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Camels play an important socio-economic role within the pastoral and
agricultural system in the dry and semidry zones of Asia and African where they are dual
purpose animals (meat and milk). In spite of the effective role of casein genes with their
polymorphisms on quantitative traits and technological properties of milk, the studies
on genetic polymorphism of camel milk genes are limited. This work aimed to identify
the genetic polymorphisms and SNPs of two casein genes in Maghrabi camel breed in
Egypt. The amplified fragments at 488-bp of x-CN gene were digested with Alul
endonuclease. The results showed the presence of three genotypes; CC (12%), TT (48%) CT
(40%). The sequence analysis of two detected alleles declared the presence of a SNP
(C—T) at position 121 in amplified fragments. The nucleotide sequences of x-CN alleles
C and T were submitted to GenBank with accession numbers; KU055605 and KU055606,
respectively. The primers used in this study amplified 942-bp fragments of as1-casein
gene. The results of SmII digestion did not showed any restriction site whereas the digestion
with Alul endonuclease revealed the presence of two restriction sites AG ™ CT at positions
68769 and 6317632 in amplified fragments. The nucleotide sequence of monomorphic
asl-casein gene was submitted to GenBank with accession number KU145820.In
conclusion, the genetic characterization of genes associated with milk yield and
composition in camel is considered an essential step towards its genetic improvement
through the selection of superior animals depending on the favorable alleles and genotypes;
marker assisted selection (MAS).
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A great interest has been directed to
camelsintheworld; the camel isavery important
animal in the arid and semi-arid regions. The
survival of millions of human being is dependent
on the camel in such areasfor meat, milk and hair
production and still animportant mean of drought
and transportation for large sectors of pastoral
societies (El-Sawalhy et al., 1996). In spite of
camel’s considerabl e contribution to food security
in semi dry and dry zones, and its being a major
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component of the agro-pastoral systems in vast
pastoral areas in Africa and Asia, little is known
about its production potential and systems
compared to other domestic animals. However, most
previous research conducted on camels was
oriented towards diseases, reproductive
physiology and characterization (Mehari et al.,
2007).

In Egypt, camels are important animals
because they are dual purpose animals (meat and
milk production). Inthe Nile Valley and Delta, they
are mainly raised for meat production and some
agricultural labors. In the desert, they are raised
equally for meat and milk production, somelabors
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and transport. On the other hands, some breeders
raise them for camel racing. It was reported that
many camel breeds are reared in Egypt, but the
main camel breeds are Maghrabi (adual purpose
animal), however, Falahy, Sudany and Mowaled
(meat typeanimal) (Mahran, 2004).

Recently, genetic polymorphisms at
candidate genes affecting economic traits have
stimulated substantial research interest because
of their impending utilization as an aid to genetic
selection and to demarcate evolutionary
relationships in different livestock breeds (Sodhi
et al., 2007). Association of several polymorphic
sites (SNPs) in different candidate genes with
economic traits has been much investigated in
different animal species. Studies on
characterization of candidate genes and their
polymorphism association with animal
performancein camelsare meager compared with
other livestock; cattle (Lucy et al., 1991; Schlee et
al., 1994; Geet al., 2003), sheep (Walliset al., 1998;
Bastos et al., 2001) and goats (Walliset al., 1998;
Guptaet al., 2007).

The casein fraction of ruminant milk
proteins consists of four caseins, namely osl,
as2, B and k—casein. These four caseins are the
main components (76-86%) of total milk protein
(Swaisgood, 1992). Therelative amounts of these
four casein fractions affect the physicochemical,
nutritional and technological properties of
ruminant milks (Ramunno et al., 2000). Thecasein
proteins include three main specific proteins
which are the calcium-sensitive (asl-, as2- and
B-caseins) that coalesce with k-casein, calcium
and phosphate to form micelles. These casein
proteins encoded by four clustered genes in a
250-kb genomic DNA fragment; aslisvery close
to B followed by as2 and k-caseins (Provot et al .,
1995).

Despite of the important role of casein
genes and their effects on quantitative traits and
technological propertiesof milk, few studieswere
focused on the genetic characterization of casein
genesin camelscomparing with other in ruminants.
The present study aimed to identify the genetic
variations (polymorphisms) in two casein genes;
k- and a.s1-casein genesin Maghrabi camel breed
reared in Egypt using PCR-RFL P and nucleotide
sequence analysis.
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MATERIALSAND METHODS

Animalsand genomic DNA extraction

The blood samples used in this study
were collected from 50 Maghrabi camel females
belonging to different farms; the camel production
station in Marsa Matrouh (Animal Production
Institute, 25 samples) and three private farms in
West Desert of Egypt (25 samples).Genomic DNA
was extracted from the whole blood according to
the method described by Miller et al. (1988) with
minor modifications. Briefly, blood sampleswere
mixed with cold 2x sucrose-triton and centrifuged
at 5000 rpm for 15 min at 4°C. The nuclear pellet
was suspended in lysis buffer, sodium dodecyl
sulfate and proteinase K and incubated overnight
inashaking water bath at 37°C. Nucleic acidswere
extracted with saturated NaCl solution. The DNA
was picked up and washed in 70% ethanol. The
DNA was dissolved inlx TE buffer. DNA
concentration was determined, using NanoDrop
1000 (Thermo Scientific Spectrophotometer) and
then diluted to the working concentration of 50
ng/ul which is suitable for polymerase chain
reaction.

Polymerasechain reaction:

A PCR cocktail consisted of 1.0 uM of
upper and lower primer specific for each tested
gene, 0.2 mM dNTPs, 10x PCR reaction buffer
and1.25 units of Taq polymerase (Fermentas). The
cocktail wasaliquot into PCR tubeswith 100 ng of
camel DNA. Thereaction wasrun according to the
optimum condition specific for each primer (Table
1). The PCR products were subjected to
electrophoresis on 2% agarose gel stained with
ethidium bromideto test the amplification success.
Restriction fragment length polymorphism
(RFLP)

The PCR products for each tested genes
were digested with Alul and Smll restriction
enzymes. Ten pl of PCR product were digested
with 1ul of FastDigest restriction enzyme for 15
min at the optimum temperature for maximum
activity of each restriction enzyme. Gels were
visualized under UV light and documented in FX
Molecular Imager apparatus (BIO-RAD).
Molecular size of the digested fragments were
measured by analyzing gel imageswith Gel Analyzer
software package version 2010a (freeware) with
100 bp DNA ladder (L arova GmbH-Germany) as
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DNA sizemarker.
SequenceAnalysis

The PCR products-representatives for
each detected genotype of each tested gene - were
purified and sequenced by Macrogen
Incorporation (Seoul, Korea). Sequence analysis
and alignment were carried out using ClustalW?2
to identify each single nucleotide substitution
between different detected genotypes. Results of
endouclease restriction were carried out using
FastPCR. The nucleotide sequence of each
genotypefor camel k-casein and a.sl-casein genes
were submitted to GenBank (NCBI, Banklt).

475

RESULTSAND DISCUSSION

Camels have an important role as meat
and milk sources for many humans in different
countries. The camel populations in Somalia and
Sudan constitute ahalf of world camel populations
(Pauciullo et al., 2013). The camel population in
Egypt was estimated to be 120.000 headsand its
ecotypes serve numerous functions in their
respective production systems (e.g. milk and meat
production, racing, riding and packing) and are
bred and selected for sustainable performance
(Mahran, 2004).

Table 1. The sequences and information of primers used in this study

Gene Primer sequence52 ——— 32 PCRConditions PCR  Restriction References
(35 cycles) product  enzyme
size used
K-casein CAC AAA GAT GAC TCT GCT ATC G 94°C1min 488-bp Alul Pauciullo
GCC CTC CACATA TGT CTG 56°C 1 min Sl etal.(2013)
72°C 2min
asl-casein TGA ACC AGA CAG CAT AGA G 94°C 1 min 942-bp Alul Shuiep
CTA AAC TGA ATG GGT GAA AC 54°C 1 min Sl etal.(2013)
72°C 1 min
Alle=le T 1 AT EACT I AT FITAAAT I I IO I L L LA C I ICC AL LT LA o
All=le T 1 A AT AT O CTATOFICARATCTTIICCITITIGICATCTIOCTIATIGEEIGIA (0
AR I E R PR EREE AR IR R R EEEE L EE LR R T X L L L L]
All=1c T €1 ATCIACCAECCAr AT EA AT TR ATCATCCARMOCACTAACACTTITIAATTACTICICCNS 120
Allele W 0l ATGIAGEAFGAAGATAAATTACATGATE AAMGTACTAACACCTITIAATTAGICICOCONS 120
LR A R A SRl AR R R R AR R R R R R AR R R A L AR A R R R AL R R R L R R R R
All=1= T 121 CIATITACCTIIVCCICTIITCITIATACITCACACCOCACCTCAATCTTACTOOCARCTCARACE 180
Allsles I 121 CTIAIITACCITCOCICITCITIATACITCACADOOCACCTCARDCTACTROCARCCARGE 180
EE Rt R L PR R R R RS R RS R R Rl
Alleles T LBL OO ARG e A R ST AT AR ATTAAR AT IO CAGATAGARTZACTITIITIIC 240
BElTal= T 1R1 T AR A A R A AT R AT A A AT TR A A AT T RACARAC AR TR T T I T T I Fan
LA R R PR R R LR SRR R LR RSl Rl
All=le 0 241 @ AUCARLAGTIAATCATAAT T U T I T U TTAGT I T ITAT DA TAAUTI-AATATIA U T Ul
All=le= T 241 A AR EARTT AR T AT EAT T T T T T TTAGTTTTITAT TR TRAARDTTEARTATROTTTR 20N
FrFF N YN FFIFrFFIFFF T FFFrIF Y F rFFF T FFFFF F Y rYFF Y F Y Y FFF Y YFYFFYF Y IY
All=le O dULl UATCAT T I A AT TALT T I AR TAAAUL T A ATTUC I -TATAA T TTATGAT T AR z=ou
All=le I 301l GCAICAITIIIGECAITAGIIICIARCCTARRACCIIAGAITCIGIATRATGITATGATIRA <40
BABBEBABEBBEBRABRARERRIABRBIBABRIERBRIABBRBB AL AR BRABER BB ARABRREBRARE
Alle=le T 381 ATTIATIIIIARCTICACTIIGGGIIATIATIAICTICACCACTGECIARARCTACIGARE 4HZ0
All=le I S0l ATTIATTIIIAACTICACTTIIGEFIIATIATTATCTICACCACTGECIAANTACTGARE 4Z0
AABBRBRABRE BB ERRABABRRIABRRLIBRABRIBRRIAABARERAERBERARRAREABRRARABRRRAERS
All=le T 421 ACARATGTAAATIGIAMAGARAAAGTITGITCAAGATAATEALWTIATICCTATCAGACATATES 400
All=1lc I 421 ACARATCGIAMATICIAMAGARAAAGTIGITCAAGACAATEAACTIATICCTACAGACATATE 00
R R R A R R R E R R R R A R R A AR R R F PR R R R L E R R L F TR R TN
All=1c T 481 TOCRCOODCDC dEB
All=1es T 481 TOCHRODCC 4EB

EEEEEE R

Fig. 1. The sequence alignment between two different Allele C and Allele T using Clustal\W2
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Thetotal protein contents of camel’smilk
ranged from 2.4% to 5.3% (Konuspayeva et al.,
2009; Al haj & Al Kanhal, 2011; Nikkah, 2011) and
it is divided into casein and whey proteins. The
casein fraction constitutes 52% to 89% of total
camel milk protein and it divided into 4 fractions
namely asl, as2, f and k-caseins which encoded
by four tightly genes (Kappeler et al., 1998).

In spite of the important role of casein
genes and the effects of their genetic
polymorphisms on quantitative traits and

OTHMAN et al., Biosci., Biotech. Res. Asia, Vol. 13(1), 473-480 (2016)

technological properties of milk, the studies for
the detection of genetic polymorphism of camel
milk genes are still limited. Due to this fact, this
work focused - using PCR-RFL P and sequencing -
on theidentification of genetic polymorphisms of
two casein genesin Maghrabi camel breed which
isadual purpose camel breed in Egypt.
Kk-casein gene

k-casein (k-CN) ishighly heterogeneous,
soluble in the presence of calcium and differs
considerably in structure from the calcium sensitive

caseins (Fox & McSweeny, 2003). Kappacaseinis
essential for micelleformation and stabilization, so
it influences the manufacturing properties of milk.
Cheese making is based on the cleavage of the k-
CN Phenylal nine'*-M ethionine'® peptide bond by
1'I enzymesor heat (Yahyaoui et al., 2001). Thex-CN
fraction constitutes 3.5% of total caseinsin camel
milk (El Agamy, 2006). Fivedifferent isoformsof k-
CN were found in camel milk due to a strong
glycosilation of this protein. Genetic variations at
DNA level of k-casein in Somali camels did not
showed any polymorphism (Kappeler et al., 1998).
Duetotherareresultsinthisfield, our study aimed
to detect the genetic polymorphismin exon 1 of k-
casein genein Maghrabi came reared in Egypt.
The primers used in this study amplified
488-bp fragments (Pauciullo et al., 2013) which
spans from -137 bp of 5'-flanking region to +351
bp of the camel k-CN gene. The amplified
fragments were digested with two different
restriction enzymes; Smll and Alul. The results of
Smll digestion did not showed any differentiation
between tested animals where there is no any
restriction site for this endonuclease in the
amplified fragments. Regarding to Alul, theresults

+
AAT TAGTCTCCAGC TATTTACC
"l

Genotype C'C

+
AATTAGT CTCCAGT TATTTACC

AWV

AATTAGT CTCCAGTTATTTACC

GomatrpcCiT

Fig. 2. The SNP (C—T) in the three
detected different genotypes

T AACCAGACAGCATAGAGG TIAAAAGE TICTIIICTITTCCCC CAGC TATTCTC TG TITCAG TTAG "CTAT
CATGAC TG TIGCATG TCTICCTCAT T ICATITATTTICCTIC AATIG TATCCAG GTACACAAGGTACTIGGAT
AT T AT TC TG T I TAA T A A A TICCTATICAATCC CTOC TTIGACATITGATAAGTATG TIACTAS
ACTIG TG GG TCTGGTAAAGAAGGAACCAA ATATGOTACCTCCTITAGATTTTAAAATTAGATCCTAGAACTA
CAACTAATICTCTTATITCACCTAAGA AA TATICTGG TI TACTAAGTGAACAGAGAACTITIGTICAAATGG
A A A A TA T CTITTG G GG TECATT I T ICC TI T ITATAA TIC ACAATTTAATATC TACAGGAAGTCCTC AAC
AAAAGA A A AT TIGAGTTAGCAGTG G TAAG TG TTATC CACTIATICTICTAAAATGACAGCCAAATICTT
GAAAAATCAAC ATAATITITG TIIGCAAATG TITI TICACTIGACTIGATTAAACCTITACTICATICACTCTT
CCAAGCACTGAAA A AGAATATIGAAATCAGATAAACAAATATTAAA A AL CTGCTITAAATTTTAATTIGTA
CCTTTG A A ACACTCATG TTITCATITGCATAACC TATG TAGAATTTTACAATTICCATG TICATIATAATG
GAATGTIC T T TATCTC TAGATA ATACCCACTATG TG TIG TATITICAATAATITIGTCACTGACTIG TCAAGT
A AACACAAACAGALATTTTACTICAAGGACACTGTATAAAATATTIGATAGGCAACCCAACTITGICTGA
ATGATTTTTAACATAACCTICCTICTITIICTG TAG TTICACCCATICAGTITAG

Fig. 3. The nucleotide sequence of 942-bp amplified fragment of &s1-casein gene
AG/CT restriction sits at positions 6869 and 6317632 in red
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GTTAGCTATG ATGACTG TTGCATGTC

CAAATATTAAAAAGCTGCTTTAAA

Fig. 4. The sequences analysis showed two
restriction sites AG"CT. A (68"69) and B (631"632)

showed the appearance of three different genotypes
in the tested animals; CC with four digested
fragments at 203-, 127-, 120- and 38-bp, TT with
three digested fragmentsat 203-, 158- and 127-bp
and CT with five digested fragmentsat 203-, 158-,
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R R T L eI Ty

Fig. 6. Fig. 6. The sequence alignment of Maghrabi a.s1-Casein
gene with the published sequence. A—C substitution at position 125 in red

1
TTCAATTGTATCCAGGTACACAAG

Fig. 5. The sequence analysis of Maghrabi camel
asl-casein gene showed A nucleotide at position 125
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127-,120- and 38-bp.

The representative samples for each
detected genotype were sequenced and the results
declared the presence of a single nucleotide
polymorphism (C—T) at position 121 in the
amplified fragments which is responsible for the
destruction of restriction site (AG/CT) at this
positioninallele T and resulted in the presence of
two different alleles C (32%) and T (68%) (Fig. 1)
withthree different genotypes CC (12%), CT (40%)
and CT (48%) (Fig. 2). The nucleotide sequences
of k-CN allelesC and T were submitted to GenBank
with the accession numbers; KU055605 and
KU055606, respectively.

Pauciullo et al. (2013) reported the same
SNPT>Cinexon1of C.dromedariesk-CN after the
digestion of amplified fragment with Alul
restriction enzymein four Sudanese breeds. They
detected three different genotypes; CC (18.09%),
TT (42.55%) and CT (39.36%). Thisfinding agrees
with our results where the genotype TT has the
highest frequency followed by CT genotype and
finally the CC genotype with the lowest frequency.

Kappa-casein gene polymorphismand its
association with milk production traits was
identified in cattle (Goudaet al., 2013; Deb et al.,
2014), buffalo (Otaviano et al ., 2005; Othman, 2005;
Abbasi et al., 2009), sheep (Yousefi et al., 2013;
Othman et al., 2013a) and goat (Kiplagat et al.,
2010; Jemmali, et al., 2013).
asl-casein gene:

asl-casein (asl-CN) is a structural
component of the casein micelle, and plays an
essential rolein cheese curd formation (Walstraet
al., 1984). asl1-CN constitutesthe second fraction
of camel milk protein after k-casein. This casein
gene showed different genetic variations in
ruminants depending on the presence of deletions
or substitutions in the triple code of amino acids
(Clement et al., 2006; Chessa et al., 2010). a.sl-
casein polymorphism affect the milk lipids and
proteins compositions, so it has a strong impact
on nutritional quality and technological properties
of milk (Ollier et al., 2008).The present study
examined the genetic polymorphism of asl-casein
genein Maghrabi camerearedin Egypt. Theprimers
used in this study amplified 942-bp fragments
spanning fromexon4toexon 6 (Shuiep et al., 2013).

The amplified fragments were digested
with two different restriction enzymes; Smil and
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Alul. Theresults of Smll digestion did not showed
any restriction sitewhereasthe digestion with Alul
endonuclease revealed the presence of two
restriction sites AG"CT at positions 6869 and
6317632 (Figs. 3 and 4) yielding the presence of
three digested fragments with sizes 68-, 563- and
293-bp.

The sequence alignment of asl-casein
gene in Maghrabi camel with the published
seguence (Accession No.: JF429140) declared the
similarity at 99% with only one SNP (A—C) at
position 125 (Figs 5 and 6)

Molecular characterization of &4s1-casein
gene was studied in Sudanese camels PCR-RFLP
by Shuiepetal. (2013). They reported aSNP (G—T)
characterized for the new variant CSN1S1C of this
genewhere this SNP destroyed therestriction site
of Smll. Thisfinding matcheswith our result where
the amplified fragments of Maghrabi camels did
not digested with this enzyme.

The molecular characterization and the
association between asl-casein polymorphisms
with milk performance were studied in ruminants
like cattle (Kishore et al., 2013; Shahlla et al.,
2014), buffalo (El Nahas et al., 2013; Patel et al.,
2014), sheep (Othman et al., 2013b; Ceriotti etal.,
2013), goat (Soareset al., 2009; Jemmali et al., 2012).

In conclusion, the detection of genetic
polymorphismand DNA sequencing of QTL genes
especially milk composition is considered the best
way for enhancing milk production and
composition through the selection of animal with
superior traits depending on molecular markers
(MAS). Duetotheeconomically important of camel
in dry and semidry region in the world, further
studies on genetic polymorphism of camel milk
protein genes and its association with milk traits
are needed in the future for genetic improvement
of camel milk production.
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