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SUMMARY

Pig has been proved to be a valuable large animalmodel used for research on diabetic disease. However,

their translational value is limited given their distinct anatomy and physiology. For the last 30 years, we

have been developing a laboratory Asian miniature pig inbred line (Bama miniature pig [BM]) from the

primitive Bama xiang pig via long-term selective inbreeding. Here, we assembled a BM reference

genome at full chromosome-scale resolution with a total length of 2.49 Gb. Comparative and evolu-

tionary genomic analyses identified numerous variations between the BM and commercial pig (Duroc),

particularly those in the genetic loci associated with the features advantageous to diabetes studies. Re-

sequencing analyses revealed many differentiated gene loci associated with inbreeding and other selec-

tive forces. These togetherwith transcriptome analyses of diabetic pigmodels provide a comprehensive

genetic basis for resistance to diabetogenic environment, especially related to energy metabolism.

INTRODUCTION

Pig (Sus scrofa) has served not only as one of the most economically important livestock but also as an

important model organism used in many areas of medical research, including obesity, cardiovascular dis-

ease, endocrinology, diabetes, alcoholism, nephropathy, and organ transplantation, owing to parallels

with humans in anatomy and physiology (Andersson, 2016; Ibrahim et al., 2006; Rocha and Plastow,

2006; Schook et al., 2005; Yan et al., 2018). There are over 730 distinct pig breeds worldwide, whose diverse

phenotypes are shaped by the combined effects of local adaptation and artificial selection (Ai et al., 2015).

However, the vast majority of pig breeds have been developed with a focus on economic benefits, rather

than breeding an ideal laboratory animal, which directly resulted in almost non-existence of excellent

inbred pig strains as model organisms used in biomedical research.

After several hundred years of intense artificial selection, current commercial pig breeds, represented by

Duroc, have undergone drastic phenotypic changes and genetic adaptations that are economically impor-

tant to the pig industry (e.g., reduction in feeding costs) and the consumer (e.g., higher production of lean

meats) (Ai et al., 2015; Frantz et al., 2015; Rubin et al., 2012). In this context, a series of absolutely visible

traits of current commercial pigs, such as large body size (adult individuals can reach 300–400 kg in weight),

long life cycle, and weak inbreeding level (Table S1), have become obstacles in using pigs as biomedical

animal models, especially in the studies of obesity and diabetes mellitus, because they result in high main-

tenance costs, specialized facility requirements, long experimental periods, and poor repeatability (Klei-

nert et al., 2018). Moreover, the different biomedical responses and performance of commercial pig breeds

from those of wild boars, including severe resistance to ‘‘diabetogenic’’ (high-calorie and low-activity) envi-

ronment (Gerstein and Waltman, 2006), also go against the construction of some pig models for human

diseases. These defects mean the urgent need for a professionally experimental pig strain, which drove

us to develop a laboratory Asianminiature pig inbred line—Bamaminiature pig (BM) based on Bama xiang

pig (BX), a primitive breed without artificial imprinting for commercial characters, whose many character-

istics, such as small volume, early maturity, and long-term adaptation to inbreeding, are valuable in the

construction of an ideal inbred laboratory pig line (Table S1), more than 30 years ago.

It is known that reference genome sequence is quite important to biomedical studies using pig model

(Bains et al., 2016; Crawley et al., 1997). Although the genomes of some pig breeds had been published
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(Groenen et al., 2012; Li et al., 2017), the chromosome-level genomes with comprehensive annotation are

still scarce resources to date. Moreover, most of the currently reported pig genomes are from commercial

pig breeds, except, to our knowledge, only one highly fragmented draft genome sequence from an exper-

imental inbreeding line, Wuzhishan miniature pig (Fang et al., 2012). Therefore, there is an inevitable quan-

dary in most of the health studies involved in pig genome, that the Duroc reference genome (Sscrofa11.1,

GenBank assembly accession: GCA_000003025.6) nearly becomes the only choice, no matter which kind of

pig breed is selected. The presentation of BM high-quality reference genome can enrich the Sus scrofa

genome database to effectively improve this dilemma, and likewise provide essential information needed

to shed light on the genetic components of the BM phenotypes advantages to diabetic study, especially

the relatively lower resistance to diabetic pressure, by comparative genomic analyses.

In this study, we have successfully inbred BMs to generation 19 (inbred line F19), which is, to our knowledge,

the pig line with the highest inbreeding coefficient to date. Using combined technologies, we presented a

chromosome-level genome sequence and the available annotation of highly inbred BM. Comparative an-

alyses of BM and Duroc genomes revealed substantial genomic differences between them, as well as iden-

tified genetic basis underlying the BM’s superior traits to study diabetic diseases. Resequencing analyses

between BX and BM populations confirmed the leading inbreeding degree of BMs at the genome-wide

level. Besides the positively selected genes (PSGs), selective sweep and transcriptome analyses also found

some changes of energy metabolism systems, like phosphatidylinositol 3-kinase (PI3K)-Akt signaling

pathway, related to diabetic resistance. This study provided not only an inbred miniature pig line to over-

come these preexisting obstacles of using pig in diabetic researches but also a comprehensive molecular

basis as reference to further optimize breeding of the experimental animal’s phenotypes advantageous to

diabetic diseases researches. Meanwhile, it systematically boosted the understanding of the mechanism of

resistance to diabetogenic pressure from the genome level to the transcriptome level.
RESULTS

Development of BM Strain and Detection of Resistance to Diabetogenic Environment

To provide a dedicated laboratory pig strain for biomedical research, we have been developing a labora-

tory Asian miniature pig inbred line, the BM (Figure S1), from the original subtropical BX population

(2 males and 14 females selected), which is native to south China (Table S1), for more than 30 years (since

1987) (Figure 1).

After 10 years (1987–1997) closed pure-bred breeding and directional selection, we had developed a

closed colony (A strain) to generation 10. The F10 closed colony individuals’ adult weight decreased about

10 kg (24-month-old F0: 52.78 G 0.86 kg versus F10: 43.67 G 0.77 kg). The ratio of individuals with uniform

two-end-black coat color in closed colony increased from 70.44% (F0) to 94.73% (F10). Compared with F0

individuals (Table S1), the aggressive behaviors of F10 animals had disappeared almost completely. Sub-

sequently, in 1997, establishment of inbred line (B strain) was initiated using four male and four female F10

closed colony (A strain) individuals (as inbred generation 0 [inbred line F0]), of which one couple has broken

inbreeding bottleneck and has been bred for 19 generations (inbred line F19 maintaining all specific fea-

tures of the F10 closed colony) so far.

Like other commonly used experimental animal inbred lines (Lilue et al., 2018), the BM has clear genetic

background (without foreign gene flow influx), stable characters, and high homozygosity (inbreeding coef-

ficient of inbred line F19: 0.9825) (Figure 1), which can ensure the reproducibility of conclusions of exper-

iments based on this animal. Furthermore, it can be a valid substitute to overcome some shortcomings of

the use of commercial pig breeds in biomedical studies, because of BM’s observed phenotypic specificity.

The BM was selected by inbreeding for a small adult body size (adult body weight: 40–50 kg) and short

life cycle (<1.5 months for male sexual maturity), thereby lowering maintenance costs and reducing the

duration of experiments (Table S1). In addition, breeding of the BM rigorously conforms to the standards

of laboratory animal breeding husbandry, feeding a restricted food supply that provides �70% of energy

ad libitum of miniature pig (approximately equals to digestible energy requirement for maintenance)

(Table S1), to just accomplish basic energy needs for essential life activities since the start of inbreeding.

In short, the laboratory-inbred BMs harbor different physiological characters from those of commercial

pig breeds, which make them more useful as disease models, especially for diet (high-fat and high-carbo-

hydrate)-induced diabetes. We exerted diabetogenic pressures on BMs (BM-induced group) and Durocs

(Duroc-induced group) by high-fat and high-carbohydrate diet and limited activity space, and the
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Phase I: Closed Colony 
(F0-F10,  1987-1997)

Phase II: Inbred Line
(F0-F19, 1997- )

F2…
…

F19 (Con nuing)

…

F10 (Ended)
F5 (Ended)

…

Inbred line F19 inbreeding coefficient: 0.9825                          
All specific features of the F10 closed colony were maintained.

 F0

...

 F0

...

F15 (Ended)

 F0 F0
Sibling Inbred

Four closed-colony couples (F10) selected as  
F0 to generate separate inbred lines

√√√

14 Females2 Males

F1…

F10

…

F0

Male

Male

Pure Propaga on

Female

Female

16 Bama Xiang pigs

Cul va ng condi ons:
a. Limited feeding.
b. Random interbreeding within group.
c. Elimina on of descendants with 
deformity.
d. Direc onal selec on for small volume, 
tame behaviors,  uniform two-end-black 
coat color.

Results of closed colony 
breeding:
a. F10 inbreeding cofficient: 0.555.
b. Smaller body size, tamer 
behaviors,uniform two-end-black coat 
color without any black spots.
c. No deformity.
d. Early matunity.

… …

… …

Figure 1. Establishment of Highly Inbred Laboratory BM from BX

Two male and fourteen female BX were introduced to breed a laboratory inbred line (BM) since 1987.
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Figure 2. Detection of Resistance to Diabetogenic Environment

(A–D) Fifteen male BMs and fifteen male Durocs (6-month-old) were fed a high-fat and high-carbohydrate diet and had

limited activity spaces for 12 months, and three male BMs and three male Durocs were selected to be fed with standard

material as control groups (Table S2). Successful resistance of these pigs to diabetogenic environment was assessed by

measuring changes in fasting blood glucose (FBG) at different times (A), intravenous glucose tolerance at month 12 (B),

and fasting insulin (FINS) at different times (C) and by examining histopathological sections of the pancreases, kidney

(Figure S2), liver, and skeletal muscle tissues after 12 months (D). (A) Changes in average FBG. Average FBG of BM-

induced group rapidly increased after eighth month, in contrast to that of Duroc-induced group. (B) Intravenous glucose

tolerance test (IVGTT) on individuals with FBG >126mg/dL (7 mmol/L) conducted at month 12. The glucose clearance rate

was reduced in BM-induced and Duroc-induced group individuals compared with the control group individuals. (C)

Changes in average FINS. The FINS of individuals with FBG >7 mmol/L (10 BMs and 2 Durocs) were much higher than

those of control group individuals (3 BMs and 3 Durocs). FINS levels are represented by box-and-whisker plots (with no

box if n < 4). Boxes represent the interquartile range between the first and third quartiles and median (internal line), and

whiskers denote the lowest and highest values, respectively. (D) Pathological sections of pig liver and skeletal muscle. In

the liver, the liver cords exhibited a disordered arrangement, andmany lipid droplets were observed in the abnormal liver

tissue compared with the normal liver tissue in control group. Green and black arrows indicate liver cords and lipid

droplets, respectively. In skeletal muscle, the abnormal tissues had fewer fibers, which were disordered, and significantly

higher lipid content between fibers compared with normal tissues in control group. Green and black arrows indicate the

muscle fibers and lipid droplets, respectively. Scale bars, 50 mm.
resistance to ‘‘diabetogenic’’ environment was confirmed according to a series of parameters. The fact that

66.7% (10/15) of BMs and 13.3% (2/15) of Durocs have fasting blood glucose level >126 mg/dL (7 mmol/L),

abnormal pathology, increased fasting insulin level, and decreased glucose disappearance rate at month

12 means that BMs’ resistance to ‘‘diabetogenic’’ environment is much lower than that of Durocs (Figures 2

and S2; Tables S2 and S3).

Sequencing, Assembly, and Annotation of the BM Reference Genome

To fill the gap of chromosome-level genome assembly of the miniature pig, we generated a reference

genome assembly from a male BM. The BM has a diploid chromosome number of 38 (Figure S3) and an

estimated genome size of 2.58 Gb (Figure S4; Table S4). To achieve high-quality genome assembly, we

adopted a combination of sequencing methods including Illumina paired-end and mate-paired

sequencing, 103 Genomics linked reads (>50 kb), Pacific Biosciences (PacBio) single-molecule real-time

(SMRT) sequencing, Oxford Nanopore sequencing technology (ONT), and chromosome interaction map-

ping (Hi-C) sequencing. We developed a hybrid assembly pipeline to assemble this genome (Figure 3A)

using a total of 932.04-Gb sequence data (equivalent to 361.25 genomic coverage). First, an initial draft

genome was assembled by using 71.64-fold (184.83 Gb) 103 Genomics barcoded sequencing data and

152.87-fold (349.42 Gb) Illumina sequencing reads, with a scaffolds N50 size of 21.13 Mb (Tables S5 and

S6). Second, PacBio long-reads (53 Gb; 20.54-fold), Oxford Nanopore sequences (26 Gb, 10.12-fold),

and Hi-C sequence data (273.7 Gb; 106.09-fold) were used to upgrade the BM genome assembly and

obtain a chromosome-scale genome with a contig N50 size of 1,010 kb, and total assembled length of

2.49 Gb, of which 97.49% was anchored to 20 chromosomes (18 autosomes and 2 sex chromosomes)

ranging in length from 9,839,741 to 283,123,735 bp (Tables S6–S8). This new reference assembly has

5,723 gaps giving an estimated mean gap length of 2 kb (Figure 3B; Table 1). The high level of accuracy

and completeness of BM genome assembly is demonstrated by the normal GC content (41.90% of

genome), mapping of 97.69% of short sequencing reads, and Benchmarking Universal Single-Copy
iScience 19, 162–176, September 27, 2019 165



Figure 3. Genome Assembly

(A) Workflow for genome construction.

(B) Ideograms of BM reference chromosome-scale pseudomolecules. The upper track shows positions of all gaps in the pseudomolecules; few of them are

longer than 10 kb. More than half of the assembly consists of contigs >1 Mb, which are shown as black red bars in the lower track.
Orthologs (BUSCO)-based completeness assessment (Figure S5; Tables S9–S12). The BM reference

genome has 43-fold higher contiguity than the previously published short-read genome assembly of

Wuzhishan pig (contig N50: 23.5 kb) (Table 1) (Fang et al., 2012). In short, these combined technologies pro-

duced one of the most continuous porcine de novo assemblies to date, with chromosome-length scaffolds

and the shortest gap lengths.

To aid genome annotation, we also sequenced the transcriptomes of 10 tissues (brain, liver, heart, spleen,

lung, kidney, pancreas, stomach, skeletal muscle, and adipose) from the BM. A total of 21,334 protein-en-

coding genes were annotated using both de novo and homologous-based predictions (Figures S6, S7, and

S9; Tables S13 and S14). Moreover, it was found that the BM genome is composed of 37.32% repetitive

elements, fewer than that (40.55%) of Duroc genome, and encodes functionally important noncoding

RNAs (Figures S8 and S9; Tables S15–S17).

Comparison of the BM genome with the human, and three common experimental animal (macaque,

mouse, and dog), genomes unveiled three gene families, including ARF1 and IGHD, shared between

the BM and human genomes but absent in macaque, mouse, and dog genomes (Figure S10). These

genes may play roles in Alzheimer disease, pituitary dwarfism, and growth failure (from database ‘‘Dis-

GeNET’’). The presence of these genes in the BM potentially facilitates research on the above-

mentioned diseases using this animal model. Moreover, BM has fewer unique genes compared with

the Duroc (1,303 versus 1,531) (Figure S10), and the genes specific to BM were significantly enriched

in the ‘‘steroid hormone biosynthesis’’ Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway

(p = 0.00908), which is associated with sex hormone secretion, male testicles development, and rapid

maturation of sperm.

Porcine endogenous retroviruses (PERVs) are ancient viral sequences integrated into the pig genome and

transmitted vertically to the offspring, which has made them difficult to eliminate in the field of organ trans-

plantation (Niu et al., 2017). BM has significantly fewer PERV gene copies (including the gag, pol, and env

genes), with a total of 45 copies of potential virus-derived genes in the BM genome assembly, compared

with 171 copies in the Duroc genome (Table S18). This reduction in PERV genes included complete loss of

the PERV-A and PERV-C env genes, and the latter was further validated by general env genotyping (Fig-

ure S11). Fewer PERVs in BMs alleviate the requirement of knocking out PERV-C genes for pig-to-human
166 iScience 19, 162–176, September 27, 2019



BM Genome Wuzhishan Pig Genome

Sequencing technology 10X Genomics, Illumina, PacBio, Nanopore

and Hi-C

Illumina

Sequence coverage (X) 361.25 126

Assembly level Chromosome Scaffold

Genome size (Gb) 2.49 2.64

Contig N50 (bp) 1,010,657 23,535

Scaffold N50 (bp) 140,438,739 5,432,118

Total assembly gap length (bp) 11,642,258 –

Mean gap length (bp) 2034.2928 –

Table 1. Comparison of the Quality between the BM and Published Inbred Miniature Pig Genome Assemblies
xenotransplantation, especially for the organ transplantation of the tissues that diabetic diseases mainly

target on, like liver, heart, kidney, and pancreas.
Structural Variants between the BM and Duroc Genomes

Although BM and Duroc share a high degree of chromosomal collinearity (Figure S12), we found that these

two genomes still have numerous blocks of DNA sequence variations. To identify the large-block sequence

variations between BM and Duroc, we conducted a comprehensive survey of structural variants (SVs),

including genome-wide deletions, duplications, insertions, and inversions, in the BM by alignment of

the BM genome with the Duroc reference genome assembly (Sscrofa 11.1). We focused on identifying

these SVs >50 bp because of their severe effect on gene function. Our genome-wide alignment identified

59,373 SVs in the BM genome, most of which (98%) were located in intergenic and intronic regions (37,080

[62.45%] within intergenic regions and 21,092 [35.52%] within intronic regions) and few (622 or 0.01%) were

located within exons (Table S19), indicating that few of the SVs affected the coding sequences of genes,

with most located in noncoding regions.

During inbreeding, BM maintained the early sexual maturity of BX (BM/BX can produce mature sperm

for insemination at the age of 45 days) circumventing the inherently long life cycle of the commercial pig

(180–240 days for Duroc). We found that some of the SVs between BM and Duroc are located within the

exonic regions of genes related to male sperm maturation (Figure 4; Table S20). The functions of these

genes cover many aspects of sperm development, including formation of the oviductal sperm reservoir

in the pig (AQN1) (Dostalova et al., 1994; Sanz et al., 1992); protective effect on boar sperm functionality

(PSP1 and PSP2) (Garcia et al., 2006) (Figure 4A); epididymosomes and sperm plasma membrane develop-

ment (ADAM7) (Oh et al., 2009) (Figure 4B); processes in meiosis, germ cell apoptosis, and male infertility

(HSP70-2) (Dix et al., 1996, 1997); idiopathic male infertility (UBE2B) (Suryavathi et al., 2008); and regulation

of meiotic pachytene progression during spermatogenesis (OVOL1) (Li et al., 2005) (Table S21).

SVs identified influence genes involved in metabolic disorders. Three genes, AHNAK, ADGRF5/GPR116,

and ATP10D, reported to regulate obesity (Ramdas et al., 2015), were affected by both deletion and dupli-

cation events within exonic regions (Table S21). Knocking out theAHNAK gene in mice results in protection

from diet-induced obesity, ADGRF5/GPR116 affects insulin sensitivity via modulation of adipose function

(Nie et al., 2012), and ATP10D is involved in endoplasmic reticulum-to-Golgi ceramide processing and

regulation of obesity (Kengia et al., 2013). These SVs might be correlated with that BMs are more unbear-

able to diabetogenic pressure compared with Durocs (Figures 2 and S2; Tables S2 and S3).
Evolutionary Status and Small Body Size of BM

It is necessary to determine the medically applied scope of laboratory animals by dissecting the genetic

relationship between them and humans. To detect the exact phylogenetic position of BM and Duroc,

we constructed a highly resolved phylogenomic tree. BM and Duroc clustered within one clade as ex-

pected, but the branch length of Duroc is longer than that of BM (Figure 5A), suggesting that the
iScience 19, 162–176, September 27, 2019 167



Figure 4. Genome Structural Variation Related to Sperm Maturity between BM and Duroc

(A) An �67-kb inversion on chromosome 14 (9486427–9553719) in the BM genome (annotated red lines) revealed by

PacBio sequencing.

(B) A large-scale deletion (�29kb) resulted in removal of the putative coding exons of ADAM7 from the BM genome.

(C) Microstructures of BM testes (30 days of age). The red arrows indicate spermiogenesis of spermatids. Scale bar, 2 mm.

(D) Section of BM epididymis (48 days of age). The red arrow indicates the appearance of mature sperm. Scale bar, 50 mm.
commercial pigs have undergone rapid evolution, which gives rise to less genetic divergences between

humans and BM than between humans and Duroc.

Among the 11,368 single-copy orthologous genes, the number of orthologous genes, which are closer to

counterparts of humans than those of mouse, is higher in BM than that in Duroc (8,547 in BM versus 8,240 in

Duroc) (Figure S13). The specific genes, more similar to genes of humans than mice, of BM relative to Duroc

were associated with a wide range of physiological processes. These genes were significantly (p < 0.01, t

test) enriched in a major energy metabolic KEGG pathway, ‘‘insulin secretion’’ pathway, which is tightly in-

tertwined with diabetes mellitus and other comorbidities (such as atherosclerosis). We further surveyed

gene sets pertinent to eight common human diseases (obesity, Curtasu et al., 2019; type 2 diabetes melli-

tus [T2DM], Okitsu et al., 2004; nonalcoholic fatty liver disease, Yamada et al., 2017; atherosclerosis, Natar-

ajan et al., 2002; Parkinson disease, Danielsen et al., 2000; Huntington disease, Yan et al., 2018; Alzheimer

disease, Holm et al., 2016; and amyotrophic lateral sclerosis, Chieppa et al., 2014) suitably studied by pig

model and found that these human-encoded genes are better conserved in the BM than in Duroc and

mouse (Figure S14). Taken together, these genome-level analyses illuminated better similarities in physi-

ological genetic background between BM and humans than between Duroc and humans, suggesting

that the BM may be more appropriate for analyses of some common diabetic diseases.

Next, we focused on insights into gene family evolution, duringwhich expansion or contraction of gene fam-

ilies have contributed to the phenotypic evolution of animal (Kim et al., 2016; Nowoshilow et al., 2018). To

study whether expanded and contracted gene families are responsible for the biological phenotypic

changes in BMs relative to commercial pigs, we calculated the number of gene families that diverged along

different branches with marked changes (expansion or contraction) (Figure 5A). BM displayed relatively less

events of gene family expansion (283 versus 313) and contraction (535 versus 592) compared with Duroc.

Compared with commercial pigs, small body size is one of the most visible characteristics of BM, probably

as an ecological response called out by the need of relatively large heat dissipation area formed through

body volume loss to a long-term warm-temperature environment in low latitudes (Figure 5B) like other spe-

cies (Forster et al., 2012; Sheridan and Bickford, 2011). Our analysis identified that the contraction of the

LILRA and LILRB subfamilies (from 11 and 4 copies in Duroc to 5 and 2 copies in BM, respectively),
168 iScience 19, 162–176, September 27, 2019



Figure 5. Comparative and Evolutionary Genomic Analysis and Regulation in Terms of Difference of Resistance to Diabetogenic Environment

between BM and Duroc

(A) Phylogenomic tree showing expansion (green, +) and contraction (red, �) of gene families in BM and Duroc, and other nine Eutherian species. MRCA,

most recent common ancestor.

(B) Geographic origin of BMs and Durocs. The BMs originated from low latitudes but the Durocs from high latitudes.

(C) An unrooted neighbor-joining tree constructed using LILR family genes identified in BM and Duroc.

(D) Control from CNS to intracell to glucose balance. When mammals eat, the CNS responds to the hormonal and sensory signals produced by the food to

regulate ingestive behaviors (upper part). The box in purple indicates the PSGs of BM, and the other box in light yellow indicates the PSGs of Duroc involved

in this process. After food intake, the PI3K-AKT pathway plays an important role in the transport of glucose from blood to inside the cell to regulate glucose

homeostasis (lower part). The light yellow box indicates the AKT1 and AKT2 PSGs of Duroc, and the Duroc-specific amino acid substitutions have resulted in

variation in the protein structure of AKT2 (the dashed box) (Figure S18). Specifically, compared with the BM and human proteins, substitutions in amino acids

13 and 14 in AKT2 of Duroc have affected the protein’s b-fold (shown in left bottom). In contrast to the absence of amino acids 15 and 16 in AKT2 of BM and

human, the a-helix structure has disappeared from the structure of AKT2 of Duroc (shown in left bottom). Colors in the heatmap (the dashed box) represent

the degree of sequence identity of the AKT proteins at the amino acid level between BMs/Durocs and humans (shown in right bottom).
belonging to the LILR gene family, which is associated with bone development, can result in pycnodysos-

tosis characterized by osteosclerosis, short stature, clavicular dysplasia, and skull deformities in humans

(Song et al., 2017) (Figure 5C). This may explain why BM has a relatively short body length with

only 19–20 thoracic and lumbar vertebras, less than that in commercial pigs (21–23 thoracic and lumbar

vertebras in Duroc) and low body height with a dramatically shorter fibula than that in Duroc (Figure S15;

Table S1).

Bidirectional Selection in BM and Duroc

To look for rapidly evolving genes that underlie different adaptive traits between BM and Duroc under

divergent selective conditions, we identified 789 and 990 PSGs in BM and Duroc by estimating u values

(nonsynonymous/synonymous rate ratio [Ka/Ks]), respectively (Tables S22 and S23). Genes related to organ

development and morphology in Duroc appear to have undergone rapid evolution (correct p < 0.05; Fig-

ures S16 and S17; Table S23). Many PSGs of Duroc were significantly enriched in the categories ‘‘focal adhe-

sion’’ (17 PSGs), ‘‘Hippo signaling pathway-fly’’ (5 PSGs), and ‘‘extracellular matrix-receptor interaction’’

(8 PSGs), all of which play important roles in tissue and organ morphogenesis (Hynes, 2009) (Figure S16;

Table S23). This information coincides with the findings that BMs exhibit an organ weight that is more
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comparable with that in humans than that in commercial pigs (Table S24), supporting that BMs provide bet-

ter donors, including liver (Shah et al., 2016), heart (Mohiuddin et al., 2016), kidney (Higginbotham et al.,

2015), spleen (van der Windt et al., 2009), and lung (Kubicki et al., 2015), for xenotransplantation.

Notably, although both these PSGs in BM andDuroc are over-represented in the candidate gene set related to

energy homeostasis processes (‘‘PI3K-Akt signaling pathway’’ and ‘‘glycerolipid metabolism’’ KEGG pathways

shared in both BM and Duroc [correct p < 0.05]; ‘‘AGE-RAGE signaling pathway in diabetic complications’’

KEGGpathway unique to Duroc [correct p < 0.05]), the specific gene contents within these sets differ drastically

between the two pigs (Figure S16; Tables S22 and S23). Rapidly evolving energy metabolism genes in BM are

involved mainly in adipose deposition (such as AGPAT2, AGPAT4, AWAT1, and FABP6) and the growth and

development of cardiac and skeletal muscles (such asFGFR2, FGFR4, and IGFBP4), reflecting a need to enhance

the efficiency of biomass production under the nutrient-restricted feeding condition. Conversely, energy meta-

bolism PSGs in Duroc are involved mainly in diabetic diseases, including eight PSGs playing important roles in

resistance to diabetes (GAPT4, ZNF608, andBBS2) (Nishimura et al., 2001; Speliotes et al., 2010), atherosclerosis

(SERPINE1) (Koch et al., 2010), insulin secretion (UCP2) (Bordone et al., 2006), and energy expenditure (GPAM,

PRKCA, and NCOA3) (Han et al., 2017; Yu et al., 2017).

We additionally found different PSGspotentially involved in the neurocircuitry control of peripheralmetabolism

between BM and Duroc. Unlike the enrichment of the ‘‘dopaminergic synapse (12 PSGs)’’ KEGG category for

Duroc PSGs (correct p < 0.05), the PSGs of BMwere significantly enriched in KEGGpathway related to the func-

tional regulation of the central nervous system (CNS), ‘‘GABAergic synapse (8 PSGs)’’ (correct p < 0.05) (Figures

5D and S16; Table S22). BMs, in contrast to commercial pigs feeding ad libitum, have undergone long-term

limited feeding (over their entire breeding history of more than 30 years) without any flavor supplementation.

As a result, BMs, similar to humans under restrained eating condition (Laessle et al., 1989), consumed

�2.46-fold energy beyond their need-based requirements when they were implemented free food intake

(Table S1), which was supported by a large number of distinct PSGs involved in synapse in the CNS between

two breeds. Duroc PSGs are enriched in ‘‘dopaminergic synapse’’ affecting ‘‘food reward’’ mechanisms

(overconsumption of rewarding palatable foods, often in quantities exceeding energetic needs) (Clemmensen

et al., 2017). The BM PSGs over-represented in ‘‘GABAergic synapse,’’ which release an inhibitory projection

(GABA) onto MC4R (Kleinridders et al., 2009; Myers and Olson, 2012), are involved in promoting food intake

and hyperphagia, even when the basic energy needs are met. These two genetic changes in the CNS may

interact to affect the eatingbehavior of BMs different fromDurocs by increasing food intake and reducing sensi-

tivity to dietary excess (Figure 5D). Thus, with free access to enough nutrients despite less appealing food, BMs

are still willing to consume excess nutrients beyond their basic physiological needs due to decreased satiation

(Table S1). After food digestion in the stomach or gut, cellular signaling pathways involved in energy meta-

bolism, such as PI3k-AKT pathway, play a key role in the peripheral glucose homeostatic loop. Insulin receptor

and insulin-like growth factor receptor 1 promote the phosphorylation of receptor tyrosine residues (pY), lead-

ing to the recruitment and phosphorylation of the insulin receptor substrate (IRS). These recruit PI3K, which ac-

tivates AKT by targeting its pleckstrin homology domain indirectly to control glucose transporter 4 (GLUT4)

translocation to the plasma membrane and thus cellular uptake of glucose (Hribal et al., 2002; Kleinridders

et al., 2009;Manning and Toker, 2017;Myers andOlson, 2012). In contrast to BMs, Durocs have undergone pos-

itive selection for AKT1 and AKT2 (Figures 5D and S18); especially the AKT2-encoded protein has multiple al-

terations in pleckstrin homology domain, which likely affects cellular uptake of glucose and regulation of blood

glucose levels. The differential positive selection of genes involved in the CNS and cellular energy metabolism

may be responsible for the lower resistance to ‘‘diabetogenic’’ environment in BM compared with Duroc.
Effects of Inbreeding and Directional Selection on BM

Inbreeding of the BM from BX population was also accompanied by the selection of some features (e.g.,

smaller body size, tamer behavior) favorable for use as an animal model (Figure 1). To detect genomic foot-

prints left by selection, we conducted population resequencing analyses to measure genome-wide variants

between BMs and BXs and found over 16 million single nucleotide polymorphisms (SNPs) in these two pop-

ulations (9,169,662 in BXs versus 7,051,076 in BMs).

Among all SNPs detected in the BMs and BXs, we found 6,040,262 (58.9%) unique heterozygous variations in

BXs, six-fold more than the number in BMs (928,628 or 9.1%), and the number of fixed homozygous variations

was significantly smaller in BXs (167,992, 1.6%) than in BMs (3,161,040, 30.9%) (Figure 6A), confirming that

long-term inbreeding has dramatically decreased the degree of heterozygosity in BMs. Chromosome-wide
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Figure 6. Single Nucleotide Divergence and Genomic Regions with Strong Selective Sweep Signals in BMs and BXs Revealed by Population

Resequencing

(A) Classification of single nucleotide variation between BMs and BXs. The �17 million single nucleotide differences between the two Bama pig lines were

classified into three subclasses. The overlapping regions represent heterozygous variations shared between BMs and BXs. U, unique heterozygous variations

evident in each species; F, the number of fixed homozygous variations in each species.

(B) Population diversity (Pi) values between BMs (n = 50) and BXs (n = 50). Data are represented by box-and-whisker plots. Boxes represent the interquartile

range between the first and third quartiles andmedian (internal line). Whiskers denote the lowest and highest values within 1.5 times the range of the first and

third quartiles, respectively.

(C) Z score of heterozygosity (ZHp) patterns in BMs and BXs within 100-kb windows across the genome.

(D) Distribution of Hp ratios and Fst values. Data points located to the left and right of the left and right vertical dashed lines, respectively, and above the

horizontal dashed line were identified as selected sweep regions for BM and BXs, respectively.
comparison of nucleotide diversity (Pi,p) for fixed and unique variants revealed fewer variants in BMs than in BXs

on all autosomes and X chromosome (Figure 6B). These indicate high genetic similarity or homology among in-

dividual BMs and confirmed that the BM inbred line has already become genetically stable, which was also

further verified by genetic structural analyses of microsatellite data (Figures S19 and S20; Table S25).

Besides, a genome-wide screen to determine the Z score of heterozygosity (Hp) of BMs showed a skewed

distribution and low average value (0.365), in contrast to the normal distribution and higher average value

(0.414) in BXs (Figure 6C). This suggests that BM is already a non-natural population after the 30-year

inbreeding period, which is coincident to the differences of some biological characters of BMs from

BXs. To reveal the genomic basis underlying these biological differences, we further calculated the fixation

index (FST), a measure of genetic differentiation, and identified convincing selective sweep regions using

significant high FST values and low/high Hp ratios as cutoff values in sliding windows of 100 kb with a 50-kb

step size along the entire genome, in BMs and BXs (Figure 6D). Even under such a stringent criterion, we

found eight times as many genomic regions with strong selective sweep signals in BMs (271) as in BXs (41),

quantitatively suggesting that the selection in BMs is more powerful than that in BXs in shaping the

genome, resulting in rapid changes in the phenotypic or behavioral traits of BMs (Figure 6D).

We subsequently extracted the annotated protein-coding genes from these regions (282 genes in BMs and 36

genes in BXs) to examine the precise correlation between selection and the altered physiological traits of BMs

relative to BXs (Table S26). One of the greatest challenges during the over 30-year period of BM breeding was

overcoming inbreeding bottleneck (Charlesworth and Willis, 2009). Our inbreeding practices resulted in

increased genetic homozygosity, and individuals carrying homologous deleterious recessive alleles are at

risk of reduced survival and fertility, the severity of which intensifies with each generation (only a few individuals
iScience 19, 162–176, September 27, 2019 171



from one of the four pair of original parents were bred to the 19th generation; Figure 1). Our population-level

analysis revealed clearly selective footprints on inbreeding depression for six autosomal recessive disease-

related genes involved in autosomal recessive cone dystrophy (CACNA2D4) (Wycisk et al., 2006), autosomal-

dominant familial Meniere disease (DTNA) (Requena et al., 2015), early coronary disease and metabolic risk

(LRP6) (Mani et al., 2007), autosomal recessive autism spectrum disease (MYO1A) (Talebi et al., 2018), limb de-

fects associated with epicanthus inversus syndrome andMöbius syndrome (SOX14) (Hargrave et al., 2000), and

autosomal dominant retinitis pigmentosa (SPP2) (Liu et al., 2015). Thus, selective elimination of recessive dele-

terious mutations within these genes concurs with our inbreeding practice of weeding out the individuals that

lack fitness traits, allowing the healthiest individuals to continue breeding.

Selection of individuals with a small body size has been a major focus during BM inbreeding. We found four

genes related to bone development, showing evidence of a strong signature of selective sweeps.ATP6V1H

regulates the growth and differentiation of bone marrow stromal cells (Zhang et al., 2017). CHMP5 controls

bone turnover rates by decreasing nuclear factor-kB activity in osteoclasts (Greenblatt et al., 2015). GPR55

is a putative cannabinoid receptor that regulates osteoclast function and bone mass (Whyte et al., 2009).

UHMK1, as a bone mineral density-related protein, regulates osteoblasts and osteoclasts (Choi et al.,

2016). These genes encoding factors associated with bone development may explain the smaller body

size of the BM compared with the BX (Table S1).

A visible trait of BM is its uniform two-end-black fur color. Its coat color differs from that of the BX, in that it

lacks the black spots of different sizes on the shoulders, back, and waist characteristic of BXs (Table S1). The

SNAI2 gene, deletion of which results in human piebaldism characterized by congenital patches of skin and

hair from which melanocytes are completely absent (Sanchez-Martin et al., 2003), exhibits strong selective

sweep signals. We infer this is why the black spots disappeared from BM skin (Table S1).

Another key artificially selected trait in BM inbreeding was tamer behavior for adaptation to a captive envi-

ronment, as opposed to the anxiety-associated aggressive behavior of the primitive population. Four BM

genes predominantly involved in anxious behaviors in humans or animal models were identified in the re-

gions with strong selective sweep. GPR55 receptor agonists and antagonists modulate anxiety-related be-

haviors in rats (Rahimi et al., 2015). ASIC1 is highly expressed in patients with a panic disorder characterized

by unexpected, recurrent panic attacks, associated with a fear of dying and worry about possible future at-

tacks or other behavioral changes as a consequence of the attacks (Gugliandolo et al., 2016). RXRG is asso-

ciated with mouse anxiety and human bipolar disorders (Alliey-Rodriguez et al., 2011; Ashbrook et al.,

2015). CRY1 directly influences cognitive function and anxiety-related behaviors (De Bundel et al., 2013).

In short, BMs have broken the inbred bottleneck and some phenotypes of them have changed, which

are consistent with the altered genomic regions resulting from long-term intense selection.
Difference in Resistance to Diabetogenic Environment between BM and Duroc

It is speculated that the divergent feeding conditions contribute to different evolution of energy meta-

bolism system between BMs and commercial pigs, so as to weaken diabetogenic pressure endurance of

BMs relative to Durocs (Figures 2 and S2; Tables S2 and S3). To investigate the molecular mechanism un-

derlying difference of tolerance to diabetogenic pressures between these two breeds, we first conducted

selective sweep analysis based on FST values and Hp ratios to dissect selection in BM and Duroc for adap-

tation to the divergent feeding conditions (Figure S21). Population-level analysis revealed that the energy

metabolism systems of BM and Duroc were under distinct selections. The BM energy metabolic genes

embedded in selected regions belong mainly to categories that are related to energy deposition (Gene

Ontology [GO] term: ‘‘lipid storage,’’ ‘‘positive regulation of lipid storage,’’ ‘‘regulation of lipid storage,’’

p < 0.05) and diabetic disease (KEGG pathway: ‘‘Maturity onset diabetes of the young,’’ correct

p < 0.05) (Figures S22 and S23). Conversely, we identified that five Duroc lipid-related genes were overrep-

resented in ‘‘response to lipid’’ and ‘‘cellular response to lipid’’ GO term (p < 0.05) (Figure S23). These

distinct selective sweep events related to energy metabolism are coincident with feeding difference

between BM and Duroc, which potentially facilitates the BM’s predisposition of diabetes.

Currently, long noncoding RNAs (lncRNAs), their target genes, and diabetes have drawn increasing atten-

tion among researchers (Knoll et al., 2015). As an important post-transcriptional pathogenesis of diabetes,

lncRNAs and their associated orchestrated networks are implicated in mediating complex pathological

mechanisms of diabetes (Kato et al., 2016; Liu et al., 2014). To delineate the influence of lncRNAs and
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mRNAs on the different resistance between BM and Duroc to diabetogenic environment, we next gener-

ated transcriptome sequencing by using two key glycogen-metabolizing tissues—liver and skeletal muscle

of BMs (BM-induced group) and Durocs (Duroc-induced group) in ‘‘diabetogenic’’ environment (Figures 2

and S2; Tables S2 and S3), respectively. After RNA sequencing (RNA-seq) and a series of lncRNA identifi-

cation steps, 5,186 and 6,552 lncRNAs were identified in liver and skeletal muscle, respectively, and sub-

jected to subsequent analyses (Figure S24). As is characteristic of lncRNAs, our identified lncRNAs had

fewer exons, a shorter average length, and lower expression levels compared with mRNAs (Figure S25).

We found a total of 258 (20 upregulated and 238 downregulated) and 227 (26 upregulated and 201 down-

regulated) lncRNA transcripts and 477 (279 upregulated and 198 downregulated) and 277 (140 upregulated

and 137 downregulated) mRNA transcripts differentially expressed in liver and skeletal muscle, respec-

tively, between the BM-induced and Duroc-induced groups (Figure S26).

GO analysis of the potential targets of differentially expressed lncRNAs revealed diabetes-associated

terms among the top five significantly enriched terms (p < 0.01) (Tables S27 and S28), such as ‘‘insulin-

like growth factor binding’’ (GO: 0005520) in liver and ‘‘glycerol-3-phosphate and alditol phosphate meta-

bolic process’’ (GO: 0006072 and GO: 0052646) in skeletal muscle. We also found a total of nine and eight

significantly enriched KEGG pathways among the potential targets of the differentially expressed lncRNAs

in liver and skeletal muscle, respectively (p < 0.05) (Tables S29 and S30), of which the AMPK and PI3K-Akt

signaling pathways were related to diabetes. Next, GO and KEGG analyses of the significantly dysregu-

lated mRNAs in liver and skeletal muscle also indicated significant enrichment of transcripts related to

the AMPK signaling pathway (Tables S31–S34).

Furthermore, we selectively analyzed the lncRNAs and their target genes that (1) were both significantly

differentially expressed between BM-induced and Duroc-induced groups and (2) should be associated

with diabetes based on functional enrichment. We detected a total of six pairs fulfilling these criteria

involving six lncRNAs and two target genes. In the liver, we found that XLOC_006422 and XLOC_026958

were correlated (trans-acting) with PGC-1a and XLOC_044402 with PEPCK. In skeletal muscle,

XLOC_003015 and XLOC_023027 were correlated with PEPCK through trans activity, and XLOC_026564

was correlated with PGC-1a. Among these, the target genes PGC-1a and PEPCK have been directly linked

to T2DM previously (Samuel et al., 2009; Sawada et al., 2014; Soccio et al., 2015), and their expression was

significantly higher in BM-induced liver and skeletal muscle than in Duroc-induced tissues (p < 0.05; Fig-

ure S26). Furthermore, KEGG pathway analysis showed that PGC-1a and PEPCK were both enriched in

the ‘‘AMPK signaling pathway’’ (p < 0.05) related to energy metabolism. The selected lncRNAs and target

gene expression in RNA-seq were validated by qRT-PCR analysis (Figure S27; Table S35). Given these re-

sults, we suspect that these lncRNAs probably participate in the regulation of resistance to ‘‘diabetogenic’’

environment by influencing the expression of diabetes-related genes such as PGC-1a and PEPCK,

although the underlying mechanisms require additional investigation.
DISCUSSION

The establishment of BM line with high inbreeding level is an important action, which can strengthen the lab-

oratory pig-resource genepool and enrich the pig diversity, aswell as directly compensate the disadvantages of

using pig in diabetes study. The chromosome-level reference genome sequence of BM reported here is a high-

quality miniature pig genome that offers the needed information to expedite current efforts in developing BM

as an ideal experimental animal to reveal the genetic basis of diabetes. Comparing the genome sequence of

BM with that of commercial Duroc provided insights into the distinct evolutionary scenarios, especially in the

CNS and cellular energy metabolism, which leads to the different resistance to diabetogenic pressure between

them, occurring under inbred selection for experimental use and artificial selection for commercialization. Be-

sides, genomic comparison of these two pig breeds also identified many genetic loci related to body size and

sexualmaturation, whichmay not only promote theminiaturization and prematurity of experimental animals but

also provide possible selectionmarkers for the breeding of commercial pigs. The whole-genome resequencing

analysis between BX and BM revealed genomic loci that have been under selection during BM inbreeding,

maximizing the scientific value of these BM populations as a reference for improving the inbreeding practices

of other inbred strains. The dissection of different resistance to diabetogenic environment between BM and

Duroc by selective sweep, transcriptome, and comparative genome analyses help to improve current under-

standing of different diabetes susceptibility in humans. In conclusion, the data in this study provide a valuable

resource and tool for functional genomic studies on BMaswell as increases use of the BMas an animalmodel in

broader field, particularly human diabetes.
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Limitations of the Study

In this study, we developed a laboratory miniature pig inbred line with advantages for translational med-

icine, and presented the chromosome-scale BM genome. Although the genomic analyses revealed that

BMs strongly resemble human beings, it also demonstrated that attention should be paid to the interspe-

cific differences when selecting BMs for use as human disease models. Besides, functional research should

be performed to further validate the candidate genes involved in susceptibility to diabetes.

METHODS

All methods can be found in the accompanying Transparent Methods supplemental file.

SUPPLEMENTAL INFORMATION

Supplemental Information can be found online at https://doi.org/10.1016/j.isci.2019.07.025.
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Supplementary Figures

Figure S1. Appearance of Bama miniature pig (BM), Related to Figure 1.



Figure S2. Pathological sections of pig pancreas and kidney, Related to Figure 2.
In the abnormal pancreas tissues, islets were atrophied with significantly decreased beta-cells,
cell volume was increased and partial cells were vacuolar degeneration, compared with
normal pancreas tissues in control group. In the abnormal kidney tissues, some glomerular
size were enlarged with partial cell volume increased, and some cells were vacuolar
degeneration, compared with normal kidney tissues in control group. For all panels, scale bars
represent 50 μm.



Figure S3. Chromosome karyotype of Bama miniature pig, Related to Figure 3.
(A) Male and (B) Female. The examination of karyotype of Bama miniature pig by means of
peripheral blood lymphocytes culture showed that the diploid chromosomes number was 38,
18 pairs of autosomes and one pair of sex chromosomes in both males (XY) and females
(XX). The chromosomes were divided into four groups of a, b, c and d according to the
standard of Reading Congress. The karyotype of the autosomes was 10sm+4st+10m+12t. The
X chromosome was a metacentric chromosome whose length was between the 8th and 9th
chromosome, while the Y chromosome was the smallest metacentric chromosome.



Figure S4. Distribution of 17-mer frequency, Related to Figure 3 and Table 1.
(A) 17-mer number frequency and (B) 17-mer type frequency. In total 120.46 Gb of
high-quality short-insert reads (250 and 500 bp) were used to generate the 17-mer depth
distribution curve frequency information.



Figure S5. GC content against the sequencing depth of BM genome, Related to Figure 3
and Table 1.
We used 10 kb nonoverlapping sliding windows along the assembled sequence to the
calculate GC content and average sequencing depth using short reads. The x-axis represents
the GC content, and the y-axis indicates the average sequencing depth.



Figure S6. Comparison of gene parameters among the BM and eight other mammalian
genomes, Related to Figure 3.
(A) mRNA length, (B) exon length, (C) exon number, (D) intron length, and (E) CDS length.
The similar gene parameters between the BM and other mammals indicate the high quality
gene structure annotation of the BM genome.



Figure S7. Number of functionally annotated genes of the BM genome using various
methods, Related to Figure 3.
The alignment of gene set from annotation to protein databases including SwissProt
(http://www.uniprot.org/) ， NR ((https://ftp.ncbi.nlm.nih.gov/blast/db/), KEGG
(http://www.genome.jp/kegg/) and InterPro (https://www.ebi.ac.uk/interpro/).



Figure S8. Divergence distribution of classified families of transposable elements of BM,
Related to Figure 3.
Transposable elements (TEs), including long terminal repeat (LTR), long interspersed element
(LINE) and short interspersed elements (SINE), were identified by using de novo-based and
Repbased-based methods.



Figure S9. Genomic landscape of BM and single nucleotide divergence between BMs
and BXs, Related to Figure 3.
From outer to inner circles: (1), marker distribution along the 18 autosomes and X, Y
chromosomes at the megabyte (Mb) scale. (2) and (3), Gene density and GC content across
the genome drawn in 1-Mb nonoverlapping windows. (4), The transcription level of each gene
estimated by averaging the reads per kilobase (Kb) of exon model per million mapped reads
from different tissues in nonoverlapping 2-Mb windows. (5), Repeat density across the
genome, bin = 1Mb. (6), Distribution of heterozygous SNPs in the BM and BX genomes in
1-Mb nonoverlapping windows; SNPs in BM are shown in purple and SNPs in BX are in
blue.



Figure S10. Analysis of lineage-specific genes, Related to Figure 3.
(A) Orthology delineation among the protein-coding gene family repertoires of the BM and
other mammal. (B) Shared gene families among the BM, dog, mouse, macaque and human
genomes. The BM has the most lineage-specific families compared with the five other
mammals. (C) Shared gene families between BM and Duroc genomes. The number specific
gene families of Duroc is higher than that of BM.



Figure S11. Electrophoresis for BM and Duroc PERV-C-env genotyping, Related to
Figure 3.
(A) BM PERV-C-env detection in BMs. (B) Duroc PERV-C-env detection in Durocs. M
represents DL2000 bp Marker and 1-24 represent PCR products from different samples.



Figure S12. Homologous alignment of 20 chromosomes (18 autosomes + XY) between
the BM and Duroc genomes, Related to Figure 4.
The horizontal and vertical coordinates represent the chromosome sequences of the Duroc and
BM genomes, respectively.



Figure S13. Orthologous protein sequence comparisons show that BM/Duroc protein
sequence are similar to that of human, Related to Figure 5.
(A) Protein sequence comparisons among human, BM, and mouse. (B) Protein sequence
comparisons among human, Duroc, and mouse. Scatter plot shows divergence between
human and mouse protein sequences in terms of the Point Accepted Mutation (PAM) metric
(y-axis) against the corresponding human vs. BM/Duroc protein sequence divergence (x-axis).
Each point represents a ratio of two protein divergence. BM/Duroc proteins appearing above
the 45° diagonal (gray dashes) represent those closer to the human sequence than the
corresponding mouse sequence. The angle of the line to each protein from the origin is
directly related to the ratio of mouse/pig divergence from the human sequence. A greater
angle from the origin indicates greater divergence. The yellow part: 45° ≦ X < 55°. The
purple part: 55° ≦ X < 65°. The red part: 65° < X.



Figure S14. Boxplots show that the angles for BM proteins involved in eight human
diseases are higher than those of Duroc, Related to Figure 5.
Boxplots of the angles (y-axis) represented in Figure S13 for proteins in eight common human
diseases from GeneCards. A greater angle from the origin indicates greater similarity in
human vs. BM than in human vs. Duroc. Boxes represent the interquartile range between the
first and third quartiles and median (internal line). Whiskers denote the lowest and highest
values within 1.5 times the range of the first and third quartiles, respectively. P-value was
determined using Student t test.



Figure S15. Skeleton of BM, Related to Figure 5.
(A) and (B) Lateral view of the skeleton. (C) and (D) Ventral and dorsal views of the skeleton.
The images were obtained from a male BM (12 month old) by using Brilliance iCT (Philips,
Netherlands).



Figure S16. KEGG enrichment of the positively selected genes (PSGs) of BM and Duroc,
Related to Figure 5.
(A) KEGG enrichment of the PSGs of BM. (B) KEGG enrichment of the PSGs of Duroc.



Figure S17. GO enrichment of the PSGs of BM and Duroc, Related to Figure 5.
(A) GO enrichment of BM PSGs. (B) GO enrichment of Duroc PSGs.



Figure S18. The alignment of the AKT1 and AKT2 proteins from BM, Duroc and human,
Related to Figure 5.
(A) The alignment of the AKT1 protein from BM, Duroc and human. Compared with the 61
amino acid Q in BM and human AKT1 protein, 61 amino acid of Duroc AKT1 protein
changed to R. (B) The alignment of the AKT2 protein from BM, Duroc and human. The
changes13-16 amino acid in AKT2 protein of Duroc are corresponded to the part of the
structure enclosed in the dashed box in Figure 4d. Compared with the 97 amino acid E in BM
and human AKT2 protein, 97 amino acid of Duroc AKT2 protein changed to Q.



Figure S19. Electrophoresis for detection BM microsatellite loci, Related to Figure 6.
(A) PCR product representing locus S0155 (length: 155–166 bp). (B) PCR product
representing locus SW0005 (length: 205–248 bp). M represents 500 bp DNAMarker and 1-10
represent PCR products from different samples.



Figure S20. The part of microsatellite DNA typing using the ABI-3730XL DNA analyzer,
Related to Figure 6.
(A) Detection of individual (F11, NO.1110) in microsatellite locus SW240; this locus in the
BM genome is 91 bp and homozygous. (B) Detection of individual (F13, NO.1310) in
microsatellite locus SW1119; this locus in the BM genome is heterozygous, including the
genotypes associated with 155 bp and 175 bp sequences. Y-axis represents fluorescence
intensity. X-axis represents length of microsatellite DNA (bp).



Figure S21. Distribution of Hp ratios and Fst values, Related to Figure 6.
(A) The distribution of Duroc selected sweep regions. (B) The distribution of BM selected
sweep regions. Data points located to the right of the right vertical dashed line and above the
horizontal dashed line were identified as selected sweep regions for Durocs and BMs,
respectively.



Figure S22. KEGG enrichment of the BM and Duroc genes located in the selective sweep
regions, Related to Figure 6.
(A) KEGG enrichment of BM genes. (B) KEGG enrichment of Duroc genes.



Figure S23. GO enrichment of the BM and Duroc genes located in the selective sweep
regions, Related to Figure 6.
(A) GO enrichment of Duroc genes. (B) GO enrichment of BM genes.



Figure S24. The results of lncRNAs identification in liver and skeletal muscle of
individuals in BM-induced and Duroc-induced groups, Related to Figure 2.
BMs and Durocs were fed with a high fat and carbohydrate diet and limited activities for 12
months. RNA was extracted from the liver and skeletal muscle at the end of the experiment
and was subjected to RNA-seq. (A) lncRNA identifying results of the BMs and Durocs liver
after several filtering steps (Transparent Methods). (B) lncRNA identifying results of the BMs
and Duroc sskeletal muscle after several filtering setps (Transparent Methods). (C)
Scattergram of different type of lncRNAs in the BMs and Durocs liver. (D) Scattergram of
different type of lncRNAs in the BMs and Durocs skeletal muscle. The numbers above the
column in (A) and (B) represent the amounts of lncRNAs after different filtering steps.
Classification of the lncRNAs detected in liver (C) and skeletal muscle (D), mainly including
lincRNA, anti-sense-lncRNA, intronic-lncRNA.



Figure S25. The characteristics of lncRNAs and mRNAs identified in liver and skeletal
muscle of individuals in BM-induced and Duroc-induced groups, Related to Figure 2.
(A) Number of exons in transcripts in the BMs and Durocs liver. (B) Number of exons in
transcripts in the BMs and Durocs skeletal muscle. (C) Distribution of transcript length in the
BMs and Durocs liver. (D) Distribution of transcript length in the BMs and Durocs skeletal
muscle. (E) Distribution of open read frame (ORF) length in the BMs and Durocs liver. (F)
Distribution of open read frame (ORF) length in the BMs and Durocs in skeletal muscle.
In the liver and skeletal muscle, the average numbers of exon were all lower in lncRNAs than
in mRNAs; the average transcript lengths of transcripts of lncRNAs were similar to those of
mRNAs; the average lncRNA length was shorter than the average mRNA length.



Figure S26. Volcano plot of differentially expressed of lncRNAs and mRNAs in
individuals in BM-induced group vs. individuals in Duroc-induced group, Related to
Figure 2.
(A) Volcano plot of differential lncRNA expression in the liver. (B) Volcano plot of
differential mRNA expression in the liver. (C) Volcano plot of differential lncRNA
expression in skeletal muscle. (D) Volcano plot of differential mRNA expression in the
skeletal muscle.



Figure S27. Validation of genes expression levels using qRT-PCR, Related to Figure 2.
Transcript expressions in liver and skeletal muscle were quantified relative to the expression
level of GAPDH using the comparative cycle threshold (ΔCT) method. Error bars indicate
Standard Error of Mean (SEM) of three pigs per group. Asterisk indicate significant
differences (P < 0.05) using Student t test.



Supplementary Tables

Table S1. General characteristics of Bama miniature pig compared to Bama xiang pig (from which they derive) and the commercial breed Duro pig
commonly used in pork production, Related to Figure 1.

Bama miniature pig (BM) Bama xiang pig (BX) Duroc

Breeding
history

Inbred since 1987 to establish an ideal experimental animal strain
with a clear genetic background, high homozygosity and inbreeding
tolerance.

A primitive breed, indigenous to the
south of China, living at an average
North latitude of 22°. BX had
undergone a low degree of
inbreeding (frequently female parent
× male offspring mating) for the last
several centuries, which shaped the
relative higher genetic stability and
adaptation to inbreeding than those
of other pig breeds.

Found mainly in North
America but originated in
Europe at an average northern
latitude of 50°. This breed has
been intensively artificially
selected for fast growth, and
efficient accumulation of lean
meat (muscle). In general, the
inbreeding coefficient of
Duroc is less more than 12%.

Coat color
Uniform two-end-black fur without other black spot. White fur
occupies over 82% of the surface area (inbred line F10-F19).

Two-end-black fur with black spots
of different sizes on shoulders, back
and waist.

Reddish-brown.



Body size

The average body weights of newborn, 12-month-old, and
20-month-old pigs are approximately 0.276±0.053, 36.443±0.49,
and 43.158±0.42kg (inbred line F10-F19), respectively. The average
adult (20 months old) body length and height are 73.67±5.59 cm and
= 42.75±1.21 cm (inbred line F10-F19), respectively, which are
significantly smaller than these of BXs and commercial Durocs.

The average adult body weight
(51.92±1.92 kg), length (90.14±4.89
cm), and height (50.29±4.18 cm) are
greater than those of BM pigs but
less than those of commercial pigs.

The average adult body
weight, length, and height
are > 300 kg, 167.5±5.36 cm,
and 66.83±3.26 cm,
respectively.

Skeleton

There are only 19 or 20 thoracic and lumbar vertebrae, which is
fewer than those in other large commercial pigs (21–23 thoracic and
lumbar vertebrae in Duroc and other pigs).
The average adult length of the fibula (12.24±0.92 cm) is shorter
than that (17.27±0.95 cm) of the Duroc pig.

The numbers of thoracic and lumbar
vertebrae are the same as those in
the BM pig. The length of the fibula
(14.24±0.76 cm) is longer than that
of the BM pig but shorter than that
of the Duroc pig.

There are 21–23 thoracic and
lumbar vertebrae, and the total
length of the cervical,
thoracic, lumbar, and sacral
vertebrae of Duroc swine is
162.3±4.36 cm. The average
adult length of the fibula is
17.27±0.95 cm.

Sexual
maturity

Early maturity: at 30 and 60 days old, the weight of the testes (5.43
and 13.80 g, respectively) and seminiferous tubule diameter (100.47
and 188.5 µm, respectively) are higher than those of Durocs at the
same ages (2.94 and 11.55 g; 80.00 and 146.43 µm, respectively).
Spermiogenesis of spermatids in the testes (30 days old) and mature
sperm in the epididymis (48 days old) have been documented.

The reproductive system is the same
as that of BMs.

Late maturity: The
reproductive system of
commercial pigs such as the
Duroc is clearly not as
developed as that of
BMs/BXs.
Sexual maturity is reached
between 6 and 8 months,
meaning that mature sperm do
not appear in the epididymis
until after 180 days of age.

Feeding Pigs (> 6 kg) are fed a standard diet composed of 12.95 MJ/kg with BXs is under extensive feeding. Pigs are fed according to the



standard the full value of feed digestion and 14.5% crude protein. All of the
pigs are fed twice a day with drinking water provided.
The nutrient requirements of miniature pigs according to size1 are as
follows:
0.4–6 kg: Total digestive energy of one miniature pig/day = 2.38
MJ, and energy concentration of pig milk = 5.31 MJ/kg. We chose to
supply sufficient milk (> 0.45 kg) to piglets.
6–20 kg: Total digestive energy of one miniature pig/day = 4.67 MJ.
In this phase, food intake of one pig/day = 2% of body weight
(~average 0.26 kg), which provides 72% (~3.37 MJ) of the daily
nutrient requirement.
20–40 kg: Total digestive energy of one miniature pig/day = 6.91
MJ. In this phase, food intake of one pig/day = 1.2% of body weight
(~average 0.36 kg), which provides 67% (~4.47 MJ) of the daily ad
libitum intake.

“Nutrient requirements of
swine (NRC 2012)”.

Temperament
After selection, behavior is dramatically tamer than that of BXs. BXs have aggressive behaviors,

including jumping over a 1-m-high
fence and attacking human beings.

Temperament has become
very docile after hundreds of
years of domestication.

Distribution
Currently, most pigs, especially closed colonies and inbred strains,
are distributed in Guangxi Province, south China.

Indigenous to Guangxi Province,
south China.

Internationally used breed (93
countries).

Note: Values represent the mean±SD.



Table S2. FBG levels in BMs, and Durocs fed a high-fat/high-carbohydrate diet and limited activities for 0–12 months, Related to Figure 2.
Generation Time 0M 1M 2M 3M 4M 5M 6M 7M 8M 9M 10M 11M 12M

BM-induced
group

Inbred F17 BM-1 4.6 5.3 5.6 5.6 6.1 5.4 5.8 5.9 6.4 6.7 6.8 6.9 6.7
Inbred F17 BM-2 4.5 5 4.4 5.5 6 6 6 5.5 5.6 6.2 7.1 7.4 7.5
Inbred F17 BM-3 4.7 4.8 5.8 5.6 5.7 5.6 5.2 5.4 5.7 5.6 5.6 6.3 7
Inbred F17 BM-4 4.8 4.6 4.9 5.9 5.6 5.9 5.6 6.1 6 5.8 6.3 7.1 7
Inbred F17 BM-5 4.7 5.4 5.3 4.9 5 5.3 5.2 6.2 6.7 6 7.3 7.8 7.9
Inbred F18 BM-6 4.1 4.5 5.2 5.1 5.3 5 5.9 6.1 6.5 6.6 6.5 6.9 6.6
Inbred F18 BM-7 4.7 5.2 5.6 5.6 6.1 6.3 6.3 6.7 6.9 6.8 7.4 7.5 8.1
Inbred F18 BM-8 3.9 5 5.4 5.6 5.3 5.1 5.2 5.4 5.6 5.8 6.2 6.3 7.2
Inbred F18 BM-9 4.4 6.1 5.6 5.5 6.4 5.1 5.4 5.9 6.5 6.8 6.8 6.6 7.6
Inbred F18 BM-10 3.9 5.5 4.7 4.9 5.8 7.2 5 5.9 6.8 6.4 6.9 7.8 7.8
Inbred F19 BM-11 3.5 5.7 5.3 5.6 5.4 5.6 5.9 5.7 6.2 6.7 7.8 7.9 8
Inbred F19 BM-12 3.8 4.6 5.3 5.1 5.5 5.8 6 6.7 6.4 6.3 7 7.9 8.4
Inbred F19 BM-13 4 3.8 4.9 5 4.7 5.1 5.4 5.9 5.3 5.7 5.8 5.8 5.4
Inbred F19 BM-14 3.8 4.6 5.9 5.1 4.8 5.8 6 5.7 5.4 5.3 5 5.9 5.7
Inbred F19 BM-15 4.3 4.5 4.6 4.7 5.4 5.5 5.6 5.5 5.4 5.5 5.2 5.4 5.6

Duroc-induced
group

- Duroc-1 3.9 4.2 4.2 4.3 4.5 4.8 4.4 4.7 4.7 4.9 4.3 4.8 4.4
- Duroc-2 4.3 4.4 4.4 4.7 4.6 4.3 4.4 4.7 4.5 4.8 5 4.7 4.7
- Duroc-3 4.9 4.6 4.5 4.2 3.9 4.3 4.2 4.7 5 4.7 4.7 4.9 4.5
- Duroc-4 3.7 4.7 4.3 4.6 4.2 4.8 5 5.4 5.7 5.9 6.3 6.8 7
- Duroc-5 4 4.2 3.8 4.1 4.2 4.4 4.3 5 5.1 4.8 4.6 5.2 4.8
- Duroc-6 4.3 4.2 4.3 4.5 4.7 4.3 4.9 4.3 4.7 4.3 5.1 4.8 5
- Duroc-7 4 4.2 4.6 4.7 4.3 4.3 4.1 4.3 4.4 4.7 4.1 4.7 4.1



- Duroc-8 3.6 4.4 5.4 5.1 5.3 4.6 4.9 4.9 4.3 4.6 4.9 4.8 4.9
- Duroc-9 3.8 4 4.1 4.4 4.3 4.7 4.2 4.7 4.4 4.9 4.3 4.2 4.1
- Duroc-10 4.1 4.8 5.2 5.3 5.1 4.8 4.7 4.6 4.8 5 5.1 5.1 5
- Duroc-11 3.9 4.8 4.8 5.4 5.1 5.5 5.3 5.3 5.8 6.4 6.8 7 7.1
- Duroc-12 3.6 3.8 4.6 4 4.8 4.4 4.7 4.3 4.5 5.1 5.3 4.4 4.8
- Duroc-13 3.9 4.9 4.5 3.9 4.6 4.6 4.9 4.5 5.5 5.3 5.4 4.3 5.4
- Duroc-14 4.2 4.9 4.6 4.3 4.4 4.1 4.3 4.7 4.9 5 5.2 5.3 5.6
- Duroc-15 4.3 4.1 4.4 4.9 4.6 5 4.8 4.8 5 5.3 5.4 5.5 5.2

BM-control
group

BM-control-1 4.1 4.6 4.5 4.2 4.7 4.4 5.0 4.8 5.0 4.5 4.9 4.7 4.6
BM-control-2 4.4 4.4 4.3 4.3 4.5 4.6 4.6 4.9 4.6 4.8 4.2 4.8 4.7
BM-control-3 4.0 4.4 4.4 4.6 4.6 4.9 4.2 4.3 4.4 5.0 5.2 4.7 4.5

Duroc-control
group

Duroc-control-1 3.9 4.2 4.1 4.3 4.1 4.2 4.5 4.5 4.7 4.9 4.6 4.8 4.4

Duroc-control-2 4.3 4.4 4.3 4.3 4.4 4.3 4.4 4.1 4.2 4.6 4.3 4.4 4.3
Duroc-control-3 4.1 4.2 4.6 4.5 4.4 4.7 4.3 4.6 4.3 4.4 4.5 4.7 4.6

Note: Bold face and italic indicate those pigs whose FBG level reached 7 mmol/L (human diabetic standard) at 12 months.



Table S3. Statistics of glucose disappearance rate in intravenous glucose tolerance test at
12th month of BMs and Durocs with FBG > 7, Related to Figure 2.

Time (min) 10 30 60 90 120

BM-2 32.1% 53.8% 68.9% 72.2% 75.3%
BM-3 19.3% 40.0% 49.8% 66.9% 73.8%
BM-4 17.4% 48.4% 60.9% 70.8% 74.4%
BM-5 26.7% 47.4% 62.8% 69.1% 72.6%
BM-7 18.3% 43.1% 60.7% 69.2% 71.5%
BM-8 17.1% 45.1% 55.9% 71.0% 73.8%
BM-9 19.7% 39.8% 51.3% 66.9% 73.2%
BM-10 20.5% 47.3% 62.2% 70.7% 74.2%
BM-11 25.4% 47.8% 60.5% 68.7% 72.2%
BM-12 30.3% 44.9% 59.2% 70.1% 73.1%

Duroc-4 47.0% 60.6% 65.3% 70.5% 72.5%
Duroc-11 47.3% 63.6% 68.2% 69.8% 72.9%

BM-control1 50.4% 68.1% 73.6% 79.5% 81.1%
BM-control2 48.2% 68.4% 74.5% 76.5% 80.6%
BM-control3 47.0% 68.1% 74.9% 76.5% 80.5%

Duroc-control1 52.8% 70.2% 79.8% 80.6% 81.5%
Duroc-control2 52.2% 65.9% 77.2% 79.3% 80.6%
Duroc-control3 52.1% 68.1% 80.5% 80.9% 82.9%

Note: Glucose disappearance rates (%) were calculated based on the FBGs (mmol/L) of
different time compared with the FBGs at 3 mintes.



Table S4. Estimation of the BM genome size using K-mer analysis, Related to Figure 3
and Table 1.

K-mer K-mer number K-mer depth
Revised genome Size

（Mbp）

17 107,425,255,608 41 2583.64
Note: The estimated size of BM genome is ~2.58Gb. “Revised genome size” is the accurate
estimation without error K-mers. “Repeat” is the proportion of the same K-mer fragments in
all K-mers.



Table S5. Statistics of the genome sequencing data of BM, Related to Figure 3 and Table
1.

Pair-end libraries
Insert size

(bp)
Total data

(G)
Read length

(bp)
Sequence

coverage (X)

Illumina reads

250 98.90

150

38.33
500 70.56 27.35
2000 96.05 37.23
5000 63.28 24.53
10000 65.62 25.43

10 × Genomics -- 184.83 -- 71.64
Pacbio reads -- 53.00 -- 20.54
Nanopore -- 26.10 -- 10.12
Hi-C reads 350 273.7 150 106.09

Total -- 932.04 -- 361.25
Note: In total, 932.04 Gb sequencing data were used for de novo assembly. Sequencing depth
was calculated based on a genome size of 2.58 Gb according to survey analysis.



Table S6. Two assembled versions of the BM genome, Related to Figure 3 and Table 1.

Version Title
Total

length(bp)
N50

length(bp)
N50

Number
N90

length(bp)
N90

Number

Primary genome
Contig

2,434,455,7
66

258,261 2,713 62,333 9,916

Scaffold
2,462,711,3

26
21,133,597 35 5,711,122 120

Chromosome
genome

Contig
2,475,389,9

76
1,010,657 736 211,363 2,697

Scaffold
2,491,207,0

02
140,438,739 7 75,503,400 16

Note: The primary genome was assembled using Illumina reads and 10 × Genomics data.
Advanced genome assembly was based on the primary genome assembled using PacBio,
Nanopore and Hi-C data.



Table S7. BM chromosome-level genome assembly, Related to Figure 3 and Table 1.

Type
Length Number

Contig(bp) Scaffold(bp) Contig Scaffold
Total 2,475,389,976 2,491,207,002 13,676 6,638
Max 6,189,594 283,123,735 - -

Number ≥ 2000 - - 9,378 3,569
N50 1,010,657 140,438,739 736 7
N60 785,283 135,930,596 1,012 9
N70 593,748 126,657,800 1,371 11
N80 409,075 107,564,314 1,866 13
N90 211,363 75,503,400 2,697 16

Note: Only scaffolds ≥ 100 bp are included in the genome assembly.



Table S8. Lengths of all chromosomes of BM, Related to Figure 3 and Table 1.

Total base
(bp)

Total base
anchored to
chromosome

(bp)

Anchored
rate

Chromosome Length Chromosome Length

2,499,755,479 2,436,957,224 97.49%

1 283,123,735 11 80,778,500

2 153,537,847 12 62,080,114

3 135,930,596 13 220,391,114

4 132,416,539 14 143,097,157

5 107,564,314 15 141,856,286

6 173,039,949 16 75,503,400

7 126,657,800 17 63,961,684

8 139,843,531 18 51,975,951

9 140,438,739 X 123,307,586

10 76,766,902 Y 4,685,480



Table S9. GC contents of the BM chromosome-level genome, Related to Figure 3 and
Table 1.

Type Number (bp) % of genome
A 718,891,702 28.86
T 719,386,200 28.88
C 518,571,214 20.82
G 518,540,860 20.81
N 15,817,026 0.63

Total (bp) 2,491,207,002 100
GC 1,037,112,074 41.90

Note: GC content of the genome after excluding N nucleotides. The proportions of the four
bases A, T, G and C conform with the normal proportions. GC contents account for 41.90% of
the genome, and the Ns constitute only 0.63% of the genome.



Table S10. Integrity evaluation of the chromosome-level BM genome assembly according
to the read remapping ratio and coverage, Related to Figure 3 and Table 1.

Type1 Type2 Percentage (%)
Short
Reads

Mapping rate (%) 97.69

Genome

Average sequencing depth 65.85
Coverage (%) 98.32

At least 4×Coverage (%) 98.20
At least 10×Coverage (%) 98.10
At least 20×Coverage (%) 97.75

Note: A total of 97.69% of the total high-quality short-insert reads were realigned with the
chromosome-anchored genome with 98.32% coverage, suggesting a high level of consistency
between the sequencing reads and assembly of the chromosome-level BM genome.



Table S11. The accuracy of the chromosome-scale genome at the single-nucleotide level,
Related to Figure 3 and Table 1.

Type Number Rate (%)
All SNPs 1,835,478 0.0758

Heterozygous SNPs 1,826,136 0.0755
Homozygous SNPs 9,342 0.0004

Note: To evaluate the accuracy of the BM genome at the single-nucleotide level, all
short-insert reads were mapped back to the chromosome-level genome. A total of 7,959
homozygous SNPs (0.0004%) were identified, suggesting high accuracy in the assembly of
the chromosome-scale BM genome.



Table S12. Benchmarking Universal Single-Copy Orthologs (BUSCO) assessment of the
BM genome, Related to Figure 3 and Table 1.

Species BUSCO notation assessment result
BM C: 93.9% [S:93.3%, D:0.6%], F:3.2%, M:2.9%, n:4104

Note: C: complete, [S: single copy], [D: duplicated], F: fragmented, M: missing, n: total
BUSCO groups searched. 3,829 (93.9%) of 4,104 complete benchmarking universal
single-copy orthologs were assembled. Orthologs dataset of vertebrata_odb9 (Benchmarking
Universal Single-Copy Orthologs, BUSCO v3, https://busco.ezlab.org/) was used to evaluate
integrity degree of assembled genome.



Table S13. Summary of predicted protein-coding genes in the BM genome compared
with other representative mammalian genomes, Related to Figure 3.

Species Number
Average

gene length
(bp)

Average
CDS length

(bp)

Average exon
number per gene

Average
exon

length (bp)

Average
intron length

(bp)
Duroc 20667 44706.36 1702.51 9.44 180.42 5097.27
Human 20320 52095.71 1620.79 9.51 170.44 5931.70
Mouse 22612 38318.08 1550.91 8.77 176.74 4728.93
Dog 19851 38426.08 1643.99 9.53 172.44 4310.13
Cattle 19994 35359.53 1609.58 9.64 167.03 3907.72
Sheep 20921 35305.75 1559.03 9.62 162.13 3916.74
BM 21334 37279.78 1489.06 8.57 173.79 4729.18



Table S14. Number of BM genes with functional classification, Related to Figure 3.

Database Number annotated
Percentage annotated

(%)

NR 20381 95.5
Swiss-Prot 19917 93.4
KEGG 17486 82.0

InterPro
All 19272 90.3
Pfam 17271 81.0
GO 14068 65.9

Annotated 20409 95.7
Total 21334 -



Table S15. Repeat sequences in the BM genome determined using various software
programs, Related to Figure 3.

Type Repeat size(bp) % of genome

TRF 30,766,805 1.248890

RepeatMasker 896,054,192 36.372733

RepeatProteinMask 238,460,691 9.679623

Total 919,268,654 37.315057

Note: “Type” refers to the different software programs used to predict repeat sequences.



Table S16. Transposable elements (TEs) in the BM genome, Related to Figure 3.

Type
Denovo+Repbase TE Proteins Combined TEs

Length (bp)
% of

genome
Length (bp)

% of
genome

Length (bp)
% of
genome

DNA 7,269,477 0.295083 4590113 0.186322 10,165,012 0.412619

LINE 811,781,584 32.951929 225,800,882 9.165735 830,452,895 33.709837

SINE 38,778 0.001574 0 0.000000 38778 0.001574

LTR 148,223,141 6.016690 8,108,891 0.329157 153,178,127 6.217824

Unknown 7,737,034 0.314063 0 0.000000 7,737,034 0.314063

Total 896,054,192 36.372733 238,460,691 9.679623 908,867,268 36.892842

Note: The genomic TEs were predicted by RepeatModeler and RepeatMasker based on ab
initio determination and database. The TE libraries predicted by RepeatModeler and Repbase
were used to detect the TEs of Denovo+Repbase. TE proteins in the genome were predicted
by RepeatProteinMask based on Repbase. Finally, ‘Combined TEs’ is represent the
nonredundant consensus TEs between the above two prediction methods.



Table S17. The distribution and annotation of noncoding RNAs in the BM pig genome,
Related to Figure 3.

Type
Copy
number

Average length
(bp)

Total length
(bp)

% of genome

miRNA 8001 95.72 765841 0.031087
tRNA 4369 75.68 330646 0.013422

rRNA

rRNA 248 124.70 30926 0.001255
18S 18 347.44 6254 0.000254
28S 72 177.54 12783 0.000519
5.8S 3 107 321 0.000013
5S 155 74.63 11568 0.000470

snRNA

snRNA 2076 101.43 210570 0.008547

CD-box 277 85.28 23622 0.000959

HACA-box 288 135.16 38927 0.001580

splicing 1481 96.67 143166 0.005811
Note: The microRNA (miRNA), small nuclear RNA (snRNA) and tRNA sequences located in
repeat or gap regions were filtered. rRNAs (< 50 bp) with an identity < 85% were also filtered.
The average and total lengths were calculated using the integrated data.



Table S18. Copy number of PERV-derived genes in the Duroc and BM genomes, Related
to Figure 3.

Subtype Duroc BM

PERV-A-gag 25 6
PERV-A-pol 18 6
PERV-A-env 12 0
PERV-B-gag 26 6
PERV-B-pol 27 9
PERV-B-env 10 6
PERV-C-gag 26 6
PERV-C-pol 18 6
PERV-C-env 9 0



Table S19. Annotation of the SVs between BM and Duroc genomes, Related to Figure 4.
Number of SVs Percentage Locations of SVs

257 0.004328567 downstream
622 0.010476142 exonic
37080 0.6245263 intergenic
21092 0.35524565 intronic
4 0.0000673707 splicing
314 0.005288599 upstream
4 0.0000673707 upstream; downstream

Note: (1) downstream: 1 kb downstream of gene; (2) upstream: 1 kb upstream of gene; (3)
upstream; downstream: both in 1 kb downstream and 1 kb upstream of gene.



Table S20. Annotation of the SVs located in exonic regions between BM and Duroc
genomes, Related to Figure 4.

Number of SVs Type Percentage (%) Number of related genes

284 Deletion 45.66% 914
208 Duplication 33.44% 3252
28 Insersion 4.50% 28
101 Inversion 16.24% 1629
1 Inverted DUP 0.16% 1



Table S21. Genes loated in overlapping exonic regions of SVs between BM and Duroc
genomes, Related to Figure 4.

Gene symbol
SV

category
SV length

Reference Supporting
read

numberChromosome
Starting
position

Ending
position

ADAM7 Deletion 29561bp NC_010456.5 8506604 8536165 5
OVOL1 Deletion 62476bp NC_010444.4 6491564 6554040 5

AQN-1,PSP1,PSP2 Inversion 65033bp NC_010456.5 132257806 132322839 6
HSP70-2 duplication 10778bp NC_010449.5 23916445 23927223 5
UBE2B duplication 63241bp NC_010444.4 136591883 136655124 25
AHNAK Deletion 705bp NC_010444.4 9211343 9212048 6

ADGRF5/GPR116 Deletion 52092bp NC_010449.5 41671321 41723413 9
ATP10D Deletion 4821bp NC_010450.4 37524612 37529433 8



Table S24. Average weights of different visceral organs in adult BMs and Durocs,
Related to Figure 5.

Note: Values represent mean±SD.

Organs

Average organ weight (g)

BM (n =15) Duroc (n =15)
Human (50 kg)

(Young et al., 2009)

Liver 1081.5±43.0 1613.1±41.7 1228.5
Heart 251.3±11.2 480±31.2 258.5
Kidney 239.6±18.2 390±37.8 247.5
Spleen 135.7±10.2 211±16.7 135.5
Lung 817±43.5 1095±38.2 805.5



Table S25. Analysis of microsatellite genetic diversities of individuals in F11-F19 inbred
line of BM family, Related to Figure 6.

Family
Average

effective allele
number

Average
heterozygosi

ty

Average
polymorphism

information content

Average
inbreeding
coefficient

F11 (n=7) 1.2709 0.1737 0.1307 0.8263
F13 (n=5) 1.1653 0.1290 0.0985 0.8710
F15 (n=7) 1.1158 0.0882 0.0702 0.9118

F17
(n=11)

1.0739 0.0596 0.0541 0.9378

F19 (n=9) 1.0185 0.0166 0.0157 0.9825
Note: There were a total of 29 alleles at the 19 microsatellite loci, and the number of allele on
F11, F13, F15, F17 and F19 groups were 29, 27, 25, 25 and 22, respectively; the average
inbreeding coefficients of animals from the 11th, 13th, 15th, 17th 19th generations were
0.8263, 0.8710, 0.9118, 0.9378 and 0.9825, respectively. Seven, five, seven, eleven and nine
individuals from each generation were used for microsatellite genetic analysis, respectively.



Table S27. GO enrichment of mRNAs targets of the differentially expressed lncRNAs in
the liver, Related to Figure 2.

GO accession Description Term type Over represented p Value

GO:0022402 cell cycle process Biological process 0.0005942
GO:0016049 cell growth Biological process 0.00071391

GO:0071840
cellular component organization or

biogenesis
Biological process 0.0011208

GO:0072511 divalent inorganic cation transport Biological process 0.0012766

GO:0005520 insulin-like growth factor binding Molecular function 0.0015053
GO:0005488 binding Molecular function 0.0015327



Table S28. GO enrichment of mRNA targets of the differentially expressed lncRNAs in
skeletal muscle, Related to Figure 2.
GO

accession
Description Term type

Over represented p
Value

GO:0006072 glycerol-3-phosphate metabolic process Biological process 2.3423e-05
GO:0052646 alditol phosphate metabolic process Biological process 0.00040261
GO:0006333 chromatin assembly or disassembly Biological process 0.00046626

GO:0009331
glycerol-3-phosphate dehydrogenase

complex
Cellular component 0.00056468

GO:0008219 cell death Biological process 0.00086296
GO:0016265 death Biological process 0.00086296



Table S29. KEGG enrichment of mRNA targets of the differentially expressed lncRNAs
in the liver, Related to Figure 2.

Term Database KO ID P-Value
PI3K-Akt signaling pathway KEGG PATHWAY ssc04151 0.0165623900777

Arrhythmogenic right ventricular
cardiomyopathy (ARVC)

KEGG PATHWAY ssc05412 0.0188879984899

Oxytocin signaling pathway KEGG PATHWAY ssc04921 0.0198506827977
Proteasome KEGG PATHWAY ssc03050 0.0245177106915

Dilated cardiomyopathy KEGG PATHWAY ssc05414 0.0257824691069
Transcriptional misregulation in cancer KEGG PATHWAY ssc05202 0.0293816654376



Table S30. KEGG enrichment of mRNA targets of the differentially expressed lncRNAs
inskeletal muscle, Related to Figure 2.

Term Database ID P-Value

ErbB signaling pathway KEGG PATHWAY ssc04012 0.0159508247002
Oxytocin signaling pathway KEGG PATHWAY ssc04921 0.020511339311
AMPK signaling pathway KEGG PATHWAY ssc04152 0.0229409555906

Tight junction KEGG PATHWAY ssc04530 0.0293978723578
Pertussis KEGG PATHWAY ssc05133 0.0353475193857

Epstein-Barr virus infection KEGG PATHWAY ssc05169 0.0415830623246



Table S31. GO enrichment of the differentially expressed mRNAs in the liver, Related to
Figure 2.

GO accession Description Term type Over represented p Value
GO:0043565 sequence-specific DNA binding Molecular function 7.3414e-06
GO:0031012 extracellular matrix Cellular component 5.2445e-05
GO:0008716 D-alanine-D-alanine ligase activity Molecular function 0.00014597
GO:0043169 cation binding Molecular function 0.00023738
GO:0046872 metal ion binding Molecular function 0.00032501
GO:0020037 heme binding Molecular function 0.00046217



Table S32. GO enrichment of the differentially expressed mRNA of in skeletal muscle,
Related to Figure 2.

GO accession Description Term type Over represented pValue
GO:0043565 sequence-specific DNA binding Molecular function 6.6919e-05
GO:0005634 nucleus Cellular component 9.3464e-05

GO:0001071
nucleic acid binding transcription

factor activity
Molecular function 0.00010936

GO:0003700
sequence-specific DNA binding
transcription factor activity

Molecular function 0.00010936

GO:0005576 extracellular region Cellular component 0.000498
GO:0005520 insulin-like growth factor binding Molecular function 0.000763



Table S33. KEGG enrichment of the differentially expressed mRNAs in the liver,
Related to Figure 2.

Term Database KO ID P-Value

PI3K-Akt signaling pathway KEGG PATHWAY ssc04151 1.47555511446e-05
Metabolic pathways KEGG PATHWAY ssc01100 0.000404997150282

Chemical carcinogenesis KEGG PATHWAY ssc05204 0.00074161616888
Steroid hormone biosynthesis KEGG PATHWAY ssc00140 0.00111680207926
Protein digestion and absorption KEGG PATHWAY ssc04974 0.00136626411415

Retinol metabolism KEGG PATHWAY ssc00830 0.00155083160804



Table S34. KEGG enrichment of the differentially expressed mRNAs in skeletal muscle,
Related to Figure 2.

Term Database KO ID P-Value

MAPK signaling pathway KEGG PATHWAY ssc04010 0.00209329237638
Estrogen signaling pathway KEGG PATHWAY ssc04915 0.00222407814906
p53 signaling pathway KEGG PATHWAY ssc04115 0.00248411459897

Complement and coagulation cascades KEGG PATHWAY ssc04610 0.0113899481044
Circadian rhythm KEGG PATHWAY ssc04710 0.0134645687392

AMPK signaling pathway KEGG PATHWAY ssc04152 0.0209932852213



Table S35. Amplification primers for transprciptome qRT-PCR, PERV-C-env and 19
microsatellite DNA PCR, Related to Figures 2 and 6.

Gene symbol Primers

Transcriptome primer

PGC1-α
F:5’-AGGGACTTGTCTCCGTTG -3’
R:5’-AGGGACACTTGTCTCCGTTG-3’

LNC_000669
F:5’- ATGCCAATGTAGTTTAGGT -3’
R:5’- CTGTGGATTTTCTACTGGTCA -3’

LNC_000159
F:5’- GCTTTCACCCGGTACGCTG -3’
R:5’- TGCCAAGTTGTATCCGTGCT -3’

LNC_000737
F:5’- ATAATAAGGACCACGAGGAC -3’
R:5’- CATTTTGCTAACGAAACCAGA -3’

PEPCK
F:5’-TGTAACTCCTTCTCAACGGGACAC-3’
R:5’- TTTCCCCAGTCGGGTCATAATCC -3’

LNC_000081
F:5’- ACTATGGGTAATAATCCTG -3’
R:5’- TATTGCGATACAGTCAAC -3’

LNC_000576
F:5’- TTGTCTGGTTGTCTCGGGTC -3’
R:5’- TCGCACCCCTCGTGAAAAT -3’

LNC_001236
F:5’- ATATAACAGCCTACTGATGAG -3’
R:5’- GCTTTCACCCGGTACGCTG -3’

GAPDH
F:5’- GCCATCACCATCTTCCAGG -3’
R:5’- TCACGCCCATCACAAACAT -3’

PERV-C-env primer PERV-C-env
F:5’- CTGACCTGGATTAGAACTGG -3’
R:5’- ATGTTAGAGGATGGTCCTGG -3’

19 microsatellite DNA
primer

S0155
F:5’- TGTTCTCTGTTTCTCCTCTGTTTG -3’
R:5’- AAAGTGGAAAGAGTCAATGGCTAT -3’

SW240
F:5’- AGAAATTAGTGCCTCAAATTGG -3’
R:5’- AAACCATTAAGTCCCTAGCAAA -3’

S0007
F:5’- TTACTTCTTGGATCATGTC -3’
R:5’- GTCCCTCCTCATAATTTCTG -3’

SW1057
F:5’- TCCCCTGTTGTACAGATTGATG -3’
R:5’- TCCAATTCCAAGTTCCACTAGC -3’

S0225
F:5’- GCTAATGCCAGAGAAATGCAGA -3’
R:5’- CAGGTGGAAAGAATGGAATGAA -3’

S0227
F:5’- GATCCATTTATAATTTTAGCACAAAGT -3’
R:5’- TGCATGGTGTGATGCTATGTCAAGC -3’

S0355
F:5’- TCTGGCTCCTACACTCCTTCTTGATG -3’
R:5’- TTGGGTGGGTGCTGAAAAATAGGA -3’

S0090
F:5’- CCAAGACTGCCTTGTAGGTGAATA -3’
R:5’- GCTATCAAGTATTGTACCATTAGG -3’

S0218
F:5’- GTGTAGGCTGGCGGTTGT -3’

R:5’- CCCTGAAACCTAAAGCAAAG -3’

S0226
F:5’- GCACTTTTAACTTTCATGATACTCC -3’
R:5’- GGTTAAACTTTTNCCCCAATACA -3’



SW911
F:5’- CTCAGTTCTTTGGGACTGAACC -3’
R:5’- CATCTGTGGAAAAAAAAAGCC -3’

S0005
F:5’- TCCTTCCCTCCTGGTAACTA -3’
R:5’- GCACTTCCTGATTCTGGGTA -3’

SW951
F:5’- TTTCACAACTCTGGCACCAG -3’
R:5’- GATCGTGCCCAAATGGAC -3’

SW857
F:5’- TGAGAGGTCAGTTACAGAAGACC -3’
R:5’- GATCCTCCTCCAAATCCCAT -3’

S0002
F:5’- GAAGCCCAAAGAGACAACTGC -3’
R:5’- GTTCTTTACCCACTGAGCCA -3’

S0228
F:5’- GGCATAGGCTGGCAGCAACA -3’
R:5’- AGCCCACCTCATCTTATCTACAC -3’

S0026
F:5’- AACCTTCCCTTCCCAATCAC -3’
R:5’- CACAGACTGCTTTTTACTCC -3’

SW61
F:5’- GAGAGGGATGAGCACTCTGG -3’
R:5’- AGAGCATTCCAGGCTTCTCA -3’

SW1119
F:5’- CAACCTCAAAAATGGAGAAAGG -3’
R:5’- GTTCTTGCGGTGTTTGGC -3’



Supplemental URLs

Genecards, http://www.genecards.org
DisGeNET, http://www.disgenet.org/web/DisGeNET/
RepeatMasker, RepeatProteinMask and RepeatModeler, http://www.RepeatMasker.org
Solar, http://treesoft.svn.sourceforge.net/viewrc/treesoft/
Picard, http://sourceforge.net/projects/picard/

http://www.disgenet.org/web/DisGeNET/


Transparent Methods

Ethics approval
Animal breeding and care and all experiments were performed in accordance with “Regulations
for the administration of affairs concerning experimental animals of China (CNAS-CL60)”. All
experimental procedures used in this study were carried out in accordance with the Experimental
Animal Management Regulations (amendment on March 1st, 2017, China).

Establishment of BM strain
Two male and fourteen female primitive BXs were initially used to establish a laboratory inbred
line (BM) (SCXK (GUI) 2018-0003) beginning in 1987. In phase 1 (1987-1997), the method of
random mating of individuals in the group and occasional mating between half siblings was used
to establish a closed colony, under the conditions of limited feeding (Table S1), elimination of
descendants with deformity, and directional selection for smaller body size, tamer behaviors
(excluding those that jumped over a 1-m-high fence), and uniform black coat color on the head
and tail. In phase 2 (1997- ), the inbred line (BM) has been generated using consecutive mated
brother × sister (known as full siblings) mating interspersed with a low degree of parent ×
offspring mating sometimes, which has been conducted so far for 19 generations (inbred F19, or
bred F29). Breeding was initiated using four male and four female F10 closed colony individuals
(as inbred generation 0 (F0)), with a smaller size, tamer behavior, uniform two-end-black coat
color but without malformations. All extant individuals in inbred line can be traced to a single
ancestral breeding pair.

Detection of resistance to diabetogenic environment
Fifteen male BMs (inbred line F17-F19, 6-month-old), as BM-induced group, and fifteen male
Durocs (6-month-old), as Duroc-induced group, were fed with high fat and carbohydrate diet
(standard material (Table S1) with 37% sucrose and 10% fat) for 12 months. Sucrose and fat were
gradually added to reduce dietary stress and the diet reached the above criteria one month later.
Three BMs and three Durocs were selected to be fed with standard material as control groups. All
of pigs were fed twice a day and the drinking water was provided for free (Table S1). Single
animal was raised in a limited area—a cage of 6m3 for a Duroc and 3.75m3 for a BM, respectively,
to limit their activities.
Blood samples were collected every month from the pigs after 16 h of fasting and then centrifuged
at 3000 g for 10 min at 4°C to obtain the serum. The fasting blood glucose (FBG) level in serum
was detected by an automatic biochemical analyzer using the oxidase method. ELISA was
performed to detect the fasting insulin level. To measure the insulin sensitivity of pigs in each
group, a simple IVGTT was carried out with the following modifications: after 16 h fasting, 50%
glucose (1.2 mL/kg) was injected via the ear vein for 3 min, and blood glucose levels were
measured at 0, 3, 10, 30, 60, 90, and 120 min (Zhang et al., 2002). Pancreases, kidney, liver and
skeletal muscle tissues were removed immediately, fixed in 10% neutral formalin solution for at
least 24 h, embedded in paraffin wax, and then sectioned (4 µm thickness) for histopathological
evaluation. Pancreases, kidney, liver and skeletal muscle sections were stained with hematoxylin
and eosin using the Hematoxylin and Eosin Staining kit (C0105; Beyotime Institute of



Biotechnology, Haimen, China) and analyzed by light microscopy (CKX41 Optical Microscope;
Olympus, Japan). The animals, who have FBG level of > 126 mg/dL (7 mmol/L) (according to
human diabetic standards), and abnormal pathology (section of pancreas, kidney, liver and skeletal
muscle), increased FINS level (compared to control) and decreased glucose disappearance rate,
were considered to be non-resistant to diabetogenic environment.

DNA and RNA isolation for de novo sequencing
(1) Preparation of genomic DNA for Illumina paired-end read and mate-pair sequencing. Skeletal
muscle was collected from a 1-year-old male BM (19th inbred generation) for genome sequencing.
Genomic DNA was extracted using the BioSprint 96 Kit on the BioSprint 96 Workstation (Qiagen,
Crawley, UK) according to the manufacturer’s protocol. Extracted DNA was quantified using the
Qubit 3.0 Fluorometer (Thermo Fisher Scientific, USA) according to the manufacturer’s protocol.
(2) Preparation of high molecular weight (HMW) genomic DNA for 10 × Genomics linked reads
and PacBio long-read sequencing. HMW DNA was prepared from the abovementioned BM
skeletal muscle samples by Amplicon Express (Pullman, WA, USA) using their proprietary
protocol for HMW grade (megabase scale) DNA preparation. This protocol involves isolation of
cell nuclei and yields pure HMW DNA. This DNA was used to obtain the 10 × Genomics linked
reads. Genomic DNA suitable for PacBio long-read sequencing was prepared from BM skeletal
muscle samples by Amplicon Express using their proprietary next generation sequencing-grade
DNA isolation protocol.
(3) Preparation of genomic DNA for Nanopore sequencing. DNA was extracted from BM skeletal
muscle samples using the QIAamp DNA mini kit (Qiagen) for sequencing using the MinION
sequencer (Oxford Nanopore Technologies Ltd, Oxford, UK). DNA quality was assessed by
running 1 µl on a genomic ScreenTape on the TapeStation 2200 (Agilent Technologies, Santa
Clara, CA, USA) to ensure a DNA integrity value > 7 (value for NA12878 was 9.3). The DNA
concentration was assessed using the dsDNA HS assay on the Qubit 3.0 Fluorometer (Thermo
Fisher Scientific, UK).
(4) Preparation of DNA for Hi-C sequencing. Skeletal muscle tissues were fixed with
formaldehyde and then lysed. Crosslinked chromatin was recovered by centrifugation at 13
KRPM in the AccuSpin Micro17 centrifuge (Fisher) and rinsed with 1×TBS buffer. Chromatin
was digested overnight with 100 U of either HindIII or NcoI restriction endonuclease (NEB) at
37°C. To enrich for long-range interactions, digested chromatin was centrifuged for 10 min at 13
KRPM, rinsed in 1× NEBuffer 2 (NEB), centrifuged again, and resuspended in 1× NEBuffer 2.
Restriction fragment overhangs were filled in using biotinylated dCTP (Invitrogen) and Klenow
(NEB) (Van Berkum et al., 2010). The DNA concentration of the chromatin suspension was
quantitated using the QuBit fluorometer (Thermo Fisher Scientific, UK), and an 8-mL ligation
reaction consisting of a final DNA concentration of 0.5 ng/μL was carried out using T4 DNA
Ligase (NEB). Ligation reactions were incubated at room temperature for 4 h and then overnight
at 70°C to reverse crosslinks. DNA was purified by a standard phenol/chloroform purification
procedure followed by ethanol precipitation and resuspended in water with 1× NEBuffer 2 and 1×
BSA (NEB). To remove biotin from unligated DNA ends, T4 Polymerase (NEB) was added to the
DNA sample and incubated at 25°C for 10 min followed by 12°C for 1 h. DNA was purified using
the DNA Clean and Concentrator-5 Kit (Zymo Research) and then physically sheared to a length
of 300–500 bp for construction of the Hi-C library (Van Berkum et al., 2010; Bickhart et al.,



2017).
(5) RNA isolation for transcriptome sequencing. BM tissues (brain, liver, heart, spleen, lung,
kidney, pancreas, stomach, skeletal muscle and adipose) were harvested in liquid nitrogen and
stored at −80°C until extraction. Total RNA was extracted from the tissues using TRIzol reagent
(Invitrogen, Carlsbad, CA, USA) according to the manufacturer’s instructions. RNA degradation
and contamination were monitored by 1 % agarose gel electrophoresis. RNA purity was assessed
using the NanoPhotometer spectrophotometer (Implen, Los Angeles, CA, USA). RNA was
quantified using a Nanodrop® 2000 spectrophotometer (ThermoFisher Scientific, UK). RNA
integrity was assessed using an RNA Nano 6000 Assay Kit with the Bioanalyzer 2100 system
(Agilent Technologies, Santa Clara, CA, USA).

Genome sequencing, assembly and annotation of the BM reference genome
A one-year-old male BM (19th inbred generation) from BM breeding center, Guangxi University,
was used to isolate DNA and RNA for genome sequencing and annotation. To obtain a
high-quality BM genome assembly, we adopted a combination of sequencing methods including
Illumina paired-end and mate-pair sequencing, 10 × Genomics linked reads, single molecule
real-time (SMRT) sequencing from Pacific Biosciences (PacBio), MinION reads (Oxford
Nanopore sequencing Technology) and Hi-C data. As detailed in Table S5, a total of ~932 Gb
sequencing data (equivalent to 361× genomic coverage, based on an estimated genome size of
2.58 Gb) were generated.
DNA fragments longer than 50 kb were used to construct one GeMcode library using the
Chromium instrument (10 × Genomics, Pleasanton, CA, USA). This library was sequenced on the
Illumina HiSeqX platform to produce 2 × 150bp reads, producing a total of ~185 Gb of 10 ×
Chromium library sequencing data. Furthermore, short-insert (250 bp and 500 bp, paired-End) and
long-insert (2, 5 and 10 kb, mate-Pair) DNA libraries were constructed using standard Illumina
library prep protocols and sequenced on the Illumina HiSeqX platform as 2 × 150 bp reads,
producing a total of ~394 Gb Illumina library sequencing data. In addition, we constructed the 20
kb PacBio libraries using the BluePippinTM Size-Selection System recommended by Pacific
Biosciences. In total, 20 µg DNA were sheared to ~20 kb fragments by ultrasonication (Covaris,
Woburn, MA, USA) to construct the libraries. The quality of the sheared DNA was examined by
FEMTO Pulse pulse field capillary electrophoresis (Advanced Analytical Technologies, Inc.). The
sheared DNA was filtered using AMPure PB paramagnetic beads (Beckman Coulter Inc., Beverly,
MA, USA) with a recovery rate of 80%. The constructed libraries were sequenced using the
Sequel system, and a total of six SMRT cells were used to yield ~53 Gb sequencing data,
including 5.5 million clean subreads with an average length of 9.61 kb and an N50 of 15.826 kb.
Moreover, sequencing libraries were prepared using the Oxford Nanopore Technologies
sequencing kit SQK-LSK108 and sequenced by the MinION sequencer to produce a total of ~26
Gb clean data by using MinION flow cells, with a read N50 of 10.6 kb. Finally, Hi-C libraries
were constructed from the purified DNA (van Berkum et al., 2010) using reagents from the
Illumina Mate Pair Sample Preparation Kit. Paired-end sequencing was performed using the
Illumina HiSeq X platform to yield a total of 273.7 Gb. All libraries were constructed and
sequenced at Novogene (Tianjing, China). To remove the negative effects of sequencing,
short-insert read (250 and 500 bp), long-insert read (2, 5, and 10 kb), 10 × Genomics, and Hi-C
data were filtered according to the following criteria: reads with (1) low-quality bases (> 50%



bases with Q-value ≤ 8), (2) a rate of N bases > 10%, and (3) adaptor contamination were
removed.
We estimated the genome size of BM using K-mer frequency analysis with a K-mer size of 17
(Marçais and Kingsford, 2011). The estimated size of the BM genome is 2,583.64 Mb (~2.58 Gb)
(Table S4 and Figure S4). Given the challenges with this large animal genome, we adopted a
hybrid assembly strategy for the project. Contiguous scaffolding is essential for capturing the
whole gene structure to allow downstream analyses, such as genome annotation. Genome
scaffolding relies on long DNA fragments, and in recent years, the application of barcoded linked
reads from the 10X Genomics platform has begun to replace earlier scaffolding methods that rely
on mate-pair data. The third-generation sequencing platforms PacBio and Nanopore provide long
reads spanning repeat-rich genomic regions and ensure longer sequence continuity. Hi-C is an
adaptation of the chromosome conformation capture (3C) methodology (Dekker et al., 2002) that
identifies long-range chromosome interactions in an unbiased fashion without a priori target site
selection. The frequency of long-range consensus interactions decreases rapidly as the linear
distance along a chromosome increases, allowing Hi-C data to scaffold assembled contigs at the
scale of full chromosomes (Burton et al., 2013). HMW DNAs offer long fragments up to 1 Mb in
length (Murchison et al., 2012), which help produce a number of high-quality and contiguous
assemblies (Seo et al., 2016; Hulsekemp et al., 2018; Mostovoy et al., 2016; Avni et al., 2017; Lu
et al., 2015; Weisenfeld et al., 2017). Here, we present a de novo assembly using all of the
technologies described above. Filtered 10 × genomic data were used to assemble the initial
genome sketch using Supernova-v1.1.3 (Weisenfeld et al., 2017), and long-insert reads (2 kb, 5 kb
and 10 kb) were used to generate longer genomic fragments using SSPACE-v3.0 (Li et al., 2010).
In brief, the assembly was performed according to the following steps:

(1) We used a de Bruijn graph approach (Pevzner et al., 2001), adopting the method of
DISCOVAR (Weisenfeld et al., 2014). k-mers (k = 48) were prefiltered to remove those
present in only one barcode. The remaining k-mers were used to construct an initial directed
graph, in which edges represent unbranched DNA sequences and abutting edges overlap by
k−1 bases.
(2) We then used the read pairs to effectively increase k to approximately 200, so that the new
graph represents an approximation of what would be obtained by collapsing the true sample
genome sequence along identical 200-base sequences, thus achieving considerably greater
resolution.
(3) We decomposed the graph into units called lines that are extended linear regions,
punctuated only by “bubbles.” We used these lines to scaffold the assembly graph,
determining the relative order and orientation of two lines, then breaking the connections at
their ends, and inserting a special “gap” edge between the lines. The end result is a new line,
which has a special “bubble” consisting only of a gap edge.
(4) Scaffolding was carried out using read pairs initially. If the right end of one line is
unambiguously connected by read pairs to the left end of another line, they can be connected.
Read pairs can span short gaps. To scaffold across larger gaps, we used barcodes. Briefly, if
two lines are actually near each other in the genome, then with high probability, multiple
molecules (in the partitions) bridge the gap between the two lines. Therefore, for any line, we
may find candidate lines nearby by looking for other lines sharing many of the same barcodes.
By scoring the alternative orders and orientations of these lines, we can scaffold the lines by



choosing their most likely configuration, excluding short lines whose positions are uncertain.
(5) The next step in the assembly process is to phase the lines. First, for each line, we found
all of its simple bubbles, i.e., bubbles having just two branches. Then, we defined a set of
molecules. These are defined by a series of reads from the same barcode, incident upon the
line and without very large gaps (> 100 kb) between successive reads. A given molecule then
“votes” at certain bubbles, and the totality of this voting (across all molecules on each line) is
then used to identify phaseable sections of the line, which are then separated into
“megabubble” arms.
(6) Finally, we used Illumina long-insert reads (2, 5, and 10 kb) to elongate contigs and
generate the draft genome.

The 10 × assembly consists of 2.46 Gb and is highly contiguous with scaffold N50 at 21.1 Mb and
with contig N50 at 258 kb. After the primary scaffold assembly using 10X genomics data and
Illumina long-insert reads, the next assembly was subjected to PBJelly from PBSuite v15.8.24
(English et al., 2012) using the original PacBio and Nanopore long reads to resolve remaining
scaffold gaps, and short-insert (250 and 500 bp) reads were used to correct the inaccurate bases in
the genome introduced by PacBio and Nanopore data using pilon-v1.22 (Walker et al., 2014;
Bickhart et al., 2017). Finally, we generated reasonably accurate chromosome-scale de novo
assemblies for the BM pig genome by combining the above improved scaffolds and the Hi-C data
using LACHESIS (Burton et al., 2013). LACHESIS functions in three steps. In the first step,
LACHESIS uses hierarchical agglomerative clustering to group scaffolds that are likely derived
from the same chromosome, exploiting the fact that intrachromosomal contacts are on average
more probable than interchromosomal contacts in Hi-C datasets (Lieberman-Aiden et al., 2009).
An average-linkage metric (Eisen et al., 1998) is used for this clustering, with linkage defined as
the normalized density of Hi-C read-pairs linking any given pair of scaffolds. The final number of
groups is prespecified, ideally set to the expected number of chromosomes. In the second step,
LACHESIS orders scaffolds linearly within each chromosome group by taking advantage of the
higher Hi-C link densities expected between closely located scaffolds. For each chromosome
group, a graph is built with vertices representing scaffolds and edge weights corresponding to the
inverse of the normalized Hi-C linkage density between pairs of scaffolds. A minimum spanning
tree is found in this graph, and the longest path in this tree is extracted as the ‘trunk’, an
incomplete but high-confidence ordering of scaffolds within each chromosome group. To generate
full ordering, scaffolds excluded from the trunk are reinserted into it at sites that maximize the
amount of linkage between adjacent scaffolds. In the third step, the ordered scaffolds are oriented
with respect to one another by taking into account precisely where the Hi-C reads map on each
scaffold. For each chromosome group, a weighted directed acyclic graph is built representing all
possible ways to orient the scaffolds, given the predicted order. The weights are calculated as the
log-likelihood of the observed Hi-C links between adjacent scaffolds in a given combined
orientation, assuming that the probability of a link connecting two reads at a genomic distance of x
decays as 1/x for x ≥ ~100 kb (Lieberman-Aiden et al., 2009). The maximum likelihood path in
this graph yields a predicted orientation for each scaffold.
Based on the primary assembly, we incorporated the PacBio, Nanopore, and Hi-C data to generate
a chromosome-level genome with 2.49 Gb and contig N50 = 1.01 Mb and scaffold N50 = 140.4
Mb. The proportion of N bases in the genome is only 0.6%, and the total bases of ~2.25 Gb
(97.8%) are anchored to the 20 chromosomes (18 autosomes + XY). We calculated the GC content



and sequencing depth of the assembled BM pig genome in a 10-kb nonoverlapping sliding
window. Only one island was observed, indicating no obvious GC separation (Figure S5). To
evaluate the accuracy of the BM pig genome at the single-nucleotide level, we realigned the
~169.5 Gb high-quality reads from the short-insert libraries (250 and 500 bp) with the
chromosome-level genome assembly using the package BWA-v0.7.8 (Li and Durbin, 2009). Then,
we performed SNP calling using the package Samtools-v0.1.19 (Li et al., 2009) and finally
obtained ~1.8 M heterozygous and 24,838 homozygous SNPs for the BM pig genome with high
confidence (i.e., a coverage depth ≥ 4 and ≤ 150, a genotype quality ≥ 20, copy number ≤ 2, and
distance between adjacent SNPs ≥ 5) (Table S11), which represents a homozygous SNP rate of
0.001% in the BM pig genome. The completeness of the BM genome assembly was further
assessed using the BUSCO (database: OrthoDBv9_vertebrata) methods (Hu et al., 2017; Table
S12).
After genome assembly, we performed repeat annotation for the BM pig genome (Figure S8).
Transposable elements (TEs) were identified by using de novo-based and Repbased-based
methods and the total process was splited into three steps. Firstly, three denovo-based softwares of
LTR_FINDER, RepeatScout and RepeatModeler were used to identify TEs in BM genome.
Secondly, RepeatMasker-v3.3.0 took above three denovo library results and Repbase-rb20170127
as dataset to predict TE set. Thirdly, RepeatProteinMask- (Supplemental URLs) were performed
WU-BLASTX against the TE protein database. Finally, TE set predicted RepeatMasker and TE set
predicted RepeatProteinMask were combined as final TE set (Table S16). Tandem Repeat
Finder-v4.07b (Benson, 1999) was used to predicted tandem repeats. Above three results of
Tandem Repeat Finder, RepeatMasker and RepeatProteinMask were combined to calculate repeat
ratio of BM genome, respectively. Finally, nonoverlapped repeat dataset was obtained by filtering
overlapped results in combined repeat dataset (Table S15).
To optimize the genome annotation, the transcriptomes of 10 tissues (heart, stomach, fat, kidney,
brain, lung, liver, pancreas, muscle and spleen) were performed on Illumina platform. The genes’
structure in the BM genome were predicted by using three ways: homology-based, de novo-based
and transcriptome-based methods. (a) Homology-based prediction. Protein sequences from six
related species (Duroc, human, mouse, dog, cattle and sheep) downloaded from NCBI
(https://www.ncbi.nlm.nih.gov/) were regarded as homologous database to align to BM genome
by TBLASTn-v2.2.26 with an E-value cutoff of 1e-5. With above protein alignments,
GeneWise-v2.4.1 was used to predict accurate spliced position of coding regions. (b) De novo
prediction. We used three three ab initio predicted softwares—Augustus-v3.2.3 (Stanke and
Waack, 2003), GlimmerHMM-v3.0.1 (Majoros et al., 2004) and SNAP-2013-11-29(Korf, 2004) to
perform de novo predication. (c) Transcriptome-based prediction. In our annotation protocol,
transcriptome data were used by two different ways. In one hand, RNA data of ten tissues were
performed to de novo assmebly by TRINITY-v2.1.1 with parameters set to “--seqType fq
--normalize_reads --full_cleanup --min_glue 2 --min_kmer_cov 2 --KMER_SIZE 25”. Then
unigenes from assembly results were used to predict gene structure with PASA-r20140417. In the
other hand, RNA data of ten tissues were mapped into BM genome to obtain some evidences as
gene models using TopHat-v2.0.13 (Kim et al., 2013) and Cufflinks-v2.1.1 (Trapnell et al., 2010).
The final nonredundant reference gene set was generated by merging genes predicted by above
three ways in (a), (b) and (c) using EvidenceModeler-v1.1.1 (Haas et al., 2008), genes encoding ≤
50 amino acids, or with only de novo predictive support were removed. The final reference gene



set of the BM comprised of 21,334 genes which is comparable with the gene repertoire of the
Duroc genome (20,667 genes) (Table S13).
Gene functions were assigned according to the best alignments in the SwissProt and NR databases
(Bairoch and Apweiler, 1999) using BLASTP (Kent, 2002). We annotated motifs and domains
using InterPro (Mulder and Apweiler, 2007) by searching against publicly available databases,
including Pfam (Punta et al., 2012), using InterProScan (Mulder and Apweiler, 2007). Gene
ontology (GO) terms (Ashburner et al., 2000) for each gene were retrieved from the corresponding
InterPro descriptions (Table S14). Furthermore, we mapped these BM genes to the KEGG
pathway (Kanehisa and Goto, 2000) to identify the best-match category for each gene. tRNA
genes were predicted by tRNAscan-SE (Lowe and Eddy, 1997) using eukaryote-specific
parameters. rRNA, microRNA (miRNA), and small nuclear (snRNA) genes were identified using
the Infernal software (Nawrocki et al., 2009) by searching against the Rfam database
(Griffithsjones et al., 2005) using the default parameters (Table S17). In addition, we filtered the
miRNAs, snRNAs, and tRNAs that were located in the repeat or gap regions, as well as the
rRNAs of short length (≤ 50 bp) and low identity (≤ 85%).

Comparative genomic analysis
All CDS and protein data form the BM, Duroc, sheep, cattle, camle, horse, macaque, dog, mouse,
human and opossum were downloaded from NCBI database. For genes with alternative splicing
variants, we chose the longest transcripts (≥ 30 amino acids) to represent the genes. We used the
TreeFam methodology (Li et al., 2006) to define a gene family as a group of genes that descended
from a single gene of the last common ancestor of the considered species. An all-against-all
BLASTP (Kent, 2002) was applied to determine the similarities among the genes of eleven
mammalian genomes with an e-value of 1e-7 and conjoined fragmental alignments for each gene
pair by Solar (Figures S12 and S14; Supplemental URLs).

Genome analysis of SVs
To compare the differences between Duroc and BM genomes, ~20 × single-molecule sequencing
data from BMs were mapped to the Duroc genome (Sscrofa11.1) to detect SVs in BMs. NGMLR
software (Sedlazeck et al., 2018) was used to locate SVs, and ANNOVAR software (Wang et al.,
2010) was used to annotate the SVs. Then, SVs located within genes were extracted to determine
sequence similarities using Miropeats software (Parsons, 1995).

Cross-species comparisons of gene sets
We extracted orthologous genes among human, mouse, and BM/Duroc pig genomes to examine
the divergence among BM/Duroc pig genes and their human and mouse counterparts. MUSCLE
software was used to align the protein sequences from humans, mice and BM/Duroc pigs in
triplicate, and gaps within aligned sequences were removed using Gblocks (Talavera and
Castresana, 2007). Point accepted mutation (PAM) unit estimated by pairwise maximum
likelihood distance estimation was implemented using TKF package (Thorne et al., 1991) in R. To
further determine the conservation between BM and Duroc pig genes involved in eight common
human diseases (Obesity, type 2 diabetes mellitus, Nonalcoholic fatty liver disease,
Atherosclerosis, Parkinson’s disease, Huntington’s disease, Alzheimer’s disease, Amyotrophic
lateral sclerosis), we obtained gene lists associated with human diseases from GeneCards and



extracted BM and Duroc protein sequences from PAM results according to shared gene names for
subsequent comparison (Figure S14).

Phylogenetic tree construction and identification of gene family expansion and contraction
We constructed a phylogenetic tree based on the sequences from 11 species (BM, Duroc, sheep,
cattle, camel, horse, macaque, dog, mouse, human and opossum) using maximum likelihood
analysis of concatenated alignments of 7,928 single-copy orthologous protein-coding gene
sequences shared with their genomes. MUSCLE software was used to generate multiple sequence
alignments, and RAxML (Luo et al., 2015) were used to optimize and reconstruct the phylogenetic
tree. We determined the expansion and contraction of the gene orthologue clusters by comparing
the cluster size differences between the ancestor species and BM, Duroc, sheep, cattle, camel,
horse, macaque, dog, mouse, human and opossum, respectively using the Café program (De Bie et
al., 2006). P-value ≤ 0.05 was selected as cutoff value and the number of randomizations was set
to be 10000, and parameter λ value was searched globally.

Detection of PSGs
To detect PSGs, we extracted 11,042 single-copy orthologous proteins shared among BM, Duroc,
and human for multiple sequence alignments using MUSCLE software and branch-site models
and likelihood ratio tests (LRTs) as implemented in PAML software (Yang, 2007). To control false
discovery rate, we employed strict filtering standards for the results detected by PAML as follows:
(1) we extracted positively selected sites and the two adjacent amino acid sites previous and next
them and removed the candidate sites if there is any gap in the three amino acid sites; (2) the
candidate sites were removed if the amino acids at the previous one or next one site of positively
selected sites, differs in human, BM and Duroc. Finally, 789 BM genes of and 990 Duroc genes as
forward branch were obtained. GO and KEGG pathway enrichment analysis of positive selected
genes were performed using EnrichPipeline (Chen et al., 2010).

Whole-genome re-sequencing and SNP calling
We sampled a total of 100 pigs, including 50 BMs and 50 BXs. Genomic DNA was extracted from
blood samples from the 50 individuals of each breed using the DNeasy Blood & Tissue Kit
(Qiagen). Pool-seq was performed on the Illumina HiSeq platform, generating a total of 325.01
Gb paired-end DNA sequencing data. Similarly, the blood of 10 BMs and 10 Durocs from the
individuals in Table S2 were selected to extract genomic DNA that was used to generate about
545.13 Gb Illumina paired-end sequencing data.
The criteria for quality checking and filtering of the sequences were also applied. Consequently,
324.24 Gb (from BMs and BXs) and 544.98 Gb (from BMs and Durocs) high-quality paired-end
reads were mapped to the Duroc genome assembly (Sscrofa11.1) using BWA software (Li and
Durbin, 2009). The command ‘aln -o 1 -e 10 -t 4 -l 32 -i 15 -q 10’ was used to find the suffix array
coordinates of good matches for each read, and the best alignments were generated in the SAM
format given paired-end reads with command ‘sampe’. Next, we improved the alignment results
using the following three steps: (a) the alignment reads were filtered according to mismatches ≤ 5
and mapping quality = 0; (b) the alignment results were corrected using the package Picard
(Supplemental URLs) with two core commands; and (c) potential PCR duplications were removed.
If multiple read pairs had identical external coordinates, only the pair with the highest mapping

https://www.ncbi.nlm.nih.gov/genome/84?genome_assembly_id=317145


quality was retained.
After alignment, we performed SNP calling at the population-scale for the two groups (50 BMs
and 50 BXs; 10 BMs and 10 Durocs) using a Bayesian approach as implemented in the package
SAMtools (Li et al., 2009). The genotype likelihoods from reads for each individual at each
genomic location were calculated, and the allele frequencies were also estimated. The ‘mpileup’
command was used to identify SNPs using the parameters ‘-q 1 -C 50 -S -D -m 2 -F 0.002 –u’.
Then, only the high-quality SNPs (coverage depth 4–1,000, RMS mapping quality ≥ 20, distance
between adjacent SNPs ≥ 5 bp, and rate of missing samples within each group < 50%) were
retained for the subsequent analysis.

Microsatellite DNA analysis
To investigate the genetic structure of the inbred BM genome from generations F11 to F19, 39
pigs and 19 microsatellite markers (Table S35), recommended by food and agriculture
organization of the united nations/international society for animal genetics (FAO/ISAG), were
used to obtain short tandem repeat/microsatellite DNA typing data using the ABI 3730XL DNA
analyzer (ABI, USA). Then, we used Popgene32 (v1.31) to interpret the short tandem repeat
typing data to analyze indicators of genetic diversity, including effective allele number,
heterozygosity, polymorphic information content, and inbreeding coefficient.

Selective sweep for BMs and BXs
Allele counts and frequencies for all SNP positions were used to search signatures in the BM pig
genome that have undergone selection in the closed colony and inbreeding processes compared
with BXs, which live outdoors. First, pooled heterozygosity (Hp) values were calculated in 100-kb
sliding windows with a 50-kb step size for pooled resequencing samples from BXs and BMs,
respectively, following a previously reported method (Rubin et al., 2010). The Hp value of every
window was estimated using the following formula:

where nMAJ is the read count from the major allele for each SNP position, ΣnMAJ is the sum of
the total reads from the major alleles for all SNPs in every window, nMIN is the read count from
the minor allele for each SNP position, and ΣnMIN is the sum of the total reads from the minor
alleles for all SNPs in every window. In-house Perl scripts were used to calculate the Hp value
according to the above formula.
Second, the value of the fixation index (Fst) was also calculated for two pooled populations using
in-house Perl scripts and the following formula (Weir and Hill):

,

where



where k is the individual SNP; i is population 1 or population 2; and are the number of

reads for allele 1 in population 1 and population 2, respectively; and and are the total

number of reads for each SNP position in population 1 and population 2, respectively.
Afterwards, selective sweep tests were performed to identify those genes that had experienced
selection using a combination of Fst values and Hp results. We first calculated the ratio between
the Hp value of BXs and that of BMs using the formula: Hp ratio = Hp_BXpig/Hp_BMpig. Then,
the log2 Hp ratio and Fst were calculated to identify the candidate genes. Some maximum (≥ 0.81)
and minimum (≤ 0.07) log2 Hp ratio values and the top maximum Fst values (≥ 0.49) were used to
identify those selected genes belonging to BMs and BXs, respectively.

Selective sweep for BMs and Durocs
Each allele counts (SNP-REF and SNP-ATL) of total SNP positions were used to calculate each
allele frequency, then allele frequencies were used to search signatures of BMs compared with
Durocs. Heterozygosity (Hp) value and fixation index (Fst) were calculated as the same the above
method. Subsequently, selective sweep regions were also identified using a combination of Fst
values and Hp results.

RNA-seq analysis
The liver and skeletal muscle tissues from each individual in BM-induced group (n=15, at month
12) and Duroc-induced group (n=15, at month 12) (Table S2) were collected for RNA-seq. The
total RNA (excluding ribosomal RNA) of liver tissues/skeletal muscles were extracted and then
pooled as 3 portions in equimolar quantities, one portions for 5 RNAs.
A total of 3 μg RNA per sample was used as input material for the RNA sample preparations. First,
ribosomal RNA was removed using the Epicentre Ribo-zero™ rRNA Removal Kit (Epicentre,
USA), and the rRNA-free RNA was cleaned up by ethanol precipitation. Subsequently,
sequencing libraries were generated using rRNA-depleted RNA with the NEBNext® Ultra™
Directional RNA Library Prep Kit for Illumina® (NEB) following the manufacturer’s
recommendations. Briefly, fragmentation was carried out using divalent cations under an elevated
temperature in NEBNext First Strand Synthesis Reaction Buffer (5X). First-strand cDNA was
synthesized using random hexamer primers and M-MLV Reverse Transcriptase (RNase H-).
Second-strand cDNA synthesis was subsequently performed using DNA Polymerase I and RNase
H. In the reaction buffer, dTTP was replaced with dUTP among the dNTPs. The remaining
overhangs were converted into blunt ends via exonuclease/polymerase activities. After adenylation



of the 3’ ends of the DNA fragments, an NEBNext Adaptor with a hairpin loop structure was
ligated in preparation for hybridization. To select cDNA fragments of 150–200 bp in length, the
library fragments were purified using the AMPure XP system (Beckman Coulter). Then, 3 μL
USER Enzyme (NEB) were used with size-selected, adaptor-ligated cDNA at 37°C for 15 min
followed by 5 min at 95°C before PCR. PCR was then performed with Phusion High-Fidelity
DNA polymerase, Universal PCR primers, and Index (X) Primer. Finally, the products were
purified (AMPure XP system), and library quality was assessed on the Agilent Bioanalyzer 2100
system. The clustering of the index-coded samples was performed on the cBot Cluster Generation
System using the TruSeq PE Cluster Kit v3-cBot-HS (Illumina) according to the manufacturer’s
instructions. After cluster generation, the libraries were sequenced on the Illumina HiSeq platform,
and 150 bp paired-end reads were generated.
Raw data were first processed using in-house Perl scripts. In this step, clean data were obtained by
removing reads containing adapters, reads containing > 10% N bases, and low-quality reads (>
50% of bases whose Phred scores were < 5%) from the raw data. The Phred scores (Q20, Q30)
and GC content of the clean data were calculated. All subsequent analyses were based on
high-quality data.
The BM pig genome and gene model annotation files were used as direct references. The index of
the reference genome was built using Bowtie v2.0.6 (Langmead et al., 2009), and paired-end clean
reads were aligned to the reference genome using TopHat v2.0.9 (Trapnell et al., 2012). The
mapped reads of each sample were assembled using both Scripture (beta2) (Guttman et al., 2010)
and Cufflinks (v2.1.1) (Trapnell et al., 2012) via a reference-based approach. Scripture was run
using the default parameters. Cufflinks was run using ‘min-frags-per-transfrag=0’ and
‘–library-type fr-firststrand’, and other parameters were set as the defaults. In the present study,
single-exon lncRNAs were filtered out from the BM pig genome due to limitations of the
algorithm. This operation, in which at least two exons are preferred, is a purely technical one. To
avoid false-positive results as much as possible, the transcripts containing a single exon were
usually considered as background transcripts and were discarded, whereas multi-exon lncRNAs
were retained (Prensner et al., 2011).
Cuffdiff (v2.1.1) was used to calculate the fragments per kb per million reads (FPKM) of both
lncRNAs and coding genes in each sample. Differential expression analysis in the two groups
(three biological replicates per condition) was performed using the DESeq R package. For
biological replicates, transcripts or genes with an adjusted P value of < 0.05 were defined as
differentially expressed between the BM-induced and Duroc-induced groups.
To achieve high-quality data, we used four analytic tools, including CNCI (v2) (Sun et al., 2013),
CPC (0.9-r2) (Kong et al., 2007), Pfam-scan (v1.3) (Punta et al., 2011), and PhyloCSF
(v20121028) (Lin et al., 2011) to identify candidate lncRNAs. Transcripts predicted to have
coding potential by any of these four tools were removed, and those without coding potential were
retained. Then, we selected those commonly identified by the four tools as the final candidate
lncRNAs and included them in further analyses. Quantification of gene expression levels was
estimated by calculating the FPKMs of the transcripts. To investigate the sequence conservation of
the transcripts, we used the phyloFit program in the Phast (v1.3) package (Siepel et al., 2005) to
compute phylogenetic models for conserved and nonconserved regions among species. Then, we
used phastCons to compute a set of conservation scores for the lncRNAs and coding genes.
To explore the function of lncRNAs, we first predicted the target genes of lncRNAs regulated in



cis and trans. Cis regulation involves lncRNAs acting on neighboring target genes. We searched
for coding genes 10 kb/100 kb upstream and downstream of lncRNAs and then analyzed their
functions. Trans-regulated target genes of lncRNAs were identified by gene expression analyses.
While there were no more than 25 samples, we calculated the expression correlations between
lncRNAs and coding genes using custom scripts. Otherwise, we clustered the genes from different
samples using WGCNA (Langfelder and Horvath, 2008) to search for common expression
modules. Then, we performed functional enrichment analysis of the lncRNA target genes using the
EnrichPipeline (Chen et al., 2010). Significance was assessed by P values, which were calculated
using the EASE score (P value < 0.05 was considered indicative of significance).

Quantitative real-time PCR analysis
Total RNAs from liver and skeletal muscle in BM-induced and Duroc-induced groups were used
for quantitative real-time PCR analysis. Briefly, the first cDNA strains were obtained using a One
Step cDNA Synthesis Kit (Bio-Rad, USA), and were then subjected to quantification of mRNAs
or lncRNAs with GAPDH as an endogenous control using a standard SYBR Green PCR kit
(Bio-Rad) on the Bio-Rad CFX96 Touch™ Real-Time PCR Detection System. The quantitative
PCR was performed using the following conditions: 95 °C for 30 s, 40 cycles of 95 °C for 5 s, and
the optimized annealing temperature for 30 s. The primers and annealing temperatures for 9 genes
are listed in Table S35. All reactions were performed in triplicate for each sample. Gene
expressions were quantified relative to GAPDH expression using the comparative cycle threshold
(ΔCT) method. Differences in gene expressions between the two groups were detected by using
Student t test.

Data Availability
This genome project has been registered in NCBI under the BioProject
(http://www.ncbi.nlm.nih.gov/bioproject) accession PRJNA478804. The sequencing data of BM
have been deposited in NCBI Sequence Read Archive (SRA; http://www.ncbi.nlm.nih.gov/sra)
under the accession numbers of SRR7760074 to SRR7760081, SRR7760083 to SRR7760090,
SRR7760103 to SRR7760123 and SRR7759992-SRR7759997, for genomic data; and
SRR7760082, SRR7760091, SRR7760092, SRR7760095-SRR7760099, SRR7760101,
SRR7760102 and SRR8490196-SRR8490207 for transcriptomic data; and
SRR8449986-SRR8449987 and SRR8523736-SRR8523756 for genome resequencing data. The
assembled whole-genome sequences have been submitted to NCBI GenBank
(http://www.ncbi.nlm.nih.gov/genbank) under accession numbers SIDA00000000.
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