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ABSTRACT

Sexing of birds at early age is very important for efficient selection and breeding; while characterization and taxonomic
identification is relevant in conservation of birds’ genetic resources. This study used the genomic DNA of ten (10) guinea
fowl keets to determine their sex using agarose gel electrophoresis and sequencing with chromo helicase DNA (CHD)
binding genes, they were also characterize taxonomically using 12S rRNA mitochondria genes. The results of this study
shows a double band (ZW) for females and a single band (W) for males under Agarose gel electrophoresis view, the Guinea
fowl keets sequenced showed some deletions and were closer to Gallus_CHD12 in the phylogenetic tree. The Taxonomic
classification result shows that the sequenced guineafowl keets were most related to the Numida meleagris 12S
mitochondrial ribosomal RNA. This study corroborate the fact sex of guineafowl keet can be easily identified at genomic
DNA level and they can be characterized taxonomically using the 12SrRNA mitochondrial genes.

INTRODUCTION

Guinea fowl are birds derived from the African Guinea coast and are one of the economically important bird
originating from the southern part of the Sahara and majorly in West Africa and it is widely domesticated in the region
(Crawford, 1990). It is domesticated from wild helmeted guinea fowl (Numida meleagris) and accounts for 3% of global
poultry breeds (FAO, 2007). Apart from being a valued source of meat, eggs and feathers, domesticated guinea fowl has
value for pest control and alerting intruders (Ayeni, 1983; Moreki and Seabo, 2012). Despite the economic importance
of guinea fowl, the extent of its genetic diversity remains an enigma (Adeola et al., 2015). In Nigeria, Guinea fowl is one
of the indigenous poultry and also an integral part of rural poultry. A recent report indicated that it is the second most
widely domesticated poultry after chicken (NBS, 2012) and found mainly in northern Nigeria. In spite of the abundance

*Corresponding author: Sola-Ojo, F.E
Quantitative, Molecular and Functional Genomics Unit, Department of Animal Production, University of Ilorin, Ilorin, Kwara State, Nigeria.
E-mail: mofesolal@yahoo.com

Received: 02 April, 2021, Revised: 27 June, 2021, Accepted: 28 June, 2021

© Journal of Animal Breeding and Genomics 2021. This is an Open Access article distributed under the terms of the Creative Commons
el Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which permits unrestricted non-commercial use,
distribution, and reproduction in any medium, provided the original work is properly cited.



Sola-Ojo, F.E., Afolabi-Balogun, N.B., Adeniyi C.A., Adeyemi, K.D., Ayorinde, K.L., Alli, 0.1, Oni, O.A., Okeke, C.U., Momoh E.O., Adewara, J., and Abdulkareem, I.

and popularity of guinea fowl in northern Nigeria, its sizeable contribution to animal protein production and absence
of known taboos and superstitions against its rearing, consumption and marketing; this bird has not received attention
itdeserves by researchers most especially in regions where it contributes to internal animal production and consumption.
The neglect suffered is exemplified in sparse literature on this bird; and studies on its genetic attributes are limited.

Efficient utilization, improvement and conservation of a species or breed are practically impossible in the absence of
certain relevant background information of its unique attributes. Characterization of genetic resources of farm animals
encompasses all activities associated with the identification, quantitative and qualitative description, and documentation
of breed populations as well as its natural habitats and production systems to which they are or are not adapted (Gizaw
etal., 2011). Delgado et al., (2001) also identified characterization of a livestock breed as the first approach to sustainable
use of animal genetic resources, thus contribute to the importance of characterization of farm animals, while Halima
(2007) posited that genetic characterization of the domestic animals is an integral component of the Food and Agriculture
Organization’s (FAO) global strategy mainly for the management of farm animal genetic resources and Gholizadeh et
al. (2008) stated that genetic characterization of populations or breeds allows the evaluation of genetic variability which
is a fundamental element in planning breeding strategies and genetic conservation plans as asserted by Oguntunji et al.
(2016).

Considering the fact that approximately 60% of bird species are difficult to differentiate sexually due to their
monomorphic nature, even experienced ornithologists have difficulties with sex identification especially in the young
and sometimes the matured birds rely basically on morphological analysis of established phenotype (Wu et al., 2007);
vent sexing, laparoscopy, steroid sexing or karyotyping (Cerit et al., 2007) or by comparing blood plasma protein profiles
between male and female spp. (Suratno et al., 1998). This has been a major challenge to animal breeder interested in
captive avian breeding and evolutionary studies. However, sexually dimorphic birds, such as the house sparrow, mallard
and collared flycatcher are quite easy to distinguish (Dubiec and Zagalska-Neubauer, 2006).

Like every other avian, Sexing is a major problem militating against efficient selection and breeding in guinea keets
and bearing the need to sex at early age in large scale poultry production, to prevent unduly wasting of expensive layer
ration on the males. Early in 1975, Awotwi showed that young female guinea fowls tended to have wider pelvic inlet
than males, and this difference was evident in birds as early as 2 weeks of age (Awotwi, 1975). In a similar work, Teye et
al., 2000 also demonstrated that the presence of a rudimentary phallus in males’ cloaca could be used to distinguish
them from their female counterparts. However, these were not confirmed with any molecular or genetic tool coupled
with the fact that, this method can be a very slow, particularly when large numbers of birds are involved. Therefore,
there is a need to confirm these results and develop other techniques which will facilitate quick and efficient sex
determination in guinea keets.

There is inadequate information on the genetic background and diversity of guinea fowl in Kwara state, Nigeria. Lack
of regulation on the indiscriminate killing and sales of guinea fowl for meat and other purposes has pose a major threat
to the conservative efforts of these important birds. This threat may lead to extinction of some important genetic
resources which would be needed for the successful production of guinea fowl. Characterization and conservation of
these genetic resources is thus necessary to ensure future food security and wildlife conservation. There is a need to
establish a basis for breeding of the almost extinct species with careful selection along a distinct line according to sex.
Thus, this study explores the molecular tools to determine a more accurate sexing technique and taxonomic classification

of Nigerian domestic guineafowl.
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MATERIALS AND METHOD

Source of Experimental Birds

Twenty Guinea fowl keets were purchased from live poultry market in Ilorin, Kwara state Nigeria and taken to a
private farm (Fair and Firm Farm Limited, Tanke Oke Odo, Ilorin Kwara state, Nigeria) where they were allowed to
acclimatize for two weeks before blood collection. The Experiment was conducted under the ethical approval of the

University of Ilorin, llorin, Kwara State, Nigeria.

Blood collection and DNA Extraction

Blood sample were collected from 10 randomly selected young Guinea fowl keets. About 2ml of fresh blood was
collected by superficial venipuncture of a wing vein of the Guinea fowl using a 2ml syringe needle into the EDTA bottles
to prevent coagulation of blood samples. Genomic DNA was extracted from the blood sample using Norgen Kit after
according to the Manufacturer’s instruction.

DNA electrophoresis
Extracted DNA was visualized on 1% Agarose gel with Acridine-based chromogen Safeview™ DNA stain (ABM) in 100
ml of 1 X Tris/Acetic Acid/EDTA (TAE) buffer solution.

Amplification of Exons

Two microliter 2 1) of purified DNA template (50-100 ng) was combined with 12.5 1 Norgen’s 2X PCR master mix
(Taq DNA polymerase, reaction buffer, ANTP, MgCl2, KCl and PCR stabilizer), 1ml each of Primer sets (10 pmol of 2550F
(5-GTTACTGATTCGTCTACGAGA-3) and 2718R (ATTGAAATGATCCAGTGCTTG-3)) in a 20 uL reactions in (Bio® Micycler
Thermocycler). (Griffiths et al., 1998) using an initial denaturation of 94°C, 30 cycles at 94°C for 30's, 72°C for 1 min, and
72 for 5 min. Products were visualized in 2% agarose gels, gel isolated (QIAquick Gel Extraction Kit, QITAGEN). Amplified
DNA was prepared for sequencing using the “DTCS” method (https://dna.macrogen-europe.com). Cleaned fragments
were sequenced from 5’ ends using the di-deoxy chain terminator method with V3.1 Bigdye terminator chemistry. The
resulting sequencing reactions were analyzed on 3700 or 3730 ABI sequencing machines.

Analysis of sequence data

Taxonomic characterization and molecular sexing were accessed at the publicly accessible databaseat https://blast.
ncbi.nlm.nih.gov/Blast.cgi#talnHdr_8886853 and https://www.ebi.ac.uk/Tools/services/web/tool, while the phylogenetic
trees were drawn using Clustal W@ https://www.ebi.ac.uk/Tools/msa/clustalo/.
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RESULTS AND DISCUSSION

To achieve accurate sexing in avian, previous reports have leverage on the chromosomal sex determination system,
however, it has been established that chromosomal system of bird is different from that of mammals. Previous work
has identified W-linked sex gen and the gene was found to be encoded by the chromo-helicase-DNA binding gene,
where the presence of the W chromosome of most birds was reported (Ellegren, 1996). The Chromo domain helicase
DNA (CHD) proteins have the ability to act as overall transcription regulators at the chromatin level, a function suggested
by their unusual property of containing three conserved domains, each member of a discrete gene family, implicated
in DNA-protein interactions. Like the human, at least four CHD genes are found in the avian W-linked gene is closely
related to the one designated CHDI (Woodage et al., 1997); thus, they propose that CHDIW should be used as gene
symbol for the avian gene. The situation is however complicated by the fact that CHDIW exists in a second but not
W-linked copy, apparently also present in most bird. In birds, females are heterogametic (ZW) while males are
homogametic (ZZ), and sexing can thus be made by the detection of the W chromosome or W chromosome sequences
in a sample of unknown sex. Since their description these markers have been utilized for sex determination in several
species of monomorphic birds (Clinton et al., 2001; Cerit and Avanus, 2007; Harvey et al., 2006 and Kalina et al., 2012).
Thanou etal., (2013) applied CHD based markers for accurate sex determination of three of European Phalacrocoracidae
species. Liu et al., (2010) applied CHD based primers for accurate sex determination of chicks and embyos in Chinese
game cocks. Sulandari and Zein (2012) demonstrated that CHD based primers can be utilized to determine sex of 56
Indonesian wild birds. Vucicevic et al., (2013) successfully applied PCR based on CHD specific primers for sex
determination of 50 species of birds after evaluating the method on 58 species. The existence of two avian CHD I genes
is both problematic and advantageous from the perspective of molecular sexing. When analysed with PCR as done in
this study and also the current method of choice in these types of studies, the similarity of the two CHDI genes implies
that it is difficult to amplify only one of the copies. Obviously, some protocol for distinguishing sex is needed in order
for a female bird to be clearly identified and the problem of false negatives is avoided thus making selection at younger

age easier.

Band Pattern Sexing

High molecular weight DNA bands were observed on 0.8% agarose gel (Figure 1) indicating genomic DNA from
guineafowl blood sample. Amplification of both Z and W alleles were also observed in all birds, the female bird shows
two (2) bands of about 150 bp apart (A) while the male birds only shows a single band of about 500 bp indicated by (B).

Amplification of both Z and W alleles in all birds using standard PCR and the purity of the template DNA was
observed to play significant role in the integrity of the PCR product. Low yield in terms of amplicon concentration and
intensity on agarose was observed as well as poor sequence spectra. Some cases of uncertainty such as birds that were
considered female base on the absence of helmet at the young age as conventionally assumed were clarified showing
single band on agarose and were further subjected to sequence analysis where it was revealed to have more than 88%
identity with chromo-helicase DNA binding protein gene I (CHD1) when compared with more than fifty (50) avian
species. The polymerase chain reaction (PCR) results from male and female guinea fowl blood samples also shows very
different results on sequence because a single DNA band was observed for males, while two were seen in females.
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Quantification of DNA Isolate from the helmeted Guinea fowl

Spectrophotometric analysis of the isolated blood genomic DNA revealed the total concentration of DNA obtained per
sample was about 234 ng/l with appreciable % purity, indicating samples were pure for polymerase chain reaction
(PCR).

Amplification of Gene
The primer set for the 12s rRNA gene were used for taxonomic sequence analysis while a single band of about 1,800
bp (2550F/2781R) which is the band for male and double bands which were about 150 bp apart for the female guineafowl

were sequenced using CHD.

Taxonomic characterization

Nucleotide-Nucleotide (blastn) blast obtained for the 12s TRNA sequence revealed between 1,789-2,216 bp, returning
with 137 hits of organisms belonging to the Galliforoems, twelve (12) of which were in the class Numididae among
which were N. meleagris (8); A. vulturium (3); and G. pucherani with scores 388, 337 and 326 respectively. Meleagris
ocellata and gallopavo had 333. The sequence had 98.20% identity with four (4) Numidia spp. N. meleagris partial 12s
NA gene (AM902518.1); N. meleagrismitochondrial partial 12s TRNA gene (AJ490506.1); N. meleagris 12s mitochondrial
ribosomal RNA, small subunit, mitochondrial gene partial sequence (U88016.1). Multiple sequence analysis and
subsequent phylogenetic deduction reveal the sequences were closest to Numidia meleagris 12s mitochondrial
ribosomal RNA, small subunit, mitochondrial gene partial sequence (U88016.1). The phylogenetic tree (Figure 3) shows
that Guineafowl keets sequenced is most related to the Numida meleagris 12S mitochondrial ribosomal RNA, small
subunit, mitochondrial gene, partial sequence with Accession number U88016.1.

Figure 1. Band Pattern of male and female guinea fowl as shown on Agarose gel.
(A indicated female with 2 band (ZW) while B showed male with one band (W).
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EFQ78973.1Balearica_(CHDIW) 37
EF078968. lThreskiornis (CHDLZ) 37
EF078972.1Balearica_(CHDLZ) 37
XM _021379573.1Numida_ (CHD1)_ X5, 4649
XM 021379569.1Numida (CHD1)-X2, --AGGOCTGTC 5026
XM _021379571.1 ——AGGECCTGTC 4814
XM _021379570.1Numida_{CHD1)-X3, - —— 4817
Guineafowl CHD TEATTATCTGATCTTTACCATT TTGC TTARGARARGARRGCAGE —- 364
KT8§94211.1Meleagris_(CHDLZ) TEATTATTTGATCTTCACCATT TTGC TTAAGARARGARRGCAAC - 392
ME204748.1Gallus_(CHD1Z) 375
KU096048. IMeleagris (CHDLZ) 378
GU132943.1Gallus_(CHDE}) TGATTATTTGATCTTCACCATT TTGC TTAAGAAARGARRGCAAC -~ - - 386
EU814914.1Balearica_CHDW) -— e ATTTAATTTTATGTACA 216
DQ331021.1Ara GT-GATTATGATCGGTATCACT TTGC TTAAGCGARRGACACAAGRAARCATGTTCTTTTC 392
KF&01363. lcathartes_(CHDZ) TAATTATGTGATC TTTACCACT TTGC TTAAGRGARGATATARGARAATGTGTTCTTTTTC 394
GU451228. IEudyptes CHDLZ TEATTATGTCATCTTTACCGTT TTEC TTARGARALA ATATARGARAARATGTTCTTTTTC 418
GU451225. laptenadytes CHD1Z TEATTATGTCATCTTTACCATT TTGC TTAAGAARRAGATATARGARAARGTGTTCTTTTTC 415
GU451226.1Pygoscelis CHDLZ TGATTATGTCATCTTTACCATT TTGC TTAAGRAARGATATARGARAARGTGTTATTTTTC 415
AE112957.1Milvus_CHDI1Z TEATTATGTGATC TGCACCACT TTGC TTAAGRAARAGATACARAGA-AATGTGTTGTTTTTC 427
AB112954.1Cireus _CHDIEZ TGATTATGTGATC TGCACCACTTTGC TTAAGRARRAGATACARGARAATGCATTCTTTTTC 399
ABE112953. lAccipiter CHD1Z TEATTATGTEATCTECGOCACTTTGC TTARGAGARR ATACARGARAATGTGTTCTTTTTC 402
EF078973.1Balearica_(CHDIW) - —-—= ——— - ——— 37
EF078968. lThreskiornis (CHDLZ) — - ——— - 37
EF078972.1Balearica_(CHDLZ) -— -—= —-—— -— 37
XM _021379573.1Kumida_{CHD1)_X5, ARAGCAGCATTGARGCAGCTGEATAGACCAGAGARAGGECCTTTCTGARAGGGAGCAGCTG 4709
XM 021379569 . 1Numida_(CHD1)-X2, ARAGCAGCATTGARGCAGCTEGEATAGACCAGRAGARGGGECC TTTCTEARAGGGAGCAGCTG SOEG
XM _021379871.1 ARAGCAGCATTGARGCAGCTEEATAGACC AGAGARGEGOC TTTCTGARAGGGAGCAGCTS 4874
XM _021379570.1Rumida_{CHD1)-X3, ARAGCAGCATTGARGCAGCTGEATAGACCAGAGARAGGECCTTTCTGARAGGGAGCAGCTG 4877
Guineafowl CHD —_— — =GTTG-AATTARGAAGATTARATG 386
KT894211.1Meleagris_(CHD1Z) — e -TTTC-AGTTAARAARGATTATGTG 414
ME204748.lGallus_(CHDLZ) -TTTC-AGTTAAAARGATTATATG 397
KUG96046. IMeleagris (CHDLZ) ~TTTC-AGTTARAARGATTATGTG 397
GU132943.1Gallus_(CHDEZ ) — e -TTTC-AGTTAAAARGATTATGTG 408
EU814914.1Balearica CHDW) GEARAAGACTGGCAATTACTATATGC TARATAGTATTTTGA-AATGARACTGATGAATTA 275
DQ331021.1Ara GATAAAATCTGGCAATTGCTGTATGC TAAATAATAATTTGG-TGTTARATAGATAAATTT 451
KF601363. lCcathartes_(CHDZ) TAGRAAGACTGGCAATTGCTGTATGC GARATAGTATTTTGA-AATGARACAGATGAATTA 453
GU451228. lEudyptes CHDLZ TAGRAAGATTGGCAATTACARTATGC TARATAATATTTTGA-AATTARACTGAT GRATTA 474
GU451225. laptenodytes CHDLZ TAGRAAGATTGGCAATTGCGATATGC TARATAGTATTTTGA-AATTARACTGATGARTTA 474
GU451226. 1Pygoscelis CHDLZ TAGRAAGATTGGCAATTGCAATATGC TARATAATATTTTGA-AATTARACTGATGAATTA 474
AB112987.1Milvus_CHDIZ TAGAAAGACTGGCAATTGCTATATGC TAACCAGTATTTTGA-AGTGARACAGAT GAATTA 486
AB112954.1lCircus_CHD1Z TAGRAAGACTGTCAATTCCTATATGC TARCCAGTATTTTGA-AGTGARACAGATGARTTA 458
BE112953. lAccipiter CHDI1Z TAGRAAGACTGTCAATTGCTATATGC TARCARGTATTTTGRA-AGTGARACAGATGAATTA 461
EF078%73.1Balearica_|(CHDIW) - -— ——————— -— 37
EF0TB9€8. 1Threskicrnis (CHD1Z) - - e - 37
EF(78972.1Balearica_{(CHDLZ) - - e - 37
XM 021379573, iNumida_(CHDL)_X5, GARCATACTAGG---CRAGTGTCTAATCARAATTGEEEATCACATTACAGAATGCCTGARG 4766
XM 021379569, 1Kumida_{CHD1)-X2Z, GRACATACTAGG-——CAGTGTCTAAT CARAATTGEGGATCACAT TACAGARTGCCTGAAG 5143
XM 021379571.1 GAACATACTAGG-——-CAGTGTCTAAT CARAATTGGEEATCACATTACAGARTGCCTGAAG 4931
XM 021379570, iNumida (CHD1)-X3, GAACATACTAGG 4834
Guineafowl CHD ARGGAATATGT --——-TAACATTCCTTCTCTTTGTTCCTTCACATTACTGTTTTATCAATT 142
KT8%4211. 1Meleagris_(CHD1E) ARCAAATATGT --—=-TRAACATTCCTTCTTTTTGTTCCTTCACATTGC TGTTTTATCAGTT 470
ME204748.1Gallus_(CHD1Z) TAACATTCCTTCTTTTIGTTCCTTCACATTGCTGTTTTATCAGTT 453
KU0%6048. IMeleagris_(CHDLZ) TAACATTCCTTCTTTTTGTTCCTTCACATTGCTGTTTTATCAGTT 453
GU132943.1Gallus_(CHDZ) TRACATTCCTTCTTTTTGTTCCTTCACAT TGCTGTTTTATCAGTT 464
EU8l4%14.1lBalearica_CHDW) GAARGATGAAATGTT-——-ACATTACTCTTATTCCCTCCCCTGCAATTGTTTTGGTAATT 33l
00331021, 1Ara ACAMGALT === === TGATACATCACAGGTTTTCGTCACATAACAGETTTGGCATTT 501
KFE01363. lcathartes (CHDZ) ARANAATGATGCGAACTETTGCATTACATTTTTTTCC—— TTCACATARGTTTTGGCAGTT 511
GU451228. lEudyptes CHDLZ ARABATTA-TETGAAGTGTTGTAATACTTTTTTTTCCTTCACACAACAGTTTTGGCAGTT 533
GU451225. lAptenodytes CHDLZ RRARATTA-TGTGRAGTGTTGTATTACTTTTTTGTCCTTCACATRACAGTTTTGGCAGTT 533
GU451226.1Pygoscelis CHDLZ ARARATTA-TCTGAAGTGTTGTATTACTTTTTTTTCCTTCACATAACAGTTTTGGCAGCT 533
AB112957.1Milvus_ CHD1Z ARABATTATGTGAAGTGTTGCATTACTTTTTTTTICCTTCACATAACAGTTTTGGCAGTT 546
AB112984.1Ccircus _CHDIZ ARARAATTATGTARAGTGTTGCATTACTTTTTTTTCCTTCACATARCAGTT TTGGCAGTT 51g
AB112953. laccipiter CHDI1Z ARARARTTATGTGAAGTGTTGCATTACTCTTTTTTICCTTCACATAACAGTTTTGGCAGTT 521
EF(78%73.1Balearica_|CHDIW) - — ————m— - 37
EF0T8%68. 1Threskiornis (CHD1Z) - -— ——————— -— 37
EF078972.1Balearica_|(CHD1Z) - - B ettt - 37
XM 021379573 . 1Numida_{CHDL)_X5, GAGTACACARATCCTGAGCAAATARARACAGTEGAGGALRARTTT --—-=-=-GTGEATTTTTG 4821
XH_DZ 1379569 . 1Numida_|CHD1.]—x2 " GAGTACACAARTCCTGAGCARATAARACACTGGAGGARRALTTT — 51%8
XM _021379571.1 GAGTACACAAATCCTGAGCAAATARRACAGTGGAGGARRARTTT - 4986
XM 021379570, iNumida_(CHDL)-X3, GAGTACACARRTCCTGAGCARATARRACAGTGGAGGARRAATTT - 4989
Guinsafowl CHD GAARAGTCAAGTTACTGTGATGGE-GA-TGTAGCTAAAGARTTA--CTTTTAGRACCGTTG 198
KT8%4211. 1Meleagris_(CHDLZ) ARABAGTCARGTTACTGTGATEGE-AA-TATAGCTAALGARTTA--CTTTTAGRCTGTAG 526
ME204748. 1Gallus_(CHDLZ) GAARAGTCAAGTTACTGTGATGGE-AA-TATAGCTAAAGAATTA——CTTTTAGACTGTAG 50%
KUG96048. IMeleagris_(CHDLZ) ARABAGTCAAGTTACTGTGATGGG-AA-TATAGCTAAAGARTTA--CTTTTAGACTGTAG 50%
GU132943.1Gallus_(CHDE) ARAMAGTCARGTTACTGTGATGGE-AA-TATAGCTAALGARTTA--CTTTTAGRCTGTAG 520
EUili®ld.lBalearica_CHDW) GRARATTCAAGTTGCTCTTATTAG----AATATAGTAGGAGTTCC--TTTTTAACTGTAT EEE
DQ3314021.1Ara GAGARATTTGGECTGC TCTGATTTT-GAATATAGTARALGARTTGCT--TTTTAACTGTAG G558
KFE01363. lcathartes (CHDZ) GAGAATTCAAGTTGCTCTGATTTT-CAATGTAGTATAAGAATTACT— TTTCAACTGCAG CEE
GU451228. lEudyptes_CHDLZ GAGRATTCAAGTTGC TCTGATTTT-GAATATAGTATARGARTTACT--TTTTAACTGTAG 5ap
GU451225. laptenodytes CHDLZ GAGARATTCGAGTTGC TCTGATTTA-GAATATAGTAT ALGARTTACT-~-TTTTARACTGTAG 590
GU451236.1Pygoscelis CHDLEZ GAGARATTCAAGTTGC TCTGATTTT-GAATATAGTATARGARTTACT--TTTTARCTGTAG 590
AB112957. 1Milvus_CHD1Z GAGRATTCAAGTTGC TCTGATTTT-GAAGATAGTAT AAGARTTATT--TTTTRAACCATAG 603
AB1124954.1Circus_CHD1Z GAGRATTCAAGTTGC TCTGATTTT-GAATATAGTAT AAGAATTATTT-TTTTAACTATAG 576
ABl12953. laccipiter CHDI1Z GAGRATTCAAGTTGC TCTGATTTT-GAATATAGTATARGARTTATGTTTTITTARACTATAG 54

Figure 2a. Multiple Sequence Alignment of guineafowl chromo-helicase-DNA binding protein (CHD) gene

sequence along with 20 most related sequences using clustalw on the European Bioinformatics Institution

web site https://www.ebi.ac.uk/Tools/msa/clustalo/. The alignment shows Nucleotide substitution/
insertion/deletion. Asterisk is used to indicate complete alignment between query and aligned sequence.
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EF078973.1Balearica_(CHDIW) -—- -— -— -— -— 37
EF0TE9EE. IThreskicrnis_(CHD1Z) -—— -—— —— —-—— - 37
EF078972.1Balearica_ (CHDIZ) -—- -— -— -— -— 37
XM _021379573.18umida_(CHDL)_X5, —=-TCTCCARGTTTACAGAATTTGATGCCAGRARGCTGCACAARCTCTACAAACATGCAR 4478
XM 021379569 .1Numida (CHDL)-X2, ———TCTCCAAGTTTACAGAATTTGATGCCAGRAAGCTGCACARACTC TACARACATGCAR E3EE
HM_021379571.1 —=-TCTCCARGTTTACAGAATTTGATGCCAGRARGCTGCACAARCTC TACRAACATGCAR 5043
XM_021379570.1Numida_ (CHDl)-X3, ——-TCTCCARGTTTACAGAATTTGATGCCAGARAGCTGCACAAARCTC TACAAACATGCAR 5046
Guineafowl CHD TCTTCAATCTCTTTAGAGAC-TTGATGEATCARTARAAGGGGAATTGAGERAGCAAGCAC 557
ET8%4211.1Meleagris_(CHD1Z) TTTTCAATCTCTTTAGAGAC-TTGATGEATCARTARAAGGGCGAATTGAGEAAGCAAG——— £az
ME204746.1Gallus_(CHDLZ) TTTTCARTCTCTTTAGRGAC-TTGATGEATCARTARAAGGEGARTTGRGARRGCRAGCALC SEE
KUG96048. 1Meleagris_(CHDLZ) TTTTCAATCTCTTTAGAGAC-TTGATGEATCAATARAAGGGGAATTGAGEAAGCARGCAC SEE
GUL32943.1Gallus_(CHDZ) TTTTCARTCTCTTTAGAGAC-TTGATGEATCARATARALGGEGAATTGAGGARGCAAGCALC 575
EU814%14.1Balearica_ CHDW) TATTCAATCTCTTTAGAGAC-TTGATGEATCAATARAAGGGGARTTGAGEAAACAAGCAC 444
DQ33lg2l.lAara CGTTCAATCTCTTTAGAGGC-TTGATGEATCARTARAAGGGGAATTGAGEAAACAAGCAC 617
KF601363.1Cathartes (CHDZ) TATTCAATCTCTTTAGAGAC-TTGATGEATCARTARAAGGGGAATTGAGEAAA——————— 620
GUA51228. 1Eudyptes_CHDLZ CATTCAATCTCTTTAGAGAC-TTGATGEATCARTARAAGGGCGAATTGAGEAAACRAGCAC 649
GU451225. laptenodytes _CHDLZ TATTCARTCTCTTTAGRGAC-TTGATGEATCARTARAAGGEGARTTGRGEARACRAGCALC (1]
GU451226.1Pygoscelis CHDLZ TATTCAATGTCTTTAGAGAC-TTGATGEATCAATARAAGGGGARCTGAGEAAACARAGCAC 649
AB112957.1Milvus_CHD1Z TATTCAATCTCTTTAGAGAC-TTGATGEATCARTARAAGGGGAATTGAGEAAA————— -~ 655
AB112954.1Circus_CHDI1Z TATTTAATCTCTTTAGAGAC-TTGATGEATCARTARAAGGGGAATTGAGEAAA——————— B2E
ABl12953.lAaccipiter CHDIZ TATTTAATCTCTTTAGAGAC-TTGATGEATCARTARAAGGGGAATTGAGEAAA ————— -~ 632
EF0TB473.1Balearica_(CHDIW) - -— — —-— - 37
EF0TB%E8. 1Threskiornis_(CHD1Z) -—= - —— - - 37
EF0T8972.1Balearica_(CHDlZ) =  ———————- - -— — —-— - 37
XM 021379573 .1Numida_(CHD1)_X5, TCARAARGCGCCRAAGAGTCTCAGCARCACAATGACCARRACGTTACCAGCAATGTGRAT 4938
XM_021379569.1Humida_(CHDl)-X2Z, T ARAARGCGCCARACGAGTCTCAGCARCACAATGACCAARACGTTACCAGCAATGTGRATG 5315
XM _021379571.1 TCARAAAGOGCCARGAGTCTCAGCARCACAATGACCARRACGTTACCAGCARTGTGARTG 5103
XM_021379570.18umida_(CHD1)-X3, TCARAARGCGCCAAGAGTCTCAGCARCACAATGACCAARACGTTACCAGCAATGTGRATG 5106
Guineafowl CHD TEACCCATTTTT———————————CCAAAARATA A AR AR~ —————————————————— A 585
ET8%4211.1Meleagris_(CHDIE) =  ——=——--- -—= - —— - - 582
ME204748.1Gallus_(CHDLZ) -— - - - 570
KU096048. 1Meleagris (CHDIZ) -— -— -— 57%
GULl32943.1Gallus_(CHDEZ) AT- - - 593
EU8ld%1ld.1Balearica_ CHDW) AT- -— -— -— 458
DQ331021.1Ara AT- —— - - B3l
KF6013€3.1Cathartes_(CHDZ) =  -—————-—- - -— — —-— - 620
GUA51228.1Eudyptes_CHD1Z TGEEATCATTTCA=———— AT- —— —-—— - 663
GU451225. laptenodytes CHDLZ TGEEATCATTTCA———-— AT- e - - BE3
GUA51226.1Pygoscelis CHDIE AT- -— -— -— 663
AB112957.1Milvus_CHD1Z -—= —— - - ESS
AE112954.1Cireus CHD1Z - —-— - - EB2E
AB112953.1Accipiter CHDIZ -—= —— - - 632

Figure 2b. Multiple Sequence Alignment of guineafowl chromo-helicase-DNA binding protein (CHD) gene

sequence along with 20 most related sequences using clustalw on the European Bioinformatic Institution

web site https://www.ebi.ac.uk/Tools/msa/clustalo/. The alignment shows Nucleotide substitution/
insertion/deletion. Asterisk is used to indicate complete alignment between query and aligned sequence.

Multiple Sequence Alignment of guineafowl using chromo-helicase-DNA binding protein (CHD) gene sequence
along with 20 most related sequences is as shown in Figure 4Figure 4a: Multiple Sequence Alignment of guineafowl 12s
rRNA sequence along with 16 most related sequences using clustalw on the European Bioinformatic Institution web site
https://www.ebi.ac.uk/Tools/msa/clustalo/. The alignment shows Nucleotide substitution/insertion/deletion. Asterisk is
used to indicate complete alignment between query and aligned sequence.
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Phylogenetic Tree

This is a Neighbour-joining tree without distance corrections.
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— EF078973.1Balearica__ CHD1W_ -0.07304
EU814914.1Balearica_CHDW_ 0.07304
XM_021379573.1Numida__CHD1__X5_ -0.00072
XM_021379571.1 0
XM_021379570.1Numida__CHD1_-X3_0
XM_021379569.1Numida__ CHD1_-X2_ 0.00641

| I
Guineafowl_CHD 0.15512
MK204748.1Gallus_ CHD1Z_-0.0195
KT894211.1Meleagris__ CHD1Z_ -0.00814
KU096048.1Meleagris. CHD1Z_ -0.00511

GU132943.1Gallus__CHDZ_ -0.00174
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DQ331021.1Ara 0.08141
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AB112957.1Milvus_CHD1Z 0.04039
I_‘_': AB112854.1Circus_CHD1Z 0.01995
AB112953.1Accipiter_CHD1Z 0.01508
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KF601363.1Cathartes__ CHDZ_ 0.04165
GU451228.1Eudyptes CHD1Z 0.01848
GU451225.1Aptenodytes_CHD1Z 0.01311
GU451226.1Pygoscelis CHD1Z 0.01253

Figure 3a. Phylogenetic characterization of Numida Meleagris using CHD. A Neighbour-joining tree without
distance corrections.

Clustal Omega

Input form ‘ Web services Help & Documentation ‘ Bioinformatics Tools FAQ

Tools = Multiple Sequence Alignment > Clustal Omega

Results for job clustalo-120200409-033418-0198-92106952-p2m
Alignments | Result Summary = Guide Tree Results Viewers = Submission Details

Download Phylogenetic Tree Data

Phylogenetic Tree

This is a Neighbour-joining tree without distance corrections.

Branch length: @ Cladogram ' Real

XM_021379569.1Numida_CHD1_TV_X2_ 0.00598
XM_021379573.1Numida_CHD1_TV_X5_0
XM_021379568.1Numida_CHD1_TV_X1_0
XM_021379570.1Numida_CHD1_TV_X3_0
XM_021379571.1Numida_CHD1_TV_X4_ 0.00017
Guineafowl_CHD_Male 0.08452
MK204748.1Gallus 0.00416
KT894213.1Nymphicus_CHD1Z_ 0.00174
KT894210.1Gallus_CHD1Z_-0.00126
GU132943.1Gallus_CHDZ_0.00101
KU096048.1Meleagris_CHD1Z_ 0.00072

Figure 3b. Phylogenetic characterization of Numida Meleagris using CHD. A Neighbour-joining tree without
distance corrections.
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Molecular Sexing and Taxonomic classification of Nigerian Guinea Fowl using Chromo Helicase DNA Binding Gene and 12S mitochondrial rRNA gene.

Guineafowl 12srRNA CACCTCTTGCCAACACAGCC TACATACCEOCCTCCCOAGECCACCT-ACATEARAGCGCS 205
EU(94576.1Meleagris.ccellata_mitochondrion, CACCTCTTGCCAACACAGCCTACATACCGCCGTCGCCAGCCCACCTAARATGAAAGATCA 730
JF275060.14eleagris.gallopave_complete CACCTCTTGCCAACACAGCC TACATACCEOCCTCCCOAGDCCACCTARRATEARAGATCA 732
KEP171707.1Meleagris.gallopavo 125 CACCTCTTGCCAACACAGCCTACATACCGCCGTCGCCAGCCCACCTAARATGAAAGATCA 198
AJ4S0508.1Meleagris.gallopave_mitochondrial 123 CACCTCTTGCCAACACAGCC TACATACCEOCCTCECOAGCCCACCTARRATEARAGATCA 162
KC785619. Lacryllium.vulturinum 12Scomplete CACCCCTTGCCARCACAGCC TACATACCGCCGTCGCCAGCCCACCT-ACATGARAGCACA 670
FJI752436. 1acryllium. vul turinum mitochondrion, CACCCCTTECCAACACAGCC TACATACCGOCGTCECOAGECCACCT-ACATGARAGCACA 1508
AF536739.1Acryllium_tRNA-Fhe 125 CACCCCTTGOCARCACAGCC TACATACCGOCGTCGCCAGECCACCT-ACATGARAGCACA 703
U88016. INumida.meleagris_125 CACCTCTTGCCAACACAGCC TACATACCGOCGCTOECOAGECCACCT-ACATGARAGCGCA 206
AMIDZ516. INumida.meleagris_125 CACCTCTTGCCARCACAGCC TACATACCGOCGTCGCCAGECCACCT-ACATGARAGCGCA 431
AJ490506. 1Numida.maleagris_l25 CACCTCTTGCCAACACAGCCTACATACCGCCGTCGCCAGCCCACCT-ACATGAAAGCGCA 191
APO05595. INumida.mitochondrial complete CACCTCTTGCCARCACAGCC TACATACCEOCGTCECOAGICCACCT-ACATGARAGCGCA 1810
AF222587.1Numida.meleagris_l2Ssmallmitochondrial CACCTCTTGCCAACACAGCCTACATACCGCCGTCGCCAGCCCACCT-ACATGAAAGCGCA £71
KY8£5420.1Numida.meleagris_19003_mitochondrion complete CACCTCTTGCCAACACAGCC TACATACCEOCCTCCCOAGDCCACCT-ACATEARAGCGCA 1438
B L R L
Guineafowl 12srRNA ACAGTGAGCTCAACAGTCCCCACTAACAAGACAGGTCARGE TATAGCCCAT-GAGETGCA 264
KU094576. 1Meleagris.ocellata_mitochendrion, ATACTGACCTCAATAG TCCCCAC TARC AACACAGETCARGE TATAGCCOAT-CAGETGGA 789
JF275060.1Meleagris.gallopave_complete ATAGTGAGCTCAATAGTCCCCACTARC ARGACAGGTCARGE TATAGCCCAT-GAGGTGGA 791
KP171707.1Meleagris.gallopava_125 ATACTGAGCTCAATAG TCCCCAC TARC AAGACAGETCARGE TATAGCCCAT-GAGETGGA 257
AJ490506. 1Meleagris.gallopavo_mitochondrial 123 ATAGTGAGC TCAATAG TCCCCAC TARC ARGACAGETCARGE TATAGCCCAT-GAGETGGA 251
KCTRE619. 1acryllium.vulturinum_12Scomplete ACACTGAGCCARATAGCCCCCGC TARC AAGACAGETCARGE TATAGC TOAT-GAGETGGA 729
FJ752436.1Acryllium. vulturinum mitochondrion, ACAGTGAGCCARATAGCCCCCGC TARC ARGACAGETCARGE TATAGCTCAT-GAGETGGA 1967
AF536739.1Acryllium_ tRMA-FPhe 125 ACAGTGAGCCAAATAGCCCCCGCTAACAAGACAGGTCAAGGTATAGCTCAT-GAGGTGGA Te2
88016, INumida. meleagria_125 ACAGTGAGCTCARCAG TCCCCAC TARC ARGACAGETCARGE TATAGCCUAT-GAGETGGA 265
AM302518.1Numida.meleagris_l25 ACAGTGAGCTCAACAGTCCCCACTAACAAGACAGGTCAAGGTATAGCCCAT-GAGGTGGA 490
ATAG0506. INumida.meleagris_125 ACACTGACCTCAACAGTCCCCACTARC AACACAGCTCARGE TATAGCCUAT-GAGETGGA 250
AP(D559%5.1Numida.mitochendrial complete ACAGTGAGCTCAACAGTCCCCACTAACAAGACAGGTCAAGGTATAGCCCATGGAGGTGGA 1970
AF222587.1Numida.meleagris_l2Ssmallmitochondrial ACACTGACCTCAACAGTCCCCACTARC AACACAGCTCARGE TATAGCCUAT-GAGETGGA 730
KY865420.1Numida.meleagris 19003 mitechondrion complete ACAGTGAGCTCAACAGTCCCCACTARCARGACAGETCARGGTATAGCCCAT-GAGGTGGA 1494
E REEEEEE  RE R KERE EERERTIRREAXERARIAAIARTEAS RTR ETRRERE 2
Guineafowl 12srRNA AGARATCLECTACATTTTCTATCATAGTACACTCTCCATE TCGACC TEATACCTGTATCT 324
KU094576. 1Meleagris.ocellata_mitochondrion, AGARATGGGCTACATTTTCTAGCATAGARCAG-~ACGARRARLGEACGTGAARCCCGOCCT B47
JF2T5060.1Meleagris.gallopavo_complate AGARATCLECTACATTTTCTARCATAGAACAG-~ACEARRARGEECETEARACTCGCCCT B49
KP171707.1Meleagris.gallopava_l125 AGARATCGGCTACATTTTCTARCATAGARCAG-~ACGARRALGEECGTEARRCTCECCCT 315
AJ490508.1Meleagris.gallopaveo_mitochondrial 125 AGAAATGGGCTACATTTTCTAACATAGAACAG--ACGARRAAGGGCGTGARACTCGCCCT 309
KC785619.1Acryllium.vulturinum 12Scomplete AGARATCGGCTACATTTTCTAGCATAGARCACT TACGARAARGAGCATGARATCTEOCCT 789
FJ752436.1acryllium.vulturinum mitochondrion, AGAAATGGGCTACATTTTCTAGCATAGAACACTTACGAARAAGAGCATGARATCTGCCCT 2027
AF536739.1Acryllium tRNA-Phe 125 AGARATCCGCTACATTTTCTAGCATAGAACACT TACGARRARGACCATGAAATCTECCCT 822
Ua8016. 1Numida.meleagris_ 125 AGAAATGGGCTACATTTTCTAGCATAGAACACTCACGAARAAGAGCATGARACCTGCCCT 325
AM9D02518. INumida.meleagris_125 AGARATCCGCTACATTTTCTAGCATAGAACACTCACGARRARGACCATGAAACCTECCCT 550
AJ4%0506.1Numida.meleagris 125 AGAAATGGGCTACATTTTCTAGCATAGAACACTCACGAARAAGAGCATGARACCTGCCCT 310
APOO5595. INumida.mitochondrial complete AGARATCCGCTACATTTTCTAGCATAGAACACTCACCARRARGACCATEAAACCTECCCT 2030
AF222587.1Numida.meleagris_l2ssmallmitochondrial AGARATGGGCTACATTTTCTAGCATAGARCACTCACGARRARGAGCATGAARCCTGOCCT 790
KY8£5420.1Numida.meleagris_19003_mitochondrion complete AGARATCCACTACATTTTCTAGCATAGAACACTCACCARRARGACCATEAAACCTECCCT 1554
Guineafowl 12srRNA TTGCCAGARGACTARARAGCCGOCGE 26
KUl$4576.1Meleagris.ccellata_mitochondrion, GGGCACARACTGGGAT TAGATACCCCACTATGCC TGGCCCTARATC TTGATACTAACATA 552
JF2T5060. 1Meleagris.gallopavo_complete GGGCACAAACTGGGAT TAGATACCCCACTATGCC TGGCCCTAAATC TTGATACTAATATA 554
KP1T1707.1Meleagris.gallopava_125 GTATCT ATATA 20
AJ450508.1Meleagris.gallopavo_mitochondrial 128 TTGATACTAATATA 14
KCT8EE1Y. lacryllium.vulturinum l2Scomplete CGGGCACAAACTGGGAT TACCCC, CTAGCCCTAAATCCA TTAATA 453
FJ752436.lAcryllium.vulturinum mitochondrien, GGGCACAAACTGGGAT TAGATACCCCACTATGCC TAGCCCTAAATCCAGATACTTTAATA 1731
AFS3673%.1Acryllium tRNA-Phe 125 COGCACAARCTGCEAT TACCCC, CTAGCCCTAAATCCA TTAATA 526
088016, IHumida.meleagris 125 GCCTAGCCCTAARATCTAGATACTTCAATA 29
AMID02518.1Mumida.meleagris_125 GEGCACAARCTGGEAT TACCCC CTAGCCCTAAATCTA TCARTA 254
AJA%0506. lNumida.meleagris 125 TAGATACTTCARTA 14
APOOE5S5. INumida.mitechondrial complete GEGCACAARCTGGEAT TACCCC CTAGCCCTAAATCTA TCARTA 1733
AF222587.1Numida.meleagris_l2Ssmallmitochondrial GGGCACAAACTGGGAT TAGATACCCCACTATGCC TAGCCCTAARTC TAGATACTTCAATA 494
KYBE5420. INumida.meleagris_19003_mitochondrien_eomplete CEGCACAARCTGGEATTAGATACCCCAC TATGOC TAGC COTARATC TAGATACTTC ARTA 1258
* »
Guineafowl 12srRNA CAAAGATTCGGACATACTTTGTCC CCCTGTTT TCEGACTTGGECE 13
KU094576. 1Meleagris.ocellata_mitochondrion, CT--CACGTATCCGCCCGAGAACTACGAGCACAAACGC TTARAACTCTAAGGACTTGGEG 610
JF2TEQED. IMeleagris. gallopavo_complete CT--CACGTATCCGCC TCAGAACTACCAGCACAAACGC TTARAACTCTAAGCGACTTGGEG (3%
KP171707.1Meleagris.gallopavo_125 CT--CACGTATCCGCC TCAGAACTACGAGCACAAACGC TTARAACTCTAAGGACTTGGCG T8
AJI50508. IMeleagris.gallopavo_mitochondrial 128 CT--CACGTATCCGCC TCAGAACTACCAGCACAAACGC TTARAACTCTAAGCGACTTGGEG Tz
KCTE5619.lAcryllium.vulturinum l2Scomplete CT--TTAGTATCCGCC TGAGAACTACGAGCACAAACGC TTARAACTCTAAGGACTTGGLG 551
FJ752436.1acryllium.vulturinum mitochondrien, CT--TTAGTATCCECC TEACARCTACCACCACARACGC TTARAACTCTAAGGACTTEECE 1788
AF536739.lAcryllium tRMA-Fhe 125 CT--TTAGTATCCOGCC TGAGARCTACGAGCACARACGC TTARRACTCTRAAGGACTTGECE SB4
Uag016. 1Numida. meleagria_ 128 BT
AMID2516.1Numida.meleagris_ 125 312
BIAH0506 . llmmida.meleagrig:lzs T2
APOD5595. INumida.mitechondrial complete CC--TARGTATCCGCC TGAGARCTACGAGCACAAACGC TTARAACTCTAAGGACTTGGCG 1791
AF222587.1Munida.meleagris_l2Ssmallmitochondrial CC--TAAGTATCCGCC TGAGAACTACGAGCACARACGC TTARAACTCTAAGGACTTGGLG 552
KY365420. 1Numida.meleagris_1%003 mitochondrion complete CC--TARGTATCCGCC TGAGAACTACGAGCACAAACGC TTARAACTCTAAGGACTTGGCE 1316
* + +  x o * k% ErEEEER AR
Guineafowl 12srRNA GTGCCCCARACCCACCTAGAGGAGCCTGTTCTATAACCGATAATCCACGATCCACCCAAC 146
KUG$4576. IMeleagris.coellata mitochondrion, CTGCCCTARACCCACCT, CTETTCTGTART ATCCACGATCCACCCAAC E70
JF275060.1Meleagris.gallopavo_complete GTGCCCTARACCCACCT. CTGTTCTGTAATCGATAATCCACGATCCACCCAAC 672
¥P171707.1Meleagris.gallopavo_125 CTGCCCTARACCCACCT. CTGTTCTGTART ATCCACGATCCACCCARG 138
AJA%0508.1Meleagris.gallopavo_mitochondrial 125 GTGCCCTARACCCACCT, CTGTTCTGTAATCGATAATCCACGATCCACCCARC 132
KCTE561% . 1acryllium.vulturinum 12Scomplete CTECCCCARACCCACC TAGAGGAGCCTETTC TAT ARCCGATAATCCACGATTCACCCARS £11
FJ752436.1Acryllium.vulturinum mitochondrion, GTGCCCCARACCCACCT, CTGTTCTATAACCGATAATCCACGATTCACCCAAC 1849
AF536739. lacryllium tRMA-The 123 ETECCCCARACCCACC TAGAGGAGCCTETTC TAT ARCC GATAATCCACGATTCACCCARS Edd
U8B016. INumida.neleagris 125 GTGCCCCARACCCRACCT. CTGTTCTATARCCGATRATCCACGATCCACCCARS 147
AM3D2518. 1Mumida.meleagris_125 GTGCCCCARACCCACCTAGAGGAGCCTGTTCTATAACCGATAATCCACGATCCACCCAAC 372
AJ4$0506. INumida.meleagris_125 GTGCCCCARACCCRACCT, CTGETTCTATARCCGATAATCCACGATCCACCCARS 132
APOO5595. INumida.mitochondrial complete GTGCCCCARACCCACCTAGAGGAGCCTGTTCTATAACCGATAATCCACGATCCACCCAAC 1851
AF222587.1Numida.meleagris_l2Ssmallmitochondrial CTGCCCCARACCCACCT. CTGTTCTATARCCGATAATCCACGATCCACCCARE £12
EY865420. lNumida .meleagrls:19DQS_mltcchandrlon_cmplete GTGCCCCARACCCACCTAGAGGAGCCTGTTCTATARCCGATAATCCACGATCCACCCAAC 1376

e EEhE AR AR AR E AR NI R E TR EEAAE KAk R AR REATAREE A AR

Figure 4a. Multiple Sequence Alignment of guineafowl 12s rRNA sequence along with 16 most related

sequences using clustalw on the European Bioinformatic Institution web site https.//www.ebi.ac.uk/Tools/

msa/clustalo/. The alignment shows Nucleotide substitution/insertion/deletion. Asterisk is used to indicate
complete alignment between query and aligned sequence.
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Guineafowl 12srRNA TATCAGCACCATTTTACCTGAAATAGCTCATCTICCTTTCAGACTTAATATARTCTGAARR g4
KU094576.1Meleagris.ocellata mitochondrion, TGGARGGAGGATTTAGCAGTARAGTARGACCATACTTCT TTTARGCCTACTTTARGACGG 907
JF275060.1Meleagris.gallopavo_complete TEGARGEAGEATTTAGCAGT ARAGTARGACT ATACTTC TCTTARGCCTACTTARAGACGS 509
KP171707.1Meleagris.gallopavo_125 TEGARGEAGEATTTAGCAGTARAGTARGACC ATACT TC TCTTARGCCTACT TARAGACGS 375
BJ450508.1Meleagris.gallopavo_mitochondrial 1235 TGEARGGAGGATTTAGCAGTARAGTAAGACCATACTTCTCTTARGCCTACTTARAGACGG 369
KCTB5610. 1acryllium. vulturinum_l2Scomplete TAGAAGCAGCATTTAGCAGTARARTCOEACC ATACATC ~C -~ ARGCCTACTTTARGCTGE EdE
FJ752436. lacryllium. vulturinum_mitochondrion, TAGARGGAGGATTTAGCAGTARRATGGGACCATACATC -C——ARGCCTACTTTAAGCTGG zoad
AF536739.1Acryllium tRNA-Fhe 125 TAGARGGAGGATTTAGCAGTAAAATGGGACCATACATC - AAGCCTACTTTAAGCTGG BT9
Uasbi6. inumida.meleagris_125 TAGARGGAGGATTTAGCAGTARARTCGEACC ATACTCTTA-—AG- COCATTTTARGCCGE 382
AM302518.lNumida.meleagris 125 TAGARGGAGGATTTAGCAGTAARAATGGGACCATACATCTT--ARGCCCATTTTAAGCCGG 608
AJ450506 . INumida.meleagris_125 TAGAAGCAGCATTTAGCAGTARARTCOEACC ATACATC TT-~ARGCCCATTTTARGCCGE 368
APOD5595. INumida.mitochondrial _complete TAGARGGAGEATTTAGCAGTARARTCEEACC ATACATC TT-~ARGCCCATTTTARGCCGE z088
AF222587.1Mumida.meleagris_l2Ssmallmitochondrial TAGARGGAGGATTTAGCAGTAARAATGGGACCATACATCTT--ARGCCCATTTTAAGCCGG Big
K¥865420.1Numida.meleagris_19003 mitochondrion_complete TAGAAGCAGCATTTAGCACTAAARTCOGACC ATACATC TT——ARGCCCATTTTARGCCGE 1612
x  wrrr wwrx ox waw o - *
Guineafowl 12srRNA GTATGTTGACET TACT TCTC-TEGCCCCTTO TOATAGC GATT TATCAGT TAARAGT CAGS 443
KUQ94576.1Meleagris.occellata_mitochondrion, CCCTGGEGGCACGTACATACCGCCCGTCACCCTCCTCACAAGCCATCAGTTCCAATARATA 967
JF275060.1Meleagris.gallopavo_complete coeT ACGTACATACCGCCCETCACCOTCC TCACARGCTATCAAT TTCARTARATA 969
KP171707.1Meleagris.gallopavo_ 125 CCCTGEEGECACGTACACACCGCCCGTCACCOTC 408
BJ450508.1Meleagris.gallopavo_mitochondrial 1235 CCCTGGEGGCACGTACACACCGCCCGTCACCCTCA 403
KCTB5610. lacryllium. vulturinum_l2Scomplete CTCT COTACATACCGOCCETCACCOTCTTOGCARGCCACCARTCCCARTARATA S06
FJ752436.1Acryllium,.vulturinum mitochondrion, CTCTGEGGECACGTACATACCGCCCGTCACCCTCTTCGCARGCCACCAATCCCARTARATA 2144
AF536730.1Acryllium tRNA-Phe 125 CTCT ACGTACATACCGCCCETCACCOTCTTCGCARGCCACCAATCCCARTARATA 939
Ud8016. lHumida.meleagris_125 CTCTGGGEEC 391
AMI02518.1Numida.meleagris_125 CTCTGGGGCACGTACATACCGCCCGTCACCCTCTTCACAAGCCACCTCCACCGATAACTA 668
AJ450506. INumida.meleagris_125 CTCT COTACACACCGOCCETCACCOTCA 402
APQ05595. INumida.mitochondrial complete CTCTGEEGECACGTACATACCGCCOGTCACCC TCTTCACARGCCACCTCCACCGATARCTA 2148
AF222587.1Numida.meleagris_l2Ssmallmitochondrial CTCTGEEEC ACGTACATACCECCOGTCACCE TOT TCACARGUCACC TCCACCGATARCTA s08
KY865420.1Numida.meleagris_1%003 mitochondrion_complete CTCT COTACATACCGOCCETCACCOTCTTCACARAGCCACC TCCACCGATARCTA 1672
x x
Guineafowl l2SrRNA -~ —GGAGATG--GARATATAGCT——— - CRAGARTTACTTTTARACTG 485
KUQ94576.1Meleagris.occellata_mitochondrion, ATGC ~CCAACCCGAGCTARAGATGAGGTARGTCGTAACARGETAAGCG 1014
JF275060.1Meleagris.gallopavo_complete ATAC- - CCAACCCTAGCTARAGATGAGETARGTCGTARCARGETARGLE 1016
KP171707.1Meleagris.gallopavo_ 125 408
RJ4S0508. 1Meleagris.gallopavo_mitochondrial 125 an3
KCTE5619.1Acrylliom.vulturinum_l2Scomplete ATACACCCAGCCTACCCCCCTTTAARGGCCARAGACGAGGTAAGTCGTARCARGGTARGTG $66
FJ752436.1Acryllium.vulturinum_mitochondrion, ATACACCCAGCCTACCCCCCTTTAAGGCCARAGACGAGGTAAGTCGTAACAAGETAAGTG 2204
AF536739. lacryllium tRNA-Phe 125 ATACACCCAGCCTACCCCCCTTTAACGCCARACACGAGGTARGTCCTARCARGETARGTE 559
U88016.1Humida.meleagris_128 391
AMS02518. INumida.meleagris_128 ACA———mmm m e o~ OO TCCCCEGCCAR AGAC GAGGT ARG TC G TARC ARGE TAAGC A 714
AJ4$0506. INumida.meleagris_125 402
APOD5595. 1Numida.mitochondrial complete CCCTCCCCGGCCARAGACGAGGTARGTCGTARCARGETAAGTG 2194
AF222587.1Numida.meleagris_l2Ssmallmitochondrial -CCCTCCCCEECCARACACGAGETARGTCGTARCARGETARGTE 954
KY865420.1Numida.meleagris_19003 mitochondrion_complete CCCTCCCOEGCCARAGACGAGGTARGTCETARCARGETARGTE 1718

Figure 4b. Multiple Sequence Alignment of guineafowl 12s rRNA sequence along with 16 most related

sequences using clustalw on the European Bioinformatic Institution web site https://www.ebi.ac.uk/Tools/

msa/clustalo/. The alignment shows Nucleotide substitution/insertion/deletion. Asterisk is used to indicate
complete alignment between query and aligned sequence.

& Documentation ‘

Input form ‘ Web

Tools > Multiple Sequence Alignment = Clustal Omega

Results for job clustalo-120200411-232255-0204-35367874-p1m
Alignments | Result Summary  Guide Tree Results Viewers Submission Details
Download Phylogenetic Tree Data

Phylogenetic Tree

This is a Neighbour-jeining tree without distance corrections.

Real

——

=
—

Branch length: @ Cladogram

Guineafowl_12srRNA 0.34148
UB8016.1Numida.meleagris_12S -0.05282
KU094576.1Meleagris.ocellata_mitochondrion_ 0.0191
JF275060.1Meleagris.gallopavo_complete 0.01602
AJ430508.1Meleagris.gallopavo_mitochondrial_12S -0.01631
KP171707.1Meleagris.gallopavo_12S 0.00103
AJ480506.1Numida.meleagris_12S -0.01761
KC785619.1Acryllium.vulturinum_12Scomplete -0.00564
FJ752436.1 Acryllium.vulturinum_mitochondrion_ 0.0097
AF536739.1Acryllium_tRNA-Phe_12S -0.0097
AM802518.1Numida.meleagris_128 -0.00191
AF222587.1Numida.meleagris_12Ssmallmitochondrial -0.00401
AP005595.1Numida.mitochondrial_complete -0.00052
KY865420.1Numida.meleagris_19003_mitochondrion_complete 0.0007

Figure 5. Phylogenetic tree of guineafowl 12s rRNA sequence along with 16 most related sequences using

a Neighbour-joining tree without distance corrections on the European Bioinformatic Institution web site

https.//www.ebi.ac.uk/Tools/msa/clustalo/. The phylogenetic tree shows Guineafowl is most related to the

Numida meleagris 12S mitochondrial ribosomal RNA, small subunit, mitochondrial gene, partial sequence
Accession no. U88016.1.
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