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APPENDIX A 

The protein multiple alignment results of the COII, COIII, ND1, ND3, 
ND4L, ND4 and ND6 loci 

 
PHEASANT1          MANHSQLGFQDASSPIMEELVEFHDHALMVALAICSLVLYLLTLMLMGKLSSNTVDAQEIELIWTILPAVVLVLLALPSLQILYMMDEIDEPDLTLKAIGHQWYWTYEYTDFKDLSFDSY 
PHEASANT2          MANHSQLGFQDASSPIMEELVEFHDHALMVALAICSLVLYLLTLMLTGKLSSNTVDAQEIELIWTILPAVVLVLLALPSLQILYMMDEVDEPDLTLKAIGHQWYWTYEYTDFKDLSFDSY 
TURKEY             MANHSQLGFQDASSPIMEELVEFHDHALMVALAICSLVLYLLTLMLMEKLSSNTVDAQEIELIWTILPAIVLVLLALPSLQILYMMDEVNEPDLTLKAIGHQWYWTYEYTDFKDLSFDSY 
QUAIL              MANHSQLGFQDASSPIMEELVEFHDHALMVALAICSLVLYLLTLMLTQKLSSNTVDAQEVELIWTILPAIVLVLLALPSLQILYMMDEIEEPDLTLKAIGHQWYWSYEYTDFKDLSFDSY 
CHICKEN            MANHSQLGFQDASSPIMEELVEFHDHALMVALAICSLVLYLLTLMLMEKLSSNTVDAQEVELIWTILPAIVLVLLALPSLQILYMMDEIDEPDLTLKAIGHQWYWTYEYTDFKDLSFDSY 
REDHEAD            MANHSQLGFQDASSPIMEELVEFHDHALIVALAICSLVLYLLAHMLVEKLSSNAVDAQEVELIWTILPAIVLVLLALPSLQILYMMDEIDEPDLTLKAIGHQWYWSYEYTDFKDLSFDSY 
DUCK               MANHSQLGFQDASSPIMEELVEFHDHALIVALAICSLVLYLLAHMLMEKLSSNAVDAQEVELIWTILPAIVLVLLALPSLQILYMMDEIDEPDLTLKAIGHQWYWSYEYTDFKDLSFDSY 
TURNSTONE          MANHSQLGFQDASSPIMEELVEFHDHALMVALAICSLVLYLLALMLMEKLSSNTVDAQEVELIWTILPAIVLILLALPSLQILYMMDEIDEPDLTLKAIGHQWYWSYEYTDFKDLSFDSY 
FRIGATEBIRD        MANHSQFGFQDASSPIMEELVEFHDHALMVALAICSLVLYLLALMLMEKLSSNTVDAQEVELIWTILPAIVLILLALPSLQILYMMDEIDEPDLTLKAIGHQWYWTYEYTDFKDLSFDSY 
RAIL               MANPSQLGFQDASSPIMEELVEFHDHALMVALAICSLVLYLLALMLMEKLSSNTVDAQEVELIWTILPAIVLILLALPSLQILYMMDELDEPDLTLKAIGHQWYWTYEYTDFKDLTFDSY 
CRAKE              MANPSQLGFQDASSPIMEELVEFHDHALMVALAICSLVLYLLALMLMEKLLSNTVDAQEVELIWTILPAIVLILLALPSLQILYMMDELDEPDLTLKAIGHQWYWTYEYTDFKDLTFDSY 
GREBE              MANHSQLGFQDASSPIMEELVEFHDHALMVALAICSLVLYLLTLMLMEKLSSNTVDAQEVELIWTILPAIVLVLLALPSLQILYMMDEINEPDLTLKAIGHQWYWTYEYTDFKDLTFDSY 
OYSTERCATCHER      MANHSQFGFQDASSPIMEELIEFHDHALMVALAICSLVLYLLTLMLMEKLSSNTVDAQEVELIWTILPAIVLILLALPSLQILYMMDEIDEPDLTLKAIGHQWYWTYEYTDFKDLTFDSY 
LOON               MANPSQFGFQDASSPIMEELVEFHDHALMVALAICSLVLYLLALMLMEKLSSNTVDAQEVELIWTILPAIVLILLALPSLQILYMMDEIDEPDLTLKAIGHQWYWTYEYTDFKDLTFDSY 
PENGUIN            MANHSQFGFQDASSPIMEELVEFHDHALMVALAICSLVLYLLTLMLMEKLSSNTVDAQEVELIWTILPAIVLILLALPSLQILYMMDEIDEPDLTLKAIGHQWYWTYEYTDFKDLTFDSY 
PETREL             MANHSQFGFQDASSPIMEELVEFHDHALMVALAICSLVLYLLALMLMENLSSNTVDAQEVELIWTILPAIVLILLALPSLQILYMMDEIDEPDLTLKAIGHQWYWTYEYTDFKDLTFDSY 
EGRET              MANHSQLGFQDASSPIMEELVEFHDHALMVALAICSLVLYLLALMLMEKLSSNTVDAQEVELIWTILPAIVLILLALPSLQILYMMDEIDEPDLTLKAIGHQWYWTYEYTDFKDLTFDSY 
TROPICBIRD         MANHSQLGFQDASSPIMEELVEFHDHALMVALAICSLVLYLLALMLMEKLSSTTVDAQEIELVWTILPAIVLILLALPSLQILYMMDEIDEPDLTLKAIGRQWYWTYEYTDFKDLTFDSY 
EMU                MANPSQFGFQDASSPIMEELVEFHDHALMVALAICSLVLYLLTLMLMEKLSSNTVDAQEVELIWTILPAIVLILLALPSLQILYMMDEIDEPDLTLKAIGHQWYWTYEYTDFKDLSFDSY 
CASSOWARY          MANPSQFGFQDASSPIMEELVEFHDHALMVALAICSLVLYLLTLMLMEKLSSNTVDAQEVELIWTILPAIVLILLALPSLQILYMMDEIDEPDLTLKAIGHQWYWTYEYTDFKDLSFDSY 
KIWI               MANPSQFGFQDASSPIMEELVEFHDHALMVALAICSLVLYLLTLMLMEKLSSNSVDAQEVELVWTILPAIVLILLALPSLQILYMMDEIDEPDLTLKAIGHQWYWTYEYTDFKDLSFDSY 
MOA1               MANPSQFGFQDASSPIMEELVEFHDHALMVALAICSLVLYLLAHMLVEKLSSNTVDAQEVELIWTILPAIVLILLALPSLQILYMMDEIDEPDLTLKAIGHQWYWTYEYTDFKDLTFDSY 
MOA2               MANPSQFGFQDASSPIMEELVEFHDHALMVALAICSLVLYLLAHMLVEKLSSNTVDAQEVELIWTILPAIVLILLALPSLQILYMMDEIDEPDLTLKAIGHQWYWTYEYTDFKDLTFDSY 
OSTRICH            MANPSQFGFQDASSPIMEELVEFHDHALMVALAICSLVLYLLALMLVEKLSSNTVDAQEVELIWTILPAIVLILLALPSLQILYMMDEIDEPDLTLKAIGHQWYWSYEYTDFKDLTFDSY 
RHEA1              MANPSQFGFQDASSPIMEELVEFHDHALMVALAICSLVLYLLSLMLMEKLSSNTVDAQEVELIWTILPAIVLILLALPSLQILYMMDEIDEPDLTLKAIGHQWYWSYEYTDFKDLAFDSY 
RHEA2              MANPSQFGFQDASSPIMEELVEFHDHALMVALAICSLVLYLLSLMLMEKLSSNTVDAQEVELIWTILPAIVLILLALPSLQILYMMDEIDEPDLTLKAIGHQWYWSYEYTDFKDLAFDSY 
TINAMOU2           MANPSQFGFQDASSPIMEELVEFHDHALMVALAICSLVLYLLTFMLIEKLSSNTVDAQEVELIWTILPAIVLILLALPSLQILYMMDEIDEPDLTLKAIGRQWYWSYEYTDFKDLSFDSY 
TINAMOU1           MANPSQLGFQDASSPIMEELVEFHDHALMVALAICSLVLYILTLMLMEKLSSNTVDAQEIELIWTVLPAIVLILLALPSLQILYMMDEIDEPDLTLKAIGHQWYWSYEYTDFKDLSFDSY 
FALCON             MANQSQLGFQDASSPIMEELVEFHDHALMVALAICSLVLYLLTLMLAEKLSSNTVDAQEVELIWTILPAIVLILLALPSLQILYMMDEIDEPDLTLKAIGHQWYWAYEYTDFKDLTFDSY 
IBIS               MANHSQFGFQDASSPIMEELVEFHDHALMVALAICSLVLYLLALMLMEKLSSNTVDAQEIELIWTILPAIVLILLALPSLQILYMMDEIDEPDLTLKAIGHQWYWSYEYTDFKDLTFDSY 
GOSHAWK            MANHSQFGFQDASSPIMEELIEFHDHALMVALAICSLVLYLLALMLMENLSSNTVDAQEIELIWTILPAIVLIMLALPSLQILYMMDEINEPDLTLKAIGHQWYWTYEYTDFKDLTFDSY 
ROOK               MANHMQFGFQDASSPIMEELVKFHDHALMTALAICSLVLYLLTMMLTEKLSSSTVDAQEIELVWTILPAVVLIMLALPSLQILYMMDEVNEPDLTLKAIGHQWYWSYEYTDFKDLTFDSY 
WIDOWFINCH         MANHSQLNFQDASSPIMEELMGFHDHALMVALAICSLVLYLLTVVLTGKLSSNTVDAQAIELVWTILPAMVLVALALPSLRILYMMDEINEPDLTLKAIGHQWYWSYEYTDLKNLTFDSY 
                   ***  *:.************: ******:.**********:*: :*  :* *.:**** :**:**:***:**: ******:*******::**********:****:*****:*:*:**** 
PHEASANT1          MTPTTDLPQGHFRLLEVDHRIVVPMESPIRMIITADDVLHSWAVPTLGVKTDAIPGRLNQTSFITTRPGVFYGQCSEICGANHSFMPIVVESTPLKHFEAWTSLLSS---- 
PHEASANT2          MTPTTDLPQGHFRLLEVDHRIVVPMESPIRMIITADDVLHSWAVPTLGVKTDAIPGRLNQTSFITTRPGVFYGQCSEICGANHSFMPIVVESTPLKHFEAWTSLLSS---- 
TURKEY             MTPTMDLPQGHFRLLEVDHRMVVPMESPIRMIITADDVLHSWAVPTLGVKTDAIPGRLNQTSFITTRPGVFYGQCSEICGANHSFMPIVVESTPLKYFEAWSSLLSS---- 
QUAIL              MTPTTDLPQGHFRLLEVDHRIVIPMESPIRIIITADDVLHSWAVPTLGVKTDAIPGRLNQTSFITTRPGVFYGQCSEICGANHSYMPIVVESTPLKHFETWSSLLSS---- 
CHICKEN            MTPTTDLPLGHFRLLEVDHRIVIPMESPIRVIITADDVLHSWAVPALGVKTDAIPGRLNQTSFITTRPGVFYGQCSEICGANHSYMPIVVESTPLKHFEAWSSLLSS---- 
REDHEAD            MIPTTDLPNGHFRLLEVDHRVVVPMESPIRVIITAGDVLHSWAVPTLGVKTDAIPGRLNQTSFITTRPGIFYGQCSEICGANHSYMPIVVESTPLPHFEAWSSLLSSS--- 
DUCK               MIPTTDLPNGHFRLLEVDHRVVVPMESPIRVIITAGDVLHSWAVPTLGVKTDAIPGRLNQTSFITTRPGIFYGQCSEICGANHSYMPIVVESTPLPYFEAWSSLLSSS--- 
TURNSTONE          MIPTTELPLGHFRLLEVDHRVVVPMESPIRIIVTASDVLHSWAVPTLGVKTDAIPGRLNQTSFITTRPGIFYGQCSEICGANHSYMPIVVESTPLAHFENWSSLLSS---- 
FRIGATEBIRD        MIPTTDLPQGHFRLLEVDHRVVVPMESPIRIIVTADDVLHSWAVPTLGVKTDAIPGRLNQTSFITTRPGIFYGQCSEICGANHSYMPIVVESTPLTHFESWSSLLSS---- 
RAIL               MTPTTELPPGHFRLLEVDHRLVIPMESPIRIIVTADDVLHSWAIPTLGVKTDAIPGRLNQTSFITTRPGIFYGQCSEICGANHSYMPIVVESTPLTHFENWSSMLSS---- 
CRAKE              MIPTPELSPGHFRLLEVDHRMVIPMESPIRVIVTADDVLHSWAIPTLGVKTDAIPGRLNQTSFITTRPGIFYGQCSEICGANHSFMPIVVESTPLTQFENWSSLLSS---- 
GREBE              MIPSPELPQGHFRLLEVDHRVVIPMESPIRIIVTAGDVLHSWAIPTLGVKTDAIPGRLNQTSFITTRPGIFYGQCSEICGANHSYMPIVVESTPLTHFENWSSLLSS---- 
OYSTERCATCHER      MVPTTELPSGHFRLLEVDHRMVIPMESPIRIIVTAGDVLHSWAIPSLGVKTDAIPGRLNQTSFITTRPGIFYGQCSEICGANHSYMPIVVESTPLTHFESWSSLLSS---- 
LOON               MIPTTELPLGHFRLLEVDHRVIIPMESPIRIIVTAGDVLHSWAIPTLGVKTDAIPGRLNQTSFITTRPGIFYGQCSEICGA-HSYMPIVVESTPLTHFESWSSLLSS---- 
PENGUIN            MIPTTDLPLGHFRLLEVDHRVVIPMESSIRIIVTAGDVLHSWAVPTLGVKTDAIPGRLNQTSFITTRPGIFYGQCSEICGANHSYMPIVVESTPLPHFENWSTLLSS---- 
PETREL             MIPTTDLPSGHFRLLEVDHRVVIPMESSIRIIVTAGDVLHSWAIPTLGVKTDAIPGRLNQTSFITTRPGIFYGQCSEICGANHSYMPIVVESAPLIHFENWSSLLSS---- 
EGRET              MIPTAELPQGHFRLLEVDHRVVIPMESLIRIIITASDVLHSWAIPTLGVKTDAIPGRLNQTSFITTRPGIFYGQCSEICGANHSYMPIVVESAPLSHFENWSSLMSS---- 
TROPICBIRD         MIPTAELLPGHFRLLEVDHRVVIPMESPIRIIITAGDVLHSWAVPTLGVKTDAIPGRLNQASFIATRPGIFYGQCSEICGRNHSYMPIVVESTPLPYFESWSALLSS---- 
EMU                MVPTSELPSGHFRLLEVDHRVVVPMESPIRVIITAGDVLHSWAVPTLGVKTDAIPGRLNQTSFITTRPGIFYGQCSEICGANHSYMPIVVESTPLTHFENWSSLLSAS--- 
CASSOWARY          MVPTSELPSGHFRLLEVDHRVVVPMESPIRVIITAGDVLHSWAVPTLGVKTDAIPGRLNQTSFITTRPGIFYGQCSEICGANHSYMPIVVESTPLTHFENWSSLLSIS--- 
KIWI               MIPTSELPSGHFRLLEVDHRVVVPMESPIRVIITAGDVLHSWAVPTLGVKTDAIPGRLNQTSFITTRPGIFYGQCSEICGANHSYMPIVVESTPLPHFENWSSLLSTS--- 
MOA1               MIPTSELPSGYFRLLEVDHRVVIPMESPIRVIITAGDVLHSWAVPTLGVKTDAIPGRLNQTSFITTRPGIFYGQCSEICGANHSYMPIVVESTPLTHFENWSSLLSSS--- 
MOA2               MIPTSELPSGYFRLLEVDHRVVIPMESPIRVIITAGDVLHSWAVPTLGVKTDAIPGRLNQTSFITTRPGIFYGQCSEICGANHSYMPIVVESTPLTHFENWSSLLSSS--- 
OSTRICH            MIPTSELPPGHFRLLEVDHRVVVPMESPIRVIITAGDVLHSWAVPTLGVKTDAIPGRLNQTSFITTRPGIFYGQCSEICGANHSYMPIVVESTPLTYFESWSSLLSTDS-- 
RHEA1              MIPTTELPSGHFRLLEVDHRVVVPMESPIRVIVTAGDVLHSWAVPTLGVKTDAIPGRLNQTSFITTRPGIFYGQCSEICGANHSYMPIVVESTPLAHFESWSSLLSSSSSL 
RHEA2              MIPTTELPSGHFRLLEVDHRVVVPMESPIRVIVTAGDVLHSWAVPTLGVKTDAIPGRLNQTSFITTRPGIFYGQCSEICGANHSYMPIVVESTPLTHFESWSSLLSSSS-- 
TINAMOU2           MIPTPELPSGYFRLLEVDNRVVIPMESPIRVIVTAGDVLHSWAVPTLGVKTDAIPGRLNQTSFITTRPGIFYGQCSEICGANHSYMPIVVESTPLSYFESWSLLLSSS--- 
TINAMOU1           MIPTSELPTGHFRLLEVDNRVVIPMESPIRVIVTAGDVLHSWAIPSLGVKTDAIPGRLNQTSFTATRPGIFYGQCSEICGANHSYMPIVIESTPLTHFENWSSYLLNS--- 
FALCON             MIPTTELPSGHFRLLEVDHRIVIPMESPIRIIITANDVLHSWAVPSLGVKTDAIPGRLNQTSFITTRPGVFYGQCSEICGANHSYMPIVVESTPLTHFEHWSTLLSS---- 
IBIS               MIPTTELPQGHFRLLEVDHRVVIPMESPIRIIITADDVLHSWTVPSLGVKTDAIPGRLNQTSFIAARPGVFYGQCSEICGANHSYMPIVVESAPLAHFENWSLLLSS---- 
GOSHAWK            MTPTTDLPLGHFRLLEVDHRMVIPMESPVRIIVTANDVLHAWTVPALGVKTDAIPGRLNQTSFITTRPGIFYGQCSEICGANHSYMPIVVESTPLTHFEHWSTVMSS---- 
ROOK               MTPTADLPLGHFRLLEVDHRVVVPMESLVRVIVTADDVLHSWAVPSLGVKTDAIPGRLNQTSFTATRPGVFYGQCSEICGANHSFMPIVVESAPLADFENWSSLLSS---- 
WIDOWFINCH         MIPTTDLPRGHFRLLEVDHRVVIPTSSTVRVIVTADDVLHSWAVPSLGVKTDAVPGRLNQTSLFASRPGVFYGQCSEICGANHSFMPIVVESTPLANFESWSSSIPS---- 
                   * *: :*  *:*******:*:::* .* :*:*:**.****:*::*:*******:******:*: ::***:**********  **:****:**:**  ** *:  : 

 

Figure A.1: Protein alignment of COII gene in 33 different avian species 
using MEGA4 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, and basic is grey. 
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PHEASANT1          MAHQAHSYHMVDPSPWPIFGAAAALLTTSGLIMWFHYNSSALLSVGLFSILLVMLQWWRDVIRESTFQGHHTPTVQKGLRYGMILFITSEAFFFLGFFWAFFHSSLAPTPELGGQWPPTG 
TURKEY             MAHQAHSYHMVDPSPWPIFGAAAALLTTSGLIMWFHYNTSTLLMAGLLSMLLVMLQWWRDVIRESTFQGHHTPTVQKGLRYGMILFITSEVFFFLGFFWAFFHSSLAPTPELGGQWPPTG 
PHEASANT2          MAHQAHSYHMVDPSPWPIFGAAAALLTTSGLIMWFHYNSLTLLTMGLLSMLLVMLQWWRDVVRESTFQGHHTPTVQKGLRYGMILFITSEAFFFLGFFWAFFHSSLAPTPELGGQWPPTG 
CHICKEN            MAHQAHSYHMVDPSPWPIFGAAAALLTTSGLIMWFHYSSTTLLTMGLLSMLLVMLQWWRDVVRESTFQGHHTPTVQKGLRYGMILFITSEAFFFLGFFWAFFHSSLAPTPELGGQWPPTG 
QUAIL              MAHQAHSYHMVDPSPWPIFGAITALLTTSGLIMWFHYNSIALLTAGLLSMLLVMIQWWRDVVRESTFQGHHTPTVQKGLRYGMILFITSEAFFFLGFFWAFFHSSLAPTPELGGQWPPTG 
OSTRICH            MAHQAHSYHMVDPSPWPIFGATAALLTTSGLIMWFHYNSLYLLTLGLLSMFLVMIQWWRDIVRESTFQGHHTPTVQKGLRYGMILFITSEAFFFLGFFWAFFHSSLAPTPELGAQWPPTG 
RHEA1              MAHQAHSYHLVDPSPWPIFGAAAALLTTSGLIMWFHYSSMHLLTLGLLSMLLVMLQWWRDIVRESTFQGHHTPTVQKGLRYGMILFITSEAFFFLGFFWAFFHSSLAPTPELGGLWPPTG 
RHEA2              MAHQAHSYHLVDPSPWPIFGAAAALLTTSGLIMWFHYSSMHLLTLGLLSMLLVMLQWWRDIVRESTFQGHHTPTVQKGLRYGMILFITSEAFFFLGFFWAFFHSSLAPTPELGGLWPPTG 
EMU                MAHQAHSYHMVDPSPWPIFGAAAALLTTSGLIMWFHYSSMYLLTLGLLSMLLVMLQWWRDVVREGTFQGHHTPTVQKGLRYGMILFITSEAFFFLGFFWAFFHSSLAPTPELGGLWPPTG 
CASSOWARY          MAHQAHSYHMVDPSPWPIFGAAAALLTTSGLIMWFHYSSMYLLTLGLLSMLLVMLQWWRDVVREGTFQGHHTPTVQKGLRYGMILFITSEAFFFLGFFWAFFHSSLAPTPELGGLWPPTG 
KIWI               MTHQAHSYHLVDPSPWPIFGATTALLTTSGLIMWFHYNSMYLLTLGLLSMLLVMLQWWRDIVRESTFQGHHTPTVQKGLRYGMILFITSEAFFFLGFFWAFFHSSLAPTPELGGLWPPTG 
MOA1               MAHQAHSYHMVDPSPWPIFGAAAALLTTSGLIMWFHYNSTHLLTLGLLSMLLVMLQWWRDIVRESTFQGHHTPTVQKGLRYGMILFITSEAFFFLGFFWAFFHSSLAPTPELGGLWPPTG 
MOA2               MAHQAHSYHMVDPSPWPIFGAAAALLTTSGLIMWFHYNSTHLLTLGLLSMLLVMLQWWRDIVRESTFQGHHTPTVQKGLRYGMILFITSEAFFFLGFFWAFFHSSLAPTPELGGLWPPTG 
TINAMOU1           MAHQAHSYHMVDPSPWPIFGATTALLTTSGLIMWFHFNSTQLLLAGLTSMILVMIQWWRDIIREGTFQGHHTLTVQKGLRYGMILFITSEAFFFLGFFWAFFHSSLAPTPELGGSWPPTG 
TINAMOU2           MAHQAHSYHLVDPSPWPIFGAIAALLTTSGLIMWFHYNSTYLLTAGLLSMALVMLQWWRDIIRESTFQGHHTPTVQKGLRYGMILFITSEAFFFLGFFWAFFHSSLAPTPELGGLWPPTG 
REDHEAD            MAHQAHSYHMVDPSPWPIFGAAAALLTTSGLIMWFHYNSSALLATGLLSMLLVMLQWWRDIVRESTFQGHHTPTVQKGLRYGMILFITSEAFFFLGFFWAFFHSSLVPTPELGGQWPPTG 
DUCK               MAHQAHSYHMVDPSPWPIFGAAAALLTTSGLVMWFHYNSSILLAAGLLSMLLVMLQWWRDIVRESTFQGHHTPTVQKGLRYGMILFITSEAFFFLGFFWAFFHSSLVPTPELGGQWPPAG 
GREBE              MAHQAHSYHMVDPSPWPIFGAAAALLTTSGLIMWFHYNSSQLLILGLLSMILVMLQWWRDIVRESTFQGHHTPTVQKGLRYGMILFITSEAFFFLGFFWAFFHSSLVPTPELGSQWPPMG 
FRIGATEBIRD        MAHQAHSYHMVDPSPWPIFGAAAALLTTSGLIMWFHHNSSQLLALGLLSMLLVMLQWWRDIVRESTFQGHHTPTVQKGLRYGMILFITSEAFFFLGFFWAFFHSSLVPTPELGGQWPPMG 
TURNSTONE          MAHQAHSYHMVDPSPWPIFGAAAALLTTSGLIMWFHYSSSQLLALGLLSMILVMLQWWRDIVREGTFQGHHTPTVQKGLRYGMILFITSEAFFFLGFFWAFFHSSLVPTPELGGQWPPMG 
EGRET              MAHQAHSYHMVDPSPWPIFGAAAALLTTSGLAMWFHHNSLQLLSLGLLSMILVMLQWWRDIVRESTFQGHRTPTVQKGLRYGMILFITSEAFFFLGFFWAFFHSSLVPTPELGGQWPPMG 
PETREL             MAHQAHSYHMVDPSPWPIFGATAALLTTSGLIMWFHHNSLQLLSIGLLSMILVMLQWWRDIVRESTFQGHHTLPVQKGLRYGMILFITSEAFFFLGFFWAFFHSSLVPTPELGGQWPPMG 
IBIS               MAHQAHSYHMVDPSPWPIFGAIAALLTTSGLIMWFHHNSSQLLSLGLFSMILVMLQWWRDIVRESTFQGHHTPTVQKGLRYGMILFITSEAFFFLGFFWAFFHSSLVPTPELGGQWPPTG 
LOON               MAHQAHSYHMVDPSPWPIFGAAAALLTTSGLIMWFHYNSSQLLSLGLLSMILVMLQWWRDIVREGTFQGHHTPTVQKGLRYGMILFITSEAFFFLGFFWAFFHSSLVPTPELGGQWPPTG 
PENGUIN            MAHQAHSYHMVDPSPWPIFGAAAALLTTSGLIMWFHHNSSQLLGLGLLSMALVMLQWWRDIVRESTFQGHHTPTVQKGLRYGMILFITSEAFFFLGFFWAFFHSSLAPTPELGGQWPPTG 
TROPICBIRD         MAHQAHSYHMVDPSPWPIFGAAAALLTTSGLIMWFHYNSSQLLTLGLLSMILVMLQWWRDIVRESTFQGHHTPTVQKGLRYGMILFITSEVFFFLGFFWAFFHSSLAPTPELGAQWPPTG 
GOSHAWK            MAHQAHSYHMVDPSPWPIFGAAAALLTTSGLIMWFHYNSSQLLFMGILSMLLVMLQWWRDIVRESTFQGHHTPTVQKGLRYGMILFITSEAFFFLGFFWAFFHSSLAPTPELGGQWPPTG 
OYSTERCATCHER      MAHQAHSYHMVDPSPWPIFGAAAALLTTSGLIMWFHYNSSKLLTMGLLSMSLVMLQWWRDIIREGTFQGHHTPTVQKGLRYGMILFITSETFFFLGFFWAFFHSSLVPTPELGGQWPPTG 
ROOK               MTHQAHSSHMVDPSPWPILGAAAALLTTSGLTVWFHHNSPYLLIIGLTSTALVMLQWWRDIVRESTFQGHHTPTVQKGLRYGMVLFITSEAFFFLGFFWAFFHSSLAPTPELGGQWPPVG 
WIDOWFINCH         MAHQAHSYHMVDPSPWPILGAAAALLTASGLTMWFHSNSPRLLIMGLISTILVMFQWWRDIVRESTFQGHHTPTVQKGLRYGMALFITSEAFFFLGFFWAFFHSSLAPTPELGGQWPPVG 
FALCON             MAHQAHPFHMVDPSPWPISGAAAALLTTSGLAMWFHHKSPQLLTLGLISMILVMLQWWRDIIREGTFQGHHTPPVQKGLRYGMILFITSEVFFFLGFFWAFFHSSLAPTPELGGQWPPTG 
RAIL               MAHQAHSYHMVDPSPWPIFGAAAALFTTSGLIMWFHHNSSLLLTLGLVSMALVTLQWWRDVIRESTFQGHHTPPVQKGLRYGMALFITSEAFFFLGFFWAFFHSSLAPTPELGGQWPPTG 
CRAKE              MAHQAHSYHMVDPSPWPIFGAAAALFTTSGLVLWFHHNSSLLLILGLTSMSLVTLQWWRDIIRESTFQGHHTPPVQKGLRYGMALFITSEAFFFLGFFWAFFHSSLAPTPELGGQWPPTG 
                   *:****. *:******** ** :**:*:*** :*** .:  **  *: *  ** :*****::**.*****:* .********* ******.***************.******. *** * 
PHEASANT1          ISPLNPLEVPLLNTAILLASGVTVTWAHHSITEGNRKQAIHALTLTIILGFYFTALQAMEYHEASFSIADSVYGSTFFVATGFHGLHVIIGSSFLLVCLLRLIKFHFTSNHHFGFEAAAW 
TURKEY             INPLNPLDVPLLNTAILLASGVTVTWAHHSITEGNRKQAIHALTLTIALGLYFTALQAMEYHETSFSIADSIYGSTFFVATGFHGLHVIIGSSFLTVCLLRLIKFHFTSNHHFGFEAAAW 
PHEASANT2          INPLNPLEVPLLNTAILLASGVTVTWAHHSITEGNRKQAIHALTLTIILGFYFTALQAMEYHEASFSIADSVYGSTFFVATGFHGLHVIIGSSFLSICLLRLIKFHFTSNHHFGFEAAAW 
CHICKEN            VKPLNPLEVPLLNTAILLASGVTVTWAHHSITEGNRKQAIHALTLTILLGFYFTALQAMEYHEASFSIADSVYGSTFFVATGFHGLHVIIGSSFLTVCLLRLIKFHFTPNHHFGFEAAAW 
QUAIL              IKPLNPLEVPLLNTAILLASGVTVTWAHHSITEGNRKQAIHALTLTILLGFYFTALQAMEYHEASFSIADSVYGSTFFVATGFHGLHVIIGSSFLTICLLRLIKFHFTSNHHFGFEAAAW 
OSTRICH            INPLNPLEVPLLNTAILLASGVTVTWAHHSITESNRKQAIHALSLTIILGFYFTALQAMEYHEASFSIADGVYGSTFFVATGFHGLHVIIGSSFLTVCLLRLIKFHFTTNHHFGFEAAAW 
RHEA1              IKPLNPLEVPLLNTAILLASGVTVTWAHHSITEGNRKQAIHALSLTILLGFYFTALQAMEYHEASFSIADGVYGSTFFVATGFHGLHVIIGSSFLTVCLLRLIKFHFTSGHHFGFEAAAW 
RHEA2              IKPLNPLEVPLLNTAILLASGVTVTWAHHSITEGNRKQAIHALSLTILLGFYFTALQAMEYHEASFSIADGVYGSTFFVATGFHGLHVIIGSSFLTVCLLRLIKFHFTSGHHFGFEAAAW 
EMU                IKPLNPLEVPLLNTAILLASGVTVTWAHHSITEGNRKQAIHALTLTILLGFYFTALQAMEYHEASFSIADGVYGSTFFVATGFHGLHVIIGSSFLTVCLLRLIKFHFTSNHHFGFEAAAW 
CASSOWARY          IKPLNPLEVPLLNTAILLASGVTVTWAHHSITEGNRKQAIHALTLTILLGFYFTALQAMEYHEASFSIADGVYGSTFFVATGFHGLHVIIGSSFLTVCLLRLIKFHFTSNHHFGFEAAAW 
KIWI               IKPLNPLEVPLLNTAILLASGVTVTWAHHSITDGNRKQATHALFLTILLGFYFTALQAMEYHEAPFSIADGVYGSTFFVATGFHGLHVIIGSSFLTICLLRLIKYHFTSNHHFGFEAAAW 
MOA1               IKPLNPLEVPLLNTAILLASGVTVTWAHHSITEGNRKQAIQALLLTILLGFYFTALQAMEYHEAPFSIADGVYGSTFFVATGFHGLHVIIGSSFLTICLLRLIKFHFTSNHHFGFEAAAW 
MOA2               IKPLNPLEVPLLNTAILLASGVTVTWAHHSITEGNRNQAIQALLLTILLGFYFTALQAMEYHEASFSIADGVYGSTFFVATGFHGLHVIIGSSFLTVCLLRLIKFHFTSNHHFGFEAAAW 
TINAMOU1           ITPLNPMEVPLLNTAVLLASGVTVTWAHHSITECNRKQAIQALLLTILLGFYFTLLQTMEYHEAPFSIADGIYGSTFFVATGFHGLHVIIGSTFLTVCLFRLIKFHFTSNHHFGFEAAAW 
TINAMOU2           IYPLNPLEVPLLNTAILLASGVTVTWAHHSITEGNRKQATQALFLTILLGFYFTLLQAMEYHEASFSIADGVYGSTFFVATGFHGLHVIIGSTFLTVCLLRLIKFHFTSNHHFGFEAAAW 
REDHEAD            IKPLNPMEVPLLNTAILLASGVTVTWAHHSITEGNRKHAIHALTLTILLGFYFTALQAMEYHEAPFSIADSVYGSTFFVATGFHGLHVIIGSTFLTVCLLRLIKFHFTSDHHFGFEAAAW 
DUCK               IKPLNPMEVPLLNTAILLASGVTVTWAHHSITEGNRKHAIHALTLTILLGFYFTALQAMEYHEAPFSIADSVYGSTFFVATGFHGLHVIIGSTFLTVCLLRLIKFHFTSDHHFGFEAAAW 
GREBE              IKPLNPLEVPLLNTAILLASGVTVTWAHHSITEGNRKQATHALTLTILLGFYFTALQAMEYYEAPFSIADGVYGATFFVATGFHGLHVIIGSSFLSVCLLRLIKFHFTPSHHFGFEAAAW 
FRIGATEBIRD        IKPLNPMEVPLLNTAILLASGVTVTWAHHSIMEGNRKQATHALTLTILLGFYFTALQAMEYYEAPFSIADGVYGSTFFVATGFHGLHVIIGSSFLSVCLLRLIKFHFTSNHHFGFEAAAW 
TURNSTONE          IKPLNPLEVPLLNTAILLASGVTVTWAHHSITEGNRKQAIHALTLTILLGFYFTALQAMEYYEAPFSIADGVYGSTFFVATGFHGLHVIIGSSFLSVCLLRLIKFHFTSNHHFGFEAAAW 
EGRET              IKPLNPLEVPLLNTAILLASGVTVTWAHHSITESNRKQAIHALTLTILLGFYFTALQAMEYYEAPFSIADGVYGSTFFVATGFHGLHVIIGSSFLSVCLLRLIKFHFTSNHHFGFEAAAW 
PETREL             IKPLNPLEVPLLNTAILLASGVTVTWAHHSITESNRKQAIHALTLTILLGFYFTALQAMEYYEAPFSIADGVYGSTFFVATGFHGLHVIIGSSFLSVCLMRLINFHFTSNHHFGFEAAAW 
IBIS               IKPLNPLEVPLLNTAILLASGVTVTWAHHSITEGNRKQAIHALTLTILLGFYFTALQATEYYEAPFSIADGVYGSTFFVATGFHGLHVIIGSSFLSVCLLRLIKFHFTSNHHFGFEAAAW 
LOON               IKPLNPLEVPLLNTAILLASGVTVTWAHHSITESNRKQATHALTLTILLGFYFTALQAMEYYEAPFSIADGVYGSTFFVATGFHGLHVIIGSSFLLICLLRLIKFHFTSNHHFGFEAAAW 
PENGUIN            IKPLNPLEVPLLNTAILLASGVTVTWAHHSITESNRKQAIHALTLTILLGFYFTALQAMEYYEAPFSIADGVYGSTFFVATGFHGLHVIIGSSFLSICLLRLIKFHFTSNHHFGFEAAAW 
TROPICBIRD         ITPLNPMEVPLLNTAILLASGVTVTWAHHSITESNRKQAIQALTLTILLGFYFTALQATEYYEAPFSIADGVYGSTFFVATGFHGLHVLIGSSFLSICLLRLIKFHFTSNHHFGFEAAAW 
GOSHAWK            INPLNPLEVPLLNTAILLASGVTVTWAHHSIMESNRKQAIHALTTTILLGFYFTVLQATEYYDAPFSIADGVYGSTFFVATGFHGLHVIIGSSFLFVCLLRLINFHFTSTHHFGFEAAAW 
OYSTERCATCHER      IKPLNPLEVPLLNTAILLASGVTVTWTHHSITESNRKQAIHALTLTILLGFYFTVLQAMEYYEAPFSIADGVYGSTFFVATGFHGLHVIIGSSFLSVCLLRLIKYHFTSNHHFGFEAAAW 
ROOK               IKPLNPMDVPLLNTAILLASGVTVTWAHHSIMEANRKQAIHALTLTVLLGFYFTGLQAMEYYEAPFSIADGVYGSTFFVATGFHGLHVIIGSTFLLVCLLRLIKYHFTPKHHFGFEAAAW 
WIDOWFINCH         IKPLDPMDVPLLNTAILLASGVTVTWAHHSITEASRKQAIHALLLTVLLGFYFTALQAMEYYEAPFSIADGVYGSTFFVATGFHGLHVIIGSTFLLVCLLRLIKYHFTPSHHFGFEAAAW 
FALCON             IKPMNPMEVPLLNTAILLASGVTVTWAHHSITEGNRKQAIQALSLTILLGAYFTILQAMEYYEAPFSIADSVYGSTFFVATGFHGLHVIIGSSFLSICLLRLINFHFTPSHHFGFEAAAW 
RAIL               INPLNPLEVPLLNTAILLASGITVTWTHHSISDGARKQAIQALTLTILLGFYFTALQAMEYHEASFSIADSVYGSTFFVATGFHGLHVIIGSSFLLICLLRLIKFHFTSDHHFGFEAAAW 
CRAKE              VYPLDPLDVPLLNTAILLASGITVTWAHHSISNGARKQAIQALTLTIMLGFYFTALQAMEYHETSFSIADSVYGSTFFVATGFHGLHVIIGSTFLLICLLRLIKFHFTSDHHFGFEAAAW 
                   : *::*::*******:*****:****:**** :  *::* :**  *: ** *** **: **:::.*****.:**:*************:***:** :**:***::***. ********** 
PHEASANT1          YWHFVDIIWLFLYMSMYWWGS- 
TURKEY             YWHFVDIVWLFLYMSMYWWGSC 
PHEASANT2          YWHFVDIIWLFLYMSMYWWGS- 
CHICKEN            YWHFVDIIWLFLYMSMYWWGS- 
QUAIL              YWHFVDIIWLFLYMSMYWWGS- 
OSTRICH            YWHFVDVIWLFLYMSIYWWGS- 
RHEA1              YWHFVDVIWLFLYMTIYWWG-- 
RHEA2              YWHFVDVIWLFLYMTIYWWGS- 
EMU                YWHFVDVIWLFLYMTIYWWGS- 
CASSOWARY          YWHFVDVIWLFLYMTIYWWGS- 
KIWI               YWHFVDVIWLFLYMTIYWWGS- 
MOA1               YWHFVDVIWLFLYMTIYWWGS- 
MOA2               YWHFVDVIWLFLYMTIYWWGS- 
TINAMOU1           YWHFVDVIWLFLYITIYWWGS- 
TINAMOU2           YWHFVDVIWLFLYMSIYWWG-- 
REDHEAD            YWHFVDVIWLFLYMTIYWWGS- 
DUCK               YWHFVDVIWLFLYMTIYWWGS- 
GREBE              YWHFVDVIWLFLYMTIYWWGS- 
FRIGATEBIRD        YWHFVDVIWLFLYMTIYWWGS- 
TURNSTONE          YWHFVDVIWLFLYMTIYWWGS- 
EGRET              YWHFVDIIWLFLYMTIYWWGS- 
PETREL             YWHFVDVIWLFLYMTIYWWGS- 
IBIS               YWHFVDVIWLFLYMTIYWWGS- 
LOON               YWHFVDVIWLFLYMTIYWWGS- 
PENGUIN            YWHFVDIIWLFLYMTIYWWGA- 
TROPICBIRD         YWHFVDVIWLFLYMTIYWWGS- 
GOSHAWK            YWHFVDVIWLFLYMTIYWWGS- 
OYSTERCATCHER      YWHFVDVIWLFLYMTIYWWGS- 
ROOK               YWHFVDVVWLFLYMTIYWWGS- 
WIDOWFINCH         YWHFVDVVWLFLYISIYWWGS- 
FALCON             YWHFVDVIWLFLYMTIYWWGS- 
RAIL               YWHFVDVIWLFLYMSIYWWGS- 
CRAKE              YWHFVDVIWLFLYMSIYWWGS- 
                   ******::*****:::****   

 
Figure A.2: Protein alignment of COIII gene in 33 different avian species 
using MEGA4 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 pink and basic is grey. 
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OYSTERCATCHER      MMSPHALTYLIMSLSYAIPILIAVAFLTLVERKVLSYMQSRKGPNIVGPFGLLQPVADGIKLFIKEPIRPSTSSPFLFIMTPMLALLLAITIWIPLPLPFSLTDLNLGLLFLLSMSSLAV 
TURNSTONE          MTKTSTLTYFIMSLSYAIPILIAVAFLTLVERKVLSYMQARKGPNIVGPFGLLQPVADGIKLFIKEPIRPSTSSPILFIMTPMLALLLAITIWIPLPLPFSLTDLNLGLLFLLAMSSLAV 
TROPICBIRD         MIKPAPLIHLTMSLSYIIPILIAVAFLTLLERKVLSYMQARKGPNIVGPFGLLQPVADGVKLFIKEPIRPSTSSPFLFVMTPVLALLLALTIWIPLPIPFPLTDLNLGLLFLLAMSSLAV 
PETREL             MTWPLTSTYLIMSLSYIVPILIAVAFLTLVERKVLSYMQARKGPNIVGPFGLLQPVADGVKLFIKEPIRPSTSSPFLFIMTPMLALLLALTIWIPLPLPFPLTDLNLGLLFLLAMSSLAV 
GREBE              MTQPLALIYLTMSLSYAIPILIAVAFLTLVERKILSYMQARKGPNIVGPFGLLQPVADGVKLFIKEPIRPSTSSPFLFIMTPMLALLLAITIWIPLPLPFSLTDLNLGILFLLAMSSLAV 
PHEASANT1          MTPSSLMSLLAMTLSYVLPILIAVAFLTLVERKILSYMQARKGPNIVGPFGLLQPVADGVKLFIKEPIRPSTSSPFLFTMTPILALLLALTIWTPLPLPFPLADLNLGLLFLLAMSSLTV 
PHEASANT2          MTLSSLMSLLAMTLSYVLPILIAVAFLTLVERKILSYMQARKGPNIVGPFGLLQPVADGVKLFIKEPIRPSTSSPFLFIITPILALLLALTIWTPLPLPFPLADLNLGLLFLLAMSSLTV 
TURKEY             MTSPTLTNLLTMTLSYMIPILIAVAFLTLVERKILSYMQARKGPNIVGPFGLLQPIADGVKLFIKEPIRPSTSSPFLFIMTPILALLLALTIWTPLPLPFPLADLNLGLLFLLAMSSLTV 
QUAIL              MTLSTLTSLMIMTLSYMIPILIAVAFLTLVERKILSYMQARKGPNIVGPFGLLQPIADGVKLFIKEPIRPSTSSPFLFILTPILALLLALTIWTPLPLPFPMTDLNLGLLFLLAMSSLTV 
CHICKEN            MTLPTLTNLLIMTLSYILPILIAVAFLTLVERKILSYMQARKGPNIVGPFGLLQPVADGVKLFIKEPIRPSTSSPFLFIITPILALLLALTIWVPLPLPFPLADLNLGLLFLLAMSSLTV 
ROOK               MANYPILVNLIMALSYAIPILIAVAFLTLVERKILSYMQGRKGPNVVGPFGLLQPVADGVKLFIKEPIRPSTSSPILFIITPMLALLLAISIWTPLPIPFPLADLNLGLLFMLAMSSLAV 
WIDOWFINCH         MTNHPILINLIMVLSYALPILIAVAFLTLVERKILSYMQNRKGPNIVGPFGLLQPLADGIKLFIKEPIRPSTSSPILFIITPMLALTLAISIWVPLPLPFSLADLNLGILFMLAMSSLAV 
REDHEAD            MPQMTMMSYLIMSLLYAIPILIAVAFLTLVERKILSYMQSRKGPNIVGPFGLLQPIADGIKLFIKEPIRPSTSSPLLFIMMPMLALLLALTVWVPLPLPFSLVDLNLGVLFMVAMSSLAV 
DUCK               MPQTTMVSYLIMALLYIIPILIAVAFLTLVERKILSYMQSRKGPNIVGPFGLLQPIADGIKLFIKEPIRPSTSSPLLFIMMPMLALLLALTAWVPLPLPFSLVDLNLGVLFMVAMSSLAV 
FALCON             MTQPTPLMHLTMFLAYALPILIAVAFLTLVERKVLSYMQARKGPNIVGPFGLLQPVADGVKLFTKEPIRPSTSSPLLFTLTPMLALLLAISIWTPLPLPFSLADLNLGLLFLLAMSSLAV 
LOON               MTWPSTTTHLVMALSYAIPILIAVAFLTLVERKILSYMQARKGPNIVGPFGLLQPVADGVKLFIKEPIRPSTSSPLLFILTPMLALLLAITIWIPLPLPFSLADLNLGLLFLLAMSSLAV 
IBIS               MTWSPTLMYLTMSLSYAIPILIAVAFLTLVERKVLSYMQARKGPNIVGPFGLLQPVADGVKLFIKEPIRPSTSSPLLFLLTPMLALLLALTIWIPLPLPFSLADLNLGLLFLLAMSSLAV 
FRIGATEBIRD        MTWSFTLIYLVMALSYAIPILIAVAFLTLVERKTLSYMQARKGPNIVGPFGLLQPVADGVKLFIKEPIRPSTSSPLLFTMTPMLALLLAITIWIPLPLPFSLADLNLGLLFLLAMSSLAV 
GOSHAWK            MIQLHALTYLTMTLSYVIPILIAVAFLTLVERKILSYMQARKGPNIVGPFGLLQPVADGVKLFIKEPIRPSTSSPLLFTMTPMLALLLALTIWIPLPLPFSLADLNLGLLFLLAMSSLAV 
PENGUIN            MIWQPISTHLTMSLSYAIPILIAVAYLTLVERKILSYMQARKGPNIVGPFGLLQPVADGVKLFIKEPIRPSTSSPLLFTMTPMLALLLAITIWIPLPLPFPLADLNLGLLFLLAMSSLAV 
EGRET              MTWSPAVTYLIMSLSYAIPILLAVAFLTLIERKVLSYMQSRKGPNIVGPFGLLQPVADGVKLFIKEPIRPSTSSPLLFTITPMLALLLAITIWTPLPLPFPLADLNLGLLFLLAMSSLAV 
RAIL               MT------HLIMSLSYMIPILVAVAFLTLVERKILSYMQSRKGPNIVGPFGLLQPIADGVKLFTKEPIRPSTSSPLLFTTTPILALLLALTIWMPLPLPFPLTDLNLGFLFLLAMSSLAV 
CRAKE              MT—Y-----LIMSLSYMIPILIAVAFLTLVERKILSYMQARKGPNIVGPFGLLQPIADGVKLFIKEPIRPSTSSPLLFTTTPILALLLALTIWIPLPLPHPLTDMNLGFLFLLAMSSLAV 
MOA1               M-QLTIMNHLIMSLSYAVPILVAVAFLTLVERKVLSYMQARKGPNIVGPFGLLQPVADGVKLFIKEPIRPTTSSPLLFIMTPILALLLAITIWIPLPLPFSLTDLNLGLLFLLSMSSLAV 
MOA2               M-QLTIMNHLIMSLSYAVPILVAVAFLTLVERKVLSYMQARKGPNIVGPFGLLQPVADGVKLFIKEPIRPTTSSPLLFIMTPILALLLAITIWIPLPLPFSLTDLNLGLLFLLSMSSLAV 
RHEA1              M-WLTTLNYLIMSLSYAIPILIAVAFLTLVERKVLSYMQARKGPNIVGPFGLLQPVADGIKLFIKEPIRPTTSSPLLFIMTPILALLLAITIWIPLPLPFSLTDLNLGLLFLLSMSSLAV 
RHEA2              M-WLTTSNYLIMSLSYAIPILIAVAFLTLVERKVLSYMQARKGPNIVGPFGLLQPVADGIKLFIKEPIRPTTSSPLLFIATPILALLLAITIWIPLPLPFSLTDLNLGLLFLLSMSSLAV 
EMU                M-QLSALNHLTMSLSYAIPILIAVAFLTLVERKVLSYMQARKGPNIVGPFGLLQPVADGVKLFIKEPIRPTTSSPLLFIMTPILALLLAITIWIPLPLPFSLTDLNLGLLFLLSMSSLAV 
CASSOWARY          M-QSSALNHLTMSLSYAIPILIAVAFLTLVERKVLSYMQARKGPNIVGPFGLLQPVADGVKLFIKEPIRPTTSSPLLFIMTPILALLLAITIWIPLPLPFSLTDLNLGLLFLLSMSSLAV 
OSTRICH            M-QFTIFTHLTMALSYAVPILIAVAFLTLVERKVLSYMQARKGPNIVGPFGLLQPVADGVKLFIKEPVRPTTSSPILFIATPILALLLAITIWIPLPLPFSLTDLNLGLLFLLSMSSLAV 
TINAMOU1           M---YMINYLFMSLSYIIPILIAVAFLTLVERKILGYMQARKGPNIVGPFGLLQPVADGVKLFIKEPLRPSTSSPLLFTVTPILALLLALTIWIPLPIPFPLSDMNLGLLFLLSMSSLAV 
TINAMOU2           M---YILTYLFMSLSYIIPVLIAVAFLTLVERKILSYMQARKGPNIVGPFGLLQPIADGVKLFIKEPIQPSTSSPYLFTLTPILALLLALTIWIPLPIPFSLTDLNLGLLFLLSMSSLAV 
KIWI               M-WPNTLNYLTMSLSYVIPILIAVAFLTLVERKILSYMQARKGPNVVGPFGLLQPVADGVKLFIKEPIRPTISSPLLFTATPALALLLAITIWIPLPLPFPLTDLNLGILFLLSMSSLAV 
                            : * * * :*:*:***:***:*** *.*** *****:*********:***:*** ***::*: *** **   * *** **:: * ***:*..: *:***.**:::****:* 
OYSTERCATCHER      YSTLWSGWASNSKYALIGALRAVAQTISYEVTLAIILLSVIVLSGNYTLNTLSTTQEPLYLIFASWPLAMMWYISTLAETNRAPFDLTEGESELVSGFNVEYAADPFALFFLAEYANIML 
TURNSTONE          YSILWSGWASNSKYALIGALRAVAQTISYEVTLAIILLSVIVLSGNYTLNTLATTQEPLYLIFSSWPLAMMWYISTLAETNRAPFDLTEGESELVSGFNVEYAAGPFALFFLAEYANIML 
TROPICBIRD         YSILWSGWASNSKYALIGALRAVAQTISYEVTLAIILLSVILLSGNYTLNTLATTQEPLYLIFSSWPLAMMWYISTLAETNRAPFDLTEGESELVSGFNVEYAAGPFALFFLAEYANIML 
PETREL             YSILWSGWASNSKYALIGALRAVAQTISYEVTLAIILLSVIMLSGNYTLSTLAITQEPLYLVFSSWPLAMMWYISTLAETNRAPFDLTEGESELVSGFNVEYAAGPFALFFLAEYANIML 
GREBE              YSILWSGWASNSKYALIGALRAVAQTISYEVTLAIILLSVIVLSGNYTLSTFAATQEPLYLIFSSWPLAMMWYISTLAETNRAPFDLTEGESELVSGFNVEYAAGPFALFFLAEYANIML 
PHEASANT1          YSLLWSGWASNSKYALIGALRAVAQTISYEVTLAIILLSTIVLCGNYSLSTLATTQEPIYLIFPSWPLAMMWFISTLAETNRAPFDLTEGESELVSGFNVEYAAGPFALFFLAEYANIML 
PHEASANT2          YSLLWSGWASNSKYALIGALRAVAQTISYEVTLAIILLSTIMLCGNYSLSTLATTQEPIYLILPSWPLAMMWFISTLAETNRAPFDLTEGESELVSGFNVEYAAGPFALFFLAEYTNIML 
TURKEY             YSLLWSGWASNSKYALIGALRAVAQTISYEVTLAIILLATIMLSGNYTLSTLATTQEPIYLIFPAWPLTMMWYISTLAETNRAPFDLTEGESELVSGFNVEYAAGPFALFFLAEYANIML 
QUAIL              YSLLWSGWASNSKYALIGALRAVAQTISYEVTLAIILLSTIMLSGNYTLSTLSITQEPMYLIFSSWPLTMMWYISTLAETNRAPFDLTEGESELVSGFNVEYAAGPFALFFLAEYANIML 
CHICKEN            YSLLWSGWASNSKYALIGALRAVAQTISYEVTLAIILLSTIMLSGNYTLSTLAITQEPIYLIFSAWPLAMMWYISTLAETNRAPFDLTEGESELVSGFNVEYAAGPFAMFFLAEYANIML 
ROOK               YSILWSGWASNSKYALIGSLRAVAQTISYEVTLAIILLSIILLSGNYTLSTLAVVQEPLFLIFSCWPLAMMWYVSTLAETNRAPFDLTEGESELVSGFNVEYAAGPFALFFLAEYANIML 
WIDOWFINCH         YSILWSGWASNSKYALIGALRAVAQTISYEVTLAIILLAVILLSGNFTLSALAVTQEPMYLIFPCWPLAMMWYISTLAETNRAPFDLTEGESELVSGFNVEYAAGPFALFFLAEYANIML 
REDHEAD            YSILWSGWASNSKYALIGALRAVAQTISYEVTLALILLSVIMLTGNYTLSTFAIAQEPLYLIFSSWPLAMMWYVSTLAETNRAPFDLTEGESELVSGFNVEYAAGPFALFFLAEYANIML 
DUCK               YSILWSGWASNSKYALIGALRAVAQTISYEVTLALILLSVIMLTGNYTLSTFAIAQEPLYLIFSSWPLAMMWYVSTLAETNRAPFDLTEGESELVSGFNVEYAAGPFALFFLAEYANIML 
FALCON             YSILWSGWASNSKYALIGALRAVAQTISYEVTLAIILLSMIMLSGNYTLNTLATTQEPLYLIFSTWPLMMMWYISTLAETNRAPFDLTEGESELVSGFNVEYAAGPFALFFLAEYANIML 
LOON               YSILWSGWASNSKYALIGALRAVAQTISYEVTLAIILLSIIMLSGNYTLNTLATTQEPLYLIFCSWPLTMMWYISTLAETNRAPFDLTEGESELVSGFNVEYAAGPFALFFLAEYANIML 
IBIS               YSILWSGWASNSKYALIGALRAVAQTISYEVTLAIILLSVIMLSGNYTLNTLAITQEPLYLIFSSWPLAMMWYISTLAETNRAPFDLTEGESELVSGFNVEYAAGPFALFFLAEYANIML 
FRIGATEBIRD        YSILWSGWASNSKYALIGALRAVAQTISYEVTLAIILLSVIMLSGNYTLSTLAITQEPLYLIFSSWPLAMMWYISTLAETNRAPFDLTEGESELVSGFNVEYAAGPFALFFLAEYANIML 
GOSHAWK            YSILWSGWASNSKYALIGALRAVAQTISYEVTLAIILLSVILLSGNYTLHTLTITQEPLYLIFSSWPLTMMWYISTLAETNRAPFDLTEGESELVSGFNVEYAAGPFALFFLAEYANIML 
PENGUIN            YSILWSGWASNSKYALIGALRAVAQTISYEVTLAIILLSVIMLSGNYTLTTLTTTQEPLYLIFSSWPLAMMWYISTLAETNRAPFDLTEGESELVSGFNVEYAAGPFALFFLAEYANIML 
EGRET              YSILWSGWASNSKYALIGALRAVAQTISYEVTLAIILLSIILLSGNYTLNTLATTQEPLYLIFSSWPLAMMWYISTLAETNRAPLDLTEGESELVSGFNVEYAAGPFALFFLAEYANIML 
RAIL               YSILWSGWASNSKYALIGALRAVAQTISYEVTLAIILLSTILLSGNYALTTLTTTQEPLYLIFSSWPLAMMWYISTLAETNRAPFDLTEGESELVSGFNVEYAAGPFALFFLAEYANIML 
CRAKE              YSILWSGWASNSKYALIGALRAVAQTISYEVTLAIILLSTILLSGNYTLTTLTTTQEPLYLIFSSWPLAMMWYISTLAETNRAPFDLTEGESELVSGFNVEYAAGPFALFFLAEYANILL 
MOA1               YSILWSGWASNSKYALIGALRAVAQTISYEVTLAIILLSVIMLSGNYTLSTLATTQEPLYLIFSSWPLAMMWYISTLAETNRAPFDLTEGESELVSGFNVEYAAGPFALFFLAEYANIML 
MOA2               YSILWSGWASNSKYALIGALRAVAQTISYEVTLAIILLSVIMLSGNYTLSTLATTQEPLYLIFSSWPLAMMWYISTLAETNRAPFDLTEGESELVSGFNVEYAAGPFALFFLAEYANIML 
RHEA1              YSILWSGWASNSKYALIGALRAVAQTISYEVTLAIILLSVIVLSGNYTLSTLAVAQEPLFLIFATWPLAMMWYISTLAETNRAPFDLTEGESELVSGFNVEYAAGPFALFFLAEYANIML 
RHEA2              YSILWSGWASNSKYALIGALRAVAQTISYEVTLAIILLSVIVLSGNYTLSTLAVAQEPLFLIFATWPLAMMWYISTLAETNRAPFDLTEGESELVSGFNVEYAAGPFALFFLAEYANIML 
EMU                YSILWSGWASNSKYALIGALRAVAQTISYEVTLAIILLSVIMLSGNYTLNTLAITQEPLYLIFSTWPLAMMWYISTLAETNRAPFDLTEGESELVSGFNVEYAAGPFALFFLAEYANIML 
CASSOWARY          YSILWSGWASNSKYALIGALRAVAQTISYEVTLAIILLSVIMLSGNYTLNTLAITQEPLYLIFSTWPLAMMWYISTLAETNRAPFDLTEGESELVSGFNVEYAAGPFALFFLAEYANIML 
OSTRICH            YSILWSGWASNSKYALIGALRAVAQTISYEVTLAIILLSVIMLSGNYTLNTLATTQEPLYLIFSTWPLAMMWYISTLAETNRAPFDLTEGESELVSGFNVEYAAGPFALFFLAEYANIML 
TINAMOU1           YSILWSGWASNSKYALMGSLRAVAQTISYEVTLAIILLSIITLSGNYTLNTLATTQEPMYLIFATWPLAMMWFISTLAETNRAPFDLTEGESELVSGFNVEYSAGPFALFFLAEYANIML 
TINAMOU2           YSILWSGWASNSKYALIGALRAVAQTISYEVTLAIILLSIITLSGNYSLSTLATTQEPLYLIFSTWPLAMMWYISTLAETNRAPFDLTEGESELVSGFNVEYSAGPFALFFLAEYANIML 
KIWI               YSILWSGWASNSKYALIGALRAVAQTISYEVTLAIILLSIIVLSGNYTLNTLAVTQEPLYLIFSTWPLTMMWYISTLAETNRAPFDLTEGESELVSGFNVEYAAGPFALFFLAEYANIML 
                   ** *************:*:***************:***: * * **::* ::: .***::*::  *** ***::**********:*****************:*.***:******:**:* 
OYSTERCATCHER      MNTLTTILFLNPSTLNLPQELFPTALATKVLLLTSGFLWIRASYPRFRYDQLMHLLWKNFLPLTLALCLWHISMPICYAGLPPYL 
TURNSTONE          MNTLTAILFLNPSCLNLPHELFPIILATKVLLLSSGFLWTRASYPRFRYDQLMHLLWKNFLPLTLALCLWHTSMPICYAGLPPYL 
TROPICBIRD         MNTLTTILFLNPSSLNLPPELFPVALATKILLLSSGFLWTRASYPRFRYDQLMHLLWKNFLPLTLALCLWHTSMPICYAGLPPYA 
PETREL             MNTLTAILFLNPSSLNLSPELFPVVLATKVLLLSSGFLWIRASYPRFRYDQLMHLLWKNFLPLTLALCLWHTSMPICYAGLPPYL 
GREBE              MNTLTAILFLNPSSLNPPTELFPMVLATKTLLLSSGFLWIRASYPRFRYDQLMHLLWKNFLPLTLALCLWHTSMPISYAGLPPYL 
PHEASANT1          MNTLTTILFLNPSFLELPSELFPIALATKTLLLSSTFLWIRASYPRFRYDQLMHLLWKNFLPLTLALCLWHTSMPISYAGLPPI- 
PHEASANT2          MNTLTTILFLNPSFLNPPSELFSITLATKTLLLSSTFLWIRASYPRFRYDQLMHLLWKNFLPLTLALCLWHTSMPISYAGLPPI- 
TURKEY             MNTLTTILFLNPSFLNLPSELFSITLATKVLLLSSTFLWIRASYPRFRYDQLMHLLWKNFLPLTLALCLWHASMPISYAGLPPI- 
QUAIL              MNTLTITLFLNPSFLSPPSELFSITLATKVLLLSSSFLWIRASYPRFRYDQLMHLLWKNFLPLTLAMCLWHTSMPISYAGLPPA- 
CHICKEN            MNTLTTVLFLNPSFLNLPPELFPIALATKTLLLSSSFLWIRASYPRFRYDQLMHLLWKNFLPLTLALCLWHTSMPISYAGLPPI- 
ROOK               MNTLTVILFFNPSLYKPPQELFPVILATKVLLLSMGFLWIRASYPRFRYDQLMHLLWKNFLPLTLALCLWHISMPISYAGLPPYL 
WIDOWFINCH         MNTLTAILFFNPSLLGLQQELFPVVLATKVLLLSAGFLWVRASYPRFRYDQLMHLLWKNFLPLTLALCLWHVSMPICYAGLPPSM 
REDHEAD            MNTLTAIIFLNPSALGPSPELFPIILATKVLLLSSGFLWVRASYPRFRYDQLMHLLWKNFLPLTLALCLWHTSLPICYAGLPPSM 
DUCK               MNTLTAIIFLNPSALGPPTELFPIILATKVLLLSSGFLWVRASYPRFRYDQLMHLLWKNFLPLTLALCLWHTSLPICYAGLPPST 
FALCON             MNTLTAILFINPSSLGLPPELFPMILATKTLLLSFGFLWIRASYPRFRYDQLMHLLWKNFLPLTLALCLWHTSMPICYAGLPPA- 
LOON               MNTLTTLLFLNPSSLNLSPELFPLALATKTLLLSSGFLWIRASYPRFRYDQLMHLLWKNFLPLTLALCLWHTSMPICYAGLPPYL 
IBIS               MNTLTVILFLSPSSLNLTPELFPMVLATKILLLSSGFLWIRASYPRFRYDQLMHLLWKNFLPLTLALCLWHTSMPICYAGLPPYL 
FRIGATEBIRD        MNTLTAILFLNPSSLNLPPELFPMILATKILLLSSGFLWVRASYPRFRYDQLMHLLWKNFLPLTLALCLWHTSMPICYAGLPPYL 
GOSHAWK            MNTLTAILFLNPSSLNLPPQLFTMTLATKILLLSSGFLWIRASYPRFRYDQLMHLLWKNFLPLTLSLCLWHISMPISYAGYPPA- 
PENGUIN            MNTLTTILFLNPSSLNPSPELFPMILATKILLLSSGFLWVRASYPRFRYDQLMHLLWKNFLPLTLALCLWHTSMPICYAGLPPCS 
EGRET              MNTLTTILFLNPSPLNLPPELFSITLATKVLLLSSGFLWIRASYPRFRYDQLMHLLWKNFLPLTLALCLWHTSMPISYAGIPPFL 
RAIL               MNTLTAILFLNPSFLNTPMELFPMVLATKTLLLSSGFLWIRASYPRFRYDQLMHLLWKNFLPLTLALCLWHTSMPISCAGLPPYL 
CRAKE              MNTMTAILFLNPSSLNTPTELYPAVLATKTLLLSSGFLWIRASYPRFRYDQLMHLLWKNFLPLTLALCLWHTSLPISFAGLPPYL 
MOA1               MNMLTTILFINPSSLNLPSELLPMVLATKTLLLSSGFLWVRASYPRFRYDQLMHLLWKNFLPLTLALCLWHTSLPVSYAGLPPY- 
MOA2               MNMLTTILFINPSSLNLPPELLPMVLATKTLLLSSGFLWVRASYPRFRYDQLMHLLWKNFLPLTLALCLWHTSLPISYAGLPPY- 
RHEA1              MNMLTTILFLNPSSLNLPPELFPLALATNTLMLSSGFLWIRASYPRFRYDQLMHLLWKNFLPLTLALCLWHASMPISYAGLPPYL 
RHEA2              MNMLTTILFLNPSSLNLPPELFPMALATNTLMLSSGFLWIRASYPRFRYDQLMHLLWKNFLPLTLALCLWHASLPISYAGLPPYL 
EMU                MNTLTAILFLNPSSLNLPSELFPLALAMKTLLLSSGFLWVRASYPRFRYDQLMHLLWKNFLPLTLALCLWHTSMPISYAGLPPY- 
CASSOWARY          MNTLTAILFLNPSSLNLPPELFPLALATKTLLLSSGFLWVRASYPRFRYDQLMHLLWKNFLPLTLALCLWHTSMPISYAGLPPH- 
OSTRICH            MNTLTAILFLNPSSLNLPSELFPLILATKTLLLSSGFLWVRASYPRFRYDQLMHLLWKNFLPLTLALCLWHTSLPISYAGIPPHL 
TINAMOU1           MNTMTTILFINPSSLNLPCQLFPTILATKTLLLTSAFLWVRASYPRFRYDQLMHLLWKNFLPLTLAFCLWHTSMPISFAGLPPCM 
TINAMOU2           MNMMTTILFINPTFLISSPQLFPLILATKTLLLSSGFLWVRASYPRFRYDQLMHLLWKNFLPLTLALCLWHTSMPISFAGLPPHL 
KIWI               MNALTTILFLNPSSLNLSSELFPLVLATKTLLLSSGFLWVRASYPRFRYDQLMHLLWKNFLPLTLALCLWHTSMPISYAGLPPYL 
                   ** :*  :*:.*:      :* .  ** : *:*:  *** *************************::**** *:*:. ** **   

 
Figure A.3: Protein alignment of ND1 gene in 33 different avian species using 
MEGA4 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 pink and basic is grey. 
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PHEASANT1          MNSLTFMLSLSFTLSTALTTLNFWLAQMTPDTEKLSPYECGFDPLGSARLPFSIRFFLVAILFLLFDLEIALLLPLPWAIQLQSPTTTLTWTTIIITLLTLGLIYEWLQGGLEWAE 
PHEASANT2          MNSLTFMLSLSFTLSTALTTLNFWLAQMTPDTEKLSPYECGFDPLGSARLPFSIRFFLVAILFLLFDLEIALLLPLPWAIQLQSPTTTLTWTTIIITLLTLGLIYEWMQGGLEWAE 
TURKEY             MNTLTFMLSLSFMLSTALTILNFLLAQTTPDTEKLSPYECGFDPLGSARLPFSIRFFLVAILFLLFDLEIALLLPLPWAIQLQSPITTLTWTITIISLLTLGLTYEWTQGGLEWAE 
QUAIL              MNTLTFMLSASLILSTLLTTVNFWLAQMTPDTEKLSPYECGFDPLGSARLPFSIRFFLVAILFLLFDLEIALLLPLPWAIQLQSPMTTLTWATTILTLLTLGLIYEWTQGGLEWAE 
CHICKEN            MNTLTFMLSLSFLLSAALTTMNFWLAQMAPDTEKLSPYECGFDPLGSARLPFSIRFFLVAILFLLFDLEIALLLPLPWAIQLAHPMMTLTWATTIIALLTFGLIYEWTQGGLEWAE 
REDHEAD            MNMLTFMFSLSLALSAILTALNFWLAQMTPDSEKLSPYECGFDPLGSARLPFSIRFFLVAILFLLFDLEIALLLPLPWAIQLQSPLLTLAWTAAILLLLTLGLAYEWAQGGLEWAE 
DUCK               MNMLTFMFSLSLVLSAILTALNFWLAQMTPDSEKLSPYECGFDPLGSARLPFSIRFFLVAILFLLFDLEIALLLPLPWAIQLQSPLMTLAWTAAILSLLTLGLAYEWAQGGLEWAE 
EMU                MNMITFMLLLSLTLSIILTTVNFWLAQMNPDAEKLSPYECGFDPLGSARLPFSIRFFLVAILFLLFDLEIALLLPLPWAIQLPHPTLTLLWTSIILLLLTLGLIYEWTQGGLEWAE 
CASSOWARY          MNMITFMLLLSLTLSIILTTVNFWLAQTNPDAEKLSPYECGFDPLGSARLPFSIRFFLVAILFLLFDLEIALLLPLPWAIQLPHPMLTLLWTSIILFLLTLGLVYEWTQGGLEWAE 
KIWI               MNMITFMLLLSLLLSIILITLNFWLAQMNPNTEKLSPYECGFDPLGSARLPFSIRFFLVAILFLLFDLEIALLLPLPWAIQLPHPLLTLLWTSIILILLTLGLVYEWTQGGLEWAE 
MOA1               MNMVTFMLLLSFTLCIILTTINFWLAQMNPDTEKLSPYECGFDPLGSARLPFSIRFFLVAILFLLFDLEIALLLPLPWAIQLPQPLLTLLWTSMILLLLTLGLAYEWMQGGLEWAE 
MOA2               MNMVTFMLLLSFTLCTILTTINFWLAQMNPDTEKLSPYECGFDPLGSARLPFSIRFFLMAILFLLFDLEIALLLPLPWAIQLPQPLLTLLWTSMILLLLTLGLAYEWMQGGLEWAE 
TINAMOU1           MNMITFMLLLSLILCTLLTTINLWLAQTNPDTEKLSPYECGFDPLGSARLPFSIRFFLVAILFLLFDLEIALLLPLPWAIQLPYPLLTMLWTSLILLLLTLGLVYEWVQGGLEWAE 
OSTRICH            MNMITFMLLLSLTLSIILTTINFWLAQMNPDAEKLSPYECGFDPLGSARLPFSIRFFLVAILFLLFDLEIALLLPLPWAIQLSQPLLTLLWTSILLLLLTLGLVYEWIQGGLEWAE 
RHEA1              MNMVSFMLLLSLALSTILTTLNFWLAQTNPDAEKLSPYECGFDPLGSARLPFSIRFFLVAILFLLFDLEIALLLPLPWAIQLPYPLLTLLWTSILLALLTLGLIYEWAQGGLEWAE 
RHEA2              MNMVSFMLLLSLTLSAILTTLNFWLAQTNPDAEKLSPYECGFDPLGSARLPFSIRFFLVAILFLLFDLEIALLLPLPWAIQLPHPLLTLLWTSILLALLTLGLVYEWAQGGLEWAE 
TINAMOU2           MNMITFMIILSLTLSSLLTTLNFWITQINPDAEKLSPYECGFDPLGSARLPFSIRFFLVAILFLLFDLEIALLLPLPWAIQLPHPMLTLLWTSMILALLTLGLVYEWLQGGLEWAE 
TURNSTONE          MNMITFMLALSLALSIILTTVNFWLAQMNPDSEKLSPYECGFDPLGSARLPFSIRFFLVAILFLLFDLEIALLLPLPWAIQLPSPLLTLTWTSTIIALLTLGLVYEWAQGGLEWAE 
GOSHAWK            MNTITFMLMLSLTLSIILITLNLWLAQMNPDSEKLSPYECGFDPLGSARLPFSIRFFLVAILFLLFDLEIALLLPLPWAIQLQSPTTTLTWAFIMIYLLTLGLIYEWIQGALEWAE 
IBIS               MNMITFMLTLSFTLTIILITLNFWLAQTNPDSEKLSPYECGFDPLGSARLPFSIRFFLVAILFLLFDLEIALLLPLPWAIQLQSPTTTLTWASIIIILLTVGLIYEWIQGGLEWAE 
FALCON             MNTILFMLTLSLTLSIILISLNFWLAQTTPDSEKLSPYECGFDPLGSARLPFSIRFFLVAILFLLFDLEIALLLPLPWATQLQSPTTTLTWTLLIITLLTLGLIYEWLQGGLEWAE 
RAIL               MNMITFMFTLSFILSTALMTLNFWLTQINPDSEKLSPYECGFDPLGSARLPFSIRFFLVAILFLLFDLEIALLLPLPWATQLQSPTTTLAWTSLIITLLTLGLIYEWAQGGLEWAE 
CRAKE              MNMITFMLTLSLILSTTLVTLNLWLTQINPDSEKLSPYECGFDPLGSARLPFSIRFFLVAILFLLFDLEIALLLPLPWATQLQSPTSTLMWTFIIILLLTLGLIYEWMQGGLEWAE 
PENGUIN            MNMITFMFYLSLTLSTALTMLNFWLAQTNPDSEKLSPYECGFDPLGSARLPFSIRFFLVAILFLLFDLEIALLLPLPWATQLQSPTTTLTWTSTIILLLTLGLIYEWMQGGLEWAE 
OYSTERCATCHER      MNMITFMLTLSLILSTILTSLNFWLAQMNPDSEKLSPYECGFDPLGSARLPFSIRFFLVAILFLLFDLEIALLLPLPWATQLQYPTSTLTWASTIIILLTLGLIYEWMQGGLEWAE 
GREBE              MNMITFMLVLSLTLSIILTMLNFWLAQMNPDSEKLSPYECGFDPLGSARLPFSIRFFLVAILFLLFDLEIALLLPLPWATQLQSPITTLTWTSIIIMLLTLGLLYEWMQGGLEWAE 
LOON               MNMITFMLILSLTLSTILTTLNFWLAQMTPDSEKLSPYECGFDPLGSARLPFSIRFFLVAILFLLFDLEIALLLPLPWAIQLQSPTTTLTWASIMILLLTLGLIYEWMQGGLEWAE 
EGRET              MNMITFMLTLSLALCMLLITLNFWLAQTNPDSEKLSPYECGFDPLGSARLPFSIRFFLVAILFLLFDLEIALLLPLPWAIQLQSPTTTLTWASTIILLLTLGLIYEWTQGGLEWAE 
FRIGATEBIRD        MNMITFMFLLSLALSLLLTTVNFWLAQTNPDSEKLSPYECGFDPLGSARLPFSIRFFLVAILFLLFDLEIALLLPLPWAVQLQSPTTTLTWASAIIILLTLGLTYEWIQGGLEWAE 
PETREL             MNMITFMLLLSLILSALLTTLNFWLAQTNPDPEKLSPYECGFDPLGSARLPFSIRFFLVAILFLLFDLEIALLLPLPWAIQLQSPTTTLIWTSILILLLTLGLIYEWIQGGLEWAE 
TROPICBIRD         MNMITFMLTSSLTLSILLTSLNFWLAQTNPDSEKLSPYECGFDPLGSARLPFSIRFFLVAILFLLFDLEIALLLPLPWATQLQSPLATLTWASTMLLLLTLGLVYEWTQGGLEWAE 
ROOK               MNMILFMMISSLILSVILTALNFWLAQMNPDSEKLSPYECGFDPLGSARLPFSIRFFLVAILFLLFDLEIALLLPLPWAIQLQTPTITLTWASILILLLTLGLVYEWSQGGLEWAE 
WIDOWFINCH         MNTVTFTFIASLTLSILLTALNFWLSQMNPDADKLSPYECGFDPLGSARLPFSIRFFLVAILFLLFDLEIALLLPLPWAIQLQYPAMTLIWSTTLILILTLGLVYEWIQGGLEWAE 
                   ** : * :  *: *   *  :*: ::*  *:.:*************************:******************** **  *  *: *:  :: :**.** *** **.***** 

 
Figure A.4: Protein alignment of ND3 gene in 33 different avian species using 
MEGA4 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 pink and basic is grey. 
 
 
 
 
 
 
 
PHEASANT1          MSPLHFSFYSAFTFSCLGLAFHRTHLISALLCLESMMLSMFIPLSMWPIENQTPSFTLVPILMLAFSACEAGAGLAMLVASTRTHGSDHLHNLNLLQC- 
PHEASANT2          MSPLHFSFYSAFTFSCLGLAFHRTHLISALLCLESMMLSMFIPLSMWPIENQTPSFTLVPILMLAFSACEAGAGLATLVASTRTHGSDHLHNLNLLQC- 
QUAIL              MSPLHFSFYSAFTFSSLGLAFHRTHLISALLCLESMMLSMFIPLSIWSVENQTPSFTIVPILMLAFSACEAGTGLAMLVASTRTHGSDHLHNLNLLQC- 
CHICKEN            MSPLHFSFYSAFTFSSLGLAFHRTHLISALLCLESMMLSMFIPLSIWPVENQTPSFALVPILMLAFSACEAGTGLAMLVASARTHGSDHLHNLNLLQC- 
TURKEY             MSPLHFSFYSAFTFSSLGLAFHRTHLISALLCLESMMLSMFIPLSMWSIENQTPSFTLVPILMLAFSACEAATGLAMLVASTRTYGSDHLHNLNLLQC- 
REDHEAD            MSPLHLSFYSAFVLSGLGLAFHRTHLVSALLCLESMMLSMFVGLTMWPIENQTPSFTMVPIIMLTFSACEAGTGLAILVASTRTHGSDHLHNLNLLQC- 
DUCK               MSPLHLSFYSAFILSGLGLAFHRTHLVSALLCLESMMLSMFVGLTMWSIESQTPSFAAVPIIMLTFSACEAGTGLAILVASTRTHGSDHLHNLNLLQC- 
RAIL               MSTLHLSFYSTFTLSSLGLAFHRTHLVSALLCLEGMMLSMYISLSIWPVENQMASSTLMPVLMLTFSACEAGTGLAMLVATTRTHGSDQLHNLNLLQC- 
CRAKE              MSPLHLSFYSAFTLSSLGLAFHRTHLVSALLCLESMMLSMYITLSIWPVENQMTSSSLMPVLMLTFSACEAGTGLAMLVATTRTHGSDQLRNLNLLQC- 
PENGUIN            MSPLHLSFYSAFTLSSLGLAFHRTHLISALLCLESMMLSMYIALSTWPIENQAASFTLMPVLMLTFSACEASAGLAMLVASTRTHGSDHLHNMNLLQC- 
PETREL             MSLLHLSFYSAFTLSSLGLAFHRTHLISVLLCLESMMLAMYMGLSTWPIENQAASFTLMPVFMLTFSACEAGTGLAMLVASTRTHGSDHLHNLNLLQC- 
LOON               MSPLHLSFYSAFTLSSLGLAFHRTHLISALLCLESMMLSMYIALSIWPIENQATSFTLMPVLMLTFSACEAGTGLAMLVASTRTHGSDHLHNLNLLQC- 
IBIS               MSLSHLSFYSAFTLSGLGLAFHRTHLISALLCLESMMLSMYIALSIWPIENQATSSALMPVLMLSFSACEAGTGLAMLVASTRTHGSDHLHNLNLLQC- 
FRIGATEBIRD        MSLLHLSFYSAFTLSTLGLAFHRTHLISALLCLESMMLSMYIALSIWPVENQATSFTLMPVLMLAFSACEAGTGLAMLVASTRTHGSDHLHNLNLLQC- 
TURNSTONE          MSLSHLSFYSAFTLSSLGLAFHRTHLISALLCLESMMLSMYIALSLWPVENQTASFTLMPVLMLAFSACVAGHGLAMLLASTRTHGSDHLHNLNLLQC- 
TROPICBIRD         MSLLHLSFYSAFALSGLGLAFHRTHLVSALLCLESMMLSMYIALSSWPIENQAATFTLMPVLMLAFSACEAGIGLAMLVASTRTHGSDHLHNLNLLQC- 
EGRET              MSLSHLSFYSAFTLSSLGLAFHRTHLISAHLCLESMMLSMYIALSIWPIENQTMSSTLMPMLMLTFSACEAGTGLAMVAS-TRTHGSDHLHNLNLLQC- 
GREBE              MSLTHLSFYSAFTLSSLGLAFHRTHLISALLCLESMMLSMYIALSLWPIENQTPSLTLTPMLMLTFSACEAGTGLAMLVASTRTHGSDHLHNLNLLQC- 
OYSTERCATCHER      MSITHLNFYFAFTLSSLGLAFHRTHLISALLCLESMMLSMYIALSIWPVETQTTSPTLMPMLMLAFSACEAGTGLAMLVASTRTHGSDHLHNLNLLQCS 
FALCON             MSIMCLSYCSAFALSSLGLTLHRTHLISALLCLESMMLSMYIALSVLPTENQAASLTLTPILMLTFSACEAGTGLAMLVASTRTHGSDHLQNLNLLQC- 
GOSHAWK            MSLLHLSFYSAFTLSCLGLAFHRTHLVSALLCLESMMLSMYIALSTWPIETQTPSTTLAPVFMLAFSACEAGTGLAMLVASTRTHGSDHLHNLNLLQC- 
KIWI               MSLLHLSFYSAFTLSGLGLAFHRTHFISALLCLESMMLSLYISLSMWPIQTQTPTFSLIPVLMLAFSACEAGAGLAMLVASTRTHGSDHLHNLNLLQC- 
TINAMOU2           MSLLHLCSYSAFILSSLGLAFHRTHFISALLCLESMMLSLYITLSMWPIHTQTPSFSLIPITMLAFSACEAGAGLAMLVASTRTHGSDHLHNLNLLQC- 
EMU                MSLLHLCFYSAFTLSGLGLAFHRTHFISALLCLESMMLSLYVALSIWPIQTQTPSFTLIPVLMLAFSACEAGTGLAMLVSSTRTHGSDHLHNLNLLQC- 
CASSOWARY          MSLLHLSFYSAFTLSGLGLAFHRTHFISALLCLESMMLSLYIALSIWPIQTQMPSFTLIPVLMLAFSACEAGTGLAMLVASTRTHGSDHLHNLNLLQC- 
RHEA1              MSLLHLSFYSAFALSSLGLAFHRTHFISALLCLEGMMLALYIALSTWPIQTHTPSFTLVPILMLAFSACEAGMGLAMLVASTRTHGSDHLHNLNLLQC- 
RHEA2              MSLLHLSFYSAFALSSLGLAFHRTHFISALLCLEGMMLALYIALSTWPIQTHTPSFTLVPILMLAFSACEAGMGLAMLVASTRTHGSDHLHNLNLLQC- 
MOA1               MSTLHLSFYSAFTLSALGLAFHRTHFISALLCLESMMLSMYIALSIWPIQTQTPSFTLIPLLMLTFSACEAGAGLAMLVASTRTHGSDHLHNLSLLQC- 
MOA2               MSTLHLSFYSAFTLSALGLAFHRTHFISALLCLESMMLSMYIALSIWPIQTQTPSFTLIPLLMLTFSACEAGTGLAMLVASTRTHGSDHLHNLSLLQC- 
TINAMOU1           M-LTHPSFHSAFILSCLGLAFHRTHFISALLCLESMMLSLYIAFSIWPIHTQTPSLTLIPVLMLTFSACEAATGLAMLVASTRTHGSDHLHNLSLLQC- 
OSTRICH            MSFLHLSFYSAFTLSSLGLAFHRTHLISALLCLESMMLSLYLALSIWPVQAQTPSFTLVPILMLAFSACEAGTGLAMLVASTRTHGSDHLHNLNLLQC- 
ROOK               MSALQLSFFSAFTLSSLGLAFHRTHLISALLCLESMMLSMYVALSMWPIQTQSTSATMLPLLMLAFSACEAATGLALLVASTRTHGSDHLHNFNLLQC- 
WIDOWFINCH         MSHLHLSFYSAFILSSLGLAFHRTHLISALLCLESMMLSMYVALAMWPIQMQSPSSTIIPIIMLTFSACEAGTGLALLVASTRTHGSDYLHNFNLLRC- 
                             :* :* ***::****::*. ****.***:::: ::  . . :  : :  *: **:**** *. *** : : :**:*** *:*:.**:* 

 
Figure A.5: Protein alignment of ND4L gene in 33 different avian species 
using MEGA4 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 pink and basic is grey. 
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ROOK               MLKIIIPTIMLLPLTFLSPCKHLWTNTTTHSLLIATVSLQWLVPTYYPSKGLTHWTSIDQISSPLLVLSCWLLPLMLMASQNHLEQEPIIRKRIFITTMITVQPFILLAFAASELMLFYI 
WIDOWFINCH         MLKIIMPTIMLLPLTFLSTPKHLWTNITTHSLLIATVSLQWLTPTYYPGKGLTPWTSIDQISSPLLVLSCWLLPLMIMASQNHLEQEPIIRKRIFTTTILLAQLSLLTAFSASELMLFYI 
RAIL               MLKIIIPTIMLIPTTLLTPQKLLWTSTIAHSMMIATLSLQWLTPTYYPHKNLSQWTGIDQTSSPLLVLSCWLLPLMILASQNHLQQEPPSRKRIFITTMIMVQPFIILAFSATELTMFYI 
CRAKE              MLKIIIPTIMLIPTTLLVPQKFLWTTSTIYSMLIASISLHWLTPTYYPYKNLTQWAGIDQISSPLLTLSCWLLPLMIMASQNHLQQEPTSRKRTFITTMIAVQPFIILAFSATELTMFYI 
PHEASANT1          MLKIILPTTMLLPMTLLSPAKFMWTNTTAHSLLIALISLHWLVPSYYPSKNLAHWAGIDQISAPLLVLSCWFLPLMILASQGHLQHEPYVRKQMFISTLIIIQPFIILAFSATELMLFYI 
PHEASANT2          MLKIILPTTMLLPMTLLSPTKSMWTNTTAHSLLIALISLHWLVPSYYPSKNLAHWTAIDQISAPLLVLSCWFLPLMILASQGHLQHEPYVRKQMFISTLVIIQPFIILAFSATELMLFYI 
TURKEY             MLKIILPTIMLLPMTLLSPAKFMWTNTTAHSLMIALISLHWLTPSYYPLKNLTSWTGADQISTPLLVLSCWFLPLMIMASQGHLQHEPHLRKQMFISTLIIIQPFIILAFSSTELMLFYI 
QUAIL              MLKIILPTIMLLPTTLLSPTKSMWTNTTTHSLLIAMISLHWLAPSYYPLKNLTLWTGNDQISTPLLVLSCWFLPLMIMASQGHLQHEPHVRKQMFITTLIIIQPFIILAFSTTELILFYI 
CHICKEN            MLKIILPTIMLLPTALLSPAKSMWTNTTMYSLLIASISLHWLTPSYYPTKTLTLWTGMDQISTPLLVLSCWFLPLMIMASQGHLQHEPHKRKRMFISTLIIIQPFIILAFSATELMLFYI 
FALCON             MLKILLPTLLLPPTALLSPTKFLWINTTTHSLMIALLSLHWLLPTYYPSKTLTQWTGMDQISSPLLTLTCWLLPLMILASQNHLQHEPTPRKRIFILTLTLTQPLIILAFSATELTLFYV 
TROPICBIRD         MLKIILPMIMLLPTTLLSPPKFLWINTTMYSTLIASLSFQWLLPTYYPHKHLTNWTGIDHISSPLLTLTCWLLPLMILASQSHLQHEPLARKRTFIATLVTIQPFIVLAFSATELTLFYI 
GREBE              MLKIILPTIMLLPMALLSPQKSLWTNTTTHSLLIATLSLHWLLPTYYPHKNLTQWTGIDQTSSPLLVLSCWLLPLMIMASQNHLQHEPTARKRIFITALITIQPFIILAFSTTELMLFYI 
FRIGATEBIRD        MLKILIPTIMLLPMALLSPKKFLWTNTTTHSLLIATLSLQWLLPTYYPHKDLAQWMGIDQISSPLLVLSCWLLPLMMMASQNHLQHEPTTRKRIFISTLITIQPFMLLAFSTTELMLFYI 
PENGUIN            MLKIIIPTIMLLPTALLSPPKFLWANTTTHSILIATVSLQWLLPSYYPHKNLTQWTGIDQTSSPLLVLCCWLLPLMIMASQNHLQHEPLTRKRTFISTLITIQPLLILAFSATELTLFYI 
GOSHAWK            MLKILLPTIMLLPTAMLSPQNLLWTNITTHSLLIATISIHWLLPTYYPHKNLTQWTNIDQISSPLLVLSCWLLPLMILASQNHLQQEPPARKRVFITTLITIQPLLLLAFSATELMLFYI 
IBIS               MLKIIIPTIMLLPTALMSPKKLLWANTTTHGLLIATLSLHWLQPTYYPYKNLTQWTSIDQISSPLLVLSCWLLPLMIMASQNHLQHEPLTRKRVFIATLITIQPFILLAFSTTELMLFYI 
EGRET              MLKIILPTIMLLPTTLLSPQKFLWTNTTTHSLLIATLSLQWLSPTYYPLKNTTQWTGIDQISSPLLVLSCWLLPLMILAGQNHLQHEPSPRKRIFITTLVMVQPFIILAFSTTELMLFYI 
LOON               MLKIILPTIMLLPTTLLSPQKFLWTNTTTHSLLIATISLQWLLPTYYPHKNLTQWTGIDQISSPLLVLSCWLLPLMIMASQHHLQHEPPTRKRTFIMTLIMVQPFIILAFSTTELMLFYI 
OYSTERCATCHER      MLKIILPTIMLLPTALLSPQKFLWANTTSHSLLIAFMSLQWLTPTYYPHNNLTQWTGIDQISSPLLVLSCWLLPLMVMASQNHLQHEPQTRKRIFIMSLITIQPFIILAFSTTELMLFYI 
PETREL             MLKIFFPTVMLLPTALLSPQKFLWINTTMHSLLIATLSLQWLLPTYHPHKNLTQWTGIDQISSPLLVLSCWLLPLMIMASQNHLQHEPLTRKRIFIMTLITIQPFILLAFSTTELMLFYI 
TURNSTONE          MLKYILPTIMLMPTALLSPPKYLWTNTTSYSLLIATVSLQWLSPTYYPYNNLTPWTGIDQISSPLLVLSCWLLPLMIMASQNHMQNEPLVRKRIFIMALITIQPFIILAFSTTELMLFYI 
REDHEAD            MLKIILPTIMLLPTTLLSPPKFLWTNTTMYSLLIAALSLQWLIPTYYPRKFLSHWTGIDQISSPLLVLSCWLLPLMIMASQNHLQQEPLSRKRTFISTLVMVQPFILLAFSTTELALFYI 
DUCK               MLKVILPTIMLLPTALLSPPKFLWTNTTMYSLLIAALSLQWLIPTYYPYKFLSNWTGINQISSPLLVLSCWLLPLMIMASQNHLQGEPLPRKRMFISTLIMVQPFILLAFSTTELALFYI 
EMU                MLKIIIPTIMLLPTALLSPKNLIWTNTTTHSLLIAAISLQWLHPTYFPHKNLSQWAGVDQISAPLLVLSCWLLPLMLMASQNHLQQEPMVRKRIFITTLITIQPFIILAFSATEVILFYI 
CASSOWARY          MLKIIIPTIMLLPTAFLSPKNLLWANTTTHSLLIAAISLQWLHPTYFPHKNLSQWTGIDQISAPLLVLSCWLLPLMLMASQNHLQQEPMVRKRIFITTLIMIQPFIILAFSATEMILFYI 
KIWI               MLKIIFPTAMLLPMTLLSPKNLLWTNITTHSLLIATISLQWLHPTYFPYKYLSQWTGIDQISAPLLVLSCWLLPLMLMASQNHLRQEPLMRKRIFITTLIMIQPFIILAFSATELILFYI 
MOA1               MLKIIIPTIMLLPTALLSPQNLIWTNTTTHSLLIAAISLQWLHPTYFPYKNLTQWTGIDQISAPLLVLSCWLLPLMLLASQNHLQQEPLVRKRIFITTLVTIQPFIILAFSSTELTLFYI 
MOA2               MLKIIIPTIMLLPTALLSPQNLIWTNTTTHSLLIAAISLQWLHPTYFPYKNLTQWTGIDQISAPLLVLSCWLLPLMLLASQNHLQQEPLVRKRIFITTLVTIQPFIILAFSSTELTLFYI 
RHEA1              MLKIIIPTIMLLPMTLLSPPNFLWTNTTAYSLLIAAISLQWLHPTYFPHKNLSVWAGIDQISAPLLVLSCWLLPLMLMASQNHLQQEPLTRKRIFIATLITIQPFILLAFSATELILFYI 
RHEA2              MLKIIIPTIMLLPMTLLSPPNFLWTNTTAYSLLIATISLQWLHPTYFPHKNLSVWTGIDQISAPLLVLSCWLLPLMLMASQNHLQQEPLTRKRIFIATLITIQPFILLAFSATELILFYI 
OSTRICH            MLKIIIPTIMLLPTALLSPKASLWTNTTTYSLLIATISLQWLNPTYFPHKNMTPWTGIDQISAPLLVLSCWLLPLMLLASQNHLQQEPLVRKRTFIVTLTTIQPFIILAFSATELTLFYI 
TINAMOU1           MLKIMIPTIMLIPTVLLSPKNLIWTNATTHSLLIASFSLQWLYPSYFPHKFSSQWSSIDQISAPLLVLSCWLLPLMLIASQNHLHSEPMTRKYTFIITLIMIQPFILLAFSSTELSLFYI 
TINAMOU2           MLKIFIPTIMLIPTALLSPQTHIWTNTTTHSLLIATLSLLWLYPSYFPHKCITQWTSIDQISAPLLVLSCWLLPLMLLASQNHLHSEPTTRKRTFITTIILIQPFILLAFSSTELILFYI 
                   *** ::*  :* * .:: .   :* .   :. :** .*: ** *:*.* :  : *   :: *:***.* **:****::*.* *:. **  **  *  ::   *  :: **:::*: :**: 
ROOK               AFEATLIPTLILITRWGNQPERLNAGIYLLFYTLASSLPLLITILHLHNQIGTLYFPMLKLSHPTMNNSWTGLLASLALLLAFMVKAPLYGLHLWLPKAHVEAPIAGSMLLAALLLKLGG 
WIDOWFINCH         AFEATLIPTLILITRWGNQPERLNAGIYLLFYTLASSLPLLIAILHLQNQTGTLYLPMLKLHHPPLNTSWSGLITTLALLLAFMVKAPMYGLHLWLPKAHVEAPIAGSMLLAALLLKLGG 
RAIL               AFEATLIPTLILITRWGNQPERLSAGIYLMFYTLISSLPLLVTILHLHTQMGTLHLPTLTLFPPRMVTHWTSLLSSLALLTAFMVKAPLYGLHLWLPKAHVEAPIAGSMLLAALLLKLGG 
CRAKE              SFEATLIPTLIMITRWGNQPERLSAGIYLMFYTLISSLPLLITILYIHTQTGTLQLTLLTLTHPHTTNHWYMLLSTVALLTAFMVKAPLYGLHLWLPKAHVEAPIAGSMLLAALLLKLGG 
PHEASANT1          SFEATLIPTLILITRWGNQPERLSAGIYLLFYTLISSLPLLISILYLHSKTGTLHLPILKLTHPNSSTPWTNLLSSLALLVAFMVKAPLYGLHLWLPKAHVEAPIAGSMLLAALLLKLGG 
PHEASANT2          SFEATLIPTLILITRWGNQPERLSAGIYLLFYTLISSLPLLISILYLHSKMGTLHLPILKLTHPNPSTSWANLLSSLALLVAFMVKAPLYGLHLWLPKAHVEAPIAGSMLLAALLLKLGG 
TURKEY             SFEATLIPTLILITRWGNQPERLSAGIYLLFYTLISSLPLLISIIYLHSKTGTLHLPILKLTHPNSTASWTNLLSNLALLMAFMVKAPLYGLHLWLPKAHVEAPIAGSMLLAALLLKLGG 
QUAIL              SFEATLIPTLILITRWGNQPERLSAGIYLMFYTLISSLPLLVTMLFLHSKTGTLHLPILKLSYSNPSTSWTTLLSSLALLLAFMVKAPLYGLHLWLPKAHVEAPIAGSMLLAALLLKLGG 
CHICKEN            SFEATLIPTLILITRWGNQPERLSAGIYLLFYTLISSLPLLVSILYLHTNTGTLHLPIIKLTHPNLPASWTSLLSSLALLMAFMVKAPLYGLHLWLPKAHVEAPIAGSMLLAALLLKLGG 
FALCON             SFEATLIPTLALITRWGNQPDRLSAGIYLLFYTLISSLPLLVTILALHSQTGTLHLLMMKLNHPTMPHSWTGLLSTLALLLAFMVKAPLYGLHLWLPKAHVEAPIAGSMLLAALLLKLGG 
TROPICBIRD         AFEATLIPTLILITRWGNQPERLSAGIYLLFYTLISSLPLLVSLLHLHTWTGTLSLPILQLVHPLLTNSWPGLLSSLALLTAFMVKAPLYGLHLWLPKAHVEAPIAGSMLLAALLLKLGG 
GREBE              SFEATLIPTLILITRWGNQPERLSAGTYLLFYTLISSLPLLVTILYLHTYTGTLHLSMLKLTPPSHTNTWTTTLSNLALLTAFMVKAPLYGLHLWLPKAHVEAPIAGSMLLAALLLKLGG 
FRIGATEBIRD        SFEATLIPTLILITRWGNQPERLSAGIYLLFYTLISSLPLLVTILHLHTQTGTLYLPMLKLTNPMLTTSWTHILSSLALLMAFMVKAPLYGLHLWLPKAHVEAPIAGSMLLAALLLKLGG 
PENGUIN            SFEATLIPTLILITRWGNQPERLSAGIYLLFYTLISSLPLLVAILHLHAQIGTLHLTMLELTPPTPNNSWTNLMSNLALLTAFMVKAPLYGLHLWLPKAHVEAPIAGSMLLAALLLKLGG 
GOSHAWK            TFEATLIPTLILITRWGNQPERLSAGIYLLFYTLISSLPLLVAILYLHTHTGTLHFTMLKLFHPVLTNSWTDLLLSLAMLMAFMVKAPLYGLHLWLPKAHVEAPIAGSMLLAALLLKLGG 
IBIS               SFEATLIPTLVLITRWGNQPERLSAGIYLLFYTLISSLPLLITILHLHTQTGTLHLTMLKLIPPTLNNTWTGTLSGLALLMAFMVKAPLYGLHLWLPKAHVEAPIAGSMLLAALLLKLGG 
EGRET              SFEATLIPTLVLITRWGNQPERLSAGTYLLFYTLISSLPLLITILFLHTQTGTLHLTMLKLTHPTLTTSWTNLLSGLALLMAFMVKAPLYGLHLWLPKAHVEAPIAGSMLLAALLLKLGG 
LOON               SFEATLIPTLILITRWGNQPERLSAGIYLLFYTLISSLPLLITILHLHTQIGTLHLTMLQLTQPTPTNSWANLLSSLALLMAFMVKAPLYGLHLWLPKAHVEAPIAGSMLLAALLLKLGG 
OYSTERCATCHER      SFEATLIPTLILITRWGNQPERLSAGIYLLFYTLISSLPLLITILHLHTQTGTLHLTMLELTHPALTNSWTNLLLSLALLMAFMVKAPLYGLHLWLPKAHVEAPIAGSMLLAALLLKLGG 
PETREL             SFEATLIPTLILITRWGNQPERLSAGIYLLFYTLISSLPLLVTILHLHTQTGTLHLMMLELTHPVLTNSWGHVLSSLALLLAFMVKAPLYGLHLWLPKAHVEAPIAGSMLLAALLLKLGG 
TURNSTONE          SFEATLIPTLILITRWGNQPERLSAGIYLLFYTLISSLPLLVTILHLHAQTGTLHLMVLNLAHPALTTNWTGILSSLALLMAFMVKAPLYGLHLWLPKAHVEAPIAGSMLLAALLLKLGG 
REDHEAD            AFEATLIPTLILITRWGNQPERLSAGTYLLFYTLVSSLPLLITIMHLYVKIGTLHLPTLELTHPTLSTSWTSILSGLALLMAFMVKAPLYGLHLWLPKAHVEAPIAGSMLLAALLLKLGG 
DUCK               AFEATLIPTLILITRWGNQPERLSAGTYLLFYTLVSSLPLLITIMHLYVKIGTLHLPTLELTHPTLSTSWTSILSGLALLMAFMVKAPLYGLHLWLPKAHVEAPIAGSMLLAALLLKLGG 
EMU                SFEATLIPTLILITRWGNQPERLSAGIYLLFYTLISSLPLLVTLLHLHTQTGTLHLPTLELMHPSLTLSWTGTLSGLALLMTFMVKAPLYGLHLWLPKAHVEAPIAGSMLLAALLLKLGG 
CASSOWARY          SFEATLIPTLILITRWGNQPERLSAGIYLLFYTLISSLPLLVTLLHLHTQTGTLHLPTLELTHTSLTFSWTGTLSGLALLMTFMVKAPLYGLHLWLPKAHVEAPIAGSMLLAALLLKLGG 
KIWI               SFEATLIPTLILITRWGNQPERLSAGIYLLFYTLISSLPLLVTLLHLHMQTGTLHLPTLELTHTSLTLSWTGTLSGLALLMAFMVKAPLYGLHLWLPKAHVEAPIAGSMLLAALLLKLGG 
MOA1               SFEATLIPTLILITRWGSQPERLSAGIYLLFYTLISSLPLLITLLQLHTQTGTLHLPTLELMHPPLTFSWTGIMSGLALLMTFMVKAPLYGLHLWLPKAHVEAPIAGSMLLAALLLKLGG 
MOA2               SFEATLIPTLILITRWGSQPERLSAGIYLLFYTLISSLPLLITLLQLHTQTGTLHLPTLELMHSPLTFSWTGVMSGLALLMTFMVKAPLYGLHLWLPKAHVEAPIAGSMLLAALLLKLGG 
RHEA1              SFEATLIPTLILITRWGNQPERLSAGIYLLFYTLISSLPLLTTLLYLHAQTGTLHLPTLELTQPPLSYSWTSTLSGLALLMTFMVKAPLYGLHLWLPKAHVEAPIAGSMLLAALLLKLGG 
RHEA2              SFEATLIPTLILITRWGNQPERLSAGIYLLFYTLISSLPLLTTLLYLHAQTGTLHLPTLELTQPPLTYSWTGTLSGLALLMTFMVKAPLYGLHLWLPKAHVEAPIAGSMLLAALLLKLGG 
OSTRICH            SFEATLIPTLILITRWGNQPERLSAGIYLLFYTLISSLPLLVTILHLHTQIGTLHMPTLELTHPLLTHSWTGTLSGLALLMAFMVKAPLYGLHLWLPKAHVEAPIAGSMLLAALLLKLGG 
TINAMOU1           SFEATLIPTLILITRWGNQPERLSAGIYLLFYTLISSLPLLIILLHLHAQMGTLYMPTMKFLHPLLTPSWTSTLSGMALLMAFMVKAPLYGLHLWLPKAHVEAPIAGSMLLAALLLKLGG 
TINAMOU2           SFEATLIPTLILITRWGNQPERLSAGIYLLFYTLISSLPLLITLLYLQTQTGTLFMPAMKLTHPTLTPSWSNILTGLALLMAFMVKAPLYGLHLWLPKAHVEAPIAGSMLLAALLLKLGG 
                   :********* :*****.**:**.** **:**** ******  :: :    *** :  : :  .     *   :  :*:* :******:******************************* 
ROOK               YGIMRITILVDPSTNNLHYPFITLALWGAVMTSAICLRQIDLKSLIAYSSVSHMGLVIAATMIQTQWAFSGAMILMISHGLTSSMLFCLANTNYERTHSRILLLTRGLQPLLPLMATWWL 
WIDOWFINCH         YGIMRITILVNPSSSNLHYPFITLALWGALMTSAICLRQIDLKALIAYSSVSHMGLVVAATMIQTQWAFSGAMILMISHGLTSSMLFCLANTNYERTHSRILLLTRGLQPLLPLMAIWWL 
RAIL               YGIMRTTILTGPLSSLIHYPFLTLALWGALMTSSICLRQTDLKALIAYSSVSHMGLVVAATTIQTHWSFSGAMILMISHGLTSSMLFCLANTNYERTHSRTLLLTRGLQPILPLMGVWWL 
CRAKE              YGIMRTTILTGPLSNFIHYPFLTLALWGALMTSSICLRQTDLKALIAYSSVSHMGLVVAATTIQTQWSFSGAMILMISHGLTSSMLFCLANTNYERTHSRILMLTRGLQPILPLMGIWWL 
PHEASANT1          YGIMRTTLLIEPLSNHLHYPFLTLALWGALMTSSICLRQTDLKSLIAYSSVSHMGLVIAASMIQTQWSFSGAMILMISHGLTSSLLFCLANTNYERTHSRILILTRGLQPLLPLMSTWWL 
PHEASANT2          YGIMRITLLTEPLSNHLHYPFLTLALWGALMTSSICLRQTDLKSLIAYSSVSHMGLVIAASMIQTQWSFSGAMILMISHGLTSSLLFCLANTNYERTHSRILILTRGLQPLLPLMSTWWL 
TURKEY             YGIMRVTLLMQPVCNYLHFPFLTLALWGALMTSSICLRQTDLKSLIAYSSVSHMGLVIAASMIQTQWSFSGAMILMISHGLTSSLLFCLANTNYERTHSRILILTRGLQPLLPLMATWWL 
QUAIL              YGIMRVTLLMNPMPNSLYYPFLTLALWGALMTSSICLRQTDLKSLIAYSSVSHMGLVIAASMIQTQWSFSGAMILMISHGLTSSLLFCLANTNYERTHSRILILTRGLQPLLPLMSLWWL 
CHICKEN            YGIMRVTLLMEPVSNFLHYPFLTLALWGALMTSSICLRQTDLKSLIAYSSVSHMGLVIAASMIQTQWSFSGAMILMISHGLTSSLLFCLANTNYERTHSRILILTRGLQPLLPLMSVWWL 
FALCON             YGIMRMTLLMNPLLNHLHYPFIALALWGALMTSSICLRQIDLKSLIAYSSVSHMGLVIAASMIQTPWSFSGAMILMVSHGLTSSMLFCLANTNYERTHSRILLMTRGLQPLLPLMATWWL 
TROPICBIRD         YGIMRITFMTTPLSNHLHYPFLTLALWGALMTSSICLRQTDLKSLIAYSSVSHMGLVIAASMIQTSWSFSGAMILMISHGLTSSMLFCLANTNYERTHSRILLLTRGLQPLLPLMALWWL 
GREBE              YGIMRTTLLMNPLPNHLHYPFLTLALWGALMTSSICLRQTDLKSLIAYSSVSHMGLVIAAGMIQTNWSFSGAMILMISHGLTSSMLFCLANTNYERTHSRILLLTRGMQPLLPLMATWWL 
FRIGATEBIRD        YGIMRITILTGPFPSQLHYPFITLALWGALMTSSICLRQTDLKSLIAYSSVSHMGLVIAASMIQTHWSFSGAMILMISHGLTSSMLFCLANTNYERTHSRILVLTRGLQPLLPLMATWWL 
PENGUIN            YGIMRITLLTGPLSSHLHYPFLTLALWGALMTSSICLRQTDLKSLIAYSSVSHMGLVIAASMIQTHWAFSGAMILMIAHGLTSSMLFCLANTNYERTHSRILLLTRGLQPLLPLMATWWL 
GOSHAWK            YGIMRLTLLTGPLSPHLHYPFLTLALWGALMTSSICLRQTDLKSLIAYSSVSHMGLVIAACILQTHWSFSGAMLLMISHGLTSSVLFCLANTTYERTHSRILLLTRGLQPLLPLMATWWL 
IBIS               YGIMRLTLLMGPLSNQLHYPFLTLSLWGALMTSSICLRQTDLKSLIAYSSVSHMGLVIAASMIQTHWSFSGAMILMISHGLTSSMLFCLANTNYERTHSRILLLTRGLQPLLPLMATWWL 
EGRET              YGIMRITLLTNPLSNHLHYPFIALALWGALMTSSICLRQTDLKSLIAYSSVSHMGLVIAASLIQTHWSFSGAMILMTSHGLTSSMLFCLANTNYERTHSRILLLTRGLQPLLPLMATWWL 
LOON               YGIMRVTLLMSPTSNYLHYPFLTLALWGALMTSSICLRQTDLKSLIAYSSVSHMGLVIAASMIQTSWSFSGAMILMISHGLTSSMLFCLANTNYERTHSRILLLTRGLQPLLPLTATWWL 
OYSTERCATCHER      YGIMRITLLINPISNNLHYPFLTLALWGALMTSSICLRQTDLKSLIAYSSVSHMGLVIAASMIQTYWSFSGAMILMISHGLTSSMLFCLANTNYERTHSRILLLTRGLQPLLPLMATWWL 
PETREL             YGIMRITLLLGPLSNNLHYPFLTLALWGALMTSSICLRQTDLKSLIAYSSVSHMGLVIAASMIQTHWAFSGAMILMISHGLTSSMLFCLANTNYERTHSRILLLTRGLQPLLPLMATWWL 
TURNSTONE          YGIMRLTMFMTPLSNNLHYPFLTLALWGALMTSSICLRQTDLKSLIAYSSVSHMGLVIAACMIQTHWSFSGAMILMISHGLTSSMLFCLANTNYERTHSRILLLTRGLQPLLPLMATWWL 
REDHEAD            YGIMRVTLLMGPLSNLLHYPFLTLALWGALMTSSICLRQTDLKSLIAYSSVSHMGLVIAAGMIQTHWSFSGAMILMISHGLTSSMLFCLANTNYERTHSRILLLTRGLQPLLPLMATWWL 
DUCK               YGIMRVTLLMGPLSNILHYPFLTLALWGALMTSSICLRQTDLKSLIAYSSVSHMGLVIAAGMIQTHWSFSGAMILMISHGLTSSMLFCLANTNYERTHSRILLLTRGLQPLLPLMATWWL 
EMU                YGIMRVTMLMGPLTSYLCFPFLTLALWGALMTSSICLRQTDLKSLIAYSSVSHMGLVIAASMIQTDWSFSGAMILMISHGLTSSMLFCLANTNYERTHSRILLLTRGLQPLLPLMSTWWL 
CASSOWARY          YGIMRVTLLMGPLTTYLCFPFLTLALWGALMTSSICLRQTDLKSLIAYSSVSHMGLVIAASMIQTDWSFSGAMILMISHGLTSSMLFCLANTNYERTHSRILLLARGLQPLLPLMSTWWL 
KIWI               YGIMRVTLLMGPLMNYLCYPFLTLALWGALMTSSICLRQTDLKSLIAYSSVSHMSLVIAAGMIQTNWSFSGAMILMISHGLTSSMLFCLANTNYERTHSRILLLTRGLQPLLPLMSTWWL 
MOA1               YGIMRVTLLMGPLMNYLCYPFLALALWGALMTSSICLRQTDLKSLIAYSSVSHMGLVIAAGMIQTDWSFSGAMILMISHGLTSSMLFCLANTNYERTHSRILLLARGLQPLLPLMGTWWL 
MOA2               YGIMRVTLLMGPLMNYLCYPFLALALWGALMTSSICLRQTDLKSLIAYSSVSHMGLVIAAGMIQTDWSFSGAMILMISHGLTSSMLFCLANTNYERTHSRILLLARGLQPLLPLMGTWWL 
RHEA1              YGIMRITLLTGPLTSHLCYPFLTFALWGALMTSSICLRQTDLKSLIAYSSVSHMGLVIAACMIQTDWAFSGAMILMIAHGLTSSMLFCLANTNYERTHSRILLLARGMQPLLPLMSTWWL 
RHEA2              YGIMRITLLTGPLTSHLCYPFLAFALWGALMTSSICLRQTDLKSLIAYSSVSHMGLVIAACMIQTDWAFSGAMILMISHGLTSSMLFCLANTNYERTHSRILLLARGLQPLLPLMGTWWL 
OSTRICH            YGIMRVTLLMGPLTDRLSYPFLALALWGALMTSSICLRQTDLKSLIAYSSVSHMGLVIAASMIQTDWSFSGAMILMISHGLTSSMLFCLANTNYERTHSRILLLTRGLQPLLPLMSVWWL 
TINAMOU1           YGIMRITMITGPLTNHLSYPFLTLALWGALMTSSICLRQTDLKSLIAYSSVSHMGLTIAACMIQTEWSFSGAMILMISHGLTSSMLFCLANTNYERTHSRILIMTRGLQSLLPLMCTWWL 
TINAMOU2           YGIMRTTMITGPLTNYISYPFIALALWGALMTSSICLRQTDLKSLIAYSSVSHMGLVIAACMIQTDWSFSGAMILMISHGLTSSMLFCLANTNYERTHTRILILTRGLQPLLPLMCTWWL 
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ROOK               LANLTNMALPPTTNLMAELTIVVALFNWSPLTIILTGTTIVLTASYTLHMLMMTQRGMLPSHITSIQNSSTREHLLMALHMIPMILLIFKPELISGIPM 
WIDOWFINCH         LANLTNMAVPPTTNLMAELTIVISLFNWSSFTIILTGAAILLTASYTLYMLITTQRGTLPSHITSIQNSSTREHLLMALHMIPMMLLILKPELISGTPM 
RAIL               MANLTNMALPPTTNLMAELTIMTALFNWSYITLILTGTATFLTAAYTLSMLLMTQRGMTPTHLTSIQNSTTREHLLMALHITPLLLLILKPELIS---- 
CRAKE              LVNLTNMALPPTTNLMAELTIMTALFNWSYLTLILTGLATLLTAAYTLSMLLMTQRGVLPTHLTSIQNSNTREHLLMTLHIIPLLMLILKPELIS---- 
PHEASANT1          LANLTNMALPPTTNLMAELTIMIALFNWSPLTIILTGIATLLTACYTLYMLLSTQRGTLPTHITMTPNSNTREHLLMTLHIIPMLALILKPELISATPL 
PHEASANT2          LANLTNMALPPTTNLMAELTIMIALFNWSPLTIILTGIATLLTACYTLYMLLTTQRGTLPTHITTTPNSNTREHLLMILHIIPMLALILKPELISATPL 
TURKEY             LANLTNMALPPTTNLMAELTIMIALFNWSPPTIILTGTATLLTASYTLYMLLSTQRGTLPTHIMSTPNSNTREHLLMILHIIPMLALILKPELISGTPL 
QUAIL              LANLTNMALPPTTNLMAELTIMIALFNWSSPTIILTGIATLLTASYTLYMLLSTQRGTLPSHITTTMNSNTREHLLMVLHIIPMLALILKPELISGTPL 
CHICKEN            LANLTNMALPPTTNLMAELTIMVALFNWSSPTIILTGTATLLTASYTLYMLLSTQRGTLPSHITTTPNSNTREHLLMTLHIIPMLTLILKPELISGTPL 
FALCON             LANLTNMALPPTTNLMAELTIITALFNWSTPTILLTGTATLMTASYTLYLLLTTQRGTTPTHITSLQNSNTREHLLMILHILPLILLILKPNLMSGIPQ 
TROPICBIRD         LANLTNMALPPTTNLMAELTIMIALFHWSTPTIILTGTATLLTASYTLFMLLTTQRGTLPPYLTSIQNSNTREHLLMALHIIPLLLLILKPELIS---- 
GREBE              LANLTNMALPPTTNLMAELTIMIALFNWSALTIILTGTATLLTASYTLFMLLATQRGTLPTHITSIQNSTTREHLLMALHAIPMLLLILKPDLIS---- 
FRIGATEBIRD        LANLTNMALPPTTNLMAELTIMISLFNWSPLTIILTGTATLLTASYTLFMLLMTQRGILPTHITSLQNSSTREHLLMALHILPMLLLILKPELISGIPS 
PENGUIN            LANLSNMALPPTTNLMAELTIMTALFNWSSLTIILTGTATLLTAAYTLFMLLATQRGTLPTHITSIQNSNTREHLLMTLHITPMLLLILKPTLISGILS 
GOSHAWK            LANLTNMALPPTTNLMAELTIMISLFNWSTLTIILTGTTTLLTASYTLSMLLTTQRGTLPTHITSMQNSSTREHLLMTLHIAPLLLLILKPEMISGMPL 
IBIS               LANLTNMALPPTTNLMAELTIMIALFNWSTFTIILTGAATLLTAAYTLFMLLTTQRGALPTHITSIQNSNTREHLLMTLHILPLLLLILKPELISGAPL 
EGRET              LANLTNMALPPTTNLMAELTIMIALFNWSTPTIILTGIATLPSASYTLFMMLTTQRGILPNHITSIQNSNTREHLLMALHTIPMLLLILKPEIISGLPS 
LOON               LANLTNMALPPTTNLMAELTIMIALFNWSSPTIILTGTATLLTASYTLFMLLTTQRGTLPTHITSIQNSNTREHLLMALHIIPMLLLILKPELISGAP- 
OYSTERCATCHER      LANLTNMALPPTTNLMAELSIMIALFNWSTFTIILTGLATLLTASYTLYMLLMTQRGTLPAHITSIQNSNTREHLLMTLHIIPLLLLILKPQLISGTLS 
PETREL             LANLTNMALPPTTNLMAELTIMIALFNWSSFTIILTGIATLLTASYTLFMLLMTQRGVLPTHITSIQNSNTREHLLMALHIIPMLLLILKPDLISGALS 
TURNSTONE          LANLTNMALPPTTNLMAELTIMIALFNWSTFTIILTGIATLLTASYTLFMLLMTQRGVLPNHITSIQNSNTREHLLMALHIIPLLLLILKPELISGLPT 
REDHEAD            LANLTNMALPPTTNLMAELTIMITLFNWSALTIILTGIAILLTASYTLFMLLITQRGSIPSHITSIQNSTTREHLLMTLHIIPMFLLILKPELISGAPL 
DUCK               LANLTNMALPPTTNLMAELTIMITLFNWSALTIILTGIATLLTASYTLFMLLVTQRGSIPSHITSIQNSTTREHLLMTLHIIPMFLLILKPELISGAPL 
EMU                LANLTNMALPPTTNLMAELTIMTALFNWSMPTIILTGLATLLTASYTLFMLLMTQRGTSPSYITSIPNSNTREHLLMTLHILPMLLLMLKPELISGTI- 
CASSOWARY          LANLTNMALPPTTNLMAELTIMTALFNWSTPTIILTGLATLLTASYTLFMLLMTQRGMPPAHITSMHNSNTREHLLMALHILPMLLLMLKPELISGVI- 
KIWI               LANLTNMALPPTTNLMAELTIMIALFNWSVFTIILTGLATLLTASYTLFMLLMTQRGTLPTHITSTPNTTTREHLLMTLHILPMFLLMLKPELIL---- 
MOA1               LASLTNMALPPTTNLMAELTIMVALFKWSPLTIMLTGLATLLTALYTLFMLLTTQRGALPTHINSTPNSTTREHLLMTLHILPMILLMLKPELISGPL- 
MOA2               LASLTNMALPPTTNLMAELTIMVALFKWSPLTIMLTGLATLLTALYTLFMLLTTQRGALPTHINSTPNSTTREHLLMTLHILPMILLMLKPELISGPL- 
RHEA1              LANLTNMALPPTTNLMAELTIMIALFNWSPFTIILTGLATLLTASYTLFMLLTTQRGPLPTFISSIPNSNTREHLLMTLHILPMLLLMLKPELITGAL- 
RHEA2              LANLTNMALPPTTNLMAELTIMVALFNWSPFTIILTGLATLLTASYTLFMLLMTQRGPLPTFISSIPSSNTREHLLMTLHILPMLLLMLKPELITGTL- 
OSTRICH            LANLTNMALPPTTNLMAELTIMIALFNWSTPTIILTGLATLLTASYTLFMLSMTQRGTLPTHLTSIHNSNTREHLLMTLHIFPMLLLMLKPELISGVI- 
TINAMOU1           LANLTNMALPPTINLMAELTIMISLFKWSPLTIVLTGLATLLTASYSLTMFLTTQRGTPPTHIASIHYSTTREHLLMTLHTLPMLLLIIKPELISGYM- 
TINAMOU2           LANLTNMALPPTTNLMAELTIMISLFKWSPLTIILTGLAILLTASYTLFMFLTTQRGTPPIFISSTPNTTTREHLLMILHLLPMLLLILKPELISIIP- 
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Figure A.6: Protein alignment of ND4 gene in 33 different avian species using 
MEGA4 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 pink and basic is grey. 
 
 
 
PHEASANT1          --MTYFVIFLGVCFMLGVLGVASNPSPYYGVVGLVLASVVGCGWLVSLGVSFISLALFMIYLGGMLVVFVYSVSLAADPYPEAWGDWRVVGYGLGFVLVVCVGAVLAGFVDFWKVMVVTV 
PHEASANT2          --MTYFVIFLGICFMLGVLAVASNPSPYYGVVGLVLASVVGCGWLVSLGVSFISLVLFMVYLGGMLVVFVYSVSLAADPYPQAWGDWRVVGYGLGFVLVVCVGVFLAGFVDFWKVMVVTV 
CHICKEN            --MTYFVIFLGICFMLGVLAVASNPSPYYGVVGLVVASVMGCGWLVSLGVSFVSLALFLVYLGGMLVVFVYSVSLAADPYPEAWGDWRVVGYGLGFVLVVWMGVVLGGLVDFWKVGVVTV 
TURKEY             --MTYFVIFLGICFMLGVLAVASNPSPYYGVVGLVVASVVGCGWLVNLGVSFISLALFMVYLGGMLVVFVYSVSLAADPYPEAWGDWRVVGYGLGFIFVIYVGVVLGELVEYWKVGVLTV 
QUAIL              --MTYFVIFLGVCFMLGTLAVASNPSPYYGVVGLVLASVVGCGWLVNLGVSFVSLVLFMIYLGGMLVVFVYSVSLAADPYPEAWGSWRVMGYGLGFVLVVCMGMGLGGFVDFWKIGVTTV 
REDHEAD            --MTYFVFFLGVCFVVGVLGVASNPSPYYGVVGLVLASVAGCGWLLSLGVSFVALVLFMVYLGGMLVVFVYSVALAAEPFPEAWGDWRVAGYAAALVAVVLAGLVLGGFVGSWGFGVVTV 
DUCK               --MTYFVFFLGICFVVGVLGVASNPSPYYGVVGLVLASVAGCGWLLSLGVSFVALVLFMVYLGGMLVVFVYSVALAAEPFPEAWGDWRVVGHAAALAAVVLGGLVLGGFVGSWGLGVVTV 
TROPICBIRD         --MTYFVVVLGLCFVLGGLAVASNPSPYYGVVGLVLASVAGCGWLLSLGVSFVSLVLFMVYLGGMLVVFVYSVALAADPFPEAWGDRQVMGYGVCLLLTLAVGGVVGGLVGSYEAGVITV 
TURNSTONE          --MTYFVLLLGLCFVLGGLAVASNPSPYYGVVGLVLASVAGCGWLLSLGVSFVSLVLFMVYLGGMISVFVSSVSLAADPFPEAWGDWRVVGYGVGFMLVVISGMVVGGIGECWKVGVVTV 
OYSTERCATCHER      --MTYFVFFLGVCFVLGGLAVASNPSPYYGVVGLVLASVAGCGWLLSLGISFVSLVLFMVYLGGMLVVFVYSVSLAADPFPEAWGSWGVVGYGFGLILVLVVGVVVGGLVGCWKFGIVTV 
GOSHAWK            --MAYFVLLLGVGFVLGGLAVASNPSPYYGVVGLVLGSVMGCGWLVSLGVPFVALVLFMVYLGGMLVVFVYSVCMAADPFPESWGDWRVLGYGVGMVLVLVVGVVVG-GVECWKMGVVTV 
PENGUIN            --MTYLVLFLGVCFVLGGLAVASNPSPYYGVVGLVLASVVGCGWLVSLGVSFVALVLFMVYLGGMLVVFVYSVALAADPFPVGWGEWPVVVYGVGLVLVLAIGLGVG-GFEGWKFGVNTV 
IBIS               --MTYFVVFLGVGFILGGLAVASNPSPYYGVVGLVLASVVGCGWLLSLGVSFVSLVLFMVYLGGMLVVFVYSVALAADLFPETWGDWRVVGYGVGFVSVLWVGAVVGGLAEGWKLGVVTV 
LOON               --MTYFVVFLSVCFALGGLAVASNPSPYYGVVGLVLASVVGCGWLLSLGVSFVSLVLFMVYLGGMLVVFVYSVSLAADPFPEAWGDWRVVGYGVGFTLVLVVGVAVGGFVEWWKLGVVTV 
GREBE              --MAYFVIFLGVCFVLGGLAVASNPSPYYGVVGLVLASVVGCGWLLSLGASFVSLVLFMVYLGGMLVVFVYSVSLAADPFPEAWWDWGVVWYGVGLVLVLVVGSVVGGILEGWKLGVVTV 
RAIL               --MIYLMYFLGVCFVLGGLGVASNPSPYYGVVGLVLASVAGCGWLLSLGLSFVSLVLFMVYLGGMLVVFLYSVSLAADPYPEGWGDWRVVGYVMGLVLVLVVGVSVGDFVGGWKFGVGTI 
CRAKE              --MTYFMFFLGVCFVLGGLAVASNPSPYYGVVGLVLSSVVGCGWLLSLGLSFVSLVLFMVYLGGMLVVFLYSVSLAADPYPEGWGDWRVVGYTVGLVLVLIVGMFVGGFDEYLKFGVVTV 
FALCON             MVMTYFVFFLGVCFVFGALAVASNPSPYYGVVGLVLGSVVGCGWLMSLGVSFISLVLFMVYLGGMLVVFVYSVALAADPFPEAWGNWRVVGCGVGLILLLFVGAVIGGSVGYLSPGVGTV 
EGRET              --MTYFVIFLGVCFVLGGLAVASNPSPYYGVVGLVLGSLVGCGWLLSLGVSFISLVLFLVYLGGMLVVFVYSVSLAADPFPEAWGDWRVMGYGMGLLLVFAVGVVVGGFVECWKPGVVTV 
RHEA1              -MTSYFVFFMGLSFVLGALAVASNPSPYYGLLGLVVGSLVGCGWLLSLGVSFISLVLFLVYLGGMLVVFVYSVSLAADPFPEAWGDWRVLGYSGGLLLVMLVGVVVGGGMGSELWGISTV 
RHEA2              MMTSYFVFFMGVSFILGALAVASNPSPYYGLLGLVVGSLVGCGWLLSLGVSFISLVLFLVYLGGMLVVFVYSVSLAADPFPEAWGDWRVLGYSGGLLLVVLVGVVVGGGMGSELWGVNTV 
KIWI               --MSYLVFFLGLCFVLGVLAVASNPSPYYGILGLVVGSVAGCGCLLSLGMSFVSLVLLLVYLGGMLVVFVYSVSLAADPFPEAWGNWRVWGYGMGFLLVIFVGVVVGGLMELEMGGVRTV 
MOA1               --MTYFVLFLGVCFILGALAVASNPSPYYGVLGLVVGSVVGCGWLLSLGASFISLVLFLVYLGGMLVVFVYSVSLAADPFPEAWGDWRVLGFGASLVLVVFGGLVVMGSVGVTVGGVGTV 
MOA2               --MTYFVLFLGVCFILGALAVASNPSPYYGVLGLVVGSVMGCGWLLSLGASFISLVLFLVYLGGMLVVFVYSVSLAADPFPEAWGDWRVWGFGASLVLVVFGGLVVMGLVGVTVGGVGTV 
EMU                --MTYFIFFLGLCFILGALAVASNPSPYYGVLGLVLGSVVGCGWLLSLGVSFISLVLFLVYLGGMLVVFVYSVSLAADPFPETWGDWRVLGYGVGLVLVVFVGMVVGNFVGVGVQGVNTV 
CASSOWARY          --MTYFIFFLGLCFILGALAVASNPSPYYGVLGLVVGSVVGCGWLLSLGVSFISLVLFLVYLGGMLVVFVYSVSLAADPFPETWGDWRVLGYGVGLALVVFVGVVMGDFMGVGVQGVGTV 
OSTRICH            --MTYFVMFLGFCFILGAVAVASNPSPYYGVLGLVVGSVVGCGWLLSLGVSFISLALFLVYLGGMLVVFVYSVSLAADPYPQAWGSWQVVIYGVGLVLVVLVGIVVGDFVGVWNLWVGTV 
TINAMOU1           --MMYFVSFLGVCFVLGALAVASNPSPQYGVMGLVMGSVVGCGWLLSLGVSFVSLVLFLVYLGGMLVVFVYCVSLAAEPYVEAWGDWRVLGYGMGFMVVVLMGGVVWDLVGSGGWWVGTV 
TINAMOU2           --MTYFVFFLGVGLVMGALAVACNPSPYYGVLGLVLGSVMGCGWLVSLGVSFVSLVLFLVYLGGMLVVFVYSVSLAADPYPEAWGDWRVVQYGVGFMMIVLVGVVLGGFVEEGVVVGGTV 
ROOK               --MMNFVLFMTLCFVLGGLAVASNPSPYYGVVGLVVASIAGCGWLLSMGVSFVSLVLVMVYLGGMLVVFVYSVSLAADPYPESWGDWRVVGYGVGMGLVVVIVGVVMGAFSEVVMGGDTV 
WIDOWFINCH         --MMEFVLFLGLLFALGGLAVASNPSPYYGVVGLVVAAIAGGGWLVSLGVSFVSLMLVMVYLGGMLVVFVYSVSLAADPYPETWTDWGVVGYGFGMGLVVMVGLVVSGVFGLLADVG-TV 
                        :: .: . : .* :.**.**** **::***:.:: * * *:.:* .*::* *.::*****: **: .*.:**: :   * .  *      :   .     :            *: 
PHEASANT1          DGGGMSFVRLDFSGVAVFYSCGVGLFLVAGWGLLLVLFVVLELVRGLSRGAIRAV 
PHEASANT2          DGGGMSFVRLDFSGVAMFYSCGVGLFLVAGWGLLLVLFVVLELVRGLSRGAIRAV 
CHICKEN            DGGGVSFARLDFSGVAVFYSCGVGLFLVAGWGLLLALFVVLELVRGLSRGAIRAV 
TURKEY             DSAGVSFVRLDFSGVAMFYSCGVGLLLVAGWGLLLVLFVVLELVRGLSRGAIRAV 
QUAIL              DSGGMSFVRLDFGGVAAFYSYGVGLFLVAGWGLLLVLFVVLELVRGLSRGAIRAV 
REDHEAD            DSVGMFTVRLDFSGVAMLYSRGVGMFLVAGWGLLLTLFVVLELVRGLSRGAIRAV 
DUCK               DSVGMFTVRLDFSGVAMLYSRGVGMFLVAGWGLLLTLFVVLELVRGLSRGAIRAV 
TROPICBIRD         DSGGMFSVRLDFSGVAMFYSCGVGMFLVAGWGLLLTLFAVLEVVRGLARGAIRAV 
TURNSTONE          DSGGMFSVRLDFSGVAMFYSYGVGMFLVAGWGLLLTLFVVLELVRGLSRGAIRAV 
OYSTERCATCHER      DGGGMFSVRSDFSGVAMFYSCGVGMFLVAGWGLLLTLFVVLELVRGLSRGAIRAV 
GOSHAWK            DSEGIFVGRLDFSGIAVFYSCGAGMFLVAGWGLLLTLFVVLELVRGLSCGAIRAV 
PENGUIN            DSGGVVPIRLDFSGVALFYSCGVGMFLVAGWGLLLTLFVVLELVRGLSRGAIRAV 
IBIS               DSGGVFSVRLDFSGVAMFYAEGAGMFLVAGWGLLLTLFVALELVRGLSRGAIRAV 
LOON               DGGGMFSVRLDFSGVAMFYSYGVGMFLVAGWGLLLTLFVVLELVRGLSRGALRAV 
GREBE              DGGGVFSVRLDFSGVALFYSWGTGMLMVGGWGLLLTLFVVLELVRGLSRGAIRAV 
RAIL               DSVGTLSVRLDFSGVAMLYSQGVGMFLIAGWGLLLTLFTVLELVRGLARGTIRAV 
CRAKE              DSVGILSVRLDFSGVAVLYSWGVGMFLIAGWGLLLTLFVVLELVRGLARGAIRAV 
FALCON             DSGGVVSVRLDSSGVAMFYFYGVGMFFIAGWGLLLTLFVVLELVRGLSRGAIRAV 
EGRET              DSGGVLSIRLDFGGVAMFYSHGVGMFLVGGWGLLLTLFVVLELVRGLSRGAIRAV 
RHEA1              DSEGAVLVRMDFSGVAVFYSWGAGMFLIAGWGLLLTLFVVLELVRGLSRGAIRAV 
RHEA2              DSEGAVLVRMDFSGVAVFYSWGAGLFLIAGWGLLLTLFVVLELVRGLSRGAIRAV 
KIWI               DCGGPVSVRMDFSGVAMFYSWGVGMFLVAGWGLLLTLFVVLELVRGLSRGTIRAV 
MOA1               DCGGMVSVRTDFSGVAMLYSWGGGMLLVAGWGLLLTLFVVLELVRGVSRGAIRAV 
MOA2               DCGGMVSVRTDFSGVAMFYSWGGGMLLVAGWGLLLTLFVVLELVRGVSRGAIRAV 
EMU                DCGGAVSIRMDFSGVAMFYSLGAGMFLVAGWGLLLTLFVVLELVRGLSRGAIRAV 
CASSOWARY          DCGGAVSVRMDFSGVAMFYSWGAGMFLVAGWGLLLTLFVVLELVRGLSRGAIRAV 
OSTRICH            DYGGLGAVRLDFSGVALFYSWGAGLFLVAGWGLLLTLFVVLELVRGLSRGAIRAV 
TINAMOU1           DCVGGGLVRVDFSGVAMFYSWGAGMFMVAGWGLFLTLFVVLELVRGLSCGAVRAV 
TINAMOU2           DSVGMMSVRMDFSGVAMFYFWGAGLFMVVGWGLLLSLFVVLELVRGVSRGAIRAV 
ROOK               NNGGLSWTRTDFSGVAMFYSSGSGLLLIAGWGLLLTLFVVLELVRGLSRGAIRAV 
WIDOWFINCH         NGAGLLSVRVDFSGAAVLYSEGAGFLLIGGWGLLLTLFVVLELVRGLSRGAIRAV 
                   :  *    * * .* * :*  * *:::: ****:* **..**:***:: *::*** 

Figure A.7: Protein alignment of ND6 gene in 33 different avian species using 
MEGA4 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 pink and basic is grey. 


	Figure 1.1a: shows the first ever DNA fingerprint on the left, produced in Alec Jeffreys laboratory on the 10th September 1984.  It shows the banding pattern from a mother, child, and father using a multilocus probe. The image on the right shows the m...
	Figure 1.1b: Schematic representation of RFLP analysis; genomic DNA from sample 1 (S1) and sample 2 (S2) were cut by restriction enzymes which generated different length of restriction products. They were separated on agarose gel and transferred to me...
	Figure 1.2: Schematic representation of RAPD analysis; genomic DNA from sample 1 (S1) and sample 2 (S2) were amplified using arbitrary single short primers. The primers are illustrated as blue arrows. These are typically 10 nucleotides in length. The ...
	Figure 1.3: Schematic representation of AFLP analysis; genomic DNA from sample 1 (S1) and sample 2 (S2) were doubled-digested with EcoRI and MseI. These generated different length of restriction products with ‘sticky ends’ generated by the enzymes to ...
	Table 1.1: List of techniques which have been used in the species testing. (+) shows advantages of the technique and (-) shows disadvantages of the technique.
	Table 1.3: Gene arrangement of the 13 loci including the ND family, COI, COII, COIII, ATP6, ATP8 and cyt b of chicken (G. gallus), junglefowl (G. varius), guineafowl (Numida meleagris), human (Homo sapiens), sheep (Ovis aries), Northern native cat (Da...
	Table 1.4: The length of mitochondrial amino acid sequences of the 13 loci including the ND family, COI, COII, COIII, ATP6, ATP8 and cyt b of chicken (G. gallus), junglefowl (G. varius), guineafowl (Numida meleagris), human (Homo sapiens), sheep (Ovis...
	Figure 1.5: Organization of the mammalian and avian mitochondrial genomes. The D loop is normally viewed at the top with the numbered bases going clockwise. The order of the 37 genes is similar between mammalian and avian mtDNA but note that cyt b and...
	Figure 1.7: Showing parts of a phylogenetic tree. The red arrows indicate the parts of the tree. Taxon A and B are sister groups. Taxon C is the outgroup of taxon A and B. The blue box is a clade. Root is a common ancestor of all taxa on the tree. A c...

	Table 1.7: A list of examples of the online tools and the software packages for multiple sequence alignment and phylogenetic tree reconstruction. Multiple alignments can be performed directly on the website of the online programs on the left column wh...
	Table 2.2: A list of the ND2 sequences from nine avian species used in this study including their scientific name, common name, accession numbers and taxonomic group. Colour shading indicates members within the same Order.
	Table 2.3: showing primer sites, highlighted in yellow, and the melting temperature (Tm) of the primers for the ND2 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...
	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.
	Table 2.5: A list of finch species used in this study including scientific name and common name.
	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.
	Table 2.8: A list of the 12 parrot and cockatoo species including their scientific name, common name and accession numbers.
	Table 2.9: showing primer site, highlighted in yellow, and the melting temperature (Tm) of the primer for the ND5 gene amplification of parrot and cockatoo species.
	Table 2.10: Primer pairs and product size for ND5 gene amplification.
	Figure 2.3: A map of the overlapping sites of the expected PCR products from the ND5 primers for the complete ND5 gene sequencing of the parrot and cockatoo species.
	Table 2.12: A list of the unknown species including with their expected common name.
	2.5.2 DNA Extraction from Feathers

	Figure 2.5: showing the feathers from Major Mitchell's Cockatoo, the blue arrow indicates the calamus part of the feather.
	Figure 2.6: showing feather and barb samples from the smaller size bird: superb parrot (Polytelis swainsonii) and the larger size bird: short-billed black cockatoo (Calyptorhynchus latirostris). The red arrows indicate a barb from each species.
	Table 2.16:  A list of finch species used for intra-species variation study.
	2.10.5 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, COI, ND2 and ND5 loci
	The partial sequences of the ND2 and ND5 loci obtained from this study are from Calyptorhynchus banksii, Calyptorhynchus funereus, Psittacula alexandri and Amazona ochrocephala. The pairwise distance between parrot and cockatoo species was calculated ...

	Table 2.17: A list of parrot and cockatoo species used for intra-species variation study.
	2.10.6 Genetic variation avian mitochondrial DNA genes
	The mitochondrial genome of 102 avian species consisted of 37 genes comprised 13 polypeptides, two rRNA genes, and 22 tRNA genes. All gene sequences were aligned using the MEGA program to calculate the genetic distance between these species. The p-dis...
	The steps to enter the data into MEGA included: click on the distance tab, calculate overall mean of a standard comparison (p value) and add 1000 bootstrap repetitions to evaluate the variance as shown in Figure 2.7.

	Figure 2.7: showing p-distance calculation using MEGA program. The orange arrows indicate the three steps to compute the overall mean value.
	Chapter 2 References

	CHAPTER 3 RESULTS AND DISCUSSIONS
	3.1 Mitochondrial protein sequences analysis

	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 ...
	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, a...
	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,...
	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, a...
	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, a...
	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...
	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 bou...
	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 p...
	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 t...
	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.
	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 gen...
	3.3.1.1 Intra-species variation within finch species

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

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

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

	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 thi...
	* 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 variati...
	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 sho...
	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 ...
	3.3.2.2 Inter-species variation between parrots and cockatoos

	Table 3.11: A list of parrot and cockatoo species used in analysing inter-species variation as part of this study
	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 re...
	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 conse...
	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 identific...
	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 co...

	funereus
	banksii
	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 evolutio...
	funereus
	banksii
	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 s...
	funereus
	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 evolutio...
	funereus
	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 evoluti...
	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 ND...

	funereus
	Table 3.12: The comparison of the use of all methods and models provided in MEGA 5 and MrBayes programs.
	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, ...
	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 ...
	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 thi...
	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...
	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...
	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 ...
	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 in...
	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 indicat...
	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 ...
	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. T...
	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...
	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 distingu...
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