Acknowledgement

I am using this opportunity to express my gratitude to everyone who

supported me throughout the course of this program.

Foremost, I would like to express my sincere gratitude to my supervisor Dr.
Sankar Kumar Ghosh, Professor, Department of Biotechnology, for his
continuous support of my Ph.D. study and research. I was constantly motivated
by his patience, inspiration, enthusiasm, and immense knowledge. I am thankful
to him for encouraging my research and for allowing me to grow as a research
scientist. His advice on both research as well as on my career have been
precious. I could not have imagined having a better advisor and mentor for my

Ph.D. study.

I thank Honorable Vice Chancellor, Dean, School of Life Sciences, Head of
the Department of Biotechnology and Board of Research Studies, Assam

University for their support for various phases of the programme.

I gratefully acknowledge the funding sources that made my Ph.D. work
possible. In this regard I extend my gratitude to Department of Biotechnology
(DBT), Govt. of India and University Grants Commission (U6C), New Delhi for
providing me financial aid and fellowship during the entire tenure of my

research.

I am extremely thankful to Dr. Amalesh Choudhury, Dr. Lalramliana for
helping me in sample collection and identification. Working with them was a

great learning experience.

All the faculty members and non-teaching staffs of the Department of

Biotechnology, Assam University has been very kind to extend their help at



various phases of this research. I would like to thank them for their support

and encouragement.

I thank my seniors Rosy Mondal, Monika Ahanthem, Joyraj Bhattacharjee,
Pradosh Mahadani, Shantanu Kundu, Jagadish Hansa, Ksh Miranda Devi, K. Bijoya
Devi, Kulendra Ch. Das, Boni Amin Laskar, Shilpee Srivastava, Prasanta bera,
Rajesh Paul, Biswadeep Choudhury, Mridul Das, Fazlur R. Talukdar, Ruhina Shirin
Laskar and fellow labmates, Javed Hussain Choudhury, Seram Anil Singh,
Joyobrata Nath, Shailendra Yadav, Sharbadeb Kundu, Raima Das, Shaheen
Laskar, Manish Kumar, Partha Pratim Das, Sorokhaibam Malvika, N. Neelima Devi
and my friends Mohua Chakraborty, Sayantan Nath, Sambuddha Das and Arup K.
Malakar. It was their wonderful companionship that helped me enjoy and survive
through these years of my life. The discussions in the lab, sharing of knowledge,
cumulative effort in solving various technical and theoretical problems have

enriched me in numerous ways.

Finally, I give full credit to my parents for their moral support and guidance
throughout this period. Without their constant support in all my pursuits,
nonstop motivation and constructive criticism, it was impossible for me to

complete my journey.

Bishal Dhar



CHAPTERS

Chapter 1
1.1
1.2
1.2.1

1.2.1.1
1.2.1.2

1.3
1.4
1.5
1.6
1.6.1
1.7
1.8
1.9
1.10
Chapter 2
2.1
2.2
2.3
Chapter 3
3.1
3.1.1
3.1.2
3.1.3

3.1.3.1
3.1.3.2
3.1.33

3.2.
321

3.2.1.1
3212

322

3221
3222

CONTENTS

DESCRIPTION

INTRODUCTION
FiSh diVerSItY . ..eeiuiieiieeiieeiie et

Ornamental Fish.......cccccocoiiiiiiiiiicecce,
Distribution of Ornamental Fishes...............c.ocoviniinnen.
Ornamental fishin India.............coo i,
Ornamental fish in Northeast India....................c.oce.
Ornamental fish trade: Global vs National scenario...................
Morphotaxonomy in ornamental fishes identification................
Molecular markers in species identification........................
DNA barcoding as molecular identification tool...................
DNA barcoding of fishes........ccceeviirviiiiiiniiiiieieceeeeesiee
DNA barcoding in phylogeny.............c.ocooiiiiiiii.
DNA barcoding uncovers the illegal trade..........................
Research gap........coouviiiiiiii
OBJECTIVES. ...
REVIEW OF LITERATURE......cccciiiiiiiiiiiiiiiniiniincnnen
Fish diVersity.....oouevuiiiii e,
Molecular taxonomy in fish diversity..........ccoceeveeirieiniennieennne.
DNA barcoding in species identification............................
MATERIALS AND METHODS.....cccciiiiiiiiiiiiiiiieiennnns
MALETIALS. ..ottt
SAMPIING.....viiiiiiiiieiee et
MoOTPholOgY .. .eeeee e
Chemicals........oooiii
Reagents. ... ..o e
Buffers. .....ooii
Primers. ...oooouii

Isolation and purification of DNA from ornamental fish sample
Isolation from tissue/fin.............cooiiiiiiiiiiii i,
Isolation from blood............cooiiiiiiiiiiii
Purity check and yield of the extracted DNA......................
Spectrophotometric determination..............cooevveeiniinennnnne.
Agarose gel electrophoresis. .........ooeeviiiiiiiiiiiiiiiiienn.

PAGE

24-42
24
28
30

43-58
43
43
44
44
44
46
47
47
47
48
49
50
50
50



323

324

325

3.2.6
3.2.6.1
3.2.6.2
3.2.6.3

3.2.6.4.
3.2.6.5.

3.2.6.6
3.2.6.7
Chapter 4

Chapter 4.1

4.1.1
4.1.1.1
4.1.1.2
4.1.1.3
4.1.14
4.1.2
Chapter 4.2
4.2.1
4.2.1.1
4.2.1.2
42.1.3
42.2
4.2.3
424
4.24.1
4242
4.2.5
4.2.6

Chapter 4.3

4.3.1
43.1.1
43.1.2
43.2
4.3.3

PCR amplification of barcode segment...
Gel-electrophoresis and purification of PCR product .............
Sequencing of PCR amplicons..................ooooiiiiiin .
Sequence analysis using bioinformatics tools.....................
Interpretation of sequencing chromatogram........................
Sequence formats and analyzing software..........................
Sequence SUDMISSION. .....uuetitt et
Genbank DNA barcode sequences retrieved...........ccccceeueeeennene
Alignment of the sequences with ClustalX..........................
Similarity search............oooviiiiiiii
Phylogenetic analysis.........coeviiiuiiiiiiiiiiiiii e
RESULTS
Vouchering of the ornamental fish samples from Northeast

Morphology based identification..................c..cooviiiinn...
Cypriniformes. ........oouiiieei i
SIIUTITOIMIES. ....vviiieieeiiiiee ettt e e eerr e e e e
Perciformes. .......cooiiiiii
Other Orders. .....oovviiiiiiii i e
Checklist of the ornamental fishes resources of Northeast India
Species specific genetic marker as DNA barcode sequences...
GenomiC DNA . ...
From blood..........ooiiiiiii e,
TS U, ottt e e

UV-VIS spectrophotometric determination of genomic DNA...
PCR amplification of COI DNA barcode fragment...............
DNA sequencing by automated DNA sequencer........................
Raw sequences analysis........ccoecveeeniiiieiiiniiiieeeieeeee e,
Final sequences after annotation..............cceceevvveenieenieenieenneenn
Barcode sequence characteristics. ............oevvevivniiiinennnn..
Sequences submitted in Genbank and BOLD......................
DNA barcoding approach to detect traded ornamental fishes
Jrom Northeast India................c.ccocevveiiiiiiiniininennennann.
DNA barcode based identification....................cooevvine
Category 1: Higher-level similarity with multiple species.......
Category 2: Newly generated sequences...............c.oeuenn...
Neighbour-joining and K2P distance...................cooviiiien.
Species status of the ornamental fish traded from Northeast India.

52
53
54
54
54
55
56
56
57
57
57
59-137
60

60
60
67
72
76
78
79
79
79
79
79
80
81
84
84
84
86
86

95

95

100
100
103
109



Chapter 4.4
44.1
442
443
444
44.5

44.5.1

4452
4453
4454
4455
Chapter 4.5
4.5.1
4.5.1.1
4.5.1.2
45.2
4.5.2.1
4522
Chapter 5
5.1
52
53
54
Chapter 6

Barcode sequence analysiS.ccssssss : ssvenmsnnss s s snssummmnss s samass
Nucleotide composition cf COI Sequences of ornamental fishes......
Amino acid COMPOSILION. .....vvuuerntitentiiteieeieenieeinennennn.
CIE SR ; « sosmemmns: : & & sommmsn: ¢ 15 § SRR 31 § 5 SEEEEEEE 2 1§ § IRERHTS
Transition/transversion in CO1 barcode sequence.................
Selection of Mini-barcode fragment...............cccevvvviiinanne.
Validation of the proposed segment for use in species
delunitaiion ‘Tees baxed appreatt « : « semmsss « « s copmmmamsemms
K2P distance: Minibarcode vs Full length barcode.............
Primers for amplification of Mini-barcode.........................
PCR amplification of the Mini barcode.......................c...
Segueneing of the PCR PEOAUGES. : ; ssmmmmna s s 55 snmmimmns s 5 5 s mamns
Phylogenetic analysis of different ornamental fishes...............
Maximum Likelihood approach................c.oooiiiiiiiiini.
Model test for maximum likelihood analysis.......................
Phylogenetic analyses based on maximum likelihood approach
Molecular Clock in estimating time of evolution: ML approach
Testing Molecular Clock hypothesis..........c..ccooeiiiiininnne.
Estimation of Divergence Time.............cccocevviiiiiiiiinnnnn.
1) ST UL ) (PR pa————p————————————
Ornamental fish in Northeast India......................coini.
DNAbarcoding of ornamental fish.......................cooa
Development of mini-barcode fragment............................
CO1 based phylogeny......c.ccvveiveiiiiiniiiiiiiiiineieneenans
SUMMARY ... cossnsnnsnessunpuossunssssssnsnususns ssamsnssmnes snsnpsen

BIBLIOGRAPHY

APPENDICES

LIST OF PUBLICATIONS iscssssnsssssssusmnasusesssansansnse sass

BOOK CHAFPTERS:::i:isuiiissssssanpoisissssssnnosisssssssnsass

NEWS HIGHLIGHTS...conoe s susmmenmunes sommmmsmunnnvumnamenunnony

111
111
115
115
117
117

119

122
123
124
125
127
127
127
129
134
134
135
138-147
138
138

144
148-150

151-168

169-182

i-iii



LIST OF TABLES

Sl. | Table . Page
No No Title of the Table Number
1 1.1 Native Indian fresh water fishes traded as ornamental fish 5
’ 10 Number of fishes identified from different families from North 7
’ Eastern States
3 41 The field identification of the ornamental fish under different 60
) orders and families based on available checklist
Vouchering of the ornamental fish samples (Cypriniformes) from
4 4.1.1 : 65
Northeast India
Vouchering of the ornamental fish samples (Siluriformes) from
5 4.1.2 i 71
Northeast India
Vouchering of the ornamental fish samples (Perciformes) from
6 4.1.3 ] 75
Northeast India
Vouchering of the ornamental fish samples (Other) from Northeast
7 4.14 . 78
India
Concentration of different genomic DNA isolated from
8 4.2.1 . 80
ornamental fish sample
Barcode sequence generated and Submitted from order Cyprinifor-
9 4.2.2 | mes in global database as state-of-arts and strengthening of Global 87
databases- Genbank, NCBI and BOLD.
Barcode sequence generated and Submitted from order Silurifor-
10 | 4.2.3 | mes in global database as state-of-arts and strengthening of Global 89
databases- Genbank, NCBI and BOLD.
Barcode sequence generated and Submitted from orderPercifor-
11 | 4.2.4 | mes in global database as state-of-arts and strengthening of Global 90
databases- Genbank, NCBI and BOLD.
Barcode sequence generated and Submitted from order
1| 425 Synbranchiformes, Osteoglossiformes and Tetraodontiformes in 9]
- global database as state-of-arts and strengthening of Global
databases- Genbank, NCBI and BOLD.
Straight forward Identification of the studied ornamental fishes
13 4.3.1 | based on similarity match with BOLD Identification System and 96

GenBank.




Confused species status of the studied ornamental fishes based on

141 432 similarity match with the database. »
15 | 4.3.3 | Details of database sequences taken in this study 104
Minimum Interspecific and Maximum Intraspecific K2P genetic
16 | 434 distance, NJ-Cluster with bootstrap values of the specimens that 108
e revealed similarity in the range of 96% - 100% with the database
sequences.
Nucleotide Composition of the Ornamental fish species along with
17 | 4.4.1 |the conspecific sequences from database with references to 3 | 111
major orders
18 | 4.4.2 | Codon Usage of COI barcode sequences of ornamental fishes 116
19 | 4.4.3 | Transition/Transversion ratio in CO! barcode sequences 117
20 | 444 Comparison of the properties of mini barcode region (171 bp) to 118
o full-length barcode (655 bp)
21 | 4.4.5 | Mean value of intergeneric and conspecific K2P divergence 122
Model Test for selection of best fit model based on BIC (Bayesian
22 | 4.5.1 | Information Criteria) for reconstruction phylogenetic tree based on | 128
Maximum Likelihood.
23 | 459 Results from a test of molecular clocks using the Maximum 134

Likelihood method




LISTS OF FIGURES

SI. | Figure Title of the Figures Page
No No Number

1 1.1 Fresh water fishes constitute a major share in Ornamental fish 3
trade.

2 1.2 Map of India (Satellite Image) showing Biodiversity hotspots 5
where the ornamental fishes are harvested

3 1.3 Unit value (USD/KG) of the Ornamental fish exports from 9
India and Globally during 1991-2009

4 1.4 Ornamental fish exports from India and trend line during 1991- 9
2009

5 1.5 State-wise fish individual numbers and their uses as both food 10
and ornamental fish.

6 1.6 A. Ornamental Fishes under trade (Google). B. Endangered 11
Species of Puntius denisonii exported from India under the
trade name RedLine Torpedo Barb

7 3.1 Sites of collection of ornamental fishes along different 43
locations of North East India

8 4.2.1 Few representatives Gel electropherogram of genomic DNA 82
extracted from Fish blood samples (fig a,b), tissue sample (fig
c¢) and Fin (fig d).

9 4.2.2 | Lane 1 — 37 contains representative COIl PCR amplicons of 83
ornamental fish samples which are of 655 bp length, as been
confirmed by comparison with standard 100 bp DNA Ladder
on 1.5% agarose gel

10 4223 Example of sequence editing. Sequences are shown as raw 85
data’s in the form of peaks above. The red and blue peaks
represents Thymine and Cytosine respectively while the black
and green represents Guanine and Adenine respectively.

11 424 BOLD sequence submission project summary page that 92
contains details of the ornamental fish samples and their
corresponding sequences.

12 4.2.5 Sequence of the ornamental fish samples submitted in NCBI 93
with their corresponding sequences.

13 4.2.6 Representative of the Sequence page in Genbank (NCBI) with 94
the details of the sequence submitted

14 43.1 Morphology of fish for species identification 102

15 4.3.2 Neighbour-Joining tree of COI gene sequences derived from 107
130 ornamental fish species under trade using K2P distance
parameter. The numbersat the nodes are the bootstrap values
based on 1000 replicates.

16 433 The scatter plot of genetic distances within species against 108

genetic distances between the species




17 4.3.4 | The list of the identified fish species is being traded from 110
Northeast India as ornamental fish and their status in both
IUCN and CAMP.

18 4.4.1 Nucleotide Composition of the COI barcode sequences of the 112
ornamental fishes

19 4.4.2 Nucleotide Bias in COI barcode sequences of ornamental 112
fishes. At the 2™ and 3" codon position, there was a bias
towards AT over GC

20 443 Correlation of average GC content with GC content at each 113
codon position, in 6 orders of ornamental fishes.

21 4.4.4 Average AT and GC Skew of entire COI barcode region of 114
different ornamental fishes

22 4.4.5 Average AT and GC Skew of 1st codon of COI barcode region 114
of different ornamental fishes

23 4.4.6 Average AT and GC Skew of 2nd codon of COI barcode 114
region of different ornamental fishes

24 4.4.7 Average AT and GC Skew of 3rd codon of CO1 barcode region 115
of different ornamental fishes

25 4.4.8 Amino acid composition of the different ornamental fishes 115
based on COI barcode sequences

26 4.49 Distribution patterns of transitions and transversion across 119
fulllength barcode (654bp) of 287 sequences.

27 4.4.10 | Neighbour joining (NJ) tree developed using K2P distance 121
among 187 mini barcode sequences (171 bp).

28 4.4.11 | Comparison of intraspecies distance between full length COI 122
barcode and mini barcode.

29 4.4.12 | Comparison of inter-species distance between full length COI 123
barcode and mini barcode.

30 4.4.13 | PCR amplicons of the mini-barcode using consensus primers. 125

31 4.4.14 | Mini barcode sequences of the representative samples of 126
ornamental fishes from the 6 orders

32 4.5.1 ML Tree of different ornamental fish of Northeast India. 130

33 45.2 ML tree showing distinct clustering of the species under the 131
order Perciformes.

34 453 ML tree showing distinct clustering of the species under the 132
order Siluriformes.

35 454 ML tree showing distinct clustering of the species under the 133
order Cypriniformes.

36 4.5.5 Time tree of different ornamental fish based on ML approach 136

37 5.1 Species Status of Ornamental fish being traded from Northeast 142

India.




List of Plates

Plate no Title . Page
in between
Plate No.1 Flshc?s of the Order Cypriniformes - Specimens of the barb 61-62
species
Plate No.2 | Specimens of the Carps, danio and Gangetic latia species 62-63
Plate No.3 | Specimens of the Indian Hill Trout, Garra and Kingfish 64-64
Plate No.4 Spemmeng of Mola carplet/Pale carplet, Neon Hatchet and 64-65
Zipper/Stripped loach
Specimens of Torrent stone carp, Queen / Bengal Loach,
Plate No.5 Ladder /Gangetic Loach and Moosefaced Loach 64-6
Fishes of the Order Siluriformes - Specimen of Copper Cat
Plate No.6 fish, Gagata, Indian Whiptail Cat fish and Giantmoth catfish 67-68
Fishes of the Order Perciformes - Specimen of snakeheads and
Plate No.7" | BJue badid/ Chameleon Fish 7576
List of Appendices
NO APPENDIX PAGE
No.
Appendix 1 | List of Native Indian Fresh water fishes traded as Ornamental 168
fish
Appendix 2 | Observed key morphological characters of the Ornamental fish 173
specimens enabling field identification of the species
Appendix 3 | K2P Distance table of the ornamental fish species under study 180




ABBREVIATIONS

ng
°C

ACG
AIC
BIC
BOLD

BLAST

CAMP
CBOL
col
DNA
dNTPs
EDTA
EMBL
EtBr
EVACC
FAO

gDNA

IUPAC
IUB
IUCN
K2p
Lb
MEGA

Microliter

Microgram

Degree Celsius

Adenine

Area Conservation de Guanacaste
Akaike Information Criterion

Bayssian Information Criteria

Barcode of Life Data System

base pair

Basic Local Alignment Search Tool
Cytosine

Conservation Assessment and Management Plan
Consortium of Barcode of Life
Cytochrome c oxidase subunit I

Deoxy Ribonucleic acid
Deoxynucleotide triphosphate
Ethylenediaminetetra actetic acid
European Molecular Biology Laboratory
Ethidium Bromide

El Valle Amphibian Conservation Center
Food and Agriculture Organization
Guanine

Genomic DNA

Gram

International Union of Pure and Applied Chemistry

International Union of Biochemistry
International Union for Conservation of Nature
Kimura 2 Parameter

Pound

Molecular Evolutionary Genomic Analysis




Mg

Ml

mM
MPEDA
mtDNA
ML
MYA
NCBI
NGS
NJ
NUMT
ORF
OTUs
PCR
pmole
RFLP
rpm
RSCU
SDS
STCZ

TAE
TES

Milligram

Millilitre

Millimolar

Marine Products Export Development Authority
Mitochondrial DNA

Maximum Likelihood

Million Year Ago

National Centre for Biotechnological Information
Next Generation Sequencing

Neighbor Joining

Nuclear mitochondrial DNA segment

Open Reading Frame

Operational Taxonomic Units

Polymerase Chain Reaction

Picomole

Restriction Fragment Length Polymorphism
Revolution per minute

Relative Synonymous Codon Usage
Sodium Dodecyl Sulfate

Subtropical Convergence Zone

Thymine

Tris-acetate-EDTA

Tris-EDTA-Saline




Department of Biotechnology

Hargobind Khurana School of Life Sciences
ASSAM UNIVERSITY, SILCHAR
Silchar-788011, Assam, India

DECLARATION

I, Bishal Dhar, bearing Registration Number, Ph.D. 1702/2011 dated 15.09.11, and
Assam University Registration Number 10401331 of 2005-2006, do hereby declare that the
subject matter of the thesis entitled “DNA BARCODING OF ORNAMENTAL FISHES
OF NORTHEAST INDIA" is the record of work done by me and that the contents of this
thests did not form the basis for award of any degree to me or to anybody else to the best of

my Rnowledge. The thesis has not been submitted in any other University or Institute.

Place: Silchar Bishal Dhar

Date:



