Supplementary Figure S1. Summary and phenotypic characteristics of sampled

animals.
Breed / Average Body Forms of
Species Animals population Location altitude Age weight livestock
description (m) (kg) rearing
Cattle Indigenous . : Adult
i Chengdu city, Sichuan Home
W ~ ~
(Bos a b catt_le province, China 500 (>4 years 300 rearing
taurus) ' (low-altitude) old)
Yak .
| . ) Adult Stocking /
(Bos Yak (high- Songpan prefecture, Tibetan N - :
grunnien il altitude) autonomous region, China 3000 (>403|/5ars 200 norrr:?dls
s)a e
. . . Adult
Indigenous goat Ya'an city, Sichuan - Home
Goat (low-altitude) province, China 600 (>3 ?/(;ears 30-50 rearing
(Capra old)
aegagrus .
hircus)b Tibetan goat Songpan prefecture, Tibetan Adult Stocklng /
. . . ; ~3000 (>3 years ~27 nomadis
(high-altitude) autonomous region, China old) m
4 ! SmalLLa;l(;ed Han Jining city, Shandong ~50 (>§d:|;rs 60-70 Home
Sheep L (Iow—altitﬁde) province, China o)lld) rearing
(Ovisb - s =4
aries) - ' ' Adult Stocking /
Tlt_)etan §heep Songpan prefectu_re, let_etan ~3000 (>3years  30-40 nomadis
n (high-altitude) autonomous region, China old) m
[ f Rongchang pig Rongchang prefecture, ~400 (;;du;tar ~160 Home
Pig TULA (low-altitude) Chongging city, China oI)c/i) rearing
(Sus R ,
c ) . , Adult Stocking /
scrofa) leetaq pig Songpan prefectu_re, let_etan ~3000 (>2 year ~88 nomadis
(high-altitude) autonomous region, China old) m
Ingrlfi;:;eonus Ya'an city, Sichuan ~600 (/i%télé 2425  Home
Chicken (low-altitude) province, China days old) rearing
s(lgi;gg)sd Daoch fect Adult Stocking /
) . ocheng prefecture,, u ocking
-I_('E?tﬁ_naﬁ;&k;n Tibetan autonomous region, ~3000 (>300 1.4-1.6 nomadis
9 China days old) m
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Supplementary Figure S2. Orthology assignment of the five reference veterbrates
genomes. Subdivided bars represent different types of orthology relationships. ‘1:1’ indicates
single-copy orthologs in each genome. ‘N in 1’, ‘Nin 2’, ‘N in 3’, ‘N in 4’, ‘N in 5’ indicate multi-
copy orthologs in one, two, three, four or all five genomes, respectively. ‘0 in 1°, ‘0 in 2’, and ‘0
in 3’ indicate genes with single- or multi-copy orthologs in only one, two or three genomes,
separately. The ‘Species-specific’ genes exhibit no orthology with genes in the other four

genomes.
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Supplementary Figure S3. Mapping ratios of RNA-seq data (a) and SNP number based

on whole-genome sequence data (b).
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Supplementary Figure S4. Percentage of expressed genes based on distinct cut-offs in
each sample. X-axis indicates distinct FPKM cut-offs for defining expressed genes, and y-axis
indicates the precentage of expressed genes. Different colors represent the six tissues;
different line types represent low- and high-altitude populations; different shapes represent the
three individuals (replicates) sampled in each population. (a) (b) (c) (d) and (e) are results from

chicken, pig, cattle/yak, sheep and goat.
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Supplementary Figure S5. Correlations based expression levels and divergence time.

The top panel shows the divergence time between pairs of species. The middle panel includes

sums of Spearman correlations between all possible species pair combinations across the five

studied species of each tissue and altitude group. We performed 100 bootstraps to generate

each violin plot by randomly sampling one individual from each population each time. The

bottom panel shows the Spearman correlations between each specific species pair

combination indicated by x-axis labels. Interestingly, the correlations in bottom panel increase

as the divergence time in the top panel decreases. The divergence times were derived from



the TimeTree database (http://www.timetree.org/).

Kidney

Q2

Heart

03 00 0Q
33 _ ki 83
< ££ [ 1eob deays = 22 | 1eob deays [+) 22 | 1eob deays
=3 _ = =
e} M S I veobeA D ST L jeobpes [ S L jeoboes
[~ mm, |- desysTea 0 w.uﬂnly |- deaysea (=] mumw |- deays™yeA
<Q | 10067 BId Tl o6 Big | 1e067BId
oe — om oe
< ¢] [ deeus Bid ¢ |- desysBig v I desys Big
Q r V~_w>\m_n_ S B ek Big <> (] I yeA Big
o] -1e0b ueoIuD ¢ [ 1reobussoyn [#] |- 1206~ uaxIYD
=] [deeus ussoIo O | deaysTuson Q |-deays~ussoyn
B - eA”usoI0 Q [ efuepyd B  [rrefuspuo
[#] - Bid"uaxo1yo o €& | 6duepuy § =) |- BiduaxoIyD
= |- 1eobdesys 3 s} | jeobdesys o B |- reob~deayg
3] [- ye0b-omeo = I jeobomeny @ 0 | 1e0b~omen
€] [- desysomed = |- desys~emen 2] - deaysameD
m - _Mmom m_m_ =3 I 1206 Big (2] I 1206 6i1g
<> [ desys bid (€] |- desys biq e I deays Big
(=] [ omes Big > =] I omeo big <> g I emeo By
%] | 1eob uexoI) €3 | 1o usdolyy a - 1806~ uaIyD
4] L.._mmcw\ usyolyo ] I- desys~usxoyn 0 I-deaysuaxoIyn
=3 |m_=m\o uaxoIyy ) |- ames uaxoIlyDy 3] [-elned uanoIyy
3 |- Bid~uaxoyD Q I BidussoIyD Q - Bid"uaxoyo
T T T TTTT T T T T T LELELEL I R B B B | T T T T T LALELELEL B L N B B B B | T T T T T
0se 05k 0 €2 Le 6l v'0 €0 20 L0 00 0S€ 0S5+ 0v'Z 0T gL ¥0 €0 20 L0 00 0S€ 0S5+ 022 02 8+ ¥0 €0 20 L0 00
swns swns
s sousbionig UoIBIeLI0D UosIBey  SUOWEISHOD UOSIES o 0usBIBAIQ UONE|E1I00 UOSIES SUONE[S.I0D UOSIESd awn mocmm\_g_oco_.m_mtoo Uosieay SUOWEISLI0D UOSIBa]
-] -
o2
©8 03 [}
52 - % 5
°° Mm - _momw\awmr_w =3 .w.m I-1eobdeays -] ..m,.w I 1e06doays
I 120673, =3 - ==
ss[ ¥ HeA [ce] < I 1o HeA = 5% L leobser
Se-] 82 [ desysyex z <
e L eobbig < 32 [ dosus rea Q Wum”s I deaysseA
B ! I 1206761 - —
o 6] 08 L geoysbig ov os |M_mw;m\%_n_ (s om [ 00 B
(o] I seA Bid <> =) | ek By < =3 = %wmmm Bid
| oop ! =o' I ek By
a yeob moxu_co o I-1eobuayoIyo - A
(¢ dea (¢} yeobuaMoIyD
| deeysuexoD -
a I yed uaol o [desys™usxolo 9] |-deaysuaxoiyn
il 3 Moy =9 I seAuaxolyn O I sreA"usyoiyn
s - B uopno < Leidussoy o e L 6id-ussoiun
<3 [ 1e0bdeeus = | 1eobdesys & - ob—doo!
e | jeobome: 2 E1 [&] - reob~deauys
emed o E> - 1eobamen = | —
£} I desys apme: =3 106 8MED
M\m Weo a |-desys~emeD 3] |- deays~epmeD
& I 1eol \_n_ mv I- 1eob Big eob 6
&) |- deays big )] |- deaysBig 3 Y Pid
S g | emeo Bid < > ) | desys Big
G |t e & [ o= Bid S < - omeoBig
1206”UaID Q | reobussoyo [ oob-
[==] |- deays—uaxoyn - [e] 1eob-usxolyy
_ : < [[deays™uaxoIy0 [=s] |-deaysuaol
0 |- smeo—uesoyn - Us~usoIuO
o ! =3 lomeoussoIy0 | omeo—
8} I Bid"uaxoyd - €3 a|eo " UBNOIYD
I I =] |- 6id"uaxoIyD 0 I Bid uaxoIyo
TTTTTT LN B I | T T T T T
03¢ 05k 0vZ 0Z 9+ ¥O €0 20 L0 00 T o UL s S S S s S
swns 0S¢ 05l O¥'g Lz 8l v'0 €0 20 10 00 0S€ 051 OvZ2 02 9L ¥0 €0 20 L0 00

awi} 90USBIANA yopeje1i00 UoSIBEY SUONEIRLOD UOSIERd

©

o

awn aouablaniq

swns
UOIJe[a1100 UOoSIedd

SUONIB|91100 UOSIEdd

swns

© oW 80usBIBAId yopejeii00 UosIEay  SUONEISLOD UOSIEY

Supplementary Figure S6. Correlations based on PSI values and divergence time. The

top panel shows the divergence time between pairs of species. The middle panel includes sums

of Spearman correlations between all possible species pair combinations across the five

studied species of each tissue and altitude group. We performed 100 bootstraps to generate

each violin plot by randomly sampling one individual from each population each time. The

bottom panel shows the Spearman correlations between each specific species pair

combination indicated by x-axis labels. Interestingly, the correlations in bottom panel increase

as the divergence time in the top panel decreases.
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Supplementary Figure S7. The first ten components of PCA based on expression levels.
The top panel indicates the percentages of variances explained by each component. The
bottom panel depicts the samples placed vertically based on rotated data along each
component. Interestingly, the third component sorts chicken out, the fifth component separates
pig from the other species, the seventh component splits sheep from the others, and ninth
component clusters cattle/yak together, indicating species-specific expression divergence

accounts for a non-trivial part of the total divergence, though could not transcend that of tissues.
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Supplementary Figure S8. The first ten components of PCA based on PSl values. The top
panel indicates the percentages of variances explained by each component. The bottom panel

depicts the samples placed vertically based on rotated data along each component.
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Supplemental Figure S9. Distribution of shared and specific DE genes between the high-

and low-altitude populations in each tissue among five vertebrates.
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Supplemental Figure S10. DE genes from pair-wise comparison between altitudes were
significantly shared among five vertebrates for each tissue. Significance of the overlapping

DE genes was determined by Chi-square test or Fisher’s exact test (P<4.87x 10'5).
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Supplementary Figure 11. More closely related vertebrates shared more common DE
genes. To compare the similarity of DE genes in each tissue for each vertebrate, the number
of shared DE genes in the pairwise comparison between the high- and low-altitude populations
was normalized by the number of their respective DE genes in each tissue for each vertebrate.
Statistical significance was determined by Wilcoxon rank sum test.
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Supplemental Figure S12. Distribution of shared and specific enriched functional
categories by DE genes between the high- and low-altitude populations in each tissue
among five vertebrates.
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Supplemental Figure S13. Enriched functional categories of DE genes based on pair-
wise comparison between altitudes were significantly shared among five vertebrates for

each tissue. Significance of the overlapping enriched functional categories was determined by
Chi-square test or Fisher’s exact test (P<1.03 x 10'4).
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Supplementary Figure S14. Factorial map of the principal-component analysis (PCA) of
gene expression levels for (a) first and second components (b) first and third

components (c) second and third components.
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components (c) second and third components.
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Supplementary Table $S1. Summary of RNA-seq data.

. . Raw data High quality = Mapping ratio
1) [}) 0
Name Individual Tissue Q20 (%) Q30 (%) GC(%) (Gb) data (Gb) (%)
Skeletal 96.64 90.00 83.35 523 4.98 81.68
muscle
Lung 96.80 90.45 84.10 463 4.42 88.33
Heart 97.27 9153 85.79 4.49 4.26 76.23
1
Liver 94.97 90.40 85.82 579 552 83.78
Spleen 94.71 89.96 85.20 5.49 528 81.92
L ow-altitude Kidney 94.81 90.01 85.22 5.83 526 7476
cattle
Skeletal 96.67 90.10 83.52 478 456 85.35
muscle
Lung 96.68 90.13 83.59 517 4.96 87.40
2
Heart 96.82 90.37 83.93 3.84 3.68 68.32
Liver 94.76 90.05 85.34 6.19 5.94 85.00
Spleen 94.65 89.85 85.05 518 4.94 82.04
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Kidney 94.39 89.47 84.55 5.08 4.92 74.89
Skeletal 96.75 90.28 83.80 4.46 4.26 77.79
muscle

Lung 96.77 90.39 84.01 5.27 5.04 88.00
Heart 96.90 90.63 84.36 5.46 5.22 68.50
Liver 94.77 90.08 85.39 5.61 5.34 84.20
Spleen 94.72 89.99 85.26 5.50 5.24 78.19
Kidney 94.30 88.95 83.60 5.07 4.60 75.84
Skeletal 96.93 90.69 84.44 4.89 4.64 83.37
muscle
Lung 97.15 91.30 85.45 433 414 84.77
High-altitude Heart 97.88 93.08 88.28 5.30 512 66.86
yak
Liver 94.25 89.20 84.14 6.29 6.08 79.12
Spleen 94 51 89.62 84.73 5.47 5.24 75.10
Kidney 95.31 90.90 86.50 6.25 6.04 74.47
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Lung 97.17 91.36 85.54 4.27 4.10 84.74

Liver 94.81 90.14 85.47 5.37 5.14 78.35

Kidney 95.32 90.93 86.54 6.36 6.16 75.05

Lung 97.15 91.32 85.49 5.93 5.68 84.32

Liver 94.90 90.30 85.70 5.42 5.22 79.74

Kidney 95.09 90.50 85.91 5.35 5.16 74.29

Lowe-altitude
goat
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Lung 97.59 92.54 87.48 4.48 4.28 84.22

Liver 94.35 89.26 84.16 5.94 5.74 81.05

Kidney 95.28 90.91 86.53 7.45 7.22 50.54

Lung 97.53 92.32 87.12 5.36 5.16 84.10

Liver 94.23 89.05 83.86 5.89 5.62 80.19

Kidney 95.12 90.61 86.10 7.13 6.94 50.16

Lung 97.58 92.47 87.35 5.35 5.14 85.93
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Liver 94.18 88.94 83.71 5.37 5.16 81.18
Spleen 94.02 88.72 83.41 5.37 5.14 78.34

Kidney 94.83 90.09 85.34 5.58 5.40 52.37

Skelelal 96.89 90.55 84.21 4.43 4.22 80.57

Lung 97.47 92.08 86.70 4.71 4.52 86.85

Heart 97.13 91.15 85.17 4.39 4.20 69.77

Liver 93.97 88.60 83.23 5.62 5.40 81.15

Spleen 94.09 88.81 83.53 5.84 5.58 76.67

High;';itt“de Kidney 93.65 87.85 82.04 6.12 5.92 72.96
Skelelal 96.13 88.64 81.16 5.82 5.42 81.38

Lung 96.19 88.88 81.56 4.94 4.56 82.96

Heart 97.14 91.14 85.15 5.06 4.76 72.26

Liver 94.11 88.82 83.52 5.56 5.36 78.69

Spleen 93.91 88.50 83.09 5.48 5.26 76.81
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Kidney 94.94 90.35 85.76 8.07 7.62 63.97
Skeletal 96.09 88.57 81.05 514 478 79.36
muscle
Lung 96.20 88.90 81.60 485 452 81.64
Heart 96.54 89.61 82.68 5.20 4.88 67.21
Liver 94.20 88.98 83.75 558 5.34 80.03
Spleen 94.09 88.81 83.54 5.69 5.36 75.69
Kidney 93.76 88.02 82.28 6.06 5.88 73.54
Skeletal 97.98 93.44 88.91 463 4.48 73.59
muscle
Lung 97.06 91.25 85.45 435 416 83.51
Low-altitude Heart 97.32 91.85 86.37 4.26 4.10 62.61
sheep
Liver 94.02 88.58 83.14 5.25 476 73.56
Spleen 9431 89.29 84.28 6.22 5.54 75.63
Kidney 95.28 90.86 86.44 6.67 6.44 56.64
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Lung 96.98 90.85 84.73 5.60 5.32 84.54

Liver 95.13 90.71 86.28 5.67 5.12 79.07

Kidney 95.24 90.79 86.34 5.53 5.32 56.16

Lung 97.04 90.96 84.89 4.73 4.54 84.32

Liver 95.01 90.46 85.91 5.60 5.06 79.81

Kidney 95.13 90.63 86.13 5.15 4.98 53.14

High-altitude
sheep
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Lung 96.76 90.36 83.95 4.44 4.24 82.85
Heart 96.95 90.76 84.58 4.47 4.30 68.55
Liver 94.67 89.91 85.16 6.16 5.50 73.71

Spleen 94.39 89.36 84.32 5.67 5.08 75.88

Kidney 95.12 90.59 86.05 5.92 5.74 74.24

Skelelal 96.89 90.78 84.67 5.92 5.64 78.84
Lung 96.98 91.02 85.05 4.46 4.28 82.21
Heart 97.27 91.72 86.17 6.42 6.18 67.90
Liver 94.87 90.20 85.53 5.78 5.16 77.50

Spleen 94.45 89.47 84.49 6.00 5.34 74.37

Kidney 95.37 91.03 86.68 6.48 6.24 73.33

Skelelal 97.03 91.17 85.31 5.19 4.96 80.08
Lung 97.01 91.09 85.17 5.54 5.30 83.57
Heart 97.21 91.57 85.93 4.88 4.68 73.63
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Liver 94.86 90.17 85.49 513 456 7776
Spleen 94.45 89.47 84.49 5.28 470 76.42
Kidney 95.14 90.73 86.31 6.91 6.62 65.02
Skeletal 97.12 91.40 85.69 479 4.48 71.88

muscle
Lung 97.36 91.95 86.53 479 458 76.16
dee 97.64 92.44 87.25 5.71 5.46 58.80
Liver 94.41 89.38 84.34 518 458 75.01

Low-altitude

Pg Spleen 94.15 88.92 83.70 563 4.90 69.44
Kidney 93.67 87.93 82.18 5.21 4.98 70.85
Skeletal 95.56 87.28 79.00 4.29 3.96 71.72

muscle
Lung 97.42 92.12 86.81 4.80 458 7776
dee 97.67 92.52 87.38 5.02 4.80 55.12
Liver 94.28 89.13 83.98 5.94 5.20 76.83
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Spleen 94.58 89.73 84.88 5.66 4.90 70.79
Kidney 93.90 88.34 82.77 6.54 6.14 70.21

fr'j‘f:zi' 97.28 91.77 86.26 4.26 4.04 72.76

Lung 97.27 91.71 86.15 4.59 4.40 72.02

Heart 97.50 92.09 86.67 5.12 4.88 61.51

Liver 94.56 89.62 84.68 6.42 5.60 76.21

Spleen 94.12 88.87 83.61 5.63 4.94 68.85

Kidney 93.93 88.59 83.24 5.18 4.74 69.54

Skelelal 95.89 88.07 80.24 6.13 5.86 69.95

Lung 97.36 91.91 86.45 4.80 4.58 77.89

High-altitude Heart 97.60 92.29 86.97 4.73 4.56 55.78

pig

Liver 94.61 89.74 84.88 5.00 4.38 75.01

Spleen 94.13 88.85 83.56 5.40 4.82 67.98

Kidney 94.76 90.24 85.71 7.19 6.98 66.36
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Skeletal

95.83 87.92 80.00 4.45 4.22 67.43
muscle
Lung 97.33 91.86 86.39 518 4.96 77.94
Heart 97.66 92.51 87.36 5.65 5.40 56.42
Liver 94.40 89.35 84.30 6.08 5.44 77.15
Spleen 94.10 88.84 83.59 5.54 4.84 70.91
Kidney 94.89 90.23 85.57 6.04 5.82 70.14
Skeletal 95.96 88.22 80.47 6.34 6.02 69.65
muscle
Lung 97.46 92.17 86.88 431 412 77.90
Heart 97.47 91.98 86.49 6.16 5.86 59.39
Liver 94.44 89.43 84.41 5.07 4.40 75.52
Spleen 94.61 89.78 84.94 5.66 5.02 69.44
Kidney 93.84 88.19 82,53 477 4.60 68.98
Skeletal 97.60 92.49 87.38 4.59 4.40 75.84
Low-altitude muscle
chicken
Lung 97.55 92.57 87.59 5.04 4.80 84.25
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Heart 97.58 92.31 87.04 5.00 4.76 69.58
Liver 95.11 90.71 86.32 6.72 6.06 81.51
Spleen 94.80 90.26 85.71 5.55 5.00 77.91
Kidney 93.61 87.93 82.26 5.28 4.94 74.08
Skelelal 97.71 92.69 87.68 4.81 4.62 73.38
Lung 97.51 92.47 87.43 4.77 4.54 84.24
Heart 97.69 92.61 87.53 5.27 5.04 66.08
Liver 94.91 90.37 85.84 5.31 4.82 79.51
Spleen 94.68 90.06 85.43 5.18 4.66 76.47
Kidney 94.37 89.44 84.52 5.51 5.12 74.38
Skelelal 97.62 92.55 87.48 4.87 4.66 75.13
Lung 97.55 92.58 87.60 4.79 4.56 83.24
Heart 97.76 92.79 87.82 5.76 5.50 64.86
Liver 95.13 90.73 86.32 5.62 5.04 78.86
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Spleen 94.67 90.03 85.39 6.23 558 78.21
Kidney 93.46 87.64 81.83 5.88 5.64 71.29
Skeletal 97.61 92.48 87.35 4.84 4.64 76.27
muscle
Lung 97.36 92.16 86.97 5.11 4.84 80.92
Heart 97.58 92.21 86.83 475 452 57.48
Liver 95.13 90.73 86.33 5.48 4.98 76.05
Spleen 94.65 90.07 85.50 5.42 4.94 78.52
High-altitude
chicken
Kidney 93.66 88.02 82.39 5.59 5.04 71.08
Skeletal 97.56 92.36 87.15 5.45 5.22 73.13
muscle
Lung 97.40 92.24 87.07 5.07 4.82 82.68
Heart 97.56 92.19 86.81 5.03 478 59.67
Liver 95.06 90.60 86.15 6.10 5.56 78.48
Spleen 9458 89.92 8527 5.30 4.80 74.00
Kidney 93.72 88.39 83.07 6.18 5.54 70.57
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Skeletal

muscle 97.60 92.45 87.30 4.84 4.64 72.53
Lung 97.44 92.39 87.33 4.89 4.64 81.74
Heart 97.54 92.12 86.70 4.67 4.42 58.56
3
Liver 94.93 90.37 85.81 5.65 5.10 76.30
Spleen 94.29 89.41 84.52 5.17 4.68 76.45
Kidney 94.86 90.30 85.74 6.69 6.20 72.86

The lllumina HiSeq 2000 with pair-end read of 100 nt in length used for heart, lung and muscle samples, and Illlumina HiSeq 2500 with pair-end read of 125 nt

in length used for kidney, liver and spleen samples.
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Supplementary Table S2. Summary of whole-genome re-sequencing data.

High- Mapping Depth Coverage Coverage
quality ratio (%) coverage atleast1 atleast4

data (Gb) (%) X (%) X (%)
Low-altitude pig 37.57 92.01 13.29 98.4 93.9
High-altitude pig 55.15 92.25 19.56 98.57 95.02
Low-altitude cattle 34.53 99.23 10.77 98.08 93
High-altitude yak 36.73 99.21 11.49 96.77 91.4
Low-altitude chicken 12.5 98.12 11.23 96.72 92.85
High-altitude chicken 14.37 97.39 12.71 96.52 92.53
Low-altitude sheep 36.28 98.53 11.42 95.95 87.45
High-altitude sheep 30.97 98.24 10 96.32 88.52
Low-altitude goat 37.2 97.66 12.65 98.47 93.49

High-altitude goat 32.79 97.5 10.85 98.21 90.42

31



Supplementary Table S3. Percentage of genes with FPKM = 0.5.

Animal Tissue Individual Chicken(%) Pig(%) Cattle/lyak(%) Sheep(%) Goat(%)
1 66.33 57.02 62.11 58.46 49.08
Heart 2 67.85 55.57 61.47 58.79 49.79
3 68.20 57.56 61.64 58.24 49.62
1 72.58 64.33 64.82 63.26 55.50
Kidney 2 71.58 63.93 64.61 62.71 55.96
3 71.71 63.37 64.62 63.69 54.85
1 63.43 57.39 58.36 52.08 49.35
Liver 2 61.90 56.34 61.58 56.17 49.37
Low- 3 62.49 57.62 61.33 56.37 49.64
altitude 1 76.57 66.77 68.29 67.10 57.10
Lung 2 74.90 66.48 68.65 67.04 56.56
3 76.06 65.57 68.46 66.96 55.88
1 70.09 55.64 57.29 53.74 48.45
Muscle 2 61.65 55.53 58.35 56.03 48.47
3 64.93 56.37 59.02 56.62 48.44
1 73.46 63.17 66.34 63.19 54.20
Spleen 2 73.52 63.08 65.95 62.87 53.48
3 74.22 62.18 64.18 63.86 52.94
1 71.38 56.49 59.04 58.01 51.40
Heart 2 71.68 57.01 61.02 58.37 50.83
3 70.27 58.14 63.29 57.38 50.80
1 75.28 62.16 64.97 60.24 54.73
Kidney 2 74.70 62.08 65.30 60.95 54.35
3 73.26 62.79 66.48 59.17 53.89
1 65.76 52.03 60.18 51.24 48.85
Liver 2 66.15 56.10 60.78 55.46 49.56
High- 3 64.97 54.58 58.68 55.87 48.86
altitude 1 75.51 66.18 67.72 66.67 57.19
Lung 2 76.03 67.17 68.10 67.11 57.85
3 78.05 66.63 68.77 66.22 58.11
1 69.20 53.65 58.08 56.07 49.47
Muscle 2 67.31 56.21 58.01 52.55 50.10
3 68.97 57.52 60.12 55.51 48.76
1 74.19 61.45 65.16 61.29 54.20
Spleen 2 74.20 62.51 65.22 61.95 53.93
3 74.51 62.66 65.66 61.08 53.07
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Supplementary Methods

1. Calculation of 1:1 orthologues using Ensemble pipeline

We applied the most recent Ensemble pipeline
(www.ensemble.org/info/genome/compara/homolog_method.html) to calculate
1:1 orthologues of five species. We downloaded the corresponding protein and
CDS sequences of five species from Ensemble website with the exception of
goat, whose protein and CDS sequences were downloaded from Goat Genome
website. The sequences of an additional outgroup species zebrafish were also
downloaded from Ensemble website. The longest protein sequence for each
protein coding gene was kept for further analysis. Such protein sequences were
concatenated to a single fasta file and makeblastdb function of NCBI blast+
version 2.2.28[1] was applied to generate the reference file. The merged protein
sequence fasta file was blasted against the reference file using blastp function
of NCBI blast+: in effect, each gene of six species were blasted against each
other (both within and between species), using parameters -seg no -
max_hsps_per_subject 1 -use_sw_tback -evalue 1e-10 -num_threads 1. Blast
e-values were converted to weights based on MIN(100,ROUND(-
LOG10(evalue)/2)), and Hcluster_sg
(http://sourceforge.net/p/treesoft/code/HEAD/tree/) was utilized to cluster
genes into families according to weights with parameters -m 750 -w 0 -s 0.34.
Zebrafish was used as an outgroup species in this analysis by setting zebrafish
genes to value 2 and non-zebrafish genes to value 1 in the category file, which
was integrated into the analysis via —C option. Large clusters with more than
400 genes were recursively split into sub-clusters by QuickTree version 1.1 [2]
until the largest sub-cluster contained less than 400 genes. In detail, multiple
sequences of each large cluster were first aligned via Mafft version 7.149b [3]
with parameter —auto and then converted to stockholm format by esl-reformat
function in hmmer version 3.1b1 [4]. QuickTree were used to build unrooted

tree and custom python scripts were utilized to find the branch that roughly split
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the tree into two parts of comparable nodes, by making sure one of the two
parts contained the smallest possible number of nodes over half of the total
number. This splitting process was repeated until the largest of the final sub-
clusters had less than 400 genes. The split clusters were combined with the
original clusters with less than 400 genes. Multiple alignment of protein
sequences for each cluster was then generated by Mafft if there were over 200
genes, or by a mixture of four aligners of mafftgins_msa, muscle_msa,
kalign_msa and t_coffee_msa consensified by M-coffee version 10.00.r1613 [5]
if otherwise. For each aligned cluster, we back-translated the protein
sequences to CDS and applied TreeBeST
(http://treesoft.sourceforge.net/treebest.shtml) to build phylogenetic trees
reconciled with an inputted species tree. Custom python scripts were utilized to
retrieve one-to-one orthologues.

2. Data filtering

| used prinseq-0.20.4 [6], cutadapt-1.12 [7] and in house developed script to
perform the filtering. The parameters used are ‘prinseq-lite.pl -fastq R1.fastq -
fastq2 R2.fastq -out_format 3 -ns_max_p 10 -out_good output -out_bad null’,
and ‘cutadapt -a AGATCGGAAGAGCACACGTCTGAACTCCAGTCAC --
overlap=10 --error-rate=0.1 --discard-trimmed --paired-output tmp.2.fastq -o
tmp.1.fastq R1_1.fastq R2_2.fastq’, ‘cutadapt -a
AGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGTAGATCTCGGTGGTCG

CCGTATCATT --overlap=10 --error-rate=0.1 --discard-trimmed --paired-output
result_1_filteradapt.fastq -o result_2_filteradapt.fastq tmp.2.fastq tmp.1.fastq’.
3. Mapping and variation detection parameters

The parameters for BWA mapping are ‘bwa mem -t 10 -k 32 -M.
AddOrReplaceReadGroups and BuildBamlIndex function in Picard version 1.14
(http://sourceforge.net/projects/picard/) was applied to add read group
information and index, separately. Indel realignment was performed using
RealignerTargetCreator and IndelRealigner tools in GATK. We called variants
by HaplotypeCaller, separated SNVs and Indels using SelectVariants, filtered
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SNVs with Fisher Strand values>60 or Qual By Depth values<2 or Mapping
Quality values<40 or Mapping Quality Rank Sum Test values<-12.5 or Read
Position Rank Sum Test values<-8, and filtered Indels with Fisher Strand
values>200 or Qual By Depth values<2 or Read Position Rank Sum Test
values<-20.

4. Tophat alignment parameters

Thank you for your valuable suggestions. The parameters we used are ‘--
library-type fr-firststrand -p 4 --output-dir myoutputdir —G myspecies.gtf

myspecies_genomeindex read1.fq.gz read2.fq.gz’.
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