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Study of intestinal microbial profiles of Kazakh horsebreed using NGS-sequencing

The aim of the study was to evaluate the intestinal microbiome of horses (taking into account their mainte-
nance, age, breed) by sequencing 16S rRNA amplicons. A total of 24 libraries were created from fecal sam-
ples of Kazakh breed horses from various regions of Kazakhstan. The alpha diversity (Chao 1 and ACE,
Shannon and Simpson indices) of the intestines of Kazakh-bred horses showed that a rich microbial diversity
was revealed in horses of the Mangystau, Pavlodar and Zhetysu regions, which were on natural pastures con-
tinuously. The species richness in horses of the Pavlodar and Zhetysu regions was 9.7, which Wwas slightly.
higher than in horses of the Mangystau region (9.0 p <0.01). Beta diversity was examined using Bray-Curtis
distances, and the relationships between 24 horse fecal samples from three different regions of Kazakhstan
formed distinct clusters based on their geographic origin. We identified the main intestinalimicrobiome of
horses from different regions of Kazakhstan, consisting of Lactobacillus, MictococcalesyBacillales,
Bacteroidales, Clostridiales, Corynebacteriales, Burkholderiales. The study of the composition of the intesti-
nal microbiota of local breeds, such as the Kazakh horse breed, is necessary/to preserve biodiversity and
choose ways to maintain and conduct productive horse breeding in agriculture.

Keywords: NGS-sequencing, 16S rRNA, Equus feruscaballus, Kazakh horses, Zhabe, Adai, gut microbiome,
biodiversity.

Introduction

Herd horse breeding is one of the most important branchesyof animal husbandry in the Republic of Ka-
zakhstan. A special feature of herd horse breeding is the year-round maintenance of horses in herds. Accord-
ingly, the content of herds in different periods of theyyear 1s determined by geographical and soil-climatic
conditions. In this regard, the organization ofaise of natural pastures in spring and summer, autumn and win-
ter varies significantly. The botanical composition of the plots used in a particular season of the year includes
various herbs that are eaten by horses at thistime of year.

A valuable feature of herd hotse breéeding 1s that in such conditions, horses develop and consolidate
signs of a strong constitution, thigh Teproduction rates, and immunity to many diseases, the ability to with-
stand periods of poor feeding and maintaingood fatness [1].

The horse’s digestive system (Equus feruscaballus) has a number of features, a small stomach volume
and regular secretion of gastri¢ juice, so wild horses graze continuously. The large intestine of horses con-
sists of three parts: thefcecum, colon and rectum. The cecum in horses is considered an analog of ruminant
rumen, where up to 50 %.of all fiber and up to 40 % of protein are digested with the participation of symbi-
otic microflora: bagteria, archaca, micromycetes, protozoa, and bacteriophages [2].

Questions of theexistence of a close relationship between the state of health and productivity of various
living organisms(including farm animals) attract the attention of many researchers.

The intestinal microbiome of horses plays an important role in animal nutrition, allowing the horse to
digest eellulose, which is the main component of grass consumed [3]. In contrast to ruminants, in which mi-
crobial digestion of cellulose occurs in the pancreas (rumen), in horses, the cellulolytic microbial community
develops in'the cecum and colon, which have a combined volume of ~100 liters with a food retention time of
approximately 48—72 hours [4-6].

Representatives of resident bacteria, Firmicutes, Bacteroidetes, and Verrucomicrobia are among the
predominant types in the rectum of horses [7, 8].

A review of fecal microbiome microorganisms in horses older than 1 year showed a predominance of
taxa from the groups Bacteroidales, Treponema, Bacteroidetes, Fibrobacter, and Lachnospiraceae; the study
showed a significant correlation of microbial diversity in comparison with adults. As part of the contents of
the rectum, 25 phyla of microorganisms were found. The dominant phylum was Firmicutes (content ranged
from 32+1.9 to 40+3.8 %) and Bacteroidetes (from 34+2.1 to 40+4.7 %). Also, in a comparative aspect, sci-
entists have found that the fecal microbiomes of Przewalski’s horse, which is a representative of the wild
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fauna of living horses, and domestic horses that were kept on natural pastures, contain the most diverse bac-
terial community compared to domestic horses [9].

Studies of scientists have identified significant changes in the composition of the microbiome, with
weight loss or gain, as well as changes in the diet of horses, while indicators of the diversity of the microbial
community were significantly higher in obese horses. The number of representatives of some taxa reached
significant values: Bacteroidales — up to 23.8£1.30 %, Lachnospiraccac — up to 14.7£2.80 %,
Ruminococcaceae — up to 10.2+3.30 %, Clostridiaceac — up to 6.6+0.60 %. This is an important observa-
tion, since the digestion of non-starchy feed polysaccharides in the gut is an exclusively microbiological pro-
cess [10, 11].

In this study, for the first time in Kazakhstan, the diversity of the composition of the equine gut
microbiome is shown using the 16S-metagenomics method. The composition of the microflora revealed a
significant species diversity of microorganisms associated with the processes of feed digestion, as well as a
number of microorganisms that contribute to the adaptation of horses to the pasture conditions ofithe corre-
sponding region.

The aim of the study was to evaluate the gut microbiome of horses (taking into account their mainte-
nance, age, and breed) using high-throughput sequencing.

Experimental

The study was conducted during the autumn-winter period of 2023 onKazakhyhorses of the Zhabe and
Adai breeds, located in three different regions of Kazakhstan: the peasant farms “Agro-Dam” in the Pavlodar
region, “Kozhyr-Ata” in the Mangystau region, and “Akimbekov” in Zhetysu. The horses in this study were
between 5 and 10 years old and were kept on natural pasturesywith autumn grass in each of these regions.
They were clinically healthy and had not received antimicrobial tieatment (antibiotics, anthelmintic, or non-
steroidal anti-inflammatory drugs) for the previous four monthsyRectal (fecal) samples were collected from a
total of 32 horses, including Adai horses. All samples were immediately frozen in liquid nitrogen and then
transported to a laboratory where they were stored in a deep freezer at -20 degrees Celsius until DNA extrac-
tion could be performed.

Samples with a volume of 10-20 grams were taken manually from the rectums of adult Kazakh horses
in compliance with aseptic conditions. The samples were collected using sterile rubber gloves and transferred
into 5 cubic centimeter sterile containers.

Microbiome DNA was extracted using the PureLink Microbiome DNA Purification Kit (stool samples)
according to the manufacturer’s instructions‘(Invitrogen, Thermo Fisher). The DNA concentration and purity
were quantified with a Nanodrop 2000 ®\(ThermoFisher Scientific, USA) and Qubit3.0 (Life Invitrogen,
USA), respectively. 2 % agarose gel'electrophoresis was used to examined DNA quality.

Amplification hypervariable regions®for NGS sequencing carried out on a DNA amplifier AmpliSense
(Thermo Fisher Scientific) wising two/16S primer sets lon 16S Metagenomics Kit flanking region V2-4-8,
V3-6, 79 of the 16S rRNA gene. For each sample, two reaction mixtures were prepared, one for 1 primer set
and 2 for the second primer set, including a positive control with DNA E. coli and negative control. The PCR
mixture contained 15, pulyof 2X Environmental Master Mix, 3 ul. 16 S Primer Set (10X), 5 ul DNA and
7 ul ddH20. Thefollowing amplification mode was used: 10 min at 95 °C (1 cycle); 30 sec at 95 °C, 30 sec
at 58 °C, 20 sec at 722C (25 cycles); 7 min at 72 °C (1 cycle). The resulting amplicons were transferred into
1.5 mléEppendorf tubes LoBind and cleared AgencourtAMpure XP beads on a magnetic tripod DynaMag -96
Bottom Magnet, before use, brought to room temperature and resuspended according to the manufacturer’s
instructions. Then measured on Qubit (Invitrogen, USA) and amplicons from each sample were pooled
equivalentlys Subsequently, after each stage of preparation for creating libraries, Agencourt was cleaned
AMpure XP beads on a magnetic stand.

To create fragment libraries, we used the Ion kit Plus Fragment Library Kit and corresponding barcod-
ing of libraries using the lonCode TM set Barcode Adapters 1-96 Kit. Following the manufacturer’s instruc-
tions to obtain the recommended concentration of the resulting libraries of 10 pM, qPCR was carried out us-
ing the Ion kit Library TagMan QuatitationAssay. The lon ™ 530 chip was prepared using the lon 510™ &
Ion 520™ & Ion 530™ Kit — Chef. Metagenomic sequencing was performed on the IonTorrent platform
S5, Thermo Fisher Scientific in the NAO Kazakh National Agrarian Research University (Almaty,
Kazakhstan).
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Sequence analysis

Removal of primers, quality control, denoising, splicing of double-terminal sequences, removal of chi-
mera and identification of amplicon sequence variants (ASVs) were performed using DADA. For taxonomic
classification, we selected the Greengenes database (version 13.8). ASVs that were identified in only a single
sample or classified as non-bacterial were discarded. The sequence of each horse was randomly selected to
achieve a uniform sequencing depth for fair comparison the maximum length of the obtained sequences was
300 bp. The obtained 300 bp. reads were processed using the bioinformatics platform Metagenomics 16S
w1.1 Detects population diversity from a metagenomics sample from Ion semiconductor reads from the Ion
16S Metagenomics Kit. Released with: Ion Reporter Software 5.2. Workflow Version: 1.1., Version: 5.20.
The taxonomic affiliation of microorganisms to the genus was determined using the program Sample Group:
Multi Research Category: 16S rRNA Profiling Reference: Curated MicroSEQ (R) 16S Reference Library
v2013.1. The results of the statistical analysis were considered significant at p < 0.05.

Results and Discussion

To analyze the sequence of 16S rRNA amplicons, 34,953. 557 readings were obtained at the paired
ends from 24 samples, ranging from 27,417 to 203,026. After removing dimers of adapters; low-quality and
polyclonal reads, 13,009. 688 sequence reads were saved for subsequent analysis.

The taxonomy rarefaction curve indicated that the sequencing depth used in‘this study was sufficient to
saturate species richness in all samples (Fig. 1).
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Figure 1. Rarefaction curves for all samples used in this study.
Eachcurve is color coded depending on the group it belongs to; Mangystau region (n = 6),
Pavlodar region (n = 7), Zhetysu region (n=9).

Analysis,of microbial diversity in horse infestines

Thefdata showed that at the phylum level, the Mangystau region sample group on average consisted
mainly of Firmicutes (more than 70 %), followed by Bacteroidota (9 %) and Actinobacteria (18 %), the Pav-
lodar and Zhetysu region sample groups showed similar data, where Firmicutes (more than 50 %) and then
from Bacteroidota (more than 35 %) as shown in Figure 2.
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Figure 2. Relative abundance of microbiota phyla, divided into three groups by region, color coded.
Group 1 consisted of animals from the Mangystau region, group 2 — Pavlodar region; group 3 — Zhetysu region.

We identified a core microbiome consisting of the following)7 genera in the intestines of horses from
different regions of Kazakhstan. These were LactobacillusiyMicrococcales, Bacillales, Bacteroidales,
Clostridiales, Corynebacteriales, Burkholderiales (Fig3).
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Figure:3. Venn diagram of three groups illustrating the most common bacterial genera identified in fecal
intestinal samples of Kazakh horses from the Mangystau, Pavlodar and Zhetysu regions and scattered animals
(with relative abundances by group > 0.1 %). Seven genera of bacteria (Lactobacillus, Micrococcales, Bacillales,
Bactetroidales, Clostridiales, Corynebacteriales, Burkholderiales) at the intersection of all three groups have
been identified as the core microbiome

Alpha diversity

The assessment of the alpha diversity of the species index and uniformity were calculated for samples
from 3 different regions. Chaol and ACE indices were used to calculate species richness, and Shannon and
Simpson indices were used to calculate uniformity. All four indicators of alpha diversity showed that the in-
testinal microbiomes of horses from three different regions differed significantly in species richness and
alignment (p < 0.05) (Fig. 4). Despite the autumn herbage of the natural grasslands of various regions, a
sample of horse samples from the Zhetysu and Pavlodar regions showed a high index of species richness.
The species richness of horses of the Pavlodar and Zhetysu regions was 9.7, which was slightly higher than
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that of horses of the Mangystau region (9.0 p<0.01) (additional file table). Samples from the Mangystau re-
gion were high in species richness, given the harsh natural conditions, and samples from all three regions
were leaders in species evenness. Statistical analysis showed that horses from three regions had a rich and
diverse gut microbiota. It is interesting that the horses of the Mangystau region also had the rich species di-
versity, despite the sparse grass stand, in comparison with the other two regions, where the natural conditions
are more favorable and are characterized by fairly good pastures with high grass stand. This phenomenon
emphasizes the connection with the place of origin of horses.
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Figure 4. Graphs representing,alphaidiversity values of microbial communities obtained from intestinal
samples from healthy horsesyThe samples are grouped and color-coded according to their geographic origin
(i.e. Mangystau, Pavlodar and Zhetysu regions). The Chao 1 and ACE indices measure species richness and

the Shannon and Simpson indices measure evenness. ANOVA tests (Chao 1 and observed ASV)
and Kruskal-Wallis tests (Shannon and Simpson) were used for between-group comparisons

Beta diversity

We.examined theyrelationship between 24 horse fecal samples from three different regions of Kazakh-
stan aising | Bray-Curtis distances. We used PCoA (principal coordinate analysis) to study the community
structure of the intestinal microbiota of Kazakh horses. The samples formed clear clusters based on their ge-
ographic origin (Fig. 5). Horses from the Pavlodar and Zhetysu regions formed close, overlapping, but sepa-
rate clusters, and samples from the Mangystau region group were clearly grouped from each other. In the
PCoAplot, the bacterial communities were grouped and separated from each other along the principal coor-
dinate axis 1 (PCl), and the cluster analysis was similar, explaining the greatest amount of variation
(24.9 %). Analysis of variance of beta diversity values showed that clear clustering was statistically signifi-
cant (p value <0.001), confirming the difference in the structure of the intestinal microbial community of
horses from the Pavlodar, Zhetysu and Mangystau regions. Comparisons of the results of studies of the intes-
tinal microbiota of horses with studies of scientists [ 12—14] around the world show that the resident microbi-
al profile of horses is similar, but tends to be dependent on the type of maintenance, age and place of origin.
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23.1 % of variance; P = 0.001
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Figure 5. Inter relationships of the intestinal microbiota of horses from three samples.

Maps representing beta diversity based on Bray-Curtis analysis. Graphs are generated based ‘on the Bray-Curtis
distance. The samples are grouped and color-coded according to their geographic.origin, with blue dots representing
the Zhetysu region group (Zh), red dots representing the Mangystau region grotip (Man), and green dots
representing the Pavlodar region group (Pavl)

Conclusion

Based on our research, the ecosystems of different regionsiin Kazakhstan influence the composition of
the microbial communities in horses. This study is thexfirstito characterize the gut microbiota of the Kazakh
horse breed through the sequencing of 16S rRNA amplicons) We compared the microbial diversity in the
intestines of Kazakh horses and found that horsesifrom the Mangystau, Pavlodar, and Zhetysu regions, which
are located on natural pastures, had a richer microbial diversity. Now, when considering the species at the
taxonomic level, the diversity of the Kazakh horse breedsin different regions has been determined. This indi-
cates the unique characteristics of the breed. Studying the composition of the microbiota in local breeds, such
as the Kazakh horse, is essential for preserving biodiversity and promoting safe and sustainable horse breed-
ing practices in agriculture. The analysis,of the gut microbiota from healthy Kazakh horses will help create
an information bulletin and contribute to further research on developing strategies to ensure the survival and
well-being of this local breed.
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NGS-cexkBeHUpJiey apKbUIbl Ka3aK TYKbIMAbI *KbLITKbLIAPbIHBIH
ilexk MUKpOOTBHIK IIpodubaepiH 3epTTey

3eprreymiy Makcatsl 16S pPHK aMmmkoHAaphlH CeKBEHUPIEY apKbUIBl O KbUIKBUIAPABIH  1ITIeK
MHKPOGHOMACHH (3KaHyapiap/ bl YcTay Typl, *KachblH, TYKBIMBIH ecKepe OTBHIphIT) Garamay. KazakcTaHHBIH
TYpii alMakTaphlHaH Ka3aKk TYKBIMIBL, SKBUIKBUIAPIBIH 1K HKICIHIH YITUIepiHeH GapibFel 24
CEKBEHHpIIEYTe apHaFaH KiTalmxaHamap Kypeurapl. Kazak KbUTKbUTAPBIHBIH iMTeK MUKPOOGHOMACHHBIH Abda
aprypiutiri (CHAO 1 xone/ ACE, IllenHoH xoHe CHUMIICOH HHAEKCTepl) Taylmik OGoibl Tabwru
KalbImeiMapaa Gomran (MamrricTay, [laBmomap koHe JKericy OOGNBICTAPBIHBIH KbUIKBUIAPHIH/A YKOFaphl
MHKPOOTHIK OPTYPILUIK aHBIKTATFaHBIH KepceTTi. llaBmomap >koHe JKericy oHIpiHAEr KbIIKbIIAPIBIH
MHKPOGTBIK TYPITIK KOPEETKINT 9.7, Kypaapl, 6y MarrpicTay oHIpiHAeT] bUIKbDTapra Kaparauma (9,0 p <
0,01) mamaner koFapel GOMALL beTa apTypimitiri Bpe#t-Keptrc apakanibIKTHIKTaphiH, KazakcTaHHBIH YT
TYPII1 aliMaFbIHAAFb! JKBITKbUIAP IBIH IeK HYKICIHIH 24 YITicl apachHIarsl GallTaHbICTH MaiianaHa OTHIPHIIT
3epTTeNIiHOTMapAblH TeerparsUIbK OpHATACYRIHA OaiiTaHBICTHI HAKTHI KIacTepliep KalbIITacTHIPHIIIBL
Lactobacillusy Micrococcales, Bacillales, Bacteroidales, Clostridiales, Corynebacteriales, Burkholderiales-
TeH TypathiH KazakCcTaHHBIH TYPIl 6HIpIePIHAer KbUIKBIIAPBIH HET13T1 1IMeK MUKPOOHOMACH! aHBIKTAIbL.
KazakToH RBUIKBL TYKBIMBI CHSIKTBI KEPTiTIKTI TYKBIMAAPIBIH ek MUKPOSHOTACHIHBIH KYPaMBIH 3epTTey
OUOSPTYPIIUTIKTY, CaKTay JKOHE aybUl IMapyaribUIGIFBIHAA OHIMJ KBUIKGI IMapyalbUILEBIH ycTay JKoHe
JKYPrizy TacUIepiH Taray YIH KaxeT.

Kinm cezoep: NGS-cexsenupney, 16S pPHK, Equus ferus caballus, Kazax *pUTkpriapsl, JKaGbr, Aaif, ek
MHKPOOHUOMBI, GHOIPTYPIILTIK.

III. Kaceimbexkosa, B. Ctpoukos, /{. KabGeuibekora, A. MaxmyTtoB, XK. bumeHosa

N3yuyeHune kuieyHbIX MUKPOOHBIX npoduieii Joaaeit
Kaszaxckoii nopoabt metogom NGS-cekBeHUpoOBaHUs

Ilenblo uecneioBaHus SBIBUIACh OIIEHKa MUKPOOUOMa KHUITIEUHHKA JIONIa/IeH (¢ YHeTOM UX COJIep KaHus, BO3-
pacta, IopoJibpl) IIyTeM ceKkBeHHpoBaHHUs aMITIMKOHOB 16S pPHK. Beero Opuio cosmano 24 GHOMHOTEKH U3
00pas1oB dekanii JTo1a el Ka3axcKoH Iopo/Ibl U3 pasuyuHbIX perrnoHoB Kasaxcrana. Anbda-pasHoobpasue
(Chao 1 u ACE, unnekch [1lennona n CUMIICOHA) KHITIEHYHVKA JIOMTaeil Ka3axcKol MOPoIbl TOKasalo, YTo
Ooratoe MUKpoOHOE pazHooOpas3ue ObUIO BBIIBIEHO Y Jomajieit Manructayckoit, 1laBnogapekoii u XKetsicy-
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CKOM obacTeil, KOTOpBIE KPYITIOCYTOUHO HaXO/IMCh Ha €CTECTBEHHBIX IacTOUIax. BujoBoe GoraTcTBo y
nomajieit Ilapoapekoro u JKeTpIcycKoro pernoHa cocTaBuino 9,7, uyto ObUIO HE3HAUUTENBHO BBIITIE, YeM Y
nortajie Manructayckoro peruosa (9,0 P <0,01). bera-pasHooGpaszue uccie1oBaln, UCIOIb3Ys PACCTOSHUSL
Bpes-Keprtuca, B3anmMocBsa3p MexkIy 24 oSpasiiamu Qpekanuit romaeit u3 Tpex pasHbIX peruoHoB Kazaxcrana
cdopMHpoBalIa YETKHE KIacTePhl B 3aBUCUMOCTH OT UX reorpaduyeckoro MmpoucxoxeHus. Mul uiaeHTHU-
LIMPOBal OCHOBHON MMKpPOOHMOM KHINIEUHHMKA JIOIIAJel pa3INM4HBIX perroHOB KaszaxcTaHa, COCTOSIIMI U3
Lactobacillus, Micrococcales, Bacillales, Bacteroidales, Clostridiales, Corynebacteriales, Burkholderiales.
W3yueHue cocTaBa MUKPOSHOTHI KHMITIEUHUKA MECTHBIX IIOPOJI, TAKHX KaK KazaxcKasl [opoja Jomaei, HeoO-
XOJIIMO JUTSL COXpaHeHus GHopazHooOpas3ysl U BbIOOpa cIioco00B COJIEPKaHUS U BEJIEHHUS IIPOTyKTUBHOIO KO-
HEBO/ICTBA B CENTHCKOM XO3SHCTBE.

Kmiouesvie cnosa: NGS-cexBerupoBanuie, 16STRNA, Equusferuscaballus, xazaxckue nomam, JKabe, Anat,
KUITIEYHBI MUKPOOHOM, OHOopa3HooOpasue.
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