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CHAPTER 3 RESULTS AND DISCUSSIONS 

 

The aim of the first part of this section of the thesis was to identify parts of the 

avian mitochondrial genome that are capable of identifying to species level any 

unknown sample. As part of this study it would also be tested to see if the same 

sections of DNA are capable of reconstructing the phylogenies from species level, 

through genus, Family to Order. 

 

3.1 Mitochondrial protein sequences analysis 

It would be expected that regions of each of the protein coding mitochondrial 

genes are conserved or variable depending on the function of the protein that they 

encoded. This part of the thesis starts with the protein alignment of the ND family 

genes and the COII and COIII genes compared to the cyt b and the COI gene loci, 

as these last two loci have been used in the identification of species and 

taxonomic studies [1-15] . Variation and conservation of the protein sequences 

should be useful for species testing and in the design of primers that are either 

universal for all the species to be tested or are species specific. In this study, 

amino acid sequences were obtained 33 species spanning 13 Orders listed on 

GenBank (Table 2.15). These included: Galliformes, Anseriformes, 

Falconiformes, Tinamiformes, Struthioniformes, Ciconiiformes, Pelecaniformes, 

Sphenisciformes, Charadriiformes, Passeriformes, Podicipediformes, Gruiformes 

and Gaviiformes. 
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The amino acid length of each locus, percent homology for the total number of 

variable sites and the percentage variability within the complete amino acid 

sequence, which are shown in Table 3.1, were generated as part of this study.  

 
Table 3.1: showing protein length of each locus, percent homology, total 
number of variable sites and percent variable sites within the complete 
protein sequences of the ND family, COI, COII, COIII and cyt b loci based 
on 33 avian species chosen from Galliformes, Anseriformes, Falconiformes, 
Tinamiformes, Struthioniformes, Ciconiiformes, Pelecaniformes, 
Sphenisciformes, Charadriiformes, Passeriformes, Podicipediformes, 
Gruiformes and Gaviiformes.   

Loci Length  
(amino acids) 

% Homology 
based on 29 
avian species 

Total number 
of variable sites 

% Variable sites 
within each amino 

acid sequences 
ND1 325 89.6 119 36.62 
ND2 346 78.2 210 60.69 
ND3 116 84.6 43 37.07 

ND4L 99 83.6 61 61.62 
ND4 459 84.1 224 48.80 
ND5 600 81.7 357 59.50 
ND6 175 77.3 82 48.86 
COI 516 96.7 85 16.47 
COII 232 91.3 81 34.91 
COIII 262 91.3 84 32.61 
cyt b 350 90.5 125 35.71 

 

The amino acid sequence of the the ND family, COI, COII, COIII and cyt b loci 

were selected from complete genomes of the 33 avian species. Based on those 

species the COI locus is the most highly conserved sequence with 96.7 % 

homology over the 516 amino acids; in comparison the cyt b gene has a 

comparable similarity of 90.5 % for the 350 amino acids. In contrast, the amino 

acid sequences of the ND2 and the ND5 genes are the most variable loci with 

78.2 and 81.7 % similarity respectively. These two loci were selected for further 

analysis due to this variation at the amino acid level, and therefore potential 

variation at the DNA level.  
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The loci ND2 and ND5 were also compared in future analyses with the cyt b and 

COI loci as these two loci are the most frequently used in species testing and 

phylogenetics. Protein multiple alignment results from 33 species of the COI, cyt 

b, ND2 and ND5 genes can be found in Figures 3.1 through to 3.4; similar data 

for the COII, CIII, ND1, ND3, ND4, ND4L and ND6 loci are provided in 

Appendix A. All protein sequences were obtained from Genbank. The quality of 

each sequences were controlled by selecting only the coding sequences obtained 

from complete mitochondrial genomes and each coding sequences were checked 

to minimise any sequence errors. The translated protein sequences of these 

analysed DNA loci were subsequently used in this part of study.  
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PHEASANT1          MTFINRWLFSTNHKDIGTLYLIFGTWAGMVGTALSLLIRAELGQPGTLLGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMIGAPDMAFPRMNNMSFWLLPPSFLLLLASSTVE 
TURKEY             MTFINRWLFSTNHKDIGTLYLIFGTWAGMVGTALSLLIRAELGQPGTLLGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMIGAPDMAFPRMNNMSFWLLPPSFLLLLASSTVE 
PHEASANT2          MTFINRWLFSTNHKDIGTLYLIFGTWAGMVGTALSLLIRAELGQPGTLLGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMIGAPDMAFPRMNNMSFWLLPPSFLLLLASSTVE 
CHICKEN            MTFINRWLFSTNHKDIGTLYLIFGTWAGMAGTALSLLIRAELGQPGTLLGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMIGAPDMAFPRMNNMSFWLLPPSFLLLLASSTVE 
QUAIL              MTFINRWLFSTNHKDIGTLYLIFGTWAGMAGTALSLLIRAELGQPGTLLGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMIGAPDMAFPRMNNMSFWLLPPSFLLLLASSTVE 
REDHEAD            MTFINRWLFSTNHKDIGTLYLIFGAWAGMIGTALSLLIRAELGQPGTLLGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMIGAPDMAFPRMNNMSFWLLPPSFLLLLASSTVE 
DUCK               MTFINRWLFSTNHKDIGTLYLIFGAWAGMIGTALSLLIRAELGQPGTLLGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMIGAPDMAFPRMNNMSFWLLPPSFLLLLASSTVE 
RAIL               MTFINRWLFSTNHKDIGTLYLIFGAWAGMIGTALSLLIRAELGQPGTLLGDDQIYNVVVTAHAFVMIFFMVMPIMIGGFGNWLVPLMIGAPDMAFPRMNNMSFWLLPPSFLLLLASSTVE 
CRAKE              MTLINRWLFSTNHKDIGTLYLIFGAWAGMIGTALSLLIRAELGQPGSLLGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMIGAPDMAFPRMNNMSFWLLPPSFLLLLASSTVE 
GOSHAWK            MTLINRWMFSTNHKDIGTLYLIFGAWAGMVGTALSLLIRAELGQPGTLLGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMIGAPDMAFPRMNNMSFWLLPPSFLLLLASSTVE 
OYSTERCATCHER      MTFINRWLFSTNHKDIGTLYLIFGAWAGMVGTALSLLIRAELGQPGTLLGDDQIYNVVVTAHAFVMIFFMVMPIMIGGFGNWLVPLMIGAPDMAFPRMNNMSFWLLPPSFLLLLASSTVE 
PETREL             MTFINRWLFSTNHKDIGTLYLIFGAWAGMVGTALSLLIRAELGQPGTLLGDDQIYNVIVTAHAFVMIFFMVMPVMIGGFGNWLVPLMIGAPDMAFPRMNNMSFWLLPPSFLLLLASSTVE 
IBIS               MTFINRWLFSTNHKDIGTLYLIFGAWAGMVGTALSLLIRAELGQPGTLLGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMIGAPDMAFPRMNNMSFWLLPPSFLLLLASSTVE 
GREBE              MTFTNRWLFSTNHKDIGTLYLIFGAWAGMVGTALSLLIRAELGQPGTLLGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMIGAPDMAFPRMNNMSFWLLPPSFLLLLASSTVE 
LOON               MTFINRWLFSTNHKDIGTLYLIFGAWAGMVGTALSLLIRAELGQPGTLLGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMIGAPDMAFPRMNNMSFWLLPPSFLLLLASSTVE 
FRIGATEBIRD        MTLINRWLFSTNHKDIGTLYLIFGAWAGMVGTALSLLIRAELGQPGTLLGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLLPLMIGAPDMAFPRMNNMSFWLLPPSFLLLLASSTVE 
TURNSTONE          MTFINRWLFSTNHKDIGTLYLIFGAWAGMVGTALSLLIRAELGQPGTLLGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMIGAPDMAFPRMNNMSFWLLPPSFLLLLASSTVE 
PENGUIN            MTFINRWLFSTNHKDIGTLYLIFGAWAGMAGTALSLLIRAELGQPGTLLGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMIGAPDMAFPRMNNMSFWLLPPSFLLLLASSTVE 
EGRET              MTFITRWLFSTNHKDIGTLYQIFGAWAGMIGTALSLLIRAELGQPGTLLGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMIGAPDMAFPRMNNMSFWLLPPSFMLLLASSTVE 
TROPICBIRD         MTFTNRWLFSTNHKDIGTLYLIFGAWAGMIGTALSLLIRAELGQPGTLLGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMIGAPDMAFPRMNNMSFWLLPPSFLLLLASSTVE 
ROOK               MTFINRWLFSTNHKDIGTLYLIFGAWAGMVGTALSLLIRAELGQPGALLGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMIGAPDMAFPRMNNMSFWLLPPSFLLLLASSTVE 
WIDOWFINCH         MTFINRWLFSTNHKDIGTLYLIFGAWAGMVGTALSLLIRAELGQPGALLGDDQVYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMIGAPDMAFPRMNNMSFWLLPPSFLLLLASSTVE 
FALCON             MTFINRWLFSTNHKDIGTLYLLFGAWAGMVGTALSLLIRTELGQPGTLLGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMIGAPDMAFPRMNNMSFWLLPPSFLLLLASSTVE 
MOA1               MTFITRWLFSTNHKDIGTLYLIFGAWAGMVGTALSLLIRAELGQPGTLLGDDQIYNVIVTAHAFVMIFFMVMPVMIGGFGNWLVPLMIGAPDMAFPRMNNMSFWLLPPSFLLLLASSTIE 
MOA2               MTFITRWLFSTNHKDIGTLYLIFGAWAGMVGTALSLLIRAELGQPGTLLGDDQIYNVIVTAHAFVMIFFMVMPVMIGGFGNWLVPLMIGAPDMAFPRMNNMSFWLLPPSFLLLLASSTIE 
KIWI               MTFTTRWLFSTNHKDIGTLYLIFGAWAGMVGTALSLLIRAELGQPGTLLGDDQIYNVIVTAHAFVMIFFMVMPVMIGGFGNWLVPLMIGAPDMAFPRMNNMSFWLLPPSFLLLLASSTIE 
RHEA1              MTFITRWLFSTNHKDIGTLYLIFGAWAGMVGTALSLLIRAELGQPGTLLGDDQIYNVIVTAHAFVMIFFMVMPVMIGGFGNWLVPLMIGAPDMAFPRMNNMSFWLLPPSFLLLLASSTIE 
RHEA2              MTFITRWLFSTNHKDIGTLYLIFGAWAGMVGTALSLLIRAELGQPGTLLGDDQIYNVIVTAHAFVMIFFMVMPVMIGGFGNWLVPLMIGAPDMAFPRMNNMSFWLLPPSFLLLLASSTVE 
EMU                MTFITRWFFSTNHKDIGTLYLIFGAWAGMVGTALSLLIRAELGQPGTLLGDDQIYNVVVTAHAFVMIFFMVMPVMIGGFGNWLVPLMIGAPDMAFPRMNNMSFWLLPPSFLLLLASSTVE 
CASSOWARY          MTFITRWLFSTNHKDIGTLYLIFGAWAGMVGTALSLLIRAELGQPGTLLGDDQIYNVIVTAHAFVMIFFMVMPVMIGGFGNWLVPLMIGAPDMAFPRMNNMSFWLLPPSFLLLLASSTVE 
OSTRICH            MTFITRWLFSTNHKDIGTLYLIFGAWAGMVGTALSLLIRAELGQPGTLLGDDQIYNVIVTAHAFVMIFFMVMPVMIGGFGNWLVPLMIGAPDMAFPRMNNMSFWLLPPSFLLLLASSTVE 
TINAMOU1           MTFTTRWLFSTNHKDIGTLYLIFGAWAGMVGTALSLLIRAELGQPGTLLGDDQIYNVIVTAHAFVMIFFMVMPVMIGGFGNWLVPLMIGAPDMAFPRMNNMSFWLLPPSFLLLLASSTIE 
TINAMOU2           MTFLTRWLFSTNHKDIGTLYLIFGAWAGMVGTALSLLIRAELGQPGTLLGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFPRMNNMSFWLLPPSFLLLLASSTIE 
                   **: .**:************ :**:**** *********:******:******:***:***************:*********:***:**********************:*******:*  
PHEASANT1          AGAGTGWTVYPPLAGNLAHAGASVDLAIFSLHLAGVSSILGAINFITTIINMKPPALSQYQTPLFVWSVLITAILLLLSLPVLAAGITMLLTDRNLNTTFFDPAGGGDPILYQHLFWFFG 
TURKEY             AGAGTGWTVYPPLASNLAHAGASVDLTIFSLHLAGVSSILGAINFITTIINMKPPALSQYQTPLFVWSVLITAILLLLSLPVLAAGITMLLTDRNLNTTFFDPAGGGDPILYQHLFWFFG 
PHEASANT2          AGAGTGWTVYPPLAGNLAHAGASVDLAIFSLHLAGVSSILGAINFITTIINMKPPALSQYQTPLFVWSVLITAILLLLSLPVLAAGITMLLTDRNLNTTFFDPAGGGDPILYQHLFWFFG 
CHICKEN            AGAGTGWTVYPPLAGNLAHAGASVDLAIFHYLAG-VSSILGAINFITTIINMKPPALSQYQTPLFVWSVLITAILLLLSLPVLAAGITMLLTDRNLNTTFFDPAGGGDPILYQHLFWFFG 
QUAIL              AGAGTGWTVYPPLAGNLAHAGASVDLAIFSLHLAGVSSILGAINFITTIINMKPPALSQYQTPLFVWSVLITAILLLLSLPVLAAGITMLLTDRNLNTTFFDPAGGGDPILYQHLFWFFG 
REDHEAD            AGAGTGWTVYPPLAGNLAHAGASVDLAIFSLHLAGVSSILGAINFITTAINMKPPALSQYQTPLFVWSVLITAILLLLSLPVLAAGITMLLTDRNLNTTFFDPAGGGDPILYQHLFWFFG 
DUCK               AGAGTGWTVYPPLAGNLAHAGASVDLAIFSLHLAGVSSILGAINFITTAINMKPPALSQYQTPLFVWSVLITAILLLLSLPVLAAGITMLLTDRNLNTTFFDPAGGGDPILYQHLFWFFG 
RAIL               AGAGTGWTVYPPLAGNLAHAGASVDLAIFSLHLAGVSSILGAINFITTAINMKPPALTQYQTPLFVWSVLITAVLLLLSLPVLAAGITMLLTDRNLNTTFFDPAGGGDPILYQHLFWFFG 
CRAKE              AGAGTGWTVYPPLAGNLAHAGASVDLAIFSLHLAGVSSILGAINFITTAINMKPPVLSQYQTPLFVWSVLITAVLLLLSLPVLAAGITMLLTDRNLNTTFFDPAGGGDPILYQHLFWFFG 
GOSHAWK            AGAGTGWTVYPPLAGNMAHAGASVDLAIFSLHLAGVSSILGAINFITTAINMKPPALSQYQTPLFVWSVLITAVLLLLSLPVLAAGITMLLTDRNLNTTFFDPAGGGDPILYQHLFWFFG 
OYSTERCATCHER      AGAGTGWTVYPPLAGNLAHAGASVDLAIFSLHLAGVSSILGAINFITTAINMKPPALSQYQTPLFVWSVLITAVLLLLSLPVLAAGITMLLTDRNLNTTFFDPAGGGDPVLYQHLFWFFG 
PETREL             AGAGTGWTVYPPLAGNLAHAGASVDLAIFSLHLAGVSSILGAINFITTAINMKPPALSQYQTPLFVWSVLITAVLLLLSLPVLAAGITMLLTDRNLNTTFFDPAGGGDPVLYQHLFWFFG 
IBIS               AGAGTGWTVYPPLAGNLAHAGASVDLAIFSLHLAGVSSILGAINFITTAINMKPPALSQYQTPLFVWSVLITAVLLLLSLPVLAAGITMLLTDRNLNTTFFDPAGGGDPVLYQHLFWFFG 
GREBE              AGAGTGWTVYPPLAGNLAHAGASVDLAIFSLHLAGVSSILGAINFITTAINMKPPALSQYQTPLFVWSVLITAVLLLLSLPVLAAGITMLLTDRNLNTTFFDPAGGGDPVLYQHLFWFFG 
LOON               AGAGTGWTVYPPLAGNLAHAGASVDLAIFSLHLAGVSSILGAINFITTAINMKPPALSQYQTPLFVWSVLITAVLLLLSLPVLAAGITMLLTDRNLNTTFFDPAGGGDPVLYQHLFWFFG 
FRIGATEBIRD        AGAGTGWTVYPPLAGNLAHAGASVDLAIFSLHLAGVSSILGAINFITTATNMKPPALSQYQTPLFVWSVLITAVLLLLSLPVLAAGITMLLTDRNLNTTFFDPAGGGDPVLYQHLFWFFG 
TURNSTONE          AGAGTGWTVYPPLAGNLAHAGASVDLAIFSLHLAGVSSILGAINFITTAINMKPPALSQYQTPLFVWSVLITAVLLLLSLPVLAAGITMLLTDRNLNTTFFDPAGGGDPVLYQHLFWFFG 
PENGUIN            AGAGTGWTVYPPLAGNLAHAGASVDLAIFSLHLAGISSILGAINFITTAINMKPPALSQYQTPLFVWSVLITAVLLLLSLPVLAAGITMLLTDRNLNTTFFDPAGGGDPILYQHLFWFFG 
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EGRET              AGAGTGWTVYPPLAGNLAHAGASVDLAIFSLHLAGVSSILGAINFITTAINMKPPTLSQYQTPLFVWSVLITAVLLLLSLPVLAAGITMLLTDRNLNTTFFDPAGGGDPVLYQHLFWFFG 
TROPICBIRD         AGAGTGWTVYPPLAGNLAHAGPSVDLAIFSLHLAGVSSILGAINFITTAINMKPPALSQYQTPLFVWSVLITAVLLLLSLPVLAAGITMLLTDRNLNTTFFDPAGGGDPILYQHLFWFFG 
ROOK               AGAGTGWTVYPPLAGNLAHAGASVDLAIFSLHLAGISSILGAINFITTAINMKPPALSQYQTPLFVWSVLITAVLLLLSLPVLAAGITMLLTDRNLNTTFFDPAGGGDPVLYQHLFWFFG 
WIDOWFINCH         AGVGTGWTVYPPLAGNLAHAGASVDLAIFSLHLAGISSILGAINFITTAINMKPPALSQYQTPLFVWSVLITAVLLLLSLPVLAAGITMLLTDRNLNTTFFDPAGGGDPILYQHLFWFFG 
FALCON             AGVGTGWTVYPPLAGNLAHAGASVDLAIFSLHLAGVSSILGAINFITTAINMKPPALSQYQTPLFVWSVLITAVLLLLSLPVLAAGITMLLTDRNLNTTFFDPAGGGDPILYQHLFWFFG 
MOA1               AGAGTGWTVYPPLAGNLAHAGASVDLTIFSLHLAGVSSILGAINFITTAINMKPPALSQYQTPLFVWSVLITAILLLLSLPVLAAGITMLLTDRNLNTTFFDPAGGGDPVLYQHLFWFFG 
MOA2               AGAGTGWTVYPPLAGNLAHAGASVDLTIFSLHLAGVSSILGAINFITTAINMKPPALSQYQTPLFVWSVLITAILLLLSLPVLAAGITMLLTDRNLNTTFFDPAGGGDPVLYQHLFWFFG 
KIWI               AGAGTGWTVYPPLAGNLAHAGASVDLAIFSLHLAGISSILGAINFITTAVNMKPPALSQYQTPLFVWSVLITAILLLLSLPVLAAGITMLLTDRNLNTTFFDPAGGGDPVLYQHLFWFFG 
RHEA1              AGAGTGWTVYPPLAGNLAHAGASVDLAIFSLHLAGVSSILGAINFITTAINMKPPALSQYQTPLFVWSVLITAILLLLSLPVLAAGITMLLTDRNLNTTFFDPAGGGDPVLYQHLFWFFG 
RHEA2              AGAGTGWTVYPPLAGNLAHAGASVDLAIFSLHLAGVSSILGAINFITTAINMKPPALSQYQTPLFVWSVLITAILLLLSLPVLAAGITMLLTDRNLNTTFFDPAGGGDPVLYQHLFWFFG 
EMU                AGAGTGWTVYPPLAGNLAHAGASVDLAIFSLHLAGVSSILGAINFITTAINMKPPALTQYQTPLFVWSVLITAILLLLSLPVLAAGITMLLTDRNLNTTFFDPAGGGDPVLYQHLFWFFG 
CASSOWARY          AGAGTGWTVYPPLAGNLAHAGASVDLAIFSLHLAGVSSILGAINFITTAINMKPPALTQYQTPLFVWSVLITAILLLLSLPVLAAGITMLLTDRNLNTTFFDPAGGGDPVLYQHLFWFFG 
OSTRICH            AGAGTGWTVYPPLAGNLAHAGASVDLAIFSLHLAGVSSILGAINFITTAINMKPPALSQYQTPLFVWSVLITAILLLLSLPVLAAGITMLLTDRNLNTTFFDPAGGGDPVLYQHLFWFFG 
TINAMOU1           AGAGTGWTVYPPLAGNMAHAGPSVDLAIFSLHLAGVSSILGAINFITTAINMKPPALSQYQTPLFVWSVLITAILLLLSLPVLAAGITMLLTDRNLNTSFFDPAGGGDPILYQHLFWFFG 
TINAMOU2           SGAGTGWTVYPPLAGNLAHAGASVDLAIFSLHLAGISSILGAINFITTAINMKPPALSQYQTPLFVWSVLITAILLLLSLPVLAAGITMLLTDRNLNTTFFDPAGGGDPILYQHLFWFFG 
                   :*.***********.*:****.****:**    . :************  *****.*:***************:************************:**********:********** 
PHEASANT1          HPEVYILILPGFGMISHVVAYYAGKKEPFGYMGMVWAMLSIGFLGFIVWAHHMFTVGMDVDTRAYFTSATMIIAIPTGIKVFSWLATLHGGTIKWDPPMLWALGFIFLFTIGGLTGIVLA 
TURKEY             HPEVYILILPGFGMISHVVAYYAGKKEPFGYMGMVWAMLSIGFLGFIVWAHHMFTVGMDVDTRAYFTSATMIIAIPTGIKVFSWLATLHGGTIKWDPPMLWALGFIFLFTIGGLTGIVLA 
PHEASANT2          HPEVYILILPGFGMISHVVAYYAGKK-PFGYMGMVWAMLSIGFLGFIVWAHHMFTVGMDVDTRAYFTSATMIIAIPTGIKVFSWLATLHGGTIKWDPPMLWALGFIFLFTIGGLTGIVLA 
CHICKEN            HPEVYILILPGFGMISHVVAYYAGKKEPFGYMGMVWAMLSIGFLGFIVWAHHMFTVRMDVDTRAYFTSATMIIAIPTGIKVFSWLATLHGGTIKWDPPMLWALGFIFLFTIGGLTGIVLA 
QUAIL              HPEVYILILPGFGIISHVVAYYAGKKEPFGYMGMVWAMLSIGFLGFIVWAHHMFTVGMDVDTRAYFTSATMIIAIPTGIKVFSWLATLHGGTIKWDPPMLWALGFIFLFTIGGLTGIVLA 
REDHEAD            HPEVYILILPGFGIISHVVTYYSGKKEPFGYMGMVWAMLSIGFLGFIVWAHHMFTVGMDVDTRAYFTSATMIIAIPTGIKVFSWLATLHGGTIKWDPPMLWALGFIFLFTIGGLTGIVLA 
DUCK               HPEVYILILPGFGIISHVVTYYSGKKEPFGYMGMVWAMLSIGFLGFIVWAHHMFTVGMDVDTRAYFTSATMIIAIPTGIKVFSWLATLHGGTIKWDPPMLWALGFIFLFTIGGLTGIVLA 
RAIL               HPEVYILILPGFGIISHVVTYYAGKKEPFGYMGMVWAMLSIGFLGFIVWAHHMFTVGMDVDTRAYFTSATMIIAIPTGIKVFSWLATLHGGTIKWDPPMLWALGFIFLFTIGGLTGIVLA 
CRAKE              HPEVYILILPGFGIISHVVTYYAGKKEPFGYMGMVWAMLSIGFLGFIVWAHHMFTVGMDVDTRAYFTSATMIIAIPTGIKVFSWLATLHGGTIKWDPPMLWALGFIFLFTIGGLTGIVLA 
GOSHAWK            HPEVYILILPGFGIISHVVTYYAGKKEPFGYMGMVWAMLSIGFLGFIVWAHHMFTVGMDVDTRAYFTSATMIIAIPTGIKVFSWLATLHGGTIKWDPPMLWALGFIFLFTIGGLTGIVLA 
OYSTERCATCHER      HPEVYILILPGFGIISHVVTYYAGKKEPFGYMGMVWAMLSIGFLGFIVWAHHMFTVGMDVDTRAYFTSATMIIAIPTGIKVFSWLATLHGGTIKWDPPMLWALGFIFLFTIGGLTGIVLA 
PETREL             HPEVYILILPGFGIISHVVTYYAGKKEPFGYMGMVWAMLSIGFLGFIVWAHHMFTVGMDVDTRAYFTSATMIIAIPTGIKVFSWLATLHGGTIKWDPPMLWALGFIFLFTIGGLTGIVLA 
IBIS               HPEVYILILPGFGIISHVVTYYAGKKEPFGYMGMVWAMLSIGFLGFIVWAHHMFTVGMDVDTRAYFTSATMIIAIPTGIKVFSWLATLHGGTIKWDPPMLWALGFIFLFTIGGLTGIVLA 
GREBE              HPEVYILILPGFGIISHVVTYYAGKKEPFGYMGMVWAMLSIGFLGFIVWAHHMFTVGMDVDTRAYFTSATMIIAIPTGIKVFSWLATLHGGTIKWDPPMLWALGFIFLFTIGGLTGIVLA 
LOON               HPEVYILILPGFGIISHVVTYYAGKKEPFGYMGMVWAMLSIGFLGFIVWAHHMFTVGMDVDTRAYFTSATMIIAIPTGIKVFSWLATLHGGTIKWEPPMLWALGFIFLFTIGGLTGIVLA 
FRIGATEBIRD        HPEVYILILPGFGMISHVVTYYAGKKEPFGYMGMVWAMLSIGFLGFIVWAHHMFTVGMDVDTRAYFTSATMIIAIPTGIKVFSWLATLHGGTIKWDPPMLWALGFIFLFTIGGLTGIVLA 
TURNSTONE          HPEVYILILPGFGIISHVVAYYAGKKEPFGYMGMVWAMLSIGFLGFIVWAHHMFTVGMDVDTRAYFTSATMIIAIPTGIKVFSWLATLHGGTIKWDPPMLWALGFIFLFTIGGLTGIVLA 
PENGUIN            HPEVYILILPGFGIISHVVTYYAGKKEPFGYMGMVWAMLSIGFLGFIVWAHHMFTVGMDVDTRAYFTSATMIIAIPTGIKVFSWLATLHGGTIKWDPPMLWALGFIFLFTIGGLTGIVLA 
EGRET              HPEVYILILPGFGIISHVVAYYAGKKEPFGYMGMVWAMLSIGFLGFIVWAHHMFTVGMDVDTRAYFTSATMIIAIPTGIKVFSWLATLHGGTIKWDPPMLWALGFIFLFTIGGLTGIVLA 
TROPICBIRD         HPEVYILILPGFGIISHVVAYYAGKKEPFGYMGMVWAMLSIGFLGFIVWAHHMFTVGMDVDTRAYFTSATMIIAIPTGIKVFSWLATLHGGTIKWDPPMLWALGFIFLFTIGGLTGIVLA 
ROOK               HPEVYILILPGFGIISHVVAYYAGKKEPFGYMGMVWAMLSIGFLGFIVWAHHMFTVGMDVDTRAYFTSATMIIAIPTRIKVFSWLATLHGGTIKWDPPMLWALGFIFLFTIGGLTGIVLA 
WIDOWFINCH         HPEVYILILPGFGVISHVVTYYSGKKEPFGYMGMVWAMLSIGFLGFIVWAHHMFTVGMDVDTRAYFTSATMIIAIPTGIKVFSWLATLHGGTIKWDPPMLWALGFIFLFTIGGLTGIVLA 
FALCON             HPEVYILILPGFGIISHVVTYYAGKKEPFGYMGMVWAMLSIGFLGFIVWAHHMFTVGMDVDTRAYFTSATMIIAIPTGIKVFSWLATLHGGTIKWDPPMLWALGFIFLFTIGGLTGIVLA 
MOA1               HPEVYILILPGFGMISHVVAYYAGKKEPFGYMGMVWAMLSIGFLGFIVWAHHMFTVGMDVDTRAYFTSATMIIAIPTGIKVFSWLATLHGGTIKWDPPILWALGFIFLFTIGGLTGIVLA 
MOA2               HPEVYILILPGFGMISHVVAYYAGKKEPFGYMGMVWAMLSIGFLGFIVWAHHMFTVGMDVDTRAYFTSATMIIAIPTGIKVFSWLATLHGGTIKWDPPILWALGFIFLFTMGGLTGIVLA 
KIWI               HPEVYILILPGFGMISHVVTYYAGKKEPFGYMGMVWAMLSIGFLGFIVWAHHMFTVGMDVDTRAYFTSATMIIAIPTGIKVFSWLATLHGGTIKWDPPILWALGFIFLFTIGGLTGIVLA 
RHEA1              HPEVYILILPGFGMISHVVTYYAGKKEPFGYMGMVWAMLSIGFLGFIVWAHHMFTVGMDVDTRAYFTSATMIIAIPTGIKVFSWLATLHGGTIKWDPPILWALGFIFLFTIGGLTGIVLA 
RHEA2              HPEVYILILPGFGMISHVVTYYAGKKEPFGYMGMVWAMLSIGFLGFIVWAHHMFTVGMDVDTRAYFTSATMIIAIPTGIKVFSWLATLHGGTIKWDPPILWALGFIFLFTIGGLTGIVLA 
EMU                HPEVYILILPGFGMISHVVTYYAGKKEPFGYMGMVWAMLSIGFLGFIVWAHHMFTVGMDVDTRAYFTSATMIIAIPTGIKVFSWLATLHGGTIKWDPPILWALGFIFLFTIGGLTGIVLA 
CASSOWARY          HPEVYILILPGFGMISHVVTYYAGKKEPFGYMGMVWAMLSIGFLGFIVWAHHMFTVGMDVDTRAYFTSATMIIAIPTGIKVFSWLATLHGGTIKWDPPILWALGFIFLFTIGGLTGIVLA 
OSTRICH            HPEVYILILPGFGIISHVVTYYAGKKEPFGYMGMVWAMLSIGFLGFIVWAHHMFTVGMDVDTRAYFTSATMIIAIPTGIKVFSWLATLHGGTIKWDPPILWALGFIFLFTIGGLTGIVLA 
TINAMOU1           HPEVYILILPGFGIISHVVAYYAGKKEPFGYMGMVWAMLSIGFLGFIVWAHHMFTVGMDVDTRAYFTSATMIIAIPTGIKVFSWLATLHGGTIKWDPPILWALGFIFLFTIGGLTGIVLA 
TINAMOU2           HPEVYILILPGFGIISHVVAYYAGKKEPFGYMGMVWAMLSIGFLGFIVWAHHMFTVGMDVDTRAYFTSATMIIAIPTGIKVFSWLATLHGGTIKWDPPILWALGFIFLFTIGGLTGIVLA 
                   *************:*****:**:*** ***************************** ******************** *****************:**:***********:********* 
PHEASANT1          NSSLDIALHDTYYVVAHFHYVLSMGAVFAILAGFTHWFPLFTGFTLHPSWTKAHFGVMFTGVNLTFFPQHFLGLAGMPRRYSDYPDAYTLWNTLSSIGSLISMTAVIMLMFIVWEAFSAK 
TURKEY             NSSLDIALHDTYYVVAHFHYVLSMGAVFAILAGFTHWFPLFTGFTLHPSWTKAHFGVMFTGVNLTFFPQHFLGLAGMPRRYSDYPDAYTLWNTLSSIGSLISMTAVIMLMFIVWEAFSAK 
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PHEASANT2          NSSLDIALHDTYYVVAHFHYVLSMGAVFAILAGFTHWFPLFTGFTLHPSWTKAHFGVMFTGVNLTFFPQHFLGLAGMPRRYSDYPDAYTLWNTLSSIGSLISMTAVIMLMFIVWEAFSAK 
CHICKEN            NSSLDIALHDTYYVVAHFHYVLSMGAVFAILAGFTHWFPLFTGFTLHPSWTKAHFGVMFTGVNLTFFPQHFLGLAGMPRRYSDYPDAYTLWNTLSSIGSLISMTAVIMLMFIVWEAFSAK 
QUAIL              NSSLDIALHDTYYVVAHFHYVLSMGAVFAILAGFTHWFPLFTGFTLHPTWTKAHFGVMFTGVNLTFFPQHFLGLAGMPRRYSDYPDAYTLWNTLSSIGSLISMTAVIMLMFIVWEAFSAK 
REDHEAD            NSSLDIALHDTYYVVAHFHYVLSMGAVFAILAGFTHWFPLLTGFTLHQTWAKAHFGVMFTGVNLTFFPQHFLGLAGMPRRYSDYPDAYTLWNTVSSIGSLISMVAVIMLMFIIWEAFSAK 
DUCK               NSSLDIALHDTYYVVAHFHYVLSMGAVFAILAGFTHWFPLLTGFTLHQTWAKAHFGVMFTGVNLTFFPQHFLGLAGMPRRYSDYPDAYTLWNTVSSIGSLISMVAVIMLMFIIWEAFSAK 
RAIL               NSSLDIALHDTYYVVAHFHYVLSMGAVFAILAGFTHWFPLFTGFTLHPTWAKAHFGVMFTGVNLTFFPQHFLGLAGMPRRYSDYPDAYTMWNTLSSIGSLISMVAVIMLMFITWEAFSSK 
CRAKE              NSSLDIALHDTYYVVAHFHYVLSMGAVFAILAGFTHWFPLFTGFTLHPTWAKAHFGVMFTGVNLTFFPQHFLGLAGMPRRYSDYPDAYTMWNTMSSIGSLISMVAVIMLMFITWEAFASK 
GOSHAWK            NSSLDIALHDTYYVVAHFHYVLSMGAVFAILAGFTHWFPLLTGFTLHPTWSKAHFGVMFTGVNLTFFPQHFLGLAGMPRRYSDYPDAYTLWNTMSSIGSLISMVAVIMLMFIIWEAFASK 
OYSTERCATCHER      NSSLDIALHDTYYVVAHFHYVLSMGAVFAILAGLTHWFPLLTGYTLHPTWAKAHFGVMFTGVNLTFFPQHFLGLAGMPRRYSDYPDAYTLWNTMSSIGSLISMTAVIMLMFIIWEAFASK 
PETREL             NSSLDIALHDTYYVVAHFHYVLSMGAVFAILAGFTHWFPLFTGYTLHPTWAKAHFGVMFTGVNLTFFPQHFLGLAGMPRRYSDYPDAYTLWNTMSSIGSLISMTAVIMLMFIIWEAFASK 
IBIS               NSSLDIALHDTYYVVAHFHYVLSMGAVFAILAGFTHWFPLFTGYTLHPTWAKAHFGVMFTGVNLTFFPQHFLGLAGMPRRYSDYPDAYTLWNTMSSIGSLISMTAVIMLMFIIWEAFASK 
GREBE              NSSLDIALHDTYYVVAHFHYVLSMGAVFAILAGFTHWFPLFTGYTLHPTWTKAHFGVMFTGVNLTFFPQHFLGLAGMPRRYSDYPDAYTLWNTMSSIGSLISMTAVIMLMFIIWEAFTSK 
LOON               NSSLDIALHDTYYVVAHFHYVLSMGAVFAILAGFTHWFPLFTGYTLHPTWAKAHFGVMFTGVNLTFFPQHFLGLAGMPRRYSDYPDAYTLWNTMSSIGSLISMTAVIMLMFIIWEAFASK 
FRIGATEBIRD        NSSLDIALHDTYYVVAHFHYVLSMGAVFAILAGFTHWFPLFTGYTLHQTWAKAHFGVMFTGVNLTFFPQHFLGLAGMPRRYSDYPDAYTLWNTMSSIGSLISMTAVIMLMFIIWEAFASK 
TURNSTONE          NSSLDIALHDTYYVVAHFHYVLSMGAVFAILAGFTHWFPLFTGYTLHTTWTKAHFGVMFTGVNLTFFPQHFLGLAGMPRRYSDYPDAYTLWNTMSSIGSLISMTAVIMLMFIIWEAFTSK 
PENGUIN            NSSLDIALHDTYYVVAHFHYVLSMGAVFAILAGFTHWFPLLTGYTLHTTWAKAHFGVMFTGVNLTFFPQHFLGLAGMPRRYSDYPDAYTMWNTMSSIGSLISMTAVIMLMFIIWEAFTSK 
EGRET              NSSLAIALHDTYYVVAHFHYVLSMGAVFAILAGFTHWFPLFTGYTLHPTWAKAHFGVMFSGVNLTFFPQHFLGLAGMPRRYSDYPDAYTLWNTMSSIGSLISMTAVIMLMFMIWEAFATK 
TROPICBIRD         NSSLDIALHDTYYVVAHFHYVLSMGAVFAILAGFTHWFPLFSGYTLHPTWAKAHFGVMFTGVNLTFFPQHFLGLAGMPRRYSDYPDAYTLWNTLSSIGSLISMTAVIMLMFIIWEAFASK 
ROOK               NSSLDIALHDTYYVVAHFHYVLSMGAVFAILAGFTHWFPLFTGYTLHSTWAKIHFGVMFVGVNLTFFPQHFLGLAGMPRRYSDYPDAYTLWNTISSVGSLISLTAVIMLMFIIWEAFASK 
WIDOWFINCH         NSSLDIALHDTYYVVAHFHYVLSMGAVFAILAGFTHWFPLFTGYTLHSTWAKTHFGVMFVGVNLTFFPQHFLGLAGMPRRYSDYPDAYTLWNTISSIGSLISLTAVIMLVFIIWEAFASK 
FALCON             NSSLDIALHDTYYVVAHFHYVLSMGAVFAILAGFTHWFPLFTGYTLHPTWSKTHFGIMFTGVNLTFFPQHFLGLAGMPRRYSDYPDAYTLWNTLSSIGSLISMTAVILLMFIIWEAFAAK 
MOA1               NSSLDIALHDTYYVVAHFHYVLSMGAVFAILAGFTHWFPLFTGYTLHPTWAKAHFGVMFTGVNLTFFPQHFLGLAGMPRRYSDYPDAYTLWNTMSSIGSLISMTAVIMLMFIIWEAFSSK 
MOA2               NSSLDIALHDTYYVVAHFHYVLSMGAVFAILAGFTHWFPLFTGYTLHPTWAKAHFGVMFTGVNLTFFPQHFLGLAGMPRRYSDYPDAYTLWNTMSSIGSLISMTAVIMLMFIIWEAFSSK 
KIWI               NSSLDIALHDTYYVVAHFHYVLSMGAVFAILAGFTHWFPLFTGYTLHPTWAKAHFGVMFTGVNLTFFPQHFLGLAGMPRRYSDYPDAYTLWNTMSSIGSLISMTAVIMLMFIIWEAFSSK 
RHEA1              NSSLDIALHDTYYVVAHFHYVLSMGAVFAILAGFTHWFPLFTGYTLHPTWAKAHFGVMFTGVNLTFFPQHFLGLAGMPRRYSDYPDAYTLWNTMSSIGSLISMTAVIMLMFIIWEAFSSK 
RHEA2              NSSLDIALHDTYYVVAHFHYVLSMGAVFAILAGFTHWFPLFTGYTLHPTWAKAHFGVMFTGVNLTFFPQHFLGLAGMPRRYSDYPDAYTLWNTMSSIGSLISMTAVIMLMFIIWEAFSSK 
EMU                NSSLDIALHDTYYVVAHFHYVLSMGAVFAILAGFTHWFPLFTGYTLHPTWAKAHFGVMFTGVNLTFFPQHFLGLAGMPRRYSDYPDAYTLWNTLSSIGSLISMTAVIMLMFIIWEAFSSK 
CASSOWARY          NSSLDIALHDTYYVVAHFHYVLSMGAVFAILAGFTHWFPLFTGYTLHPTWAKAHFGVMFTGVNLTFFPQHFLGLAGMPRRYSDYPDAYTLWNTLSSIGSLISMTAVIMLMFIIWEAFSSK 
OSTRICH            NSSLDIALHDTYYVVAHFHYVLSMGAVFAILAGFTHWFPLFTGYTLHPTWAKAHFGVMFTGVNLTFFPQHFLGLAGMPRRYSDYPDAYTLWNTMSSIGSLISMTAVIMLMFIIWEAFSSK 
TINAMOU1           NSSLDIALHDTYYVVAHFHYVLSMGAVFAILAGFTHWFPLFTGFTLHPTWAKAHFGVMFTGVNLTFFPQHFLGLAGMPRRYSDYPDAYTIWNTVSSIGSLISMTAVIMLMFIIWEAFSSK 
TINAMOU2           NSSLDIALHDTYYVVAHFHYVLSMGAVFAILAGFTHWFPLFTGYTLHSTWAKAHFGVMFIGVNLTFFPQHFLGLAGMPRRYSDYPDAYTLWNTISSIGSLISMTAVIMLMFIIWEAFSSK 
                   **** ****************************:******::*:*** :*:* ***:*******************************:***:**:*****:.***:*:*: ****::*           
PHEASANT1          RKVLQPELTSTNIEWIHGCPPPYHTFEEPAFVQVQE 
TURKEY             RKVLHPELTSTNIEWIHGCPPPYHTFEEPAFVQVQE 
PHEASANT2          RKVLQPELTSTNIEWIHGCPPPHHTFEEPAFVQVQE 
CHICKEN            RKVLQPELTATNIEWIHGCPPPYHTFEEPAFVQVQE 
QUAIL              RKVLQPELTATNIEWIHGCPPPYHTFEEPAFVQVQE 
REDHEAD            RKVLQPELTATNIEWIHGCPPPYHTFEEPAFVQVQE 
DUCK               RKVLQPELTATNIEWIHGCPPPYHTFEEPAFVQVQE 
RAIL               RKVLQPEMTATNIEWIHGCPPPHHTFEEPAFVQVQE 
CRAKE              RKVLQPEMTATNIEWIHGCPPPHHTFEEPAFVQVQE 
GOSHAWK            RKVLQPELTTTNVEWIHGCPPPYHTFEQPAFVQVQE 
OYSTERCATCHER      RKILQPELTATNIEWIHGCPPPYHTFEEPAFVQVQE 
PETREL             RKILQPELTATNIEWIHGCPPPYHTFEEPAFVQVQE 
IBIS               RKILQPELITTNIEWIHGCPPPYHTFEEPAFVQVQE 
GREBE              RNILQPELTATNIEWIHGCPPPYHTFEEPAFVQVQE 
LOON               RKVMQPELTATNIEWIHGCPPPYHTFEEPAFVQVQE 
FRIGATEBIRD        RKVLQPELTATNIEWIHGCPPPYHTFEEPAFVQVQE 
TURNSTONE          RKVLQPELTTTNIEWIHGCPPPYHTFEEPAFVQVQE 
PENGUIN            RKVLQPELTTTNIEWIHGCPPPYHTFEEPAFVQVQE 
EGRET              RKVLQPELTATNVEWIHGCPPPYHTFEEPAFVQVQE 
TROPICBIRD         RKVLMPELTTTNIEWIHGCPPPYHTFEEPAFVQIQE 
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ROOK               RKALQPELISTNVEWIHGCPPPFHTFEEPAFVQVQE 
WIDOWFINCH         RKATQPELTSTNIEWIHGCPPPFHTFEEPAFVQVQE 
FALCON             RKVLQTELTSTNIEWLYGCPPPYHTFEEPTFVQTQE 
MOA1               RKVMQSELTPTNIEWIHGCPPPHHTFEEPAYVQVQE 
MOA2               RKVMQPELTPTNIEWIHGCPPPHHTFEEPAYVQVQE 
KIWI               RKMMQPELTTTNIEWIHGCPPPHHTFEEPAYVQIQE 
RHEA1              RKVLQPELIATNIEWIHGCPPPHHTFEEPAYVQVQE 
RHEA2              RKVLRPELITTNIEWIHGCPPPHHTFEEPAYVQVQE 
EMU                RKVAQPELIPTNIEWIHGCPPPHHTFEEPAYVQVQE 
CASSOWARY          RKVAQPELIATNIEWIHGCPPPHHTFEEPAYVQVQE 
OSTRICH            RKVLQPELIATNIEWIHGCPPPHHTFEEPAFVQVQE 
TINAMOU1           RKIQQPELTSTNIEWIHGCPPPHHTFEEPAYVQVQE 
TINAMOU2           RKVLQPELTSSNIEWIHGCPPPHHTFEEPAFVQTQE 
                   *:   .*: .:*:**::*****.****:*::** ** 

Figure 3.1: Protein alignment of COI gene in 33 different avian species using MEGA 4 program. The different colours are  
used to indicate the different groups of amino acid based on their side-chain properties; where polar is green, non-polar is 
red, acidic is blue and basic is grey. 
 
 
PHEASANT      MAPNIRKSHPLLKMINNSLIDLPTPPNISAWWNFGSLLAVCLVTQILTGLLLAMHYTADTSLAFSS-VAHTCRNVQYGWLIRNLHANGASFFFICIFLHIGRGLYYGSYLYKETWNTGVILLLTL 
PHEASANT      MAPNIRKSHPLLKIINNSLIDLPAPSNISAWWNFGSLLAMCLITQILTGLLLAMHYTADTSLAFSS-VAHTCRNVQYGWLIRNLHANGASFFFICIFLHIGRGLYYGSYLYKETWNTGVILLLTL 
QUAIL         MAPNIRKSHPLLKMINNSLIDLPTPPNISAWWNFGSLLAMCLITQILTGLLLAMHYTADTSLAFSS-VAHTCRNVQYGWLIRNLHANGASFFFICIFLHIGRGLYYGSYLYKETWNTGVILLLTL 
CHICKEN       MAPNIRKSHPLLKMINNSLIDLPAPSNISAWWNFGSLLAVCLMTQILTGLLLAMHYTADTSLAFSS-VAHTCRNVQYGWLIRNLHANGASFFFICIFLHIGRGLYYGSYLYKETWNTGVILLLTL 
TURKEY        MAPNIRKSHPLLKTINNSLIDLPTPSNISAWWNFGSLLAVCLITQILTGLLLAMHYTADTTLAFSS-VAYTCRNVQYGWLLRNLHANGASFFFICIFLHIGRGLYYGSYLYKETWNTGVVLLLTL 
DUCK          MAPNIRKSHPLLKMINNSLIDLPAPSNISAWWNFGSLLAICLATQILTGLLLAMHYTADTSLAFSS-VANTCRNVQYGWLIRNLHANGASFFFICIYLHIGRGFYYGSYLYKETWNTGVILLLTL 
DUCK          MAPNIRKSHPLLKMINNSLIDLPAPSNISAWWNFGSLLAICLATQILTGLLLAMHYTADTSLAFSS-VANTCRNVQYGWLIRNLHANGASFFFICIYLHIGRGFYYGSYLYKETWNTGVILLLTL 
GREBE         MAPNLRKSHPLLKMINNSLIDLPTPSNISAWWNFGSLLGICLMTQILTGLLLAMHYTADTTLAFSS-VAHTCRNVQYGWLIRNLHANGASFFFICIYLHIGRGLYYGSYLYKETWNTGIILLLTL 
PENGUIN       MAPNLRKSHPLLKTINNSLIDLPTPSNISAWWNFGSLLGICLATQILTGLLLAAHYTADTTLAAFSSVAHTCRNVQYGWLIRNLHANGASFFFICIYLHIGRGLYYGSYLYKETWNTGIILLLTL 
EGRET         MAPNLRKSHPLLKTINNSLIDLPTPPNISAWWNFGSLLGICLTTQILTGLLLATHYTADTTLAFSS-VAHTCRNVQYGWLIRNLHANGASFFFICIYLHIGRGLYYGSYLYKETWNTGVILLLTL 
TROPICBIRD    MAPNLRKSHPLLKLVNNSLIDLPTPSTSHAWWNFGSLLGDCLLTQILTGLLLATHYTADTTLAFSS-VAHTCRNVQYGWLIRNLHANGASLFFICIYLHIGRGLYYGSYLYKETWNTGIILLLTL 
FALCON        MAPNIRKSHPLVKMINNSLIDLPTPPNISMWWNFGSLLGICLATQILTGLLLAMHYTADTTLAFSS-VAHTCRNVQYGWLIRNLHANGASLFFICIYMHIGRGIYYGSYLYKETWNTGIILLLTL 
FRIGATEBIRD   MAPNLRKSHPLLKMINNSLIDLPTPPNISAWWNFGSLLGICLATQILTGLLLAMHYTADTTLAFSS-VAHTCRNVQYGWLIRNLHANGASLFFICIYLHIGRGLYYGSYLYKETWNTGIVLLLTL 
IBIS          MAPNLRKSHPLLKMINNSLIDLPTPSNISAWWNFGSLLGICLATQILTGLLLAMHYTADTTLAFSS-VAHTCRNVQYGWLIRNLHANGASFFFICIYLHIGRGLYYGSYLYKETWNTGIILLLTL 
GOSHAWK       MAPNPRKSHPLLKMINNSLIDLPTPPNISAWWNFGSLLGICLLTQILTGLLLATHYTADTTLAFSS-VAHTCRNVQYGWLIRNLHANGASFFFICIYFHIGRGLYYGSYLYKETWNTGIILLLTL 
OYSTERCATCHER MAPNLRKSHPLLKMINNSLIDLPSPSNISAWWNFGSLLGICLMTQILTGLLLAMHYTADTTLAFSS-IAHTCRNVQYGWLIRNLHANGASFFFICIYLHIGRGLYYGSYLHKETWNTGVILLLTL 
LOON          MALNLRKSHPLLKMVNSSLIDLPTPPNISAWWNFGSLLGICLMTQILTGLLLAMHYTADTTLAFSS-VAHTCRNVQYGWLIRNLHANGASFFFICIYLHIGRGLYYGSYLYKETWNTGVILLLTL 
TURNSTONE     MAPNLRKSHPLLKMLNNSVIDLPTPSNISAWWNFGSLLGICLMTQILTGLLLAMHYTADTTLAFSS-VAHTCRNVQYGWLIRNLHANGASFFFICIYLHIGRGFYYGSYLYKETWNTGVILLLTL 
PETREL        MAPNLRKSHPLLKMVNNSLIDLPTPPNISAWWNFGSLLGICLMTQILTGLLLAMHYTADTTLAFSS-VAHTCRNVQYGWLIRNLHANGASFFFICIYLHIGRGFYYGSYLYKETWNTGVILLLTL 
ALBATROSS     MAPNLRKSHPLLKMINNSLIDLPTPSNISAWWNFGSLLGICLMTQILTGLLLAMHYTADTTLAFSS-IAHTCRNVQYGWLIRNLHANGASFFFICIYLHIGRGFYYGSYLNKETWNTGILLLLTL 
RAIL          MAPNPRKYHPLLTMINNSLIDLPTPPNISTWWNFGSLLGICLITQILTGLLLATHYTADTTMAFSS-VAHTCRNVQYGWLLRNLHANGASLFFICIYLHIGRGFYYGSYLYKETWNTGIILLLTL 
CRAKE         MAPNPRKHHPLLKMVNNSLIDLPTPPNISTWWNFGSLLGICLITQILTGLLLAMHYTADTTMAFSS-VAHTCRNVQYGWLLRNLHANGASFFFICIYLHIGRGFYYGSYLYKETWNTGILLLLTL 
TINAMOU       MAPNIRKSHPLFKIINNSLIDLPSPSNISAWWNFGSLLGICLITQILTGLLLATHYTADTSMAFHS-VAHICRDIQYGWLIRNLHANGASLFFICIYLHIGRGLYYGSYLYKETWNTGVMLLFTL 
TINAMOU       MAPNIRKSHPLLKIINNSLIDLPSPSNISAWWNFGSLLGICLMTQIITGLLLAMHYTADTSLAFSS-VAHICRDVQYGWLIRNLHANGASFFFICIYLHIGRGFYYGSYLYKETWNTGIILLLTL 
KIWI          MAPIIRKSHPLLKIINNSLIDLPSPSNISAWWNFGSLLGICLITQILTGLLLAMHYTADTSLAFSS-IAHICRNVQYGWLIRNLHANGASFFFICIYFHIGRGFYYGSYLYKETWNTGIILLLTL 
MOA           MAPNIRKSHPLLKIINSSLIDLPSPSNISAWWNFGSLLGICLIIQILTGLLLAMHYTADTSLAFSS-VAHTCRNVQYGWLIRNLHANGASFFFICIYLHIGRGIYYGSYLYKETWGTGVVLLLTL 
MOA           MAPNIRKSHPLLKIINSSLIDLPSPSNISAWWNFGSLLGICLIIQILTGLLLAMHYTADTSLAFSS-VAHTCRNVQYGWLIRNLHANGASFFFICIYLHIGRGIYYGSYLYKETWGTGVVLLLTL 
RHEA          MAPNIRKSHPLLKIINSSLIDLPSPSNISAWWNFGSLLGICLITQILTGLLLAMHYTADTSLAFSS-VAHTCRNVQYGWLIRNLHANGASFFFICIYLHIGRGFYYGSYLYKETWNTGVVLLLTL 
RHEA          MAPNIRKSHPLLKIINSSLIDLPSPSNISAWWNFGSLLGICLITQILTGLLLAMHYTADTSLAFSS-VAHTCRNVQYGWLIRNLHANGASFFFICIYLHIGRGFYYGSYLYKETWNTGVVLLLTL 
EMU           MAPNIRKSHPLLKIINNSLIDLPSPSNISAWWNFGSLLGICLITQILTGLLLAMHYTADTSLAFSS-VAHTCRNVQYGWLIRNLHANGASFFFICIYLHIGRGFYYGSYLYKETWNTGVILLLTL 
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CASSOWARY     MAPNIRKSHPLLKIINSSLIDLPSPSNISAWWNFGSLLGICLITQILTGLLLAMHYTADTSLAFSS-VAHTCRNVQYGWLIRNLHANGASFFFICIYLHIGRGFYYGSYLYKETWNTGVILLLTL 
OSTRICH       MAPNIRKSHPLLKIINNSLIDLPSPSNISAWWNFGSLLGICLITQILTGLLLAMHYTADTTLAFSS-VAHTCRNVQYGWFIRNLHANGASFFFICIYLHIGRGLYYGSYLYKETWNTGVILLLTL 
WIDOWFINCH    MAPNLRKNHELLKIINDALIDLPTPSNISSWWNFGSILGVCLITQIVTGLLLAMHYTADTSLAFSS-VAHMCRDVQFGWLIRNLHANGASFFFICIYLHIGRGIYYGSYLNTKTWNVGVILLLAL 
ROSEFINCH     MALNIRKNHQVLKIINNALIDLPTPSNISTWWNFGSLLGICLVTQIVTGLLLATHYTADTNLAFSS-VAHMCRDVQFGWLIRNLHANGASFFFICIYLHIGRGIYYGSYLNKETWNIGVILLLTL 
ROOK          MGLNLRKNHPLLKIINNSLIDLPTPSNISAWWNFGSLLGLCLIMQIITGLLLAMHYTADTSLAFAS-VAHMCRDVQFGWLIRNLHANGASFFFICIYLHIGRGFYYGSYLNKETWNIGVILLLTL 
              *.   ** * :.. :*.::****:*..   ******:*. **  **:****** ******.:*  * :*  **::*:**::*********:*****::*****:****** .:**. *::**::* 
PHEASANT      MATAFVGYVLPWGQMSFWGATVITNLFSAIPYIGQTLVEWAWGGFSVDNPTLTRFFALHFLLPFVIAGITIIHLLFLHESGSNNPLGISSNSDKIPFHPYYSFKDILGLALMLTPFLTLALFSPN 
PHEASANT      MATAFVGYVLPWGQMSFWGATVITNLFSAIPYIGQTLVEWAWGGFSVDNPTLTRFFALHFLLPFVIMGITVTHLMFLHESGSNNPLGISSNSDKIPFHPYYSLKDILGLALMFIPFLTLALFSPN 
QUAIL         MATAFVGYVLPWGQMSFWGATVITNLFSAVPYIGQTLVEWAWGGFSVDNPTLTRFFALHFLLPFLIAGITIIHLTFLHESGSNNPLGISSDSDKIPFHPYYSIKDILGLTLMLTPFLTLALFSPN 
CHICKEN       MATAFVGYVLPWGQMSFWGATVITNLFSAIPYIGHTLVEWAWGGFSVDNPTLTRFFALHFLLPFAIAGITIIHLTFLHESGSNNPLGISSDSDKIPFHPYYSFKDILGLTLMLTPFLTLALFSPN 
TURKEY        MATAFVGYVLPWGQMSFWGATVITNLFSAIPYIGQTLVEWAWGGFSVDNPTLTRFFALHFLLPFMIAGITIIHLMFLHESGSNNPLGISSNADKIPFHPYYSIKDILGLTIMLTPLLTLTLFSPN 
DUCK          MATAFVGYVLPWGQMSFWGATVITNLFSALPYIGQTLVEWAWGGFSVDNPTLTRFFAIHFLLPFLIAGITLVHLTFLHESGSNNPLGIVSDCDKIPFHPYFSFKDILGFILMLTPLMALALFSPN 
DUCK          MATAFVGYVLPWGQMSFWGATVITNLFSALPYIGQTLVEWAWGGFSVDNPTLTRFFAIHFLLPFLIAGITLVHLTFLHESGSNNPLGLVSDCDKIPFHPYFSFKDILGFILMLTPLMALALFSPN 
GREBE         MATAFVGYVLPWGQMSFWGATVITNLFSAIPYIGQTIVEWAWGGFSVDNPTLTRFFALHFLLPFVIAGLTLIHLTFLHESGSNNPLGIVSNSDKIPFHPYFSLKDILGFALMFLPLTALALFSPN 
PENGUIN       MATAFVGYVLPWGQMSFWGATVITNLFSAIPYIGQTLVEWAWGGFSVDNPTLTRFFTLHFLLPFMIAGLTLIHLTFLHESGSNNPLGIVANSDKIPFHPYYSTKDILGFILLLFPLTALALFSPN 
EGRET         MATAFVGYVLPWGQMSFWGATVITNLFSAIPYIGQTLVEWAWGGFSVDNPTLTRFFALHFLLPFMIAGLTMVHLTFLHESGSNNPLGIVSNCDKIPFHPYFSTKDILGFVLMLLPLTTLALFSPN 
TROPICBIRD    MATAFVGYVLPWGQMSFWGATVITNLFSAIPYIGQTLVEWAWGGFSVDNPTLTRFFALHFLLPFMIAGLTMVHLTFLHESGSNNPLGIVSNCDKIPFHPYFSLKDTLGFALVLPLLTALALFSPN 
FALCON        MATAFVGYVLPWGQMSFWGATVITNLFSAIPYIGQTLVEWAWGGFSVDNPTLTRFFALHFLLPFLIAGLTLIHLTFLHESGSNNPLGITSNCDKIPFHPYYSLKDILGFMLMYLPLMTLALFTPN 
FRIGATEBIRD   MATAFVGYVLPWGQMSFWGATVITNLFSAIPYIGQTLVEWAWGGFSVDNPTLTRFFALHFLLPFMIAGLTLIHLTFLHESGSNNPLGITSNCDKIPFHPYFSLKDILGFTLMFLPLTMLALFSPN 
IBIS          MATAFVGYVLPWGQMSFWGATVITNLFSAIPYIGQTLVEWAWGGFSVDNPTLTRFFALHFLLPFMIAGLTLIHLTFLHESGSNNPLGIPSNCDKIPFHPYFSLKDILGFILMLLPLMTLALFSPN 
GOSHAWK       MATAFVGYVLPWGQMSFWGATVITNLFSAIPYIGQTIVEWAWGGFSVDNPTLTRFFALHFLLPFLIASLTLIHLTFLHESGSNNPLGIISNCDKIPFHPYFSLKDALGFLLMLLPLTTLALFSPN 
OYSTERCATCHER MATAFVGYVLPWGQMSFWGATVITNLFSAIPYIGQTLVEWAWGGFSVDNPTLTRFFALHFLLPFLIAGLTLIHLTFLHESGSNNPLGVPSNCDKIPFHPYFSLKDILGFILMLLPLMTLAMFSPN 
LOON          MATAFVGYVLPWGQMSFWGATVITNLFSAIPYIGQTLVEWAWGGFSVDNPTLTRFFALHFLLPFVITGLVLIHITFLHESGSNNPLGIVSNCDKIPFHPYFSLKDTLGFILMLTPLMTLALFSPN 
TURNSTONE     MATAFVGYVLPWGQMSFWGATVITNLFSAIPYIGQTLVEWAWGGFSVDNPTLTRFFALHFLLPFMIAGLTLIHLTFLHETGSNNPLGIVSNCDKIPFHPYFSLKDILGFIIMFLPLLTLALFSPN 
PETREL        MATAFVGYVLPWGQMSFWGATVITNLFSAIPYIGQTLVEWAWGGFSVDNPTLTRFFALHFLLPFMIAGLTLVHLTFLHESGSNNPLGIVSNCDKIPFHPYFTLKDILGFTLMFLPLTTLALFSPN 
ALBATROSS     MATAFVGYVLPWGQMSFWGATVITNLFSAIPYIGQTLVEWAWGGFSVDNPTLTRFFALHFLLPFMIAGLTLIHLTFLHESGSNNPLGILSNCDKIPFHPYFTLKDILGFTLMFLPLTALALFSPN 
RAIL          MATAFVGYVLPWGQMSFWGATVITNLFSAIPYIGQTIVEWAWGGFSVDNPTLTRFFALHFLLPFMIAGMTLIHLTFLHETGSNNPLGITSNCDKIPFHPYYSLKDTLGFAFMLIPLTALALFSPN 
CRAKE         MATAFVGYVLPWGQMSFWGATVITNLFSAVPYIGQTLVEWAWGGFSVDNPTLTRFFALHSLLPFMIAGMTMIHLTFLHETGSNNPLGISSNCDKIPFHPYYSFKDILGFTLMLIPLTTLALFSPN 
TINAMOU       MATAFVGYVLPWGQMSFWGATVITNLLSAIPYIGQTLVEWAWGGFSVDNPTLTRFFALHFLLPFLIAGLSIIHLTFLHESGSNNPLGIISHCDKIPFHPYFTTKDILGFMLLFIPLLTLTFFSPN 
TINAMOU       MATAFVGYVLPWGQMSFWGATVITNLFSAIPYIGHTLVEWAWGGFSVDNPTLTRFFALHFLLPFLIAGITIIHLTFLHESGSNNPLGIISHCDKIPFHPYFSTKDILGLTLLFLPLLTLTFFSPN 
KIWI          MATAFVGYVLPWGQMSFWGATVITNLFSAIPYIGQTLVEWAWGGFSVDNPTLTRFFALHFLLPFLITGITLIHLTFLHESGSNNPLGIISHCDKIPFHPYFSLKDILGFTLMLIPLLTLTFFSPN 
MOA           MATAFVGYVLPWGQMSFWGATVITNLFSAVPYIGQTLVEWAWGGFSVDNPTLTRFFALHFLLPFLIAGITLIHLTFLHESGSNNPLGIVSHCDKIPFHPYFSTKDILGFMLMFIPLLTLAFFSPN 
MOA           MATAFVGYVLPWGQMSFWGATVITNLFSAVPYIGQALVEWAWGGFSVDNPTLTRFFALHFLLPFLIAGITLIHLTFLHESGSNNPLGIVSHCDKIPFHPYFSTKDILGFMLMFIPLLTLAFFSPN 
RHEA          MATAFVGYVLPWGQMSFWGATVITNLFSAIPYIGQTLVEWAWGGFSVDNPTLTRFFALHFLLPFLIAGITLIHLTFLHETGSNNPLGIVSHSDKIPFHPYFSLKDALGFALMFIPLLTLAFFSPN 
RHEA          MATAFVGYVLPWGQMSFWGATVITNLFSAIPYIGQTLVEWAWGGFSVDNPTLTRFFALHFLLPFLIAGITLIHLTFLHETGSNNPLGIVSHSDKIPFHPYFSLKDALGLALMFIPLLTLAFFSPN 
EMU           MATAFVGYVLPWGQMSFWGATVITNLFSAIPYIGQTLVEWAWGGFSVDNPTLTRFFALHFLLPFLIAGITIIHLTFLHESGSNNPLGIVSHCDKIPFHPYFSLKDILGFTLMFIPLLILAFFSPN 
CASSOWARY     MATAFVGYVLPWGQMSFWGATVITNLFSAIPYIGQTLVEWAWGGFSVDNPTLTRFFALHFLLPFLIAGITLIHLTFLHESGSNNPLGIVSHCDKIPFHPYFSLKDILGFTLMFIPLLILAFFSPN 
OSTRICH       MATAFVGYVLPWGQMSFWGATVITNLFSAIPYIGQTLVEWAWGGFSVDNPTLTRFFALHFLLPFVIAGITLVHLTFLHESGSNNPLGIISHCDKIPFHPYFSLKDILGFTLMFIPLLSLAFFSPN 
WIDOWFINCH    MATAFVGYVLPWGQMSFWGATVITNLFSAIPYIGQTLVEWAWGGFSVDNPTLTRFFALHFLLPFVIAGLTLVHLTFLHETGSNNPMGIPSDCDKIPFHPYYTTKDILGFVLMFALLASMALFSPN 
ROSEFINCH     MATAFVGYVLPWGQMSFWGATVITNLFSAIPYIGQTLVEWAWGGFSVDNPTLTRFFALHFLLPFVIVGLTLVHLTFLHETGSNNPTGVPSDCDKIPFHPYYTVKDILGFALMISLLVSLALFSPN 
ROOK          MATAFVGYVLPWGQMSFWGATVITNLFSAIPYIGQTLVEWLWGGFSVDNPTLTRFFAFHFLLPFVIAGLTLVHLTFLHETGSNNPLGIPSDCDKIPFHPYYSIKDLLGFALMLIPLITLALFSPN 
              **************************:**:****:::*** ***************::* **** * .: : *: ****:***** *: :..********:: ** **: ::   :  :::*:** 
 
 
 
 
 
 
PHEASANT      LLGDPENFTPANPLVTPPHIKPEWYFLFAYAILRSIPNKLGGVLALAASVLILLLIPFLHKSKQRTMTFRPLSQTLFWFLVANLLILTWVGSQPVEHPFI 
PHEASANT      LLGDPENFSPANPLVTPPHIKPEWYFLFAYAILRSIPNKLGGVLALAASVLILLLLPFLHKSKQRTMTFRPLSQTLFWLLVANLLILTWVGSQPVEHPFI 
QUAIL         FLGDPENFTPANPLVTPPHIKPEWYFLFAYAILRSISNKLGGVLALAASVLILLLIPFLPKSKQRTMTFRPLSQTLFWLLVANLLILTWIGSQPVEHPFI 
CHICKEN       LLGDPENFTPANPLVTPPHIKPEWYFLFAYAILRSIPNKLGGVLALAASVLILFLIPFLHKSKQRTMTFRPLSQTLFWLLVANLLILTWIGSQPVEHPFI 



 

109 
 

S Boonseub/PhD Thesis                                                                                                                                                                                                          Chapter 3 
 

TURKEY        LLGDPENFTPANPLVTPPHIKPEWYFLFAYAILRSIPNKLGGVLALAASVLILLLIPFLHKSKQRAMTFRPLSQTLFWLLVANLLILTWVGSQPVEHPFI 
DUCK          LLGDPENFTPANPLVTPPHIKPEWYFLFAYAILRSIPNKLGGVLALAASVLILFLIPFLHKSKQRTMTFRPLSQLLFWTLVANLLVLTWVGSQPVEHPFI 
DUCK          LLGDPENFTPANPLVTPPHIKPEWYFLFAYAILRSIPNKLGGVLALAASVLILFLVPFLHKSKQRTMTFRPLSQLLFWTLVANLLVLTWVGSQPVEHPFI 
GREBE         LLGDPENFTPANPLVTPPHIKPEWYFLFAYAILRSIPNKLGGVLALAASVLILFLSPFLHKSKQRTMAFRPLSQLLFWTLIANLLILTWIGSQPVEHPFI 
PENGUIN       LLGDPENFTPANPLVTPPHIKPEWYFLFAYAILRSIPNKLGGVLALAASVLILFLIPLLHKSKQRTMTFRPLSQLLFWTLVANLTILTWIGSQPVEHPFI 
EGRET         LLGDPENFTPANPLVTPPHIKPEWYFLFAYAILRSIPNKPGGVLALAASVLILFLIPLLHKSKQRTLAFRPLSQLLFWTLVANLLILTWVGSQPVEHPFI 
TROPICBIRD    LLGDPENFTPANPLVTPPHIKPEWYFLFAYAILRSIPNKLGGVLALAASILVLFLIPLLHKSKQRSMAFRPLSQLLFWTLTANLLILTWVGSQPVEHPFI 
FALCON        LLGDPENFTPANPLVTPPHIKPEWYFLFAYAILRSIPNKLGGVLALAASVLILFLSPLLHKSKQRTMTFRPLSQSLFWLLVTNLLILTWVGSQPVEHPFI 
FRIGATEBIRD   LLGDPENFTPANPLVTPPHIKPEWYFLFAYAILRSIPNKLGGVLALAASVLILFLTPMLHKSKQRTMTFRPISQLLFWLLVANLLVLTWIGSQPVEHPFI 
IBIS          LLGDPENFTPANPLVTPPHIKPEWYFLFAYAILRSIPNKLGGVLALAASVLVLFLSPLLHKSKQRTMTFRPLSQLLFWTLVANLLILTWIGSQPVEHPFI 
GOSHAWK       LLGDPENFTPANPLTTPPHIKPEWYFLFAYAILRSIPNKLGGVLALAASVLILFLIPFLHKSKQRTMTFRPFSQILFWTLIANLLILTWIGSQPVEHPFI 
OYSTERCATCHER LLGDPENFTPANPLVTPPHIKPEWYFLFAYAILRSIPNKLGGVLALAASVLILFLSPFLHKSKQRTMAFRPISQLLFWTLVANLLILTWVGSQPVEHPFI 
LOON          MLGDPENFTPANPLVTPPHIKPEWYFLFAYAILRSIPNKLGGVLALAASVLILFLSPLLHKSKQRTMAFRPLSQLLFWALIANLLILTWVGSQPVEHPFI 
TURNSTONE     LLGDPENFTPANPLVTPPHIKPEWYFLFAYAILRSIPNKLGGVLALAASVLVLFLAPLLHKSKQRTMAFRPLSQILFWTLVANLFILTWVGSQPVEHPFI 
PETREL        LLGDPENFTPANPLVTPPHIKPEWYFLFAYAILRSIPNKLGGVLALAASVLILFLAPFLHKAKQRAMTFRPLSQLLFWVLVANLFILTWVGSQPVEHPFI 
ALBATROSS     LLGDPENFTPANPLVTPPHIKPEWYFLFAYAILRSIPNKLGGVLALAASVLVLFLSPLLHKSKQRTLTFRPLSQLLFWLLVTNLFILTWIGSQPVEHPFI 
RAIL          LLGDPENFTPANPLITPPHIKPEWYFLFAYAILRSIPNKLGGVLALAASVLVLFLMPLLHKSKQRAMTFRPLSQLLFWALVANLLVLTWIGSQPVEHPFI 
CRAKE         LLGDPENFTPANPLVTPPHIKPEWYFLFAYAILRSIPNKLGGVLALAASVLVLFLSPLLHKSKQRSMTFRPLSQLLFWTLVANLFILTWIGSQPVEHPFI 
TINAMOU       LLGDPENFTPANPLTTPPHIKPEWYFLFAYAILRSIPNKLGGVLALTASILILLLTPLLHKSKLRSMTFRPLSQMLFWLLLANLLILTWIGSQPVEHPFI 
TINAMOU       LLGDPENFTPANPLSTPPHIKPEWYFLFAYAILRSIPNKLGGVLALAASVLILFLCPLLHMSKLRSMTFRPLSQALFWLLAATLLILTWIGSQPVEHPFI 
KIWI          LLGDPENFTPANPLVTPPHIKPEWYFLFAYAILRSIPNKLGGVLALAASVLILFLTPLLHKSKQRSMAFRPFSQALFWLLVANLLILTWVGSQPVEHPFI 
MOA           LLGDPENFTPANPLTTPPHIKPEWYFLFAYAILRSIPNKLGGVLALAASVLILFLIPLLHKSKQRSMTFRPLSQLLFWFLVANLLILTWVGSQPVEQPFI 
MOA           LLGDPENFTPANPLTTPPHIKPEWYFLFAYAILRSIPNKLGGVLALAASVLILFLIPLLHKSKQRSMTFRPLSQLLFWFLVANLLILTWVGSQPVEQPFI 
RHEA          LLGDPENFTPANPLVTPPHIKPEWYFLFAYAILRSIPNKLGGVLALAASVLILFLIPFLHKSKQRSMTFRPLSQILFWLLVANLLILTWIGSQPVEHPFI 
RHEA          LLGDPENFTPANPLVTPPHIKPEWYFLFAYAILRSIPNKLGGVLALAASVLILFLIPFLHKSKQRSMTFRPLSQILFWLLVANLLILTWIGSQPVEHPFI 
EMU           LLGDPENFTPANPLVTPPHIKPEWYFLFAYAILRSIPNKLGGVLALAASVLILFLIPFLHKSKQRSMTFRPLSQMLFWLLVANLLVLTWIGSQPVEHPFI 
CASSOWARY     LLGDPENFTPANPLVTPPHIKPEWYFLFAYAILRSIPNKLGGVLALAASVLILFLIPFLHKSKQRSMTFRPLSQVLFWLLVANLLILTWIGSQPVEHPFI 
OSTRICH|      LLGDPENFTPANPLATPPHIKPEWYFLFAYAILRSIPNKLGGVLALAASVLILFLIPLLHKSKQRSMTFRPLSQLLFWFLVANLLILTWIGSQPVEHPFI 
WIDOWFINCH    MLGDPENFTPANPLITPPHIKPEWYFLFAYAILRSIPNKLGGVLALAASILVLFLLPLLHTSKLRSMTFRPISQILFWTLVANVLVLTWVGSQPVEHPFI 
ROSEFINCH     LLGDPENFTPANPLVTPPHIKPEWYFLFAYAILRSIPNKLGGVLALAASILVLFLMPLLHTSKLRSMTFRPISQILFWTLVANVLVLTWVGSQPVEHPFI 
ROOK          LLGDPENFTPANPLATPPHIKPEWYFLFAYAILRSIPNKLGGVLALAASVLVLFLIPLLHVSKQRSMTFRPLSQILFWTLVADLLILTWVGSQPVEHPFI 
              :*******:***** *********************.** ******:**:*:*:* *:*  :* *:::***:** *** * : : :***:******:*** 

Figure 3.2: Protein alignment of cyt b gene in 33 different avian species using MEGA 4 program. The different colours are 
used to indicate the different groups of amino acid based on their side-chain properties; where polar is green, non-polar is 
red, acidic is blue and basic is grey. 
 
 
 
 
 
 
 
RHEA1              MNPHAKLITLLSLILGTTITISSNHWVLAWTGLEINTLAIIPLIAKSHHPRAVEASIKYFLVQASASALVLFSSMTNAWATGQWDLTQLTQPTSCLLLTAAIAMKLGLAPFHFWFPEVLQ 
RHEA2              MNPHAKLITLLSLILGTTITISSNHWVLAWTGLEINTLAIIPLIAKSHHPRAVEASIKYFLVQASASALVLFSSMTNAWATGQWDLTQLTQPTSCLLLTTAIAMKLGLAPFHFWFPEVLQ 
EMU                MNPHAKLICTLSLITGSTITISSNHWVMAWTGLEINTLAIIPLISKSHHPRAVEASIKYFLVQAAASALLLFSSMSNAWTTGQWDITQLTNPTSCLLLTAAIAIKLGLAPFHFWFPEVLQ 
CASSOWARY          MNPHAKLICTLSLILGSTITISSNHWVMAWTGLEINTLAIIPLISKSHHPRAVEASIKYFLVQAAASALLLFSSMSNAWTTGQWDITQLTNPTSCLLLTMAVAIKLGLAPFHFWFPEVLQ 
KIWI               MNPHAKLISLLSLFLGTTITISSNHWVMAWTGLEINTLAIIPLISKSHHPRAVEASIKYFLVQATASALVLFSSISNAWVTGQWDITQMTHPTSCLLLTTAIAMKLGLAPFHFWFPEVLQ 
MOA1               MNPHAKLISLFSLLLGSTITISSNHWIIAWTGLEINTLAIIPLISKSHHPRAVEASIKYFLVQASASALVLFSSMSNAWATGQWDITQLTNPTSCLLLTTAIAMKLGLAPFHFWFPEVLQ 
MOA2               MNPHAKLISLFSLLLGSTITISSNHWVMAWTGLEINTLAIIPLISKSHHPRAVEASIKYFLVQASASTLVLFSSMSNAWATGQWDITQLTNPTSCLLLTTAIAMKLGLAPFHFWFPEVLQ 
OSTRICH            MNPHAKLISLISLLLGTTITISSNHWIMAWTGLEINTLAIIPLISKSHHPRAVEASVKYFLVQAAASALVLFSSMSNAWATGQWDITQLTHPTASMLLTAAIAIKLGLVPFHFWFPEVLQ 
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PHEASANT1          MNPHAKLIFTMSLALGTSITISSNHWILAWTGLEINTLAIIPLISKSHHPRAIEATIKYFLTQSAASALILFSSLTNAWSTGQWDITQLNHPTSCSVLTMAIAIKLGLVPFHFWFPEVLQ 
PHEASANT2          MNPHAKLIFIMSLVMGTSITISSNHWILAWTGLEINTLAIIPLISKSHHPRAIEATIKYFLTQSAASALILFSSLTNAWFTGQWDITQLNHPTSCLVLTMAIAIKLGLVPFHFWFPEVLQ 
CHICKEN            MNPHAKLICTVSLIMGTSITISSNHWILAWTGLEINTLAIIPLISKSHHPRAIEATIKYFLTQSTASALILFSSMTNAWSTGQWDITQLNHPTSCLMLTMAIAIKLGLVPFHFWFPEVLQ 
TURKEY             MNPHAKLISTMSLIMGTSITMSSNHWILAWTGLEVNTLAIIPLISKSHHPRAIEAAIKYFLTQSTASALILFSSLTNAWSTGQWDITQLNNPTSCLLLTMAIAIKLGLVPFHFWFPEVLQ 
QUAIL              MNPHAKLISIMSLALGTSITISSNHWILAWTGLEINTLAIIPLISKSHHPRAIEAAIKYFLTQSTASALILFSSMNNAWSTGQWDITQLNHPTSCLILTMAIAIKLGLVPFHFWFPEVLQ 
DUCK2              MNPHATPILVLSLMLGTTITISSNHWVLAWTGLEINTLAIIPMISKSHHPRAVEAATKYFLTQAAASALVLFSSMTNAWATGQWDITQLNHPTSCLLLTAAIAIKLGLVPFHFWFPEVLQ 
DUCK1              MNPHATPVLVLSLALGTTITISSNHWVLAWTGLEINTLAIIPLISKSHHPRAVEAATKYFLTQAAASALVLFSSMTNAWATGQWDITQLNHPTSCLLLTAAIAIKLGLVPFHFWFPEVLQ 
ROOK               MNPQAKLIFVTSLLLGTTITISSNHWIMAWTGLEINTLAILPLISKSHHPRAIEAATKYFLVQATASTLVLFSSMTNAWYTGQWDITQLTHPTSSLILTAAISMKLGLVPFHFWFPEVLQ 
FINCH              MNPQAKLVFTLSLLLGTTITLSSSHWVMAWTGLEINTLAILPLISKSHHPRAIEAATKYFLVQAAASALVLFSSMTNAWHTGQWDITQLTHPVSSLVLTSAIAMKLGLVPFHFWFPEVMQ 
ROSEFINCH          MNPQAKLIFMTSLLLGTTITISSNHWIMAWAGLEINTLAVLPLISKSHHPRSVEAATKYFLTQAAASALVLFSSMTNAWHTGQWDITQLSHPTSGLILTSAIAMKLGLVPFHFWFPEVLQ 
OYSTERCATCHER      MNPHAKLIFTLSLLLGTTITISSNHWMMAWTGLEINTLAIIPLISKSHHPRAIEASIKYFLVQAAASALVLFSSMVNAWSTGQWDITQLTHPTACMLLTTAIAMKLGLVPFHFWFPEVLQ 
PENGUIN            MNPHTKLISYLSLLLGTTITISSNHWMMAWTGLEINTLAIIPLISKSHHPRAIEATIKYFLVQATASTLMLFSSMTNAWLTGQWDITQLTHPTSCLLLTTAIAMKLGLVPFHFWFPEVLQ 
GOSHAWK            MNPHTKLISSLSLTLGTTITISSTHWMMAWAGLELNTLAIIPFISKSHHPRATEATIKYFLVQATASTLLLFSSMTNAWFTGQWDITQLTHPTSSMLLTVAIAMKLGLVPFHFWFPEVLQ 
GREBE              MNPHAKLITSLSLLLGTSITISSNHWIMAWAGLEINTLAIIPLISKSHHPRAIEAAIKYFLVQAAASALILFSSMTNAWTTGQWDISQLTYPVSCNLLTTAIAMKLGLVPFHFWLPEVLQ 
PETREL             MSPYTKSISILSLLLGTTITISSNHWMMAWAGLEINTLAIIPLISKSHHPRAIEAAIKYFLVQAVASTLVLFSSMTNAWFTGQWDITQLHHPTSCLLLSTAIAMKLGLVPFHFWFPEVLQ 
IBIS               MNPHAKLMSTLSLMLGTTITISSNHWMMAWTGLEINTLAIIPLISKSHHPRAVEAAIKYFLVQAAASALVLFSSMTNAWFTGQWDITQLSHPTSSLLLTTAVAMKLGLVPFHFWFPEVLQ 
FRIGATEBIRD        MNPHAKLISIMSLLLGTTITISSNHWMMAWTGLEINTLAILPLISKPHHPRAIEAAVKYFLVQAAASALVLFSSMSNAWVTGQWDITQLSHPMSCLLLTVAIAMKLGLVPFHFWYPEVLQ 
LOON               MNPHAKLISSLSLLLGTTITISSSHWMMAWTGLELNTLAIIPLISKSHHPRAVEAAIKYFLVQATASALVLFSSMINAWSAGQWDITQLNHPMACLLMTTAIAMKLGLVPFHFWFPEVLQ 
EGRET              MNPHAKLLSSMSLLLGTTITISSNHWMMAWTGLEINTLAIIPLISKSHHPRAIEATIKYFLVQAAASALVLFSSLMNAWFTGQWDITQLNHPTPCLLLTTAIAMKLGLVPFHFWFPEVLQ 
TURNSTONE          MNPHAKLIFYMTLLLGTTITISSNHWMMAWTGLEINTLAIVPLIAKSHHPRAIEAAIKYFLVQAAASALVLFSSTINAWYTGQWDITQLTHPTSCLLLTAAIAMKLGLVPFHFSFPEVLQ 
TROPICBIRD         MNPHAKLILTLSLLLGTTITISSNHWMLAWTGLEINTLAIIPLISKSHHPRAVEAAIKYFLVQATASTLLLFSSMTNAWSTGQWEITQLTHPTSCLLLTAAIAMKLGLVPFHFWFPEVLQ 
RAIL               MNPHASLIFTTSLILGTTITISSNHWMMAWTGLEINTLAIIPLIAKSHHPRATEAAIKYFLVQAAASTLLLFSSTINAWHTGQWDISQLTHPTASILLTVAISMKLGLVPFHFWFPEVLQ 
CRAKE              MSPHANLIFSTSLITGTVITMTSNHWMMAWTGLEINTLAIIPLISKSHHPRATEAAIKYFLVQAAASTLLLFSGTINAWHTGQWDITQLTQPTASLLLTTAISMKLGLVPFHFWFPEVLQ 
FALCON             MSPLTKLMFSLSLLLGTTITISSNHWMLAWTGLEINTLAIIPFISKSHHPRAVEAAIKYFLVQATASALILFSSTINAQLTGQWDITQLTQPTASLLLTMAVAMKLGLVPFHFWFPEVMQ 
TINAMOU1           MYPHTKLISLTSIVLGSTITMSSNHWILAWTGLEINTLATIPLISKSHHPRAVEASIKYFLVQASASALMLFSSMINAWDTGQWDITQLTNPTSSLLLTASIAMKLGLVPFHFWFPEVLQ 
TINAMOU2           MNPYAKLVSLFSIILGSTITMSSTHWILAWAGLEINTLAVIPLISKSHHPRAVEATIKYFLVQASASTLILFSSMSNAWYTGQWDITELNNPLSSLLLTTAIAMKLGLVPFHFWLPEVLQ 
                   * * :. :   ::  *: **::*.**::**:***:**** :*:*:*.****: **: ****.*: **:*:***.  **  :***:::::  * .  ::: ::::****.****  ***:* 
RHEA1              GSSLTTALLLSTVMKLPPLTILFMTSPSLNPSVLTTLALISAALGGWMGLNQTQTRKILAFSSISHMGWMTAVIAYDPKLTILTFYLYIFMTTAVFLSLHTTKTLKLSTMMTSWTKTPVL 
RHEA2              GSSLTTALLLSTVMKLPPLTILFMVSPSLNPPVLTTLALISAALGGWMGLNQTQTRKILAFSSISHLGWMTVIIAYDPKLTILTFYLYVFMTAAVFLSLHTTKTLKLSTMMTSWTKTPIL 
EMU                GTSLTTALLLSTVMKFPPMTILFMTSSSLNPTMLTTLALISATLGGWMGLNQTQTRKILAFSSISHMGWMAVIIIYDPKLSILTFYLYVLMTAAVFLSLNTTKTLKLSTMMTSWTKTPVL 
CASSOWARY          GTSLTTALILSTVMKFPPMTILFMTSPSLNPTVLTVLALISAALGGWTGLNQTQTRKILAFSSISHMGWMTVIIIYDPKLTILTFYLYVLMTAAVFLSLNTTKTLKLSTMMTSWTKTPVL 
KIWI               GTSLTTALLLSTIMKFPPMTILLMTSHSLNHTMLVSLALISAALGGWMGLNQTQTRKILAFSSISHLGWMTIIITYNPKLTILTFYLYILMTTAVFLSLNTTKTLKLSTMMTSWTKTPVL 
MOA1               GTSLTTALLLSTVMKFPPLTILFMVSPSLNPTVLTALALTSTALGGWMGLNQTQTRKILAFSSISHLGWMAAIIIYNPKLTMMTFYLYVLMTTSVFLSLNTTKTLKLSTMMTSWTKTPAL 
MOA2               GTSLTTALLLSTVMKFPPLTILFMVSPSLNPAVLTTLALTSTALGGWMGLNQTQTRKILAFSSISHLGWMAAIIIYNPKLTMMTFYLYVLMTTSVFLSLNTTKTLKLSTMMTSWTKTPAL 
OSTRICH            GTSLTTALLLSTLMKLPPMAILLMTSPSLNPTVLTSMALASAALGGWMGLNQTQTRKILAFSSIAHLGWMTMIIIYNPKLTLLTFYLYILMTATVFLSLNTTKTLKLSTLMTSWTKAPVL 
PHEASANT1          GSSMVTALLLSTLMKLPPITLLLITSQSLNPSLLTLLAISSALVGGWMGLNQTQTRKILAFSSISHLGWMIVIITYNPHLTLLTFTLYATMTTTVFLSLNQIKVLKLSTMLISWTKTPTL 
PHEASANT2          GSSMITALLLSTLMKLPPITLLLITSQSLDPSMLTFLAISSTLIGGWMGLNQTQTRKILAFSSISHLGWMIVVIAYNPNLTFLTFTLYVVMTTTVFLSLNQIKVLKLSTMLISWTKTPTL 
CHICKEN            GSSLITALLLSTLMKLPPITLLLLTSQSLNTTLLTLLAISSTLIGGWMGLNQTQTRKILAFSSISHLGWMIMIISYNPQLTILTFILYTIMTSTVFLSLAQIKVLKLSTMLISWTKTPML 
TURKEY             GSSMTTALLLSTLMKLPPITLLFMSSQSLNPALLTTLAISSALVGGWMGLNQTQTRKILAFSSISHLGWMIAIIIYDPHLTILTFALYSLMTTTMFLSLTQIKVLKLSTMLISWTKTPML 
QUAIL              GSSLITALLLSTLMKLPPMTLLLMTSQSLNPALLTLLAVSSALVGGWMGLNQTQTRKILAFSSISHLGWMIVIIIYNPKLTILTFIIYSLMTSTVFLSLSQIKVLKLSTMLISWTKTPML 
DUCK2              GSPLMTALLLSTLMKFPPLTLLVMTSKSLNPSLLTAMALASAALGGWMGLNQTQTRKILAFSSISHLGWIAIILVYSPKLALLTFYLYTIMTSAVFMALNKIKALNLSMILTSWTKTPVL 
DUCK1              GSPLMTALLLSTLMKFPPLTLLLMTSKSLNPALLTAMALASAALGGWMGLNQTQTRKILAFSSISHLGWIAIILVYSPKLALLTFYLYTIMTSAVFMALNKIKALNLSMILTSWTKTPVL 
ROOK               GSPLITGLLLSTAMKFPPITLLYMTSLSLNPTLLTTLAILSVALGGWMGLNQTQTRKIMAFSSISHLGWMAIILIYYPKLTLLNFYLYAMMTAAVFLTLNSMKVLNLSTLMTAWTKAPSL 
FINCH              GSSLLTGLLLSTLMKLPPIALLFMTAQSLNSSLLVLMAILSAAVGGWMGLNQTQVRKILAFSSISHLGWMAIIITYYPKLTLLNFYLYAVMTTAVFLALNSMKALSLPTLMTAWTKTPSL 
ROSEFINCH          GSPLSTGLLLSTIMKLPPITLLYMTSPSLNPTLLTILALLSTALGGWMGLNQTQVRKILAFSSISHLGWMAIIIIYNPKLTLLNFYLYTMMTATVFLTLNSMKVLKLSTLMTAWTKVPSL 
OYSTERCATCHER      GSPLTTALLLSTAMKFPPITILYLTSHSLNPALLTTMAIASAALGGWMGLNQTQIRKILAFSSISHLGWMTIVILYNPKLMLMTFYLYSVMTATVFLTLNTTKATKISTMMVSWTKTPML 
PENGUIN            GSPMTTALLLTTMMKFPPITILFMTSHTLNPTLLTSMAIASAALGGWMGLNQTQIRKILAFSSISHLGWMTIIIIYSPKLTLLTFYLYALTTITTFLMLNTTKALKLSTMMTSWTKAPML 
GOSHAWK            GSPLTTALLLSTMMKFPPTTLLLMTSHSLDPTLLTILAIASVALGGWMGLNQTQLRKVLAFSSIAHLGWMAMVIIYNPKLALLTFYLYTVMTTAVFLTLNSTKALKMTTLMTSWTKSPTL 
GREBE              GSPLITALLLSTLMKFPPITILLLTSHSLNPTLLTTMAIASTALGGWMGLNQTQTRKILAFSSIAHLGWMTIIIIYNPKLTLLTFYTYSVMTTSVFLTLNTTKVLSLPTMMTSWTKSPML 
PETREL             GSSLTTALLLSTMMKFPPVTILLLTSHSLNPTLLTTMAIASTALGGWMGLNQTQVRKILAFSSISHLGWMAIIIIYNPKLTLLAFYLYILMTTTVFLTLNTTKSLKLSTMMTSWTKTPML 
IBIS               GSSLTTALLLSTVMKFPPITILFLTSHSLNPTLLTAMAIASAALGGWMGLNQTQTRKILAFSSISHLGWMAIIIVYNPKLTLLTFYLYSLMTTTVFLTLNTTKTLNLSTLMTSWTKTPML 
FRIGATEBIRD        GSSLTTALLLSTVMKFPPITILFLTSHSLNPTLLTSLAIASTALGGWMGLNQTQTRKIMAFSSIAHLGWMTIILIYNPKLTLLTFYLYTLMTTTVFLTLNTTKTLKLSTLMTSWTKTPML 
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LOON               GSSLTTALLLSTMMKFPPITILFLTSHSLNPTLLTVMAIASAALGGWMGLNQTQIRKILAFSSISHLGWMTIIIIYNPKLTLLTFYLYSLMTATVFLTLNTTKTLKLPTMMTSWTKIPML 
EGRET              GSTLTTALLLSTVMKLPPITILLMTSHSLNPTLLSTMAIASAALGGWMGLNQTQLRKILAFSSISHLGWMTIIMIYNPKLTLLTFYLYSLITATVFLTLNKTKALKLSTMMTSWTKIPAL 
TURNSTONE          GSTLTTALLLSTIMKFPPITILFLTSHSLNPTLLTTMAIASAGLGGWMGLNQTQTRKILAFSSISHLGWMAIIIIYNPKLTLLTFYLYSLMTATVFLSLNTIKALKLSTMMTSWTKTPML 
TROPICBIRD         GTSLNTGLLLSTMMKLPPITLLLLTSHSLNPTLLVTMAVASTALGGWMGLNQTQIRKILAFSSIAHLGWMTIILIYSPKLTLLTFCLYALMTATVFLALNTTNTLKLPTLMTSWTKTPTL 
RAIL               GSSPITALLLSTMMKLPPISILILISQSLNPTLLTTLATLSAALGGWMGLNQTQLRKIMAFSSIAHLGWVVIIAIYSPKLTMLTFYLYCLMTTPIFLTINTTKTLKLTTMMTSWTKAPMM 
CRAKE              GSTPITALLLSTMMKLPPITIMLMVSHSLNPTLMTTLAILSAALGGWMGLNQTQLRKILAFSSISHLGWITIITIYHPKMALLTFYLYCLMTIPIFLTINTTKTLKLTTMMTSWTKMPTT 
FALCON             GSPMTTALLLSTLMKLPPITILFLTAPSLNPSLLTTMAIASAAVGGWMGLNQTQIRKILAFSSIAHLGWMTIILMYNPKLTMMTFYLYSLMTASIFLTLNTTNSLKLSTMMTSWTKMPAL 
TINAMOU1           GTSLTTALLLSTIIKLPPLTILILISSSLNPTILTLMAIASTMIGGWMGLNQTQTRKILAFSSISHLGWTTTIIIYNPNLAILTFSLYMIMTTPVFLSLNSTKTTNLSTLMTSWTKAPAL 
TINAMOU2           GSSLPTGLLLSTLIKLPPLTIFTLISPSLNPTILTLLAIASALLGGWMGLNQTQIRKILAFSSISHLGWMCIIITYNPKLTILTFSFYTLITASAFLSLNTINTTNIPTLMTSWTKTPTL 
                   *:.  *.*:*:* :*:** ::: : : :*: .::  :*  *. :*** ****** **::*****:*:**   :  * *:: :: *  *   * . *: :   :  .:. :: :*** *   
RHEA1              NATLMLALLSLAGLPPLTGFAPKWLILQELTKQQMTPTATIIAMLSLLGLFFYLRLAYYATITLPPNSANHMKQWRINKPSTTPTAIFAALSATLLPISPMILASI 
RHEA2              NATLMLALLSLAGLPPLTGFAPKWLILQELTKQQMTPTATIIAMLSLLGLFFYLRLAYYATITLPPNSANHMKQWRTNKPSTTPTAIFAALSATLLPISPMILASI 
EMU                NATLMLALLSLAGLPPLTGFMPKWLILQELTKQEMTVTAVIISMLSLLGLFFYLRLAYYATITLPPNSANHMKQWHINKHTNPMTAILTSLSTTLLPLSPMMLTSI 
CASSOWARY          NATLMLALLSLAGLPPLTGFMPKWLILQELTKQEMTATAVVISMLSLLGLFFYLRLAYYATITLPPNSANHMKQWHINKHTTSMTAILASLSTTLLPLSPMMLTSI 
KIWI               NASLMLTLLSLAGLPPLAGFMPKWLILQELTKQEMTVTATIISMLSLLGLFFYLRLAYYATITLPPNSANHMKQWHINKTTSTLTAVLTSLSITLLPLTPMMFATL 
MOA1               NTALMLTLLSLAGLPPLTGFMPKWFIIQELTKQEMTTTALIISMLSLLGLFFYLRLAYHATITLPPNSANHMKQWHTNKSPKTLTAILTSLSAILLPLSPMILTTL 
MOA2               NTALMLTLLSLAGLPPLTGFVPKWLIIQELTKQEMTTTALIISMLSLLGLFFYLRLAYYATITLPPNSANHMKQWHTNKPPKTLTAILTSLSAILLPLSPMILTTL 
OSTRICH            NAALMLTLLSLAGLPPLTGFMPKWLILQELTKQEMTTVATIIALLSLLGLFFYLRLAYYATITLPPNSANHMKQWYISNPTNTSIAILSSLSAILLPISPMILAAL 
PHEASANT1          NATMMLTLLSLAGLPPLTGFMPKWFIIQELTKQEMTPTATIITMLSLLGLFFYLRLAYHSTITLPPNSSNHMKLWRINKTPNTPTAILSALSTSLLPMSPLIVPMF 
PHEASANT2          NASMMLTLLSLAGLPPLTGFMPKWLIIQELTKQEMTPTATIITLLSLLGLFFYLRLAYHSTITLPPNSSNHMKLWRINKTPNTPTAILSALSTSLLPLSPLIITMF 
CHICKEN            NATVMLTLLSLAGLPPLTGFMPKWLIIQELTKQEMTPMATIITMLSLLSLFFYLRLAYHSTITLPPNSSNHMKLWRTNKTLNTPTAILTALSTTLLPLSPLIITML 
TURKEY             NATMMLALLSLAGLPPLTGFMPKWLIIQELTKQGMTPTATTITLLSLLGLFFYLRLAYHSTIMLPPNSSNHMKLWRTNKASNTPTAILSTLSISLLPMTPLITTMF 
QUAIL              NSTIMVTLLSLAGLPPLTGFMPKWLIIQELTKQEMTPVATTIAMLSLLGLFFYLRLAYHSTITLPPNSSNHMKLWRINTTPNTPTAILTVLSISLLPLSPLITTLV 
DUCK2              NATLMLVLLSLAGLPPLTGFMPKWLIIQELTKQEMTPAAVVIAMLSLLSLFFYLRLAYHSTITLPPNSSNHMKQWYTSKPPNTPTAILASLSILLLPLSPMVYAIV 
DUCK1              NATLMLVLLSLAGLPPLTGFMPKWLIIQELTKQEMTPAAMAIAMLSLLSLFFYLRLAYHSTITLPPNSSNHMKQWYTSKPPSTPTAILASLSILLLPLSPMVHAIV 
ROOK               STILLLTLLSLAGLPPLTGFLPKWLIIQELTKQEMASAAIIISLLSLLSLFFYLRLAYCATITLPPHTTNHMKQWHTNKPINPSIAVLTTLSIMLLPVSPMLTTII 
FINCH              SAMLLLTLLSLAGLPPLTGFLPKWLIIQELTKQDMTPAATIISLLSLLSLFFYLRLAYCTAITLPPHTTNQIKQWRTNKPVNILVAILVTMSIILLPVSPMVIAIP 
ROSEFINCH          NAMLLLTLLSLAGLPPLTGFLPKWLIIQELTKQEMIATATLMALLSLLSLFFYLRLAYCTTITLPPHTTNHMKQWRTGKPTNVLIAILATMSITLLPISPLILALV 
OYSTERCATCHER      NATLMLTLLSLAGLPPLTGFLPKWLIIQELTKQEMTPAATIITMLSLLGLFFYLRLAYYSTITLPPNSTNHMKQWHVHNQTNPSIAILVSLSTSLLPLSPMISVMI 
PENGUIN            NATLMLTLLSLAGLPPLTGFLPKWLIIQELTKQEMTIAATTITMLSLLGLFFYLRLAYYSTITLPPNSTNHMKQWHVHNQTNPSIAILVSLSTSLLPLSPMISVMI 
GOSHAWK            NATFMLALLSLAGLPPLTGFLPKWLIIQELTKQEMTTTATTLAILSLLGLFFYLRLAYHSTITLPPNSTNHMKHWHFTKTTNITTAIFTILSTLTLPLSPLILTTI 
GREBE              NAALMLTLLSLAGLPPLTGFLPKWLIIQELTKQEMTTTATIISILSLLGLFFYLRLAYYSTITLPPNSTNHMKQWHINKLTTSPIAILTILSTLLLPLSPMILTTI 
PETREL             NATLMLTLLSLAGLPPLTGFLPKWLIIQELTKQEMTTTATIIAMLSLLGLFFYLRLAYYSTITLPPNSTNHMKQWHVYKPTNIPIATLTSLSILLLPLSPMILTTI 
IBIS               NATLMLTLLSLAGLPPLTGFLPKWLIIQELTKQEMTAAATIITMLSLLGLFFYLRLAYYSTITLPPNSTNHMKQWHIDKPTTTSIAVLTSLSISLLPLSPMILTTI 
FRIGATEBIRD        NTTLMLTLLSLAGLPPLTGFLPKWLIVQELTKQEMTTAATIMAMLSLLGLFFYLRLAYYSTITLPPNSTNHMKQWHINKPTNTPTAILTSLSALLLPISPMILTTL 
LOON               NATLMLVLLSLAGLPPLTGFLPKWLIIQELTKQEMTTTATIITMLSLLGLFFYLRLAYYSTITLPPNSTNHMKQWHANKPTNTLIAILTSLSILLLPLSPMILTIA 
EGRET              NATLMLTLLSLAGLPPLTGFLPKWLIIQELTKQELTTAATIIAMLSLLSLFFYLRLAYYSTVTLPPNSTNHMKQWHINKPTSTMIAILATTSTLLLPLSPMILTTI 
TURNSTONE          NATLMLALLSLAGLPPLTGFLPKWLIIQELTKQEMTTPAMIIAMLSLLGLFFYLRLAYYSTITLPPNSTNHMKQWYTNKPASTMLAILASLSISLLPISPMILATI 
TROPICBIRD         NATLMLALLSLAGLPPLTGFLPKWLITQELTKQEMTTAATIIIMLSLLGLFFYLRLTYYSTITLPPNSTNHMKQWHLSKPTNPSIAILASLSTTLLPLSPMILATL 
RAIL               NAALMLTLLSLAGLPPLTGFLPKWLIIQELTKQEMTPTATIIAMLSLLGLFFYLRLAYHSTITLPPNPVNRIKHWHINKPTNTLIATLTSMSALLLPLSPMVLTML 
CRAKE              NATLMLTLLSLAGLPPLTGFLPKWLIIQELTKQEMTVMATTITMLSLLGLFFYLRLAYHSTITLPPNPTNRIKQWHTNKPASIMIAILMPLSTLLLPMSPTILTTL 
FALCON             NTSLMLALLSLAGLPPLTGFLPKWLIIQELTKQEMSTTAMIISMLSLLGLFFYLRLAYCSTITLPPNTTNFMKQWYSNKPTNTPTAALISLSILLLPLSPTILTIT 
TINAMOU1           NTSLMLTLLSLAGLPPLLGFLPKWMILQELSIQEMTPTAIIISMLSLLGLFFYLRLTYHSTIILAPNSSNYMKLWYTNKTMHTPTAILTSLSIALIPLAPMILSMF 
TINAMOU2           NASLMLTLLSLAGLPPLSGFLPKWMILQELVNQELTPTAIIISMLSLLGLFFYLRLAYYATITLPPNTTNHMKHWYINKTSYTYTSIFSSFSITLLPLSPLILTMV 
                   .: .::.********** ** ***:* ***  * :   *  : :****.*******:* ::: *.*:  *  * *   .      : :   *   :*::* :   

Figure 3.3: Protein alignment of ND2 gene in 33 different avian species using MEGA 4 program. The different colours are 
used to indicate the different groups of amino acid based on their side-chain properties; where polar is green, non-polar is 
red, acidic is blue and basic is grey. 
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TROPICBIRD         METTLLTT-SMLLTLTILLTPVLLPLLSNNFKNSPITITRTIKTAFLTSLIPMTLLMHSSAESIISCWEWKFIMNHKIPLSLKIDQYSTVFFPIALFVTWCILQFATWYMESDPHITKFF 
PETREL             METTLLLNTSMLLTLAIILTPTVLPLLSKTFQNSPILITRTIKAAFLTSLLPMMLFMHSGMESITSYWEWKFIMNFKIPLSFKMDQYSMMFFPIALFVTWSILQFAMWYMASEPYITKFF 
OYSTERCATCHER      MEITLLLNTSMLLTLTVILSPILLPLLSNNFKNSPTLITRTIKIAFLTSLMPTTIFMYSNAESIISYWEWKFIMNFKIPISFKMDQYSMMFFPIALFVTWSILQFATWYMASEPYTTKFF 
EGRET              MEPTLLLSTSMLLTLTVILTPTLLPLLSKNFQNSPTTITRTIKTAFLISLMPMTLFLYSGTESITSTWEWKFIMNFKIPLSFKIDQYSMLFFPIALFVTWSILQFTAWYMHSEPYLMKFY 
TURNSTONE          METALLLNTSMTLTLMIILTPILLPFLSKTFQNSPTTITRTVKTAFLVSLMPMTLFMYSGTESITSYWEWKFITNFKIPISLKMDQYSMMFFPIALFVTWSILQFATWYMASEPYITKFF 
IBIS               MEMALLLNTSMLLTLTIILTPTLLPLLSKNFQNSPTTITRTVKTAFMASLVPMTLFVYSGTDSIISHWEWKFLTNFKIPISFKMDQYSMTFFPIALFVTWSILQFATWYMSSEPHATKFF 
PENGUIN            MGTALLLNTSMLLTLTIILTPTLLPLLSKTSSNSPTTITRTVKTAFLISLVPMTLFMYSGTESITSHWEWKLTTNFKIPLSFKMDQYSLMFFPIALFVTWSILQFATWYMASEPYITKFF 
LOON               METMLLLNTSMLLTLTIILTPILLPLLSKKFQNSPATLTHSVKTAFLASLVPMTLFMYSGTESITSHWEWKFIMNFKIPISLKMDQYSMMFFPIALFVTWSILQFATWYMASDPHITKFF 
GOSHAWK            METTLLLNTSMLLTLFIILTPILLLLLPTPLLPSPTTITHTIKTAFLISLIPTSLFMYSGSESIISHWEWKFITNFKIPLSFKIDQYSMMFFPIALFVTWSTLQFTSWYMASEPYTTKFF 
GREBE              MDTTLLLNTSLLLTLSIILTPMLLPLLSKNLQNSPTSITHTIKMAFLTSLIPMTLFMHSGTESIISHWEWKFIMNFKIPISLKMDQYSMMFLPIALFVTWSILQFATWYMSSEPYITKFF 
FRIGATEBIRD        METTLLLNTSMLLTLTTILMPMLLPLLSKKLQNSPTTITYAVKTAFLISLVPMTLFMYSNMESITSYWEWKFITNFKIPLSLKIDLYSTMFLPIALFVTWSILQFSTWYMSSEPHITKFF 
RAIL               --MEMMLNAFMLTTLATLITPLILPVLSKNFKLTPTTITRATKTAFTMSLLPMLLFIHSNTECITSYWEWKIITNFKIPLSFKMDQYSMMFFPIALFVTWSILQFAMWYMASKPYINKFF 
CRAKE              MDTTLLLNTLTLLTLTTILTPTLLPLLSKKLQNSPTTITNTVKTAFMISLVPMTLFAYLGMDSITSCWEWKFIMNFKIPLSLKIDQYSTMFFPIALFVTWSILQFATWYMAADPHITKFF 
FALCON             MGTTMLLSTSMILTLTLILTPMILPLLTKTLKNSPTTITYATKTAFLTSLVPMVIFMYSNTESITTCWEWKFTANFKIPISLKMDQYSIMFLPIALFVTWSILQFATWYMASEPNITKFF 
KIWI               METTLLLNTSILLTLTILFTPTILPLLSSKLQATPTTITSTVKTAFLTSLIPTTIFIYSGAETIISHWYWNFTPNLKVPLSFKMDQYSMLFLPIALFVTWSILQFAIWYMASEPYINKFF 
OSTRICH            METTLLFNTSLLLTLMILLTPILLPLLSTKLQNTPLIITTTVKMAFFTSIIPTTIFIYSGTEAIISHWYWSFTPNLKIPLSFKMDQYSMLFLPVALFVTWSILQFAMWYMASEPHVTKFF 
EMU                METTLLLNTSMLLTLIILLTPIILPLLSPKLQNTPLSITSTVKTAFFTSLIPMSIFIYSGTETIISQWYWNFTPNFKIPLSFKMDQYSMLFFPIALFVTWSILQFATWYMASEPHITKFF 
CASSOWARY          MGTTLLLNTSMLLTLTILLMPIILPLLSPKFQNTPLSITSTVKTAFFTSLIPMSIFIYSGTETIVSQWYWNFTPNFKIPLSFKMDQYSMLFFPIALFVTWSILQFATWYMASEPHITKFF 
RHEA1              METTLLLNTSMLLLLTTLLTPIVLPLLLPNFQNTPSTITSTVKTAFFLSLLPMSIFIYSGTETIVSHWYWNFTPNFKIPLSFKMDQYSMLFFPIALFVTWSILQFATWYMASEPHITKFF 
RHEA2              METTLLLNTSMLLLLTTLLTPIILPLLIPNFQNTPSTITSTVKTAFFLSLLPMFIFIYSGTETIVSHWHWNFTPNFKIPLSFKMDQYSMLFFPIALFVTWSILQFATWYMASEPHITKFF 
MOA1               MEIPLLLNTSVILTLTTLLLPTMLPLISPKLQNTPSTITSAVKTAFFISLIPMSSFIYSGTETITSHWYWNFSANFKIPISFKMDQYSMMFLPIALFVTWSILQFATWYMAQEPHITKFF 
MOA2               MEIPLLLNTSVILTLTILLLPTMLPLISPKFQNTPSTITSAVKTAFFISLIPMSSFIYSGTETITSHWYWNFSANFKIPISFKMDQYSMMFLPIALFVTWSILQFATWYMAQEPHITKFF 
TINAMOU1           MKTSLLLNTLTLLTLMILSMPIISTLISPNHKNTPLTITSHVKSAFLISLIPMLTFILSGANSFTSYWHWNFITNFKIPMTFKLDQYSMMFFPIALFVTWSIMQFATWYMASDPSITKFF 
TINAMOU2           MEYTLLLNTSTFLAMTTLIIPVILPLINPNFQNSPLTTTFHVKLAFFISLIPLTTYIFSGMDTITTSWYWNFTPNFKIPLNFKLDQYSILFLPIALFVTWSILQFATWYMSSEPHTNKFF 
ROOK               MDQMFILNTFMLLTLAVLCTPIIFPMLSDSLKNTPTIITNTVKTSFLISLVPMTIYIHSGMDSLTSFWEWKFIMNFKIPVSLTMDFYSLTFFPIALFVSWSILQFATWYMASDPHITKFF 
WIDOWFINCH         MDLSLVLNTFMLLTLVTLSTPILFPLLSNNLKNTPATITTTVKASFLTSLIPMTIYIHSGTESLTTLWEWKFIMGFKIPVSLKMDFYSLTFFPIALFVSWSILQFATWYMASDPYITKFF 
PHEASANT1          METVLLLNTFTLLTLLTLLTPIILPLLLN-LKNPPQSIPKTIKTAFLISLIPTAIFLHSGMENITTYWEWQLTQNFKIPVSLKMDLYSMVFFPIALFVTWSILEFSTWYMASEPFIMKFF 
PHEASANT2          METALLLNSFTLLTLLTLFTPIILPPLLN-IKNTPQSIPKTIKTAFLISLIPTTIFLHSEMESITTYWQWQLTQNFKIPISLKMDLYSMTFLPIALFVTWSILEFSTWYMASEPFILKFF 
TURKEY             MVMVQLLNTFTLLTMLILLTPIILSPLLN-LKNSPQLISKTVKTAFLLSLIPTTIFIHSGLESIITYWEWQPTQNFKIPISLKTDLYSMMFLPIALFVTWSILEFATWYMASEPLTTKFF 
CHICKEN            METPLLLNTLTTLTLLTLLTPIILPPLLN-LKNSPMSITKTIKTAFLISLIPTTIFIHSGAESIATHWEWQFIPNFKIPISLKMDMYSMMFFPIALFVTWSILEFATWYMASEPFITKFF 
QUAIL              MEMTLLLNTLTPLTLVILLTPIILPPLLK-LKNSPSLISKTVKTAFMTSLIQTTTFIYSGTDSIITYWEWQFIPNFKIPLTLKMDLYSMMFFPIALFVTWSILEFATWYMASDPFITKFF 
REDHEAD            MNATLLINSLTLLTLATLLTPIVFPLLFKNFKNTPLAITRTVKAAFLTSLLPATTFIYSGLESITCHWEWKFIMNFKIPLSLKMDQYSMTFLPIALFVTWSILQFAMWYMASEPYVTKFF 
DUCK               MNATLLINSLTLLTLTILLTPIILPLLFKGFKNTPLSITRTVKAAFLTSLAPTTTFIYSGLESITCHWEWKFIMNFKIPLSLKMDQYSMTFLPIALFVTWSILQFAMWYMASEPYVTKFF 
                        ::.:     :  :  * :   :      .*   .   * :*  *:           : :   * *.   . *:*:.:. * **  *:*:****:*. ::*: ***  :*   **: 
TROPICBIRD         TFLLMFLIAMLTLTIANNMFLLFIGWEGVGIMSFLLIGWWQGRAEANTAALQAVLYNRIGDIGLILSMAWLASSLNTWEIQQTLSPHQTPTLPLLGLILAATGKSAQFGLHPWLPAAMEG 
PETREL             SYLLMFLIAMLMLTIANNMFLLFIGWEGVGIMSFLLIGWWQGRTEANTAALQAVLYNRIGDIGLILSMAWLASTMNTWELQQTLSPIQTPTLPLLGLILAATGKSAQFGLHPWLPAAMEG 
OYSTERCATCHER      SYLLMFLIAMLTLTIANNMFLLFIGWEGVGIMSFLLIGWWQGRAEANTAALQAVLYNRIGDIGLILSMAWLASTMNTWEIQQTFSTTQTQTLPLLGLILAATGKSAQFGLHPWLPAAMEG 
EGRET              SYLLMFLIAMLTLTIANNMFLLFIGWEGVGIMSFLLIGWWQGRADANTAALQAVLYNRIGDIGLILSMAWLASSMNTWEIQQAFTNTQIPTLPLLGLILAATGKSAQFGLHPWLPAAMEG 
TURNSTONE          YYLLMFLIAMLTLTIANNLFLLFIGWEGVGIMSFLLIGWWQGRAEANTAALQAVLYNRIGDIGLILSMAWLASTMNTWEIQQAFTPTQTPTLPLLGLILAATGKSAQFGLHPWLPAAMEG 
IBIS               LYLLMFLIAMLTLTTANNMFLLFIGWEGVGIMSFLLIGWWQGRAEANTAALQAVLYNRIGDIGLILSMAWLASTTNTWEMQQAFSSAQTPTLPLLGLILAATGKSAQFGLHPWLPAAMEG 
PENGUIN            LYLLMFLIAMLTLTIANNMFLLFIGWEGVGMMSFLLIGWWQGRTEANTAALQAVLYNRIGDIGLILSMAWLASTMNTWEMQQALTPTQTPTLPLLGLILAATGKSAQFGLHPWLPAAMEG 
LOON               SHLLVFLIAMLTLTIANNMFLLFIGWEGVGIMSFLLIGWWHGRAEANTAALQAVLYNRIGDIGLILSMAWLASNMNTWEMQQAFSPTQTPTLPLLGLILAAAGKSAQFGLHPWLPAAMEG 
GOSHAWK            FFLLMFLIAMLTLTIANNLFLLFIGWEGVGIMSFLLIGWWQGRAEANTAALQAILYNRIGDIGLILSMAYLASAMNTWEIQQAATPSQIPTLPLLGLILAATGKSAQFGLHPWLPAAMEG 
GREBE              SYLLMFLIAMLTLTIANNMFLLFIGWEGVGIMSFLLIGWWQGRAEANTAALQAVLYNRIGDIGLILSMAWLASTTNTWEIQQALSPTQTPTLPLLGLILAATGKSAQFGLHPWLPAAMEG 
FRIGATEBIRD        SYLLMFLIAMLTLIIANNMFLLFIGWEGVGIMSFLLIGWWQGRAEANTAALQAVLYNRIGDIGLIMSMAWLAMTMNTWEIQQTFSPTQTPTLPLLGLILAAAGKSAQFGLHPWLPAAMEG 
RAIL               LYLMMFLIAMLMLTIANNMFLLFIGWEGVGIMSFLLIGWWQGRAEANTAALQAVLYNRIGDIGLILSMMWLASSTNTWEIQQNFTQTTTPTLPLLGLILAATGKSAQFGLHPWLPAAMEG 
CRAKE              FYLLMFLIAMLTLTIANNMFLLFIGWEGVGIMSFLLIGWWHGRAEANTAALQAVLYNRIGDIGLILSMAWLASTLNTWEIQQTLTPTQTHTAPLLGLILAATGKSAQFGLHPWLPAAMEG 
FALCON             SYLSTFLIAMLTLTLANNMFLLFVGWEGVGIMSFLLIGWWHGRAKANTAALQAVLYNRIGDIGLIISMAWMASTLNTWEIQQAFSHTHTPMLPLMGLILAATGKSAQFGLHPWLPAAMEG 
KIWI               TYLLMFLIAMLTLTIANNMFMLFIGWEGVGIMSFLLIGWWHGRAEANTAALQAVIYNRIGDVGLILSMAWLASTLNTWEIQQTSYENQIPMLPLLGLILAAAGKSAQFGLHPWLPAAMEG 
OSTRICH            IYLLMFLIAMLTLTIANNMFMLFIGWEGVGIMSFLLISWWHGRAEANTAALQAVIYNRIGDVGLILSMAWLASTLNTWEIQQISYESQTPILPLLGLILAATGKSAQFGLHPWLPAAMEG 
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EMU                IYLLMFLIAMLTLTIANNLFMLFIGWEGVGIMSFLLIGWWHGRAEANTAALQAVIYNRIGDVGLILSMAWLASTMNTWEIQQASYENQMPLLPLLGLILAATGKSAQFGLHPWLPAAMEG 
CASSOWARY          IYLLTFLIAMLTLTIANNMFMLFIGWEGVGIMSFLLIGWWHGRAEANTAALQAVIYNRIGDVGLILSMAWLASTINTWEIQQTSYETQMPMLPLLGLILAATGKSAQFGLHPWLPAAMEG 
RHEA1              TYLLTFLIAMLTLTIANNMFMLFIGWEGVGIMSFLLIGWWHGRAEANTAALQAVIYNRIGDVGLILSMAWLASILNTWEIHQVSYENHIPMLPLLGLILAATGKSAQFGLHPWLPAAMEG 
RHEA2              TYLLIFLIAMLTLTIANNMFMLFIGWEGVGIMSFLLIGWWHGRAEANTAALQAVIYNRIGDVGLILSMAWLASTLNTWEIHQVSYETHLPMLPLLGLILAATGKSAQFGLHPWLPAAMEG 
MOA1               TYLLLFLIAMLILTTANNMFVLFIGWEGVGIMSFLLIGWWHGRTDANTAALQAVIYNRIGDVGLIISMAWLASTLNTWEIQQPSYEGQIPMLPLLGLILAATGKSAQFGLHPWLPAAMEG 
MOA2               TYLLLFLIAMLILTTANNMFVLFIGWEGVGIMSFLLIGWWHGRTDANTAALQAIIYNRIGDVGLIISMAWLASTLNTWEIQQPSYEGQIPMLPLLGLILAATGKSAQFGLHPWLPAAMEG 
TINAMOU1           SYLLMFLIAMLILTVANNMFMLFIGWEGVGIMSFLLIGWWHGRTDANTAALQAIIYNRMGDIGLIICMAWLASSINSWDIQLQHN-NQIPTLPLLGLIIAATGKSAQFGLHPWLPAAMEG 
TINAMOU2           TYLLIFLISMLILTIANNMFMLFIGWEGVGIMSFLLIGWWHGRADANTAALQAVIYNRIGDIGLIISMAWLASHLNTWEIQQLQTDVKTPLLPLLGLILAATGKSAQFGLHPWLPAAMEG 
ROOK               TFLLLFLIAMLILIISNNLFLLFIGWEGVGIMSFLLISWWHGRAEANTAALQAVLYNRVGDVGLILCMAWLASTMNTWEIQQISSQDQTPTLPLLGLILAAAGKSAQFGLHPWLPAAMEG 
WIDOWFINCH         TYLLFFLMAMLILIAANNLFVLFIGWEGVGIMSFLLISWWHGRAEANTAALQAVLYNRIGDIGLIMCMAWLASAMNTWEIHQLQSPSQLPTLPLLGLVLAAAGKSAQFGLHPWLPAAMEG 
PHEASANT1          TFLLIFLIAMLTLTVANNMFLLFIGWEGVGIMSFLLIGWWQGRAEANTAALQAMIYNRIGDIGLILSMAWLASTLNTWEIQQTIQPYQTPTLPLLGLILAATGKSAQFGLHPWLPAAMEG 
PHEASANT2          TFLLIFLIAMLTLTIANNMFLLFIGWEGVGIMSFLLIGWWQGRAEANTAALQAMIYNRIGDIGLILSMAWLASTLNSWEIQQTIQPNQTPTLPLLGLILAATGKSAQFGLHPWLPAAMEG 
TURKEY             TLLLIFLIAMLTLTIANNMFLLFIGWEGVGIMSFLLIGWWQGRAEANTAALQAMIYNRIGDIGLILSMAWLASTLNTWEIQQAIQPDQTPTLPLLGLILAATGKSAQFGLHPWLPAAMEG 
CHICKEN            TYLLTFLIAMLTLTIANNMFLLFVGWEGVGIMSFLLIGWWQGRAEANTAALQAMIYNRIGDIGLILSMAWLASSLNTWEIQQITHPNQTPTLPLLGLILAATGKSAQFGLHPWLPAAMEG 
QUAIL              THLLTFLIAMLTLTIANNMFLLFVGWEGVGIMSFLLIGWWQGRAEANTAALQAMIYNRIGDIGLILSLAWLASTLNTWEIQQTIHPHQTPTLPLLGLILAATGKSAQFGLHPWLPAAMEG 
REDHEAD            TYLLTFLIAMLLLTTANNMFLLFIGWEGVGIMSFLLIGWWQGRAEANTAALQAVIYNRIGDIGLILSMAWLASTFNTWEIQQAVHPHQTPILPLMGLILAAAGKSAQFGLHPWLPAAMEG 
DUCK               TYLLTFLIAMLLLTTANNMFLLFIGWEGVGIMSFLLIGWWQGRAEANTAALQAVIYNRVGDIGLILSMAWLASTFNTWEIQQAVHPHQTPILPLLGLILAAAGKSAQFGLHPWLPAAMEG 
                     *  **::** *  :**:*:**:******:******.**:**:.********::***:**:***:.: ::*   *:*:::           **:**::**:****************** 
TROPICBIRD         PTPVSALLHSSTMVVAGIFLLIRTHPMLTANETALTLCLCLGALSTLFAATCALTQNDIKKIIAFSTSSQLGLMMVTIGLNSPQLAFLHISTHAFFKAMLFLCSGSIIHSLNGEQDIRKM 
PETREL             PTPVSALLHSSTMVVAGIFLLIRTHPMLASNQTALTLCLCLGALSTLFAATCAITQNDIKKIIAFSTSSQLGLMMVTIGLSLPQLAFFHISTHAFFKAMLFLCSGSIIHSLNGEQDIRKM 
OYSTERCATCHER      PTPVSALLHSSTMVVAGIFLLIRTHPMLTNNQTALTTCLCLGALSTLFAATCALTQNDIKKIIAFSTSSQLGLMMVAIGLNLPQLAFLHISTHAFFKAMLFLCSGSIIHNLNGEQDIRKM 
EGRET              PTPVSALLHSSTMVVAGIFLLIRTHPMLTNNQTALTLCLCLGALSTLFAATCALTQNDIKKIIAFSTSSQLGLMMVTIGLNLPQLAFLHISTHAFFKAMLFLCSGSIIHSLNGEQDIRKM 
TURNSTONE          PTPVSALLHSSTMVVAGIFLLIRTHPMLANNTTALTLCLCLGALSTLFAATCAITQNDIKKIIAFSTSSQLGLMMVTIGLNLPQLAFLHISTHAFFKAMLFLCSGSIIHSLNGEQDIRKM 
IBIS               PTPVSALLHSSTMVVAGIFLLIRMHPMLTNNQTALTLCLCLGALSTLFAATCALTQNDIKKIIAFSTSSQLGLMMVTIGLNLPQLAFLHISTHAFFKAMLFLCSGSIIHSLGGEQDIRKM 
PENGUIN            PTPVSALLHSSTMVVAGIFLLIRTHPMLTNNPTALTLCLCLGALSTLFAATCALTQNDIKKIIAFSTSSQLGLMMVTIGLNLPQLAFFHISTHAFFKAMLFLCSGAIIHTLNGEQDIRKM 
LOON               PTPVSALLHSSTMVVAGIFLLIRTHPMLTNNQTALTLCLCLGALSTLFAATCALTQNDIKKIIAFSTSSQLGLMMTAIGLNLPQLAFLHISTHAFFKAMLFLCAGSIIHNLNGEQDIRKM 
GOSHAWK            PTPVSALLHSSTMVVAGIFLLIRTHPLLSTNQTALTLCLCLGALSTLFAATCALTQNDIKKIIAFSTSSQLGLMMVTIGLNLPQLAFLHISTHAFFKAMLFLCSGSIIHALNGEQDIRKM 
GREBE              PTPVSALLHSSTMVVAGIFLLIRTHPMLANNQTALSTCLCLGALSTLFAATCALTQNDIKKIIAFSTSSQLGLMMVAIGLNLPQLAFLHISTHAFFKAMLFLCSGSIIHNLNGEQDIRKM 
FRIGATEBIRD        PTPVSALLHSSTMVVAGIFLLIRTHPMLENNQTALSICLCLGALSTLFAATCALTQNDIKKIIAFSTSSQLGLMMVTIGLNLPQLAFFHISTHAFFKAMLFLCSGSIIHNLNGEQDIRKM 
RAIL               PTPVSALLHSSTMVVAGVFLLIRTHPMLSNNQTALTLCLCLGALSTLFAATCALTQNDIKKIIAFSTSSQLGLMMVTIGLNLPQLAFFHISTHAFFKAMLFLCSGSIIHSLNGEQDIRKM 
CRAKE              PTPVSALLHSSTMVVAGIFLLIRTHPMFNNNQKALTLCLCLGALSTLFAATCALTQNDIKKIIAFSTSSQLGLMMVTIGLNLPELAFLHISTHAFFKAMLFLCSGSIIHSLNGEQDIRKM 
FALCON             PTPVSALLHSSTMVVAGIFLLIRTHPMLSDNQTALTTCLCLGALSTLFAATCALTQNDIKKIIAFSTSSQLGLMMVAIGLNLPQLAFLHISTHAFFKAMLFLCSGSIIHNLAGEQDIRKM 
KIWI               PTPVSALLHSSTMVVAGIFLLIRTHPLLTNNQTALTLCLCLGALSTLFAATCALTQNDIKKIIAFSTSSQLGLMMVTIGLNLPQLAFLHISTHAFFKAMLFLCSGSIIHSLAGEQDIRKM 
OSTRICH            PTPVSALLHSSTMVVAGIFLLVRIHPLLANNQTALTTCLCLGALSTLFAATCALTQNDIKKIIAFSTSSQLGLMMVTIGLNLPQLAFLHISTHAFFKAMLFLCSGSIIHSLAGEQDIRKM 
EMU                PTPVSALLHSSTMVVAGIFLLIRTHPLLTNNQTAMTTCLCLGALSTLFAATCALTQNDIKKIIAFSTSSQLGLMMVTIGLNLPQLAFLHISTHAFFKAMLFLCSGSIIHSLGGEQDIRKM 
CASSOWARY          PTPVSALLHSSTMVVAGIFLLIRTHPLLTNNQTALTTCLCLGALSTLFAATCALTQNDIKKIIAFSTSSQLGLMMVTIGLNLPQLAFLHISTHAFFKAMLFLCSGSIIHSLGGEQDIRKM 
RHEA1              PTPVSALLHSSTMVVAGIFLLIRTHPLLATNQTALTTCLCLGALSTLFAATCALTQNDIKKIIAFSTSSQLGLMMVTIGLNLPQLAFLHISTHAFFKAMLFLCSGSIIHSLGGEQDIRKM 
RHEA2              PTPVSALLHSSTMVVAGIFLLIRTHPLLATNQTALTTCLCLGALSTLFAATCALTQNDIKKIIAFSTSSQLGLMMVTIGLNLPQLAFFHISTHAFFKAMLFLCSGSIIHSLGGEQDIRKM 
MOA1               PTPVSALLHSSTMVVAGIFLLIRTHPMLTNNQTALTICLCLGALSTLFAATCALTQNDIKKIIAFSTSSQLGLMMVTIGLNLPQLAFLHISTHAFFKAMLFLCSGSIIHNLAGEQDIRKM 
MOA2               PTPVSALLHSSTMVVAGIFLLIRTHPMLTNNQTALTICLCLGALSTLFAATCALTQNDIKKIIAFSTSSQLGLMMVTIGLNLPQLAFLHISTHAFFKAMLFLCSGSIIHNLAGEQDIRKM 
TINAMOU1           PTPVSALLHSSTMVVAGIFLLIRTHPMLSNTPTALTLCLCLGAISTTFAAICALTQNDIKKIIAFSTSSQLGLMMVTIGLNLPQLTFLHISTHAFFKAMLFLCSGSIIHNLAGEQDIRKM 
TINAMOU2           PTPVSALLHSSTMVVAGIFLLIRTHTMLTNNSTALTICLCLGAISTMFAATCALTQNDIKKIIAFSTSSQLGLMMVTIGLNLPQLAFFHISTHAFFKAMLFLCSGSIIHNLNGEQDIRKM 
ROOK               PTPVSALLHSSTMVVAGIFLLIRTHPLFHNNPTALSLCLCLGALSTLFAATCALTQNDIKKIIAFSTSSQLGLMMVTIGLNLPQLAFLHISTHAFFKAMLFLCSGSIIHSLNGEQDIRKM 
WIDOWFINCH         PTPVSALLHSSTMVVAGIFLLIRTHPLFYNNQTILTLCLCLGALSTMFAATCALTQNDIKKIIAFSTSSQLGLMMVTIGLNLPELAFLHISTHAFFKAMLFLCSGSIIHNLNGEQDIRKM 
PHEASANT1          PTPVSALLHSSTMVVAGIFLLIRTHPILASNKLALTTCLCLGALSTLFAATCALTQNDIKKIIAFSTSSQLGLMMVTIGLNLPQLAFLHISTHAFFKAMLFLCSGLIIHSLNGEQDIRKM 
PHEASANT2          PTPVSALLHSSTMVVAGIFLLIRTHPILTSNKLALTTCLCLGALSTLFAATCALTQNDIKKIIAFSTSSQLGLMMVTIGLDLPQLAFLHISTHAFFKAMLFLCSGLIIHSLNGEQDIRKM 
TURKEY             PTPVSALLHSSTMVVAGIFLLIRTHPILSSNKTALTTCLCLGALSTLFAAICALTQNDIKKIIAFSTSSQLGLMMVTIGLNLPQLAFLHISTHAFFKAMLFLCSGLIIHSLNGEQDIRKM 
CHICKEN            PTPVSALLHSSTMVVAGIFLLIRTHPFLSSNKTALTTCLCLGALSTLFAATCALTQNDIKKIIAFSTSSQLGLMMVTIGLDLPQLAFLHISTHAFFKAMLFLCSGLIIHSLNGEQDIRKM 
QUAIL              PTPVSALLHSSTMVVAGIFLLIRTHPLLASNNTALTACLCLGALSTLFAAICALTQNDIKKIIAFSTSSQLGLMMVTIGLDLPQLAFLHISTHAFFKAMLFLCSGLIIHSLNGEQDIRKM 
REDHEAD            PTPVSALLHSSTMVVAGIFLLIRMHPLLATNQTALTACLCLGALSTLFAATCALTQNDIKKIIAFSTSSQLGLMMVAIGLNLPQLAFLHISTHAFFKAMLFLCSGSIIHSLNGEQDIRKM 
DUCK               PTPVSALLHSSTMVVAGIFLLIRMHPLLASNQTALTACLCLGALSTLFAATCALTQNDIKKIIAFSTSSQLGLMMVAIGLNLPQLAFLHISTHAFFKAMLFLCSGSIIHSLNGEQDIRKM 
                   *****************:***:* *.::  .   :: ******:** *** **:*********************.:***. *:*:*:***************:* *** * ******** 
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TROPICBIRD         GGLQKMLPMTTSCLTIGNLALMGTPFLAGFYSKDLIIESLNTSYLNAWALLLTLTATSFTATYSLRMTLLVQTGFPRTPPITPMNENSPMIANPLIRLALGSIMAGLLITSYIPP-TKTP 
PETREL             GGLQKMLPTTTSCLTIGNLALMGTPFLAGFYSKDLIIENLNTSHLNTWALLLTLLATSFTATYTMRMTLLVQTGFTRTPSITSMNENNPTIINPITRLALGSILAGLLITSYITP-TKTS 
OYSTERCATCHER      GGLQKMLPTTTSCLTIGNLALMGTPFLAGFYSKDLIIESLNTSYLNTWALILTLLATSFTATYTLRMTLMIQTGFTRTMPLMPMNENNKTITNPIIRLALGSITAGLLITSYITP-TKTP 
EGRET              GGLQKTLPTTTSCLTIGNLALMGTPFLAGFYSKDLIIENLNTSYLNTWALLLTLLATSFTATYSLRMTLLVQTGFTRIPTTSPMNENNPTVTNPITRLALGSIMAGLLITSYLIP-TKTP 
TURNSTONE          GGLQKMLPTTTSCLTIGNLALMGTPFLAGFYSKDLIIESMNTSYLNAWALLLTLLATSLTATYTMRMTLLVQTGFTRMPTITPMNENDPTITNPITRLALGSIMAGLLITSFIIP-TKTP 
IBIS               GSLQKMLPTTTSCLTIGNLALMGTPFLAGFYSKDLIIENLNTSYLNTWALLLTLLATSFTATYSLRMTFLVQTGFTRVPTITPVNENNPAVTNPITRLALGSILAGLLITSYILP-TKTP 
PENGUIN            GGLQKMLPTTTSCLTIGNLALMGTPFLAGFYSKDLIIESLNTSYLNTWALLLTLLATSFTATYSLRMTLLVQTGFPRTPTNTPMNENNPMITNPLTRLALGSILAGLLITSYITP-TKTL 
LOON               GGLQKMLPTTTSCLTIGNLALMGTPFLAGFYSKDVIIENLNTSYLNTWALLLTLLATSFTATYSLRMTLLVQAGFTRTPTAIPVNENNPTLTNPITRLALGSILAGLLITSYILP-TKTP 
GOSHAWK            GGLQKMLPTTTTCLTIGNLALMGTPFLAGFYSKDPIIENLNTSYLNAWALLLTLLATSFTAAYSLRMTLLVQTGSPRTSTITPMNENTPTLINPITRLALGSITAGLLITSYITP-TKTP 
GREBE              GGLQKTLPTTTSCLTIGNLALMGTPFLAGFYSKDLIIETMNTSYLNTWALLLTLLATSFTATYSLRMTLLVQTGFTRTPTITPTNENDPTLINPITRLALGSITAGLLITSYIPP-AKTP 
FRIGATEBIRD        GGLQKTLPTTTSCLTIGNLALMGTPFLAGFYSKDPIIENLNTSYLNTWALLLTLLATTFTATYTLRMTLLVQTGTTRIPTTTPMNENDPATINPITRLALGSIMAGLLITSYIPP-VKTP 
RAIL               GGLQKLLPMTTTCLTIGNLALMGTPFLAGFYSKDLIIENLNTSYLNTWALSLTLLATTFTATYTLRMTLMVQTGYTRMLTITPMNENTPTIINPITRLALGSILAGLLITSYITP-IKTP 
CRAKE              GGMQKFLPVTTTCLTIGNLALMGTPFLAGFYSKDLIIENLNTSYLNTWALALTLLATAFTATYTLRMTLMVQTGHTRTITITPMNENNPTIINPLTRLALGSILAGLLITSYIIP-TKTP 
FALCON             GGLQKTLPTTTSCLTIGNLALMGTPFLAGFYSKDLIIENLNTSYLNTWALTMTLLATSFTATYSLRMTSLVQAGFTRISPTTPTNENNPLIINPILRLALGTILSGLLITSYIIP-TKTP 
KIWI               GGLQKLLPTTTSCLTIGNFALMGTPFLAGFYSKDLIIESLNNSYLNTWALLLTLLATSFTATYSLRMTLMVQTGFSRIPPITPTNENHPMVTNPITRLAMGSTMAGLLITSNILP-TKTP 
OSTRICH            GGLQKLLPTTTSCLTIGNLALMGTPFLAGFYSKDLIIESLNNSYLNAWALLLTLLATSFTATYSLRMTLMVQSGFSRIPPITPINENTPLVINPITRLALGSIMAGLLITSNILP-TKTP 
EMU                GGLQKLLPTTTACLTIGNLALMGTPFLAGFYSKDLIIENLNNSYLNTWALLLTLLATSFTATYSIRMMLMVQTGFTRIPSIAPINENSPAVTNPITRLALGSVIAGLLITSNILP-TKTP 
CASSOWARY          GGLQKLLPTTTACLTIGSLALMGTPFLAGFYSKDLIIESLNNSYLNTWALLLTLLATSFTATYSIRMTLMVQAGFTRIPPITPINENSPAVTNPITRLALGSIIAGLLITSNVLP-TKTP 
RHEA1              GGLQKLLPTTTSCLTIGNLALMGTPFLAGFYSKDLIIESLNNSYLNTWALLLTLLATSFTATYSLRMTLFVQTGHPRIPPVTPINENTPTVTNPISRLALGSIMAGLLITSNILP-TKTL 
RHEA2              GGLQKLLPTTTSCLTVGNLALMGTPFLAGFYSKDLIIESLNNSYLNTWALLLTLLATSFTATYSLRMTLLVQTGHPRIPPVTPINENTPTVINPISRLALGSIMAGLLITSNILP-TKTL 
MOA1               GGLQNILPMTTSCLTIGNLALMGTPFLAGFYSKDLIIENLNNSYLNTWALLLTLLATSFTATYSLRMTLMVQTGFSRIPPMSPINENTQTITNPIIRLALGSITAGLLITSNILP-TKTS 
MOA2               GGLQNILPTTTSCLTIGNLALMGTPFLAGFYSKDLIIENLNNSYLNTWALLLTLLATSFTATYSLRMTLMVQTGFSRIPPMSPINENTQTITNPIIRLALGSITAGLLITSSILP-TKTS 
TINAMOU1           GGLQKLLPTTSSCLTIGNLALIGTPFLAGFYSKDLIIESLNNSYLNSWALLLTLLATSFTATYSLRMTLMVQTGYCRMAPTTPINENTPTIFNPITRLALGSITAGLLISSNILP-TKTL 
TINAMOU2           GGLQNLLPMTTSCLTIGNLALMGSPFLAGFYSKDPIIEALNNSYLNSWALSLTLLATAFTATYSLRMTLLVQSGFPRIHPTSPINENSTSISAPLTRLALGSITAGLLITSNILP-TKTL 
ROOK               GGLQKMLPTTTSCLTIGNLALMGTPFLAGFYSKDQIIESLNTSYLNAWALVLTLLATSFTAVYTIRMTLLVQTGYVRIPPLTPMNENNPAVLSSITRLALGSIVAGFLITSYIPPATKTP 
WIDOWFINCH         GGLQKMLPTTTSCLTIGNLALMGTPFLAGFYSKDQIIESLNTSYLNAWALVLTLLATSFTAVYTIRMTVLVQTGFVRISPLTPMNENNPAVISPITRLAIGSITAGLLITSFILP-TKTP 
PHEASANT1          GCLQKTLPMTTSCLTIGNLALMGTPFLAGFYSKDLIIENLNTSYINTWALLLTLLATSFTATYSLRMTLLVQTGHTRTLTITPINENTPSAILPIIRLAFGSIMAGLLISSLTLP-TKTP 
PHEASANT2          GCLQKTLPMTTSCLTIGNLALMGTPFLAGFYSKDLIIENLNTSYINTWALLLTLLATSFTATYSLRMTLLVQTGHTRTPTITPINENTSSAILPITRLAFGSIMAGLLISSLTLP-TKTP 
TURKEY             GRLQKTLPMTTSCLTIGNLALMGTPFLAGFYSKDLIIENLNTSYINTWALLLTLLATSFTATYSLRMTLLVQTGYNRTLTILPINENTPSAILPVIRLALGSIAAGLLISSLILP-TKTP 
CHICKEN            GCLQKTLPMTTSCLTIGNLALMGTPFLAGFYSKDLIIENLNTSYINTWALSLTLLATSFTATYSLRMTLLVQTGHTRTPSNHPINENTPPAILPIMRLALGSIMAGLLISSLILP-PKTP 
QUAIL              GCLQKTLPMTTSCLTIGNLALMGTPFLAGFYSKDLIIENLNTSYINTWALLLTLLATSFTATYSIRMTTLVQTGHNRSPTITPINENTPLAILPIIRLAFGSIAAGLLISSLILP-TKTP 
REDHEAD            GGLQKMLPVTTSCLTIGNLALMGTPFLAGFYSKDLIIESLNTSYLNTWALLLTLLATAFTATYSIRMTLLVQAGQTRIPPMMPVNENNPLITAPLTRLALGSIMAGMLITSFIIP-VKTP 
DUCK               GGLQKTLPVTTSCLTIGNLALMGTPFLAGFYSKDLIIESLNTSYLNTWALSLTLLATAFTATYSIRMTLLVQAGRTRIPPITPMNENNPLITAPLTRLALGSIMAGMLITSFITP-TKTP 
                   * :*: ** *::***:*.:**:*:********** *** :*.*::*:*** :** **::**.*::**  ::*:*  *  .  . ***      .: ***:*:  :*:**:*   *  ** 
TROPICBIRD         PMTMPLLMKMAAITLTLLGAILALELSNMTHTLTQPKQTPLMNFSSTLGYFNPLAHRPSSTALLSSGQKIASHLIDLSWYKKMGPEGLADLQLMATKTSTTLHSGLIKTYLGSFALSILI 
PETREL             PMTMPILTKTAAILITVLGIILALELSNMTHTLTQPKQNPYLNFSSTLGYFNPLMHRLSSLNLLNNGQKIASHLIDLSWYKKMGPEGLADLQLMAAKTSTTFHTGLIKTYLGSFALSILI 
OYSTERCATCHER      PMTMPTLTKTAALIVTILGIILALELSNMTHTLTQPKQNILTNFSSTLGYFNPLTHRLSSTNLLHSGQKLASHLIDLSWYKKMGPEGLANLQTIASKTSTSLHTGLIKTYLSSFALSILI 
EGRET              PMTMPTTTKTAAIILTILGIILALELSNMTHTLTQPKQNTLSNFSSALGYFNPLTHRLNSTNLLSSGQNIASHLIDLSWYKKMGPEGLADLQLMATKTSTTLHTGLIKTYLGTFALSILI 
TURNSTONE          PMTMPTITKTAAIIVTILGIILALELSNMTHTLTQPKQSTLTNFSLTLGYFNPLSHRLSSSGLLNSGQKLASHLIDLSWYKKMGPEGLADLQLMATKTSTTLHTGLIKTYLGSFALSILI 
IBIS               PMTMPTLTKTTAIIITILGAIMAMELSSLTHTLTQPKQNTYLNFSTSLGYFNPLMHRLNTAKLLNSGQKIASHLIDLSWYKKMGPEGLANLQLMASKTSTTIHTGLIKTYLGSFALSILI 
PENGUIN            PMTMPTLTKTAAIIATMLGIALALELSTMAHTLTPPKQNPYLNFSSSLGYFNFLTHRSNTTNLLNSGQKIASHLVDLSWYKKMGPEGLADLQVMVTKTSTPLHTGLIKTYLGSFALSILL 
LOON               PMTMPTLTKTAALIVTILGTILALELSNLTQTLTQPKQSIHLNFSTLLGYFNPLIHRLSSTDLLNNGQKIASHLIDLSWYK-MGPEGLADLQLMATKTSTTLHTGLIKTYLGSFALSILI 
GOSHAWK            PLTMPTLTKTAAIIVTILGIILALELSTITHTLTKPKQTPYLNFSSMLGYFNPLTHRLSSLTLLNSGQKIASHLIDLSWYKKMGPEGLASLQLAAVKTSTPLHTGLLKTYLGTFALSTLI 
GREBE              PMTMPMITKTAAILITILGILLALELSKMAHTSTQPKQNPYLNFSSTLGYFNPLTHRLTSTELLNSGQNLASHLTDLFWYKKIGPKGLADLQLMASQTSTNFHTGLIKAYLSSFALSILI 
FRIGATEBIRD        PMTMPTLTKTAAITITILGAILALELSNMAHNLTQPKQHPLLNFSTTLGYFNLLTHRPNSMTLLNSGQKIASHLIDLSWYKKMGPEGLADLQLTATKASTTLHTGLIKAYLSSFALSTLI 
RAIL               PMTMPTITKTAALAVTALGMTLALELMNLTQTLTQPKQNTYQNFSSSLGYFNPLTHRSITMKLLNNGQKLATNLIDLSWYKKIGPEGLANLQLMMTKTSTIAHTGIIKTYLESFAISALT 
CRAKE              PMTMPMVTKTAALIVTTLGIIVALELTNLTQSLTQPKQNIYQNFSISLGYYNPLAHRLTTAKMLKNGQKIATHLIDLSWYKKLGPEGLANLQLMITKTYTTAHTGLIKAYLESFALSILI 
FALCON             PMTMPTITKTAAILVTTLGIILALELSNMTHTLTHPKQNIYSNFSINLGYFNLLTHRPSTTGLLNHGQKFALHLTDLFWYKKMGPEGLADLQQMATKTSTTLHTGLIKTYLGSFALSILT 
KIWI               PMTMPVITKTAAIIVTILGILLALELSNMTHNLIPPKQSTYSNFTTTLGYFNPILHRLNPTKLLNNGQKIASHLIDFSWYKKMGPEGLADLQLMATKTSTSLHTGLIKTYLGSFALSIFV 
OSTRICH            PMTMPTIMKTAAIVVTILGILLALELSNMTHNLTAPKQNIYSNFSTTLGYFNPLAHRLSSMKLLNNGQKIASHLIDLSWYKKMGPEGLADLQLMAAKTSTPLHTGLIKTYLGTFALSILI 
EMU                PMTMPMITKMAAIIVTILGIMLALELLNLTHSLTLSKQNTYSNFSITLGYFNPLFHRLNPMTLLNNGQKIASHLIDLSWYKKMGPEGLADLQLMAAKTSTPLHTGLIKTYLGSFALSILI 
CASSOWARY          PMTMPMVTKMAAIIVTILGIMLALELLNLTHNLTPSKQNTYSNFSITLGYFNPLLHRLNPMMLLNSGQKIASHLIDLSWYKKMGPEGLADLQLMAAKTSTPLHTGLIKTYLGSFALSILI 
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RHEA1              PMTMPTITKTAAILVTILGILLSLELSNMTHNLIHPKQNICSNFSLTLGYFNPLTHRLTPAKFLSSGQKIASHLIDLSWYKKMGPEGLADLQLMASKTSTHLHTGLIKTYLGTFALSILI 
RHEA2              PMTMPAITKTAAILVTILGILLSLELSNMTHNLTLPKQNIYSNFSLTLGYFNPLTHRLTPTKFLSSGQKIASHLIDLSWYKKMGPEGLADLQLMASKTSTHLHTGLIKTYLGTFALSILT 
MOA1               PMTMPTVTKMAAVLVTIMGLLLALELSNMTRNLLPPKQNPLSNFSASLGYFNPLAHRLSSVKLLNIGQKIASHLIDLSWYKKMGPEGLANLQLMAAKTSTSLHTGMIKTYLGSFALSIII 
MOA2               PMTMPTITKMAAILVTIIGLLLALELSNMTRNLLPPKQTLLSNFSASLGYFNPLVHRLSSMKLLNTGQKIASHLIDLSWYKKMGPEGLANLQLMAAKTSTSLHTGMIKTYLGSFALSIII 
TINAMOU1           PMTMPTTTKTAAILVTILGILLALELTNLTHNLTPPNQNTLMNFSLTLGYFNPLTHRTTSTKLLNSGQKIASHLIDLSWYKKIGPEGLADIQLLATKSSTSLHSGLIKTYLSSFALSILI 
TINAMOU2           PMTMPTLTKIAALVISFIGLLIALELLSLTHNLTAPQQNINSNFSLSLGYFNPLTHRLSSTKLLNSGQKIASHLIDLSWYKKMGPEGLADLQLTATKTYTPLHSGRIKTYLGSFALSILI 
ROOK               PMTMPLSIKITALVVTLLGIILALELSKMTQALILPKQNRFSNFSTTLGYFNPLVHRFISTKLLSGGQNIASHLIDLSWYKLLGPEGLANLQMMASKTATTFHTGLIKAYLGSFALSIFI 
WIDOWFINCH         PMTMPLYIKITAILVTALGIALALEMSKMAQAYILTKQTPFSNFSTSLGYFNPLTHRLGMTKSLNGGQNIASHLIDLSWFKVLGPEGLANLQVMAAKTATSYHSGQTKAYLGSFALSIII 
PHEASANT1          PMTMPTITKTAAIIVTTLGIILALELSGMTHTLTLPKQSPLTNFSSSLGYYNPLMHRTNPTILLHAGQKIASHLIDMTWYKKAGPEGLANLHLIMSKTSTTLHTGLIKSYLGSFALTILT 
PHEASANT2          PMTMPVITKTAAIIVTTLGIILALELSNMTHTLTPPKQNPLMNFSSSLGYFNPLTHRTNPTILLHSGQKIATHLIDMAWYKKMGPEGLANLHLIMSKSSTTLHTGLIKSYLGSFALTILM 
TURKEY             PMTMPIITKTAAIIITTLGIILALELSNMTHSLTPSKQNHLTNFSSSLGYFNLLTHRISPAISLHTGQKIASHLIDMAWYKKMGPEGLANLQLIMSKTSTTLHTGLIKPYLGSFALTILM 
CHICKEN            PMTMPTITKTAAIIVTTLGIILALELSSLSYSLTPPKHNPLMNFSSSLGYFNPLTHRISPSILLHTGQKIASHLIDMAWYKKMGPEGLANLHLTMTKISTTLHTGLIKSYLGSFALTILT 
QUAIL              PMTMPLITKTTAIIITAMGIILALELSTATHTMTPPKQNPLMNFSSSLGYFNPLAHRISPTISLYTGQKIASLLIDMTWYKKMGPEGLANLHLIMTKTLTTTHTGLIKSYLGSFALTILA 
REDHEAD            PMTMPLVTKTAAILVTILGIILALELSNMTHTFTHPKPNHLMNFSSLLGYFNPLVHRFCSKTLLEKGQNIALHLIDLSWLKKMGPEGLAELQVAASKAATLAHTGLIKTYLGSFALSILV 
DUCK               PMTMPLITKTAAILVTVLGVILALELSNMTHTLTHPKPSRLVNFSSLLGYFNPLVHRFCSKTLLEKGQNIALHLIDLSWLKKMGPEGLAELQVAASKAATLAHTGLIKTYLGSFALSILV 
                   *:***   * :*:  : :*  :::*:   :     .:     **:  ***:* : **      *  **::*  * *: * *  **:***.::    :  *  *:*  *.** :**:: :  

Figure 3.4: Protein alignment of ND5 gene in 33 different avian species using MEGA 4 program. The different colours are 
used to indicate the different groups of amino acid based on their side-chain properties; where polar is green, non-polar is 
red, acidic is blue and basic is grey. 
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The DNA Barcoding region is approximately a 648 bp region positioned near the 

5' terminus of the COI gene [9, 16-20] , while the 3’ terminus of this gene has not 

been used previously for species identification. This locus is shown in Figure 3.5. 

The partial sequences of the cyt b gene from both 5’ and 3’ end have been 

reported previously for avian species testing and phylogeny study [2, 21-25]. Both 

COI and cyt b have been widely used in species testing of many species [2, 10, 

16, 22-39] including avian species, while the ND2 and ND5 loci have been rarely 

used in species identification; this is especially the case in avian species 

identification.  

 

Figure 3.5 identifies the areas of ND2, ND5, COI and cyt b used most commonly 

in species identification. This figure also indicates the priming sites used. It is 

noticeable that there is little correlation between the area examined in species 

testing and the areas of greatest variation at the amino acid level.  
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Figure 3.5: The partial sequences of the COI, cyt b, ND2 and ND5 that have been used for avian species identification and 
evolutionary studies. The numbers indicate the base positions according to the mtDNA sequence of Gallus gallus (AY235571).  

Single letters indicate the tRNA gene for each amino acid:  H is tRNA-His, S is tRNA-Ser, L is tRNA-Leu, T is tRNA-Thr, P is 
tRNA-Pro, I is tRNA-Ile, Q is tRNA-Gln, M is tRNA-Met, W is tRNA-Trp, A is tRNA-Ala, N is tRNA-Asn, C is tRNA-Cys, Y is 
tRNA-Tyr, and D is tRNA-Asp. 
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The genetic distance of the COI, cyt b, ND2 and ND5 amino acid sequences were 

calculated at every amino acid position using MEGA5 program to show amino 

acid variation of each loci (Figure 3.6).  

Figure 3.6: Genetic variation at the protein level of the COI (a), cyt b (b), 
ND2 (c) and ND5 (d). The X-axis represents an amino acid position along the 
four loci and the Y-axis represents the percentage of homology between 
amino acid of each locus based on 33 avian species, 33 genera, 29 Families 
and 13 Orders. 
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The COI locus was found to be the most highly conserved gene of the four loci 

studied (Figure 3.6a). There are only a few regions showing variation in the 

amino acid sequence dispersed along the locus with greatest variation from 

approximately the amino acid at position 400 to the 3’ end. This region appears to 

exhibit the highest variation within this gene, although it is not used as part of the 

Barcoding locus. The cyt b gene encodes a structural protein with some parts of 

the protein embedded in the mitochondrial membrane and some parts folded 

outside the inner and outer membrane. If there is a correspondence between the 

functionality and structure of the cyt b gene it would be expected to find about 

eight regions of highly conserved amino acid domains. The parts of the peptide 

that fold outside an inner and outer mitochondrial membrane expected exhibit 

greater variation than the conserved membrane bound amino acids. These regions 

of higher variability in the human cyt b gene are at amino acid positions 1-33, 55-

76, 98-113, 158-178, 200-222, 251-288, 310-323 and 340-350 as shown in Figure 

3.7. In Gallus gallus, the cyt b amino acid sequence at amino acid positions 1-30, 

54-81, 90-124,152-166, 182-217, 226-265, 297-318 and 329-336 correspond to 

regions of greater variability as shown in Figure 3.6b. The ND2 and the ND5 

genes exhibit lesser conservation compared to the cyt b and COI. According to 

the Figure 3.6, there is less variation within the middle part of the ND5 gene 

between positions 220-260 with domains of greater variability at the 5’ end at 

amino acid from positions 1-220 and at the 3’ from the amino acid positions 260-

600 as shown in Figure 3.6d.  By contrast regions of high variability occur 

constantly throughout the ND2 gene with no clear areas of conservation (Figure 

3.6c). 
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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 membrane which are expected exhibit greater variation than 
the conserved membrane bound amino acids. The numbers shows the 
position of the amino acids based on the human sequence. 
 

In summary, the results from Figure 3.1 - 3.4 and 3.6 may be of value in the 

identification of conserved and variable regions of these four gene loci (ND2, 

ND5, COI and cyt b). If there is a correspondence between the structure and 

function of the encoded proteins there should be domains of variability and areas 

of conserved sequence. These conserved regions should be suitable for designing 

universal primers to amplify internal variable regions; being ideal for the purpose 

of species identification.  In addition, the variable sites which are unique in only 

one particular species can be used for designing species specific primers as well. 
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3.2 Mitochondrial DNA sequences analysis 

The mitochondrial genomes from a wide range of avian species were chosen from 

19 Orders, 40 Families, 75 genera, and 102 different species with the aim of 

covering all the major avian taxonomic groups. This section of the dissertation 

examines the use of the entire avian mitochondrial DNA genome to determine 

whether using this entire sequence is capable of reconstructing the phylogenies as 

currently defined by taxonomic studies. Subsequently each individual gene locus 

is used to identify to species level and reconstruct the phylogeny with the fewest 

anomalies. Finally sections of varying size of particular genes are used for the 

same purposes.  

 

3.2.1 Phylogenetic reconstruction using mitochondrial genomes 

It would be expected that if the taxonomic and genetic alignments were 

concordant, then MEGA should place all the 102 species in their corresponding 

taxonomic cluster. The phylogenetic reconstruction using complete mitochondrial 

DNA sequences (Figure 3.8) resulted in only a few Orders being divided; these 

included members of the Order Gruiformes and Ciconiiformes. Species 

representative of the Galliformes, Anseriformes, Struthioniformes, Tinamiformes, 

Falconiformes and Passeriformes all cluster together; this would be expected as 

they are members of the same Order. 



 

122  
 

S Boonseub/PhD Thesis                                                                                                       Chapter 3 

 

 
                                                                                              

Figure 3.8: Phylogenetic tree 
reconstruction of the complete 
mitochondrial genome sequences. 
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 
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 considered 
correct [47]. 
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Typically the DNA samples that are encountered in forensic testing are highly 

degraded or at trace amounts. Loci within the mitochondrial DNA have been used 

in forensic analysis because of the benefits of high copy number [48-50] and that 

the mitochondrial genome is within a protective double-membrane. It is unlikely 

that in a forensic context the whole of the mitochondrial genome will be available 

for testing, nor is it likely that the time and resources will be taken to sequence the 

entire mitochondrial genome using current technology. Rather sections of the 

mitochondrial genome such as gene sequences or, sections of genes, are used; this 

includes a section of cyt b gene [22-25, 34, 36-39] or the COI gene [10, 26-33, 35, 

36]. The smallest parts of mitochondrial DNA that can identify species and 

reconstruct the phylogenetic tree will be ideal for forensic applications. 

 

The DNA sequences of each mitochondrial locus were isolated from the same 102 

species as used in the complete mitochondrial genome comparison. Each of the 

individual gene sequences were extracted to perform multiple alignments from 

which genetic distances using the program MEGA 5 were calculated. The results 

are shown in Figure 3.9. The genes with the highest nucleotide similarity were all 

the tRNA genes; these genes exhibited similarities of over 90 % and are 

highlighted in yellow.  The nucleotide similarity between the two ribosomal RNA 

genes (12s rRNA and 16s rRNA) was 87.9% for both; these gene loci are 

considered to be slowly evolving  [51-56] and therefore more likely than other 

loci to have a high degree of nucleotide similarity. The rRNA genes are 

highlighted in green as are the cyt b, COI, COII, COIII along with a few tRNA 

genes; all of these loci have nucleotide similarities between 81- 90 %. The six  
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members of the ND family of genes exhibited similarities ranging from 71-80 % 

and are coloured pink. The other loci in pink are the tRNA-Glu, the ATP 

synthase6 and ATP synthase8 loci. 

 

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 
of 64.6%.  
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3.2.2 Phylogenetic reconstruction using complete mitochondrial loci 

For further gene sequence alignment it is necessary to have DNA sequences from 

a wide range of avian species corresponding to all of the major taxonomic groups; 

these fall within the 102 species selected. The criterion for species testing is that 

the locus must show sufficient genetic variation between each species and little 

variation between each member of the same species. In order to determine which 

gene performs this task the best, complete gene sequences were used for genetic 

alignment. The COI, cyt b, ND2, ND4 and ND5 genes were selected for species 

identification and phylogenetic tree reconstruction according to their low 

percentage of homology between different species as shown in the previous result 

of protein sequence analysis section (Table 3.1). In this part, the ND4 locus was 

added for this analyse with the others four loci (ND2, ND5, cyt b, COI) due to its 

length and high nucleotide similarity. The length of each locus needs to be of 

sufficient size to permit species identification; the tRNA genes are predominantly 

too short to allow this type of identification when comparing closely related 

species. These loci (COI, cyt b, ND2, ND4 and ND5) have nucleotide similarities 

between 71-90 %. Other mitochondrial loci, including the ND1, ND3, ND4L, 

ND6, COII, COIII, ATP6 and ATP8, fall into this range of nucleotide similarity 

(the green and the pink loci highlighted in Figure 3.9). These additional loci were 

analysed (and these data can be seen in Appendix B).  The loci not part of this 

part of the study were the two ribosomal RNA genes and the tRNA encoding loci. 

The tRNA genes were excluded as the loci were typically less than 100 bp and 

unlikely to allow sufficient DNA sequence for species identification.  
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The two rRNA gene loci were not considered further, as due to their slow rate of 

evolution it was unlikely that two closely related avian species would have 

different DNA sequences at these two loci. The complete gene sequences of the 

COI, cyt b, ND2, ND4 and ND5 genes were aligned and the phylogenetic tree of 

each locus was reconstructed using NJ the method with the Kimura 2-parameter 

model using MEGA 5 program. The phylogenetic trees are shown in Figures 3.10 

- 3.14. In all cases the complete gene sequence is greater than 1,000 bp; 1041 bp 

for ND2, 1377 bp for ND4, 1818 bp for ND5, 1143 bp for cyt b, 1551 bp for COI.  

These sections of the gene loci are of comparable lengths. 
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Figure 3.10: Phylogenetic tree 
reconstruction of the complete 
gene sequences of the COI gene. 
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 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 dots indicate the 
bootstrap value for a given interior 
branch is 95% or higher, then the 
topology at that branch is 
considered correct. 



 

128  
 

S Boonseub/PhD Thesis                                                                                                       Chapter 3 

 

 

 

Figure 3.11: Phylogenetic tree 
reconstruction of the complete 
gene sequences of the cyt b gene. 
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 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 positions 
in the final dataset. The 
Galliformes is clustered together 
as expected if the genetic data of 
the complete gene sequences of the 
cyt b 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]. 
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Figure 3.12: Phylogenetic tree 
reconstruction of the complete 
gene sequences of the ND2 gene. 
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 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 positions 
in the final dataset. All Orders are 
not clustered together as expected 
if the genetic data of the complete 
gene sequences of the ND2 gene. 
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]. 
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Figure 3.13: Phylogenetic tree 
reconstruction of the complete 
gene sequences of the ND4 gene. 
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 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 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 considered  
correct [47]. 
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Figure 3.14: Phylogenetic tree 
reconstruction of the complete 
gene sequences of the ND5 gene. 
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 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 considered correct [47]. 
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The multiple alignments of the complete sequences of the COI gene correctly 

grouped species within the Orders Galliformes and Gruiformes, while the others 

three loci (except the ND2) only correctly grouped the Order Galliformes.  The 

following experiment was dividing into 100 bp and 450 bp segments along each 

gene, as shown in Figure 3.15. While 100 bp is very small, the 450 bp sections 

were designed to overlap with the previous section by 350 bp to allow for 

maximum coverage of any conserved and variable regions of these loci. 

 

 
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 MEGA 5.  
 

All 100 bp and 450 bp segments from the five genes were aligned and 

phylogenetic trees reconstructed using the MEGA 5. The segments that can 

identify species and reconstruct a phylogenetic tree with fewest anomalies were 

parts of the ND2 gene (base positions 1 - 450) and the ND5 gene (base positions 

101 - 550). Both segments are from 5’ end of the ND2 and the ND5 genes as 

shown in Figure 3.16a and 3.16b. The sizes of these amplicon are more typical 

size used in forensic application. 
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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 
MEGA5 [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 containing gaps and 
missing data were eliminated. 
There were a total of 450 positions 
in 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 ND2 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]. 
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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 MEGA5 [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]. 
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Additionally, the 450 bp of the ND5 gene was found to group correctly the 102 

avian species into their appropriate taxonomic groups (Figure 3.17). This is 

unexpected as much emphasis is placed on the use of COI, as used in Barcoding   

and cyt b gene, the locus used most commonly in mammalian taxonomy [36-39].  

All phylogenetic trees of the others 100 bp and 450 bp segments from the five loci 

are shown in Appendix C.  

  

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
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 show in 
this diagram. 
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3.3 Species identification and phylogenetic tree reconstruction in the 

members of the same genera  

The comparison of avian species using the loci described in the previous sections 

illustrates the use of these mitochondrial loci in genetic linkage over a wide range 

of avian species. In order to determine if similar homologies were noted when 

using members of closely related species, a number of members of the parrot, 

cockatoo, finch family were tested.  

 

3.3.1 Finches - a potential model group of species 

Finches are common birds present over much of the northern hemisphere and are 

taxonomically of the Order Passeriformes, and Family Fringillidae. These species 

were chosen originally as bird collectors from around the UK had kindly donated 

blood samples as part of a related study and permission was granted for their use 

in this project. They represented many closely related species with a recently 

divergent genetic history. 

 

The DNA sequences for the five loci selected were not available on GenBank for 

all the finch samples provided, therefore additional sequencing of the provided 

samples was necessary to augment the data available. The section sequenced in 

the first instance represented a section of the ND2 gene. As the R1 and F1 primers 

have a degenerate sequence, there will be uncertainty at these bases. 
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This problem can be solved by using F1 and dnR2 which lie outside of the gene 

and generate the partial sequence of tRNA-Met, the whole ND2 gene and partial 

tRNA-Trp, the approximately size is 1130 bp.  

 

3.3.1.1 Intra-species variation within finch species  

Five different finch species including  Fringilla montifringilla,  Fringilla coelebs, 

Carduelis chloris, Carduelis carduelis and Carduelis spinus were selected for 

intra-species variation analysis of the ND2 gene. Additional DNA sequences for 

the cyt b and the COI loci were obtained from the GenBank DNA database. The 

locus ND5 was not used in this analysis (including the inter-species variation of 

the finch species in the next topic) due to the limited amount of genetic data for 

this locus from the Fringilla and Carduelis genera. Additionally there were no 

ND5 sequence data from the Fringilla sp. and there were only two ND5 

sequences of the Carduelis sp. from C. spinus and C. sinica available on the 

database at the time of analysis. The numbers of sequences from each species are 

shown in Table 3.2  
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Table 3.2: A list of the number of each finch species used in this study to 
analyse intra-species variation 

 
Scientific name 

 
Common name 

Number of samples 
From this 

study 
From the Database 

ND2 cyt b COI 
F. montifringilla Bramblefinch 6 4 6 
F. coelebs Chaffinch 5 6 6 
C. chloris European greenfinch 5 6 6 
C. carduelis Goldfinch 6 4 6 
C. spinus Eurasian sisken 6 5 6 
 

All the ND2 partial sequences from these finch species and were aligned using the 

ClustalW program. The variation sites within this locus of each species and the 

encoded amino acid from those variation sites are shown in Table 3.3.  

 

Table 3.3: Multiple alignment result of the ND2 partial sequences from the 
five finch species. The yellow colour indicates the variable bases within 
species. The amino acids (using the three letter code) that are encoded from 
the variable sites are shown in red above each variable site. The numbers in 
the bracket indicate the base positions on the ND2 gene from each species. 
The pink boxes indicate the positions where the amino acid has been 
changed.   
 
1. F. montifringilla   (181-480) 
                                                                       Thr 
F. montifringilla 1      TCGAGGCCGCTACCAAGTACTTTCTAACCCAAGCAACCGCCTCAGCTCTCCTGCTATTCT 
F. montifringilla 2      TCGAGGCCGCTACCAAGTACTTTCTAACTCAAGCAACCGCCTCAGCTCTCCTGCTATTCT 
F. montifringilla 3      TCGAGGCCGCTACCAAGTACTTTCTAACCCAAGCAACCGCCTCAGCTCTCCTGCTATTCT 
F. montifringilla 4      TCGAGGCCGCTACCAAGTACTTTCTAACTCAAGCAACCGCCTCAGCTCTCCTGCTATTCT 
F. montifringilla 5      TCGAGGCCGCTACCAAGTACTTTCTAACTCAAGCAACCGCCTCAGCTCTCCTGCTATTCT 
F. montifringilla 6      TCGAGGCCGCTACCAAGTACTTTCTAACTCAAGCAACCGCCTCAGCTCTCCTGCTATTCT 
                         **************************** ******************************* 

………………………………………………………………………………………………………………………………………………………………………………………………………………………….. 
F. montifringilla 1      CCAGCATAACCAACGCCTGACATACCGGACAATGAGACATCACCCAACTTTCCCATCCAG 
F. montifringilla 2      CCAGCATAACCAACGCCTGACATACCGGACAATGAGACATCACCCAACTTTCCCATCCAG 
F. montifringilla 3      CCAGCATAACCAACGCCTGACATACCGGACAATGAGACATCACCCAACTTTCCCATCCAG 
F. montifringilla 4      CCAGCATAACCAACGCCTGACATACCGGACAATGAGACATCACCCAACTTTCCCATCCAG 
F. montifringilla 5      CCAGCATAACCAACGCCTGACATACCGGACAATGAGACATCACCCAACTTTCCCATCCAG 
F. montifringilla 6      CCAGCATAACCAACGCCTGACATACCGGACAATGAGACATCACCCAACTTTCCCATCCAG 
                         ************************************************************ 

                                                               Leu…………………………………..….. 
F. montifringilla 1      TATCAGGCGTAATCCTAACTTCAGCGATCGCAATAAAACTGGGCCTAGCCCCATTCCACT 
F. montifringilla 2      TATCAGGCGTAATCCTAACTTCAGCGATCGCAATAAAACTGGGCCTAGCCCCATTCCACT 
F. montifringilla 3      TATCAGGCGTAATCCTAACTTCAGCGATCGCAATAAAACTGGGCCTAGCCCCATTCCACT 
F. montifringilla 4      TATCAGGCGTAATCCTAACTTCAGCGATCGCAATAAAACTAGGCCTAGCCCCATTCCACT 
F. montifringilla 5      TATCAGGCGTAATCCTAACTTCAGCGATCGCAATAAAACTGGGCCTAGCCCCATTCCACT 
F. montifringilla 6      TATCAGGCGTAATCCTAACTTCAGCGATCGCAATAAAACTGGGCCTAGCCCCATTCCACT 
                         **************************************** ******************* 



 

139  
 

 
 

S Boonseub/PhD Thesis                                                                                                       Chapter 3 
F. montifringilla 1      TCTGATTCCCAGAAGTACTGCAAGGCTCTCCTCTCACTACAGGCCTCCTCCTATCTACTA 
F. montifringilla 2      TCTGATTCCCAGAAGTACTGCAAGGCTCTCCTCTCACTACAGGCCTCCTCCTATCTACTA 
F. montifringilla 3      TCTGATTCCCAGAAGTACTGCAAGGCTCTCCTCTCACTACAGGCCTCCTCCTATCTACTA 
F. montifringilla 4      TCTGATTCCCAGAAGTACTGCAAGGCTCTCCTCTCACTACAGGCCTCCTCCTATCTACTG 
F. montifringilla 5      TCTGATTCCCAGAAGTACTGCAAGGCTCTCCTCTCACTACAGGCCTCCTCCTATCTACTG 
F. montifringilla 6      TCTGATTCCCAGAAGTACTGCAAGGCTCTCCTCTCACTACAGGCCTCCTCCTATCTACTG 
                         ***********************************************************0 

…………………………………………Ile or Val………Lys…………………………………… ………………………………… ………..………………………………………..  
F. montifringilla 1      TCATGAAACTTCCTCCAATCGCACTACTATACATAACCTCCCACTCACTGAACCCCACAC 
F. montifringilla 2      TCATGAAGCTTCCTCCAATCGCACTACTATACATAACCTCCCACTCACTGAACCCCACAC 
F. montifringilla 3      TCATGAAACTTCCTCCAATCGCACTACTATACATAACCTCCCACTCACTGAACCCCACAC 
F. montifringilla 4      TCATGAAACTTCCTCCAATCGCACTACTATACATAACCTCCCACTCACTGAACCCCACAC 
F. montifringilla 5      TCATGAAACTTCCTCCAATCGCACTACTATACATAACCTCCCACTCACTGAACCCCACAC 
F. montifringilla 6      TCATGAAACTTCCTCCAATCGCACTACTATACATAACCTCCCACTCACTGAACCCCACAC 
                         ******* **************************************************** 
                                                                          

2. F. coelebs  (321-500)      
                                               Phe 
F. coelebs 1             CTTAGCCCCATTCCACTTCTGATTTCCAGAAGTCCTTCAAGGCTCCCCCCTCATCACAGG 
F. coelebs 2             CTTAGCCCCATTCCACTTCTGATTCCCAGAAGTCCTTCAAGGCTCCCCCCTCATCACAGG 
F. coelebs 3             CTTAGCCCCATTCCACTTCTGATTCCCAGAAGTCCTTCAAGGCTCCCCCCTCATCACAGG 
F. coelebs 4             CTTAGCCCCATTCCACTTCTGATTTCCAGAAGTCCTTCAAGGCTCCCCCCTCATCACAGG 
F. coelebs 5             CTTAGCCCCATTCCACTTCTGATTCCCAGAAGTCCTTCAAGGCTCCCCCCTCATCACAGG 
                         ************************ *********************************** 

………………………………………………………………………………………………………………………………………………………………………………………………………………………... 
F. coelebs 1             CCTTCTCCTATCCACCGTTATGAAGCTCCCTCCAATTGCACTGCTATACATAACCTCCCA 
F. coelebs 2             CCTTCTCCTATCCACCGTTATGAAGCTCCCTCCAATTGCACTGCTATACATAACCTCCCA 
F. coelebs 3             CCTTCTCCTATCCACCGTTATGAAGCTCCCTCCAATTGCACTGCTATACATAACCTCCCA 
F. coelebs 4             CCTTCTCCTATCCACCGTTATGAAGCTCCCTCCAATTGCACTGCTATACATAACCTCCCA 
F. coelebs 5             CCTTCTCCTATCCACCGTTATGAAGCTCCCTCCAATTGCACTGCTATACATAACCTCCCA 
                         ************************************************************ 

………………………………………………………………………………………………………………………………………………Met……………………………….……………………………….. 
F. coelebs 1             CTCACTAAACCCAACACTCCTAACTGTCATGGCCATTCTTTCAACAGCCCTGGGAGGATG 
F. coelebs 2             CTCACTAAACCCAACACTCCTAACTGTCATAGCCATTCTTTCAACAGCCCTGGGAGGATG 
F. coelebs 3             CTCACTAAACCCAACACTCCTAACTGTCATAGCCATTCTTTCAACAGCCCTGGGAGGATG 
F. coelebs 4             CTCACTAAACCCAACACTCCTAACTGTCATAGCCATTCTTTCAACAGCCCTGGGAGGATG 
F. coelebs 5             CTCACTAAACCCAACACTCCTAACTGTCATAGCCATTCTTTCAACAGCCCTGGGAGGATG 
                         ****************************** ***************************** 
 
 
 

3. C. chloris  (321-440)      
                                                                  Val 
C. chloris 1             CCTAGTCCCCTTCCATTTCTGATTCCCAGAAGTACTACAAGGCTCTCCCCTCTCCACCGG 
C. chloris 2             CCTAGTCCCCTTCCATTTCTGATTCCCAGAAGTACTACAAGGCTCTCCCCTCTCCACCGG 
C. chloris 3             CCTAGTCCCCTTCCATTTCTGATTCCCAGAAGTGCTACAAGGCTCTCCCCTCTCCACCGG 
C. chloris 4             CCTAGTCCCCTTCCATTTCTGATTCCCAGAAGTACTACAAGGCTCTCCCCTCTCCACCGG 
C. chloris 5             CCTAGTCCCCTTCCATTTCTGATTCCCAGAAGTACTACAAGGCTCTCCCCTCTCCACCGG 
                         ********************************* ************************** 

………………………………………………………………………………………………………………………………………………………………Ile… ……………… ……………………………….. 
C. chloris 1             TCTCATTCTATCTACTATCATAAAACTCCCTCCAATTACTCTCCTCTACATAACTTCCCC 
C. chloris 2             TCTCATTCTATCTACTATCATAAAACTCCCTCCAATCACTCTCCTCTACATAACTTCCCC 
C. chloris 3             TCTCATTCTATCTACTATCATAAAACTCCCTCCAATCACTCTCCTCTACATAACTTCCCC 
C. chloris 4             TCTCATTCTATCTACTATCATAAAACTCCCTCCAATCACTCTCCTCTACATAACTTCCCC 
C. chloris 5             TCTCATTCTATCTACTATCATAAAACTCCCTCCAATTACTCTCCTCTACATAACTTCCCC 
                         ************************************ *********************** 
 

4. C. carduelis   (321-380)      
                                                                           Leu or Pro 
C. carduelis 1           CTGATTTCCAGAAGTACTACAAGGCTCCCCCCTCCTCACCGGCCTTCTCCTATCTACCAT 
C. carduelis 2           CTGATTTCCAGAAGTACTACAAGGCTCCCCCCTCCTCACCGGCCTTCTCCTATCTACCAT 
C. carduelis 3           CTGATTTCCAGAAGTACTACAAGGCTCCCCCCTCCTCACCGGCCTTCTCCTATCTACCAT 
C. carduelis 4           CTGATTTCCAGAAGTACTACAAGGCTCCCCCCTCCTCACCGGCCTTCTCCTATCTACCAT 
C. carduelis 5           CTGATTTCCAGAAGTACTACAAGGCTCCCCCCTCCTCACCGGCCTTCTCCTATCTACCAT 
C. carduelis 6           CTGATTTCCAGAAGTACTACAAGGCTCCCCCCTCCCCACCGGCCTTCTCCTATCTACCAT 
                         *********************************** ************************ 
 
 

5. C. spinus   (91-450)      
                                                     Ile 
C. spinus 1              AACCGGCCTAGAAATCAATACACTTGCCATTCTACCCCTAATCTCAAAATCTCACCACCC 
C. spinus 2              AACCGGCCTAGAAATTAATACACTTGCCATTCTACCCCTAATCTCAAAATCTCACCACCC 
C. spinus 3              AACCGGCCTAGAAATTAATACACTTGCCATTCTACCCCTAATCTCAAAATCTCACCACCC 
C. spinus 4              AACCGGCCTAGAAATTAATACACTTGCCATTCTACCCCTAATCTCAAAATCTCACCACCC 
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C. spinus 5              AACCGGCCTAGAAATTAATACACTTGCCATTCTACCCCTAATCTCAAAATCTCACCACCC 
C. spinus 6              AACCGGCCTAGAAATTAATACACTTGCCATTCTACCCCTAATCTCAAAATCTCACCACCC 
                         *************** ******************************************** 

………………………………………………………………………………………………………………………………………………………………………………………………………………………..… 
C. spinus 1              ACGATCCATTGAAGCAGCTACCAAATACTTCCTAACCCAAGCAGCTGCCTCAACCCTAGT 
C. spinus 2              ACGATCCATTGAAGCAGCTACCAAATACTTCCTAACCCAAGCAGCTGCCTCAACCCTAGT 
C. spinus 3              ACGATCCATTGAAGCAGCTACCAAATACTTCCTAACCCAAGCAGCTGCCTCAACCCTAGT 
C. spinus 4              ACGATCCATTGAAGCAGCTACCAAATACTTCCTAACCCAAGCAGCTGCCTCAACCCTAGT 
C. spinus 5              ACGATCCATTGAAGCAGCTACCAAATACTTCCTAACCCAAGCAGCTGCCTCAACCCTAGT 
C. spinus 6              ACGATCCATTGAAGCAGCTACCAAATACTTCCTAACCCAAGCAGCTGCCTCAACCCTAGT 
                         ************************************************************ 

………………………………………………………………………………………………………………………………………………………Thr…………………………………………………….. 
C. spinus 1              ACTATTCTCTAGTATAACTAACGCATGAAGTACCGGACAATGAGACATCACCCAACTCTC 
C. spinus 2              ACTATTCTCTAGTATAACTAACGCATGAAGTACCGGACAATGAGACATCACCCAACTCTC 
C. spinus 3              ACTATTCTCTAGTATAACTAACGCATGAAGTACCGGACAATGAGACATCACCCAACTCTC 
C. spinus 4              ACTATTCTCTAGTATAACTAACGCATGAAGTACCGGACAATGAGACATCACCCAACTCTC 
C. spinus 5              ACTATTCTCTAGTATAACTAACGCATGAAGTACTGGACAATGAGACATCACCCAACTCTC 
C. spinus 6              ACTATTCTCTAGTATAACTAACGCATGAAGTACTGGACAATGAGACATCACCCAACTCTC 
                         ********************************* ************************** 

………………………………………………………………………………………………………………………Pro…………………… ……………………….. 
C. spinus 1              ATCCACTATCATAAAACTCCCTCCAATCACTCTCCTATACATAACCTCCTCATCACTAAA 
C. spinus 2              ATCCACTATCATAAAACTCCCTCCAATCACTCTCCTATACATAACCTCCTCATCACTAAA 
C. spinus 3              ATCCACTATCATAAAACTCCCTCCAATCACTCTCCTATACATAACCTCCTCATCACTAAA 
C. spinus 4              ATCCACTATCATAAAACTCCCTCCAATCACTCTCCTATACATAACCTCCTCATCACTAAA 
C. spinus 5              ATCCACTATCATAAAACTCCCCCCAATCACTCTCCTATACATAACCTCCTCATCACTAAA 
C. spinus 6              ATCCACTATCATAAAACTCCCCCCAATCACTCTCCTATACATAACCTCCTCATCACTAAA 
                         ********************* ************************************** 
  

 

The base changes within each finch species are predicted not to result in a change 

of amino acid encoded, therefore the genetic variations within this particular 

section of the ND2 gene of the five finch species are predominantly synonymous; 

this is except for two positions which are circled in pink as shown in Table 3.3. 

These changes occur in the bramblefinch (F. montifringilla) at base position 422 

and goldfinch (C. carduelis) at base position 355, the amino acid can be Ile or Val 

and Leu or Pro, respectively, which all are in non-polar amino acid group.  The 

mean distances of the DNA sequences from ND2, cyt b and COI loci within F. 

montifringilla, F. coelebs, C. chloris, C. carduelis and C. spinus were calculated 

using the MEGA 5 program. The overall mean of a standard comparison of each 

species was calculated using Kimura 2-parameter model, 1000 bootstrap 

repetitions. The result and % homology of the sequences within the each species 

are shown in Table 3.4. 
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Table 3.4: Percent homology of the partial sequences of the ND2, cyt b and 
COI loci within F. montifringilla,  F. coelebs, C. chloris, C. Carduelis and C. 
spinus using the MEGA 5 program. The numbers in the bracket indicate the 
base positions on each gene and the length (bp) of the sequences from each 
species. The number (n) of sequences used in this study is indicated in red.  
 

 
Species 

% Homology 
From this study  From the database 

ND2 cyt b COI  
F. montifringilla n = 6 

99.6 %  +  0.2 
 (56-515, 459 bp)  

n = 4 
98.3 %  +  0.3 

(100-740, 641 bp) 

n = 6 
99.9 %  +  0.1 

(62-708, 647 bp) 
F. coelebs n = 5 

99.8 %  +  0.2 
(55-513, 459 bp) 

n = 6 
98.9 %  +  0.2  

(136-1137, 1002 bp) 

n = 6 
99.9 %  +  0.1 

(86-708, 617 bp) 
C. chloris n = 5 

99.8 %  +  0.1 
(66-540, 475 bp) 

n = 6 
99.7%  +  0.1 

(136-740, 605 bp) 

n = 6 
99.9 %  +  0.1 

(61-708, 648 bp) 
C. carduelis n = 6 

99.9 %  +  0.1 
(94-508, 415 bp) 

n = 4 
97.8%  +  0.3 

(100-1023, 924 bp) 

n = 6 
99.8 %  +  0.1 

(92-708, 617 bp) 
C. spinus n = 6 

99.7 %  +  0.1 
(61-526, 466 bp) 

n = 5 
99.9 %  +  0.1 

(100-639, 540 bp) 

n = 6 
100% +  0.0 

(73-741, 669 bp) 
 
 

The cyt b partial sequences alignment result shows the highest genetic distance 

compared to the ND2 and COI loci for all species tested except C. Spinus. The 

COI Barcoding region exhibits the highest conservation for any these loci. 

 

3.3.1.2 Inter-species variation between finch species  

The ND2 sequences of the nine finch species from this study and four other 

closely related species (giving a total of 12 species) from the DNA database were 

aligned using the MEGA program to compare to the partial sequence of the COI 

and cyt b loci. A list of the species used for inter-species variation is shown in 

Table 3.5. 
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Table 3.5: A list of finch species used in this study and the accession number 
of the sequences obtained from the database. 

Scientific name Common name Accession number 
ND2 cyt b COI 

F. montifringilla Bramblefinch  AF002897 GU571899 
F. coelebs Chaffinch  GU592667 GQ481926 
C. chloris European greenfinch  AF284070 GU571791 
C. carduelis Goldfinch  AF284069 GU571789 
C. spinus Eurasian sisken  From this study DQ792779 GQ481504 
P. pyrrhula Bullfinch  HQ284624 GU572069 
C. coccothraustes Hawfinch  DQ792780 GU571829 
C. cannabina Eurasian linnet  L76298 GU571307 
C. flammea cabaret Lesser redpoll  L76386 DQ433427 
C. sinica Oriental greenfinch NC_015196 NC_015196 NC_015196 
C. flavirostris Twite FJ547506 U83199 GU571794 
C. pinus Pine siskin AF447269 EF530031 DQ434513 
 

The mean distances of DNA sequences from the ND2, cyt b and COI loci were 

calculated using the MEGA 5 program. The overall mean of a standard 

comparison of loci were calculated using Kimura 2-parameter model, 1000 

bootstrap repetitions. The alignment of the partial sequences using the ND2 gene 

from 12 different finch species (at base positions 34 -756, 723 bp) resulted in a 

similarity score of 86.4% + 0.9.  The alignment of a partial sequence of the cyt b 

gene (at base positions 136-740, 605 bp) showed a similarity score of 90.8% + 

0.8. The COI Barcode locus at base positions 98 -708 (611 bp) resulted in a 

similarity score of 89.7% + 0.7. There were nine different species within the 

Carduelis genus therefore the mean distances of the three loci were calculated 

additionally. The results are 88.8 % + 0.8 % homology for the ND2 gene, 92.8% 

+ 0.7% for the cyt b gene and 91.4% + 0.7% for the COI gene. 
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In summary, the partial sequence of the ND2 gene at 5’ end terminus at base 

positions 34 -756 being 723 bp exhibited the highest variation between close 

genetic relatives of different finch species and also less intra-species variation. In 

contrast, the other two loci (the cyt b and the COI loci) exhibited less inter-species 

variation between the members of the same genus. In addition, the cyt b showed 

lower % homology within the same species compare to the ND2 and the COI loci. 

The conclusions of intra- and inter-species variation study in finches are shown in 

Table 3.6. 

 

Table 3.6: The table of conclusion showing percent homogy within the 
species (intra-species variation) and between species (inter-species variation) 
of the 12 finches.  

                                                                                                             
Scientific name 

% homology within 
the same species 

% homology within the 
same genus (Carduelis sp.) 

% homology between 
species 

ND2 cyt b COI ND2 cyt b COI ND2 cyt b COI 
F. montifringilla 99.6 98.3 99.9  

 
 
 
 
88.8 

 
 
 
 
 
92.8 

 
 
 
 
 
91.4 

 
 
 
 
 
86.4 

 
 
 
 
 
90.8 

 
 
 
 
 
89.7 

F. coelebs 99.8 98.9 99.9 
C. chloris 99.8 99.7 99.9 
C. carduelis 99.9 97.8 99.8 
C. spinus 99.7 99.9 100 
P. pyrrhula  
C. coccothraustes 
C. cannabina 
C. cabaret 
C. sinica 
C. flammea 
C. flavirostris 
C. pinus 
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The data in Table 3.6 suggest that the partial sequences at 5’ end of the ND2 gene 

are the most suitable for species identification in finch species and may also be 

suitable for all avian species identification and phylogenetic tree reconstruction 

studies. 

 

3.3.1.3 Phylogenetic tree reconstruction for the finches using partial sequence 

of the ND2, cyt b and the COI loci 

Phylogenetic tree reconstructions of the partial sequences at 5’ end of the ND2 

(57-508, 452 bp), cyt b (136-639, 504 bp) and the COI (98-708, 611 bp) loci from 

the 10 finch species were constructed using statistical Neighbor-joining with 

Kimura 2-parameter model in the MEGA 5 program. The out-group in the Figure 

3.18-3.20 is a moa which is confidently excluded from the in-group used in this 

part of the study.   
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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 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 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]. 
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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 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 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 [47]. 
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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 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 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]. 
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The results in Figure 3.18-3.20 show that the use of the partial sequence from 5’ 

region of the ND2, cyt b and COI loci for phylogenetic tree reconstruction can 

distinguish the different between species and place the members of the finch 

species into their appropriate taxonomic groups. At the 5’ terminus, the cyt b 

patrial sequences incorrectly placed C. carduelis and the COI patrial sequences 

incorrectly placed C. flavarostris (indicated by the pink rings in the Figure 3.19 

and 3.20, respectively).  

 

In conclusion, the data suggest that these sections of the ND2 (base positions 112-

513, 402 bp), cyt b (base positions 136-639, 504 bp) and the COI loci (base 

positions 98-708, 611 bp) can reconstruct the phylogeny and provide a means of 

species identification for species of members of the same genera. However, the 

partial sequence of the ND2 at the 5’ terminus was superior for both species 

identification and phylogenetic tree reconstruction in closely related finch species 

because of the less intra-species variation and the highest inter-species variation 

compare to the cyt b and the COI loci. 

 

3.3.2 Species Testing of parrot and cockatoo Species 

Parrot and cockatoo species belong to the order Psittaciformes. The true parrots 

are members of the Psittacidae family and the cockatoos are members of the 

Cacatuidae family. This study used 452 bp of the 5’ terminus of the ND2 gene (at 

base positions 58-509) and ND5 gene (at base positions 101-552) to determine if 

they can be used in the identification of members of the Psittacidae and 

Cacatuidae families.  
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3.3.2.1 Intra-species variation within parrot and cockatoo species 

A list of the species used in this study is shown in Table 3.7. DNA sequences 

from these species were aligned using the ClustalW program. The bases that 

showed variation within these loci for each of the species used, and the amino 

acid encoded from those variation sites, are shown in Tables 3.8 and 3.9. 

 

Table 3.7: A list of parrot and cockatoo species that formed the examination 
of a study of intra-species variation. 
 

Species Sub-species Common name Number of sequences 
From this 

study 
From the 
database 

ND2 ND5 cyt b COI 
Calyptorhynchus 

banksii 
samueli-1 
samueli-2 

Red-tailed black 
cockatoo 

6 6 2 2 

naso-1 
naso-2 

macrorhynchus-1 
macrorhynchus-2 

Calyptorhynchus 
funereus 

latirostris-1 
latirostris-2 
latirostris-3 

White-tailed black 
cockatoo 

7 7 2 2 

Funereus-1 
Funereus-2 
Funereus-3 
Funereus-4 
Funereus-5 

Yellow-tailed black 
cockatoo 

Psittacula 
alexandri 

- Moustached 
parakeet 

5 
 

6 5 Not on 
the 

database 
Amazona 

ochrocephala 
- Yellow-crowned 

Amazon parrot 
6  4 6 6 
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Table 3.8: Multiple alignment result of the ND2 partial sequences from the 
two parrots; P. alexandri and A. ochrocephala (data not shown, there is no 
genetic variation within A. ochrocephala species) and the two cockatoo 
species; C. banksii and C. funereus. The pink colour indicates the variable 
sites within species. The pink colour indicates the variable sites within 
species. The amino acids that are encoded by the variable sites are shown in 
red letter above each variable site. For the two sub-species of the C. funereus, 
the genetic variation sites of the C. funereus latirostris and this sub-species 
are highlighted in grey. The numbers in the bracket indicate the base 
positions on the ND2 gene from each species. The yellow boxes indicate the 
positions where the amino acid has been changed. 
 
 
1. C. banksii  (188-247) 

             Lue 
C.banksii1        TTCCTAGTACAAGCAACCGCTTCAGCACTAATACTTTTCTCAAGCATAACCAACGCATGG 
C.banksii2        TTCCTAGTACAAGCAACCGCTTCAGCACTAATACTTTTCTCAAGCATAACCAACGCATGG 
C.banksii3        TTCCTAGTACAAGCAACCGCTTCAGCACTAATACTTTTCTCAAGCATAACCAACGCATGG 
C.banksii4        TTCCTAGTACAAGCAACCGCTTCAGCACTAATACTTTTCTCAAGCATAACCAACGCATGG 
C.banksii5        TTCTTAGTACAAGCAACCGCTTCAGCACTAATACTTTTCTCAAGCATAACCAACGCATGG 
C.banksii6        TTCCTAGTACAAGCAACCGCTTCAGCACTAATACTTTTCTCAAGCATAACCAACGCATGG 
                  *** ******************************************************** 
 

2. C.funereus  (20-421) 
                                                         Ile Leu 
C.funereus1          CTAACCCTAACACTCAGCCTAATCTTAGGGACTACAACCACAA…………………………………………. 
C.funereus2          CTAACCCTAACACTCAGCCTAATCTTAGGGACTACAACCACAA…………………………………………. 
C.funereus3          CTAACCCTAACACTCAGCCTAATCTTAGGGACTACAACCACAA…………………………………………. 
C.funereus4          CTAACCCTAACACTCAGCCTAATCTTAGGGACTACAACCACAA…………………………………………. 
C.funereus5          CTAACCCTAACACTCAGCCTAATCTTAGGGACTACAACCACAA…………………………………………. 
C.funereus6          CTAACCCTAACACTCAGCCTAACCCTAGGGACTACAACCACAA…………………………………………. 
C.funereus7          CTAACCCTAACACTCAGCCTAACCCTAGGGACTACAACCACAA…………………………………………. 
C.funereus8          CTAACCCTAACACTCAGCCTAACCTTAGGGACTACAACCACAA…………………………………………. 
                     ********************** * ******************…………………………………………. 

…………………………………………………………………………………………………………………………………………………………………………… Ala or Thr. 
C.funereus1          TCACAAGCAGCCACTGAGTAATAGCCTGAATCGGGCTAGAAATCAATACCCTAGCTATAA 
C.funereus2          TCACAAGCAGCCACTGAGTAATAGCCTGAATCGGGCTAGAAATCAATACCCTAGCTATAA 
C.funereus3          TCACAAGCAGCCACTGAGTAATAGCCTGAATCGGGCTAGAAATCAATACCCTAACTATAA 
C.funereus4          TCACAAGCAGCCACTGAGTAATAGCCTGAATCGGGCTAGAAATCAATACCCTAGCTATAA 
C.funereus5          TCACAAGCAGCCACTGAGTAATAGCCTGAATCGGGCTAGAAATCAATACCCTAGCTATAA 
C.funereus6          TCACAAGCAGCCACTGAGTAATAGCCTGAATCGGGCTAGAAATCAATACCCTAGCTATAA 
C.funereus7          TCACAAGCAGCCACTGAGTAATAGCCTGAATCGGGCTAGAAATCAATACCCTAGCTATAA 
C.funereus8          TCACAAGCAGCCACTGAGTAATAGCCTGAATCGGGCTAGAAATCAATACCCTAGCTATAA 
                     ***************************************************** ****** 

…………………………………………………………………………………………………………………………………………………………………………Ile or Thr…….. 
C.funereus1          TCCCCCTAATCTCAAAATCTCACCACCCCCGAGCCACCGAAGCAGCAATCAAGTACTTCC 
C.funereus2          TCCCCCTAATCTCAAAATCTCACCACCCCCGAGCCACCGAAGCAGCAATCAAGTACTTCC 
C.funereus3          TCCCCCTAATCTCAAAATCTCACCACCCCCGAGCCACCGAAGCAGCAATCAAGTACTTCC 
C.funereus4          TCCCCCTAATCTCAAAATCTCACCACCCCCGAGCCACCGAAGCAGCAATCAAGTACTTCC 
C.funereus5          TCCCCCTAATCTCAAAATCTCACCACCCCCGAGCCACCGAAGCAGCAATCAAGTACTTCC 
C.funereus6          TCCCCCTAATCTCAAAATCTCACCACCCCCGAGCCACCGAAGCAGCAACCAAGTACTTCC 
C.funereus7          TCCCCCTAATCTCAAAATCTCACCACCCCCGAGCCACCGAAGCAGCAACCAAGTACTTCC 
C.funereus8          TCCCCCTAATCTCAAAATCTCACCACCCCCGAGCCACCGAAGCAGCAACCAAGTACTTCC 
                     ************************************************ *********** 

………………………………………………………………………………………………………………………Lue……………………………………………………………………………….. 
C.funereus1          TAGTACAAGCAACTGCTTCAACACTAATACTCTTCTCGAGCATAACCAATGCATGGTCCT 
C.funereus2          TAGTACAAGCAACTGCTTCAACACTAATACTCTTCTCGAGCATAACCAATGCATGGTCCT 
C.funereus3          TAGTACAAGCAACTGCTTCAACACTAATACTCTTCTCGAGCATAACCAATGCATGGTCCT 
C.funereus4          TAGTACAAGCAACTGCTTCAACACTAATACTCTTCTCGAGCATAACCAATGCATGGTCCT 
C.funereus5          TAGTACAAGCAACTGCTTCAACACTAATACTCTTCTCGAGCATAACCAATGCATGGTCCT 
C.funereus6          TAGTACAAGCAACTGCTTCAACACTGATACTCTTCTCGAGCATAACCAATGCATGGTCCT 
C.funereus7          TAGTACAAGCAACTGCTTCAACACTGATACTCTTCTCGAGCATAACCAATGCATGGTCCT 
C.funereus8          TAGTACAAGCAACTGCTTCAACACTGATACTCTTCTCGAGCATAACCAATGCATGGTCCT 
                     ************************* ********************************** 
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C.funereus1          CCGGACAATGAGACATCACCCAACTCACCAACCCCCCATCATGCATCCTACTAACTACTG 
C.funereus2          CCGGACAATGAGACATCACCCAACTCACCAACCCCCCATCATGCATCCTACTAACTACTG 
C.funereus3          CCGGACAATGAGACATCACCCAACTCACCAACCCCCCATCATGCATCCTACTAACTACTG 
C.funereus4          CCGGACAATGAGACATCACCCAACTCACCAACCCCCCATCATGCATCCTACTAACTACTG 
C.funereus5          CCGGACAATGAGACATCACCCAACTCACCAACCCCCCATCATGCATCCTACTAACTACTG 
 
 
 
C.funereus6          CCGGACAATGAGACATCACCCAACTCACCAACCCCCCATCATGCATCCTACTAACTACTG 
C.funereus7          CCGGACAATGAGACATCACCCAACTCACCAACCCCCCATCATGCATCCTACTAACTACTG 
C.funereus8          CCGGACAATGAGACATCACCCAACTCACCAACCCCCCATCATGCATCCTACTAACTACTG 
                     ************************************************************ 

…………………………………………………………………………………………… Leu…………………………………………Phe……………………………………………….. 
C.funereus1          CAATTGCCATTAAACTGGGACTAACCCCATTTCACTTTTGATTCCCAGAAGTCCTACAAG 
C.funereus2          CAATTGCCATTAAACTGGGACTAACCCCATTTCACTTTTGATTCCCAGAAGTCCTACAAG 
C.funereus3          CAATTGCCATTAAACTGGGACTAACCCCATTTCACTTTTGATTCCCAGAAGTCCTACAAG 
C.funereus4          CAATTGCCATTAAACTGGGACTAACCCCATTTCACTTTTGATTCCCAGAAGTCCTACAAG 
C.funereus5          CAATTGCCATTAAACTGGGACTAACCCCATTTCACTTTTGATTCCCAGAAGTCCTACAAG 
C.funereus6          CAATTGCCATTAAACTAGGACTAACCCCATTTCACTTCTGATTCCCAGAAGTCCTACAAG 
C.funereus7          CAATTGCCATTAAACTAGGACTAACCCCATTTCACTTCTGATTCCCAGAAGTCCTACAAG 
C.funereus8          CAATTGCCATTAAACTAGGACTAACCCCATTTCACTTCTGATTCCCAGAAGTCCTACAAG 
                     **************** ******************** ********************** 

………………………………………………………Gly  Ser………………………………………………………………………………………………………………………………….. 
C.funereus1          GCTCATCTCTCATTACAGCCCTACTACTCTCAACAGCAATAAAACTCCCACCAATTACCA 
C.funereus2          GCTCATCTCTCATTACAGCCCTACTACTCTCAACAGCAATAAAACTCCCACCAATTACCA 
C.funereus3          GTTCATCTCTCATTACAGCCCTACTACTCTCAACAGCAATAAAACTCCCACCAATTACCA 
C.funereus4          GCTCATCTCTCATTACAGCCCTACTACTCTCAACAGCAATAAAACTCCCACCAATTACCA 
C.funereus5          GCTCATCTCTCATTACAGCCCTACTACTCTCAACAGCAATAAAACTCCCACCAATTACCA 
C.funereus6          GCTCATCCCTCATTACAGCCCTACTACTCTCAACAGCAATAAAACTCCCACCAATTACCA 
C.funereus7          GCTCATCCCTCATTACAGCCCTACTACTCTCAACAGCAATAAAACTCCCACCAATTACCA 
C.funereus8          GCTCATCCCTCATTACAGCCCTACTACTCTCAACAGCAATAAAACTCCCACCAATTACCA 
                     * ***** **************************************************** 

 
3. P.alexandri  (298-480) 
                                             Leu 
P.alexandri1         ACTGCAATTGCCATCAAACTAGGCCTAGCCCCCTTCCACTTTTGATTCCCAGAAGTCCTC 
P.alexandri2         ACTGCAATTGCCATCAAACTAGGCCTAGCCCCCTTCCACTTTTGATTCCCAGAAGTCCTC 
P.alexandri3         ACTGCAATTGCCATCAAACTAGGCCTAGCCCCCTTCCACTTTTGATTCCCAGAAGTCCTC 
P.alexandri4         ACTGCAATTGCCATCAAACTAGGCCTAGCCCCCTTCCACTTTTGATTCCCAGAAGTCCTC 
P.alexandri5         ACTGCAATTGCCATCAAACTAGGCCTGGCCCCCTTCCACTTTTGATTCCCAGAAGTCCTC 
                     ************************** ********************************* 

………………………………………………………………………………………………………………………………………………………………………………………………………….. 
P.alexandri1         CAAGGATCATCCCTTATCACAGCTCTACTTCTATCAACAATAATAAAACTCCCACCAATC 
P.alexandri2         CAAGGATCATCCCTTATCACAGCTCTACTTCTATCAACAATAATAAAACTCCCACCAATC 
P.alexandri3         CAAGGATCATCCCTTATCACAGCTCTACTTCTATCAACAATAATAAAACTCCCACCAATC 
P.alexandri4         CAAGGATCATCCCTTATCACAGCTCTACTTCTATCAACAATAATAAAACTCCCACCAATC 
P.alexandri5         CAAGGATCATCCCTTATCACAGCTCTACTTCTATCAACAATAATAAAACTCCCACCAATC 
                     ************************************************************ 

…………………………………………………………………………………………………………Ser…………………………………………………………………………………………….. 
P.alexandri1         TCCATTCTCCTACTCTCATCGCACTCATTAAACCCCACACTATTAATCACCCTATCCATC 
P.alexandri2         TCCATTCTCCTACTCTCATCGCACTCATTAAACCCCACACTATTAATCACCCTATCCATC 
P.alexandri3         TCCATTCTCCTACTCTCATCGCACTCATTAAACCCCACACTATTAATCACCCTATCCATC 
P.alexandri4         TCCATTCTCCTACTCTCATCGCACTCATTAAACCCCACACTATTAATCACCCTATCCATC 
P.alexandri5         TCCATTCTCCTACTCTCATCACACTCATTAAACCCCACACTATTAATCACCCTATCCATC 
                     ******************** *************************************** 
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Table 3.9: Multiple alignment result of the ND5 partial sequences from the 
two parrots; P. alexandri and A. ochrocephala and the two cockatoos; C. 
banksii and C. funereus. The pink colour indicates the variable sites within 
species. The amino acids that are encoded by the variable sites are shown in 
red letter above each variable site. For the two sub-species of the C. funereus, 
the genetic variation sites of the C. funereus latirostris and this sub-species 
are highlighted in grey. The numbers in the bracket indicate the base 
positions on the ND5 gene from each species. The yellow boxes indicate the 
positions where the amino acid has been changed. 
 
1. C. banksii  (102-340) 
                                                                               Thr or Ala 
C.banksii1         CCCCCAAAACCCTCACCACCACCATCAAAACTGCCTTTCTAACCAGTCTAGTACCAATAA 
C.banksii2         CCCCCAAAACCCTCACCACCACCATCAAAACTGCCTTTCTAACCAGTCTAGTACCAATAA 
C.banksii3         CCCCCAAAACCCTCACCACCACCATCAAAACTGCCTTTCTAACCAGTCTAGTACCAATAA 
C.banksii4         CCCCCAAAACCCTCACCACCACCATCAAAACTGCCTTTCTAACCAGTCTAGTACCAATAA 
C.banksii5         CCCCCAAAACCCTCACCACCACCATCAAAACTGCCTTTCTAACCAGTCTAGTACCAATAA 
C.banksii6         CCCCCAAAACCCTCACCACCACCATCAAAACTGCCTTTCTAGCCAGTCTAGTACCAATAA 
                   ***************************************** ****************** 
…………………………………………………………………………………………………………………………………………………………………… …………………………………….. 
C.banksii1         TGCTCTTCATACACTCAGGATTAGATAGCATTACCTCACATTGAGAGTGGAAACTTACCA 
C.banksii2         TGCTCTTCATACACTCAGGATTAGATAGCATTACCTCACATTGAGAGTGGAAACTTACCA 
C.banksii3         TGCTCTTCATACACTCAGGATTAGATAGCATTACCTCACATTGAGAGTGGAAACTTACCA 
C.banksii4         TGCTCTTCATACACTCAGGATTAGATAGCATTACCTCACATTGAGAGTGGAAACTTACCA 
C.banksii5         TGCTCTTCATACACTCAGGATTAGATAGCATTACCTCACATTGAGAGTGGAAACTTACCA 
C.banksii6         TGCTCTTCATACACTCAGGATTAGATAGCATTACCTCACATTGAGAGTGGAAACTTACCA 
                   ************************************************************ 
…………………………………………… …………………………………………………………………………………………………………………… …………………………………….. 
C.banksii1         TAAATTTCAAAATCCCACTTAGCTTTAAAATAGACCAATACTCCATACTATTCCTTCCTA 
C.banksii2         TAAATTTCAAAATCCCACTTAGCTTTAAAATAGACCAATACTCCATACTATTCCTTCCTA 
C.banksii3         TAAATTTCAAAATCCCACTTAGCTTTAAAATAGACCAATACTCCATACTATTCCTTCCTA 
C.banksii4         TAAATTTCAAAATCCCACTTAGCTTTAAAATAGACCAATACTCCATACTATTCCTTCCTA 
C.banksii5         TAAATTTCAAAATCCCACTTAGCTTTAAAATAGACCAATACTCCATACTATTCCTTCCTA 
C.banksii6         TAAATTTCAAAATCCCACTTAGCTTTAAAATAGACCAATACTCCATACTATTCCTTCCTA 
                   ************************************************************ 

………………………………………………………………………………………………………………………………………………………………… ………………Ala………….. 
C.banksii1         CCGCACTATTTGTAACATGGTCTATTCTACAATTCGCAATATCATATATGGCGTCAGATC 
C.banksii2         CCGCACTATTTGTAACATGGTCTATTCTACAATTCGCAATATCATATATGGCGTCAGATC 
C.banksii3         CCGCACTATTTGTAACATGGTCTATTCTACAATTCGCAATATCATATATGGCGTCAGATC 
C.banksii4         CCGCACTATTTGTAACATGGTCTATTCTACAATTCGCAATATCATATATGGCATCAGATC 
C.banksii5         CCGCACTATTTGTAACATGGTCTATTCTACAATTCGCAATATCATATATGGCATCAGATC 
C.banksii6         CCGCACTATTTGTAACATGGTCTATTCTACAATTCGCAATATCATATATGGCATCAGATC 
                   **************************************************** ******* 

 
2. C. funereus  (341-552) 
                                 Gln 
C.funereus1           CACAAATCACAAAATTCTTCTCTTACCTAACAACATTCCTAACTGCTATACTAACACTAA 
C.funereus2           CACAAATCACAAAATTCTTCTCTTACCTAACAACATTCCTAACTGCTATACTAACACTAA 
C.funereus3           CACAAATCACAAAATTCTTCTCTTACCTAACAACATTCCTAACTGCTATACTAACACTAA 
C.funereus4           CACAAATCACAAAATTCTTCTCTTACCTAACAACATTCCTAACTGCTATACTAACACTAA 
C.funereus5           CACACATCACAAAATTCTTCTCTTACCTAACAACATTCCTAACTGCTATACTAACACTAA 
C.funereus6           CACACATCACAAAATTCTTCTCTTACCTAACAACATTCCTAACTGCTATACTAACACTAA 
C.funereus7           CACACATCACAAAATTCTTCTCTTACCTAACAACATTCCTAACTGCTATACTAACACTAA 
C.funereus8           CACACATCACAAAATTCTTCTCTTACCTAACAACATTCCTAACTGCTATACTAACACTAA 
                      **** ******************************************************* 
………………………………………………………………………………………………………………………………………………………………………… ……………………………………….. 
C.funereus1           CCCTCGCCAACAATATATTCCTACTGTTCATCGGCTGAGAAGGGGTAGGTATCATATCCT 
C.funereus2           CCCTCGCCAACAATATATTCCTACTGTTCATCGGCTGAGAAGGGGTAGGTATCATATCCT 
C.funereus3           CCCTCGCCAACAATATATTCCTACTGTTCATCGGCTGAGAAGGGGTAGGTATCATATCCT 
C.funereus4           CCCTCGCCAACAATATATTCCTACTGTTCATCGGCTGAGAAGGGGTAGGTATCATATCCT 
C.funereus5           CCCTCGCCAACAATATATTCCTACTGTTCATCGGCTGAGAAGGGGTAGGTATCATATCCT 
C.funereus6           CCCTCGCCAACAATATATTCCTACTGTTCATCGGCTGAGAAGGGGTAGGTATCATATCCT 
C.funereus7           CCCTCGCCAACAATATATTCCTACTGTTCATCGGCTGAGAAGGGGTAGGTATCATATCCT 
C.funereus8           CCCTCGCCAACAATATATTCCTACTGTTCATCGGCTGAGAAGGGGTAGGTATCATATCCT 
                      ************************************************************ 

…………………………………………………………………………………………………………Trp………………………………………………………… Ala…………………….. 
C.funereus1           TCCTACTAATCAGCTGATGATATGGACGAGCAGATGCCAACACAGCAGCCCTACAAGCTG 
C.funereus2           TCCTACTAATCAGCTGATGATATGGACGAGCAGATGCCAACACAGCAGCCCTACAAGCTG 
C.funereus3           TCCTACTAATCAGCTGATGATATGGACGAGCAGATGCCAACACAGCAGCCCTACAAGCTG 
C.funereus4           TCCTACTAATCAGCTGATGATATGGACGAGCAGATGCCAACACAGCAGCCCTACAAGCTG 
C.funereus5           TCCTACTAATCAGCTGATGATATGGACGAGCAGATGCCAACACAGCAGCCCTACAAGCTG 
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C.funereus6           TCCTACTAATCAGCTGATGGTATGGACGAGCAGATGCCAACACAGCAGCTCTACAAGCTG 
C.funereus7           TCCTACTAATCAGCTGATGGTATGGACGAGCAGATGCCAACACAGCAGCTCTACAAGCTG 
C.funereus8           TCCTACTAATCAGCTGATGGTATGGACGAGCAGATGCCAACACAGCAGCTCTACAAGCTG 
                      ******************* ***************************** ********** 

…………………………………………………………………………Tyr………………………………………………………………………………… ………………………………………….. 
C.funereus1           TGCTATACAACCGTATCGGAGACATCGGACTC………………………………………………………………………. 
C.funereus2           TGCTATACAACCGTATCGGAGACATCGGACTC………………………………………………………………………. 
C.funereus3           TGCTATACAACCGTATCGGAGACATCGGACTC………………………………………………………………………. 
C.funereus4           TGCTATACAACCGTATCGGAGACATCGGACTC………………………………………………………………………. 
C.funereus5           TGCTATACAACCGTATCGGAGACATCGGACTC………………………………………………………………………. 
C.funereus6           TGCTATATAACCGTATCGGAGACATCGGACTC………………………………………………………………………. 
C.funereus7           TGCTATATAACCGTATCGGAGACATCGGACTC………………………………………………………………………. 
C.funereus8           TGCTATATAACCGTATCGGAGACATCGGACTC………………………………………………………………………. 
                      ******* ************************………………………………………………………………………. 
 

3. P. alexandri  (101-520) 
                                                                                                       Pro 
P.alexandri1          CCCCCAAGACCATTACCCTTACCACCAAGGCCGCCTTCCTAACCAGCCTAGTACCTACAA 
P.alexandri2          CCCCCAAGACCATTACCCTTACCACCAAGGCCGCCTTCCTAACCAGCCTAGTACCTACAA 
P.alexandri3          CCCCCAAGACCATTACCCTTACCACCAAGGCCGCCTTCCTAACCAGCCTAGTACCTACAA 
P.alexandri5          CCCCCAAGACCATTACCCTTACCACCAAGGCCGCCTTCCTAACCAGCCTAGTACCTACAA 
P.alexandri6          CCCCCAAGACCATTACCCTTACCACCAAGGCCGCCTTCCTAACCAGCCTAGTACCTACAA 
P.alexandri4          CCCCCAAGACCATTACCCTTACCACCAAGGCCGCCTTCCTAACCAGCCTAGTACCCACAA 
                      ******************************************************* **** 
…………………………………………………………………………………………………………………………………………………………………… …………………………………………….. 
P.alexandri1          CAATCTTTATACAATCGGGGCTAGATAGCATCACCTCATACTGAGAGTGAAAATTCACCA 
P.alexandri2          CAATCTTTATACAATCGGGGCTAGATAGCATCACCTCATACTGAGAGTGAAAATTCACCA 
P.alexandri3          CAATCTTTATACAATCGGGGCTAGATAGCATCACCTCATACTGAGAGTGAAAATTCACCA 
P.alexandri5          CAATCTTTATACAATCGGGGCTAGATAGCATCACCTCATACTGAGAGTGAAAATTCACCA 
P.alexandri6          CAATCTTTATACAATCGGGGCTAGATAGCATCACCTCATACTGAGAGTGAAAATTCACCA 
P.alexandri4          CAATCTTTATACAATCGGGGCTAGATAGCATCACCTCATACTGAGAGTGAAAATTCACCA 
                      ************************************************************ 
……………………………………………………………………………………………………………………………………………………………… ………………………………………………….. 
P.alexandri1          TAAACTTTAAAATTCCCATTAGTCTAAAAATAGACCAGTACTCAATACTATTCTTCCCCA 
P.alexandri2          TAAACTTTAAAATTCCCATTAGTCTAAAAATAGACCAGTACTCAATACTATTCTTCCCCA 
P.alexandri3          TAAACTTTAAAATTCCCATTAGTCTAAAAATAGACCAGTACTCAATACTATTCTTCCCCA 
P.alexandri5          TAAACTTTAAAATTCCCATTAGTCTAAAAATAGACCAGTACTCAATACTATTCTTCCCCA 
P.alexandri6          TAAACTTTAAAATTCCCATTAGTCTAAAAATAGACCAGTACTCAATACTATTCTTCCCCA 
P.alexandri4          TAAACTTTAAAATTCCCATTAGTCTAAAAATAGACCAGTACTCAATACTATTCTTCCCCA 
                      ************************************************************ 
…………………………………………………………………………………………………………………………………………………………………… …………………………………………….. 
P.alexandri1          TCGCCCTATTTGTAACATGATCCATCCTACAATTTGCAATATCCTATATAGCATCAGACC 
P.alexandri2          TCGCCCTATTTGTAACATGATCCATCCTACAATTTGCAATATCCTATATAGCATCAGACC 
P.alexandri3          TCGCCCTATTTGTAACATGATCCATCCTACAATTTGCAATATCCTATATAGCATCAGACC 
P.alexandri5          TCGCCCTATTTGTAACATGATCCATCCTACAATTTGCAATATCCTATATAGCATCAGACC 
P.alexandri6          TCGCCCTATTTGTAACATGATCCATCCTACAATTTGCAATATCCTATATAGCATCAGACC 
P.alexandri4          TCGCCCTATTTGTAACATGATCCATCCTACAATTTGCAATATCCTATATAGCATCAGACC 
                      ************************************************************ 
…………………………………………………………………………………………………………………………………………………………………… …………………………………………….. 
P.alexandri1          CACACATCACAAAATTCTTCTCCTACCTAACAACCTTCCTAATTGCAATACTAACACTTA 
P.alexandri2          CACACATCACAAAATTCTTCTCCTACCTAACAACCTTCCTAATTGCAATACTAACACTTA 
P.alexandri3          CACACATCACAAAATTCTTCTCCTACCTAACAACCTTCCTAATTGCAATACTAACACTTA 
P.alexandri5          CACACATCACAAAATTCTTCTCCTACCTAACAACCTTCCTAATTGCAATACTAACACTTA 
P.alexandri6          CACACATCACAAAATTCTTCTCCTACCTAACAACCTTCCTAATTGCAATACTAACACTTA 
P.alexandri4          CACACATCACAAAATTCTTCTCCTACCTAACAACCTTCCTAATTGCAATACTAACACTTA 
                      ************************************************************ 
……………………………………………………………………………………………………………………………………………………………………… ………………………………………….. 
P.alexandri1          CCCTCGCCAACAATATCTTCCTACTCTTCATCGGCTGAGAAGGAGTGGGCATCATATCCT 
P.alexandri2          CCCTCGCCAACAATATCTTCCTACTCTTCATCGGCTGAGAAGGAGTGGGCATCATATCCT 
P.alexandri3          CCCTCGCCAACAATATCTTCCTACTCTTCATCGGCTGAGAAGGAGTGGGCATCATATCCT 
P.alexandri5          CCCTCGCCAACAATATCTTCCTACTCTTCATCGGCTGAGAAGGAGTGGGCATCATATCCT 
P.alexandri6          CCCTCGCCAACAATATCTTCCTACTCTTCATCGGCTGAGAAGGAGTGGGCATCATATCCT 
P.alexandri4          CCCTCGCCAACAATATCTTCCTACTCTTCATCGGCTGAGAAGGAGTGGGCATCATATCCT 
                      ************************************************************ 

………………………………………………………………………………………………………………Arg or Gln……………………………… ……………………………….. 
P.alexandri1          TCCTACTAATCAGCTGATGGCACGGACGAATAGAAGCCAACACAGCAGCCTTACAGGCTG 
P.alexandri2          TCCTACTAATCAGCTGATGGCACGGACGAATAGAAGCCAACACAGCAGCCTTACAGGCTG 
P.alexandri3          TCCTACTAATCAGCTGATGGCACGGACGAATAGAAGCCAACACAGCAGCCTTACAGGCTG 
P.alexandri5          TCCTACTAATCAGCTGATGGCACGGACAAATAGAAGCCAACACAGCAGCCTTACAGGCTG 
P.alexandri6          TCCTACTAATCAGCTGATGGCACGGACGAATAGAAGCCAACACAGCAGCCTTACAGGCTG 
P.alexandri4          TCCTACTAATCAGCTGATGGCACGGACGAATAGAAGCCAACACAGCAGCCTTACAGGCTG 
                      *************************** ******************************** 
 

4. A. ochrocephala  (161-220) 
                                              Ser 
A.ochrocephala1       CAATCTTTATAAGCTCAGGACTAGAAAGCATCACCTCACATTGAGAATGAAAATTCATCA 
A.ochrocephala2       CAATCTTTATAAGCTCAGGACTAGAAAGCATCACCTCACATTGAGAATGAAAATTCATCA 
A.ochrocephala3       CAATCTTTATAAGTTCAGGACTAGAAAGCATCACCTCACATTGAGAATGAAAATTCATCA 
A.ochrocephala4       CAATCTTTATAAGTTCAGGACTAGAAAGCATCACCTCACATTGAGAATGAAAATTCATCA 
                      ************* **********************************************
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The base changes within the ND2 and ND5 loci in the parrot and cockatoo 

species used in this study are mostly silent mutations. Only a few amino acids 

which are indicated in the yellow boxes, as shown in Table 3.8 and 3.9, are the 

result of changes generating a different amino acid within the same species. The 

side-chains of the amino acids that have changed are in the same group such as in 

the ND2 gene of C. funereus at base position 117 where alanine has changed to 

threonine. Another example is at base position 171 where isoleucine has changed 

to threonine, as shown in Table 3.8, and the side-chain of these amino acids are in 

hydrophobic neutral group. In the ND5 gene of C. funereus at base position 144 

threonine has changed to alanine (hydrophobic neutral group) and at base position 

488 of P. alexandri arginine has changed to glutamine, both of which are in 

hydrophillic neutral group. Although the side-chain of threonine and alanine are 

in the same group (hydrophobic neutral), threonine is a polar amino acid while 

alanine is a non-polar amino acid. An example where there is a change in the 

group of amino acids occurred between the two sub-species, C. funereus 

latirostris and C. funereus funereus, where the amino acid change within the ND2 

locus at base position 117 from non-polar (Ala) in C. f. funereus to polar (Thr) in 

the white tailed phenotype, as shown in Table 3.8. Also in the ND5 locus at base 

position 144 of sample number 6 of C. banksii the amino acid changes from polar 

(Thr) to non-polar (Ala) (Table 3.9). These amino acid changes may affect the 

protein folding as the polar side-chains will fold outside the protein structure to 

interact with water while the nonpolar side-chains are normally folded inside of 

the protein structure. If these changes occur near an active site of the protein may 

also affect to the function of the protein.   
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The mean distance of the ND2, ND5, cyt b and COI loci within the parrot and 

cockatoo species was calculated using the MEGA 5 program. An overall mean of 

a standard comparison of each species was calculated using Kimura 2-parameter 

model using 1000 bootstrap repetitions. The percentage of homology of the ND2, 

ND5, cyt b and COI loci within the each species are shown in Table 3.10. 

 
 
Table 3.10: Percentage of homology (%) within species of the two cockatoos: 
C. banksii and C. funereus and the two parrots: P. alexandri and A. 
ochrocephala using the MEGA 5 program. The partial sequences of the ND2 
and ND5 genes are obtained from this study and the partial sequence of the 
cyt b gene and the COI DNA Barcoding region are obtained from the 
database. The numbers in the bracket indicate the base positions on each 
gene and the length (bp) of the sequences from each species. The number of 
sequences used in this study indicates in red. 
 

 
Species 

% Homology 
From this study  From the database 

ND2 
(58-509, 452 bp) 

ND5 
(58-509, 452 bp) 

 
cyt b 

 
COI  

C. banksii six sequences 
99.8 %  +  0.1 

 

six sequences 
99.7 %  +  0.2 

two sequences 
99.8 %  +  0.2 

(413-860, 448 bp) 

two sequences 
100 %  +  0.0 

 (39-759, 721 bp) 
C. funereus seven sequences 

99.4 %  +  0.3 
 

seven sequences 
99.6 %  +  0.2 

two sequences 
100 %  +  0.0  

(413-860, 448 bp) 

two sequences 
99.9 %  +  0.1 

(39-759, 721 bp) 
P. alexandri five sequences 

99.8 %  +  0.1 
 

six sequences 
99.9 %  +  0.1 

 

five sequences 
94.1%  +  0.6 

(203-907, 705 bp) 

 
Not on the database  

A. ochrocephala six sequences 
100 %  +  0.0 

four sequences 
99.9 %  +  0.1 

six sequences 
98.4%  +  0.3 

(100-793, 694 bp) 

six sequences 
98.4 %  +  0.4 

(750-1257,508 bp)*  
* At 3’ terminus of the COI gene 

 

The 452 bp section at 5’ terminus of the ND2 locus between base positions 58-

509, the 452 bp section within ND5 locus at base positions 101-552 and the 721 

bp section within the COI loci at base positions 39-759, appear to contain less 

genetic variation within these avian species than the cyt b locus; with the only 

exception being within C. funereus.  
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The highest intra-species variation within the five sequences of P. alexandri is in 

the cyt b locus at base position 203-907; being 704 bp in length.  The 508 bp 

section of the COI gene at base position 750-1257 (at 3’ terminus) of A. 

ochrocephala shows the same percentage of homology to the 5’ region of this 

gene with a similarity of 98.4% as shown in Table 3.10 . The 3’ region (508bp) of 

the COI locus of A. ochrocephala used in this study is about 213 bp smaller than 

the 5’ region (721 bp). This suggests that more variation sites occur at the 3’ 

region than at the 5’ region of this gene.  

 

In summary, the segments that are ideal for species testing are the 452 bp section 

at 5’ terminus of the ND2 gene between base positions 58-509 and ND5 at base 

positions 101-552 due to their low genetic distance within the same species (intra-

species variation). The 721 bp section within the COI loci at base positions 39-

759 shows the lowest intra-species variation but this highly conserve gene might 

not be able to classify closely related species. In contrast, for avian species 

identification and phylogenetic tree reconstruction purpose, a sequence of 704 bp 

within the cyt b locus, at base position 203-907, shows the greatest intra-species 

variation might places the same species into different taxonomic group.  
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3.3.2.2 Inter-species variation between parrots and cockatoos 

Sections of the ND2 and ND5 at 5’ terminus of each gene for 15 species (listed in Table 3.11) were aligned using MEGA 5 program. 

These data were compared to partial sequences of the cyt b gene and the COI Barcoding region obtained from the GenBank DNA 

database.   

 

Table 3.11: A list of parrot and cockatoo species used in analysing inter-species variation as part of this study 
Scientific name Common name Accession number 

ND2 ND5 cyt b COI 
At 3’ terminus 

region 

COI 
At 5’ terminus 

region 
Aprosmictus erythropterus Red-winged Parrot  

 
 
 
 
 
 

From this study 

 
 
 
 
 
 
 

From this study 

AB177959 EU621596 Not on the database 
Alisterus amboinensis Australian King Parrot Not on the database EU621594 Not on the database 
Psephotus dissimilis Hooded Parrot Not on the database HQ316868 Not on the database 
Trichoglossus haematodus Rainbow Lorikeet AB177942 EU621667 Not on the database 
Platycercus elegans Adelaide Rosella DQ467900 HQ316866 Not on the database 
Polytelis anthopeplus Regent Parrot AF031918 HQ316867 Not on the database 
Polytelis alexandrae Princess Parrot Not on the database EU621649 Not on the database 
Psittacula alexandri Moustached parakeet AB177970 Not on the database Not on the database 
Amazona ochrocephala Yellow crowned Amazon AY283468 AY301453 Not on the database 
Callocephalon fimbriatum Gang-gang Cockatoo JF414312 Not on the database JF414284 
Eolophus roseicapillus Galah Cockatoo FJ498976 Not on the database JF414294 
Calyptorhynchus banksii Red-tailed Black Cockatoo JF414309 Not on the database JF414281 
Calyptorhynchus lathami Glossy Black Cockatoo JF414241 JF414241 JF414241 
Calyptorhynchus funereus Yellow-tailed Black Cockatoo JF414307 Not on the database JF414279 
Calyptorhynchus latirostris Short-billed Black Cockatoo JF414243 JF414243 JF414243 
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The mean distances between 15 parrot and cockatoo species of the ND2, ND5, cyt 

b, COI loci were calculated using the MEGA 5 program. Overall mean of a 

standard comparison of loci were calculated using the Kimura 2-parameter model 

and 1000 bootstrap repetitions. The partial sequences alignment of the ND2 gene 

(at base positions 58-509, 452 bp) showed a similarity score of 83.0 % + 1.3. The 

partial sequence alignment of the ND5 gene (at base positions 101-552, 452 bp) 

resulted in a similarity score of 81.8 % + 1.4. The partial sequence alignment of 

the cyt b gene (at base positions 686-860, 175 bp) resulted in a similarity score of 

86.3 % + 1.9. The 5’ end of the COI at base positions 39-759 (721 bp) showed a 

similarity of 87.7 % + 1.0 and the 3’ end of the COI at base positions 741-1272 

(532 bp) resulted in a similarity score of 87.0 % + 1.1. 

  

In summary, the partial sequence of the ND2 and ND5 loci at their 5’ termini 

exhibited highest variation between parrot and cockatoo species examined in this 

study but less intra-species variation. The 5’ end of the COI loci was found to be 

more conserved than the 3’ region; with the homology of the 5’ region of the COI 

gene being only 0.7% higher than the segment used at the 3’end, although the 

length used for the analysis was 190 bp longer than the 3’ region. It is noteworthy 

that the cyt b partial sequences used in inter-species variation analysis are only 

175 bp but the result showed a homology score less than many longer sections of 

DNA used such as the 5’ and 3’ segments from the COI gene. 
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These data suggests that the partial sequences at 5’ end of the ND2 and ND5 loci 

are the most suitable for species identification in parrot and cockatoo species and 

may also be suitable for other avian species for the purpose both of species 

identification and phylogenetic tree reconstructions.  

 

3.3.2.3 Phylogenetic tree reconstruction for a range of parrot and cockatoo 

species using partial sequence of the ND2, ND5, cyt b and the COI loci 

Phylogenetic tree reconstructions using partial sequences at the 5’ end of the ND2 

(58-509, 452 bp) , ND5 (101-552, 452 bp), cyt b (686-860, 175 bp), the 5’ region 

of the COI (39-760, 722bp) and the 3’ region of the COI gene (741-1272, 532 bp) 

were constructed using statistical Neighbor-joining with Kimura 2-parameter 

model in the MEGA 5 program; the species used were either parrot or cockatoo 

species. The trees are shown in Figures 3.21-3.25.  
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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 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 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 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 [47]. 
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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 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 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 [47]. 
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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 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 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]. 
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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 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 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 [47]. 
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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 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 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 [47]. 
 

 
The results show that the use of the partial sequences of the ND2, ND5, cyt b and 

the 5’ and 3’ termini of the COI loci for phylogenetic tree reconstruction can 

distinguish the different species used in this study. The use of partial sequences of 

the ND2, 3’ region of the COI and cyt b loci can distinguish between members of 

the Psittacidae (parrots) and Cacatuidae (cockatoos) families and place the 

members of the same family into their appropriate taxonomy group. Most clades 

that belong to the same species had a 100% bootstrap value. The exception was 

the partial sequences at 3’ terminus of the cyt b gene where the C. funereus was 

placed on a branch next to C. lathami (43%). 

funereus 
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In conclusion, the data suggest that these sections of the ND2, cyt b and the COI 

loci can reconstruct the expected phylogenetic tree and provide a means of 

species identification for members of the same genera. However, the partial 

sequence of the ND2 locus  at base position 58-509 is superior for both species 

identification and phylogenetic tree reconstruction and in finches, parrots and 

cockatoo species due to the lower intra-species variation and the higher inter-

species variation compared to the cyt b and the COI loci. The ND5 gene at base 

positions 101-552 showed less intra-species variation and higher inter-species 

variation than the cyt b and COI loci, it incorrectly placed the parrot group and 

the cockatoo group in the resulting phylogenetic tree.    

 

3.4 Methods and models comparison for phylogenetic tree reconstruction of 

the parrot and cockatoo families 

The trees generated can be different or similar based on the method and model 

that have been used for the calculation according to different assumptions. This 

part of the study aims to find the most suitable combination of method and model, 

using the MEGA 5 program, which generates the tree with fewest oddities using 

DNA sequence from members of the parrot and cockatoo families based on the 

452 bp segment at 5’ terminus of the ND2 and the ND5 loci. A comparison 

between all the methods and models provided in MEGA 5 and MrBayes programs 

were made. As expect, the tree created using MrBayes can cluster and placing the 

species to appropriate taxonomic group (Table 3.12). 
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Table 3.12: The comparison of the use of all methods and models provided in 
MEGA 5 and MrBayes programs. 

 

 

 

 

 

 

 



 

167  
 

S Boonseub/PhD Thesis                                                                                                       Chapter 3 

 

The most appropriate phylogenetic methods for parrot and cockatoo families in 

this study can be found in Figure 3.26 (K2P/NJ) and Figure 3.27 (Bayesian 

analysis) and the other trees can be found in the Appendix D.   

 

The combining NJ and bootstrap analysis [41] is the optimum way to evaluate 

trees using distance methods [35]. This method is related to clustering without 

assuming a clock-like behaviour. Nevertheless, most clusters in the constructed 

using K2P model with NJ method are composed of the same species. 

 

MrBayes program  uses Bayesian analysis to reconstruct the phylogenetic tree by 

using a variant of Markov chain Monte Carlo (MCMC) algorithm for 

approximating the posterior probabilities [58, 59]. A 50% majority rule consensus 

tree is constructed and found that this method is better than the other in 

distinguishing and placing the parrots and cockatoos in this study to an 

appropriate taxonomic group.   

 

 

 

 

 

 

 

 

 



 

168  
 

S Boonseub/PhD Thesis                                                                                                       Chapter 3 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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]. 
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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 correct [47]. 
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3.5 Inter- and intra-species variations in closely related species 

As highly degraded DNA is typical of the type of samples encountered in forensic 

science, an aim is to identify the smallest section of a locus that can identify 

unambiguously any member of an avian species. In line with previous work in 

this thesis, the ideal section for this purpose would also show little intra-species 

variation and high inter-species variation to allow species that are close genetic 

relatives to be distinguished. 

    

3.5.1 Inter- and intra-species of the Fringillidae family (finches) at genus and 

species taxonomic level using partial sequences of the cyt b, COI and ND2 

loci  

The partial sequences of the ND2 gene obtained from this study are five 

sequences of F. coelebs, six sequences of F. montifringilla, five sequences of C. 

chloris, six sequences of C. carduelis and six sequences of C. spinus.  The other 

sequences were obtained from the GenBank DNA database. The pairwise distance 

between finch species was calculated by the MEGA 5 program using Kimura 2-

parameter model. The results are shown in Figures 3.28-3.30. The ND5 locus was 

not used in this part of study according to insufficient sequence data of this locus 

from Fringilla and Carduelis genera on the database. 
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Figure 3.28: Inter- and intra-species of the Fringillidae family (finches) at 
genus and species taxonomic level using partial sequences of the ND2 gene at 
base positions 58-509, 452 bp. The numbers in red indicates the numbers of 
sequences used in this study. 
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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.  



 

173  
 

S Boonseub/PhD Thesis                                                                                                                                                                                                  Chapter 3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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. 
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3.5.2 Inter- and intra-species Psittacidae family (parrots) and Cacatuidae family (cockatoos) at genus and species taxonomic 

level using partial sequences of the cyt b, COI, ND2 and ND5 loci 

The pairwise distance between parrot and cockatoo species were calculated by MEGA 5 program using Kimura 2-parameter model. 

The results are shown in Figure 3.31- 3.35.  

 
  
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 ND2 gene at base positions 58-509, 452 bp. The numbers in red 
indicates the numbers of sequences used in this study. 
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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 ND5 gene at base positions 101-552, 452 bp. The numbers in red 
indicates the numbers of sequences used in this study. 
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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 gene at base positions 81-702, 622 bp. The numbers in red 
indicates the numbers of sequences used in this study. 
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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 in this study. 
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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 in this study. 
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The partial sequences of the ND2 and the ND5 loci obtained from this study 

included a total of 47 sequences; six samples of ND2 and ND5 from C. banksii, 

seven samples of ND2 and ND5 from C. funereus, five sequences of ND2 and six 

partial sequences of ND5 from P. alexandri and six sequences of ND2 and four 

sequences of ND5 from A. ochrocephala. The sequences from the other species 

were obtained from the GenBank DNA database. 

 

The use of partial sequences of the ND2 gene at base positions 58-509 and the 

ND5 gene at base positions 101- 552 were able to identify closely related species 

of both the finch, parrot and cockatoo families, as shown in Figures 3.28, 3.31 and 

3.32. The COI gene at 5’ terminus at base positions 81-705 was found to be 

highly conserved; therefore this region cannot identify Carduelis sp. as shown in 

Figure 3.30. However based on sequence data from GenBank, this region can 

identify species of parrot and cockatoo as shown in Figure 3.33.  

 

The genus Fringilla is a very small taxonomic group as there are three species 

within this genus; being F. coelebs, F. teydea and F. montifringilla. The segment 

from the cyt b locus at base positions 140-620 (480 bp) can distinguish individual 

species within this genus, as shown in Figure 3.29. The 452 bp at base positions 

300-751 of the cyt b gene can distinguish closely related species of Aratinga sp. 

and Gypopsitta sp., as shown in Figure 3.35.  
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The 3’ terminus of the COI gene was found to show higher variation than the 5’ 

terminus, therefore 506 bp of this region at base positions 751-1256 was tested in 

parrot and cockatoo species. The result shows that 3’ region of the COI gene can 

distinguish the Aratinga sp. and Pionopsitta sp. as shown in Figure 3.34. 

 

In conclusion, there are only the 452 segments at the 5’ terminus of the ND2 and 

ND5 loci that show no overlap of the gap between intra-species variation and 

inter-species variation. This suggests that both segments can identify closely 

related species of the finch, parrot and cockatoo families. These loci are currently 

not used in avian species identification yet this work illustrates the benefits of 

using these loci, and potentially using the both loci. Especially, these small 

segments of ND2 and ND5 are ideal for forensic application according to the 

amplicon size (452 bp) is applicability to low quality and quantity or degraded 

DNA samples. 
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	Table 2.4: Primer pairs and product size for ND2 gene amplification.
	Figure 2.1: A map of the overlapping sites of the expected PCR products generated from the ND2 primers.
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	Table 2.6: showing primer sites, highlighted in yellow, and the melting temperature (Tm) of the primers for the ND5 gene amplification of avian species. The redundant positions in the primers are in blue: M = A or C, R = A or G, Y = C or T and K = G o...
	Figure 2.2: A map of the overlapping sites of the expected PCR products generated from the ND5 primers.
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