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ABSTRACT

References

Future directions

The nematode Halicephalobus mephisto was originally discovered inhabiting a deep terrestrial aquifer 1.3 km underground.  H. mephisto can thrive under conditions of abiotic stress including heat and minimal oxygen, where it feeds on 
a community of both chemolithotrophic and heterotrophic prokaryotes in an unusual ecosystem isolated from the surface biosphere. Here we report the comprehensive genome and transcriptome of this organism, identifying a signature 
of adaptation: an expanded repertoire of 70 kilodalton heat-shock proteins (Hsp70) and avrRpt2-induced gene 1 (AIG1) proteins. We find that positive selection has driven the expansion of Hsp70 genes, which are also transcriptionally
induced upon growth under heat stress.  We further show that AIG1 may have been acquired by horizontal gene transfer (HGT) from a rhizobial fungus. Over one-third of the genes of H. mephisto are novel, highlighting the divergence 
of this nematode from other sequenced organisms. This work sheds light on the genomic strategies of adaptation to heat in the first complete subterrestrial eukaryotic genome.

The genome of a subterrestrial nematode reveals an evolutionary strategy for adaptation to heat

http://mattharley.netfirms.com/discussion/54979/south-africa-950-miners-trapped-underground-power-cut-leaves-gold-miners-stranded
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Nematode Phylogeny

A Signature of Stress Adaptation: Hsp70 + AIG1 expansion

4-day culture at 37°C

Conditions in subterrestrial aquifer:
- warm (37°C)
- hypoxic (0.42 - 2.3mg/L dissolved O2)
- high methane
- thriving microbial communities

99 Single-Copy Ortholog ML 

Discovery of 
Halicephalobus mephisto

C. elegans domain count + 1
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Box shows median and first and third quartiles, while whiskers indicate the 15th
to 85th percentiles. Notches represent confidence intervals. P-values obtained 
by 2-tailed Mann-Whitney test.

Genome-wide expression changes

Hsp70 Bayesian phylogenetic tree
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AIG1 ML phylogenetic tree
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X
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- Test effect of knockdown of Hsp70, AIG1, and ARMET on survival at 37ºC

- Test microinjection and transgenic array formation

- Add H. mephisto genes to C. elegans

- Test different stresses: hypoxia, methane

- A new model system for stress adaptation and Hsp70 research
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GO identifier name ratio in 
study 

ratio in 
population 

p_uncorrected p_bonferroni 

GO:0008234 cysteine-type peptidase 
activity 

19/649 133/28062 4.83E-07 0.0014 

GO:0042302 structural constituent of 
cuticle 

13/649 89/28062 9.91E-07 0.0029 

GO:0004587 ornithine-oxo-acid 
transaminase activity 

3/649 3/28062 1.23E-05 0.0362 

Table 4. GO terms enriched in H. mephisto genes downregulated under heat stress. 

Branch 2  
(positive 
selection) 

1 

(purifying 
selection) 

Fraction Sites 
under 2   

Fraction Sites 
under 1 

LRT 
Statistic 
(2 lnL) 

p-value 

A HMEPH-07507-RA  3.58 0.17 0.12 0.81 1.98 0.15939 
B HMEPH-08905-RA  2.94 0.17 0.05 0.88 1.6 0.205903 
C HMEPH-16538-RA 1.54 0.17 0.11 0.82 0.22 0.63904 
D HMEPH-09138-RA  94.01 0.17 0.01 0.92 2.4 0.121335 
E HMEPH-09222-RA 86.51 0.17 0.24 0.68 104.48 1.59e-24 
F Long Branch 196.81 0.17 0.89 0.04 4.16 0.041389 
G HMEPH-08969-RA  999 0.17 0.08 0.84 8.12 0.004378 
H HMEPH-13099-RA 18.27 0.17 0.09 0.84 11.68 0.000632 
I HMEPH-12059-RA  1 0.17 0.75 0.18 0 1 
J dp_WR25_05901J.1 12.04 0.17 0.31 0.62 14.46 0.000143 
K Diploscapter Cluster III 

root 
999 0.17 0.13 0.80 26.36 2.83e-7 

L DCO_000646 1 0.17 0 0.93 0 1 
M dp_WR25_09899A.1 1 0.17 0.40 0.52 0 1 

Table 3. Branch-site analysis of dN/dS ratios ( ) from tree in Figure 2B. Bold p-values are statistically 
significant after correcting for multiple hypothesis testing (p=0.0038). Likelihood ratio test (LRT) statistic applied to 
a 2 table with df=1, critical values 3.84 (5%) and 6.63 (1%). Note that 2 is constrained to be greater than or equal 
to 1 (positive to neutral selection). , expression increased 1.5x under heat stress. , expression increased 2x under 
heat stress.  

Branch-site analysis of dN/dS ratios (ω) from tree shown to the right. Bold p-values are statistically significant 
after correcting for multiple hypothesis testing (p=0.0038). Likelihood ratio test (LRT) statistic applied to a χ2 
table with df=1, critical values 3.84 (5%) and 6.63 (1%). Note that ω2 is constrained to be greater than 
or equal to 1 (positive to neutral selection). Δ, expression increased 1.5x under heat stress. 
ΔΔ, expression increased 2x under heat stress. 
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