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Eesti keeles: paljastuhnur

The naked mole rat (Heterocephalus glaber) is strictly
subterranean rodent, found in the dry, tropical grasslands that
cover Kenya, Ethiopia and Somalia.
They live in full darkness, at low oxygen and high carbon
dioxide concentrations, and are unable to sustain
thermogenesis nor feel certain types of pain.
http://theinfinitevariety.wordpress.com/2010/11/14/it%E2%80%99s-all-in-the-family-the-naked-mole-rat/

The naked mole rat is an extraordinarily long-lived eusocial
mammal. Although it is the size of a mouse, its maximum
lifespan exceeds 30 years, making this animal the longest-living
rodent. Naked mole rats show negligible senescence, no agerelated increase in mortality, and high fecundity
until death. In addition to delayed ageing, they are resistant to
both spontaneous cancer and experimentally induced
tumorigenesis.

Naked mole rats naturally reside in large colonies with a single
breeding female, the ‘queen’, who suppresses the sexual
maturity of her subordinates.

Figure 1. Relationship of the NMR to other mammals. Estimation
of the time of divergence (with error range shown in parentheses).
The BRMC approach was used to estimate the species divergence time using the program
MULTIDIVTIME, which was implemented using the Thornian Time Traveller (T3) package
(ftp://abacus.gene.ucl.ac.uk/pub/T3/).

What type of sequence data was produced?
Genomic sequence:
ca 500 Gbp from single non-breeding male using Illumina HiSeq 2000 platform

Transcriptome sequences:
Tissue variation (brain, kidney, liver)
Age variation (newborn, 4-year old, 20-year old)
Oxygen variation (normal, 8% oxygen for 1 week)

In total, we generated about 475.78G of sequence, and following filtering out
low quality and duplicated reads, 247G (90x coverage) was retained for
assembly.

The genome size, G, was defined as G=K_num/K_depth, where the K_num is the total
number of k-mers, and K_depth is the frequency occurring more frequently than other
frequencies. In the present study, K is 17, K_num is 52,143,337,243 and K_depth is 19;
thus, the NMR genome size is estimated to be 2.74G, which is comparable to that of
other rodents.

1.3 Genome assembly
The NMR genome was assembled de novo using SOAPdenovo with k=41.
Low quality reads were filtered out and potential sequencing errors were removed or
corrected by k-mer frequency methodology. We filtered out the following type of reads:
1. Reads having a ‘N’ over 10% of its length.
2. Reads from short insert-size libraries having more than 65% bases with the quality ≤ 7,
and the reads from large insert-size libraries that contained more than 80% bases with the
quality ≤ 7.
3. Reads with more than 10 bp from the adapter sequence (allowing no more than 2 bp
mismatches).
4. Small insert size paired-end reads that overlapped ≥ 10 bp between the two ends.
5. Read 1 and read 2 of two paired-end reads that were completely identical (and thus
considered to be the products of PCR duplication).
6. Reads having k-mer frequency <4 after correction (to minimize the influence of
sequencing errors).

476 Gbp -> 247 Gbp

Genome assembly quality control
1. Completeness:
97.4% reads could be mapped back to the assembled genome.
2. Abnormalities of distribution (collapsed regions):
Distribution of coverage follows expected distribution (mode = 88x coverage).
Approximately 98.6% of the genome was covered by at least 20 reads.

Gene prediction methods
To predict genes in the NMR genome, we used both homology-based and de novo
methods. In addition, RNA-seq data were incorporated. For the homology-based
prediction, human and mouse proteins were downloaded from Ensembl (release 56) and
mapped onto the genome using TblastN. Then, homologous genome sequences were
aligned against the matching proteins using Genewise to define gene models. For de novo
prediction, Augustus and Genscan were employed to predict coding genes, using
appropriate parameters. RNA-seq data were mapped to genome using Tophat, and
transcriptome-based gene structures were obtained by cufflinks
(http://cufflinks.cbcb.umd.edu/). Finally, homology-based, de novo derived and transcript
gene sets were merged to form a comprehensive and non-redundant reference gene set
using GLEAN (http://sourceforge.net/projects/glean-gene/), removing all genes with
sequences less than 50 amino acid as well as those that only had de novo support.

Figure 2. Common and unique NMR gene families.

Functional analysis methods:
 missing and gained genes, pseudogenes
(NMR wrt human genome)
 Unique AA or DNA changes
(unique AA or promoter DNA changes in positions where all mammals
have conserved sequence)
 positive selection regions
(regions where nonsyn_subst_rate/syn_subst_rate >> 1)

 mRNA expression analysis
(old and young age; low and normal oxygen)

Functional analysis methods: missing and gained genes
Analysis of syntenic regions identified 750 gained and 320 lost NMR genes. We
also identified 244 pseudogenes, containing frameshift and premature
termination events.
GO enrichment of genes that were lost in NMR.

GO enrichment of pseudogenes in NMR.
GO_ID

GO_Term

Adjusted p-value

GO:0004984

olfactory receptor activity

< 0.001

GO:0007601

visual perception

P=0.015

GO:0007283

spermatogenesis

P=0.044

POOR VISION, SMALL EYES: MULTIPLE MUTATIONS

Of the four vertebrate opsin genes (RHO, OPN1LW, OPN1MWand OPN1SW), two (OPN1LW
and OPN1MW) were missing. However, the NMR has intact RHO (rhodopsin) and OPN4
(melanopsin), supporting the presence of rod-dominated retinae and the capacity to
distinguish light/dark cues. Of about 200 genes associated with visual perception
(GO:0007601) in humans and mice, almost 10% were inactivated or missing in the NMR.

BITTER TASTE RECEPTORS:

Supplementary Fig. 26.
The Neighbor-Joining
phylogenetic tree demonstrating
the relationships between eight
NMR T2R proteins (in red) and
known T2R proteins of human
and mouse.
The evolutionary distances were
computed using the Poisson
correction method and are in the
units of the number of amino
acid substitutions per site. All
positions containing gaps and
missing data were eliminated
from the dataset.

Unique AA or DNA changes
THERMOREGULATION: 4 amino acid changes in UCP1 gene

Figure 3. Unique changes in UCP1 sequences and their roles in thermoregulation.
a) Alignment of mammalian UCP1 sequences. Amino acids unique to the NMR are highlighted in
red, and conserved motifs in blue. b) Topology of UCP1. Regions affected in the NMR are
highlighted. c) Structural model of UCP1. Location of the channel and the nucleotide binding
loop with altered sequences in the NMR are shown.

Unique AA or DNA changes
HAIRLESS: One Amino Acid change

Hairless rats have mutations in the same region C397Y and C422Y

Unique AA or DNA changes
PAIN SENSITIVITY: DELETION IN PROMOTER REGION

Supplementary Fig 22. NMR-specific deletion within the TAC1 promoter. Transcription start sites
of human and mouse genes are indicated with arrows. NMR-specific deletion within the TAC1
promoter is indicated with a box. AP1 and E-box are transcription factor binding sites known to
regulate TAC1 expression.

Positive selection genes
AGING?: TELOMERASES

Supplementary Table 18. Positively selected genes. 141 genes were identified by PAML’s
branch-site test of positive selection. Among the first 45 genes (with FDR<0.01), the genes
shown in bold were checked manually. Some of the genes in this table, especially those not
shown in bold, may be false-positives.

AGING and CANCER RESISTANCE: No good explanation

Age related gene expression in human was not observed for the same genes in NMT
Difficult to interpret (cause, consequence or just random noise of experiment)?
For example, genes related to degradation of macromolecules, such as GSTA1, DERL1 and
GNS, were not upregulated with age inNMRs. We also found that genes encoding
mitochondrial proteins (NDUFB11, ATP5G3 and UQCRQ) were not downregulated,
consistent with stable maintenance of mitochondrial function during ageing. It is also of
interest that TERT (telomerase reverse transcriptase) showed stable expression regardless
of age.
Likewise, our transcriptome analysis of the NMR revealed decreased expression of genes
involved in insulin/IGF-1 signalling in the liver compared to mice.

AGING and CANCER RESISTANCE: No good explanation
Likewise, our transcriptome analysis of the NMR revealed decreased expression of genes
involved in insulin/IGF-1 signalling in the liver compared to mice.

AGING and CANCER RESISTANCE: No good explanation
To explain the extraordinary resistance of the NMR to cancer, a two-tier protective
mechanism involving contact inhibition mediated by p16Ink4a and p27Kip1 was proposed.
The involvement of p16Ink4a is unusual, since humans and mice show only contact
inhibition mediated by p27Kip1.

Alignment of
mammalian Ink4a
(p16Ink4a) coding regions

AGING and CANCER RESISTANCE: No good explanation
To explain the extraordinary resistance of the NMR to cancer, a two-tier protective
mechanism involving contact inhibition mediated by p16Ink4a and p27Kip1 was proposed.
The involvement of p16Ink4a is unusual, since humans and mice show only contact
inhibition mediated by p27Kip1.

Alignment of
mammalian Arf (p16Arf)
coding regions

