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Abstract 15	  

Background: Mongolian cattle (MC) is one of an ancient livestock breeds with good economic traits such as adaptation to Mongolian Plateau 16	  

extreme low temperature in winter, resistant to pathogenic organisms infection and high quality meat. To reveal the molecular mechanism 17	  

underlying these, the whole genome sequencing and comparative transcriptome sequencing of MC were performed. 18	  

Results：By genome sequencing and structure variation analysis, 8 genes related to pathogenic organisms infection, including 4 members of 19	  

bata-defensins gene family (LAP, DEFB1, DEFB2, and DEFB5), 2 members of interferon (IFN) gene family (IFNW1 and IFNT2) and 2 genes 20	  

coding for BoLA proteins(Mongolian_cattle_21532 and Mongolian_cattle_19448) were found in MC genome inversion region. By 21	  



transcriptome-sequencing, it was elucidated that 8 genes (FATP, FABP, PEPCK, SCP-X, ADIPO, FABP1, SCD-1, APO) related to PPARα 22	  

pathway, 23 genes involved in oxidative phosphorylation and 10 P450 genes (CYP7B1, CYP4V2, CYP3A5, CYP11A1, CYP2C18, CYP2B6, 23	  

CYP7A1, CYP2R1, CYP2E1, CYP27B1) were significantly up-regulated in winter MC transcriptomes, comparative to summer MC 24	  

transcriptomes. 25	  

Conclusions: Here, we characterized 41 genes implicated in fatty acid metabolism were up-regulated in winter MC transcriptomes. These genes 26	  

probably account for the MC adaptation to extreme low temperature. At the same time, 8 genes in MC genome inversion region were discovered. 27	  

And these genes gave clue to the MC resistant to pathogenic organisms infection. In sum, our revealed genes are of important for us to 28	  

understand the molecular mechanisms of MC to adapt to their environments and valuable for cattle breeding. 29	  

 30	  

Key words: Mongolian cattle, Genome-sequencing, transcriptome-sequencing, extreme-environment, adaptation.  31	  

 32	  

1. Background 33	  

Environmental stress has been a major driving force in the evolution of living organisms (Parsons 2005). Environmental stress may affect 34	  

species abundance and boundaries, hence affecting biodiversity at all levels, of genes, genomes, individuals, population, species, communities 35	  

and biota (Nevo 1998). 36	  

The Mongolian Plateau (MP) is a highland of the Eurasian continent lying between 87°40′-122°15′N and 37°46′-53°08′E. The varieties of 37	  

climate and geographical condition in the MP endowed this ancient plateau with high biodiversity. Nevertheless, the harsh environmental 38	  

condition of this plateau is a big challenge for all organisms lived here. And the animals live here provide optimal models for investigation of 39	  

how psychrophiles adaptation to its’ extreme cold. Polar bears are typical mammals uniquely adapted to life in the High Arctic. Population 40	  

genomic sequencing of polar bears along with brown bears revealed that in response to Arctic climates and hyperlipid diet, genes on the polar 41	  

bear lineage have been under stronger positive selection than in brown bears; nine of the top 16 genes under strong positive selection are 42	  

associated with cardiomyopathy and vascular disease, implying important reorganization of the cardio-vascular system (Liu et al 2014). Arctic 43	  

fox is another mammal able to survive in Arctic harsh conditions. Several evolutionary adaptations such as insulating and camouflage colored 44	  

fur, a compact body, and reduced metabolism during starvation or extremely cold weather enable Arctic foxes such capacity (Audet et al. 2002). 45	  



Transcriptome sequencing of Arctic foxes and their close relative, red foxes, revealed that several genes involved in various metabolic and 46	  

molecular processes such as energy metabolism, cardiac gene regulation, apoptosis and blood coagulation were under positive selection in both 47	  

species, whereas four of genes are under positive selection only in Arctic foxes transcriptome, two of which are fat metabolism genes (Kumar et 48	  

al.  2015). In addition to extreme cold, hypoxia and drought are the other two stresses may affect animals living in MP. The Qinghai-Tibetan 49	  

Plateau is known for its extreme environment with low atmospheric oxygen pressure, cold climate, and limited resources (Wu et al. 2001). And 50	  

genome sequencing of Tibetans (Simonson et al. 2010), yak (Qiu et al. 2012), Tibetan antelope (Ge et al 2013), snow leopard (Cho et al. 2013) 51	  

and Tibetan mastiff (Gou et al. 2014) gave the insights of these extreme high altitude mammals how to adapt to Tibetan hypoxic and extreme 52	  

cold environments. Drought is another stress with which animals living in MP must be confronted. A few works were reported of mammals lived 53	  

in desert environments how to adapt to drought. Genomes of sheep in contrasting environments were sequenced and further comparative 54	  

analyses were preformed. It was revealed that to adapt to desert environments, 11 genes which localized in three pathways, the arachidonic acid 55	  

metabolism pathway (ANXA6, GPX3, GPX7, and PTGS2), the renin-angiotensin system pathway (CPA3, CPVL, and ECE1) and the oxytocin 56	  

signaling pathway (CALM2, CACNA2D1, KCNJ5, and COX2) were positively selected in the Taklimakan desert group sheep. All of these 57	  

positively selective genes were functionally related to regulating water retention and reabsorption in renal cells and blood vessels in the kidney 58	  

(Yang et al. 2016). Camelus are uniquely evolved to fit desert harsh environments. Genome sequencing and comparative transcriptome 59	  

sequencing revealed Na
+
 /K

+
–ATPase, the epithelial Na

+
 channel (ENaC), aquaporin family genes (AQP1, AQP2 and AQP3) were involved in 60	  

water and salt reabsorption which are evolved for camel adaptation to desert extreme drought environments (Wu et al 2014). 61	  

Cattle had a pivotal position in the advancement of human culture and civilization. Ever since its domestication, cattle distributed almost all 62	  

continents. To fit for their divergent environments, cattle have involved many breeds with different economic traits and environment adaptation 63	  

traits. For many cattle breeds, the mechanisms underlying their economic traits were revealed by genome-wide association studies (Takeda et al. 64	  

2019, Smith et al. 2019, Cruz et al. 2019, Gonzalez-Ruiz et al. 2019, Bedhane et al. 2019). However, few works were reported to address cattle 65	  

living in different ecosystems how to adapt to their environments, particularly, Mongolian cattle (MC) how to adapt to MP harsh environments. 66	  

Here, by genome sequencing and comparative transcriptome sequencing, we proved that structure variants play roles in Mongolian cattle 67	  

adaptation to their extreme environments as well as to apply these knowledge to livestock breeding. 68	  



2. METHODS 69	  

2.1 DNA sampling, extraction and sequencing 70	  

    MC living in Khövsgöl Province of Mongolian with pure blood was used in this research. Blood samples collected from target animal’s 71	  

arteria carrotis by veterinarian. And genomic DNA was extracted from blood samples according to the instrument of DNA extraction kits 72	  

(Qiagen). For sequencing, Pair-end libraries of different insert sizes (from 170bp to 20kb) were prepared, and then they were sequenced on 73	  

IlluminaHiseq 2000 system. 74	  

2.2 Phylogenetic analyses 75	  

  Previously, including MC, we’ve sequenced 4 MP livestock genome. The other animals are Mongolian sheep (MS), Mongolian horse (MH) 76	  

and Alxa Bactrain camel. By aligning MC genome with MS, MH genome and sheep, cattle, horse, mouse, human genome extracted from NCBI 77	  

data, individually, the divergence among them was revealed and the phylogenetic tree established.  78	  

2.3 Genome structure variation analyses 79	  

    By comparative analysis of MC genome with published cattle (Bos taurus, Hereford breed) genome (Elsik et al. 2010), MC genome 80	  

structure variations including SNPs (Single Nucleotide Polymerphism), short InDels, CNVs (Copy Number Variations), SDs (Segmental 81	  

Duplications) and IVs (Inversion Variants) were analyzed.  82	  

2.4 Transcriptome sequencing 83	  

    For transcriptome sequencing, we choose 3 groups of animals termed B (Cattle living in low altitude), S (MC living in summer) and W 84	  

(MC living in winter). Each group has 3 replicates. After slaughtered in slaughtering house, four kinds of tissues (skin, liver, back fat, muscle) 85	  

were carefully collected and quickly put into liquid nitrogen. In lab, the total RNA was extracted from above tissues according to the instrument 86	  

of RNA extraction kits (Qiagen). Transcriptome sequencing was performed on IlluminaHiseq 2000 system. 87	  



2.5  Transcriptome DEGs analysis 88	  

    By pair-wise comparisons, differentially expressed genes (DEGs) existing in different tissues from different group of animals were revealed. 89	  

Focused on their functions, DEGs involved in MP harsh environment adaptation were enriched in PPAR signaling pathway, Oxidative 90	  

phosphorylation pathway, PI3K-Akt signaling pathway and P450 gene family. 91	  

3 RESULTS 92	  

3.1 Genome summary and evolution 93	  

We sequenced the genomes of MC using IlluminaHiseq 2000 system. Pair-end libraries of different insert sizes (from 170bp to 20kb) were 94	  

prepared and generated 292.67 Gb raw sequence data for MC (Supplementary Table 1 and2). Using 17-mer analyzing, the size of genome was 95	  

estimated to be 3.2Gb (Supplementary Table 3, Supplementary Fig. 1). The total size of the assembled MC was ~ 2.68Gb which close to the 96	  

2.66Gb and 2.65Gb of sequences of yak and cattle genome (UMD3.1), respectively, with scaffold N50 of 1.58Mb and contig N50 of 27.16kb 97	  

(Supplementary Table 4, Supplementary Fig. 2-3). From gene structural and functional annotation using genomic data, we obtained in total of 98	  

22,098 protein coding genes for MC, which is in parallel with that of yak (22,282) (Supplementary Tables 6-8, Supplementary Fig. 4-5). We 99	  

further compared the gene families of MC, MS, MH, cattle, sheep, horse and human by using CAFE to find the expansion and contracted gene 100	  

families. We identified 577 expansion genes of MC (Fig. 1a) and GO enrichment analysis revealed they are enriched in the housekeeping gene 101	  

families, such as 5S rRNA binding and nucleosome assembly (Supplementary Table 9-11).  102	  

We identified 7,580 one2one orthologous genes by comparing MC, Mongolian sheep (MS), Mongolian horse (MH), sheep, cattle, 103	  

horse, mouse and human sequences and built the phylogenetic tree. Mongolia mammals and corresponding domestic ones were diverged about 104	  

2-3 million years ago (Mya, MC-cattle: 1.8 Mya, MS-sheep: 2.6 Mya and MH-horse: 2.7Mya) (Fig. 1a), indicating their divergence maybe 105	  

influenced with the environment and climate at that time. To identify the population size history, PSMC analysis of MC, MS, MH, cattle, sheep 106	  

and horse also revealed they diverged about 3 Mya (Fig. 1b). We found population size changes of Mongolia and their domestic ruminants are 107	  



similar along the history. Interestingly, all of them decreased to the low about ~0.1 Mya which is fitly overlap the peak of atmospheric surface 108	  

air temperature distribution, suggesting the substantial population decreasing maybe resulted from the temperature sharply increasing (Fig. 1b). 109	  

3.2 Variation analysis 110	  

Using cattle genome as reference sequences, we totally detected ~7.62 million single nucleotide variations and short InDels, 4689 copy 111	  

number variations (block length >5kb, 3750 deletions and 939 duplication) and 32,944 structural variations (19931 deletions, 4343 insertions 112	  

and 8670 inversions) of MC, which will provide abundant genetic heterogeneity for use in future breeding application (Fig. 2). We also 113	  

identified the segmental duplication (SD) in MC cattle, and found 251 specific SDs in its’ genome. GO analysis showed these SD genes were 114	  

enriched in the categories including defense response (P=1.26E-7), response to stress (P=3.05E-3) and response to virus (P=2.24E-5), which 115	  

might be relevant to adaption to extreme environment (Fig. 3a). Genes identified in specific SD area in MC were enriched in a GO term called 116	  

olfactory receptor activity and they belong to different subfamilies of olfactory receptor proteins (Fig. 3b). Olfactory receptors are members of 117	  

class-A rhodopsin-like gene family of G protein-coupled receptors, which play important roles in signal transduction cascade (Gaillard et al., 118	  

2004, Hussain et al. 2009). In cattle, understanding the OR gene repertoire could lead to link the effects of genetic differences in these genes to 119	  

variation in olfaction. A study conducted by Lee K. etc. finds that the cattle genome contains 1,071 OR-related sequences including 881 120	  

functional, 190 pseudo, and 352 partial OR sequences and they also noticed significant copy number variations are present in the OR repertoire 121	  

of the cattle (Lee et al. 2013). 122	  

 We also totally identified 749 inversion variants (IVs) in MC-cattle based on the whole genome alignment results. This is challenging 123	  

because these inverted regions contain many genes, thus we mainly do enrichment analysis for all the genes in the vicinity of breakpoints of 124	  

inversion (1kb up- and downstream flank). We found seven genes (Mongolian_cattle_16163, Mongolian_cattle_18647, Mongolian_cattle_03540, 125	  

Mongolian_cattle_11348, Mongolian_cattle_20851, Mongolian_cattle_19494 and Mongolian_cattle_14394) in MC were enriched in a 126	  

biological process called defense response in which Beta-defensins gene family and Interferon (IFN) gene family are implicated (Supplementary 127	  

Fig. 6). In our data, the Beta-defensins genes are LAP, DEFB1, DEFB5, and DEFB7. The lingual antimicrobial peptide (LAP) is involved in the 128	  

innate system and plays an important roles in killing a large variety of microbes, and immunolocalization of it has revealed its existence in both 129	  



infected and non-infected alveolus in cattle (Isobe et al. 2009). Study pointed out that the mRNA abundance of DEFB1 (Roosen et al. 2004) and 130	  

DEFB5 in the cattle mammary glands increased, suggesting beta-defensins may play a role in local host defense during under infections. IFNs 131	  

are members of cytokines and the release of them could trigger the protective defenses of the immune system to help eliminate pathogens 132	  

(Parkin and Cohen 2001). In our analysis, we found Interferon-omega 1 (IFNW1) and Interferon tau-2 (IFN) located in the breakpoints. 133	  

Mo_sheep_14980 of MS and Mongolian_cattle_14394 of MC are LOC781948, which is interferon Omega-1 (Type I interferon). Studies showed 134	  

IFNT2 had antiviral activity in different cell lines and antiluteolytic effect in cyclic ewes (Boue et al. 2000). In general, these two IFNs mainly 135	  

perform antiviral activity to strengthen the immune system. 136	  

We also found two genes encoding major histocompatibitly complex (MHC) class II protein complex (Mongolian_cattle_21532 and 137	  

Mongolian_cattle_19448) in the breakpoints (Supplementary Fig. 7). MHC molecules are transmembrane proteins, which localized in cell 138	  

surface and involved in antigen recognition, immunologic rejection of homotransplantations, immune response and regulation. Amorena and his 139	  

colleagues first reported MHC class I antigens in cattle, and named it as the bovine leucocyte antigen, BoLA system (Amorena and Stone, 1978).  140	  

BoLA genes have tight connections to breeding and disease control. The features of BoLA make it become a hot spot in disease resistance area 141	  

in breeding.  142	  

3.3 Transcriptomes analysis 143	  

We sequenced transcriptomes of four tissues (skin, liver, back fat, muscle) in three states (B represents cattle, S is the Mongolian cattle 144	  

sequenced in summer, W is the Mongolian cattle sequenced in winter) (Supplementary table 12). Based on the differentially expressed genes 145	  

(DEGs) data, we have conducted pathway analysis. By pair-wise comparisons in four tissues, we identified 710, 523, 403, and 383 DEGs in back 146	  

fat, skin, muscle and liver, respectively. Based on the DEGs, we performed the enrichment analysis and found significantly enriched DEGs with 147	  

functions terming in response to physiological adaptation (Supplementary Fig. 6-9).  148	  

3.4 Enriched DEGs pathway analysis 149	  

3.4.1 PPAR signaling pathway 150	  



The first significant enriched pathway of DEGs was PPAR signaling pathway, with 16 DEGs (B-W) and 13 DEGs (S-W) significantly 151	  

enriched in this pathway, while in B-S, no DEGs were enriched. Peroxisome proliferator-activated receptors (PPARs) are lipid-activated 152	  

transcription factors belonging to steroid acid receptor superfamily. All of the encoded proteins are involved in lipid homeostasis (Lemberger et 153	  

al. 1996). PPARα is the principle transcriptional regulator of FAO enzyme genes, which can control the capacity to produce energy via the 154	  

utilization of fats by mammalian postnatal heart (Barger et al. 2000). And other researches pointed out that the PPARG/RXRA complex triggers 155	  

activation of target genes involved in fatty acid oxidation resulting in increased triglyceride formation by ATP production (Lim et al. 2015). In 156	  

B-W group, genes involved in this pathway like FATP, FABP, PEPCK, SCP-X, ADIPO, FABP1, SCD-1, APO were all up-expressed in W state 157	  

cattle, indicating an up-regulating PPAR pathway in Mongolian cattle skin in winter (Fig. 4a and 4b). As for the S-W group, results were 158	  

consistent with the B-W group, genes such as SCD, ACBP etc. were up-expressed in W cattle, again showing an enhancement of PPAR pathway 159	  

in Mongolian cattle skin in winter (Fig. 4a and 4b). Based on the data, we speculated that the synthesis and metabolism of fatty acids in 160	  

Mongolian cattle skin were greater than normal buffalo, and between Mongolian cattle, the signaling was also more strong in winter, indicating 161	  

its connection to the cold adaption of Mongolian cattle. 162	  

 163	  

3.4.2 Oxidative phosphorylation pathway 164	  

 165	  

We also found oxidative phosphorylation pathway was enriched by DEGs. Although in S-W group, no DEGs were enriched in this pathway, 166	  

we did found 23 DEGs in B-S and 20 B-W enriched in this pathway (Fig. 5a). And most of these DEGs were up-regulated expressed in S and W 167	  

Mongolian cattle, respectively, suggesting a stronger oxidative phosphorylation process in Mongolian cattle than in other cattle breeds. 168	  

Oxidation phosphorylation is the metabolic pathway in which mitochondria in cells use energy released by nutrients oxidation to form ATP, 169	  

therefore stronger oxidation phosphorylation reaction in Mongolian cattle means a larger amount of ATP synthesis in Mongolian cattle skin, 170	  

further indicating a stronger energy use in Mongolian cattle, which may be connected to cold-resistance. 171	  

3.4.3 PI3K-Akt signaling pathway 172	  



We also noticed the downstream part of the PI3K-Akt signaling pathway (Fig. 5B). PI3K-Akt transduction pathway is directly related to cellular 173	  

quiescence, proliferation, cancer, and longevity. And some studies pointed out that the inhibition of PI3K pathway could indirectly decreases the 174	  

expression of the glucose transporter GLUT1 at the plasma membrane (Riler et al.  2006). In our data, in S-W group, we could found that GYS, 175	  

PEPCK, G6Pase were up-regulated in W Mongolian cattle (5C), showing a more active Glycolysis and Gluconeogenesis process in W cattle, 176	  

which may indicate in winter, the energy production was more prosperous. 177	  

3.4.4 Complement and coagulation cascades pathway 178	  

Besides, we also found a totally differentially expressed pathway called complement and coagulation cascades pathway between the skin tissues 179	  

and muscle tissues, which is connected to the immunocompetence of the species. On skin vs skin group, there was no DEGs enriched in this 180	  

pathway between B-S group, while 23 and 13 DEGs in B-W and S-W group were significantly enriched, respectively, and all of these DEGs 181	  

were up-regulated in W state Mongolian cattle (Fig.6A and 6B). On muscle vs muscle group, no DEGs in S-W group were enriched, while 21 182	  

and 25 DEGs in B-S and B-W group were significantly enriched in this pathway, respectively, and all of these DEGs (except C3AR1) were 183	  

up-regulated in B cattle, which is different from the results of skin group (Fig. 6and 6b), suggesting a different immune state in skin and muscle 184	  

tissues in these two kinds of cattle. Among the up-regulated genes, most encode proteins likecoagulation factors, complement components and 185	  

other proteins related to immunity. Kininogen-1 (KNG1), also known as alpha-2-thiol proteinase inhibitor, Williams-Fitzgerald-Flaujeac factor 186	  

or the HMWK-kallikrein factor is a protein that in humans is encoded by the KNG1 gene. Kininogen-1 is the precursor protein to 187	  

high-molecular-weight kininogen (HMWK), low-molecular-weight kininogen (LMWK), and bradykinin. Bradykinin is a potent 188	  

endothelium-dependent vasodilator, leading to a drop in blood pressure. It also causes contraction of non-vascular smooth muscle in the 189	  

bronchus and gut, increases vascular permeability and is also involved in the mechanism of pain (Mutschler et al.1997). Bradykininalso causes 190	  

natriuresis, contributing to the drop in blood pressure. 191	  

3.4.5 P450 gene family 192	  

Recent studies have indicated that cytochrome P450 is a key enzyme in drug metabolism, and has important effects on cell factor and body 193	  

temperature regulation. In MC, we found 10 up-expressed P450 genes including CYP7B1, CYP4V2, CYP3A5, CYP11A1, CYP2C18, CYP2B6, 194	  



CYP7A1, CYP2R1, CYP2E1, CYP27B1. Cytochromes P450 (CYPs) belong to the superfamily of proteins containing a heme cofactor and, 195	  

therefore, are hemoproteins. CYPs use a variety of small and large molecules as substrates in enzymatic reactions. It participates in the 196	  

metabolism of endogenous substances and exogenous substances including drugs and environmental compounds. In the cell, CYPs are mainly 197	  

distributed in the endoplasmic reticulum and the inner membrane of the mitochondria. 198	  

4. DISCUSSION 199	  

MC is an ancient cattle breed with valuable economic traits, such as adaptation to harsh environments, resistant to pathogenic organisms 200	  

infection and high quality meat. By complete mitochondrial DNA D-loop sequences, it’s revealed that the MC has the highest genetic diversity 201	  

(Xia et al 2018), which may account for their varied economic traits. However, the detail molecular mechanism underlying above economic 202	  

traits remain to be elucidated. 203	  

The notable trait of MC is its’ tolerance of Mongolian Plateau extreme cold weather in winter. Adipose tissue, including Brown Adipose 204	  

Tissue (BAT), White Adipose Tissue (WAT) and newly revealed adipocyte termed beige adipocyte, play crucial roles in mammal cold 205	  

adaptation. In polar bear or belugas, blubbers (deep subcutaneous fat) serve as for insulation keeping heats from lose. Small mammals’ BATs are 206	  

important organs for thermogenesis in cold adaptation. After cold acclimation, a serial of reactions, including releasing of noradrenaline from 207	  

sympathetic nervous system, binding of it to its’ receptor, activating a transcriptional coactivator PGC-1α, up-regulating genes involved in fatty 208	  

acid transport, β-oxidation, TCA cycle, electron transport system, glycolysis, lipogenesis and PPARα activation pathways occur in BATs (Kim 209	  

et al. 2016). Finally, the proton gradient in mitochondria established and such gradient converted into heats by the function of uncoupling 210	  

protein1 (UCP1) (Nedergaard et al. 2001). In mammals without BAT, such as cold tolerant pig breeds, Tibetan pig and Min pig, when expose to 211	  

cold climate, WATs first are browning to be beige adipocytes, where similar thermogenesis process occurred in BAT happening (Lin et al. 2017). 212	  

Except for WATs, myogenic intermediates are able to differentiate into beige adipocytes (Chen et al. 2019), which implying skeletal muscle 213	  

implicated in the nonshivering thermogenesis (NST) process, too. In our transcriptome data, we found 8 genes (FATP, FABP, PEPCK, SCP-X, 214	  

ADIPO, FABP1, SCD-1, APO) related to PPARα pathway, 23 genes involved in oxidative phosphorylation and 10 P450 genes (CYP7B1, 215	  

CYP4V2, CYP3A5, CYP11A1, CYP2C18, CYP2B6, CYP7A1, CYP2R1, CYP2E1, CYP27B1) were significantly up-regulated in winter MC 216	  

transcriptomes. Since all of these genes implicated in fatty acid metabolism, we proposed that similar to cold tolerant pig breeds, MC in cold 217	  



adaptation could convert the WAT into beige adipocytes, where heats were generated by metabolism of fatty acids and glucose to sustain body 218	  

core temperature. Unlike polar region climates, where all the year is extreme cold, in summer, the temperature in MP, especially in semiarid 219	  

regions such as Ordos steppe, is high. Therefore, precious detection of such temperature changes also critical for MC fitting for their 220	  

environments. Genome structure variation analysis indicated SD area in MC enriched in a GO term called olfactory receptor. The main function 221	  

of olfactory receptor is perception of chemical and climate factors. Therefor, genome structure variation in MC olfactory receptor probably 222	  

underlying the molecular mechanism of MC how to preciously detect the temperature change. 223	  

Resistant to pathogenic organisms infection is another good trait of MC. Via GWAS (genome-wide association study), molecule based on 224	  

different cattle breeds such as Holstein, Bos taurus×Bos indicus crossbred cattle and Angus resistant to mastitis ((Kurz et al. 2019), 225	  

foot-and-mouth disease (FMD) (Lee et al. 2015), tick (Otto et al. 2018), parasite (gastrointestinal nematodes) (Hou et al. 2012) were found out. 226	  

Here, by whole genome sequencing and genome structure variation analysis, we found millions (~7.62 million) of SNPs and numerous of 227	  

structure variations (including CNVs, segmental duplications, SDs, inversions). By critical analysis of vicinity of breakpoints of inversion, we 228	  

found 8 genes related to pathogenic organisms infection. 4 of them (LAP, DEFB1, DEFB2, and DEFB5) belong to Beta-defensins gene family. 229	  

It’s well characterized that as an antimicrobial peptide, LAP (lingual antimicrobial peptide) is involved in the innate system and has versatile 230	  

antimicrobial activities (Isobe et al. 2009). The investigation of cDNA from cattle mammary gland showed that many members of beta-defensins 231	  

gene family were expressed, which implied these robust antimicrobial peptides playing important roles for cattle resistant to mastitis. 2 of them 232	  

belong to interferon (IFN) gene family. In our data, they are IFNW1 and IFNT2. Interferon is known for its’ anti-virus activities. In this case, 233	  

IFNW1 and IFNT2 are in the vicinity of breakpoints of inversion. Such structure variation probably up-regulated the expression of these 234	  

anti-virus proteins, which may accounts for MC more resistant to FMD infection than other breeds. Another two genes are coding for MHC class 235	  

II proteins. In cattle, MHC class I proteins were first found by Amorena and named them BoLA system (For Bovine Leucocyte Antigen). Ever 236	  

after being found, for their importance in host immunities, BoLAs have been extensively studied and their roles in bovine mastitis (Sharif et al. 237	  

1998), bovine leukemia virus infection (Stear et al. 1998) and parasitic load (Martinez et al. 2006) were well documented. Here, we found two 238	  

genes coding for BoLA proteins are localized in MC genome inversion region. Such structure change mostly will affect their expression and in 239	  

turn affect their anti-pathogenic organism infection activities.  240	  



MC was considered as a good cattle breed with high quality meat. The criterion used to assess beef includes fat percentage (FAR), 241	  

unsaturated fat acid (oleic acid) percentage and fatty acid composition. Still by GWAS, candidate genes involved in Japan Black Cattle above 242	  

trait were revealed respectively (Nakajima et al. 2018, Kawaguchi et al. 2019, Sasago et al. 2016). From our MC genome and transcriptome data, 243	  

we didn’t obtain the direct evidence to support that MC have high quality meat. However, as discussed, FAR is important for mammals living in 244	  

high altitude to adapt to their environments. To adapt to Arctic extreme cold, half of polar bear mass is composed of fat tissue. And unsaturated 245	  

fat acid is important for thermogenesis. While COX (Cycloolxygenases)-derived oxylipins (unsaturated fat acid such as omega-3 lipid oxidation 246	  

products) is required for the formation of beige adipocyte (Vegiopoulos et al. 2010), the P450 expoxygenase and epoxide-derived oxylipins, (±) 247	  

12, 13-dihydroxy-9Z-octade-cenoic acid (12,13-diHOME) can induct the fatty acid uptake into BAT and skeletal muscle (Lynes et al. 2017). In 248	  

MC, no BAT were observed, which indicated that in response to extreme cold weather in winter, MC firstly need brown WAT into beige 249	  

adipocyte, then uptake fatty acid into these nearly formed adipocyte to generate heats. The prerequisite of these two processes is the existence of 250	  

large amounts of unsaturated fat acid. The indirect evidence is that in winter MC transcriptomes, 10 P450 genes were significantly up-regulated, 251	  

which implied these up-regulated genes may involved in the oxidation of unsaturated fat acid into oxylipins.  252	  

MC is a valuable cattle breed. Nevertheless, so far, few research works performed on this important livestock. By genome sequencing 253	  

association with comparative transcriptome sequencing, we revealed the molecular mechanisms of MC how to adaptation to MP harsh 254	  

environments as well as resistant to pathogenic organisms. Undoubtedly, these uncovered genes will become cherished genetic resources for 255	  

cattle breeding.  256	  

 257	  

5. Conclusion 258	  

    In this paper, by whole genome sequencing and comparative transcriptome sequencing, genes localized in MC genome inversion region 259	  

and genes up-regulated in winter MC transcriptomes were characterized, which probably account for MC adaptation to MP extreme 260	  

environments and resistant to pathogenic organisms infection. Therefore, these genes are of valuable for cattle breeding. 261	  

 262	  

 263	  
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Figure legends 391	  

 392	  

FIG 1 The phylogenetic tree of MP mammals and their divergence. 393	  

(A) The phylogenetic tree of Mongolian Cattle  (MC), Mongolian sheep (MS), Mongolian horse (MH), sheep, cattle, horse, mouse and 394	  

human. Mongolia mammals and corresponding domestic ones were diverged about 2-3 million years ago (Mya, MC-cattle: 395	  

1.8 Mya, MS-sheep: 2.6 Mya and MH-horse: 2.7Mya). 396	  

(B) PSMC analysis of MC, MS, MH, cattle, sheep and horse. PSMC analysis revealed MC, MS, MH diverged from their corresponding 397	  

domestic ones about 3 Mya. 398	  

FIG 2 Structure variation analysis of MC genome. 399	  

(A) SNPs (Single Nucleotide Polymerphisms) detection; (B) Indel detection; 400	  

(C) Inversions detection; (D) CNVs (Copy Number Variations). 401	  

Using cattle genome as reference sequences, we totally detected ~7.62 million single nucleotide variations and short InDels, 749 inversion 402	  

variants and 4689 CNVs (block length >5kb, 3750 deletions and 939 duplication). In addition, 32,944 structural variations, 403	  

including19931 deletions, 4343 insertions and 8670 inversions were also detected. 404	  

FIG 3 Segmental duplications (SDs) analysis and GO enrichment. 405	  

(A) Segmental duplications (SDs) were detected in MC cattle genome and GO enriched in terms related to adaptation to extreme 406	  

environments. 407	  

(B) SDs enriched in a GO term called olfactory receptor activity. 408	  



Using cattle genome as reference sequences, 251 specific SDs were identified in MC genome and enriched in GO terms related to 409	  

adaptation to extreme environments and GO term called olfactory receptor activity. 410	  

FIG 4 Differentially Expressed Genes (DEGs) enriched in PPAR signaling pathway. 411	  

(A) DEGs enriched in PPAR signaling pathway. 412	  

(B) RPKM analysis of DEGs enriched in PPAR signaling pathway. 413	  

 414	  

FIG 5 DEGs enriched in Oxidative phosphorylation pathway and PI3K-Akt signaling pathway. 415	  

(A) DEGs enriched in Oxidative phosphorylation pathway. 416	  

(B) DEGs enriched in PI3K-Akt signaling pathway. 417	  

(C) RPKM analysis of 3 up-regulated genes related to PI3K-Akt signaling pathway. 418	  

FIG 6 DEGs enriched in Complement and coagulation cascades pathway. 419	  

(A) DEGs enriched in Complement pathway. 420	  

(B) DEGs enriched in coagulation cascades pathway. 421	  

(C) RPKM analysis of DEGs enriched in Complement and coagulation cascades pathway. 422	  
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Figures

Figure 1

The phylogenetic tree of MP mammals and their divergence. (A) The phylogenetic tree of Mongolian
Cattle (MC), Mongolian sheep (MS), Mongolian horse (MH), sheep, cattle, horse, mouse and human.
Mongolia mammals and corresponding domestic ones were diverged about 2-3 million years ago (Mya,
MC-cattle: 1.8 Mya, MS-sheep: 2.6 Mya and MH-horse: 2.7Mya). (B) PSMC analysis of MC, MS, MH,
cattle, sheep and horse. PSMC analysis revealed MC, MS, MH diverged from their corresponding domestic
ones about 3 Mya.



Figure 2

Structure variation analysis of MC genome. (A) SNPs (Single Nucleotide Polymerphisms) detection; (B)
Indel detection; (C) Inversions detection; (D) CNVs (Copy Number Variations). Using cattle genome as
reference sequences, we totally detected ~7.62 million single nucleotide variations and short InDels, 749
inversion variants and 4689 CNVs (block length >5kb, 3750 deletions and 939 duplication). In addition,
32,944 structural variations, including19931 deletions, 4343 insertions and 8670 inversions were also
detected.



Figure 3

Segmental duplications (SDs) analysis and GO enrichment. (A) Segmental duplications (SDs) were
detected in MC cattle genome and GO enriched in terms related to adaptation to extreme environments.
(B) SDs enriched in a GO term called olfactory receptor activity. Using cattle genome as reference
sequences, 251 speci�c SDs were identi�ed in MC genome and enriched in GO terms related to
adaptation to extreme environments and GO term called olfactory receptor activity.

Figure 4

Differentially Expressed Genes (DEGs) enriched in PPAR signaling pathway. (A) DEGs enriched in PPAR
signaling pathway. (B) RPKM analysis of DEGs enriched in PPAR signaling pathway.



Figure 5

DEGs enriched in Oxidative phosphorylation pathway and PI3K-Akt signaling pathway. (A) DEGs enriched
in Oxidative phosphorylation pathway. (B) DEGs enriched in PI3K-Akt signaling pathway. (C) RPKM
analysis of 3 up-regulated genes related to PI3K-Akt signaling pathway.

Figure 6



DEGs enriched in Complement and coagulation cascades pathway. (A) DEGs enriched in Complement
pathway. (B) DEGs enriched in coagulation cascades pathway. (C) RPKM analysis of DEGs enriched in
Complement and coagulation cascades pathway.
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