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ABSTRACT

Mitochondrial DNA (mtDNA) loci are used routinely for species testing in
mammalian species. This project examines their use in avian identification for
forensic purposes, particularly as certain avian species are the subject of an illegal
trade. Comparison of amino acid sequences for a range of mitochondrial genes
taken from avian species indicated that along with two commonly used gene loci
(cyt b and COI), two members of the NADH dehydrogenase family (ND2 and

ND5) showed greater variation.

Alignment of entire avian mitochondrial sequences illustrated the potential for
using such large sequences, but comparison of individual genes using 102 avian
species further supported ND2 and ND5 as having greater interspecies variation
and less intra-specific variation. Support for these two loci was further provided
when looking at closely related avian species. As each gene is relatively large,
sections of these loci were selected for ability to identify and distinguish closely
related avian species and reconstruct accurate phylogenetic trees. A 452 bp
section at the 5’ terminus from both ND2 and ND5, at base positions 58-509 and
101-552 respectively, were superior compared to the other mitochondrial loci in
species identification, including closely related members of the Fringillidae,
Psittacidae and Cacatuidae families and in accurate phylogenetic tree

reconstruction.



DNA extracts were obtained from individual barbs and calamus of feathers. Samples
included both fresh from known species, feathers from unknown species collected in
Adelaide, and archived the museum samples. Successful amplification of sections of the
ND2 (561 bp) and ND5 genes (921 bp) was achieved. Sequence data comparison of the

PCR products confirmed accurate species identification.
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Figure 3.7: Diagram for the human cyt b peptide (NC_012920) [42]. The red arrows
indicate the parts of the peptide that fold outside an inner and outer mitochondrial
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Figure 3.8: Phylogenetic tree reconstruction of the complete mitochondrial genome
sequences. Evolutionary analyses were conducted in MEGAS5 [43]. The evolutionary
history was inferred using the Neighbor-Joining method [44]. The bootstrap consensus tree
inferred from 1000 replicates [45] is taken to represent the evolutionary history of the taxa
analysed [45]. Branches corresponding to partitions reproduced in less than 50% bootstrap
replicates are collapsed. The percentage of replicate trees in which the associated taxa
clustered together in the bootstrap test (1000 replicates) are shown next to the branches
[45]. The evolutionary distances were computed using the Kimura 2-parameter method
[46] and are in the units of the number of base substitutions per site. The analysis involved
102 nucleotide sequences. All positions containing gaps and missing data were eliminated.
There were a total of 9166 positions in the final dataset. The Galliformes, Anseriformes,
Struthioniformes, Tinamiformes, Falconiformes and Passeriformes are clustered together
as expected if the genetic data of the whole mitochondrial genome matches the current
taxonomic groups at the taxonomic level of Order. The green dots indicate the bootstrap
value for a given interior branch is 95% or higher, then the topology at that branch is
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Figure 3.9: The percentage of nucleotide similarity for each of the thirteen avian
mitochondrial genes, two rRNA genes and the 22 tRNA gene sequences based on 102
avian species. The similarity is provided next to each locus. The size of each gene is
provided. The tRNA loci are coloured in yellow (except the tRNA-Glu is coloured in pink),
loci with similarities of between 81 — 90 % are coloured in green, those loci coloured in
pink have similarities of between 71 — 80%, and the D-loop is coloured in blue to note the
nucleotide similarity 0f 64.6%0..........oveiiiii i, 124

Figure 3.10: Phylogenetic tree reconstruction of the complete gene sequences of the COI
gene. Evolutionary analyses were conducted in MEGAGS [43]. The evolutionary history was
inferred using the Neighbor-Joining method [44]. The bootstrap consensus tree inferred
from 1000 replicates [45] is taken to represent the evolutionary history of the taxa analyzed
[45]. Branches corresponding to partitions reproduced in less than 50% bootstrap replicates
are collapsed. The percentage of replicate trees in which the associated taxa clustered
together in the bootstrap test (1000 replicates) are shown next to the branches [45]. The
evolutionary distances were computed using the Kimura 2-parameter method [46] and are
in the units of the number of base substitutions per site. The analysis involved 102
nucleotide sequences. All positions containing gaps and missing data were eliminated.
There were a total of 1238 positions in the final dataset. The Galliformes and Gruiformes
are clustered together as expected if the genetic data of the complete gene sequences of the
COI gene matches the current taxonomic groups at the taxonomic level of Order. The green
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dots indicate the bootstrap value for a given interior branch is 95% or higher, then the
topology at that branch is considered COrrect.........ooovviieiieiie i 127
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gene. Evolutionary analyses were conducted in MEGAGS [43]. The evolutionary history was
inferred using the Neighbor-Joining method [44]. The bootstrap consensus tree inferred
from 1000 replicates [45] is taken to represent the evolutionary history of the taxa analyzed
[45]. Branches corresponding to partitions reproduced in less than 50% bootstrap replicates
are collapsed. The percentage of replicate trees in which the associated taxa clustered
together in the bootstrap test (1000 replicates) are shown next to the branches [45]. The
evolutionary distances were computed using the Kimura 2-parameter method [46] and are
in the units of the number of base substitutions per site. The analysis involved 102
nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All
positions containing gaps and missing data were eliminated. There were a total of 770
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value for a given interior branch is 95% or higher, then the topology at that branch is
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Figure 3.12: Phylogenetic tree reconstruction of the complete gene sequences of the ND2
gene. Evolutionary analyses were conducted in MEGADS [43]. The evolutionary history was
inferred using the Neighbor-Joining method [44]. The bootstrap consensus tree inferred
from 1000 replicates [45] is taken to represent the evolutionary history of the taxa analyzed
[45]. Branches corresponding to partitions reproduced in less than 50% bootstrap replicates
are collapsed. The percentage of replicate trees in which the associated taxa clustered
together in the bootstrap test (1000 replicates) are shown next to the branches [45]. The
evolutionary distances were computed using the Kimura 2-parameter method [46] and are
in the units of the number of base substitutions per site. The analysis involved 102
nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All
positions containing gaps and missing data were eliminated. There were a total of 460
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Figure 3.13: Phylogenetic tree reconstruction of the complete gene sequences of the ND4
gene. Evolutionary analyses were conducted in MEGAGS [43]. The evolutionary history was
inferred using the Neighbor-Joining method [44]. The bootstrap consensus tree inferred
from 1000 replicates [45] is taken to represent the evolutionary history of the taxa analyzed
[45]. Branches corresponding to partitions reproduced in less than 50% bootstrap replicates
are collapsed. The percentage of replicate trees in which the associated taxa clustered
together in the bootstrap test (1000 replicates) are shown next to the branches [45]. The
evolutionary distances were computed using the Kimura 2-parameter method [46] and are
in the units of the number of base substitutions per site. The analysis involved 102
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nucleotide sequences. Codon positions included were 1st, +2nd, +3rd, +Non-coding. All
positions containing gaps and missing data were eliminated. There were a total of 652
positions in the final dataset. The Galliformes are clustered together as expected if the
genetic data of the complete gene sequences of the ND4 gene matches the current
taxonomic groups at the taxonomic level of Order. The green dots indicate the bootstrap
value for a given interior branch is 95% or higher, then the topology at that branch is
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Figure 3.14: Phylogenetic tree reconstruction of the complete gene sequences of the ND5
gene. Evolutionary analyses were conducted in MEGADS [43]. The evolutionary history was
inferred using the Neighbor-Joining method [44]. The bootstrap consensus tree inferred
from 1000 replicates [45] is taken to represent the evolutionary history of the taxa analyzed
[45]. Branches corresponding to partitions reproduced in less than 50% bootstrap replicates
are collapsed. The percentage of replicate trees in which the associated taxa clustered
together in the bootstrap test (1000 replicates) are shown next to the branches [45]. The
evolutionary distances were computed using the Kimura 2-parameter method [46] and are
in the units of the number of base substitutions per site. The analysis involved 102
nucleotide sequences. Codon positions included were 1st, +2nd, +3rd, +Non-coding. All
positions containing gaps and missing data were eliminated. There were a total of 908
positions in the final dataset. The Galliformes are clustered together as expected if the
genetic data of the complete gene sequences of the ND5 gene matches the current
taxonomic groups at the taxonomic level of Order. The green dots indicate the bootstrap
value for a given interior branch is 95% or higher, then the topology at that branch is
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Figure 3.15: The gene loci chosen were divided into 100 bp and 450 bp segments from
which the sequences were extracted and used in alignments using the MEGA5.......... 132

Figure 3.16a: Phylogenetic tree reconstruction of the 450 bp segment from the ND2 gene
at base positions 1-450. Evolutionary analyses were conducted in MEGAS [43]. The
evolutionary history of the 1-450 ND2 fragment was inferred using the Neighbor-Joining
method . The bootstrap consensus tree inferred from 1000 replicates [45] is taken to
represent the evolutionary history of the taxa analyzed [45]. Branches corresponding to
partitions reproduced in less than 50% bootstrap replicates are collapsed. The percentage of
replicate trees in which the associated taxa clustered together in the bootstrap test (1000
replicates) are shown next to the branches [45]. The evolutionary distances were computed
using the Kimura 2-parameter method [46] and are in the units of the number of base
substitutions per site. The analysis involved 104 nucleotide sequences. All positions
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the final dataset. The Galliformes, Anseriformes, Struthioniformes and Tinamiformes are
clustered together as expected if the genetic data of the complete gene sequences of the
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Figure 3.16b: Phylogenetic tree reconstruction of the 450 bp segment from the ND5 gene
at base positions 101-550 bp. Evolutionary analyses were conducted in MEGAS [43]. The
evolutionary history of the 101-550 bp ND5 fragment was inferred using the Neighbor-
Joining method . The bootstrap consensus tree inferred from 1000 replicates [45] is taken
to represent the evolutionary history of the taxa analyzed [45]. Branches corresponding to
partitions reproduced in less than 50% bootstrap replicates are collapsed. The percentage of
replicate trees in which the associated taxa clustered together in the bootstrap test (1000
replicates) are shown next to the branches [45]. The evolutionary distances were computed
using the Kimura 2-parameter method [46] and are in the units of the number of base
substitutions per site. The analysis involved 102 nucleotide sequences. Codon positions
included were 1st+2nd+3rd+Noncoding. All positions containing gaps and missing data
were eliminated. There were a total of 450 positions in the final dataset. The Galliformes
and Anseriformes are clustered together as expected if the genetic data of the complete
gene sequences of the ND5 gene matches the current taxonomic groups at the taxonomic
level of Order. The green dots indicate the bootstrap value for a given interior branch is
95% or higher, then the topology at that branch is considered correct [47]........ccc.c....... 134

Figure 3.17: Higher avian taxonomy including subclass Neognathae and subclass
Paleognathae [57]. All avian species were split into a group that includes all the flightless
birds (emus and ostriches etc) and all other birds that evolved flight. The gene sequences of
both the ND2 and ND5 loci were able to split the avian species at this higher taxonomic
level as well as at lower taxonomic levels. In this study, the 19 Orders were classified as
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Figure 3.18: Phylogenetic tree reconstruction of the partial sequences at 5’ terminus (57-
508, 452 bp) of the ND2 gene of 10 different species from Carduelis and Fringilla genera.
The out group was a moa. Evolutionary analyses were conducted in MEGAS [43].The
evolutionary history was inferred using the Neighbor-Joining method [44] . The bootstrap
consensus tree inferred from 1000 replicates [45] is taken to represent the evolutionary
history of the taxa analyzed [45]. Branches corresponding to partitions reproduced in less
than 50% bootstrap replicates are collapsed. The percentage of replicate trees in which the
associated taxa clustered together in the bootstrap test (1000 replicates) are shown next to
the branches [45]. The evolutionary distances were computed using the Kimura 2-
parameter method [46] and are in the units of the number of base substitutions per site. The
analysis involved 44 nucleotide sequences. Codon positions included were
1st+2nd+3rd+Noncoding. All positions containing gaps and missing data were eliminated.
There were a total of 452 positions in the final dataset. The two genera are clustered
together as expected if the genetic data of the 452 bp at 5’ end of the ND2 gene matches
the current taxonomic groups at the taxonomic level of genus. The green dots indicate the
bootstrap value for a given interior branch is 95% or higher, then the topology at that
branch is considered COrreCt [47]....vvueore i e e e e e e 145

Figure 3.19: Phylogenetic tree reconstruction of the partial sequences at 5’ terminus (136-
639, 504 bp) of the cyt b gene from 10 different species. The out group was a moa.
Evolutionary analyses were conducted in MEGAS5 [43]. The evolutionary history was
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inferred using the Neighbor-Joining method [44]. The bootstrap consensus tree inferred
from 1000 replicates [45] is taken to represent the evolutionary history of the taxa analyzed
[45]. Branches corresponding to partitions reproduced in less than 50% bootstrap replicates
are collapsed. The percentage of replicate trees in which the associated taxa clustered
together in the bootstrap test (1000 replicates) are shown next to the branches [45]. The
evolutionary distances were computed using the Kimura 2-parameter method [46] and are
in the units of the number of base substitutions per site. The analysis involved 39
nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All
positions containing gaps and missing data were eliminated. There were a total of 503
positions in the final dataset. The two genera are clustered together as expected if the
genetic data of the 504 bp at 5’ end of the cyt b gene matches the current taxonomic groups
at the taxonomic level of genus. The green dots indicate the bootstrap value for a given
interior branch is 95% or higher, then the topology at that branch is considered correct

Figure 3.20: Phylogenetic tree reconstruction of the partial sequences at 5’ terminus (98-
708, 611 bp) of the COI gene from 10 different species. The out group was a moa.
Evolutionary analyses were conducted in MEGAS [43]. The evolutionary history was
inferred using the Neighbor-Joining method [44]. The bootstrap consensus tree inferred
from 1000 replicates [45] is taken to represent the evolutionary history of the taxa analyzed
[45]. Branches corresponding to partitions reproduced in less than 50% bootstrap replicates
are collapsed. The percentage of replicate trees in which the associated taxa clustered
together in the bootstrap test (1000 replicates) are shown next to the branches [45]. The
evolutionary distances were computed using the Kimura 2-parameter method [46] and are
in the units of the number of base substitutions per site. The analysis involved 81
nucleotide sequences. All positions containing gaps and missing data were eliminated.
There were a total of 610 positions in the final dataset. The two genera are clustered
together as expected if the genetic data of the 611 bp at 5’ end of the COI gene matches the
current taxonomic groups at the taxonomic level of genus. The green dots indicate the
bootstrap value for a given interior branch is 95% or higher, then the topology at that
branch is considered COrreCt [47]....vvnrine it e e e e ee e 147

Figure 3.21: Phylogenetic tree reconstruction of the partial sequences at 5’ terminus (58-
509, 452 bp) of the ND2 gene of 14 different species from Psittacidae and Cacatuidae
families. Evolutionary analyses were conducted in MEGAS [43]. The evolutionary history
was inferred using the Neighbor-Joining method [44]. The bootstrap consensus tree
inferred from 1000 replicates [45] is taken to represent the evolutionary history of the taxa
analyzed [45]. Branches corresponding to partitions reproduced in less than 50% bootstrap
replicates are collapsed. The percentage of replicate trees in which the associated taxa
clustered together in the bootstrap test (1000 replicates) are shown next to the branches
[45]. The evolutionary distances were computed using the Kimura 2-parameter method
[46] and are in the units of the number of base substitutions per site. The analysis involved
15 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All
positions containing gaps and missing data were eliminated. There were a total of 449
positions in the final dataset. The two Families are clustered together as expected if the
genetic data of the 452 bp at 5’ end of the ND2 gene matches the current taxonomic groups
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at the taxonomic level of family. The green dots indicate the bootstrap value for a given
interior branch is 95% or higher, then the topology at that branch is considered correct

Figure 3.22: Phylogenetic tree reconstruction of the partial sequences at 5’ terminus (101-
552, 452 bp) of the ND5 gene of 14 different species from Psittacidae and Cacatuidae
families. Evolutionary analyses were conducted in MEGAS [43]. The evolutionary history
was inferred using the Neighbor-Joining method [44]. The bootstrap consensus tree
inferred from 1000 replicates [45] is taken to represent the evolutionary history of the taxa
analyzed [45]. Branches corresponding to partitions reproduced in less than 50% bootstrap
replicates are collapsed. The percentage of replicate trees in which the associated taxa
clustered together in the bootstrap test (1000 replicates) are shown next to the branches
[45]. The evolutionary distances were computed using the Kimura 2-parameter method
[46] and are in the units of the number of base substitutions per site. The analysis involved
15 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All
positions containing gaps and missing data were eliminated. There were a total of 448
positions in the final dataset. The two Families are not clustered together as expected if the
genetic data of the 452 bp at 5’ end of the ND5 gene matches the current taxonomic groups
at the taxonomic level of family. The green dots indicate the bootstrap value for a given
interior branch is 95% or higher, then the topology at that branch is considered correct

Figure 3.23: Phylogenetic tree reconstruction of the partial sequences at 5’ terminus (39-
760, 722bp) of the COI gene of 5 different species. According to there is no sequences at 5’
end of this gene from Psittacidae family submitted on the database so that the tree was
reconstruct from Cacatuidae family. Evolutionary analyses were conducted in MEGAS5
[43]. The evolutionary history was inferred using the Neighbor-Joining method [44]. The
bootstrap consensus tree inferred from 1000 replicates [45] is taken to represent the
evolutionary history of the taxa analyzed [45]. Branches corresponding to partitions
reproduced in less than 50% bootstrap replicates are collapsed. The percentage of replicate
trees in which the associated taxa clustered together in the bootstrap test (1000 replicates)
are shown next to the branches [45]. The evolutionary distances were computed using the
Kimura 2-parameter method [46] and are in the units of the number of base substitutions
per site. The analysis involved 6 nucleotide sequences. Codon positions included were
1st+2nd+3rd+Noncoding. All positions containing gaps and missing data were eliminated.
There were a total of 722 positions in the final dataset. The green dots indicate the
bootstrap value for a given interior branch is 95% or higher, then the topology at that
branch is considered COrreCt [47]....v e e e 162

Figure 3.24: Phylogenetic tree reconstruction of the partial sequences at 3’ terminus (741-
1272, 532 bp) of the COI gene of 10 different species from Psittacidae and Cacatuidae
families. Evolutionary analyses were conducted in MEGAS [43]. The evolutionary history
was inferred using the Neighbor-Joining method [44]. The bootstrap consensus tree
inferred from 1000 replicates [45] is taken to represent the evolutionary history of the taxa
analyzed [45]. Branches corresponding to partitions reproduced in less than 50% bootstrap
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replicates are collapsed. The percentage of replicate trees in which the associated taxa
clustered together in the bootstrap test (1000 replicates) are shown next to the branches
[45]. The evolutionary distances were computed using the Kimura 2-parameter method
[46] and are in the units of the number of base substitutions per site. The analysis involved
10 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All
positions containing gaps and missing data were eliminated. There were a total of 523
positions in the final dataset. The two Families are clustered together as expected if the
genetic data of the 532 bp at 5” end of the COI gene matches the current taxonomic groups
at the taxonomic level of family. The green dots indicate the bootstrap value for a given
interior branch is 95% or higher, then the topology at that branch is considered correct

Figure 3.25: Phylogenetic tree reconstruction of the partial sequences at 3’ terminus (686-
860, 175 bp) of the cyt b gene of 11 different species from Psittacidae and Cacatuidae
families. Evolutionary analyses were conducted in MEGAS [43]. The evolutionary history
was inferred using the Neighbor-Joining method [44]. The bootstrap consensus tree
inferred from 1000 replicates [45] is taken to represent the evolutionary history of the taxa
analyzed [45]. Branches corresponding to partitions reproduced in less than 50% bootstrap
replicates are collapsed. The percentage of replicate trees in which the associated taxa
clustered together in the bootstrap test (1000 replicates) are shown next to the branches
[45]. The evolutionary distances were computed using the Kimura 2-parameter method
[46] and are in the units of the number of base substitutions per site. The analysis involved
12 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All
positions containing gaps and missing data were eliminated. There were a total of 175
positions in the final dataset. The two Families are clustered together as expected if the
genetic data of the 175 bp at 5’ end of the cyt b gene matches the current taxonomic groups
at the taxonomic level of family. The green dots indicate the bootstrap value for a given
interior branch is 95% or higher, then the topology at that branch is considered correct

Figure 3.26: The phylogenetic tree was reconstructed using partial sequences at 5’
terminus (57-508, 452 bp) of the ND5 gene of 15 species of parrots and 8 species of
cockatoos. The out group was a moa. Evolutionary analyses were conducted in MEGA5
[43]. The evolutionary history was inferred using the Neighbor-Joining method [44]. The
bootstrap consensus tree inferred from 1000 replicates [45] is taken to represent the
evolutionary history of the taxa analyzed [45]. Branches corresponding to partitions
reproduced in less than 50% bootstrap replicates are collapsed. The percentage of replicate
trees in which the associated taxa clustered together in the bootstrap test (1000 replicates)
are shown next to the branches [45]. The evolutionary distances were computed using the
Kimura 2-parameter method [46] and are in the units of the number of base substitutions
per site. The analysis involved 43 nucleotide sequences. Codon positions included were
1st+2nd+3rd+Noncoding. All positions containing gaps and missing data were eliminated.
There were a total of 452 positions in the final dataset. The green dots indicate the
bootstrap value for a given interior branch is 95% or higher, then the topology at that
branch is considered COrreCt [47]....vvnr e it e e e e e e 168



Figure 3.27: The phylogenetic trees generated using a range of parrot and cockatoo species
using the partial sequences of the ND5 gene at 5’ terminus created from the MrBayes
program. The out-group was a moa. The pink branches indicate the bootstrap value for a
given interior branch is 95% or higher, then the topology at that branch is considered
(010 8 T A 7 PP Ko 1°

Figure 3.28: Inter- and intra-species of the Fringillidae family (finches) at genus and
species taxonomic level using partial uences of the ND2 gene at base positions 58-509, 452
bp. The numbers in red indicates the numbers of sequences used in this study.Figure 3.29:
Inter- and intra-species of the Fringillidae family (finches) at genus and species taxonomic
level using partial sequences of the cyt b gene at base positions 140-620, 481 bp. The
numbers in red indicates the numbers of sequences used in this study.Figure 3.30: Inter-
and intra-species of the Fringillidae family (finches) at genus and species taxonomic level
using partial sequences of the COI gene at base positions 81-705, 625 bp. The numbers in
red indicates the numbers of sequences were used in this study.ure 3.31: Inter- and intra-
species of the Psittacidae family (parrots) and Cacatuidae family (cockatoos) at genus and
species taxonomic level using partial sequences of the ND2 gene at base positions 58-5009,
452 bp. The numbers in red indicates the numbers of sequences used in this

Figure 3.29: Inter- and intra-species of the Psittacidae family (parrots) and Cacatuidae
family (cockatoos) at genus and species taxonomic level using partial sequences of the
ND5 gene at base positions 101-552, 452 bp. The numbers in red indicates the numbers of
sequences USed iN thiS STUY..........ve i e e e e e e e 172

Figure 3.30: Inter- and intra-species of the Psittacidae family (parrots) and Cacatuidae
family (cockatoos) at genus and species taxonomic level using partial sequences of the COI
gene at base positions 81-702, 622 bp. The numbers in red indicates the numbers of
sequences USed N thiS STUY..........ve e e e e e e e e 173

Figure 3.31: Inter- and intra-species of the Psittacidae family (parrots) and Cacatuidae
family (cockatoos) at genus and species taxonomic level using partial sequences of the COI
gene at base positions 751-1256, 506 bp. The numbers in red indicates the numbers of
sequences USed N thiS STUAY..........ve it e e e e e e e e 174

Figure 3.32: Inter- and intra-species of the Psittacidae family (parrots) and Cacatuidae
family (cockatoos) at genus and species taxonomic level using partial sequences of the cyt
b gene at base positions 300-751, 452 bp. The numbers in red indicates the numbers of
sequences USed N thiS STUY ... ... ...t e e e e e 175

Figure 3.33: Inter- and intra-species of the Psittacidae family (parrots) and Cacatuidae
family (cockatoos) at genus and species taxonomic level using partial sequences of the COI
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gene at base positions 81-702, 622 bp. The numbers in red indicates the numbers of
sequences USed N thiS STUY..........ve i e e e e e e e e 176

Figure 3.34: Inter- and intra-species of the Psittacidae family (parrots) and Cacatuidae
family (cockatoos) at genus and species taxonomic level using partial sequences of the COI
gene at base positions 751-1256, 506 bp. The numbers in red indicates the numbers of
sequences USed N thiS STUY..........ve it e e e e e e e e 177

Figure 3.35: Inter- and intra-species of the Psittacidae family (parrots) and Cacatuidae
family (cockatoos) at genus and species taxonomic level using partial sequences of the cyt
b gene at base positions 300-751, 452 bp. The numbers in red indicates the numbers of
sequences USed N thiS STUY.........uve it e e e e e e e e 178
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Figure 4.2: showing amplification of sections of the avian mitochondrial ND2 and ND5
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Figure 4.6a: showing an example of the comparison sequence data from one barb after
amplification of ND2. The complete 561 bp fragment was sequenced and found to match
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JF414243) witha similarity 0F 99%0.......c.vvriii e 194
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