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ABSTRACT
The report includes 38 p., 7 fig., 2 tables, 19 references, 3 app.
Mass spectrometry, Peptide, Zooms, proteomics, collagen
The object of the study is the biomaterial of sheep from the Bronze Age settlement Toksanbai (Western Kazakhstan).
The project aims to characterize archaeological remains of sheep found in Western Kazakhstan using proteomics and genetics techniques.
Methods of protein isolation and electrophoretic separation, PCR, mass spectrometry were used.
Obtained results. A method of isolating the protein fraction from the bone material of sheep was optimized, and the protocol for trypsinolysis of the protein fraction in solution was also optimized for the subsequent obtaining of the mass spectrum of tryptic peptides of the target protein - collagen. Collagen peptide sequences were obtained from forty-one collection samples of ancient sheep using mass spectrometry. Ancient DNA was isolated from fourteen collection samples of sheep bone remains. Of the fourteen samples of ancient sheep from the Bronze Age settlement of Toksanbai, eight belonged to haplogroup A (57%), five belonged to haplogroup B (36%), and one belonged to haplogroup C (7%).
The novelty of the research is in the study of proteins and DNA from the bone remains of sheep found in the sites of archaeological excavations of the Bronze Age settlement in Western Kazakhstan.
The degree of industrial introduction, technical and economic indicators. Since the project is basic, the industrial introduction of the results and the achievement of technical and economic indicators are not possible.
Economic efficiency and commercialization. Since the project is basic, the commercialization of the results is absent.
The field of application is archaeology.
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TERMS AND DEFINITIONS
The report contains the following terms and definitions
	Haplogroup
	–
	a group of similar haplotypes with a common ancestor, in which the same mutation took place in both haplotypes

	Gene
	–
	a transcribed region of a chromosome that encodes either a protein or RNA

	Mutation
	–
	a persistent (that is, one that can be inherited by the descendants of a given cell or organism) change in the genotype that occurs under the influence of the external or 
internal environment

	Polymerase chain reaction
	–
	a method for in vitro amplification of nucleic acid fragments

	Primer
	–
	a short fragment of nucleic acid (oligonucleotide), complementary to the target DNA or RNA, which serves as a primer for the synthesis of a complementary strand using a DNA polymerase, as well as for DNA replication


 

           

LIST OF ABBREVIATIONS AND DESIGNATIONS
The report contains the following abbreviations and designations
DNA

– deoxyribonucleic acid
EDTA

– ethylenediaminetetraacetic acid
mtDNA
– mitochondrial DNA

MS

– mass spectrometry

PCR

– polymerase chain reaction
TE

– Tris-EDTA
WK

– West Kazakhstan
INTRODUCTION
The study of paleontological material using molecular genetic methods makes it possible to better understand the evolutionary processes that took place with people and the animals accompanying them in the past. Works on the study of ancient biomaterials of mammoth, mastodon, horse, dog, etc. have been published in the highly-rated journals Nature and Science, which once again confirms their importance and relevance. Molecular genetic studies of the evolution of animals, including domestic animals, reveal to us the foundations of the mechanisms of selection and the emergence of new breeds.

Recently, special attention has been paid to methods for studying paleontological material that is not based on a comparison of morphological characters. These molecular genetic methods include the analysis of biomolecules, DNA, and proteins. A large number of works are devoted to the study of ancient DNA, including those carried out on archaeological material collected in Kazakhstan [1-4]. One of these works established that a horse was first domesticated on the territory of Northern Kazakhstan about 5.5 thousand years ago. It was with the domestication of the horse that the nomadic way of life gradually became traditional in the steppe zones. The appearance of domesticated sheep on the territory of Kazakhstan and their genetic diversity have not been studied until now.

Biomolecules of DNA and proteins are biopolymers composed of constituent parts (nucleotides or amino acids) arranged in a specific order. The uniqueness of these sequences repeating in each living organism makes it possible to determine its belonging by reading and comparing biological information with the available technical means, such as sequencers or mass spectrometers. One of the advantages of protein analysis over DNA is the longer time range of the studied biomaterial, the age of which can reach hundreds of thousands of years [5].

The very concept of determining the belonging of a biomaterial, based on the study of protein sequences, has a relatively recent history. One of the founders of this method is Klaus Hollemeyer (Saar University, Germany). His research team used mass spectrometry to detect differences in the sequence of the keratin protein isolated from animal fur [6]. Keratin, which is present in large quantities in hair and feathers, was subjected to trypsinolysis, and the masses of the formed peptides were determined using mass spectrometry. Thus, by creating libraries of keratin, it was possible to determine which animal served as the source of fur. In addition, Hollemeyer and his colleagues successfully applied a similar method to determine the origin of the clothing of the 5300-year-old ice mummy Ötzi [7]. After some time, Dr. Asara (Harvard University, USA) drew attention to the collagen protein, which is the main component of bone tissue. Collagen (COL1) is a slowly evolving protein made up of three chains twisted into a triple helix. In mammals and most other groups of vertebrates, two strands are derived from the same COL1A1 gene, and the third, COL1A2, is more rapidly evolving. Dr. Asara and his colleagues extracted and identified by mass spectrometry fragments of collagen from the bones of mammoths and mastodons, which showed that this protein is promising when working with archaeological material [8, 9]. 
DNA barcoding was the first molecular identification method that made it possible to determine the belonging of an organism to a particular taxon using short genetic markers in DNA [10, 11]. The use of the protein identification method for working with ancient archaeological material, in particular, bone remains of animal origin, became possible only recently with the development of modern methods of proteomics and mass spectrometry. It should be noted that among the methods that are not based on a comparison of the morphological characteristics of the organism, protein barcoding has an advantage over genetic analysis due to the greater preservation of the target protein (for example, collagen) compared to DNA, which is more susceptible to degradation over time. One of the striking examples illustrating the superiority of the protein method is the paleoproteomic analysis of the human jaw at the age of 160 thousand years [12]. Mass spectrometry analysis of a hominin jaw found in central China in 1980 showed that it belongs to the now-extinct Denisovans, while DNA analysis was not possible due to its complete degradation. Despite this, the application of this method is most effective in combination with DNA analysis, as well as methods based on the study of morphological characters.

Today Kazakhstan has well-known paleontological resources, experienced historians and archaeologists, as well as a modern material and technical base for molecular genetic research. Currently, the use of mass spectrometry and polymerase chain reaction for the identification and systematization of bone remains is especially important.

The presence of a large number of archaeological sites on the territory of Kazakhstan was the main prerequisite for the implementation of this project. In particular, Western Kazakhstan was selected as one of the objects of research when working on the grant project of the Ministry of Education and Science of the Republic of Kazakhstan "Genetic history of sheep in Central Asia" (0389/GF4), carried out in the period 2015-2017. Western Kazakhstan is one of the unique cultural centers of the Bronze Age in Eurasia. It is here that unique settlements and burial grounds, cult and ritual objects of the Bronze Age, such as the Toksanbai settlement, are located. The settlement of the Bronze Age Toksanbai is located on the Ustyurt plateau of Western Kazakhstan and dates back to the second half of the 3rd - the first half of the 2nd millennium BC. A huge amount of osteological material deposited in the multi-meter cultural layers of the settlement indicates that cattle breeding and hunting associated with seasonal migrations of game animals formed the basis of the economic activity of the population of Ustyurt in the Bronze Age. The materials of the study of these monuments have long been firmly included in the scientific circulation, annually replenishing with discoveries and facts.
The project "Biomolecular analysis of the archaeological sheep remains from West Kazakhstan" is a continuation of the grant of the Ministry of Education and Science of the Republic of Kazakhstan "Genetic history of sheep in Central Asia" (0389/GF4), carried out in collaboration with archaeologists of the State Enterprise "Institute of Archeology named after A.Kh. Margulan”, within the framework of which the bones of sheep were collected in the archaeological sites of the Bronze Age. In the course of the project, a unique experience was gained in working with ancient DNA and performing genotyping by PCR. The predominance of mtDNA haplogroups A and B in the studied samples of ancient sheep from Western and Central Kazakhstan was established. The study of the DNA of paleontological remains of sheep bones, coupled with extensive paleontological and historical ones, makes it possible to more accurately determine the origin of the domestic sheep population, the ability to trace the possible ways of their domestication, to determine whether the ancient pastoralists had experience and methods of selective selection of the most productive sheep breeds. This information is especially relevant for the Central Asian region, in the light of the centuries-old nomadic lifestyle of the people living here.
It is necessary to dwell in more detail on the history of Western Kazakhstan. Scientific research of Ustyurt intensified only in the second half of the last century. Archaeological research in the 90s of the XX century established that the desert plateau was a densely populated region in antiquity. The Toksanbai settlement is located on the promontory of the edge of the chink, which borders on the Shomyshtykol salt marsh. Under the influence of natural and climatic processes, there was a gradual separation of the chink capes from the plateau massif, their transformation into more or less independent outliers. Groundwater is the only source of water supply for the territory, both in the past and in the present. A huge amount of osteological material deposited in the multi-meter cultural layers of the settlement indicates that cattle breeding and hunting associated with seasonal migrations of game animals formed the basis of the economic activity of the population of Ustyurt in the Bronze Age. The osteological material of the settlement is dominated by representatives of the hunting and commercial fauna. Also, the inhabitants of the village ate the meat of wild animals.

Within the framework of the project, proteins and DNA were analyzed from archaeological remains of sheep found in Western Kazakhstan using proteomics and genetics. For this, using mass spectrometry, a collection of sheep bone remains previously found in Western Kazakhstan was analyzed, and genotyping of mitochondrial DNA polymorphisms was carried out to determine the haplogroup. In addition, a comparison was made with the results of the analysis of the bones of sheep from the Bronze Age settlement of Kent, located in Central Kazakhstan.
Thus, to achieve progress in this topical direction, the aim of our study was formulated and its tasks were determined.

The goal of the project is to characterize archaeological remains of sheep found in Western Kazakhstan using proteomics and genetics techniques.

Following the stated goal, the following tasks are planned for 2020 (Appendix A):
1) Optimize the protocol for isolating a protein fraction from bone tissue
Following the stated goal, the following tasks are planned for 2021 (Appendix A):
2) Obtain peptide sequences of the target protein of collection samples using mass spectrometry

3) Isolate aDNA from collection specimens of sheep bones
4) Publish based on the results of at least one article or review in a peer-reviewed scientific publication on the scientific direction of the project, included in 1 (first), 2 (second) or 3 (third) quartiles in the Web of Science database and (or) having a percentile according to CiteScore in the Scopus database at least 50 (fifty), or in print in these publications. And also publish at least 1 (one) article in a peer-reviewed foreign and (or) domestic publication with a non-zero impact factor (recommended by CQAES MES RK).

Metrological provision of scientific research. All measuring instruments and test equipment used in scientific research have passed the procedures of verification and certification in the relevant accredited body – LLP "KazMedServiceGroup". Research is carried out in Proteomics and Mass Spectrometry Laboratory, as well as the National Scientific Laboratory of Biotechnology for Collective Use of the RSE "National Center for Biotechnology" of the CS MES RK. For the implementation of this project, there are the necessary appropriate premises and communications. The contractor's laboratories are equipped with all the necessary equipment: Bruker Impact II and Microflex mass spectrometers, new generation sequencing platforms, laminar flow boxes, PCR amplifiers, thermostats, centrifuges, sequencers, electrophoresis chambers, refrigerators, and freezers.
Patent research. The conducted patent search on the web-resources www.kazpatent.kz, containing the register of Kazakhstan patents, has not revealed any patented methods of biomolecular analysis of ancient bones.

Annual report for 2020 – inventory No. 0220РК01539.
MAIN PART OF THE REPORT
1 Selection of the research direction 
Currently, proteomics and mass spectrometry are practically not used in the field of archaeological research carried out in Kazakhstan. Protein fingerprinting, based on mass spectrometry, can be used in combination with DNA analysis to identify and study the bones of ancient wild and domestic animals. It is known that the territory of Kazakhstan was inhabited by people and accompanying animals already in the Bronze Age, which is eloquently evidenced by a large number of archaeological monuments and objects located on the territory of Kazakhstan. The use of protein fingerprinting in this project made it possible to characterize the collection of bones collected earlier in the Bronze Age settlement of Toksanbai (Western Kazakhstan). Based on the analysis of mitochondrial DNA, the haplogroups of sheep were determined, and the analysis of the information obtained was carried out.

To achieve the set goals and objectives, the methods of molecular biology, mass spectrometry, and proteomics were used. To accomplish the task of creating a library of peptide sequences of the target protein, tandem mass spectrometry LC-MS / MS was used, in particular, an Impact II mass spectrometer (Bruker). The first step in this task is trypsinolysis of the isolated protein fraction in solution and purification of the obtained peptides. To accomplish the task of obtaining peptide sequences of the target protein from collection samples, a collection of ancient bone remains of animals previously found on the territory of the Republic of Kazakhstan (Western Kazakhstan) was used. A previously optimized isolation protocol based on the use of guanidine thiocyanate and silica was used to accomplish the task of isolating aDNA from collection sheep bone samples. Thus, ancient DNA was isolated from the samples of sheep bone remains. Using specific primers and probes, the mitochondrial DNA haplogroups of the selected samples were determined. The data obtained was analyzed.

The main idea of ​​the project is to use proteomics and genetics for a comprehensive study of the remains of sheep, previously found in the archaeological sites of Western Kazakhstan. For Kazakhstan, the use of mass spectrometry and polymerase chain reaction for the identification and systematization of bone remains is especially important, as this will allow a better understanding of the processes of migration of animals and humans on the territory of Kazakhstan in the Bronze Age.
2 Materials and methods
2.1 Collection of biomaterials
Biomaterials used in this work were collected in 2015-2017. The samples were collected within the framework of the grant funding project "Genetic History of Sheep in Central Asia" (0389/GF4), carried out in cooperation with archaeologists of the A.Kh. Margulan. In 2016, a joint expedition was carried out to the ancient settlement of the Bronze Age Toksanbai (Beyneu district, Mangistau region). The bone remains of sheep selected by the zoologist were documented, placed in separate bags with a lock, and stored in a dark, dry place. A total of 41 samples of sheep bone remains were taken.
2.2 Isolation of proteins
The surface of the bone sample was wiped with a clean cloth, if necessary, moistened with water. The top layer of the bone was then removed using a low-speed drill. Then a bone fragment of about 1 cm3 was sawed off. When working with a tooth, the root of the tooth was cut off. Then the sample was ground into a fine powder using a mortar and pestle. 200-500 mg of powder was weighed and placed in a 15 ml test tube. The resulting powder was used immediately after preparation.

The protein fraction was isolated as follows. A bone sample was ground into a fine powder using a metal mortar and pestle. Protein extraction was performed using 75 mg of bone powder. Then the sample was resuspended in 1 ml of 0.5 M EDTA pH 8.0 and incubated overnight at 4 °C with gentle stirring. After centrifugation for 15 min. at maximum speed with cooling at 4-8 °C, the supernatant was removed. Then the precipitate was washed twice with 0.5 ml of distilled water (analytical grade), then resuspended in 800 μl of 50 mM ammonium bicarbonate pH 7.40 and incubated for 24 hours at 75 °C with gentle stirring. The next day, the supernatant fraction was collected and stored at -20 °C (fraction A) after centrifugation for 15 min. at maximum speed with a temperature regime of 4-8 °C. The remaining pellet was resuspended in 800 μl of 50 mM ammonium bicarbonate pH 7.40 and further incubated for 24 hours at 75 °C with gentle stirring. After centrifugation for 15 min. at maximum speed at 4-8 °C, the supernatant (fraction B) and sediment (fraction C) were collected separately and stored at -20 °C. Fraction C was resuspended in 500 μl of 50 mM ammonium bicarbonate, pH 7.40 and stored at -20 °C.
2.3 Qualitative and quantitative analysis of isolated proteins
Protein concentration was assessed using a Nanodrop 1000 spectrophotometer (Thermo) and a Qubit Protein Assay Kit (Invitrogen) following the manufacturer's instructions. For electrophoretic analysis of proteins, the isolated samples were dissolved in TruPAGE LDS loading buffer (Sigma-Aldrich) with 10 mM DTT, incubated for 5 min at 90 °C, and loaded onto a 4-12% TruPAGE Precast Gels (Sigma-Aldrich) gradient gel. After protein separation by SDS PAGE, the gel was stained with Coomassie. 
2.4 Mass spectrometry analysis
The mass spectrometric analysis included trypsinolysis of samples in polyacrylamide gel, extraction of samples from a polyacrylamide gel, purification, chromatographic separation of samples with an H2O/ACN gradient of 75 minutes, taking mass spectra of samples with electrospray ionization in tandem MS/MS quadrupole-time-of-flight mass spectrometer Impact II (Bruker).

Sample preparation was carried out according to the following protocol. Protein bands in the gel were cut into several parts with a scalpel, then washed in a solution of 10 mM ammonium bicarbonate/50% acetonitrile at 37 °C for 1 hour with constant stirring. Then the obtained gel fragments were rehydrated with 100 mM ammonium bicarbonate containing 5 mM DTT, followed by incubation at 60 °C for 15 min. Then the samples were treated with 10 mM ammonium bicarbonate containing 100 mM iodoacetamide, incubating for 30 min in a dark place with shaking. Then the gel samples were incubated in 50 mM ammonium bicarbonate for 5 min followed by the addition of 100% acetonitrile. This step was repeated twice to remove excess iodoacetamide from the gel. The dried gel fragments were then rehydrated using 50 mM ammonium bicarbonate containing 10 ng/μl trypsin and incubated for 14 hours at 37 °C. After incubation, the resulting solution was transferred to another tube, and the gel pieces were incubated with 50 mM ammonium bicarbonate at 37 °C for 15 min. Then both solutions were combined and dried for 50 min in a SpeedVac concentrator (Eppendorf) at 30 °C, followed by resuspension in a 10 μl solution containing 0.1% trifluoroacetic acid. Before mass spectrometric analysis of proteins, samples were purified using a ZipTip-C18 microcolumn (Millipore) according to the manufacturer's instructions. The eluted samples were dried in a SpeedVac (Eppendorf), resuspended in 0.1% trifluoroacetic acid, and transferred to new tubes.

For chromatographic separation of samples, an HPLC Ultimate 3000 RSLC nanoSystem was used with an Acclaim PepMap C18 100 analytical column (150 mm × 75 μm) (Thermo Scientific) and an Acclaim PepMap C18 100 guard column (5 mm × 300 μm, Thermo Scientific). For the analysis, solvents A and B were used (Solvent A: 0.1% HCOOH in water; Solvent B: 0.1% HCOOH in 90% acetonitrile in water). The flow rate was set at 300 μl/min. The temperature in the compartment with the analytical column was maintained at 60 °C. The calibration mixture for electrospray (Agilent) was used to calibrate the instrument in the extended quadratic calibration mode.
2.5 Isolation and analysis of DNA
The isolation of ancient DNA from the bone powder was carried out according to the method of Rohland N. [13]. The DNA concentration was measured on a Qubit fluorometer (Thermo). For long-term storage of ancient DNA samples, a temperature regime of minus 80 °C was used.

To determine the nucleotide sequence, an amplifier with real-time detection CFX96 (Bio-Rad) was used. In separate test tubes, reaction mixtures were prepared for five polymorphisms of the mtDNA control region (15459, 15476, 15484, 15509, and 15512), which made it possible to determine the sheep mtDNA haplogroup. The reaction mixture included sequence-specific primers and probes shown in Table 2, 10-fold buffer with (NH4) 2SO4, 25 mM MgCl2, dNTP mixture (2 mM each), DNA polymerase, and demineralized water. For each sample, the fluorescence signal accumulation curves for the VIC and FAM channels were analyzed. The analysis of the results was carried out using CFX Manager 3.1 software (Bio-Rad). The presence of sheep DNA fragments in the isolated total aDNA was checked by amplification of the chemokine receptor-2 (CCR-2) gene by real-time PCR on a CFX96 instrument (Bio-Rad). For this, specific primers and probes were used (FAM-CTGGGCTCCCTACAACATCGTCC-BHQ, F-CAAAGATTTCCTGGAAGGTGC, R-GTGATCATGATTGTCTACTTTCTCT).
3 Results and discussion

3.1 Optimization of the isolation of the protein fraction from the bone tissue
To collect biomaterials together with the staff of the branch of the A.Kh. Margulan institute in 2016, an expedition was carried out to the ancient settlement of the Bronze Age Toksanbai (WK). The employees of the archeology branch have extensive experience in analyzing paleontological sources and materials on the history of the WK, as well as experience in using, along with traditional humanitarian approaches, and natural scientific methods (paleogenetic studies, radiocarbon dating).

As a result of the expedition, bone remains of sheep were selected at the site of archaeological excavations. The selected bone remains belong to the Bronze Age, which is confirmed by radiocarbon analysis. Radiocarbon analysis of a sample from the cultural layer of the settlement, corresponding to the level of structures erected in the lower part of the remnant after the fire, gave an age (uncalibrated) of 3780 +/- 80 years ago. Bone samples taken from small ruminants from the layer of the fire period gave a calibrated date of 2133-2075 BC, which today is the oldest of the series of radiocarbon dates of the settlement. A total of 41 samples of bones from ancient sheep were taken, as shown in Table 1. Three fragmented bones, which, according to the results of mass spectrometric analysis, also belonged to a sheep, are not included in the table. It should be noted that a great number of small cattle bones were found at the excavation site, but preference was given to bone remains collected in different parts of the ancient settlement. The species identification of bones was carried out by Ph.D., head. Laboratory of Historical Ecology of the Institute of Plant and Animal Ecology (Yekaterinburg) Pavel Kosintsev, who also took part in the expedition. Based on the collected material, bones were selected for the isolation of proteins and aDNA. By the start of the current project, DNA had been successfully isolated from eight samples of ancient sheep from the Bronze Age settlement of Toksanbai.
Table 1 – Bone remains of sheep from the Toksanbai settlement
	Bone type
	Location
	Note

	1
	2
	3

	Metacarpus
	G8-D8
	220-230 cm

	Tooth (lower jaw)
	G8-D8
	220-230 cm

	Tooth (lower jaw) М1
	G8-D8
	230-240 cm

	Carpal bone
	G8-D8
	230-240 cm


Table 1 continuation
	1
	2
	3

	Tibia
	G8-D8
	230-240 cm

	Pelvic bone
	G8-D8
	230-240 cm

	Lower jaw
	G9-D9
	230-240 cm

	Radius
	А'9
	Under vertical slabs

	Tooth
	А'9
	Under vertical slabs

	Metapodium
	G8-G9
	220 cm, 

light brown loam

	Radius
	G8-G9
	220 cm

	Scapula
	G9-D9
	230-240 cm, 
in horizontal masonry

	Radius
	А'9
	520 cm,
Ash-bone layer

	Metapodium 
	G8-D8
	170 cm, 
light brown loam

	Tooth (lower jaw)
	А'9
	530 cm, under vertical slabs

	Metatarsus
	G8-G9
	-

	Tibia
	G8-D8
	-

	Radius
	G8-D8
	-

	Metapodium
	А'9
	520-530 cm

	Talus
	А'9
	525-530 cm

	Talus
	А'9
	520-530 cm 
light brown loam

	Talus
	А'9
	220-230 cm

	Tooth
	G8-D8
	170 cm

	Tooth
	G8-D8
	190-200 cm

	Radius
	G9D9-G8D8
	Under vertical slabs, 250-260 cm

	Talus
	А'8-А'9
	In the moved-out masonry, in a light brown layer with ash

	Tooth
	А'8
	In the moved-out masonry, in a light brown layer with ash

	Talus
	А'9
	In the moved-out masonry, in a light brown layer with ash


Table 1 continuation

	1
	2
	3

	Talus
	А'9
	525-530 cm

	Talus
	А'9
	530 cm, under masonry

	Talus
	G8-G9
	200-210 cm

	Metatarsus
	G8-D8
	190-200 cm

	Heel bone
	G8-D8
	220-230 cm

	Talus
	А'9
	525 cm. 
From the base of the lower masonry 90 cm

	Lower molar
	G8-D8
	260-270 cm

	Talus
	G8-G9-D8
	250-260 cm, under vertical slabs

	Talus
	G7
	310 cm, 
the eastern part of the square before masonry

	Scapula
	G7-G8
	From the dump


To optimize the isolation of the protein fraction from the bone tissue, two methods were selected based on the analysis of the literature. Method # 1 was described by van Doorn et al. in 2011 and consists of the use of ammonium bicarbonate without the use of demineralization of bone material [14]. Method # 2 was described by Cappellini et al. in 2012 and also consists of the use of ammonium bicarbonate [15]. Its main difference from method No. 1 is the demineralization of bone material before the use of ammonium bicarbonate.

Isolation of the protein fraction from the radius sample was carried out by two methods in duplicate. Next, electrophoretic separation of the isolated samples was carried out on a gradient polyacrylamide gel, as shown in Figure 1.
Method # 2 is more efficient in terms of protein yield. In lanes 4 and 5, which shows the protein fraction A, isolated in duplicate, and lanes 7 and 8, which shows the protein fraction B, isolated in duplicate, you can visually see the largest amount of protein that is stained with Coomassie. These data are confirmed by the readings of the Qubit fluorometer. It is interesting to note that the protein profiles obtained as a result of electrophoretic detection are presented in the form of smears. First of all, this can be explained by the partial degradation of the isolated proteins, whose age exceeds 3500 years. For ancient proteins, electrophoretic profiles with distinct, well-resolved bands characteristic of intact, freshly denatured proteins are uncharacteristic [16]. Perhaps this is due to spontaneous cleavage of the peptide backbone and the formation of covalent cross-links between proteins and, possibly, other organic compounds such as carbohydrates and lipids. Protein degradation often occurs due to spontaneous non-enzymatic cleavage of the peptide backbone at the carboxyl groups of asparagine and glutamine.
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1 - protein marker 10-250 kDa; 2, 3 - protein fraction isolated by method No. 1 in duplicate; 4, 5 - protein fraction A, isolated by method No. 2 in duplicate; 7, 8 - protein fraction B, isolated by method No. 2 in duplicate; 10, 11 - protein fraction C, isolated by method No. 2 in duplicate

Figure 1 – Electrophoretic separation of the isolated protein fraction of the A’9 sheep's radius sample by two methods
After the protocol for isolation of the protein fraction from bone tissue according to method No. 2 was chosen as the most optimal for further work on the project, the protocol of trypsinolysis in solution was optimized to obtain tryptic peptides from the isolated protein fraction.

For trypsinolysis, the samples were dissolved in denaturing buffer (8 M urea, 2 M thiourea, 10 mM Tris-HCl, pH 7.5) and incubated for 20 minutes at room temperature. Then, to restore disulfide bonds of proteins, the samples were incubated in a 5 mM DTT solution for 30 min and then alkylated by incubating the samples in a 10 mM iodoacetamide solution at room temperature for 20 min in the dark. After alkylation, the peptides were diluted with a solution of 50 mM ammonium bicarbonate in a ratio of 1: 4; then trypsin solution (0.01 μg of trypsin per 1 μg of protein) was added to the samples, and they were incubated at 37 °C for 12 h. After trypsinolysis, the reaction was stopped by adding formic acid until its final concentration in the solution was 5%. Next, the obtained tryptic peptides were desalted using C18 microcolumns (Thermo), dried in a vacuum evaporator, and stored at -20 °C. Trypsinolysis is a necessary step for the subsequent mass spectrometric analysis.

3.2 Mass spectrometry analysis
Mass spectrometric analysis was performed in two modes: MS mode and MS/MS mode. First, the obtained peptide mixtures were analyzed in MS mode, which made it possible to obtain a peptide fingerprint of the total protein fraction of ancient sheep bone proteins. An example of a mass spectrum of tryptic cleavage of collagen from an archaeological specimen of the radius of a sheep is shown in Figure 2. The resulting fingerprint can be used to determine the species of animal fossil bones (zoom mass spectrometry, ZooMS), with the help of which specialists analyze the species of collagen protein. The mass of collagen components varies from species to species, so this protein stores the “fingerprint” of a given species in fossil bones.
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Figure 2 – Mass spectrum of tryptic cleavage of collagen from an archaeological bone sample with a sheep-specific marker peptide GPSGEP (Ox) GTAGPP (Ox) GTP (Ox) GPQ (De) GLLGAP (Ox) GFLGLP (Ox) GSR (m / z, 3034.6; charge +1)
In addition to MS analysis, MS / MS mass spectrometric analysis was also performed on an instrument with electrospray ionization mode. In total, 41 sets of spectra were analyzed using the DataAnalysis 4.1 and Mascot 2.6 software, * .mgf files were created and analyzed for each analyzed sample. To search for matches, the NCBInr or SwissProt database was used. As a result, various proteins in the samples were identified and their masses were established.

The MS/MS spectrum of fragmentation of the parent ion with m/z 1517.7413 and charge +2 belonging to the peptide GPSGEPGTAGPPGTPGPQGLLGAPGFLGLPGSR representing the collagen alpha-2 protein (Ovis aries) is shown in Figure 3. Posttranslational modifications were identified in this peptide, including five hydroxylated residues P (Ox) and one deamidated Q (De) residue, typical of archaeological specimens. Hydroxyproline is a known modification of the amino acid proline that is most commonly found in the analysis of bone collagen in all animal species. Collagen belongs to proteins of animal origin, which contain residues of non-standard amino acids: about 21% is hydroxyproline.
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Figure 3 – Tandem MS/MS mass spectrum with sheep-specific marker peptide GPSGEPGTAGPPGTPGPQGLLGAPGFLGLPGSR
Deamidated glutamine is a previously described modification that was found in the analysis of ancient bone remains. Deamidation of glutamine (Q) is a characteristic modification of archaeological samples [17].

The results of collagen protein identification obtained as a result of mass spectrometric analysis of samples are shown in Figures 4 and 5.
When studying the proteomes of dentin and sheep bones, the predominance of type 1 collagen (COL1) among other proteins was noted [18]. Sequence analysis of COL1 peptides of various species showed differences in amino acids. For example, a 33 amino acid peptide of sheep and goat collagen differed in two positions. The amino acid sequence of a sheep peptide marker with an observed m/z of 3033.3±0.2 was identified as GPSGEOGTAGPOGTOGPQGLLGAOGFLGLOGSR (the underlined amino acid residues differ from the goat peptide residues). For comparison, the sequence of an isolated peptide from domestic goat samples with observed m/z 3093.3 ± 0.1 in modern samples (m/z 3094.3 in archaeological samples) was identified as GPSGEOGTAGPOGTOGPQGFLGPOGFLGLOGSR (underlined residues differ from sheep peptide residues). This method was applied to ancient samples of a Neolithic settlement in the south-central part of Turkey [18]. Later, the same authors expanded the collagen mass fingerprinting method, further examining more modern taxa specimens, including humans. Subsequently, the developed method was applied to ancient samples of the Neolithic settlement Domuztepe in southern Turkey to identify bone remains [19].

[image: image6.emf]
[image: image7.emf]
Figure 4 – Identification of proteins in sample A’9 using the Mascot program and the NCBInr database (the first group of matches is shown in descending order of Score)
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Figure 5 – Identification of proteins in sample A’9 using the Mascot program and the NCBInr database (the second group of matches is shown in descending order of Score)
When analyzing the data obtained for all studied sheep bone samples, the peptide marker GPSGEPGTAGPPGTPGPQGLLGAPGFLGLPGSR was found, by the presence of which it can be argued that the species of the collected bone material was correctly determined, and all bones in the amount of 41 samples belonged to sheep. In all studied samples, two proteins prevailed. These are collagen alpha-1 and collagen alpha-2, both belonging to the domestic sheep (Ovis aries) species. Amino acid sequence coverage of these proteins is shown in Figures 6 and 7.
Thus, within the framework of the work performed, mass spectrometric analysis of the protein sequences of sheep samples was carried out.
[image: image9.emf]
Figure 6 – Identification of collagen alpha-1 protein (Ovis aries) in sample A9 using the Mascot program and the NCBInr database
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Figure 7 – Identification of collagen alpha-2 (Ovis aries) protein in sample A9 using Mascot software and NCBInr database
3.3 Sheep DNA sequence analysis
In addition to eight DNA samples from ancient sheep from the Bronze Age Toksanbai settlement, six more DNA samples from ancient sheep were analyzed. All fourteen samples are presented in Table 2, together with their haplogroups, established as a result of genotyping by real-time PCR.
Table 2 - DNA genotyping of ancient sheep from the Toksanbai settlement
	Sample 
	15459
	15476
	15484
	15509
	15512
	mtDNA haplogroup

	TKS-02
	C
	T
	G
	A
	T
	B

	TKS-04
	C
	T
	G
	A
	T
	B

	TKS-07
	C
	T
	G
	G
	T
	C

	TKS-08
	C
	T
	G
	A
	T
	B

	TKS-09
	T
	T
	A
	A
	T
	A

	TKS-10
	T
	T
	A
	A
	T
	A

	TKS-17

TKS-20

TKS-23
	C

T

T
	T

T

T
	G

A

A
	A

A

A
	T

T

T
	B

A

A

	TKS-27

TKS-31
	T

T
	T

T
	A

A
	A

A
	T

T
	A

A

	TKS-34
	T
	T
	A
	A
	T
	A

	TKS-39
	C
	T
	G
	A
	T
	B

	TKS-41
	T
	T
	A
	A
	T
	A


The efficiency of the isolation of ancient DNA was confirmed by amplification of the housekeeping gene Ccr. Samples with Cycle Threshold (Ct) values ​​of less than 35 cycles were considered positive. Fourteen PCR reactions were positive and 27 PCR reactions were negative. Thus, from 41 samples of DNA from ancient sheep, confirmed by a collagen-peptide marker, DNA was successfully isolated from 14 samples of ancient sheep. Mitochondrial DNA haplogroups were identified using five specific TaqMan probes targeting the sheep mtDNA control region 15459, 15476, 15484, 15509, and 15512 of the control genome (AF010406). The results of genotyping were confirmed by direct sequencing of the indicated region of mtDNA (15391-15534).

Of the fourteen samples of ancient sheep from the Bronze Age settlement of Toksanbai, eight belonged to haplogroup A (57%), five belonged to haplogroup B (36%), and one belonged to haplogroup C (7%). Haplogroups D and E were not found in the studied samples.

To understand how different the genetic distribution of ancient sheep is during the Bronze Age in Kazakhstan, we additionally studied 14 samples from the Bronze Age settlement of Kent, which is located in Central Kazakhstan. As part of the study, 14 bones of ancient sheep from the Kent settlement were analyzed. This settlement is characterized by one cultural layer.

Kent is one of the most studied settlements of the Begazy-Dandybai culture. The monument is located 220 km to the ESE from the city of Karaganda and is located in the Kent mountain forest, on the banks of the Kyzylkenysh River. It belongs to the Begazy-Dandybai (Sargary-Alekseevka) culture and dates back to the XIV-X centuries BC.

In ancient times, Kent was a major cultural and economic center. It had an agricultural district of six small settlements. The huge area for that time housed residential buildings, outbuildings, craft (metallurgical) quarters, sites for public meetings, and religious ritual actions. Cemeteries were built around the city: eight burial grounds were discovered from the same time as Kent. Probably, having emerged as a settlement of a fairly large community, Kent quickly expanded and became a large cultural, economic and administrative center. The economic basis for the existence of Kentish society was distant pasture herding and metal trading over long distances.

The main types of domestic animals in Kent were sheep (51.5%), cow (26.74%), horse (18.42%) as a percentage of the total number of bones found during excavations. Kent’s settlers hunted wild animals: the bull Bos primigenius Boj., gazelle Gazella subgutturosa Guld, saiga Saiga tatarica L., red deer Cervus elaphus L., roe deer Capreolus capreolus L., elk Alces alces L., kulan Equus hemionus Pall. and others.
The tool complex of the means of life support and osteological data unambiguously indicate cattle breeding as the main economic occupation of the inhabitants of Kent. For Kent, distant-pasture cattle breeding is being reconstructed. The food was mainly meat and dairy. The content of ruminant milk residues was determined in the vessels. In Kent, stone tiles were found for grinding plant products, grain grinders, and bronze sickles for harvesting and preparing pet food.

Mitochondrial DNA has been successfully analyzed in the remains of ancient sheep from two Late Bronze Age settlements located in central and western Kazakhstan. The distribution of haplogroups was identical in the studied populations, with a predominance of sheep haplogroup A (57%), followed by haplogroup B (36%) and haplogroup C (7%) in both regions.

Similar patterns in the distribution of haplogroups in the two studied settlements located at a distance of 1500 km from each other may indicate the early appearance of sheep in the region. Both settlements were inhabited by cattle breeders and hunters. The village of Toksanbai belongs to the North-Eastern Caspian region, and Kent is located in the Kent mountains, 250 km southeast of the city of Karaganda in the central part of Kazakhstan. Kent is known as being the largest Bronze Age settlement in Kazakhstan, while Toksanbai is a relatively compact settlement. In both areas, animals adapted to a nomadic lifestyle predominated. The high proportion of sheep and horses in these two settlements brings the composition of the herd closer to the species structure of modern nomadic herds in the Eurasian steppes. The transition to nomadic pastoralism could begin in the Eurasian steppes not at the beginning of the Early Iron Age, but in the Late Bronze Age.

The first possible source of domestic sheep introductions is the Caspian Caucasus region, which is considered one of the main sheep breeding areas after the Fertile Crescent. The early appearance of sheep from the Pontic-Caspian steppe to Western Kazakhstan was most likely through the Afanasievo culture. The second and later source of introduction may be associated with a route originating from the eastern part of Central Asia. Both sources may have contributed to the genetic diversity of ancient Bronze Age sheep in Kazakhstan.
СONCLUSION
According to the set goal and objectives of the study in 2020, the following results were obtained:

Based on the collected samples of sheep bone material, the technology of isolation of the protein fraction from the bones was optimized, and the protocol of trypsinolysis in solution was also optimized to obtain a mass spectrum of tryptic peptides of the target protein - collagen. The main difference between the selected method of isolating the protein fraction from the bones is the demineralization of the bone material before the extraction with ammonium bicarbonate. This method has shown itself to be more efficient in terms of quantitative protein yield, which was confirmed by the readings of the fluorometer. Thus, method No. 2 was chosen as the most optimal for further work related to the isolation of proteins from bones.

A literature review was carried out, including an analysis of published articles to search for data from mass spectrometric analysis of peptide sequences of sheep samples. It was found that the 33 amino acids peptide of sheep and goat collagen differed in two positions, which is sufficient for accurate identification of the species.
According to the set goal and objectives of the study in 2021, the following results were obtained:
The peptide sequences of the target collagen protein from forty-one collection samples of ancient sheep were obtained using mass spectrometry. Ancient DNA was isolated from fourteen collection samples of sheep bone remains. Of the fourteen samples of ancient sheep from the Bronze Age settlement of Toksanbai, eight belonged to haplogroup A (57%), five belonged to haplogroup B (36%), and one belonged to haplogroup C (7%).
Based on the results, a research article “Mitochondrial DNA analysis of ancient sheep from Kazakhstan: evidence for early sheep introduction” was published in the peer-reviewed scientific journal Heliyon. A review article in a local scientific journal is currently in press (Appendices B and C).

The scientific and technical level of the performed research is high, which is confirmed by the novelty of this scientific direction. In particular, the possibility of using mass spectrometric analysis for the identification of ancient bone remains was shown.
REFERENCES

1 Damgaard P.D., Marchi N., Rasmussen S. et al. 137 ancient human genomes from across the Eurasian steppes // Nature. - 2018. - Vol.557, №7705. - P.369.


2 Damgaard P.D., Martiniano R., Kamm J. et al. The first horse herders and the impact of early Bronze Age steppe expansions into Asia // Science. - 2018. - Vol.360, №6396. - P.1422.


3 Fages A., Hanghoj K., Khan N. et al. Tracking Five Millennia of Horse Management with Extensive Ancient Genome Time Series // Cell. - 2019. - Vol.177, №6. - P.1419.


4 Gaunitz C., Fages A., Hanghoj K. et al. Ancient genomes revisit the ancestry of domestic and Przewalski's horses // Science. - 2018. - Vol.360, №6384. - P.111-114.


5 Rybczynski N., Gosse J.C., Richard Harington C. et al. Mid-Pliocene warm-period deposits in the High Arctic yield insight into camel evolution // Nature Communications. - 2013. - Vol.4. - P.1550.


6 Hollemeyer K., Altmeyer W., Heinzle E. Identification and quantification of feathers, down, and hair of avian and mammalian origin using matrix-assisted laser desorption/ionization time-of-flight mass spectrometry // Anal Chem. - 2002. - Vol.74, №23. - P.5960-5968.


7 Hollemeyer K., Altmeyer W., Heinzle E. et al. Species identification of Oetzi's clothing with matrix-assisted laser desorption/ionization time-of-flight mass spectrometry based on peptide pattern similarities of hair digests // Rapid Commun Mass Spectrom. - 2008. - Vol.22, №18. - P.2751-2767.


8 Asara J.M., Schweitzer M.H., Freimark L.M. et al. Protein sequences from mastodon and Tyrannosaurus rex revealed by mass spectrometry // Science. - 2007. - Vol.316, №5822. - P.280-285.


9 Schweitzer M., Hill C.L., Asara J.M. et al. Identification of immunoreactive material in mammoth fossils // J Mol Evol. - 2002. - Vol.55, №6. - P.696-705.


10 Hebert P.D., Cywinska A., Ball S.L. et al. Biological identifications through DNA barcodes // Proc Biol Sci. - 2003. - Vol.270, №1512. - P.313-321.


11 Lahaye R., van der Bank M., Bogarin D. et al. DNA barcoding the floras of biodiversity hotspots // Proc Natl Acad Sci U S A. - 2008. - Vol.105, №8. - P.2923-2928.


12 Chen F., Welker F., Shen C.-C. et al. A late Middle Pleistocene Denisovan mandible from the Tibetan Plateau // Nature. - 2019. - Vol.569, №7756. - P.409-412.

13 Rohland N., Hofreiter M. Ancient DNA extraction from bones and teeth // Nat Protoc. - 2007. - Vol.2, №7. - P.1756-1762.

14 van Doorn N.L., Hollund H., Collins M.J. A novel and non-destructive approach for ZooMS analysis: ammonium bicarbonate buffer extraction // Archaeological and Anthropological Sciences. - 2011. - Vol.3, №3. - P.281.
15 Cappellini E., Jensen L.J., Szklarczyk D. et al. Proteomic analysis of a pleistocene mammoth femur reveals more than one hundred ancient bone proteins // J Proteome Res. - 2012. - Vol.11, №2. - P.917-926.
16 Cappellini E., Prohaska A., Racimo F. et al. Ancient Biomolecules and Evolutionary Inference // Annual Review of Biochemistry. - 2018. - Vol.87, №1. - P.1029-1060.
17 Smith C.I., Chamberlain A.T., Riley M.S. et al. The thermal history of human fossils and the likelihood of successful DNA amplification // Journal of Human Evolution. - 2003. - Vol.45, №3. - P.203-217.
18 Buckley M., Whitcher Kansa S., Howard S. et al. Distinguishing between archaeological sheep and goat bones using a single collagen peptide // Journal of Archaeological Science. - 2010. - Vol.37, №1. - P.13-20.
19 Buckley M., Kansa S.W. Collagen fingerprinting of archaeological bone and teeth remains from Domuztepe, South Eastern Turkey // Archaeological and Anthropological Sciences. - 2011. - Vol.3, №3. - P.271-280.

 ADDIN EN.REFLIST 
APPENDIX A

Calendar plan for 2020-2021
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Calendar plan for 2020-2021 (translation from Russian)
1 RSE «National Center for Biotechnology» SC MES RK

1.1 Priority: 8.Research in the field of natural sciences.
1.2 Sub-priority: 8.5. Basic research in biology of animals, plants and microorganisms.
1.3 Project title: AP08955854 «Biomolecular analysis of the archaeological sheep remains from West Kazakhstan».
1.4 Amount: 5 000 000 tenge. (3 000 000 tenge in 2020; 2 000 000 tenge in 2021).
2. Characteristics of scientific and technical products on qualification characteristics and economic indicators

2.1 Direction: Molecular biology, genetics, mass spectrometry and proteomics.
2.2 Area of application: application of mass spectrometry and polymerase chain reaction for a comprehensive study of archaeological remains of sheep, previously found in archaeological sites of Western Kazakhstan.
2.3 The result for 2020: 

protocol for isolation of protein fraction from bone tissue;
The result for 2021: 
obtaining the peptide sequence of the target protein of collection samples using mass spectrometry; analysis of paleoDNA from collection samples of sheep bone remains.
2.4 Patent: not patentable.
2.5 Scientific and technical level (novelty): High.
2.6 The use of scientific and technical products is carried out by the Customer and the Contractor.
2.7 Type of use of the result of scientific and (or) scientific and technical activity: Report, publications.
	Job number, phase
	The name of works under the Contract and the main stages of its implementation
	Duration
	Expected result

	
	
	Start
	End
	

	2020

	1
	Optimize the protocol for isolating a protein fraction from bone tissue
	October, 2020
	December, 2020
	The protocol for isolating the protein fraction from bone tissue will be optimized.

	2021

	2
	Obtain peptide sequences of the target protein of collection samples using mass spectrometry
	January, 2021
	July, 2021
	Peptide sequences of the target protein of the collection samples will be obtained using mass spectrometry

	3
	Isolate aDNA from collection specimens of sheep bones
	January, 2021
	July, 2021
	aDNA will be isolated from collection specimens of sheep bones

	4
	Publish on the basis of the results of at least one article or review in a peer-reviewed scientific publication on the scientific direction of the project, included in 1 (first), 2 (second) or 3 (third) quartiles in the Web of Science database and (or) having a percentile according to CiteScore in the Scopus database at least 50 (fifty), or in print in these publications. And also publish at least 1 (one) article in a peer-reviewed foreign and (or) domestic publication with a non-zero impact factor (recommended by CQAES MES RK)
	
	
	Based on the results of at least one article or review will be published in a peer-reviewed scientific publication on the scientific direction of the project, included in 1 (first), 2 (second) or 3 (third) quartiles in the Web of Science database and (or) having a percentile of CiteScore in the Scopus database of at least 50 (fifty), or in print in publication. At least 1 (one) article will be published in a peer-reviewed foreign and (or) domestic publication with a non-zero impact factor (recommended by CQAES MES RK)

	Customer:




Head of SE “SC MES RK”
Kurmangalieva Zh.D.





	Contractor:

Director General RSE “National Center for Biotechnology” SC MES RK

Ramankulov Ye.M.

Grant PI Tarlykov P.V.


APPENDIX B

List of publications

1 Tarlykov P., Atavliyeva S., Auganova D., Akhmetollayev I., Loshakova T., Varfolomeev V., Ramankulov Ye. Mitochondrial DNA analysis of ancient sheep from Kazakhstan: evidence for early sheep introduction // Heliyon. - 2021. - Vol.7, №9. - P.e08011.
2 Atavliyeva S., Tarlykov P. Paleoproteomics studies of ancient caprinae: a review // KazNU Bulletin. Biological series. - 2021. - Vol.89, №4. In press.
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