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and Kircher, 2010) were performed in a dedicated ancient DNA laboratory (Paleogenetic Core Facility, ArchaeoBioCenter,
LMU Munich, Germany and University of York, UK), following a range of standard contamination precautions. In early-
domestic samples the indexed libraries were enriched for camel mtDNA by in-solution hybridization capture (Mycroarray’s
Mybait kit) and sequenced on a single lane of lllumina HiSeq2000. However, in wild samples an approximately 530 bp
fragment of MtDNA control region (Genbank: NC_009849.1, nt 15347 - 15877) were amplified from the indexed ds-DNA
libraries, using 10 overlapping primer pairs. In order to confirm the authenticity of the aDNA sequence data, we used the
software mapDamage2.0 (Jonsson et al., 2013) to identify these aDNA damage patterns in all mapped sequences.
Results and Discussion
In early-domestic camels, we recovered the two existing modern haplogroups (A and B; Charruau, 2012), which indicate
the early and complete presence of both haplogroups in the North Arabian Peninsula from the Early Byzantine onwards.
In wild specimens from four different locations in the UAE, three unique haplotypes and four modern haplotypes that
clustered with the major haplogroup (B) were detected. This suggests that this region of the UAE is one of the possible
locations of camel domestication. The minor haplogroup (A) was not detected in the wild samples collected in this study.
This suggests the possible loss of this haplotype during the sampling as a result of its low frequency in the wild dromedary
population. Furthermore, we report 14 nearly complete mtDNA from early-domestic dromedaries dated to 1000 — 2000
ybp. Because the environmental conditions of the desert drastically reduce the chances of DNA surviving from poorly
preserved specimens, DNA extraction and sequencing remain a challenge. This study highlights one of the few successful
recoveries of genetic materials from specimens belonging to hot and arid environments, and reports the first mtDNA
recovery from early domestic dromedaries.
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COMBINED SANGER AND NGS SEQUENCE ANALYSIS OF THE MYOSTATIN GENE (MSTN)
IN THE CAMELUS DROMEDARIUS SPECIES
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Department, Desert Research Center, 1 Mathaf El-Matarya St., EI-Matarya, Cairo, Egypt; "Department of Emergency
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Abstract

Different mutations have been identified in the myostatin gene (MSTN), some of which are responsible for protein
inactivation and double muscling phenotype in mammals. So far, no extensive polymorphism survey has been carried out
in Camelus dromedarius. We therefore performed a sequence analysis, adopting a combined strategy involving Sanger
and next generation sequencing (NGS). Notably, 3.6 kb of the MSTN locus were Sanger sequenced in a population dataset
including samples from Algeria (10), Tunisia (5), Egypt (9), Mauritania (5), Sudan (5) and Saudi Arabia (9). A further whole-
genome dataset, including 7 C. dromedarius from Pakistan (1), Kenya (1), Saudi Arabia (3), Canary Islands (1) and Oman
(1) were sequenced using the lllumina Hi-Seq 2000 technique at an average 15-fold coverage. Whole-genome NGS
sequence data from 9 C. bactrianus and 7 C. ferus samples were also available for comparison. Overall, only four
polymorphisms were detected, all of them were observed in intronic regions, corresponding to an average presence of one
SNP per 1200 bps. Ten fixed sites were observed when comparing C. dromedarius MSTN sequences with those from C.
bactrianus and C. ferus. The apparent low sequence diversity observed at the MSTN locus may reflect the peculiar
evolutionary history of this species, with purifying selection and drift phenomena as the most likely acting forces.

OPOMELOAP TYWENEPIHIH MUOCTATUH FEHI (MSTN) TI3BBEKTEPIHIH KOMBEUHUPJSIEHTEH
COHIEP XXOHE NGS AHAJIASI

MuoctatnH redi (MSTN) ywiH ap Typni MyTauusnap uaeHTUdUUMPNEHAi, onapAblH Kenbipeynepi akybi3aapabiH,
[e3aKTUBaLMsAChl MEH CYTKOPeKTinepaiH bynwbikeTTepiHiH Koc deHoTuniHe ayan 6epepi. Con yakbiTtaH 6epi Camelus
dromedarius ywiH nonumopduami Typanbl ewbip wony >xacanfaH oK. CoHablkTaH 6i3 CaHrep cTpartervsicbl MeH
cekBeHupneyain keneci ypnarsbiH (NGS) TyTacTblpaTbiH cekBeHuprey aHanuaid xyprisgik. CaHrep agici 6ombiHWa Amkup
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(10), TyHuc (5), ErunT (9), MaBputanus (5), CynaH (5) xaHe Caya Apasusichl (9) nonynsuusinapbel MSTN nokycbiHbIH 3,6
k6 GombiHwa xacangbl. OpgaH kewniH Makuctan (1), Kenna (1), Cayn Apasuscel (3), KaHap apanbl (1) xxeHe OmaH (1)
ApomegapnapbiHbiH, TonblK reHombl lllumina Hi-Seq 2000 TexHukacbliH namganaHa OTbipbin opTawa Typae 15 petTik
KanTama apkpinbl cekseHupnengi. 9 C 6akTpuaHgapabiH, Tonbik reHomabl HaTvxenepi meH NGS cekseHupriey apkbinbl
anbiHFaH 7 C. Ferus cbiHamanapbl canbICTbIpy YLWiH anbiHAabl. XXannel Typai Tek TepT nonMMmopduamM aHbiKTangbl, onap
optawa Typae 1200 bps cevikec 6onatbliH 6ip SNP 6onaTbiHgan MHTPOHALI anmMakTapaa Tadbingbl. C. bactrianus u C.
Ferus canbicTbipFaHaa oH huKkcTenreH opTtanbikTap aHblkTangbl. TisbekTepain naga 6onFaH TemeH anyantypniniri MSTN
NOKyCblHA@ aHbIKTanabl, on Oyn TyprepaiH TasapTy cenekumsicbl MeH OenceHai kyw peTiHoe ApudT (heHOMEHIHIH
3BONOLMANBIK TAPUXbIH KEpceTe anagpl.

KOMBUHUPOBAHHbIE C3HIEP U NGS AHANU3bI NOCNEQOBATENLHOCTEN FEHA
MUOCTATUHA (MSTN) Y BEPBJTIOAOB IPOMEOAPOB

PasHble MyTaumm Obinv mnaeHTMUUMpoBaHbl B reHe muoctatuHe (MSTN), HekoTopble M3 KOTOPbIX OTBEYaloT 3a
AesaktuBaumio 6enkoB 1 ABOWHOW heHOTMN MycKynaTtypbl y mnekonutawowmx. C Tex nop HMkakoro obwmpHoro o63opa
nonumopdusma He 6bino caenaHo ana Camelus dromedarius. Mo3ToMy Mbl NPOBENM aHanun3 CEKBEHWPOBaHWS,
BKNtovatowmii B ceba ctpatermto CaHrep u cekBeHupoBaHue cregytowero nokoneHunss (NGS). OcobeHHo, MaTepuan
BKoYatoLwuii B ceds nonynsauum Armkupa (10), TyHuca (5), Erunta (9), MaBputanum (5), Cyaaxa (5 n Caygosckoii ApaBum
(9) 6bINKn cekBeHnpoBaHun nNo Metogy CaHrep ¢ 3,6 kb6 nokyca MSTN. [Janee Obinu cekBeHMpPOBaHbI MOSHbIE AaHHble
reHoma Bkntoyawwme B cebs 7 C gpomenapoB m3 lMakuctana (1), Kenun (1), Caygnosckon Apasum (3), Kanapckux
octpaeoB (1) u OmaHa (1) ucnomnb3ys TexHuky lllumina Hi-Seq 2000 B cpegHem ¢ 15-kpaTHbIM NOKpbITMEM. [MomnHble
reHomHble gaHHble 9 C 6akTpmaHoB nony4veHHble ¢ nomolbio NGS cekBeHupoBanus n 7 C. ferus obpasubl 6b61nm Takke
OOCTYNHbI ANs cpaBHeHus. B uenom, 6birno obHapyXeHo TOnbKo YeTbipe nonuMmopdusma, Bce OHM 6binn obHapyXeHbl B
MHTPOHHbIX PErroHax COOTBETCTBYKOLWWMX cpeaHemy npucytcteuio ogHoro SNP Ha 1200 bps. [ecAatb mkcrpoBaHHbIX
LeHTpoB Obinn ob6HapyxeHbl npu cpaBHeHun C. bactrianus u C. ferus. [MosiBneHue HuM3Koro pasHoobpasus
nocnegosartefibHocTen Obino obHapyxeHo B MSTN nokyce, 4To MOXeT OTpaxaTb CBOEOOpasHylo 3BOMIOLIMOHHYHO
NCTOPUIO 3TUX BUAOB C CeneKkumen O4NCTKM 1 heHomeHamu apuddTa Kak AeNCTBYOLLMX CUIT.

Introduction
Myostatin, also known as Growth Differentiation Factor-8 (GDF-8), is a negative regulator for muscle growth and
development that acts suppressing proliferation and differentiation of myoblasts (Thomas et al., 2000). Several functional
mutations have been identified in the myostatin (MSTN) gene of different mammalian species, responsible for a “double
muscling” phenotype characterized by increase in the number of muscle fibres (hyperplasia) and fibre enlargement
(hypertrophy) (McPherron and Lee, 1997). Besides its obvious advantages for the meat industry, the “double muscling”
phenotype is also associated with several drawbacks, such as fertility reduction and lower offspring viability (Ménissier,
1982). Other pleiotropic effects associated with MSTN variation have been observed in cattle, where a reduction of total
lipid content and connective tissue, high meat yield and meat tenderness have been documented (Ménissier, 1982; Shahin
and Berg, 1985; Kobolak et al., 2002).
Camels play an important role in arid lands as source of food. The importance of the camel as a meat-producing animal is
increasing, also due to the high nutritive value of its meat (Kadim et al., 2008). Knowledge about molecular mechanisms
modulating muscle mass development in camels are still lacking. We contributed to fill this gap by carrying out a
comprehensive characterization of the sequence variability at the MSTN locus in Camelus dromedarius integrating NGS
and Sanger sequencing data.
Materials and methods
For the Sanger sequencing experiment, C. dromedarius blood and muscle samples collected in Algeria (10), Tunisia (5),
Egypt (9), Mauritania (5), Sudan (5) and Saudi Arabia (9) were used to isolate genomic DNA by using commercial kits
(Qiagen). The three MSTN exons and part of introns were amplified by PCR using heterologous primers designed from
the C. ferus consensus sequence using Primer3 (www.primer3.ut.ee/, version 4.0.0). PCR products were separated by
electrophoresis on a 2% agarose gel. Fragments excised from the gel and purified were Sanger sequenced by the Eurofins
MWG Operon service. Sequence analysis was carried out using Bioedit (http://www.mbio.ncsu.edu/bioedit/page2.html).
Sequence alignments were performed using ClustalW2 (http://www.ebi.ac.uk/Tools/msal/clustalw2/).
For the NGS experiment, we extracted DNA from blood samples collected from C. dromedarius in Pakistan (1), Kenya (1),
Saudi Arabia (3), Sudan (1), Canary Islands (1), UAE (1) and Qatar (1). All samples were sequenced to approximately 15-
fold coverage on an lllumina Hi-Seq 2000 using a 500 bp insert paired-end library. All reads were quality trimmed (5’ end
quality > 20) and mapped to the C. ferus reference genome (Accession GCA_000311805.2), All single nucleotide variants
(SNVs) were identified according to the Genome Analysis Toolkit best practices guidelines (Van der Auwera et al., 2013).
The complete description of methods can be found in Ruiz et al. (2015).
Results and discussions
In a previous survey, a very limited region (256 bp) in the first exon of the Camelus dromedarius MSTN locus had been
screened for sequence polymorphisms (Shah et al., 2006). In this study, we report the results of an extensive
polymorphisms analysis carried out integrating data on a 3.6 kb region from a traditional Sanger sequencing approach and
data on the whole MSTN locus (6.8 kb) from a high-throughput whole-genome NGS approach on a relevant population
dataset. Unexpectedly, only four variant nucleotide sites were observed, one transversion (54652_G/C) and three
transitions (54964_GJ/A, 54965_C/T e 56755_T/C), all located in intronic regions. Frequencies of minor alleles were,
respectively, 0.21 C; N =14), 0.42 (G and C; N = 32); 0.14 (C; N = 7). We did not observe any polymorphism in the second
exon of the myostatin, which is known from other species to harbour functional mutations (Baron et al., 2012). The average
SNP density was one SNP every 1712 bps, remarkably lower than reported for the MSTN gene in cattle and sheep (on
average, 1 SNP every 100 bp; Dunner et al., 2003; Gan et al., 2008). Refining our previous hypothesis, we speculate that
the low sequence diversity observed at the MSTN locus in C. dromedarius may reflects its peculiar evolutionary history.
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SCREENING OF DROMEDARY GENOME WITH HETEROLOGOUS SHORT TANDEM REPEAT
(STR) PRIMERS FOR ITS UTILITY IN PARENTAGE TESTING

Nautiyal B., Premraj A., Aleyas A.G., Rasool T.J.
Biotechnology Center, Management of Scientific Centers and Presidential Camels, Department of the President’s Affairs,
PO Box 17292, Al Ain, United Arab Emirates, nautiyalbinita@gmail.com

Abstract

“Even though many dromedary specific Short Tandem Repeats (STR) loci are available in single humped camels, the need
for more informative loci still exists to improve parentage testing in camels. Further, almost all the available camel specific
STRs are di-nucleotide loci which are known for their stutter formation. Incorporation of tetra-nucleotide loci can improve
parentage testing considerably. With this objective, more than 150 heterologous STR primers from different species
including Bactrian camel, alpaca, llama, vicuna, guanaco and pig were tested on the dromedary genome. The screening
was done at two stages: first, the primers were tested on a panel of 20 unrelated animals. These primers included both di-
nucleotide and tetra-nucleotide STRs. Genetic variability at the most promising primers was then tested on fifty unrelated
animals. We could identify about 30 primer pairs that amplified a fragment from the dromedary genome with difference in
amplicon

size from that of the original species. As expected, most of the working primers were from the Bactrian camel, followed by
the new world camelids primers. However, only about thirty percent of the primers showed allelic difference with dromedary
genome, out of which 7 were di-nucleotide STRs, and 2 were tetra-nucleotide STRs. These loci have the potential for being
included in parentage testing protocols.”

Key words: Short Tandem Repeats (STRs), dromedary, Heterologous primers, parentage testing

APOMEOAP TYWENEPIHIH WbIFY TErH AHbIKTAYOAF bl KbICKA TEPMUHANAbIK
KAUTATNAY (KTK) FTETEPONOTIUANbIK MPAUMEPJIEPMEH FTEHOMFA CKPUHUT XKACAY

TyenepdiH WbIFy TeriH aHblkTayaa Keicka TepMuHan kantanay (KTK) napganadfaHbl xalblHOa OepekTtep eTe Ken
6onfaHbIMeH, TaHbIMAbIK JTOKYC XalblHaa 3epTTeynepai Tybereni xyprizy kaxeTTiniri 6ap. Tynenep xanbiHaa 6enrini KTK
Heri3iHeH TYTbIFyAbl KanbinTacTbipaTbiH AN-HYKNeoTua fokyctapmeH G6enrini. Erep nokyctap katapbiHa TeTpa-Hykneotug
JIOKYCbl KOChIJICa, LUbIFy TeriH aHblkTayga 6ipa3 esrepictep 6onap eani. Ocbkl makcatta 150 retepanorvanbik ap Typhi
AaHyapnapgaH TypaTbliH KTK npanmepnepi Tyie reHoMblHa BakbinaHabl: xxaHyapnap iwinge 6aktpuaH, anbnaka, nama,
ryaHako, BWKYHbSl X®8He wWolkanap 6Gongbl. CKpuHUHIr eki aTanTa >yprisingi: OipiHwi npanvep 20 Tybic emec
»aHyapnapAblH NaHeniH KongaHy apkbinbl xkacanabl. byn npavimepnepae AW-HYKNeOTUATEP XoHe TeTpa-Hykneotuarep
KTK 6ongbl. Keneci TonTta Tybic emec 50 xaHyap 6akbinaHabl. HatexwueciHge 6i3 30 >xyn npariMep anfallukbl TyprepiHeH
TYMEHIH MUKCTypacbiH KamTy MenLiepiHae (aMnnukoH) anbipmallbinblk 6ap ekeHgiri aHblikTanael. Ananga, npaimepnep
LWaMaMeH TeK OTbI3 Mamnbl3 annernbii anbipMallbinbIKTbl KOPCeTTi, OHbIH iWwiHae 7 au-Hykneotuati KTK >xeHe 2 TeTpa-
HykneoTnaTi KTK 6onabl. . Byn nokyctapAb! WbIfy TEriH aHblKTaygarbl 3epTTeynep xatTamacbliHa kocyFa 6onaapl.

TyliHOI ce3dep: Kbicka mepmuHan Katimanay (KTK), Opomedap, eemepornozusnbik npadmepriep, Whify meaiH aHbiKmay
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