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SUMMARY

The feral pigs of Ossabaw Island (USA) have an outstanding propensity to obesity
and develop complete metabolic syndrome (MetS) upon prolonged high energy
dieting. We now report the first high quality genome of the Ossabaw pig with
Contig N50 of ~6.03 Mb, significantly higher than most other published pig
genomes. Genomic comparison to Duroc reveals that variations including SNPs,
INDELs and one ~2 Mb inversion identified in Ossabaw pig may be related to
its "thrifty’” phenotype. Finally, an important positively selected gene (PSG)
was found to be LEPR (leptin receptor) containing two positively selected sites
which may lead to pseudogenization of this gene with possible significant effects
on obesity and inflammation development. This work provides the first complete
mapping of a genome representing a naturally ‘feast and famine’ evolved pheno-
type of MetS, serving as a blueprint to guide the search for new targets and new
biomarkers for obesity comorbidities.

INTRODUCTION

Obesity is a major risk factor for globally prevalent serious diseases like cardiovascular diseases, type 2 dia-
betes, and cancer, which are leading causes of mortality worldwide (Bluher, 2019). Metabolic syndrome
(MetS) is a cluster of risk factors accompanying metabolically unhealthy obesity and includes dyslipidemia,
hypertension, insulin resistance and glucose intolerance (O'Neill and O'Driscoll, 2015). There is a great
need to understand the complexities of obesity and its associations with disease to form the basis of devel-
oping diagnostic tools and interventions to treat and/or prevent obesity and maintain a healthy body
weight (Bluher, 2019). To achieve this, animal models faithfully mimicking the complex human state of
obesity are pivotal, i.e., human translational animal models in which a complete MetS and development
of co-morbidities are obtained upon diet-induced obesity (Kleinert et al., 2018; Reilly and Saltiel, 2017).
Inthis respect, the pig has emerged as highly promising (Bellinger et al., 2006; Kleinert et al., 2018; Spurlock
and Gabler, 2008; Zhang and Lerman, 2016). Generally for complex and systemic diseases, pigs are supe-
rior to rodent models, as they are much more similar to humans with respect to e.g., the cardiovascular sys-
tem, inflammation phenotypes and mechanisms, and organ sizes (Zettler et al., 2020). Moreover, certain
types of pigs have a phenomenal propensity to obesity and this is especially the case for the Ossabaw
pig, which is an outstanding human translatable obesity model (Sturek et al., 2020). Obesity in the Ossabaw
pig is reproducibly and rapidly obtained by high energy high fat dieting, presenting as robust MetS (Neeb
etal., 2010; Sturek et al., 2020), closely resembling the state observed in metabolically unhealthy obese hu-
mans (O'Neill and O'Driscoll, 2015). Notably, the Ossabaw pig is a feral pig breed developed in isolation for
approximately 500 years by natural evolution (Sturek et al., 2015) on Ossabaw Island (Georgia, USA), host to
the only wild-living colony in the world. They descend from pigs introduced by Spanish explorers around
1500 (Mayer and Brisbin, 1991). The Ossabaw pig is small (30-70 kg adult weight), has the ability to tolerate
high salt concentrations in food and drinking water, and is unique among pigs and other ungulates in hav-
ing the highest adipose reserves of any terrestrial mammal (Brisbin and Mayer, 2001; Stribling et al., 1984).
Interestingly, the Ossabaw phenotype results from a "thrifty genotype’ characterized by an increased ability
to convert food into body fat (Lloyd et al., 2006; Neel, 1962), presumably developed as a result of natural
selection driven by the ‘feast and famine’ ecology of its Ossabaw Island habitat with a high seasonal vari-
ation in food supply (Brisbin and Mayer, 2001).

Humans are speculated to have a 'thrifty’, obesity-promoting genotype like that seen in the Ossabaw pig
shaped by a similar type of feast and famine environment during the hunter-gatherer stage of human
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development (Neel, 1962) and being challenged by the food surplus of the westernized lifestyle of the last
50-60years (Bluher, 2019). Thus, the indication that the Ossabaw pig harbors a thrifty genome further adds
to the relevance of this pig for modeling human obesity. It is therefore of utmost interest to map the
Ossabaw pig genome to understand the genomic underpinnings of the thrifty/obese phenotype. However,
until now, specific information on the Ossabaw pig genome has been limited. A genetic link to the Canary
Island Black pig breed and, notably, a predominantimpaired function mutation (V199l) in the PRKAG3 gene
coding for the gamma subunit of AMPK (AMP-activated protein kinase) were published by Lloyd et al.
(2006). This AMPK genotype was previously described to be associated with increased intramuscular fat
and low muscle glycogen (Andersson, 2003; Ciobanu et al., 2001). It is worth noting that the minority of
Ossabaw pigs not being homozygous for this mutation still get obese and most show MetS signs (Chawla
et al., 2012). On the other hand, it is estimated that 30% of obese V1991 homozygous mutant Ossabaw pigs
do not develop insulin resistance (Sham et al., 2014). This is consistent with epidemiological data on obese
humans (Adult Obesity Facts, 2021) and illustrates the complex genetics of obesity and obesity associated
disease, and searching for other mechanistic clues elsewhere in the Ossabaw pig genome is therefore high-
ly relevant. Here we report the whole genome sequencing of the Ossabaw pig and identify possible mu-
tations and candidate genes that may be related to obesity, providing a valuable resource for future
research.

RESULTS
De novo genome assembly and annotation

To ensure a high quality whole Ossabaw pig genome, single-tube long fragment read (stLFR) (Wang et al.,
2019) and Oxford Nanopore Technology (ONT) sequencing strategies were combined based on long DNA
fragments (main band: ~100 kb) (Figure S1) prepared from peripheral blood mononuclear cells from one
individual female Ossabaw pig housed at the DTU Ossabaw facility, Risg, Denmark. The stLFR and ONT
libraries were sequenced on BGISEQ-500 and GridION X5 platforms, respectively. In total, we generated
305.83 Gb paired-end short reads (read1: 100bp; read2: 142 bp) and 24.18 Gb ONT long reads with an N50
of 33.5Kb (Table S1). The initial assembly was carried out using the Supernova algorithm (Weisenfeld et al.,
2017) on short paired-end reads, generating a draft genome (V1) with total length, contig N50 size (CN50)
and scaffold N50 size (SN50) of 2509.23 Mb, 119.35 Kb and 21.82 Mb, respectively. To exclude any redun-
dant assembly caused by heterozygosity, we tidied the initial assembly using Redundans (Pryszcz and Ga-
baldon, 2016), removing ~58 Mb sequences (V2). Then we filled assembled gaps by using stLFR_GapCloser
based on short paired-end reads, enhancing CN50 to 175.00 Kb (V3). To take advantage of ONT reads, we
firstly conducted error-base correction by using 130 Gb short reads with two rounds of Pilon (Walker et al.,
2014) running. Next, the corrected long reads were mapped to the V3 genome to fill gaps using TGS-Gap-
Closer (Xu et al., 2019). This effort increased the quality of the assembled genome to a CN50 of 6028.60 Kb
and an SN50 of 22.31 Mb (V4) (Table S2), which is considerably higher than most published pig genomes (14
out of 17) (Figure 1A and Table S3). Finally, RaGOO (Alonge et al., 2019) was used to anchor assembled
scaffolds to chromosomes based on the Duroc genome (Sus scrofa reference genome, NCBI accession:
GCA_000003025.6, Sus scrofa 11.1), generating 19 chromosomes ranging from 56.78 Mb to 277.92 Mb (Ta-
ble 54, Figure 1C) and 313 unplaced scaffolds with a total length of 31.76 Mb, which means that ~98.7% of
scaffolds were anchored. The final assembly (V5) contains 2450.37 Mb bases with gaps of 36.28 Mb and
SN50 of 140.68 Mb (Table S3). The quality of the genome assembly can be summarized in the following
seven parameters: (1) ~98% of the sequenced short paired-end reads can be mapped back to the assem-
bled genome indicating that most of the repetitive sequences were assembled. (2) Evaluation of base ac-
curacy by calling homozygous SNPs and INDEIs indicates the base inaccuracy to be ~0.0002% (Table S4),
well below the standard of 0.01% for human genome (Schmutz et al., 2004). (3) The single peak distribution
of sequencing depth as a function of GC content (Figure S2) suggests that this assembly has no contam-
ination and no redundancy. (4) GC content distribution is similar to that of the Duroc genome (Figure S3).
(5) The assembled genome size is very close to the size of the Duroc genome (~2458.36 Mb) (excluding
chromosome Y) (Table S3) and also chromosome lengths are very similar between the Ossabaw and the
Duroc genome (Table S5). (6) The Ossabaw genome has a good coverage and syntenic relationship with
Duroc (Figure 1B). (7) ~96% of Benchmarking Universal Single-Copy Orthologs (BUSCO) (Simao et al.,
2015) can be detected in the assembly suggesting that most of the genes were assembled (Table S6).
All of this underlines the high quality of the Ossabaw genome assembly.

Next, the genome was annotated (including repeat detection and gene prediction) using both de novo predic-
tion and homology-based methods (see details in STAR Methods section). The result shows that ~38.22% of the
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Figure 1. Genome assembly landscape of Ossabaw pig genome

(A) Contig N50 of Ossabaw pig and 17 published genomes of other pig breeds. The contig N50 of Ossabaw is much longer than
most of (14 out of 17) published pig genomes. This result suggests our sequencing to be effective and economic.

(B) Circos plot of Ossabaw pig and Duroc chromosomes.

(C) Distribution of genome elements of Ossabaw pig. a, photo of the Ossabaw pig 2702 (Donna). b, 19 chromosomes.

¢, GC content at 100 kb bins. d, gene density at 500 kb bins. e, SNP density at 500 kb bins. f, histogram of DNA transposon
ratios. g, histogram of retrotransposon ratios.

(D) Frequency distribution of SNP per 10 kb bin.

(E) Estimated effective population size (Ne) of Ossabaw pig using heterozygous SNPs. LGM: Last Glacial Maximum.

genome is annotated as transposable elements (TEs) composed by DNA Transposon/Long Interspersed Nu-
clear Element/Short Interspersed Nuclear Element/Long Terminal Repeat of ~0.98%, ~36.05%, ~0.21% and
~2.69%, respectively (Table S7). The sequence divergence distribution of predicted TEs compared to the Re-
pbase database (Jurka et al., 2005) is shown in Figure S4. After masking repeat sequences, we finally predicted
21,794 protein coding genes. The mean mRNA, coding sequence, exon and intron lengths distribution were
similar to other mammalian genomes as well as the Duroc genome (Figure S5). Short non-coding RNAs were
also identified and shown in Table S8. Moreover, a BUSCO completeness score of 98.5% and a duplicated score
of only 0.5% (Table S9) of the annotated Ossabaw genes indicate that the gene annotation is of high quality,
allowing further evolutionary analysis to be done with high certainty. Finally, we mapped protein sequences
of the predicted genes to KEGG (Kanehisa and Goto, 2000), Swiss-Prot (Boeckmann et al., 2003), InterPro (Ap-
weiler et al., 2001), and TrEMBL (Boeckmann et al., 2003) databases to assign related functions to these genes,
generating a function annotation percentage of ~98.11% (Table S10).

Analysis of SNPs and SNP based effective population size during evolution

The Genome analysis toolkit (GATK) (McKenna et al., 2010) pipeline was used to call single nucleotide poly-
morphisms (SNPs) in the Ossabaw (V5) genome and 4,039,107 heterozygous SNPs were identified
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corresponding to a nucleotide diversity of ~1.68%,, which is ~2.4 times higher than the human genome
(0.69%,) (Venter et al., 2001) but lower than the Géttingen minipig whole genome SNP rate (2.449%,) (Vama-
thevan et al., 2013). The SNPs density and distribution are shown in Figures 1C and 1D. Based on the iden-
tified SNPs, we estimated changes in the effective population size (Ne) using the pairwise sequentially
Markovian coalescent (PSMC) model, a method which can infer population sizes from approximately
10,000 to 1 million years ago (MYA) (Li and Durbin, 2011). We found two peaks with Ne of ~5.7 x 10*
and ~5.3 x 10% at ~600 x 10° and 90 x 10° years ago (Figure 1E) which is ~2 times higher than other
wild boars in Eurasia (Groenen et al., 2012). However, after the most recent peak, the Ne decreased rapidly
to ~0.6 X 10°-30 x 10° years ago. Then the Ne increased to ~1.3 x 10 although this species had expe-
rienced the Last Glacial Maximum (LGM; 20,000 years ago), (Yokoyama et al., 2000) (Figure 1E) which is also
different from other pig breeds; however the Ne decreases again at ~4000 years ago. To validate the anal-
ysis, we downloaded sequencing data of two Duroc individuals (Table S11), executed PSMC estimation in
the same way as was done for the Ossabaw genome and obtained Ne results (Figure 1E) similar to those
obtained from other genomes (Groenen et al., 2012).

Then we further investigated the distribution of SNPs by combining with gene annotation results. We found
that ~36% (1,464,991, Table S12) of the SNPs were located in gene regions, of which 33,079 were in exon
regions. Of these 33,079 SNPs, 24,617 were Ossabaw pig specific and 10,688 caused changes in amino
acids in the protein products of 3,781 genes, potentially affecting their function. Then we analyzed the func-
tion of these genes by carrying out KEGG enrichment analysis and found 1,811 genes to be enriched in 335
pathways (Figure S6; Table S13). The top 20 (based on p-value) pathways include “Olfactory transduction
(347 including 342 olfactory receptor (OR) genes)”, drug metabolism related “"Metabolism of xenobiotics
by cytochrome P450 (21 genes)”, immune system related "“Cell adhesion molecules (CAMs) (53 genes),”
and “Antigen processing and presentation (28 genes)”. Olfaction is a successful product of evolution
and a complex process. Pigs have excellent olfactory abilities as they have ~1,100 functional OR genes
(Nguyen et al., 2012) and olfaction could help them forage, seek mate, and evade hazardous substances
or predators. The large number of heterozygous loci increases the variety of OR genes of Ossabaw pigs,
which may benefit survival of their population. Xenobiotics metabolizing enzymes such as CYPTA2 (Azab
etal., 2018), UGT2A1 (Azab et al., 2018), UGT1Aé (Ciotti et al., 1997), ALDH3A1 (Glatt et al., 2008), ALDH3B1
(Marchitti et al., 2010), and EPHX1 (Yang et al., 2014) are important for detoxification, and in the Ossabaw
genome they all contain heterozygous loci. The heterozygosity of major histocompatibility complex (MHC)
related genes including SLA-2, SLA-8, SLA-6, SLA-DRA, SLA-DQA1, SLA-DQB1, SLA-DRB1, SLA-DOB and
TAP2, involved in recognition, processing and presentation of antigens may contribute to the flexibility and
robustness of the immune system in the Ossabaw pig. Advantages of heterozygous genes have been
described in many mammals such as mice (Han et al., 2008), cattle, sheep, horse, and dog (Hedrick,
2015); therefore, the heterozygosity of these pivotal genes may help Ossabaw pig to maintain population
size in challenging environments such as their natural habitat.

Obesity is a conspicuous trait of the Ossabaw pig and heterozygosity of POMC, LEP and LEPR genes were
reported to impact the obesity of humans and mice (Chung et al., 1998; Faroogqi et al., 2006). We therefore
examined the heterozygosity of related genes associated with lipid metabolism and energy homeostasis in
the Ossabaw genome and found that 56 heterozygous genes (Table S14) were associated with fatty acid
metabolism. For example, CPTTA, encoding carnitine palmitoyltransferase 1A, is essential for long-chain
fatty acid oxidation and deficiency may result in fatty acid oxidation disorders and accumulation of fatty
acids (Bennett and Santani, 2016). HACD1(3-hydroxyacyl-CoA dehydratase 1) encodes an enzyme involved
in very long-chain fatty acid elongation (lkeda et al., 2008). ADIPOQ (adiponectin, C1Q and collagen
domain containing), which is expressed in adipose tissue exclusively, is centrally involved in the control
of adipose metabolism and its dysregulation may lead to type 2 diabetes and non-alcoholic fatty liver dis-
ease (NAFLD) (Renaldi et al., 2009; Ukkola and Santaniemi, 2002). ACSBG2 (Long-chain-fatty-acid CoA
ligase) catalyzes the conversion of fatty acids such as (very-) long chain fatty acids to acyl-CoAs for both syn-
thesis of cellular lipids, and degradation via beta-oxidation (Mashek et al., 2007). These heterozygous key
genes in lipid metabolism potentially play a role for the “thrifty” phenotype of the Ossabaw pig and should
be further investigated.

Gene family analysis among representative mammals

Pigs are considered good animal models of complex human diseases and for the definition of disease asso-
ciated genotypes, and it is therefore of interest to compare the Ossabaw genome to the human genome.
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Figure 2. Gene evolution of the Ossabaw pig and representative mammals

(A) Gene families of Ossabaw pig and human.

(B) Genes related to human disease of Ossabaw pig genome. All enrichment g-values are below 0.05.

(C) Phylogenetic tree, divergence time, gene families of the Ossabaw pig and representative mammals. Red dots: seven reference time points from
TimeTree database (Hedges et al., 2006).

Enrichment analysis (Beissbarth and Speed, 2004; Chen et al., 2010) of the genes shared between the two
species (Figure 2A) revealed that 1,799 genes were significantly enriched in Human Disease pathways
(g-value < 0.05) (Figure 2B), suggesting the potential of Ossabaw pigs to become models of the diseases
related to these genes. Specifically, the NAFLD pathway contains 208 Ossabaw genes (Table S15). Athero-
sclerosis genes were also enriched in human disease pathways (Figure 2B). Human non-alcoholic steatohe-
patitis (NASH) related MetS and abnormal liver histology and atherosclerosis have been experimentally
induced by a diet with high calories, fat, fructose, and cholesterol in Ossabaw pigs (Lee et al., 2009). These
findings make the regulation of these genes during disease development highly interesting, also with
respect to identifying biomarkers for disease, especially early disease stages. Notably, almost one-third
of the enriched pathways include host response to viral infections comprising both DNA viruses as herpes
and hepatitis virus and the influenza A RNA virus.

In addition to human, we also compared Ossabaw gene families with another eight representative mam-
mals including mouse, dog, horse, camel, cattle, goat, Duroc (pig) and opossum as an outgroup (Table
S16). We identified 18,282 gene families across all 10 species, including 10,418 single copy orthologous
genes (SCOGs) (Figure S7). For the Ossabaw pig, 461 gene families expanded, whereas, 1,125 gene fam-
ilies contracted from their most recent common ancestor (MRCA) (Figure 2C). By using the 10,418 SCOGs,
we constructed a phylogenetic tree for ten species employing a Bayesian method (bootstrap values of all
clades are 100) (Figure 2C). Unsurprisingly, this analysis placed Duroc and Ossabaw pig breeds in the same
branch separately from other species. Then we estimated the divergence time of Duroc and Ossabaw to be
~6.3 MYA using 7 reference time points from the TimeTree database (Hedges et al., 2006) for calibration.
For the SCOGs, we further investigated the evolutionary pressure acting on them and identified 196
positively selected genes (PSGs) (Table S17) in the Ossabaw pig lineage. These genes were significantly
(g-value < 0.05) enriched in GO (Gene Ontology) terms cellular component (GO:0005575, 41 genes,
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including intracellular part, DNA repair complex and membrane-bound organelle), and primary metabolic
processes (GO:0044238, 54 genes such as tricarboxylic acid cycle, citrate metabolism and DNA meta-
bolism). For example, CRTC3 (CREB-regulated transcription coactivator 3), positively regulates CREB
dependent gene transcription and has been reported to link to weight gain and adiposity of humans
(Song et al., 2010). PMS2 (mismatch repair endonuclease PMS2), functions as a protective mediator of
cell survival and modulates protective DNA damage response (Fedier et al., 2002). VAPB (vesicle-associ-
ated membrane protein-associated protein B) is involved in the IRE1/XBP1 signaling of the unfolded
protein response because of ER stress and suppressing accumulation of unfolded/misfolded proteins (Ka-
nekura et al., 2006). XRCC6 (X-ray repair cross-complementing protein 6), encoding Ku70 dimerized with
Ku80, is required for the non-homologous end-joining of DNA repair, V(D)J recombination of mammalian
immune system and telomere length maintenance (Boulton and Jackson, 1998) and plays an important role
in longevity assurance (Bernstein et al., 2008). PTGS2 (prostaglandin G/H synthase 2 precursor), expressed
during inflammation and tumorigenesis, is associated with increased cell adhesion, negatively regulating
intrinsic apoptosis in response to osmotic stress and resistance to tumor angiogenesis. Such positively
selected sites of CRTC3 and stress response genes, PMS2, VAPB, XRCCé and PTGS2 are examples of genes
that may improve the ability of adapting to environmental stressors, such as periodic scarcity of food, high
salt diets, and minimal availability of freshwater, all of which have been pivotal to the survival of the Ossa-
baw pig on Ossabaw Island. The positively selected PRKAG3 gene encodes the gamma subunit of AMPK
and is intriguing as its impaired function mutation (V199l) is associated with increased adiposity and low
muscle glycogen (Andersson, 2003; Ciobanu et al.,, 2001), potentially favoring adaptation to periodic
food scarcity. No feral Ossabaw pigs sampled on Ossabaw Island have been found to be homozygous
for the wild type gene (V199) (Lloyd et al., 2006).

Genomic variations compared to Duroc genome

Based on our high quality Ossabaw genome assembly, we further identified genomic variations including
single nucleotide polymorphisms (SNPs), insertions, deletions and inversions in Ossabaw pig genome
compared to the Duroc reference genome (Groenen et al., 2012), providing a valuable resource for further
study.

We mapped ~52-fold sequencing reads of the Ossabaw pig genome to the Duroc genome using the
GATK pipeline (McKenna et al., 2010) and identified a total of 3,987,393 SNPs including 2,579,363,
1,382,141 and 27,484 in intergenic, intron and exon regions, respectively (Table S18). The distribution
of SNPs and gene density is shown in Figure 3A at 500 kb bins. We found 536 bins (268 Mb of genome,
Table S19) to contain a high density of SNPs (~1977.4 SNPs per bin as compared to the overall average
of ~794.8) and genes (~10.3 genes per bin; average is ~4.0). There are eight regions larger than 5 Mb
which consist of consecutive bins (Figures 3A and Table S20). The high SNP density in these regions
indicates that the genes contained therein might have evolved fast because of higher mutation rate
of these regions. We therefore explored gene functions of the 5,271 genes (24.19% of whole genome
genes) located in these regions by enrichment analysis. This revealed that 3,930 genes could be map-
ped to 3,469 GO terms (74 terms enriched significantly, i.e. with g-value < 0.05) (Table S21). The top 30
GO terms are shown in Figure S8, illustrating that 656 genes were enriched in receptor activity
(GO:0004872) including 490 genes involved in olfactory transduction. In addition, 853 and 81 genes
were enriched in cellular responses to stimulus (GO:0050896) and immune responses (GO:0006955)
respectively, highlighting the potential adaptability of the Ossabaw pig phenotype to changing environ-
mental conditions.

Then we mapped structure variations (length >50 bp) in the Ossabaw pig genome using smartie-sv (Kro-
nenberg et al., 2018), finding 13,875 insertions and 21,700 deletions, of which 4,899 and 7,637, respectively
were located in gene regions (Figure S9). Moreover, 25 insertions and 289 deletions were found to break
exons in 250 genes and 2 genes contained both insertions and deletions. It should be noted that 58 of the
250 genes are associated with obesity or diabetes (Table 522). For example, NLRP3 (NACHT, LRR and PYD
domains-containing protein 3), has a deletion of 20,668 bases, leading to a truncation of this gene. NLRP3
has been reported to have a role in protecting against high fat diet-induced obesity and insulin resistance
(Rheinheimer et al., 2017). APOL3 (apolipoprotein L3) has a 3,236 bp deletion including the third exon. This
gene affects the transport of lipids (Hornbeck et al., 2012). Thus, indel mutations of these genes may affect
obesity related functions and contribute to the obesity susceptibility of Ossabaw pigs and have potential as
biomarkers of metabolic diseases.
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Figure 3. Genomic variations of Ossabaw pig compared to Duroc pig genome

(A) SNPs, genes, and higher density regions along the Duroc genome. Each chromosome contains four datasets. From left to right: Purple, higher density
regions (see details in main text). Green, genes with nonsynonymous SNPs. Chromosome bar, distribution of SNP density at 500 kb bins. Orange, gene
density at 500 kb bins.

(B) A ~2 Mb inversion on chromosome 10 between Ossabaw and Duroc genomes. Green rectangles, genes in the ~6 Mb region comprising the inversion.
Pink rectangles, pseudogenes. Purple curves, mapping relationship of paired-end reads. Brown, sequencing depth of ONT reads mapped to this region
(also see Figure S9).
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As an exception to the overall high synteny between the Ossabaw and Duroc genomes (Figure 1C), we found a
~2 Mb inversion in the Ossabaw genome located on chromosome 10 (Figures 3B and S10) as identified both by
paired-end short reads and ONT sequencing long reads. Comparing the Ossabaw genome to the other 14 pig
breeds (Figure S11) proved the reliability of this inversion. We found this inversion to be conserved in all indi-
vidual Ossabaw genomes (N = 49) recently investigated by us (Y.Z. et al., unpublished data). This inversed
~2 Mb region includes 13 genes and the inversion may be associated with the pseudogenization of four genes
(Table S23), including the CUBN (Cubilin) gene which was interrupted. This gene is associated with albuminuria
in patients with diabetes (Boger et al,, 2011) and plays a potential role in type 2 diabetes susceptibility (Tsekme-
kidou et al., 2020). In addition, included is RAB18 (Ras-related protein Rab-18), acting as a molecular switch be-
tween lipogenesis and lipolysis, and having a central role in controlling storage and release of fat and thereby in
the development of obesity (Pulido et al., 2011). SLC39A2 and NSUNS, participating in metal ion transportation
and RNA transmethylation, also should be noticed in future research. In addition, figuring in genes within ~2 Mb
flanking region on each side of the inversion, more than one-third of total 34 genes located here (Figure 3B) are
obesity or diabetes related, including VIM, PTER, ZEB1, ITGA2B, KIF5B, MRC1, CACNB2, NMT2, HACD1
(different locus from the one mentioned above), SVIL and TRDMT1. Gene interaction is a well-known phenom-
enon of closely located genes (Mani et al., 2008) conferring significance to these observations of obesity and
diabetes related (pseudo-) genes affected by the Ossabaw specific gene inversion, implying them in the “thrifty”
phenotype of the Ossabaw pig.

Evolution of the Ossabaw genome compared to other pig breeds

To further substantiate our findings, we moved forward to compare the Ossabaw genome with genomes of
another 13 pig breeds with BUSCO completeness higher than 90% (Figure S12). We also defined gene fam-
ilies within 14 pig breeds (including Duroc and Ossabaw), generating 10,532 gene families of which 5,113
were SCOGs (single copy orthologous genes, Figure S13). The three mini pig breeds Ossabaw, Bama mini-
ature and Wuzhishan shared 9,509 gene families and Ossabaw pig had 65 unique ones (Figure 4A), of which
45 were unique among 14 pig breeds (Table S24). When analyzing the gene function of gene families
unique for Ossabaw pigs, we found two important families (eight copies of epithelial chloride channel pro-
tein-like and 36 copies of cyclic nucleotide-gated cation channel beta-3 (CNGBJ)) to be involved with ion
regulation. Chloride channels involved in the renin secretion pathway, are vital structures for sustaining ion
homeostasis, cell volume, transepithelial transport and regulation of electrical excitability (Jentsch et al,,
2002). CNGB3 belongs to one of the beta subunits of cyclic nucleotide-gated ion channels (CNG) which
have been discovered in various tissues and mainly function in sensory transduction (Kaupp and Seifert,
2002), and may also contribute to maintain homeostasis helping the Ossabaw pig to cope with the high
salt concentration of the drinking water of its habitat (Stribling et al., 1984). We also found CYCS (cyto-
chrome ¢) gene expanded with 14 copies in the Ossabaw pig while other pig breeds have less than 9 copies
(Figure S14). CYCS is important for regulated cell death (apoptosis) (Tang et al., 2019).

We constructed phylogenetic trees for the 14 pig breeds using sequences of 5113 SCOGs with different models
(GTR, KHY and JC) and three of four results generate consistent trees (Figures 4B and S15). We identified 214
PSGs in the Ossabaw pig genome compared to the other pig genomes. Among the PSGs, we found the LEPR
(leptin receptor) gene which is known to be a key gene associated with obesity and diabetes (Chua et al., 1996; Li
et al., 2017, Pereira et al., 2019; Zhang et al., 2018). The Ossabaw LEPR gene contained two positively selected
sites (Figure 4C) which were strongly supported by sequencing reads (Figures S16 and S17). The first of these
sites led to a change of the amino acid E (glutamic acid, acidic) to K (lysine, alkaline) (E417K) which is a very
non-conservative amino acid substitution. The second mutation may lead to three types of translation according
to the GT-AG splice rule (Breathnach et al., 1978; Breathnach and Chambon, 1981). The first splice site GG,
violating the GT-AG rule, will generate a deletion of one amino acid after W664. The second and third possible
sites will shift frames, making the gene into a pseudogene. Published RNA sequencing data from an Ossabaw
diet experiment showed that LEPR gene was minimally expressed in 13 examined Ossabaw pigs (epicardial ad-
ipose tissue) (Walker et al., 2019) (Figure 4E). Also, six genes (CCK, PRL, INS, AGRP, POMC and RETN) were
found in the same study not to be expressed. As indicated in Figure 4D these genes are all associated with
LEPR so even if LEP was found to be expressed both in WD (Western style diet) and HHD (Heart Healthy style
diet) groups (Figure 4E), the silence of related upstream regulatory or downstream receptor genes is highly likely
to affect the function of pathways related to LEPR. More samples from different tissues should be checked in
future work. The importance of leptin genes and modulation of leptin action and protein expression in Ossabaw
pigs were indicated in previous studies (Lee et al., 2009; McKenney et al., 2014; Neeb et al., 2010; Payne et al.,
2010), providing stimulus for future obesity and disease studies on these genes.
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represents the strength of gene interaction.
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Figure 4. Continued

(E) Heatmap of gene expression (FPKM, Fragments Per Kilobase of exon model per Million mapped fragments) for LEPR
network genes, from an Ossabaw diet experiment (Walker et al., 2019), WD (Western style diet) and HHD (Heart Healthy
style diet) group.

DISCUSSION

In the present study, we selected an economical sequencing strategy, combining sequencing of a stLFR library
giving ~125-fold coverage of the genome with “low” depth (around 10-fold) ONT data instead of a more
expensive high depth ONT or Pacbio sequencing. The fully de novo assembled Ossabaw pig genome (V4)
reached a CN50 of ~6 Mb which rivals assembling using high depth ONT or Pacbio sequencing. Except for
the Duroc reference genome (Warr et al., 2020) and two other published pig genomes (Figure 1A), the Ossa-
baw genome assembly presented here greatly surpasses all other published pig genomes with respect to con-
tig length, including those of miniature pigs specifically bred for biomedical purposes. Thus, the genome of
the highly inbred Chinese Bama miniature pig has been assembled at the chromosome level with a CN50 of
1 Mb (Zhang et al., 2019), whereas the Wuzhishan miniature pig (Fang et al., 2012) has only been reported at
the scaffold level with a CN50 of 0.024 Mb. Finally, the genome of the European Géttingen minipig, widely
used for preclinical research and toxicology has been assembled at CN50 of 0.021 Mb (Vamathevan et al.,
2013) This high quality Ossabaw pig genome assembly allows further analyses to be done with high certainty.

The overall SNP rate of the Ossabaw pig genome (~1.68%,) is higher than that of the human genome (0.69%,),
and Chinese miniature pig breeds Bama (0.01%,), and Wuzhishan (1.4%,) (Fang et al., 2012; Zhang et al., 2019),
but considerably lower than the Géttingen minipig genome (2.44%,) and also a little lower than the reference
Duroc pig genome (1.75%,). The high SNP rate of the Ossabaw genome results in the heterozygosis of important
genes, such as fatty acid metabolism related genes including CPT1A, HACD1, ADIPOQ and ACSBG2. Just as in
humans and mice, these heterozygous genes are involved in fatty acid metabolism and thus may contribute to
the Ossabaw obese phenotype. These interesting heterozygous genes potentially play a role in the ‘thrifty’
phenotype of the Ossabaw pig and should be further investigated.

When comparing genes in the Ossabaw genome to the other 13 pig breeds, 214 genes were identified as posi-
tively selected. One of these is the LEPR gene encoding the leptin receptor, centrally involved in many aspects
of appetite control, lipid turnover and innate immune reactions in adipose tissues. Two sites in the LEPR gene
are positively selected; the first one gives rise to a change in from glutamic acid to lysine at amino acid 417
(E417K). The second gives rise to three possible alternative translation products, one resulting in a deletion
of AA665, and the two other ones frameshifting the read, abolishing translation (pseudogenization). Analysis
of existing RNA data showed that LEPR was minimally expressed in examined samples (Walker et al., 2019).
However, more samples from different tissues should be checked and functional experiments should be
done in the future to investigate the consequence of these changes in the Ossabaw LEPR gene.

There is good evidence that translation of obese Ossabaw pig biology to human medicine is substantial
(Neeb et al., 2010; Sham et al., 2014; Sturek et al., 2015, 2020). Indeed, its propensity for obesity has likely
been shaped by the feast-and-famine environment of Ossabaw Island. A major food source of the Ossabaw
pigisthe acorn, which has seasonal variation (Mayer and Brisbin, 1991). The pig is monogastric, thus cannot
derive sufficient calories from consumption of grass and other cellulose-based foods that require fermen-
tative digestion. Ossabaw Island mimics the evolutionary forces shaping the human genome during the
hunter-gatherer stage of human evolution (Neel, 1962). This makes the Ossabaw pig genome highly inter-
esting in the search for molecular clues to predisposition to obesity and its comorbidities, including the
obesity-associated increased risk of adverse outcomes during viral respiratory disease such as influenza
and COVID-19 (Heegaard et al., 2020; Popkin et al., 2020). The high quality Ossabaw pig genome pre-
sented here adds a highly human relevant obesity prone genome to the porcine genetic engineering
toolbox increasingly used for diabetes and metabolic research (Zettler et al., 2020). This allows new, rele-
vant gene targets to be defined and provides precise information for designing genetic modifications for
probing gene functions. As an example, genes related to innate immune settings during immune training
can now be analyzed for expression patterns and functionality during obesity and comorbidity develop-
ment (Bekkering et al., 2020) in the Ossabaw pig and other pig breeds.

The Ossabaw pig genome provides a blueprint to inform gene modification and RNA targeting/silencing
experiments, targeted mRNA quantification and ultimately, by inference, investigations of the Ossabaw
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proteome in health and disease. The availability of the genome of the obesity-prone Ossabaw miniature
pig has the potential to greatly promote our understanding of complex immunological and metabolic fea-
tures, and comorbidities in obesity.

Limitations of the study

Functional studies should be performed to validate the candidate genes that were found in this study to
be associated with the tendency of the Ossabaw miniature pig to obesity, to further consolidate its use
as an outstanding animal model for human obesity and obesity related disease. As with any animal model,
interspecies differences should be noted when using the model to investigate mechanisms of human
diseases.

STARXMETHODS

Detailed methods are provided in the online version of this paper and include the following:

o KEY RESOURCES TABLE
o RESOURCE AVAILABILITY
O Lead contact
O Materials availability
O Data and code availability
o EXPERIMENTAL MODEL AND SUBJECT DETAILS
O Source organism: Sus scrofa
e METHOD DETAILS
O DNA isolation and genomic sequencing
O Genome assembly and annotation
O SNP calling and PSMC analysis
O Gene family analysis
O Construction of phylogenetic tree and estimation of divergence time
O Identification of positively selected genes.
O Identification SVs compared to Duroc
O Comparative transcriptome analysis
O Gene enrichment
o QUANTIFICATION AND STATISTICAL ANALYSIS

SUPPLEMENTAL INFORMATION
Supplemental information can be found online at https://doi.org/10.1016/].isci.2021.103081.

ACKNOWLEDGMENTS

Henriette Vorsholt is thanked for excellent technical assistance. This work was supported by the DTU Eu-
ropean Ossabaw Facility, a BGI-DTU PhD scholarship (Y.Z.), and the U.S. National Institutes of Health Dia-
betes Research Center Swine Core (P30 DK097512) for salary support (M.S.). Early studies suggesting the
genetic uniqueness of the Ossabaw Island pigs were supported by the U.S. Department of Energy (EY-76-
C-09-0819; I. Lehr Brisbin, University of Georgia).

AUTHOR CONTRIBUTIONS

Y.Z. and P.M.H.H. designed this research, performed DNA extraction, genome sequencing and data anal-
ysis, and wrote the manuscript. G.F., X.L., K.S. and M.S. helped to revise the manuscript. All authors read
and approved the final manuscript.

DECLARATION OF INTERESTS

The authors declare no competing interest.

Received: April 26, 2021
Revised: July 8, 2021
Accepted: August 31, 2021
Published: September 24, 2021

¢? CellPress

OPEN ACCESS

iScience 24, 103081, September 24, 2021 1



https://doi.org/10.1016/j.isci.2021.103081

¢? CellPress

OPEN ACCESS

REFERENCES

Adult Obesity Facts. (2021). https://www.cdc.
gov/obesity/data/adult.html.

Alonge, M., Soyk, S., Ramakrishnan, S., Wang, X.,
Goodwin, S., Sedlazeck, F.J., Lippman, Z.B., and
Schatz, M.C. (2019). RaGOOQ: fast and accurate
reference-guided scaffolding of draft genomes.
Genome Biol. 20, 1-17.

Altschul, S.F., Gish, W., Miller, W., Myers, EW.,
and Lipman, D.J. (1990). Basic local alignment
search tool. J. Mol. Biol. 215, 403-410.

Andersson, L. (2003). Identification and
characterization of AMPK gamma 3 mutations in
the pig. Biochem. Soc. Trans. 31, 232-235.

Apweiler, R., Attwood, T.K., Bairoch, A., Bateman,
A., Birney, E., Biswas, M., Bucher, P., Cerutti, L.,
Corpet, F., and Croning, M.D. (2001). The InterPro
database, an integrated documentation resource
for protein families, domains and functional sites.
Nucleic Acids Res. 29, 37-40.

Ashburner, M., Ball, C.A., Blake, J.A., Botstein, D.,
Butler, H., Cherry, J.M., Davis, A.P., Dolinski, K.,
Dwight, S.S., Eppig, J.T., et al. (2000). Gene
ontology: tool for the unification of biology. The
Gene Ontology Consortium. Nat. Genet. 25,
25-29.

Azab, E., Kebeish, R., and Hegazy, A.K. (2018).
Expression of the human gene CYP1A2 enhances
tolerance and detoxification of the phenylurea
herbicide linuron in Arabidopsis thaliana plants
and Escherichia coli. Environ. Pollut. 238,
281-290.

Beissbarth, T., and Speed, T.P. (2004). GOstat:
find statistically overrepresented Gene
Ontologies within a group of genes.
Bioinformatics 20, 1464-1465.

Bekkering, S., Saner, C., Riksen, N.P., Netea,
M.G., Sabin, M.A., Saffery, R., Stienstra, R., and
Burgner, D.P. (2020). Trained immunity: linking
obesity and cardiovascular disease across the life-
course? Trends Endocrinol. Metab. 31, 378-389.

Bellinger, D.A., Merricks, E.P., and Nichols, T.C.
(2006). Swine models of type 2 diabetes mellitus:
insulin resistance, glucose tolerance, and
cardiovascular complications. ILAR J. 47,
243-258.

Bennett, M.J., and Santani, A.B. (2016). Carnitine
Palmitoyltransferase 1A Deficiency. 2005 Jul 27
[updated 2016 Mar 17]. In GeneReviews®
[Internet], M.P. Adam, H.H. Ardinger, R.A. Pagon,
S.E. Wallace, L.J.H. Bean, G. Mirzaa, and A.
Amemiya, eds. (Seattle (WA): University of
Washington, Seattle), pp. 1993-2021.

Benson, G. (1999). Tandem repeats finder: a
program to analyze DNA sequences. Nucleic
Acids Res. 27, 573.

Bernstein, H., Payne, C., Bernstein, C., Garewal,
H., and Dvorak, K. (2008). Cancer and Aging as
Consequences of Un-repaired DNA Damage.
New Research on DNA Damages (Nova Science
Publishers), pp. 1-47.

Birney, E., Clamp, M., and Durbin, R. (2004).

GeneWise and genomewise. Genome Res. 14,
988-995.

12 iScience 24, 103081, September 24, 2021

Bluher, M. (2019). Obesity: global epidemiology
and pathogenesis. Nat. Rev. Endocrinol. 15,
288-298.

Boeckmann, B., Bairoch, A., Apweiler, R., Blatter,
M.-C., Estreicher, A., Gasteiger, E., Martin, M.J.,
Michoud, K., O'Donovan, C., and Phan, I. (2003).
The SWISS-PROT protein knowledgebase and its
supplement TrEMBL in 2003. Nucleic Acids Res.
31, 365-370.

Béger, C.A., Chen, M.-H., Tin, A., Olden, M.,
Kéttgen, A., de Boer, I.H., Fuchsberger, C.,
O'Seaghdha, C.M., Pattaro, C., and Teumer, A.
(2011). CUBN is a gene locus for albuminuria.
J. Am. Soc. Nephrol. 22, 555-570.

Boulton, S.J., and Jackson, S.P. (1998).
Components of the Ku-dependent
non-homologous end-joining pathway are
involved in telomeric length maintenance and
telomeric silencing. EMBO J. 17, 1819-1828.

Breathnach, R., Benoist, C., O'hare, K.,
Gannon, F., and Chambon, P. (1978).
Ovalbumin gene: evidence for a leader
sequence in mRNA and DNA sequences at
the exon-intron boundaries. Proc. Natl. Acad.
Sci. U S A 75, 4853-4857.

Breathnach, R., and Chambon, P. (1981).
Organization and expression of eucaryotic split
genes coding for proteins. Annu. Rev. Biochem.
50, 349-383.

Brisbin, I.L., Jr., and Mayer, J.J. (2001). Problem
pigs in a poke: a good pool of data. Science 294,
1280-1281.

Bru, C., Courcelle, E., Carrere, S., Beausse, Y.,
Dalmar, S., and Kahn, D. (2005). The ProDom
database of protein domain families: more
emphasis on 3D. Nucleic Acids Res. 33, D212—
D215.

Burge, S.W., Daub, J., Eberhardt, R., Tate, J.,
Barquist, L., Nawrocki, E.P., Eddy, S.R., Gardner,
P.P., and Bateman, A. (2013). Rfam 11.0: 10 years
of RNA families. Nucleic Acids Res. 41, D226—
D232.

Chawla, A., Spencer, S., Alloosh, M., Byrd, J.,
Mather, K., and Sturek, M. (2012). Ossabaw
miniature swine with a loss-of-function AMP
kinase gamma 3 mutation have augmented
electrocardiographic ST segment elevation
during myocardial ischemia. Paper presented at:
Journal of General Physiology (Rockefeller Univ
Press 1114 First Ave, 4TH FL, New York, NY
10021 USA).

Chen, F.Z,, You, LJ., Yang, F., Wang, L.N., Guo,
X.Q., Gao, F., Hua, C,, Tan, C,, Fang, L., Shan,
R.Q., et al. (2020). CNGBdb: China National
GeneBank DataBase. Yi Chuan 42, 799-809.

Chen, S., Yang, P., Jiang, F., Wei, Y., Ma, Z., and
Kang, L. (2010). De novo analysis of transcriptome
dynamics in the migratory locust during the

development of phase traits. PLoS One 5, e15633.

Chen, Y., Chen, Y., Shi,C.,Huang, Z., Zhang, Y., Li,
S., Li, Y., Ye, J., Yy, C, and Li, Z. (2017).
SOAPnuke: a MapReduce acceleration-
supported software for integrated quality control
and preprocessing of high-throughput
sequencing data. GigaScience 7, gix120.

iScience

Chua, S.C., White, D.W., Wu-Peng, X.S., Liu,
S.-M., Okada, N., Kershaw, E.E., Chung, W.K,,
Power-Kehoe, L., Chua, M., and Tartaglia, L.A.
(1996). Phenotype of fatty due to GIn269Pro
mutation in the leptin receptor (Lepr). Diabetes
45, 1141-1143.

Chung, W.K., Belfi, K., Chua, M., Wiley, J.,
Mackintosh, R., Nicolson, M., Boozer, C.N., and
Leibel, R.L. (1998). Heterozygosity for Lep(ob) or
Lep(rdb) affects body composition and leptin
homeostasis in adult mice. Am. J. Physiol. Regul.
Integr. Comp. Physiol. 274, R985-R%990.

Ciobanu, D., Bastiaansen, J., Malek, M., Helm,
J., Woollard, J., Plastow, G., and Rothschild, M.
(2001). Evidence for new alleles in the protein
kinase adenosine monophosphate-activated
gamma(3)-subunit gene associated with low
glycogen content in pig skeletal muscle and
improved meat quality. Genetics 159, 1151-
1162.

Ciotti, M., Marrone, A., Potter, C., and Owens, |.S.
(1997). Genetic polymorphism in the human
UGT1A6 (planar phenol) UDP-
glucuronosyltransferase: pharmacological
implications. Pharmacogenetics 7, 485-495.

De Bie, T., Cristianini, N., Demuth, J.P., and Hahn,
M.W. (2006). CAFE: a computational tool for the
study of gene family evolution. Bioinformatics 22,
1269-1271.

Edgar, R.C. (2004). MUSCLE: multiple sequence
alignment with high accuracy and high
throughput. Nucleic Acids Res. 32, 1792-1797.

Fang, X., Mu, Y., Huang, Z., Li, Y., Han, L., Zhang,
Y., Feng, Y., Chen, Y., Jiang, X., and Zhao, W.
(2012). The sequence and analysis of a Chinese
pig genome. Gigascience 1. https://doi.org/10.
1186/2047-217X-1-16.

Faroog;, I.S., Drop, S., Clements, A., Keogh, J.M.,
Biernacka, J., Lowenbein, S., Challis, B.G., and
O'Rahilly, S. (2006). Heterozygosity for a POMC-
null mutation and increased obesity risk in
humans. Diabetes 55, 2549-2553.

Fedier, A., Ruefenacht, U., Schwarz, V., Haller, U.,
and Fink, D. (2002). Increased sensitivity of p53-
deficient cells to anticancer agents due to loss of
Pms2. Br. J. Cancer 87, 1027-1033.

Glatt, H., Rost, K., Frank, H., Seidel, A., and
Kollock, R. (2008). Detoxification of promutagenic
aldehydes derived from methylpyrenes by human
aldehyde dehydrogenases ALDH2 and
ALDH3AT1. Arch. Biochem. Biophys. 477, 196-205.

Groenen, M.A., Archibald, A.L., Uenishi, H.,
Tuggle, C.K., Takeuchi, Y., Rothschild, M.F.,
Rogel-Gaillard, C., Park, C., Milan, D., and
Megens, H.-J. (2012). Analyses of pig genomes
provide insight into porcine demography and
evolution. Nature 4917, 393-398.

Guindon, S., Delsuc, F., Dufayard, J.-F., and
Gascuel, O. (2009). Estimating maximum
likelihood phylogenies with PhyML. Bioinform.
DNA Seq. Anal. 537, 113-137.

Guo, X., Chen, F,, Gao, F., Li, L., Liu, K., You, L.,
Hua, C., Yang, F., Liu, W., Peng, C., et al. (2020).
CNSA: a data repository for archiving omics data.


https://www.cdc.gov/obesity/data/adult.html
https://www.cdc.gov/obesity/data/adult.html
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref2
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref2
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref2
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref2
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref2
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref3
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref3
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref3
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref4
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref4
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref4
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref5
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref5
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref5
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref5
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref5
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref5
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref6
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref6
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref6
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref6
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref6
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref6
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref7
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref7
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref7
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref7
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref7
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref7
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref8
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref8
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref8
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref8
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref9
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref9
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref9
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref9
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref9
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref10
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref10
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref10
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref10
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref10
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref11
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref11
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref11
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref11
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref11
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref11
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref11
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref12
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref12
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref12
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref13
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref13
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref13
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref13
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref13
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref14
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref14
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref14
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref15
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref15
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref15
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref16
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref16
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref16
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref16
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref16
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref16
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref17
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref17
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref17
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref17
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref17
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref18
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref18
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref18
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref18
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref18
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref18
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref18
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref18
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref19
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref19
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref19
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref19
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref19
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref19
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref20
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref20
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref20
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref20
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref21
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref21
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref21
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref22
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref22
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref22
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref22
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref22
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref23
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref23
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref23
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref23
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref23
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref25
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref25
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref25
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref25
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref26
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref26
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref26
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref26
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref27
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref27
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref27
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref27
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref27
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref27
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref28
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref28
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref28
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref28
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref28
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref28
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref29
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref29
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref29
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref29
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref29
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref29
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref30
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref30
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref30
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref30
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref30
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref30
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref30
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref30
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref31
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref31
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref31
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref31
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref31
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref32
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref32
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref32
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref32
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref33
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref33
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref33
https://doi.org/10.1186/2047-217X-1-16
https://doi.org/10.1186/2047-217X-1-16
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref35
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref35
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref35
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref35
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref35
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref36
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref36
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref36
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref36
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref37
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref37
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref37
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref37
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref37
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref38
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref38
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref38
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref38
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref38
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref38
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref39
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref39
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref39
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref39

iScience
Article

Database (Oxford) 2020. https://doi.org/10.1093/
database/baaa055.

Haas, B.J., Salzberg, S.L., Zhu, W., Pertea, M.,
Allen, J.E., Orvis, J., White, O., Buell, C.R., and
Wortman, J.R. (2008). Automated eukaryotic
gene structure annotation using
EVidenceModeler and the program to assemble
spliced alignments. Genome Biol. 9, 1-22.

Han, Z., Mtango, N.R., Patel, B.G., Sapienza, C.,
and Latham, K.E. (2008). Hybrid vigor and
transgenerational epigenetic effects on early
mouse embryo phenotype. Biol. Reprod. 79,
638-648.

Harris, R.S. (2007). Improved Pairwise Alignment
of Genomic DNA. PhD thesis (USA: Pennsylvania
State University).

Hedges, S.B., Dudley, J., and Kumar, S. (2006).
TimeTree: a public knowledge-base of
divergence times among organisms.
Bioinformatics 22, 2971-2972.

Hedrick, P.W. (2015). Heterozygote advantage:
the effect of artificial selection in livestock and
pets. J. Hered. 106, 141-154.

Heegaard, P.M., Sturek, M., Alloosh, M., and
Belsham, G.J. (2020). Animal models for
COVID-19: more to the picture than ACE2,
rodents, ferrets, and non-human primates. A
case for porcine respiratory Coronavirus and
the obese Ossabaw pig. Front. Microbiol. 11,
2333.

Hornbeck, P.V., Kornhauser, J.M., Tkacheyv, S.,
Zhang, B., Skrzypek, E., Murray, B., Latham, V.,
and Sullivan, M. (2012). PhosphoSitePlus: a
comprehensive resource for investigating the
structure and function of experimentally
determined post-translational modifications in
man and mouse. Nucleic Acids Res. 40, D261-
D270.

Huang, D.W., Sherman, B.T., and Lempicki, R.A.
(2009). Bioinformatics enrichment tools: paths
toward the comprehensive functional analysis of
large gene lists. Nucleic Acids Res. 37, 1-13.

Hulo, N., Bairoch, A., Bulliard, V., Cerutti, L., De

Castro, E., Langendijk-Genevaux, P.S., Pagni, M.,
and Sigrist, C.J. (2006). The PROSITE database.

Nucleic Acids Res. 34, D227-D230.

lkeda, M., Kanao, Y., Yamanaka, M., Sakuraba, H.,
Mizutani, Y., lgarashi, Y., and Kihara, A. (2008).
Characterization of four mammalian
3-hydroxyacyl-CoA dehydratases involved in very
long-chain fatty acid synthesis. FEBS Lett. 582,
2435-2440.

Jentsch, T.J., Stein, V., Weinreich, F., and Zdebik,
AA.(2002). Molecular structure and physiological
function of chloride channels. Physiol. Rev. 82,
503-568.

Jurka, J., Kapitonov, V.V., Pavlicek, A., Klonowski,
P., Kohany, O., and Walichiewicz, J. (2005).
Repbase update, a database of eukaryotic
repetitive elements. Cytogenet. Genome Res.
110, 462-467.

Kanehisa, M., and Goto, S. (2000). KEGG: kyoto
encyclopedia of genes and genomes. Nucleic
Acids Res. 28, 27-30.

Kanekura, K., Nishimoto, I., Aiso, S., and
Matsuoka, M. (2006). Characterization of
amyotrophic lateral sclerosis-linked P56S
mutation of vesicle-associated membrane
protein-associated protein B (VAPB/ALSS8).
J. Biol. Chem. 281, 30223-30233.

Kaupp, U.B., and Seifert, R. (2002). Cyclic
nucleotide-gated ion channels. Physiol. Rev. 82,
769-824.

Keller, O., Kollmar, M., Stanke, M., and Waack, S.
(2011). A novel hybrid gene prediction method
employing protein multiple sequence
alignments. Bioinformatics 27, 757-763.

Kent, W.J. (2002). BLAT—the BLAST-like
alignment tool. Genome Res. 12, 656-664.

Kleinert, M., Clemmensen, C., Hofmann, S.M.,
Moore, M.C., Renner, S., Woods, S.C., Huypens,
P., Beckers, J., de Angelis, M.H., Schurmann, A.,
et al. (2018). Animal models of obesity and
diabetes mellitus. Nat. Rev. Endocrinol. 14,
140-162.

Kozomara, A., and Griffiths-Jones, S. (2010).
miRBase: integrating microRNA annotation and
deep-sequencing data. Nucleic Acids Res. 39,
D152-D157.

Kronenberg, Z.N., Fiddes, I.T., Gordon, D.,
Murali, S., Cantsilieris, S., Meyerson, O.S.,
Underwood, J.G., Nelson, B.J., Chaisson, M.J.,
and Dougherty, M.L. (2018). High-resolution
comparative analysis of great ape genomes.
Science 360, eaar6343.

Langmead, B., and Salzberg, S.L. (2012). Fast
gapped-read alignment with Bowtie 2. Nat.
Methods 9, 357-359.

Lee, L., Alloosh, M., Saxena, R., Van Alstine, W.,
Watkins, B.A., Klaunig, J.E., Sturek, M., and
Chalasani, N. (2009). Nutritional model of
steatohepatitis and metabolic syndrome in the
Ossabaw miniature swine. Hepatology 50,
56-67.

Li, B., and Dewey, C.N. (2011). RSEM: accurate
transcript quantification from RNA-Seq data with
or without a reference genome. BMC
Bioinformatics 12, 1-16.

Li, H., Coghlan, A., Ruan, J., Coin, L.J., Heriche,
J.K., Osmotherly, L., Li, R., Liu, T., Zhang, Z.,
Bolund, L., et al. (2006). TreeFam: a curated
database of phylogenetic trees of animal gene
families. Nucleic Acids Res. 34, D572-D580.

Li, H., and Durbin, R. (2010). Fast and accurate
long-read alignment with Burrows-Wheeler
transform. Bioinformatics 26, 589-595.

Li, H., and Durbin, R. (2011). Inference of human
population history from individual whole-
genome sequences. Nature 475, 493-496.

Li, Y.Y., Wang, H., Yang, X.X., Wu, J.J., Geng,
H.Y., Kim, H.J., Yang, Z.J., and Wang, L.S. (2017).
LEPR gene GIn223Arg polymorphism and type 2
diabetes mellitus: a meta-analysis of 3,367
subjects. Oncotarget 8, 61927-61934.

Lloyd, P.G., Fang, M., Brisbin, I.L., Jr., Andersson,
L., and Sturek, M. (2006). AMP Kinase Gene
Mutation Is Consistent with a Thrifty Phenotype
(Metabolic Syndrome) in a Population of Feral
Swine (Wiley Online Library).

¢? CellPress

OPEN ACCESS

Léytynoja, A. (2014). Phylogeny-aware alignment
with PRANK. In Multiple sequence Alignment
Methods, pp. 155-170.

Luo, R, Liu, B., Xie, Y., Li, Z., Huang, W., Yuan, J.,
He, G., Chen, Y., Pan, Q., and Liu, Y. (2012).
SOAPdenovo2: an empirically improved
memory-efficient short-read de novo assembler.
Gigascience 1, 18.

Mani, R., St Onge, R.P., Hartman, J.L.t., Giaever,
G., and Roth, F.P. (2008). Defining genetic
interaction. Proc. Natl. Acad. Sci. US A 105, 3461—
3466.

Marchitti, S.A., Orlicky, D.J., Brocker, C., and
Vasiliou, V. (2010). Aldehyde dehydrogenase 3B1
(ALDH3B1): immunohistochemical tissue
distribution and cellular-specific localization in
normal and cancerous human tissues.

J. Histochem. Cytochem. 58, 765-783.

Mashek, D.G,, Li, L.O., and Coleman, R.A. (2007).
Long-chain acyl-CoA synthetases and fatty acid
channeling. Future Lipidol. 2, 465-476.

Mayer, J.J., and Brisbin, 1. (1991). Wild Pigs of the
United States: Their History, Morphology, and
Current Status (University of Georgia Press).

McKenna, A., Hanna, M., Banks, E.,
Sivachenko, A., Cibulskis, K., Kernytsky, A.,
Garimella, K., Altshuler, D., Gabriel, S., and
Daly, M. (2010). The genome analysis toolkit: a
MapReduce framework for analyzing next-
generation DNA sequencing data. Genome
Res. 20, 1297-1303.

McKenney, M.L., Schultz, KA., Boyd, J.H., Byrd,
J.P., Alloosh, M., Teague, S.D., Arce-Esquivel,
AA., Fain, J.N., Laughlin, M.H., Sacks, H.S., et al.
(2014). Epicardial adipose excision slows the
progression of porcine coronary atherosclerosis.
J. Cardiothorac. Surg. 9, 2.

Mi, H., Lazareva-Ulitsky, B., Loo, R., Kejariwal, A.,
Vandergriff, J., Rabkin, S., Guo, N., Muruganujan,
A., Doremieux, O., Campbell, M.J., et al. (2005).
The PANTHER database of protein families,
subfamilies, functions and pathways. Nucleic
Acids Res. 33, D284-D288.

Neeb, Z.P., Edwards, J.M., Alloosh, M., Long, X.,
Mokelke, E.A., and Sturek, M. (2010). Metabolic
syndrome and coronary artery disease in
Ossabaw compared with Yucatan swine. Comp.
Med. 60, 300-315.

Neel, J.V. (1962). Diabetes mellitus: a “thrifty”
genotype rendered detrimental by “progress”?
Am. J. Hum. Genet. 14, 353.

Nguyen, D.T., Lee, K., Choi, H., Choi, M.-k., Le,
M.T., Song, N., Kim, J.-H., Seo, H.G., Oh, J.-W.,
and Lee, K. (2012). The complete swine olfactory
subgenome: expansion of the olfactory gene
repertoire in the pig genome. BMC Genom. 13,
584.

O'Neill, S., and O'Driscoll, L. (2015). Metabolic
syndrome: a closer look at the growing epidemic
and its associated pathologies. Obes. Rev. 16,
1-12.

Payne, G.A., Borbouse, L., Kumar, S., Neeb, Z.,
Alloosh, M., Sturek, M., and Tune, J.D. (2010).
Epicardial perivascular adipose-derived leptin
exacerbates coronary endothelial dysfunction in
metabolic syndrome via a protein kinase C-beta

iScience 24, 103081, September 24, 2021 13



https://doi.org/10.1093/database/baaa055
https://doi.org/10.1093/database/baaa055
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref41
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref41
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref41
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref41
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref41
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref41
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref42
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref42
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref42
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref42
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref42
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref43
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref43
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref43
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref44
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref44
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref44
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref44
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref45
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref45
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref45
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref46
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref46
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref46
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref46
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref46
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref46
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref46
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref47
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref47
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref47
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref47
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref47
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref47
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref47
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref47
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref48
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref48
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref48
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref48
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref49
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref49
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref49
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref49
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref50
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref50
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref50
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref50
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref50
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref50
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref50
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref50
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref50
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref51
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref51
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref51
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref51
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref52
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref52
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref52
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref52
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref52
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref53
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref53
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref53
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref54
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref54
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref54
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref54
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref54
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref54
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref55
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref55
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref55
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref56
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref56
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref56
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref56
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref57
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref57
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref58
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref58
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref58
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref58
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref58
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref58
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref59
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref59
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref59
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref59
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref60
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref60
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref60
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref60
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref60
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref60
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref61
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref61
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref61
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref62
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref62
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref62
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref62
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref62
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref62
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref63
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref63
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref63
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref63
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref64
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref64
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref64
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref64
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref64
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref65
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref65
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref65
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref66
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref66
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref66
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref67
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref67
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref67
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref67
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref67
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref68
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref68
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref68
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref68
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref68
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref69
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref69
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref69
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref70
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref70
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref70
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref70
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref70
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref71
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref71
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref71
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref71
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref72
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref72
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref72
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref72
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref72
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref72
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref73
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref73
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref73
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref74
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref74
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref74
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref75
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref75
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref75
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref75
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref75
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref75
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref75
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref76
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref76
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref76
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref76
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref76
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref76
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref77
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref77
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref77
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref77
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref77
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref77
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref78
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref78
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref78
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref78
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref78
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref79
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref79
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref79
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref79
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref79
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref79
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref79
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref80
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref80
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref80
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref80
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref80
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref80
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref81
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref81
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref81
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref81
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref82
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref82
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref82
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref82
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref82

¢? CellPress

OPEN ACCESS

pathway. Arterioscler Thromb. Vasc. Biol. 30,
1711-1717.

Pereira, S., O'Dwyer, S.M., Webber, T.D., Baker,
R.K., So, V., Ellis, C.E., Yoon, J.S., Mojibian, M.,
Glavas, M.M., Karunakaran, S., et al. (2019).
Metabolic effects of leptin receptor knockdown
or reconstitution in adipose tissues. Sci. Rep. 9,
3307.

Ponting, C.P., Schultz, J., Milpetz, F., and Bork,
P. (1999). SMART: identification and annotation
of domains from signalling and extracellular
protein sequences. Nucleic Acids Res. 27,
229-232.

Popkin, B.M., Du, S., Green, W.D., Beck, M.A,,
Algaith, T., Herbst, C.H., Alsukait, R.F., Alluhidan,
M., Alazemi, N., and Shekar, M. (2020). Individuals
with obesity and COVID-19: a global perspective
on the epidemiology and biological
relationships. Obes. Rev. 21, €13128.

Pruitt, K.D., Tatusova, T., Brown, G.R., and
Maglott, D.R. (2011). NCBI Reference Sequences
(RefSeq): current status, new features and
genome annotation policy. Nucleic Acids Res. 40,
D130-D135.

Pryszcz, L.P., and Gabaldén, T. (2016).
Redundans: an assembly pipeline for highly
heterozygous genomes. Nucleic Acids Res. 44,
el13.

Pulido, M.R., Diaz-Ruiz, A., Jimenez-Gomez, Y.,
Garcia-Navarro, S., Gracia-Navarro, F.,
Tinahones, F., Lopez-Miranda, J., Frihbeck, G.,
Véazquez-Martinez, R., and Malagén, M.M. (2011).
Rab18 dynamics in adipocytes in relation to
lipogenesis, lipolysis and obesity. PLoS One 6,
e22931.

Punta, M., Coggill, P.C., Eberhardt, R.Y., Mistry,
J., Tate, J., Boursnell, C., Pang, N., Forslund, K.,
Ceric, G., Clements, J., et al. (2012). The Pfam
protein families database. Nucleic Acids Res. 40,
D290-D301.

Reilly, S.M., and Saltiel, A.R. (2017). Adapting to
obesity with adipose tissue inflammation. Nat.
Rev. Endocrinol. 13, 633-643.

Renaldi, O., Pramono, B., Sinorita, H., Purnomo,
L.B., Asdie, R.H., and Asdie, A.H. (2009).
Hypoadiponectinemia: a risk factor for metabolic
syndrome. Acta Med. Indones 41, 20-24.

Rheinheimer, J., de Souza, B.M., Cardoso, N.S.,
Bauer, A.C., and Crispim, D. (2017). Current role
of the NLRP3 inflammasome on obesity and
insulin resistance: a systematic review.
Metabolism 74, 1-9.

Schmutz, J., Wheeler, J., Grimwood, J., Dickson,
M., Yang, J., Caoile, C., Bajorek, E., Black, S.,
Chan, Y.M., and Denys, M. (2004). Quality
assessment of the human genome sequence.
Nature 429, 365-368.

Sham, J.G., Simianu, V.V., Wright, A.S., Stewart,
S.D., Alloosh, M., Sturek, M., Cummings, D.E.,
and Flum, D.R. (2014). Evaluating the mechanisms
of improved glucose homeostasis after bariatric
surgery in Ossabaw miniature swine. J. Diabetes
Res. 2014, 526972.

Simao, F.A., Waterhouse, R.M., loannidis, P.,

Kriventseva, E.V., and Zdobnov, E.M. (2015).
BUSCO: assessing genome assembly and

14 iScience 24, 103081, September 24, 2021

annotation completeness with single-
copy orthologs. Bioinformatics 37, 3210-
3212.

Song, Y., Altarejos, J., Goodarzi, M.O., Inoue, H.,
Guo, X., Berdeaux, R., Kim, J.-H., Goode, J.,
lgata, M., and Paz, J.C. (2010). CRTC3 links
catecholamine signalling to energy balance.
Nature 468, 933-939.

Spurlock, M.E., and Gabler, N.K. (2008). The
development of porcine models of obesity
and the metabolic syndrome. J. Nutr. 138,
397-402.

Stribling, H.L., Brisbin, I.L., Sweeney, J.R., and
Stribling, L.A. (1984). Body fat reserves and their
prediction in two populations of feral swine.

J. Wildl. Manag. 48, 635-639.

Sturek, M., Alloosh, M., and Sellke, F.W. (2020).
Swine disease models for optimal vascular
engineering. Annu. Rev. Biomed. Eng. 22, 25-49.

Sturek, M., Tune, J., and Alloosh, M. (2015).
Ossabaw Island Miniature Swine: Metabolic
Syndrome and Cardiovascular Assessment. In
Swine in the Laboratory: Surgery, Anesthesia,
Imaging, and Experimental Techniques,

pp. 451-465.

Suzuki, Y., and Nei, M. (2004). False-positive
selection identified by ML-based methods:
examples from the Sig1 gene of the diatom
Thalassiosira weissflogii and the tax gene of a
human T-cell lymphotropic virus. Mol. Biol. Evol.
21, 914-921.

Talavera, G., and Castresana, J. (2007).
Improvement of phylogenies after removing
divergent and ambiguously aligned blocks from
protein sequence alignments. Syst. Biol. 56,
564-577.

Tang, D., Kang, R., Berghe, T.V., Vandenabeele,
P., and Kroemer, G. (2019). The molecular
machinery of regulated cell death. Cell Res. 29,
347-364.

Tarailo-Graovac, M., and Chen, N. (2009). Using
RepeatMasker to identify repetitive elements in
genomic sequences. Curr. Protoc. Bioinform. 5,
4.10.11-14.10.14.

Tsekmekidou, X., Tsetsos, F., Koufakis, T., Karras,
S.N., Georgitsi, M., Papanas, N., Papazoglou, D.,
Roumeliotis, A., Panagoutsos, S., and Thodis, E.
(2020). Association between CUBN gene variants,
type 2 diabetes and vitamin D concentrations in
an elderly Greek population. J. Steroid Biochem.
Mol. Biol. 198, 105549.

Ukkola, O., and Santaniemi, M. (2002).
Adiponectin: a link between excess adiposity and
associated comorbidities? J. Mol. Med. 80,
696-702.

Vamathevan, J.J., Hall, M.D., Hasan, S.,
Woollard, P.M., Xu, M., Yang, Y., Li, X., Wang,
X., Kenny, S., Brown, J.R., et al. (2013). Minipig
and beagle animal model genomes aid species
selection in pharmaceutical discovery and
development. Toxicol. Appl. Pharmacol. 270,
149-157.

Venter, J.C., Adams, M.D., Myers, EW., Li, P.W.,
Mural, R.J., Sutton, G.G., Smith, H.O., Yandell,
M., Evans, C.A., and Holt, R.A. (2001). The

iScience
Article

sequence of the human genome. Science 291,
1304-1351.

Walker, B.J., Abeel, T., Shea, T., Priest, M.,
Abouelliel, A., Sakthikumar, S., Cuomo, C.A.,,
Zeng, Q., Wortman, J., and Young, S.K.
(2014). Pilon: an integrated tool for
comprehensive microbial variant detection
and genome assembly improvement. PLoS
One 9, e112963.

Walker, M.E., Matthan, N.R., Solano-Aguilar, G.,
Jang, S., Lakshman, S., Molokin, A., Faits, T.,
Urban, J.F., Jr., Johnson, W.E., and Lamon-Fava,
S. (2019). A Western-type dietary pattern and
atorvastatin induce epicardial adipose tissue
interferon signaling in the Ossabaw pig. J. Nutr.
Biochem. 67, 212-218.

Wang, O., Chin, R., Cheng, X., Wu, M.KY.,
Mao, Q., Tang, J., Sun, Y., Anderson, E., Lam,
H.K., and Chen, D. (2019). Efficient and unique
cobarcoding of second-generation sequencing
reads from long DNA molecules enabling cost-
effective and accurate sequencing,
haplotyping, and de novo assembly. Genome
Res. 29, 798-808.

Warr, A., Affara, N., Aken, B., Beiki, H.,
Bickhart, D.M., Billis, K., Chow, W., Eory, L.,
Finlayson, H.A., and Flicek, P. (2020). An
improved pig reference genome sequence to
enable pig genetics and genomics research.
GigaScience 9, giaa051.

Warren, W.C., Kuderna, L., Alexander, A.,
Catchen, J., Perez-Silva, J.G., Lopez-Otin, C.,
Quesada, V., Minx, P., Tomlinson, C., Montague,
M.J., et al. (2017). The novel evolution of the
sperm whale genome. Genome Biol. Evol. 9,
3260-3264.

Weisenfeld, N.I., Kumar, V., Shah, P., Church,
D.M., and Jaffe, D.B. (2017). Direct determination
of diploid genome sequences. Genome Res. 27,
757-767.

Xu, M., Guo, L., Gu, S., Wang, O., Zhang, R., Fan,
G., Xu, X., Deng, L., and Liu, X. (2019). TGS-
GapCloser: fast and accurately passing through
the bermuda in large genome using error-prone
third-generation long reads. bioRxiv, 831248.
https://doi.org/10.1101/831248.

Xu, Z., and Wang, H. (2007). LTR_FINDER: an
efficient tool for the prediction of full-length LTR
retrotransposons. Nucleic Acids Res. 35, W265—
W268.

Yang, X., Wang, Y., and Wang, G. (2014).
Quantitative assessment of the influence of
EPHX1 gene polymorphisms and cancer risk: a
meta-analysis with 94,213 subjects. J. Exp. Clin.
Cancer Res. 33, 82.

Yang, Z. (2007). PAML 4: phylogenetic analysis by
maximum likelihood. Mol. Biol. Evol. 24, 1586—
1591.

Yang, Z., and Rannala, B. (2006). Bayesian
estimation of species divergence times under a
molecular clock using multiple fossil
calibrations with soft bounds. Mol. Biol. Evol.
23, 212-226.

Yokoyama, Y., Lambeck, K., De Deckker, P.,
Johnston, P., and Fifield, L.K. (2000). Timing of the
last glacial maximum from observed sea-level
minima. Nature 406, 713-716.


http://refhub.elsevier.com/S2589-0042(21)01049-X/sref82
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref82
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref83
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref83
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref83
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref83
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref83
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref83
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref84
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref84
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref84
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref84
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref84
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref85
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref85
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref85
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref85
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref85
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref85
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref85
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref86
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref86
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref86
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref86
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref86
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref87
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref87
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref87
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref87
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref88
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref88
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref88
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref88
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref88
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref88
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref88
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref89
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref89
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref89
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref89
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref89
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref90
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref90
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref90
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref91
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref91
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref91
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref91
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref92
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref92
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref92
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref92
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref92
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref93
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref93
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref93
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref93
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref93
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref94
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref94
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref94
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref94
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref94
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref94
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref95
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref95
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref95
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref95
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref95
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref95
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref96
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref96
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref96
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref96
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref96
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref97
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref97
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref97
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref97
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref98
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref98
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref98
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref98
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref99
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref99
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref99
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref100
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref100
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref100
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref100
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref100
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref100
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref101
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref101
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref101
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref101
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref101
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref101
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref102
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref102
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref102
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref102
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref102
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref103
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref103
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref103
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref103
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref104
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref104
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref104
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref104
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref104
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref105
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref105
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref105
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref105
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref105
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref105
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref105
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref106
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref106
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref106
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref106
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref107
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref107
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref107
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref107
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref107
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref107
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref107
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref108
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref108
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref108
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref108
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref108
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref109
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref109
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref109
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref109
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref109
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref109
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref109
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref110
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref110
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref110
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref110
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref110
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref110
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref110
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref111
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref111
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref111
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref111
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref111
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref111
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref111
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref111
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref112
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref112
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref112
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref112
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref112
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref112
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref113
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref113
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref113
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref113
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref113
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref113
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref114
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref114
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref114
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref114
https://doi.org/10.1101/831248
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref116
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref116
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref116
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref116
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref117
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref117
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref117
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref117
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref117
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref118
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref118
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref118
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref119
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref119
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref119
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref119
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref119
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref120
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref120
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref120
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref120

iScience

Zettler, S., Renner, S., Kemter, E., Hinrichs,
A., Klymiuk, N., Backman, M., Riedel, E.O.,
Mueller, C., Streckel, E., Braun-Reichhart, C.,
et al. (2020). A decade of experience with
genetically tailored pig models for diabetes
and metabolic research. Anim. Reprod. 17,
€20200064.

Zhang, J., Nielsen, R., and Yang, Z. (2005).
Evaluation of an improved branch-site
likelihood method for detecting positive
selection at the molecular level. Mol. Biol. Evol.
22, 2472-2479.

Zhang, L., Huang, Y., Wang, M., Guo, Y.,
Liang, J., Yang, X., Qi, W., Wu, Y., Si, J.,
Zhu, S., et al. (2019). Development and
genome sequencing of a laboratory-
inbred miniature pig facilitates study of
human diabetic disease. iScience 19,
162-176.

Zhang, L., Qin, Y., Liang, D., Li, L., Liang, Y.,
Chen, L., Tong, L., Zhou, J., Li, H., and
Zhang, H. (2018). Association of
polymorphisms in LEPR with type 2
diabetes and related metabolic traits

¢? CellPress

OPEN ACCESS

in a Chinese population. Lipids Health Dis.
17, 2.

Zhang, X., and Lerman, L.O. (2016). Investigating
the metabolic syndrome: contributions of swine
models. Toxicol. Pathol. 44, 358-366.

Zhao, H., Yang, J.-R., Xu, H., and Zhang, J. (2010).
Pseudogenization of the umami taste receptor
gene Tas1r1 in the giant panda coincided with its
dietary switch to bamboo. Mol. Biol. Evol. 27,
2669-2673.

iScience 24, 103081, September 24, 2021 15



http://refhub.elsevier.com/S2589-0042(21)01049-X/sref121
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref121
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref121
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref121
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref121
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref121
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref121
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref122
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref122
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref122
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref122
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref122
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref123
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref123
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref123
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref123
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref123
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref123
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref123
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref124
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref124
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref124
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref124
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref124
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref124
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref124
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref125
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref125
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref125
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref126
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref126
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref126
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref126
http://refhub.elsevier.com/S2589-0042(21)01049-X/sref126

¢? CellPress

OPEN ACCESS

STARXMETHODS

KEY RESOURCES TABLE

iScience

REAGENT or RESOURCE SOURCE IDENTIFIER

Biological samples

Ossabaw pig This study NA

Deposited data

Sequencing data for Ossabaw pig This study CNGB Sequence Archive (https://db.cngb.org/cnsa/)
under the accession number CNP0001681

Genome assembly for Ossabaw pig This study CNGB Sequence Archive (https://db.cngb.org/cnsa/)

under the accession number CNA0020809

Software and algorithms

SOAPfilter v2.2

Supernova v2.11

Redundans

stLFR_GapCloser

Pilon v1.2.3

TGS-GapCloser

RaGOO v1.1

RepeatMasker v4.0.5
RepeatModeler v1.0.8
LTR-FINDER v1.0.6

Tandem Repeat Finder v4.0.7
BLAT v36

GeneWise v2.4.1
Augustus v3.1
EVidenceModeler v1.1.1
BUSCO v2.0
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REAGENT or RESOURCE SOURCE IDENTIFIER

SOAPnuke v1.6.5 (Chen et al., 2017) https://github.com/BGI-flexlab/SOAPnuke
Bowtie2 (Langmead and Salzberg, 2012) https://github.com/BenLangmead/bowtie2
RSEM v1.2.31 (Li and Dewey, 2011) https://github.com/deweylab/RSEM
RESOURCE AVAILABILITY

Lead contact

Further information and requests for materials should be directed to and will be fulfilled by the lead con-
tact, Peter M.H. Heegaard (opmhh@dtu.dk).

Materials availability

This study did not generate new unique reagents.

Data and code availability

Assembled genomes and raw sequencing data that support the findings of this study are publicly acces-
sible and have been deposited into CNGB Sequence Archive (CNSA) (Guo et al., 2020) of China National
GeneBank DataBase (CNGBdb) (Chen et al., 2020), https://db.cngb.org/cnsa/ with accession number
CNP0001681. This paper does not report original code. Any additional information will be shared by the
lead contact upon reasonable request.

EXPERIMENTAL MODEL AND SUBJECT DETAILS
Source organism: Sus scrofa
Genomic DNA was isolated from an EDTA stabilized blood sample of a female Ossabaw pig. The sample

was collected according to Danish legislation and under the Danish Animal Experiments Inspectorate
approval 2016-15-0201-01022. The isolated genomic DNA was used for whole genome sequencing.

METHOD DETAILS

DNA isolation and genomic sequencing

For whole genome sequencing, blood samples were collected from one female Ossabaw pig (no. 2702,
‘Donna’, 2.5 years of age) housed at the DTU Ossabaw facility, Risg, Denmark. High quality DNA were iso-
lated from 2x107 peripheral blood mononuclear cells using Qiagen Genomic Tip 100/G long fragment DNA
isolation kit. StLFR library and ONT libraries were constructed following the manufacturer’s protocols.
Next, stLFR library was sequenced using the BGISEQ-500 platform, yielding ~306 Gb paired-end short
reads. The ONT library was sequenced using the GridlON X5 platform, yielding ~24 Gb long reads.

Genome assembly and annotation

Raw sequencing paired-end short reads were filtered using SOAPfilter (v2.2) (Luo et al., 2012) with param-
eters “-y -p -M 2 -f -1 -Q 10". The software Supernova (v2.11) (Weisenfeld et al., 2017) was firstly used to
assemble the Ossabaw pig genome with default parameters. Next, Redundans (Pryszcz and Gabaldon,
2016) was used to remove possible redundant heterozygous assembled sequences, after which
stLFR_GapCloser was used for the first round of filling gaps based on short paired-end reads. Raw ONT
long reads were firstly cut into ten portions (about 1Gb data per portion) then error-base correction was
performed for each portion using 130 Gb (~130X) short reads with running two rounds of Pilon (Walker
et al., 2014) and next was used for the second round of filling gaps by using TGS-GapCloser (Xu et al.,
2019). Finally, RaGOO (Alonge et al., 2019) was used to anchor assembled scaffolds to chromosomes using
Duroc genome (NCBI accession: GCA_000003025.6) as a reference. Genomic repetitive sequences were
annotated by combing homolog-based and de novo prediction methods. Firstly, transposable elements
were identified using RepeatMasker (v4.0.5) (Tarailo-Graovac and Chen, 2009) and RepeatProteinMask
(v4.0.5) against the Repbase database (Jurka et al., 2005) at the nuclear and protein levels, respectively.
Secondly, RepeatModeler (v1.0.8) and LTR-FINDER (v1.0.6) (Xu and Wang, 2007) were used to carry out
de novo prediction and construct a transposable element database, which was used to predict transpos-
able element using RepeatMasker again. Thirdly, tandem repeats were predicted by using Tandem Repeat
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Finder (v4.0.7) (Benson, 1999). Prediction of protein-coding genes was also based on homolog and de
novo evidences. For homolog prediction, protein sequences of six species including human (GCF_00000
1405.39), mouse (GCF_000001635.26), cattle (GCF_002263795.1), goat (GCF_001704415.1), horse (GCF_00
2863925.1) and pig (Duroc, GCF_000003025.6) were downloaded from NCBI database (Pruitt et al., 2011).
Then these protein sequences were mapped to the assembled genome to identify candidate gene loci us-
ing BLAT (Kent, 2002) and Gene models were then predicted using GeneWise (v2.4.1) (Birney et al., 2004)
based on the BLAT results with default parameters. For de novo prediction, we used Augustus (v3.1) (Keller
et al., 2011) to predict the gene models based on the repeat-masked genome. Finally, EVidenceModeler
(Haas et al., 2008) was used to integrate homolog and de novo prediction results to generate the final pro-
tein-coding gene set. BUSCO (v2.0) (Simao et al., 2015) and mammalia_odb? lineage datasets were used to
assess the quality of final gene set. To assign function each predicted gene, we mapped them to Kyoto
Encyclopedia of Genes and Genomes (KEGG v84.0) (Kanehisa and Goto, 2000) , Swiss-Prot (v2017_09)
(Boeckmann et al., 2003), TrEMBL (v2017_09) (Boeckmann et al., 2003) databases using BLASTp (v 2.2.26)
(Altschul et al., 1990) with an E-value cutoff of 1x10>. Gene domains and motifs were predicted using In-
terProScan (v5.16-55.0) (Apweiler et al., 2001) against ProDom (Bru et al., 2005), Pfam (Punta et al., 2012),
SMART (Ponting et al., 1999), PANTHER (Mi et al., 2005), and PROSITE (Hulo et al., 2006). Gene ontology
(GO) (Ashburner et al., 2000) terms were extracted from the InterProScan results. Short non-coding RNA
genes were predicted using annotation from RFAM (Burge et al., 2013) and miRbase (Kozomara and Grif-
fiths-Jones, 2010).

SNP calling and PSMC analysis

About 130 Gb clean short reads were mapped to the assembled Ossabaw genome using BWA-MEM
(v0.7.12-r1039) (Li and Durbin, 2010) with default parameters, following which SAMtools (v0.1.19-
44428cd) (Guindon et al., 2009) was used to convert SAM files to BAM format. “SortSam.jar” included in
the Picard package (v1.54) was used to sort BAM files. Next, SNP calling were carried out by using two
methods: 1)Local realignment was again carried out using RealignerTargetCreator and IndelRealigner in
GATK v4.1.2 (McKenna et al., 2010) with default parameters. SNPs were identified using HaplotypeCaller
and filtered using VariantFiltration with parameter "-filter-expression "QD < 2.0 || MQ < 40.0 || ReadPos-
RankSum < -8.0 || FS > 60.0" —filter-name LowQualFilter —~genotype-filter-expression "DP < 5.0" —geno-
type-filter-name 1t_5". 2) The mpileup module in SAMtools and BCFtools (http://samtools.github.io/
bcftools/beftools.html) were also used to call SNPs with filtering parameters “-Q 20 -d 5. Finally, we re-
tained SNPs that were identified by both methods as the final SNPs set for further analysis. The estimation
of historical effective population size were carried out using PSMC (v0.6.5-r67) (Li and Durbin, 2011). In de-
tails, firstly, diploid genome reference was constructed using “samtools mpileup -C50” and “vcfutils.pl
vcf2fq -d 5 -D 1000”. Secondly, the demographic history was inferred using PSMC with parameters '-N25
-t15-r5-p 4+25*2+4+6" (Warren et al., 2017). SNPs calling and estimation of historical effective population
size of the Duroc genome were estimated using the same method.

Gene family analysis

Coding and protein sequences of 8 non-pig species and 12 pig breeds (Table S16) used for gene family
analysis were downloaded from NCBI database. Firstly, we filtered sequences according to the protein
lengths with setting cutoff of 30 amino acid (aa). Secondly, we kept the longest transcript of every gene.
Thirdly, we defined gene families with the TreeFam tool (Li et al., 2006). Gene family analyses were carried
out among representative terrestrial mammals and different pig breeds, respectively. CAFE (Computa-
tional Analysis of gene Family Evolution, v2.1) (De Bie et al., 2006) was used to perform gene family expan-
sion and contraction analysis with results from the TreeFam pipeline and the estimated divergence time
(described below) between species as inputs and parameters “-p 0.01, -r 10000, -s" to search for the birth
and death parameter (A). Finally, p-values were calculated and gene families with p-values <0.05 were
defined as expanded/contracted significantly.

Construction of phylogenetic tree and estimation of divergence time

Single copy orthologous genes (SCOGs) obtained from TreeFam pipeline were used for construct phylo-
genetic trees. These SCOGs were aligned using software MUSCLE (Edgar, 2004) with default parameters.
All of these gene alignment results were linked to a super-gene for each species. Then phylogenetic trees
were constructed using both maximum likelihood and Bayesian methods with a GTR+gamma model.
Finally, the PAML mcmctree program (Yang, 2007; Yang and Rannala, 2006) was used to estimate diver-
gence times among species. When estimating divergence times, we used seven time points obtained
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from TimeTree database (http://www.timetree.org) for calibration. These times points include Monodel-
phis domestica- Homo sapiens (~151-166 MYA), Homo sapiens- Mus musculus (~85-97 MYA), Homo
sapiens- Canis lupus familiaris (~91-101 MYA), Canis lupus familiaris- Equus caballus (~70.2-79.0 MYA),
Camelus dromedarius- Equus caballus (~76-82 MYA), Camelus dromedarius- Bos taurus (~62-68 MYA)
and Bos taurus- Capra hircus (~22.17-29.00 MYA)

Identification of positively selected genes.

PRANK (Léytynoja, 2014) was used for carrying out alignments of coding sequences of all SCOGs and
gBlocks (Talavera and Castresana, 2007) was used for removing poorly aligned sites. High-quality align-
ments were then filtered to estimate the ratios (w=dn/ds) of nonsynonymous nucleotide substitutions
(dn) to synonymous nucleotide substitutions (ds) for these genes in the target species (wo), background
branches (w4) or all branches (w;) using the codeml program with an improved branch-site model (Zhao
et al., 2010) (model = 2, NSsites = 2) and the maximum likelihood method in the PAML package (Yang,
2007) . LRTs (likelihood ratio tests) were performed and P-values were computed based on the Bayes
Empirical Bayes (BEB) method (Zhang et al., 2005) which can avoid an excessive false positive rate (Suzuki
and Nei, 2004), and genes with P-values less than 0.05 were treated as candidates of positive selection.

Identification SVs compared to Duroc

Structure variations (SV) were identified with two pathways. 1)For inversions: LastZ (v1.1) (Harris, 2007) was
used for whole genome alignment with parameters “T=2 C=2 H=2000 Y=3400 L=4000 K=2200 —forma-
t=axt”. Then "axtChain”, “chainMergeSort”, “chainPreNet”, “chainNet"”, "netSyntenic”, "netToAxt", "axt-
Sort” and "axtToMaf” from UCSC (http://hgdownload.cse.ucsc.edu/admin/exe/) were used ordinally to
deal with alignment results. 2)For insertions and deletions (InDels): Smartie-sv (Kronenberg et al., 2018)
was used to map contigs of Ossabaw genome to Duroc genome with default parameters.

Comparative transcriptome analysis

Raw RNA sequencing reads of 13 Ossabaw pig samples with accession numbers (SRR8844240, SRR88442
41, SRR8844242, SRR8844243, SRR8844244, SRR8844245, SRR8844246, SRR8844255, SRR8844256, SRR884
4257, SRR8844258, SRR8844259 and SRR8844260) were download from NCBI (SRA) database. These sam-
ples include two groups: Heart Healthy diet (high in unsaturated fat, unrefined grain, fruits/vegetables
[HHD]) and Western diet (high in saturated fat, cholesterol, refined grain [WD]) (Walker et al., 2019). Raw
sequencing data was filtered using SOAPnuke (v1.6.5) (Chen et al., 2017) with parameters -1 10 -q 0.2 -n
0.05-51-i-Q2-51-c0-1". Clean sequencing data was mapped to the assembled Ossabaw genome using
bowtie2 (Langmead and Salzberg, 2012) with parameters “-sensitive —dpad 0 —gbar 99999999 -mp 1,1 -np
1 —score-min L,0,-0.1 -p 16 -k 200”. Then RSEM (v1.2.31) (Li and Dewey, 2011) was used to calculate each
gene expression level (FPKM).

Gene enrichment

Enrichment analysis of genes was conducted using GOstat and enrichKEGG (Beissbarth and Speed, 2004;
Huang et al., 2009).

QUANTIFICATION AND STATISTICAL ANALYSIS

Quantification and statistical analyses used in the genome sequencing and assembly, genome quality
assessment, evolutionary analysis and comparative transcriptome analysis can be found in the relevant sec-
tions of the method details.
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