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Abstract: Subterranean rodents have evolved convergent traits in many of their biological characteristics that allow them to
adapt to a similar underground burrowing life style. However no study has yet been published about this convergent evolu—
tion at the molecular level. Here we use high-throughput next-generation sequencing data ( transcriptomes) to identify
both amino acid ( AA) variations and gene expression levels in order to analyze the convergent evolution of two typical sub—
terranean rodents the plateau zokor ( Eospalax baileyi) and the naked mole rat ( Heterocephalus glaber) . AA variation a—
nalysis detected 54 genes of which each had at least one convergent adaptation site; of these genes 13 were successfully an—
notated by their relatively obvious phenotypical functions. Within the 13 genes four ( Pipn6 Scol Dher 24 and Add2)

were related with hypoxia tolerance or adaptation to oxidative stress four ( Mbips] Aiplal Acsl3 and Ncoa2) were in—
volved in nutrient transport or energy metabolism four ( Smocl Kiflb Tcap and Cryab) were involved in limb develop—
ment or muscle health and the remaining gene ( Myo6) was involved in auditory function. Gene expression level analyses
of the two subterranean rodents detected 103 genes that were significantly upregulated ( >3 fold) as compared to mouse

( Mus musculus) and guinea pig ( Cavia porcellus) ; 20 of these genes could be successfully annotated by their phenotypical
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functions. Within these 20 genes 12 were related with hypoxia tolerance functions such as oxygen transport ( Dsg2

Tab2 Hp Rockl and F5) oxygen metabolism ( Tfbim and Mrpll)  and DNA repair ( Tdp2 Rad50 Alkbh2 Hlif
and Plkl) 3 were related with the functional integrity of muscle ( Sync and Taf3) and bone ( Acp5)  and the other 5 were
involved in immune ( Spon2 and Sh2d4a)  biological rhythm ( Clock) starvation tolerance ( Pdk4) and reproduction

( Clgn) .

two subterranean rodents

Our results show that the hypoxia tolerance—related genes were the most important adaptation genes found in the
followed by the digging apparatus—related genes ( especially the skeletal muscle) in addition to
the genes important in energy metabolism and energy balance. This paper provides evidence for convergence of subterrane—
an rodents at the molecular level.
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Table 1 ~ Genes which have convergent evolutionary amino acid ( AA) site and their functions ( those with unclear functions are not listed)
CCDS

Gene No. CCDS sequence of mouse AA variation” Gene name Gene function

sene248 CCDS26017. 1 A342V Smocl Plays essential roles in both eye and limb develop—
ment

gene385 CCDS51908. 1 M5141 Pipn6 Plays a key role in hematopoiesis

sene829 CCDS22707. 1 544N Mbipsi . Has a central role in the regulation of lipid metabolism in
cells

senel 169 CCDS17683. 1 V1091 Aplal - Providing the energy for active transport of vari-
ous nutrients

genel 743 CCDS18956. 1 S32N  A38ST Kiflb Mutations in this gene cause Charcot-Marie-Tooth disease
type 2A1

genel 829 CCDS23368. 1 V1301 Myo6 Required for structural integrity of inner ear hair cells

Catalyzes the transfer of reducing equivalents from cyto—

genel915 CCDS36183. 1 1208V Scol chrome ¢ to molecular oxygen and pumps protons across the inner mi—
tochondrial membrane

gene2927 CCDS15087. 1 A458T Acsl3 Has mainly an anabolic role in energy metabolism

sene3061 CCDSI8420. 1 Q316R Dherad N ?rntects cel.ls .from oxidative. stréss by reducing caspase
3 activity during apoptosis induced by oxidative stress

senesal 1 CCDS35515. 1 TI070A Neoa? . Required. with NCOAI to control energy balance between
white and brown adipose tissues

senesd32 CCDS25346. 1 S145p Teap Mutations in this gene are associated with limb-girdle mus—
cular dystrophy type 2G

sene6656 CCDS23172. 1 M7OL Cryab 4 A missense mutation co-segregated in a family with a
desmin-related myopathy

sene7012 CCDS20308. 1 NI78S Add2 Associated w.ith the regulation of blood pressure in an ani-
mal model of hypertension

* CCDS 3 ( N N
) 6-8 (1)

* The numbers show the AA sites according to the corresponding mouse CCDS sequences the letters ahead the number are the AAs of the subterra—

nean rodents the letters behind the numbers are the AAs of the other three species ( mouse guinea pig and human) as well as the ancestor nodes 6 —

8 in Fig. 1
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( Tab2) . ( TfbIm~ Mrpll) . ( Clock) ( Pdk4) (
( Spon2. Sh2d4a) . ( Clgn) . 2) .

2 ( )
Table 2 Genes which had expression levels in the two subterranean rodents at least three times greater than those in the two above—ground rodents ( those

with unclear functions are not listed)

CCDS

Gene No. CCDS sequence of mouse PosteriorFC Gene name Gene function

Bind and help to degradate free plasma he—
gene4874 CCDS40470. 1 43. 46 Hp moglobin preventing loss of iron through the kidneys and pro—

tecting the kidneys from damage by hemoglobin

Functions as an opsonin for macrophage phagocytosis of

genel53 CCDS19200. 1 29.52 Spon2 .
bacteria

gene6212 CCDS35754. 1 11.25 F5 Central regulator of hemostasis

gene4420 CCDS22452. 1 8. 94 Clgn Probably plays an important role in spermatogenesis

gene436 CCDS24684. 1 8.32 Rad50 DNA Double-strand break ( DSB) repair of DNA

gene5630 CCDS52564. 1 7.08 Sh2d4a May play a role in T-¢ell development and function

gened080 CCDS19902. 1 6.95 Pdid Plays an importa.m role in maintaining normal blood
glucose levels under starvation

genel222 CCDS19559. 1 6.21 Alkbh2 DNA Dioxygenase that repairs alkylated DNA and RNA

geneS040 CCDS22923. 1 4.90 Aeps - Involved in osteopontin/bone sialoprotein dephospho—
rylation

sene6004 CCDSIS675. 1 4.00 Taf3 ‘ Required in complex with TBPL2 for the differenti—
ation of myoblasts into myocytes

gene6405 CCDS19449. 1 399 Mipll ' Help in protein synthesis within the mitochon—
drion

gene2829 CCDS19360. 1 3,75 Clock ' 'Active‘ite E‘—bux element transcription of a number of
proteins of the circadian clock
DNA Plays a role in errordree post—replication repair

1238 CCDS17261. 1 3.54 Hly

gene i ( PRR) of damaged DNA

gene236 CCDS26381. 1 350 Tdp2 DNA o In.volved in both DNA repair and the activation of
transcription factors

gened192 CCDS28363. 1 337 Thim ' DNA Required for basal transcription of mitochon—
drial DNA

genel 158 CCDS29053. 2 3.30 Rockl Plays a role in terminal erythroid differentiation

gene5627 CCDS23691. 1 3.28 Tab2 Involved in heart development

gene3381 CCDS21812. 1 396 PIk DNA Also 'requirt'ed f'or recovery after DNA damage check—
point and entry into mitosis

gene3010 CCDS18687. 1 3.13 Syne May have a structural role in striated muscle

gene3198 CCDS29084. 1 312 Dsg2 Mutations is associated with arrhythmogenic right

ventricular dysplasia familial 10

43

Converge

o ( convergent) ( parallel)
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