCCTCATCAGGAGTTGAAGCAGGGGCT 

GGAACAGGATGAACTGTTTACCCTCCCCTTGCCGGCAACCTTGCACATGCAGGAGCCTCT 

GTTGACTTAACTATCTTCTCCCTGCATCTCGCAGGTGTGTCTTCAATTCTTGGGGCCATT 

AACTTCATCACAACAATTATTAACATAAAACCTCCAGCCATTTCACAATACCAGACACCT 

TTATTCGTATGAGCCATTTTAATTACAGCCGTACTTCTTCTATTATCTCTACCAGTTTTA 

GCCGCTGGTATTACCATGCTACTAACAGACCGAAATTTAAATACAACATTCTTCGACCCC 

GCTGGAGGAGGTGACCCAATTCTTTACCAACATCTATTCTGA 

>PAK_Rita rita10 

GGTGCTTGGGCTGGGATGGTTGGTACAGCCCTCAGCCTACTAATTCGGGCAGAGCTAGCC 

CAACCCGGCACTCTTTTGGGTGATGACCAAATTTATAATGTTATCGTTACTGCCCATGCC 

TTCGTAATAATTTTCTTTATAGTAATACCAATTATGATTGGAGGCTTCGGAAATTGACTA 

GTACCACTAATGATTGGAGCACCAGATATAGCATTTCCTCGAATAAACAACATGAGTTTC 

TGACTTTTACCACCATCATTCCTACTACTACTAGCCTCATCAGGAGTTGAAGCAGGGGCT 

GGAACAGGATGAACTGTTTACCCTCCCCTTGCCGGCAACCTTGCACATGCAGGAGCCTCT 

GTTGACTTAACTATCTTCTCCCTGCATCTCGCAGGTGTGTCTTCAATTCTTGGGGCCATT 

AACTTCATCACAACAATTATTAACATAAAACCTCCAGCCATTTCACAATACCAGACACCT 

TTATTCGTATGAGCCATTTTAATTACAGCCGTACTTCTTCTATTATCTCTACCAGTTTTA 

GCCGCTGGTATTACCATGCTACTAACAGACCGAAATTTAAATACAACATTCTTCGACCCC 

GCTGGAGGAGGTGACCCAATTCTTTACCAACATCT 

 

4.2.6 Wallago attu 

 Average read length of COI sequences (n=20) in Wallago attu was 614bp. The 

conserved sites (Invariable polymorphic sites) were 603 and variable polymorphic 

sites were 11. Out of 11 variable polymorphic sites, singleton variable characters were 

3 having site positions; 3 6 152 while variable characters with parsimony informative 

sites were 8 having site positions; 137 164 299 398 458 473 572 614. Number of 

haplotypes was 7. Mean haplotypes and nucleotide diversity was Hd: 0.805 and Pi: 

0.00429 respectively. The mean intraspecific K2P genetic distance was 0.018. Mean 

values of nucleotides in Wallago attu was calculated as T, 28.7%; C, 28.3%; A, 
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25.3%; G, 17.7% with combined composition as, A+T= 54.0%, G+C= 46.0%. The 

Transition/transversion bias value was R=2.67. Rate of transitional and transversional 

substitution was 18.19% and 3.40% respectively. The rate of population demographic 

changes (bottlenecks or expansions) and neutrality test was assessed by using two 

approaches; Tajima D test and the Fu and Li  D and F tests (Tajima D: -0.53044; Fu 

and Li‘s D test: 0.11614; Fu and Li‘s F test: -0.08150). 

Table 18: Similarity of Pakistani Wallago attu sequences with sequences of 

Wallago attu available in BOLD and GenBank databases. 

 
Phylum Class Order Family Genus Species Similarity 

(%) 

Status 

Chordata Actinopeterygii Siluriformes Siluridae Wallago  attu 100 Published 

Chordata Actinopeterygii Siluriformes Siluridae Wallago  attu 100 Published 

Chordata Actinopeterygii Siluriformes Siluridae Wallago  attu 99.88 Published 

Chordata Actinopeterygii Siluriformes Siluridae Wallago  attu 99.75 Published 

Chordata Actinopeterygii Siluriformes Siluridae Wallago  micropogon 98.22 Published 

 

 

Fig 15: Graphical representation of similarity index of Pakistani Wallago attu sequences with 

Wallago attu sequences available in BOLD and GenBank databases. 

 

Table 19: Assigned accession numbers of Genbank submitted sequences of 

Wallago attu 
 

Species name Common name Family Gene name Accession number 

Wallago attu Mulli Siluridae COI MN368895 

Wallago attu Mulli Siluridae COI MN368896 

Wallago attu Mulli Siluridae COI MN368897 

Wallago attu Mulli Siluridae COI MN368898 

Wallago attu Mulli Siluridae COI MN368899 

Wallago attu Mulli Siluridae COI MN368900 

Wallago attu Mulli Siluridae COI MN368901 

Wallago attu Mulli Siluridae COI MN368902 

Wallago attu Mulli Siluridae COI MN368903 
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Fig 16: Median-joining network indicating Wallago attu haplotypes. Yellow circle denotes a 

haplotype and circle size represents haplotype frequency. Red color values show number of 

variation sites while red color circle specifies median vector. 

 

The suggested sequences 

>PAK_Wallago attu1 

GTTGGTACAGCCCTCAGTCTACTAATTCGAGCAGAGCTGGCCCAACCTGGCGCCCTTCTA 

GGCGACGACCAAATTTACAACGTTATTGTTACCGCCCACGCTTTTGTAATAATTTTCTTT 

ATAGTAATGCCCATTATGATCGGAGGCTTCGGGAATTGACTAGTGCCTCTCATGATTGGG 

GCCCCAGACATAGCATTCCCCCGAATAAATAACATAAGCTTCTGACTCCTTCCCCCATCC 

TTTCTTCTCTTGCTAGCCTCATCTGCCGTTGAAGCAGGAGCAGGAACAGGATGAACTGTT 

TATCCTCCCCTTGCAGGGAATCTTGCACACGCAGGGGCTTCTGTAGATTTAACAATCTTT 

TCACTACATCTTGCAGGTGTGTCCTCTATTCTTGGGGCCATCAACTTTATTACAACAATT 

ATTAACATAAAACCTCCAGCCATCTCACAATATCAAACACCCTTGTTTGTGTGAGCTGTA 

CTAATCACAGCAGTACTGCTTCTACTATCCCTACCTGTCCTAGCCGCAGGCATTACAATG 

CTGTTAACAGACCGAAATTTAAACACCACATTCTTTGACCCTGCGGGAGGGGGAGACCCA 

ATTCTTTACCAACACCTCTTCTGATTCTTTGGCCACCCAGA 

>PAK_Wallago attu2 

TCAGTCTACTAATTCGAGCAGAGCTGGCCCAACCTGGCGCCCTTCTAGGCGACGACCAAA 

TTTACAACGTTATTGTTACCGCCCACGCTTTTGTAATAATTTTCTTTATAGTAATGCCCA 

TTATGATCGGAGGCTTCGGGAATTGACTAGTGCCTCTCATGATTGGGGCCCCAGACATAG 

CATTCCCCCGAATAAATAACATAAGCTTCTGACTCCTTCCCCCATCCTTTCTTCTCTTGC 

TAGCCTCATCTGCCGTTGAAGCAGGAGCAGGAACAGGATGAACTGTTTATCCTCCCCTTG 

CAGGGAATCTTGCACACGCAGGGGCTTCTGTAGATTTAACAATCTTTTCACTACATCTTG 

CAGGTGTGTCCTCTATTCTTGGGGCCATCAACTTTATTACAACAATTATTAACATAAAAC 

CTCCAGCCATCTCACAATATCAAACACCCTTGTTTGTGTGAGCTGTACTAATCACAGCAG 

TACTGCTTCTACTATCCCTACCTGTCCTAGCCGCAGGCATTACAATGCTGTTAACAGACC 

GAAATTTAAACACCACATTCTTTGACCCTGCGGGAGGGGGAGACCCAATTCTTTACCAAC 

ACCTCTTCTGATTCTTTGGCCACCA 

>PAK_Wallago attu3 

AGTTGGTACAGCCCTCAGTCTACTAATTCGAGCAGAGCTGGCCCAACCTGGCGCCCTTCT 

AGGCGACGACCAAATTTACAACGTTATTGTTACCGCCCACGCTTTTGTAATAATTTTCTT 
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TATAGTAATGCCCATTATGATCGGAGGCTTCGGGAATTGACTAGTGCCTCTCATGATTGG 

GGCCCCAGACATAGCATTCCCCCGAATAAATAACATAAGCTTCTGACTCCTTCCCCCATC 

CTTTCTTCTCTTGCTAGCCTCATCTGCCGTTGAAGCAGGAGCAGGAACAGGATGAACTGT 

TTATCCTCCCCTTGCAGGGAATCTTGCACACGCAGGGGCTTCTGTAGATTTAACAATCTT 

TTCACTACATCTTGCAGGTGTGTCCTCTATTCTTGGGGCCATCAACTTTATTACAACAAT 

TATTAACATAAAACCTCCAGCCATCTCACAATATCAAACACCCTTGTTTGTGTGAGCTGT 

ACTAATCACAGCAGTACTGCTTCTACTATCCCTACCTGTCCTAGCCGCAGGCATTACAAT 

GCTGTTAACAGACCGAAATTTAAACACCACATTCTTTGACCCTGCGGGAGGGGGAGACCC 

AATTCTTTACCAACACCTCTTCTGATTCTTTGGCCACC 

>PAK_Wallago attu4 

ATAGTTGGTACAGCCCTCAGTCTACTAATTCGAGCAGAGCTGGCCCAACCTGGCGCCCTT 

CTAGGCGACGACCAAATTTACAACGTTATTGTTACCGCCCACGCTTTTGTAATAATTTTC 

TTTATAGTAATGCCCATTATGATCGGAGGCTTCGGGAATTGACTAGTGCCTCTAATGATT 

GGGGCCCCAGACATAGCATTCCCCCGAATAAATAACATAAGCTTCTGACTCCTTCCCCCA 

TCCTTTCTTCTCTTGCTAGCCTCATCTGCCGTTGAAGCAGGAGCAGGAACAGGATGAACT 

GTTTATCCCCCCCTTGCAGGGAATCTTGCACACGCAGGGGCTTCTGTAGATTTAACAATC 

TTTTCACTACATCTTGCAGGTGTGTCCTCTATTCTTGGGGCCATCAACTTTATTACAACA 

ATTATTAACATAAAACCTCCAGCCATCTCACAATATCAAACACCCTTGTTTGTGTGAGCT 

GTACTAATCACAGCAGTACTGCTTCTACTATCCCTACCTGTCCTAGCCGCAGGCATTACA 

ATGCTGTTAACAGACCGAAATTTAAACACCACATTCTTTGACCCTGCGGGAGGGGGAGAC 

CCAATTCTTTACCAACACCTCTTCTGATTCTTTGGCCACCAG 

>PAK_Wallago attu5 

TCAGTCTACTAATTCGAGCAGAGCTGGCCCAACCTGGCGCCCTTCTAGGCGACGACCAAA 

TTTACAACGTTATTGTTACCGCCCACGCTTTTGTAATAATTTTCTTTATAGTAATGCCCA 

TTATGATCGGAGGCTTCGGGAATTGACTAGTGCCTCTCATGATTGGGGCCCCAGACATAG 

CATTCCCCCGAATAAATAACATAAGCTTCTGACTCCTTCCCCCATCCTTTCTTCTCTTGC 

TAGCCTCATCTGCCGTTGAAGCAGGAGCAGGAACAGGATGAACTGTTTATCCTCCCCTTG 

CAGGGAATCTTGCACACGCAGGGGCTTCTGTAGATTTAACAATCTTTTCACTACATCTTG 

CAGGTGTGTCCTCTATTCTTGGGGCCATCAACTTTATTACAACAATTATTAACATAAAAC 

CTCCAGCCATCTCACAATATCAAACACCCTTGTTTGTGTGAGCTGTACTAATCACAGCAG 

TACTGCTTCTACTATCCCTACCTGTCCTAGCCGCAGGCATTACAATGCTGTTAACAGACC 

GAAATTTAAACACCACATTCTTTGACCCTGCGGGAGGGGGAGACCCAATTCTTTACCAAC 

ACCTCTTCTGATTCTTTGGCCACCCAGAAGTCTAATT 

>PAK_Wallago attu6 

ATAGTTGGTACAGCCCTCAGTCTACTAATTCGAGCAGAGCTGGCCCAACCTGGCGCCCTT 

CTAGGCGACGACCAAATTTACAACGTTATTGTTACCGCCCACGCTTTTGTAATAATTTTC 

TTTATAGTAATGCCCATTATGATCGGAGGCTTCGGGAATTGACTAGTGCCTCTAATGATT 

GGGGCCCCAGACATAGCATTCCCCCGAATAAATAACATAAGCTTCTGACTCCTTCCCCCA 

TCCTTTCTTCTCTTGCTAGCCTCATCTGCCGTTGAAGCAGGAGCAGGAACAGGATGAACT 

GTTTATCCCCCCCTTGCAGGGAATCTTGCACACGCAGGGGCTTCTGTAGATTTAACAATC 

TTTTCACTACATCTTGCAGGTGTGTCCTCTATTCTTGGGGCCATCAACTTTATTACAACA 

ATTATTAACATAAAACCTCCAGCCATCTCACAATATCAAACACCCTTGTTTGTGTGAGCT 

GTACTAATCACAGCAGTACTGCTTCTACTATCCCTACCTGTCCTAGCCGCAGGCATTACA 

ATGCTGTTAACAGACCGAAATTTAAACACCACATTCTTTGACCCTGCGGGAGGGGGAGAC 

CCAATTCTTTACCAACACCTCTTC 

>PAK_Wallago attu7 

GTTGGTACAGCCCTCAGTCTACTAATTCGAGCAGAGCTGGCCCAACCTGGCGCCCTTCTA 

GGCGACGACCAAATTTACAACGTTATTGTTACCGCCCACGCTTTTGTAATAATTTTCTTT 

ATAGTAATGCCCATTATGATCGGAGGCTTCGGGAATTGACTAGTGCCTCTCATGATTGGG 

GCCCCAGACATAGCATTCCCCCGAATAAATAACATAAGCTTCTGACTCCTTCCCCCATCC 

TTTCTTCTCTTGCTAGCCTCATCTGCCGTTGAAGCAGGAGCAGGAACAGGATGAACTGTT 

TATCCTCCCCTTGCAGGGAATCTTGCACACGCAGGGGCTTCTGTAGATTTAACAATCTTT 

TCACTACATCTTGCAGGTGTGTCCTCTATTCTTGGGGCCATCAACTTTATTACAACAATT 

ATTAACATAAAACCTCCAGCCATCTCACAATATCAAACACCCTTGTTTGTGTGAGCTGTA 

CTAATCACAGCAGTACTGCTTCTACTATCCCTACCTGTCCTAGCCGCAGGCATTACAATG 

CTGTTAACAGACCGAAATTTAAACACCACATTCTTTGACCCTGCGGGAGGGGGAGACCCA 

ATTCTTTACCAACACCTCTTCTGATTCTT 

>PAK_Wallago attu8 

GTTGGTACAGCCCTCAGTCTACTAATTCGAGCAGAGCTGGCCCAACCTGGCGCCCTTCTA 

GGCGACGACCAAATTTACAACGTTATTGTTACCGCCCACGCTTTTGTAATAATTTTCTTT 

ATAGTAATGCCCATTATGATCGGAGGCTTCGGGAATTGACTAGTGCCTCTCATGATTGGG 
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GCCCCAGACATAGCATTCCCCCGAATAAATAACATAAGCTTCTGACTCCTTCCCCCATCC 

TTTCTTCTCTTGCTAGCCTCATCTGCCGTTGAAGCAGGAGCAGGAACAGGATGAACTGTT 

TATCCTCCCCTTGCAGGGAATCTTGCACACGCAGGGGCTTCTGTAGATTTAACAATCTTT 

TCACTACATCTTGCAGGTGTGTCCTCTATTCTTGGGGCCATCAACTTTATTACAACAATT 

ATTAACATAAAACCTCCAGCCATCTCACAATATCAAACACCCTTGTTTGTGTGAGCTGTA 

CTAATCACAGCAGTACTGCTTCTACTATCCCTACCTGTCCTAGCCGCAGGCATTACAATG 

CTGTTAACAGACCGAAATTTAAACACCACATTCTTTGACCCTGCGGGAGGGGGAGACCCA 

ATTCTTTACCAACACCTCTTCTGATTCTT 

>PAK_Wallago attu9 

ATAGTTGGTACAGCCCTCAGTCTACTAATTCGAGCAGAGCTGGCCCAACCTGGCGCCCTT 

CTAGGCGACGACCAAATTTACAACGTTATTGTTACCGCCCACGCTTTTGTAATAATTTTC 

TTTATAGTAATGCCCATTATGATCGGAGGCTTCGGGAATTGACTAGTGCCTCTAATGATT 

GGGGCCCCAGACATAGCATTCCCCCGAATAAATAACATAAGCTTCTGACTCCTTCCCCCA 

TCCTTTCTTCTCTTGCTAGCCTCATCTGCCGTTGAAGCAGGAGCAGGAACAGGATGAACT 

GTTTATCCCCCCCTTGCAGGGAATCTTGCACACGCAGGGGCTTCTGTAGATTTAACAATC 

TTTTCACTACATCTTGCAGGTGTGTCCTCTATTCTTGGGGCCATCAACTTTATTACAACA 

ATTATTAACATAAAACCTCCAGCCATCTCACAATATCAAACACCCTTGTTTGTGTGAGCT 

GTACTAATCACAGCAGTACTGCTTCTACTATCCCTACCTGTCCTAGCCGCAGGCATTACA 

ATGCTGTTAACAGACCGAAATTTAAACACCACATTCTTTGACCCTGCGGGAGGGGGAGAC 

CCAATTCTTTACCAACACCTCTTC 

 

4.2.7 Coptodon zillii 

 Sequence analysis in Coptodon zillii samples (n=20) within the sequenced data 

is as follows: The average read nucleotide length was 648bp. The sites with alignment 

gaps or missing data were 0. Invariable (monomorphic) sites were found 637. The 

Variable (polymorphic) sites were only 11. Singleton variable sites were 9 having site 

positions: 5 8 297 372 405 453 468 623. The Parsimony informative sites score was 2 

with site positions: 42 132. Number of the haplotypes was 7. The haplotype diversity 

was Hd: 0.584 while nucleotide diversity was Pi: 0.00244. The mean intraspecific 

K2P genetic distance was 0.019. The nucleotide range in Coptodon zillii was 

computed as T, 27.6%; C, 30.2%; A, 22.0%; G, 20.2% with combined composition 

as, A+T= 49.6%, G+C= 50.4%. The estimated Transition/transversion bias R was 

1.40. Rate of transitional and transversional substitution was 14.6% and 5.20% 

respectively. Tajima D test and the Fu and Li D and F tests (Tajima D: -1.91400; Fu 

and Li‘s D test: -2.64253; Fu and Li‘s F test: -2.82008) were also conducted. 
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Table 20: Similarity of Pakistani Coptodon zillii sequences with sequences of 

Coptodon zillii available in BOLD and GenBank databases. 
 

Phylum Class Order Family Genus Species Similarity 

(%) 

Status 

Chordata Actinopeterygii Cichliformes Cichlidae Coptodon  zillii 100 Published 

Chordata Actinopeterygii Cichliformes Cichlidae Coptodon  zillii 100 Published 

Chordata Actinopeterygii Cichliformes Cichlidae Coptodon  zillii 100 Published 

Chordata Actinopeterygii Cichliformes Cichlidae Coptodon  zillii 100 Published 

Chordata Actinopeterygii Cichliformes Cichlidae Coptodon  zillii 100 Published 

 

 

Fig 17: Graphical representation of similarity index of Pakistani Coptodon zillii sequences with 

Coptodon zillii sequences available in BOLD and GenBank databases. 

 

Table 21: Assigned accession numbers of Genbank submitted sequences of 

Coptodon zillii 

 

Species name Common name Family Gene name Accession number 

Coptodon zillii Redbelly tilapia Cichlidae COI MN368904 

Coptodon zillii Redbelly tilapia Cichlidae COI MN368905 

Coptodon zillii Redbelly tilapia Cichlidae COI MN368906 

Coptodon zillii Redbelly tilapia Cichlidae COI MN368907 

Coptodon zillii Redbelly tilapia Cichlidae COI MN368908 

Coptodon zillii Redbelly tilapia Cichlidae COI MN368909 

Coptodon zillii Redbelly tilapia Cichlidae COI MN368910 

Coptodon zillii Redbelly tilapia Cichlidae COI MN368911 

Coptodon zillii Redbelly tilapia Cichlidae COI MN368912 

Coptodon zillii Redbelly tilapia Cichlidae COI MN368913 
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Fig 18: Median-joining network indicating Coptodon zillii haplotypes. Yellow circle denotes a 

haplotype and circle size represents haplotype frequency. Red color values show number of 

variation sites while red color circle specifies median vector. 

 

The suggested sequences 

>PAK_Coptodon zillii1 

GGTGCTTGGGCCGGAATAGTAGGAACCGCACTCAGCCTCCTGATCCGAGCAGAACTAAGC 

CAGCCCGGCTCCCTCCTCGGGGACGACCAGATTTATAATGTAATTGTTACAGCACATGCC 

TTTGTAATAATTTTCTTTATAGTAATGCCAATTATGATTGGAGGCTTTGGGAACTGATTA 

GTCCCACTTATGATCGGCGCACCAGACATGGCCTTCCCTCGAATAAACAACATAAGCTTC 

TGACTTCTCCCCCCATCATTCCTCCTTCTCCTCGCTTCATCAGGGGTCGAAGCGGGCGCC 

GGTACAGGGTGAACTGTCTACCCCCCACTCGCAGGCAATCTCGCCCACGCTGGGCCCTCT 

GTTGACCTAACCATCTTCTCACTCCACCTAGCCGGGGTATCATCTATTCTAGGGGCAATT 

AATTTCATTACAACAATTATTAACATGAAGCCCCCTGCTATCTCTCAGTACCAAACGCCC 

CTGTTCGTGTGGTCCGTCCTAATTACGGCGGTGCTGCTTCTTCTGTCACTGCCTGTTCTT 

GCTGCCGGCATTACAATGCTTCTCACAGACCGAAATCTAAACACGACCTTCTTTGATCCT 

GCCGGGGGAGGGGATCCCATCCTCTACCAACATTTATTCTGATTCTT 

>PAK_Coptodon zillii2 

GGTGCTTGGGCCGGAATAGTAGGAACCGCACTCAGCCTCCTGATCCGAGCAGAACTAAGC 

CAGCCCGGCTCCCTCCTCGGGGACGACCAGATTTATAATGTAATTGTTACAGCACATGCC 

TTTGTAATAATTTTCTTTATAGTAATGCCAATTATGATTGGAGGCTTTGGGAACTGATTA 

GTCCCACTTATGATCGGCGCACCAGACATGGCCTTCCCTCGAATAAACAACATAAGCTTC 

TGACTTCTCCCCCCATCATTCCTCCTTCTCCTCGCTTCATCAGGGGTCGAAGCGGGCGCC 

GGTACAGGGTGAACTGTCTACCCCCCACTCGCAGGCAATCTCGCCCACGCTGGGCCCTCT 

GTTGACCTAACCATCTTCTCACTCCACCTAGCCGGGGTATCATCTATTCTAGGGGCAATT 

AATTTCATTACAACAATTATTAACATGAAGCCCCCTGCTATCTCTCAGTACCAAACGCCC 

CTGTTCGTGTGGTCCGTCCTAATTACGGCGGTGCTGCTTCTTCTGTCACTGCCTGTTCTT 

GCTGCCGGCATTACAATGCTTCTCACAGACCGAAATCTAAACACGACCTTCTTTGATCCT 

GCCGGGGGAGGGGATCCCATCCTCTACCAACATTTATTCTGATTCTT 

>PAK_Coptodon zillii3 

TGGTGCTTGGGCTGGGATGGTTGGTACAGCCCTCAGCCTACTAATTCGGGCAGAGCTAGC 

CCAACCCGGCACTCTTTTGGGTGATGACCAAATTTATAATGTTATCGTTACTGCCCATGC 

CTTCGTAATAATTTTCTTTATAGTAATACCAATTATGATTGGAGGCTTCGGAAATTGACT 

AGTACCACTAATGATTGGAGCACCAGATATAGCATTTCCTCGAATAAACAACATGAGTTT 
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CTGACTTTTACCACCATCATTCCTACTACTACTAGCCTCATCAGGAGTTGAAGCAGGGGC 

TGGAACAGGATGAACTGTTTACCCTCCCCTTGCCGGCAACCTTGCACATGCAGGAGCCTC 

TGTTGACTTAACTATCTTCTCCCTGCATCTCGCAGGTGTGTCTTCAATTCTTGGGGCCAT 

TAACTTCATCACAACAATTATTAACATAAAACCTCCAGCCATTTCACAATACCAGACACC 

TTTATTCGTATGAGCCATTTTAATTACAGCCGTACTTCTTCTATTATCTCTACCAGTTTT 

AGCCGCTGGTATTACCATGCTACTAACAGACCGAAATTTAAATACAACATTCTTCGACCC 

CGCTGGAGGAGGTGACCCAATTCTTTACCAACATCTATTCTGATT 

>PAK_Coptodon zillii4 

AGGAACCGCACTCAGCCTCCTGATCCGAGCAGAACTAAGCCAGCCCGGCTCCCTCCTCGG 

GGACGACCAGATTTATAATGTAATTGTTACAGCACATGCCTTTGTAATAATTTTCTTTAT 

AGTAATGCCAATTATGATTGGAGGCTTTGGGAACTGATTAGTCCCACTTATGATCGGCGC 

ACCAGACATGGCCTTCCCTCGAATAAACAACATAAGCTTCTGACTTCTCCCCCCATCATT 

CCTCCTTCTCCTCGCTTCATCAGGGGTCGAAGCGGGCGCCGGTACAGGGTGAACTGTCTA 

CCCCCCACTCGCAGGCAATCTCGCCCACGCTGGGCCCTCTGTTGACCTAACCATCTTCTC 

ACTCCACCTAGCCGGGGTATCATCTATTCTAGGGGCAATTAATTTCATTACAACAATTAT 

TAACATGAAGCCCCCTGCTATCTCTCAGTACCAAACGCCCCTGTTCGTGTGGTCCGTCCT 

AATTACGGCGGTGCTGCTTCTTCTGTCACTGCCTGTTCTTGCTGCCGGCATTACAATGCT 

TCTCACAGACCGAAATCTAAACACGACCTTCTTTGATCCTGCCGGGGGAGGGGATCCCAT 

CCTCTACCAACATTTATTCTGATTCTT 

>PAK_Coptodon zillii5 

GTGCTTGGGCCGGAATAGTAGGAACCGCACTCAGCCTCCTGATCCGAGCAGAACTAAGCC 

AGCCCGGCTCCCTCCTCGGGGACGACCAGATTTATAATGTAATTGTTACAGCACATGCCT 

TTGTAATAATTTTCTTTATAGTAATGCCAATTATGATTGGAGGCTTTGGGAACTGATTAG 

TCCCACTTATGATCGGCGCACCAGACATGGCCTTCCCTCGAATAAACAACATAAGCTTCT 

GACTTCTCCCCCCATCATTCCTCCTTCTCCTCGCTTCATCAGGGGTCGAAGCGGGCGCCG 

GTACAGGGTGAACTGTCTACCCCCCACTCGCAGGCAATCTCGCCCACGCTGGGCCCTCTG 

TTGACCTAACCATCTTCTCACTCCACCTAGCCGGGGTATCATCTATTCTAGGGGCAATTA 

ATTTCATTACAACAATTATTAACATGAAGCCCCCTGCTATCTCTCAGTACCAAACGCCCC 

TGTTCGTGTGGTCCGTCCTAATTACGGCGGTGCTGCTTCTTCTGTCACTGCCTGTTCTTG 

CTGCCGGCATTACAATGCTTCTCACAGACCGAAATCTAAACACGACCTTCTTTGATCCTG 

CCGGGGGAGGGGATCCCATCCTCTACCAACATTTATTCTGATTCTT 

>PAK_Coptodon zillii6 

GGTGCTTGGGCCGGAATAGTAGGAACCGCACTCAGCCTCCTGATCCGAGCAGAACTAAGC 

CAGCCCGGCTCCCTCCTCGGGGACGACCAGATTTATAATGTAATTGTTACAGCACATGCC 

TTTGTAATAATTTTCTTTATAGTAATGCCAATTATGATTGGAGGCTTTGGGAACTGATTA 

GTCCCACTTATGATCGGCGCACCAGACATGGCCTTCCCTCGAATAAACAACATAAGCTTC 

TGACTTCTCCCCCCATCATTCCTCCTTCTCCTCGCTTCATCAGGGGTCGAAGCGGGCGCC 

GGTACAGGGTGAACTGTCTACCCCCCACTCGCAGGCAATCTCGCCCACGCTGGGCCCTCT 

GTTGACCTAACCATCTTCTCACTCCACCTAGCCGGGGTATCATCTATTCTAGGGGCAATT 

AATTTCATTACAACAATTATTAACATGAAGCCCCCTGCTATCTCTCAGTACCAAACGCCC 

CTGTTCGTGTGGTCCGTCCTAATTACGGCGGTGCTGCTTCTTCTGTCACTGCCTGTTCTT 

GCTGCCGGCATTACAATGCTTCTCACAGACCGAAATCTAAACACGACCTTCTTTGATCCT 

GCCGGGGGAGGGGATCCCATCCTCTACCAACATTTATTCTGATT 

>PAK_Coptodon zillii7 

GGTGCTTGGGCCGGAATAGTAGGAACCGCACTCAGCCTCCTGATCCGAGCAGAACTAAGC 

CAGCCCGGCTCCCTCCTCGGGGACGACCAGATTTATAATGTAATTGTTACAGCACATGCC 

TTTGTAATAATTTTCTTTATAGTAATGCCAATTATGATTGGAGGCTTTGGGAACTGATTA 

GTCCCACTTATGATCGGCGCACCAGACATGGCCTTCCCTCGAATAAACAACATAAGCTTC 

TGACTTCTCCCCCCATCATTCCTCCTTCTCCTCGCTTCATCAGGGGTCGAAGCGGGCGCC 

GGTACAGGGTGAACTGTCTACCCCCCACTCGCAGGCAATCTCGCCCACGCTGGGCCCTCT 

GTTGACCTAACCATCTTCTCACTCCACCTAGCCGGGGTATCATCTATTCTAGGGGCAATT 

AATTTCATTACAACAATTATTAACATGAAGCCCCCTGCTATCTCTCAGTACCAAACGCCC 

CTGTTCGTGTGGTCCGTCCTAATTACGGCGGTGCTGCTTCTTCTGTCACTGCCTGTTCTT 

GCTGCCGGCATTACAATGCTTCTCACAGACCGAAATCTAAACACGACCTTCTTTGATCCT 

GCCGGGGGAGGGGATCCCATCCTCTACCAACATTTATTCTGATTCTT 

>PAK_Coptodon zillii8 

GGTGCTTGGGCCGGAATAGTAGGAACCGCACTCAGCCTCCTGATCCGAGCAGAACTAAGC 

CAGCCCGGCTCCCTCCTCGGGGACGACCAGATTTATAATGTAATTGTTACAGCACATGCC 

TTTGTAATAATTTTCTTTATAGTAATGCCAATTATGATTGGAGGCTTTGGGAACTGATTA 

GTCCCACTTATGATCGGCGCACCAGACATGGCCTTCCCTCGAATAAACAACATAAGCTTC 

TGACTTCTCCCCCCATCATTCCTCCTTCTCCTCGCTTCATCAGGGGTCGAAGCGGGCGCC 
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GGTACAGGGTGAACTGTCTACCCCCCACTCGCAGGCAATCTCGCCCACGCTGGGCCCTCT 

GTTGACCTAACCATCTTCTCACTCCACCTAGCCGGGGTATCATCTATTCTAGGGGCAATT 

AATTTCATTACAACAATTATTAACATGAAGCCCCCTGCTATCTCTCAGTACCAAACGCCC 

CTGTTCGTGTGGTCCGTCCTAATTACGGCGGTGCTGCTTCTTCTGTCACTGCCTGTTCTT 

GCTGCCGGCATTACAATGCTTCTCACAGACCGAAATCTAAACACGACCTTCTTTGATCCT 

GCCGGGGGAGGGGATCCCATCCTCTACCAACATTTATTCTGATTCTT 

>PAK_Coptodon zillii9 

GGTGCTTGGGCTGGGATGGTTGGTACAGCCCTCAGCCTACTAATTCGGGCAGAGCTAGCC 

CAACCCGGCACTCTTTTGGGTGATGACCAAATTTATAATGTTATCGTTACTGCCCATGCC 

TTCGTAATAATTTTCTTTATAGTAATACCAATTATGATTGGAGGCTTCGGAAATTGACTA 

GTACCACTAATGATTGGAGCACCAGATATAGCATTTCCTCGAATAAACAACATGAGTTTC 

TGACTTTTACCACCATCATTCCTACTACTACTAGCCTCATCAGGAGTTGAAGCAGGGGCT 

GGAACAGGATGAACTGTTTACCCTCCCCTTGCCGGCAACCTTGCACATGCAGGAGCCTCT 

GTTGACTTAACTATCTTCTCCCTGCATCTCGCAGGTGTGTCTTCAATTCTTGGGGCCATT 

AACTTCATCACAACAATTATTAACATAAAACCTCCAGCCATTTCACAATACCAGACACCT 

TTATTCGTATGAGCCATTTTAATTACAGCCGTACTTCTTCTATTATCTCTACCAGTTTTA 

GCCGCTGGTATTACCATGCTACTAACAGACCGAAATTTAAATACAACATTCTTCGACCCC 

GCTGGAGGAGGTGACCCAATTCTTTACCAACATCTATTCTGATT 

>PAK_Coptodon zillii10 

GGAACCGCACTCAGCCTCCTGATCCGAGCAGAACTAAGCCAGCCCGGCTCCCTCCTCGGG 

GACGACCAGATTTATAATGTAATTGTTACAGCACATGCCTTTGTAATAATTTTCTTTATA 

GTAATGCCAATTATGATTGGAGGCTTTGGGAACTGATTAGTCCCACTTATGATCGGCGCA 

CCAGACATGGCCTTCCCTCGAATAAACAACATAAGCTTCTGACTTCTCCCCCCATCATTC 

CTCCTTCTCCTCGCTTCATCAGGGGTCGAAGCGGGCGCCGGTACAGGGTGAACTGTCTAC 

CCCCCACTCGCAGGCAATCTCGCCCACGCTGGGCCCTCTGTTGACCTAACCATCTTCTCA 

CTCCACCTAGCCGGGGTATCATCTATTCTAGGGGCAATTAATTTCATTACAACAATTATT 

AACATGAAGCCCCCTGCTATCTCTCAGTACCAAACGCCCCTGTTCGTGTGGTCCGTCCTA 

ATTACGGCGGTGCTGCTTCTTCTGTCACTGCCTGTTCTTGCTGCCGGCATTACAATGCTT 

CTCACAGACCGAAATCTAAACACGACCTTCTTTGATCCTGCCGGGGGAGGGGATCCCATC 

CTCTACCAACATTTATTCTGATTCTT 

 

Table 22: K2P Genetic distance within various taxonomic levels 

Comparison 

Within 

Minimum (%) Maximum (%) Mean (%) SE 

 

Species 0.01 1.90 0.25 0.01 

Genus 0.04 18.75 5.75 0.02 

Family 4.80 29.61 16.45 0.02 

Order 9.86 30.58 19.14 0.02 

 

 

Fig 19: Intraspecific, Intragenus, Intrafamily and Intra-order K2P Genetic distance trend. 
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Fig 20: Maximum likelihood tree of Indian major carp species. Bootstrap values greater than 50 

are presented only.  
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Fig 21: Phylogenetic relationship among seven freshwater fish sequences of Pakistan and the 

sequences reported from NCBI and Genbank.  
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4.3 Differential Growth Gene Expression  

 Growth is vital factor in any culture system from both health and economic 

point of view. In the current study we analyzed the differential growth expression in 

three members of Indian major carps; Labeo rohita, Catla catla and Cirrhinus 

mrigala. Growth hormone gene (GH) was selected for this purpose and its expression 

was checked against the reference gene beta-actin. The Real-time PCR technique was 

applied for the quantification of growth gene expression in two defined groups of 

above mention three fish species under uniform culture conditions. Among these two 

groups one was having extreme high body weight fishes while second group included 

extreme low body weight fishes. 120 tissue samples (60: extreme high weight and 60 

extreme low body weight) of each fish species were selected. 

4.3.1 RNA quantification 

 Total RNA was extracted by Trizol method. The extracted RNA was then 

quantified by 1.5% gel electrophoresis (fig) 

 
Fig 22. Quality of extracted RNA from fish muscle tissue 1.5% gel 
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4.3.2 Optimization of Primers and Real-time PCR Analysis 

 Reaction mixture (dNTPs, Taq DNA polymerase, Buffer, cDNA, MgCl, 

forward primer and reverse primer) was used to optimize the both primers (GH and β-

actin) by PCR condition. The precise annealing temperature (60°C) was identified to 

acquire the amplification of the target sequence. The primer optimization results were 

confirmed by 1.2% gel (figure) 

 

Fig 23: Optimization of primers for quantitative analyses. (A) amplification of gene (Beta-actin) 

fragments of 146bp: M= 1kb plus marker; L1-L12 denotes 146 bp of  Beta-actin gene fragments. 

(B) amplification of gene (GH) fragments of 111bp: M= 1kb plus marker; L1-L12 denotes 146 bp 

of Growth hormone gene fragments. 

 

 Mean growth expression and mean weight values were calculated for further 

data analysis. In case of Labeo rohita mean values of growth expression and body 

weight in fishes having high body weight were 7.20 (SE:1.41) and 1.89 kg(S.E: 

0.067) respectively. While values of growth expression and body weight in fishes 

having low body weight were 4.985 (S.E: 2.33) and 0.826kg (S.E:0.049) respectively. 

 During the observation of growth pattern in Catla catla following values were 

noticed. Measurements of growth expression and body weight in fishes having high 
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body weight were 14.38 (SE: 1.468) and 2.796 kg (S.E: 0.038) respectively. While 

values of growth expression and body weight in fishes having low body weight were 

0.502 (S.E: 0.088) and 1.837kg (S.E:0.053) respectively. 

 In case of Cirrhinus mrigala mean values of growth expression and body 

weight in fishes having high body weight were 1.332 (SE:0.38) and 1.645 kg(S.E: 

0.047) respectively. While values of growth expression and body weight in fishes 

having low body weight were 0.153 (S.E: 0.049) and 0.648kg (S.E:0.0324) 

respectively. 

 All the analyzed data is represented graphically below. The pattern of growth 

in all these three species was astonishing as we observed very interesting relationship 

between weight and growth expression within species as well as among all three 

current research work fish species. 

 

Fig 24. Growth Gene (GH) expression in high and low weight fish (Labeo rohita) 

 The illustrated graph represents that there is direct relationship between 

growth gene expression and body weight for both high and low body weights of 

Labeo rohita 
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Fig 25. Growth Gene (GH) expression in high and low weight fish (Catla catla) 

 

The above graph depicts that in case of freshwater fish Catla catla there was an indirect 

relationship between gene expression and body weight. 

 
Fig 26. Growth Gene (GH) expression in high and low weight fish (Cirrhinus mrigala) 

 

 In case of Cirrhinus mrigala there is a direct relationship between weight and gene 

expression. 
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Fig 27. Comparison of Growth Gene (GH) expression among different high weight fish species 

 

 While comparing growth gene expression and higher body weights of Labeo 

rohita, Catla catla and Cirrhinus mrigala, it was revealed from figure that the higher 

gene expression and body weight was found in Catla catla while low gene expression 

and higher body weight was found in Cirrhinus mrigala. 

 

Fig 28. Comparison of Growth Gene (GH) expression among different low weight fish species 

 

 During the comparison of growth gene expression in lower body weight of 

Labeo rohita, Catla catla and Cirrhinus mrigala it was reported that the higher gene 

expression with low body weight was observed in Labeo rohita while low gene 

expression and higher body weight was noticed in Cirrhinus mrigala.  
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Chapter 5 

Discussion, Conclusion and Recommendation  

5.1 Discussion  

 DNA barcoding has been used as an alternative method to morphological 

identification of larval and adult fish, fish eggs and fish fillet. This method relies on 

the PCR amplification and subsequent sequencing of Cytochrome oxidase subunit I 

(COI), a 658 base pair gene in the mitochondrial genome in animal species. The 

obtained genetic sequence is then compared to a database of reference COI sequences. 

Originally used for the identification of microbes, DNA barcoding became popular in 

2003 when the COI gene was suggested as the standard target barcode gene for all 

animal species (Ward et al., 2005). In principle, DNA barcoding relies on the 

―barcode gap‖ - the difference between interspecific variability and intraspecific 

variability. In order to be able to differentiate two species based on their COI 

sequences, there has to be a high level of interspecific variability, to allow for 

differentiation between species; there also has to be a low level of intraspecific 

variability, so that individuals from the same species do not differ on a genetic level. 

The mitochondrial genome was chosen as the target, rather than the nuclear genome, 

because it is highly conserved within species but still provides adequate variability 

between different species (Galtier et al., 2009). Furthermore, mitochondrial DNA is 

present in the cell in multiple copies, there are no introns, and there are few 

duplications, making it an ideal target for DNA barcoding. DNA can identify 

individual specimens to the species level, and thus provides an alternative method to 

morphological identification with the potential for higher accuracy (Gissi et al., 2008). 

 Species recognition on the molecular level with the help of DNA barcoding 
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technique is commonly used all over the world. A typical fragment of mtDNA plays a 

pivotal role in the precise identification of those animal species which are still to be 

recognized correctly (Dawnay et al., 2007). A short segment of mitochondrial 

Cytochrome C oxidase 1 gene (COI) is employed for the better confirmation of 

unidentified species (Lohman et al., 2009).  The study of the COI gene is very helpful 

in species authentication as variation in amino acid sequence occurs at a slow rate 

than another mitochondrial gene (Hebert et al., 2003). The main purpose of barcode 

studies is to define the species boundaries at COI gene locus for the recognition of 

unknown species but sometimes it leads to the discovery of unnoticed species and 

unusual species diversity (Kerr et al., 2009; Meyer and Paulay, 2005). 

 DNA barcoding technique helps in accurate species identification by using a 

typical segment of mitochondrial DNA that possesses remarkable differences between 

species. DNA barcoding tool enables the taxonomists to standardize a proper protocol 

along with morphological data that is vital for species discrimination. COI gene of 

mitochondrial DNA is conserved within species while it shows a slight genetic 

divergence between species. This property of mitochondrial COI gene makes it an 

efficient tool for species identification which has been applied in Japanese marine 

fishes (Zhang et al., 2011), Indian freshwater fishes (Chakraborty and Ghosh, 2013), 

Taiwan rayfinned fishes (Chang et al., 2017) and Mediterranean fishes (Karahan et 

al., 2017). 

 The specific objective of DNA barcoding is to declare the ambiguous 

specimens to a species level and to uncover the cryptic species. This technique is very 

helpful in discrimination of those organisms that possess various life stages as well 

organisms which show compound or unapproachable morphological characteristics 

(Hebert et al., 2003a). 
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 Despite a gigantic development in taxonomic structures, many globally 

available fishes are still remaining unrepresented. The analysis of fishes of marine and 

freshwater habitats was revealing that they are newly dispersed from the equatorial 

glacial refugia. It will provide a strong support in wildlife forensics and for 

conservation of wild marine and freshwater genetic research. In the current study, we 

have investigated seven freshwater fish species from Pakistan. Three fish species 

(Labeo rohita, Catla catla, Cirrhinus mrigala) belongs to Indian major carp while 

three fish species (Bagarius bagarius, Rita rita, Wallago attu) belongs to catfishes 

and one fish species (Coptodon zillii) from Cichlidae family. The samples were 

collected from river Chenab near Trimmu barrage district Jhang, Punjab province 

Pakistan. The partial coding portion (650-700 base pair [bp]) of mtDNA COI region 

was amplified from 160 fish samples. The Barcode Creativity is a struggle to embark 

on a molecular identification of freshwater fish fauna. Cytochrome Oxidase c subunit 

I (COI) molecular tags for Pakistani freshwater fish species have been described. In 

this study, we generated COI barcodes and evaluated their usefulness in 

discriminating the Pakistani fish species and other obtained sequences of freshwater 

fishes from GenBank and BOLD databases. For phylogenetic analysis sequences 

obtained from current study and sequences from Genbank and BOLD databases were 

used. 

 Analyzed sequences did not contain any insertions/deletions or pseudogenes 

(short sequences with stop codons) or contaminant sequences (e.g., from bacteria) that 

completely ensured that all the amplified sequences belong to functional 

mitochondrial COI sequences. Furthermore it also proved that DNA barcoding tool is 

very helpful in species recognition. The absence of stop codons in average read length 

of sequences shows that NUMT (nuclear DNA sequence that originate from 
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mitochondrial DNA sequence and are typically less than 700bp in length) were not 

sequenced and this result was in parallel with the already presented results (Lakra et 

al., 2011; Ward et al., 2005). 

 PCR amplicons were sequenced and complete barcode fragments of Labeo 

rohita (658bp), Catla catla (650bp), Cirrhinus mrigala (665bp), Bagarius bagarius 

(647bp), Rita rita (654bp), Wallago attu (614bp) and Coptodon zillii (648bp) were 

created. A significant rate of transitional substitutions as compared to transversional 

substitutions was observed. 

 All the seven freshwater fishes under current study showed low GC content 

and lowest value was observed in Catla catla (44.2%). Such kind of low GC content 

in nucleotide composition is also observed in other freshwater bony fishes also (Khan 

et al., 2015). The AT content in all seven freshwater fishes was high as compared to 

GC content. It declares a clear anti-G bias pattern which is commonly investigated in 

many teleost fishes (Zhu et al., 2013; Akhtar et al., 2017). During the evolutionary 

process of species, the codon positions inside the mitochondrial genes are influenced 

by selection pressure of base mutation. A clear anti-G bias pattern may be caused due 

to this base-mutation selection pressure in codon positions (Bingpeng et al., 2018). 

 The effectiveness of species discrimination by using DNA barcoding 

technique is mainly based on both nucleotide divergence within the species as well as 

the nucleotide divergence between species. The barcode study tries to find out the 

boundaries to define species which possesses the nucleotide divergence between the 

closest neighbors within a typical group (Chakraborty and Ghosh, 2014). The 

difference between lowest congeneric and highest conspecific nucleotide divergence 

was applied to describe the barcode gap and this difference was very effective than 

the average value of intra and interspecific species variation (Bhattacharjee et al., 
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2012; Meier et al., 2008). 

 In the current research work the mean conspecific K2P genetic distance was 

0.25% while mean congeneric K2P genetic distance was 5.75% (Table 22). It showed 

that the mean congeneric K2P genetic distance was 23 fold greater than the mean 

conspecific K2P genetic distance that was 0.25%. (Figure 19). These results were in 

agreement with the average conspecific and congeneric K2P genetic distance 

difference (25-fold) found in Australian marine fishes (Ward et al., 2005) as well as 

26.2-fold difference found in pelagic and bathypelagic marine fishes of Canada 

(Kenchington et al., 2017). Moreover a similar average conspecific and congeneric 

K2P genetic distance difference was also observed in Canadian Atlantic marine fishes 

that was greater than13.9-fold (McCusker et al., 2013). The genetic changes detected 

in mitochondrial DNA in current research study can cause variation in fish population 

demographically. A slight increase in mean K2P genetic distance was observed within 

the increase in taxonomic levels of families and order.  In this study the average K2P 

genetic distance observed within family and order was 16.45% and 19.14% 

respectively. These results were in alignment with the values of K2P genetic distance 

observed within family (23.70%) and order (25.60%) of fishes of Taiwan strait 

(Bingpeng et al., 2018). 

 The phylogenetic relationship among Indian major carps as well as other four 

freshwater fishes was assessed by using maximum likelihood tree method. The similar 

species were clustered under same node while different species were clustered under 

distinct nodes without any exemptions. Each node under this K2P genetic distance-

based tree was reinforced by high bootstrap values (50-100%) (Figure20-21). The 

main goal of barcode study is discrimination of species, even those having maximum 

morphological similarity but another benefit of this analysis is the possession of 
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phylogenetic relationship in mitochondrial DNA, COI gene sequence data. In most 

analysis the congeneric species are clustered together and also same situation with the 

species that comes under same family (Karim et al., 2015). 

 The overall mean haplotype diversity and nucleotide diversity observed in 

seven freshwater fish populations was HD=0.692 and Pi=0.0036 respectively. These 

values indicated a low level of genetic diversity among all seven freshwater fishes 

under current study. This condition may occur due to low rate of evolution, minimum 

survival rate, homozygosity due to inbreeding and low level of fitness and adaptation. 

The low level of genetic diversity is directly proportional to the loss of population 

(DeSalle and Amato 2004; Frankham, 2009).  

 The calculated transition/transversion bias value in seven freshwater fishes 

was Labeo rohita (R: 1.14), Catla catla (R: 1.81), Cirrhinus mrigala (R: 2.61), 

Bagarius bagarius (R: 0.60), Rita rita (R: 2.76), Wallago attu (R: 2.67) and Coptodon 

zillii (R: 1.40) respectively. Bagarius bagarius showed neutral evolution (R: 0.60) 

while Labeo rohita (R: 1.14), Catla catla (R: 1.81), Cirrhinus mrigala (R: 2.61), Rita 

rita (R: 2.76), Wallago attu (R: 2.67) and Coptodon zillii (R: 1.40) possessed higher 

value than Bagarius bagarius and offered a very low genetic diversity. This 

transition/transversion bias value was in line with the results observed in 

Mitochondrial DNA study of Schizothoracine (Ahmad et al., 2014). Rate of transition 

substitution were higher than transversion substitution at all three codon position and 

this high transition bias value is very common in vertebrate mitochondrial DNA 

(Meyer, 1993; Karim et al., 2016; Khan et al., 2016). 

 The rate of population demographic changes (bottlenecks or expansions) and 

neutrality test was assessed by using two approaches; Tajima D test and the Fu and Li 

D and F tests. The significant negative values of Tajima D test and the Fu and Li D 
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and F tests indicated a sudden expansion in population or genetic hitchhiking. This 

phenomenon of population expansion or genetic hitchhiking was a sign of inflow of 

excess number of alleles into the populations. These results were totally in agreement 

with the results found in genetic diversity analysis of Chocolate mahseer 

(Neolissochilus hexagonolepis) populations (Sharma et al., 2018) as well as Bagarius 

bagarius populations (Nagarajan et al., 2016). 

In vertebrate‘s growth hormone (GH) is a solitary chain, pituitary-explicit 

hormone which is important for advancement and support of body growth. The GH 

genomic area in vertebrates is not really 2 kb long, with the protein coding locale 

separated into four to five squares (exons) communicating not exactly 33% of the 

length of the genomic locales. The particular districts for GH coding must be 

profoundly moderated over all vertebrates, probably in light of utilitarian limitations 

on structure of the hormone. Be that as it may, paces of GH arrangement on 

advancement vary for different gatherings of vertebrates. GH paralogs in passerine 

birds were appeared to show quick growth contrasted with non-passerines. 

Correlation of substitution rates in these two gatherings showed a 2-overlap quicker 

pace of indistinguishable codon advancement and a 10-crease more noteworthy pace 

of amino acid growth in passerine winged animals than in non-passerines. 

Unevenness in the pace of growth of pituitary GH has likewise been seen in well 

evolved creatures. While GH is exceptionally safeguarded crosswise over most 

eutherian requests, the gene shows 25–50 overlay higher paces of advancement in 

primates and artiodactyls Sequences from the GH gene locale have been utilized to 

assume evolutionary relationships at an assortment of taxonomic levels in fishes. GH 

coding sequences were utilized to decide the phylogenetic connections of main clades 

of fishes. Amino acid (aa) successions from the protein-coding district of GH were 
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first utilized for assuming the phylogeny of bony fishes. Interrelationships of main 

groups of fish‘s dependents on GH coding and amino acid sequences are by and large 

in contract with connections based on morphology and other information (Kawauchi 

et al., 2002).  

 There is direct relationship between growth gene expression and body weight 

for both high and low body weights of Labeo rohita. The expected regression 

equation for higher body weight was Y= -5.3118x+12.514 while for lower body 

weight regression equation was Y= -4.1582x+9.1429 (Figure 24). These regression 

equation values indicates that increase or decrease in gene expression may cause 

increase or decrease in body weight both for lower and higher body weights of Labeo 

rohita. In case of Cirrhinus mrigala there is a direct relationship between weight and 

gene expression. With the increase in growth gene expression there was increase in 

body weight.  The expected regression equation for higher body weight was Y= 

0.3129x+1.0195 while for lower body weight regression equation was Y= 0.4947x-

0.3415 (Figure 26). In case of increase or decrease in gene expression there will be 

increase in higher body weight while there will be decrease in lower body weight 

which indicates the reciprocal effects of gene expression for lower body weight more 

as compare to higher body weight.  Such kind of growth gene relationship was also 

observed in a study of GH expression that was conducted in sea bream and rainbow 

trout (Perez-sanchez and Bail, 1999). 

 In case of Catla catla there was an indirect relationship between gene 

expression and body weight as with the increase in gene expression in high body 

weight Catla catla the body weight was not much increased as compare to lower body 

weight Catla catla where there was low gene expression and high body weight. The 

regression equation for higher body weight was Y= 1.3354x-0.8329 while for lower 
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body weight regression equation was Y= -11.591x+25.978 (Figure 25) which 

indicates the higher increase in body weight with unit change in expression as 

compared with higher body weight. The higher body weight under low gene 

expression may be the cause of internal morpho-physiological changes in Catla catla. 

These results were consistent with the results found in study of GH gene in other fresh 

and marine water bony fishes (Moriyama et al., 2006; Zhang et al., 2009). 

 When we did comparison of growth gene expression among high and low 

body weight samples of Indian major carp species it was noticed that expression of 

growth gene vary from species to species of these fishes (Figure 27, 28). This 

condition may exist due to combined effect of other growth genes and certain 

environmental factors that work in collaboration for growth and development of 

fishes. 

5.2 Conclusion 

 Identification of fishes in Pakistan at molecular level is still in nascent phase. 

DNA barcoding technique is a very effective tool to identify and observe the genetic 

diversity pattern in freshwater as well as marine water fishes of Pakistan. Our current 

research work for growth gene expression in three members of Indian major carps 

indicated that there exists a differential growth gene expression in our experimental 

fish species. We found a partial dependency of body weight with growth gene 

expression. This partial dependency indicates different internal body physio-chemical 

characteristics of each species. 

5.3 Future Recommendations 

 Due to increasing pollution day by day our water quality is deteriorating which 

is ultimately devastating our fish fauna. Keeping in view this dilemma it is an 

immediate need to identify the fish species inhabiting our water bodies so that we can 
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do stock assessment of these fish species as well as to adopt strategies for their 

breeding and conservation programme in future. For sound knowledge of growth gene 

expression and body weight relationship there is a need of vast experimentation in 

different ecological regions regarding growth genes and their interlinked genes that 

are vital for growth in fishes. 
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