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APPENDIX C

Phylogenetic reconstruction using 100 bp and 450 bp segments
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Figure C.1: Phylogenetic tree reconstruction of the 100 bp segment from the ND2 gene, at base positions 1-100
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Figure C.2: Phylogenetic tree reconstruction of the 100 bp segment from the ND2 gene, at base positions 101-200
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Archiochus colubns

Figure C.3: Phylogenetic tree reconstruction of the 100 bp segment from the ND2 gene, at base positions 201-300
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Figure C.4: Phylogenetic tree reconstruction of the 100 bp segment from the ND2 gene, at base positions 301-400
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Figure C.5: Phylogenetic tree reconstruction of the 100 bp segment from the ND2 gene, at base positions 401-500
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Figure C.6: Phylogenetic tree reconstruction of the 100 bp segment from the ND2 gene, at base positions 501-600
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Figure C.7: Phylogenetic tree reconstruction of the 100 bp segment from the ND2 gene, at base positions 601-700
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Figure C.8: Phylogenetic tree reconstruction of the 100 bp segment from the ND2 gene, at base positions 701-800
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Figure C.9: Phylogenetic tree reconstruction of the 100 bp segment from the ND2 gene, at base positions 801-900
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Figure C.10: Phylogenetic tree reconstruction of the 100 bp segment from the ND2 gene, at base positions 901-1000
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Figure C.11: Phylogenetic tree reconstruction of the 100 bp segment from the ND2 gene, at base positions 1001-1041
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Figure C.12: Phylogenetic tree reconstruction of the 100 bp segment from the ND4 gene, at base positions 1-100
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Figure C.13: Phylogenetic tree reconstruction of the 100 bp segment from the ND4 gene, at base positions 101-200
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Figure C.14: Phylogenetic tree reconstruction of the 100 bp segment from the ND4 gene, at base positions 201-300
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Figure C.15: Phylogenetic tree reconstruction of the 100 bp segment from the ND4 gene, at base positions 301-400
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Figure C.16: Phylogenetic tree reconstruction of the 100 bp segment from the ND4 gene, at base positions 401-500
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Figure C.17: Phylogenetic tree reconstruction of the 100 bp segment from the ND4 gene, at base positions 501-600
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Figure C.18: Phylogenetic tree reconstruction of the 100 bp segment from the ND4 gene, at base positions 601-700
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Figure C.19: Phylogenetic tree reconstruction of the 100 bp segment from the ND4 gene, at base positions 701-800
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Figure C.20: Phylogenetic tree reconstruction of the 100 bp segment from the ND4 gene, at base positions 801-900
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Figure C.21: Phylogenetic tree reconstruction of the 100 bp segment from the ND4 gene, at base positions 901-1000
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Figure C.22: Phylogenetic tree reconstruction of the 100 bp segment from the ND4 gene, at base positions 1001-1100
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Figure C.23: Phylogenetic tree reconstruction of the 100 bp segment from the ND4 gene, at base positions 1101-1200
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Figure C.24: Phylogenetic tree reconstruction of the 100 bp segment from the ND4 gene, at base positions 1201-1375
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Figure C.25: Phylogenetic tree reconstruction of the 100 bp segment from the ND5 gene, at base positions 1-100
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Figure C.26: Phylogenetic tree reconstruction of the 100 bp segment from the ND5 gene, at base positions 101-200
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Figure C.27: Phylogenetic tree reconstruction of the 100 bp segment from the ND5 gene, at base positions 201-300
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Figure C.28: Phylogenetic tree reconstruction of the 100 bp segment from the ND5 gene, at base positions 301-400
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Figure C.29: Phylogenetic tree reconstruction of the 100 bp segment from the ND5 gene, at base positions 401-500
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Figure C.30: Phylogenetic tree reconstruction of the 100 bp segment from the ND5 gene, at base positions 501-600
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Figure C.31: Phylogenetic tree reconstruction of the 100 bp segment from the ND5 gene, at base positions 601-700

256



Appendix C

S Boonseub/PhD Thesis

Grus nigricolis
Grus gras

Grus monacha
Grus americana
Grus carunculalus
Grus japonensis
Grus paradisea
Grus vigs

Grus nublcunda
Grus antigone
Gius vipio

Grus. el

Grus
Balearica pavoning

Hipponia nipgon
_H Theskiomis aelhiopicus

Ganka stellala
Spzactus nipalensis
Misastus alboniger
Spzactus alboniger

Smithomis sharpe
_H Micraslur ghicolis
Phaethon rnibricauda

Eudyplula minor
Phoenicoplens rubker roseus
Cicona boyciana

Cicona ciconia

Pandicn haliastus

Aesipiter gentilis

Thulas sarche melsnopheis

Hasmatopus ater
Synthiboramphus anlquus

Eudromia slegans

O, AoV OO AN
Elmm s,

Ardea novaehollandiae

Egraita eulopholes

_lﬂ Retina eurizonoides sepiada

—| Gallrallus oxinawae

Syhda crassirostris
Syhan stricaplia
Acmcephalus scirpaceus
Cotumix japonica

Cotumix chinensis
Artcrophila rudpectus
Oryocopus ploalus.
Tinamus major
Pycnonolus tahanus
Melopsttacus undulatus
Fales trnunculus
Falce spanenus
Fales peregrins
Vidua chalybeata
Tocnopyga gutiata
Gallus sonnerati
Gallus vanus

Gallus gallus

Gallus |atryatal

Pavo muticus

o Ivist o
Symaticus elioti
Humida meleagns

Archilochus colubris
Bambusicoia Ihoracica

Teiraophasis szechenyii
Conws frugilegus

Lophura nycthemens

Lophura ignita

Hymatus SOMMIMETng jimae
Symatcus reewesii

Anser abifrons

Dinomis giganeus
Casudnius casuarius
Dromaius noveaholl andise
Ptorccnemia pannata
Rhea amencana

Figure C.32: Phylogenetic tree reconstruction of the 100 bp segment from the ND5 gene, at base positions 701-800
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Figure C.33: Phylogenetic tree reconstruction of the 100 bp segment from the ND5 gene, at base positions 801-900
258
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Figure C.34: Phylogenetic tree reconstruction of the 100 bp segment from the ND5 gene, at base positions 901-1000
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Figure C.35: Phylogenetic tree reconstruction of the 100 bp segment from the ND5 gene, at base positions 1001-1100
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Figure C.36: Phylogenetic tree reconstruction of the 100 bp segment from the ND5 gene, at base positions 1101-1200
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Figure C.37: Phylogenetic tree reconstruction of the 100 bp segment from the ND5 gene, at base positions 1201-1300
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Figure C.38: Phylogenetic tree reconstruction of the 100 bp segment from the ND5 gene, at base positions 1301-1400
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Figure C.39: Phylogenetic tree reconstruction of the 100 bp segment from the ND5 gene, at base positions 1401-1500
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Figure C.40: Phylogenetic tree reconstruction of the 100 bp segment from the ND5 gene, at base positions 1501-1600
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Figure C.41: Phylogenetic tree reconstruction of the 100 bp segment from the ND5 gene, at base positions 1601-1700
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Figure C.42: Phylogenetic tree reconstruction of the 100 bp segment from the ND5 gene, at base positions 1701-1800
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Figure C.43: Phylogenetic tree reconstruction of the 100 bp segment from the COI gene, at base positions 1-100
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Figure C.44: Phylogenetic tree reconstruction of the 100 bp segment from the COI gene, at base positions 101-200
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Figure C.45: Phylogenetic tree reconstruction of the 100 bp segment from the COI gene, at base positions 201-300
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Figure C.46: Phylogenetic tree reconstruction of the 100 bp segment from the COI gene, at base positions 301-400

271



Appendix C

S Boonseub/PhD Thesis

Tasnizpygia guitata

Ninox novess elandas
Synthiboramphus antiquus
Phaathon nibncauda
Ardea noaehollandise
Egretia sulaphates
Plerodoma brenitostris
Caling moschata
Arenaria imerpres

_ lmmniza

Aythya

Anas

Cygnus columbianus
Cyprus atratus

Branta canadensis
Anser albifrons
Ansar ansor

Pandion haliaetus
Muolopsittacus undulitus
‘Buteo buteo

Acciphter gentilis

Pomphync hochstetten
Gallirallus okinzwae

Misrastur gldcodis
Archilochus colutvis

Ralina surizonoides seplaria
Thalassarcha maanophns

Syhda atricapils
Phoanicoptarus ruber roseus
Dvyocopus piksus
Widua chalybesta

Corws Fugilegus
Pycnoncius tananus

Sylia crassrostis
ALOCOPRAS SCIPAcEUs
Eudypiuia minor
Tachybapius nonaehollandiae
Ciconia boyciana

Cleonia ciconia

Baleanca pavoning
Gava stellata
Rhynochetos jubatus

Singops hatroptilus.
Falco paregrinus
Faito tinnunculus
Falco s panerius

Flatalea leucorodia
Platalea minor

Haematspus ater
Plerogiossus arar fauostns

Plerocnemia pennala
FRhesa amesicana
Kumica meeagris
Spizeetus nipalensis
Nisaelus abaniger
Spizeetus alboniger

_|m Smithomis shapel

| I— Nipponia nippon
Gallus sennoratii
Galus warius
Galus galles
Gailug Iataystis:
Bambusicota thorcica
Francolnus pintadeanus
Lophura nycthemena

LLoghura ignita

Caotumin japonics
L onmccioenss
Arborsphils nspoct s
Meleagrs gallopng
P i

Tragopan cabobl
Polyplectron bicalcanatum
Symaticus resvesio
Phasianus wrsicolor

Symaticus soemmaemngi ijiman
Symmaticus humise
Symaticus ellicti

— Struthio camelus

L Anseranas semipaimata

Apteryx cwan

Aptery heasti
Casuarius casuanus
Dvornaius nenasshollandise

Tinamus majer

Eucramia elegans.
Dincemis glganteus
Emaus crassus
Ancrralopterys diditormis

Figure C.47: Phylogenetic tree reconstruction of the 100 bp segment from the COI gene, at base positions 401-500
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Figure C.48: Phylogenetic tree reconstruction of the 100 bp segment from the COI gene, at base positions 501-600
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Figure C.49: Phylogenetic tree reconstruction of the 100 bp segment from the COI gene, at base positions 601-700
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Figure C.50: Phylogenetic tree reconstruction of the 100 bp segment from the COI gene, at base positions 701-800
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Figure C.51: Phylogenetic tree reconstruction of the 100 bp segment from the COI gene, at base positions 801-900
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S Boonseub/PhD Thesis
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Figure C.52: Phylogenetic tree reconstruction of the 100 bp segment from the COI gene, at base positions 901-1000
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Figure C.53: Phylogenetic tree reconstruction of the 100 bp segment from the COI gene, at base positions 1001-1100
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Figure C.54: Phylogenetic tree reconstruction of the 100 bp segment from the COI gene, at base positions 1101-1200
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Figure C.55: Phylogenetic tree reconstruction of the 100 bp segment from the COI gene, at base positions 1201-1300
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Figure C.56: Phylogenetic tree reconstruction of the 100 bp segment from the COI gene, at base positions 1301-1400
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Figure C.57: Phylogenetic tree reconstruction of the 100 bp segment from the COI gene, at base positions 1401-1500
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Figure C.58: Phylogenetic tree reconstruction of the 100 bp segment from the COI gene, at base positions 1501-1551
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Figure C.59: Phylogenetic tree reconstruction of the 100 bp segment from the cyt b gene, at base positions 1-100
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Figure C.60: Phylogenetic tree reconstruction of the 100 bp segment from the cyt b gene, at base positions 101-200
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Figure C.61: Phylogenetic tree reconstruction of the 100 bp segment from the cyt b gene, at base positions 201-300
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Figure C.62: Phylogenetic tree reconstruction of the 100 bp segment from the cyt b gene, at base positions 301-400
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Figure C.63: Phylogenetic tree reconstruction of the 100 bp segment from the cyt b gene, at base positions 401-500
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Figure C.64: Phylogenetic tree reconstruction of the 100 bp segment from the cyt b gene, at base positions 501-600
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Figure C.65: Phylogenetic tree reconstruction of the 100 bp segment from the cyt b gene, at base positions 601-700
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Figure C.66: Phylogenetic tree reconstruction of the 100 bp segment from the cyt b gene, at base positions 701-800
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Figure C.67: Phylogenetic tree reconstruction of the 100 bp segment from the cyt b gene, at base positions 801-900
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Figure C.68: Phylogenetic tree reconstruction of the 100 bp segment from the cyt b gene, at base positions 901-1000
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Figure C.69: Phylogenetic tree reconstruction of the 100 bp segment from the cyt b gene, at base positions 1001-1100
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Figure C.70: Phylogenetic tree reconstruction of the 100 bp segment from the cyt b gene, at base positions 1101-1143
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Figure C.71: Phylogenetic tree reconstruction of the 450 bp segment from the ND2 gene, at base positions 1-450
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Figure C.72: Phylogenetic tree reconstruction of the 450 bp segment from the ND2 gene, at base positions 101-550
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Figure C.73: Phylogenetic tree reconstruction of the 450 bp segment from the ND2 gene, at base positions 201-650

298



Appendix C

S Boonseub/PhD Thesis

Hawmatcpus aler
Syniriboramphus antquus
Plarodioma bredrosis
Gania stellata

Evdypiula mnor

Phoericoptens nbef mesus
Ciconia boycians

Cigonia cicona

Mpponia nippon

Platalea loucarodia

Platalea minos

Arenaria interpres
Taehybagtus sovashcllandioe
Misaetus albeniger
Spzaalus alboniger
Spezaelus npalensis

Buteo butea

Accipiter gontilis

oL A [,

—

L

—

1]

Rhynochetos jubatus
Syl crassirostis
Syhia aticapilla
Pycnonolus laianus
Acrocephalus stimaceus
Tamniogyin guttatn
Vidua chaly beata
Conus Fugilegus
Faleo pareginus
Falco spanerius
Faleo tinnuncuus.
Micrastur ghicollis
Phaethon nibricauda
Ardea noaehcllandae
Egretta suaphotes
Gallirallus. cxingase
Posphyrio hochsleties
Ralina surizoncides seplada
Bakoanca pavoning
Grus canadensis
Grus leucogeranus
Grus nignzolis

Grus monacha

Grus amevicana

Gous grus

Gus japanensis

Grus paradisea

Gous vige

Grus canunculatus
Grus vipio

Grus antigone

Grus rubicunda
Smitharmis sharpel
Archilcchus colubris
Plenogiossus azara farosing.
Dryocopus pleatus

iR NOVNS A ngae
Strigops habmopt lus
Melopsittacus undulatus
Anser albifrons

Anser anser

Branta canagensis
Cygnus columbianus
Cygnus atratus

Cawina moschata
Anas platyrhynchos
Ayihya amencana
Dendracygna jawica

ophila rufipecius

Cotunax japonica
Cotumix chinensls
Gallus gallus

Gallus serneraii

Gallus arius

Gallus latayolle
Francoknus pntadeanis
Bambusicola thoracica
P muticus
Poiyplestron blcalcaralum
Tetracpnasis srachanyii
Tragopan caboti
Melvagrs gallopave
Lophura nycthemenn
Loghura ignita
Phisians wrsicolor

g ijmae
Symaticus reewesii

Symaticus humas

Symaticus elioti

Tinamus major

Ewdromia degans

| sl

Eméus crassus
Anomalopienyx didiformis
Dinamis giganeus
Aplery x owenii

Apteryx hasastii

Figure C.74: Phylogenetic tree reconstruction of the 450 bp segment from the ND2 gene, at base positions 301-750
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Figure C.75: Phylogenetic tree reconstruction of the 450 bp segment from the ND2 gene, at base positions 401-850
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Figure C.76: Phylogenetic tree reconstruction of the 450 bp segment from the ND2 gene, at base positions 501-950

301



Appendix C

S Boonseub/PhD Thesis

Grus anligene
Grus nibicunda
Grus vipio

Grus canadensis
Girus leucogeranus
Grus Japonensls
Grus amencana
Grus grus

Grus nigricolis
Grus monocha
Grus cannculats
Grus paradisea
Gifus virga
Dalearica paoning

anbams
Nipponia nippon
Treeskicrns aethupicus
Platabea lewcorodia
Platalea minor
Hamatopus aler

g

Arenara interes
Phoenicoptenus ruber roeeus
Tachybaptus rowsehcllandise
Thalassarche melanophris
Plerdrma brewrosing
Eudyptula minar

Gawdan stedlata

Cicona boyciana

Cleon'a cloenla

— Ardea noneehcllandae

L egrena euaphotes
Rettina ourtzonakis sepiarn
Porphynio hochstetien
Gallirallus oxinawas
Archilochus colubis

Rbynochetes jubaius
Micrastur ghdcells
Falco tinnunculus

Falco peregrinus

Fales spanenus
Strigops habroptius
Melopsittacus unduletus

Phasthon rubricauda
Pangion nalastus
Buleo bulea
Accipaer gentills
Spezasius nipalensis
Misaetus alboniger
Spaadtus alborigoer
Ptoroglossus azam laurosirs
Cryccopus pleatus
Senithomis sharpei
Syhia crassirostris

Syhvia atricapilla
Pycnonotus tananus
Acrocephalus scimaceus
Conus fugilegus

Widua chalybeata
Taaniogygia guitatn
Apleryx owani

Agteryx haastii
Plefsenema pennasta

%
i

Dromaus nevestlandise
Diramis @ganteus
Emeus crassus

é
g
i

Stahic camelus
Tinamus major
Eudromia eegans
Ansor albdons

Symaticus elicti

Symaticus soemmening! imae
Symaticus reevesii

Phasianus wrsicolon

Lophura nycthemens

Lophura ignia

Tesracphasis szechenyil

{
§

Melsagrs galomae
Cotumix japonica
Cotumx chinensis

P muticus
Peiypiection Licalcaralum

Bambusicoa thoraciza
Gallus gailus

Gallus sonnerstii
Gallus wardus

1] P 7 [ 20 1]

g
H
£
3

Figure C.77: Phylogenetic tree reconstruction of the 450 bp segment from the ND2 gene, at base positions 601-1041
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Figure C.78: Phylogenetic tree reconstruction of the 450 bp segment from the ND4 gene, at base positions 1-450
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Figure C.79: Phylogenetic tree reconstruction of the 450 bp segment from the ND4 gene, at base positions 101-550
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Figure C.80: Phylogenetic tree reconstruction of the 450 bp segment from the ND4 gene, at base positions 201-650
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Figure C.81: Phylogenetic tree reconstruction of the 450 bp segment from the ND4 gene, at base positions 301-750
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Figure C.82: Phylogenetic tree reconstruction of the 450 bp segment from the ND4 gene, at base positions 401-850
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Figure C.83: Phylogenetic tree reconstruction of the 450 bp segment from the ND4 gene, at base positions 501-950

308



Appendix C

S Boonseub/PhD Thesis

Grus nigricolis
Grus grus

Grus monacha
Grus americana
Grus apornsis
Grus canadensls
Grus canmeulatus
Grus parasiisea
Grus vrgo

Grus ubicunda
Grua antigone:
Grus upio

Dalearica pavonna
Galiwalus cuindwne
Ralling eurizonoides seplaris
Porphyrio hochstetier
Fnynochiios jubatus
Arehilochus colubris
Smithemis sharei
Nipponia nipgon
Thieskicrns duthopicus
Flatales leucorcdia
Flatalea minor

——— Evdyptula minor
Phasthon
L

Ganda sollata

Ciconia boyciana

Ciconia ciconia
Thalassarchi meanopnns

—| Phoonicoptorus rubor roseus
Haematopus aler
Syrehlbceamphus anticuus
Arenana interpras.
Tachybaptus roseholland pe

— Pandion halastus

Butea buteo

Accipiier gentilis
Spizaetus nipalensis
Hisaetus alboniger
Spizaetus alboniger

Strigops habroplilus
Melopsittacus unduiatus
—l—”é neraehcil andiae
Egretia eulopholes
L Ninco: novaeseeandiss

Faico pereginus

Faco spanenus.
Faica linmunculus
Micrastur ghicclis
‘Corws fugllegus
Vidua chalybanta
Acrocephalys scipaceus
Taeniopypia gullata
Pycnonolus taianus
Sylva crassirostris
Sylia atrizapiia
Apteryx owenll

Tinamus major

Eudromin slegans
— Fresocnemia pennata
L— Rnea americana
Fiomglossus azar awros s
Drypetpus plealus
Ansor albirons
Anger anser
Branta canadensis
Cypnus columbianus
Cygous atralus

Anas platyrhynchos
Cainna moschata
Aythys ametcana
o

semipaimala
Numida meleagns
ila ruipecius

Syrmaticus humige
Syrmaticus elicl

1

Figure C.84: Phylogenetic tree reconstruction of the 450 bp segment from the ND4 gene, at base positions 601-1050
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Figure C.85: Phylogenetic tree reconstruction of the 450 bp segment from the ND4 gene, at base positions 701-1150
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Figure C.86: Phylogenetic tree reconstruction of the 450 bp segment from the ND4 gene, at base positions 801-1250
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Figure C.87: Phylogenetic tree reconstruction of the 450 bp segment from the ND4 gene, at base positions 901-1375
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Figure C.88: Phylogenetic tree reconstruction of the 450 bp segment from the ND5 gene, at base positions 1-450
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Figure C.89: Phylogenetic tree reconstruction of the 450 bp segment from the ND5 gene, at base positions 101-550
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Figure C.90: Phylogenetic tree reconstruction of the 450 bp segment from the ND5 gene, at base positions 201-650
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Figure C.91: Phylogenetic tree reconstruction of the 450 bp segment from the ND5 gene, at base positions 301-750
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Figure C.92: Phylogenetic tree reconstruction of the 450 bp segment from the ND5 gene, at base positions 401-850
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Figure C.93: Phylogenetic tree reconstruction of the 450 bp segment from the ND5 gene, at base positions 501-950
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Figure C.94: Phylogenetic tree reconstruction of the 450 bp segment from the ND5 gene, at base positions 601-1050
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Figure C.95: Phylogenetic tree reconstruction of the 450 bp segment from the ND5 gene, at base positions 701-1150
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Figure C.96: Phylogenetic tree reconstruction of the 450 bp segment from the ND5 gene, at base positions 801-1250
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Figure C.97: Phylogenetic tree reconstruction of the 450 bp segment from the ND5 gene, at base positions 901-1350
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Figure C.98: Phylogenetic tree reconstruction of the 450 bp segment from the ND5 gene, at base positions 1001-1450
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Figure C.99: Phylogenetic tree reconstruction of the 450 bp segment from the ND5 gene, at base positions 1101-1550
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Figure C.100: Phylogenetic tree reconstruction of the 450 bp segment from the ND5 gene, at base positions 1201-1650
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Figure C.101: Phylogenetic tree reconstruction of the 450 bp segment from the ND5 gene, at base positions 1301-1800
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Figure C.102: Phylogenetic tree reconstruction of the 450 bp segment from the COI gene, at base positions 1-450
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Figure C.103: Phylogenetic tree reconstruction of the 450 bp segment from the COI gene, at base positions 101-550
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Figure C.104: Phylogenetic tree reconstruction of the 450 bp segment from the COI gene, at base positions 201-650
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Figure C.105: Phylogenetic tree reconstruction of the 450 bp segment from the COI gene, at base positions 301-750
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Figure C.106: Phylogenetic tree reconstruction of the 450 bp segment from the COI gene, at base positions 401-850
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Figure C.107: Phylogenetic tree reconstruction of the 450 bp segment from the COI gene, at base positions 501-950
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Figure C.108: Phylogenetic tree reconstruction of the 450 bp segment from the COI gene, at base positions 601-1050
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Figure C.109: Phylogenetic tree reconstruction of the 450 bp segment from the COI gene, at base positions 701-1150
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Figure C.110: Phylogenetic tree reconstruction of the 450 bp segment from the COI gene, at base positions 801-1250
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Figure C.111: Phylogenetic tree reconstruction of the 450 bp segment from the COI gene, at base positions 901-1350
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Figure C.112: Phylogenetic tree reconstruction of the 450 bp segment from the COI gene, at base positions 1001-1450
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Figure C.113: Phylogenetic tree reconstruction of the 450 bp segment from the COI gene, at base positions 1101-1551
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Figure C.114: Phylogenetic tree reconstruction of the 450 bp segment from the cyt b gene, at base positions 1-450
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Figure C.115: Phylogenetic tree reconstruction of the 450 bp segment from the cyt b gene, at base positions 101-550
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Figure C.116: Phylogenetic tree reconstruction of the 450 bp segment from the cyt b gene, at base positions 201-650
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Figure C.117: Phylogenetic tree reconstruction of the 450 bp segment from the cyt b gene, at base positions 301-750
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Figure C.118: Phylogenetic tree reconstruction of the 450 bp segment from the cyt b gene, at base positions 401-850
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Figure C.119: Phylogenetic tree reconstruction of the 450 bp segment from the cyt b gene, at base positions 501-950
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Figure C.120: Phylogenetic tree reconstruction of the 450 bp segment from the cyt b gene, at base positions 601-1050
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Figure C.121: Phylogenetic tree reconstruction of the 450 bp segment from the cyt b gene, at base positions 701-1143
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	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
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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 evolutio...
	funereus
	banksii
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