Analyzing Evolvability To Anticipate
New Pathogens

Fusing the study of microbial pathogens with evolutionary biology potentially
provides a means for predicting emergent pathogens
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Scientists working on infectious diseases wondeor outcrossed populations. Later, analyses in-
about the evolution of virulence. Indeed, peoplecluded genetic diversity in the form of specifSc
want to know why new diseases appear, wherpoint mutations in DNA, and introduced evolu-
they come from, and, perhaps most interesting oftionary drivers, traits that change in direct re-
all, what is coming next. Many researchers aresponse to selective pressure, and evolutionary
working hard to answer those questions, particu-passengers, traits that change in response to se-
larly the last one. Figuring out what comes nextlection introduced by changes in their drivers.
depends on understanding what makes infec- Tumor cells are also used for characterizing
tious agents change to become more successful @volutionary drivers and passengers as well as
infecting hosts, transmitting between hosts, andheir evolvability. Some investigators are design-
avoiding a hostes immune system. ing therapeutics to target traits that are presumed
Once we understand the factors involved into be evolutionary drivers, while others are con-
conferring virulence, can we use that information sidering the value of targeting evolutionary pas-
to predict and possibly prevent the emergence of€ngers.
novel disease-causing pathogens? An approach Other factors such as changes in gene expres-
to understanding those issues that fuses the studgion, dominant and recessive forces, alternative
of microbial pathogens with evolutionary biology gene splicing, and redundant functions add fur-
provides an exciting way of tackling these questher complexity to the study of evolvability. How-
tions. Studying how disease-associated trait§Ver, by using bacterial systems, many of these
evolve holds the potential of enabling us to pre-potentially confounding factors can be more
dict accurately the emergence of infectious disreadily controlled.

eases.

Examining Evolvability in Bacteria
Evolvability,the Capacity to Respond Describing bacterial evolvability begins with con-
to Evolutionary Pressures sidering selection outcomes. Selection can be

From the standpoint of natural selection, the

evolvability of a trait is its capacity to change in

response to evolutionary pressures. In terms B SUMMARY ]
evolvability, it is not enough that a trait changes  pathogens adapting to new hosts or constantly shifting to escape the
transiently in response to a stimulus. Changes defenses of their natural hosts are subject to measurable evolutionary
must become permanent and transmissible from forces.

one generation to the next. The evolvability of a trait is its capacity to change permanently, most

Evolvability was conceived and fSrst studied by notably in response to diversifying natural selection.

examining information processing in the human  mycoplasma synoviaeand Mycoplasma gallisepticumshare a horizontally
brain, and was fSrst tested in the fruit Byosoph- transferred sialidase that is subject to distinct selective pressures and
ila melanogasterThose early studies focused

mainly on physiology or developmental biology,

and the traits were measured by studying inbred



thought of as exerting either a «purifyingZ or «di-



FIGURE 1

p=0.874 (P<0.001)

too, diversifSes to escape hostimmune responseglated bacterial specie§treptococcus pneu-
unlike VISE ofB. burgdorferithis specifSc adhe- moniaeandClostridium perfringens
sive function of VIhA is well known. This distinction is critical: a homologous
Moreover, the strength with whicM. syno- gene comes from the same common ancestor,
viaebinds host cells depends on which variants ofwhereas an analogous gene is not related by
VIhA are being expressed. Some variants clinglescent, but performs the same function. We
tenaciously, while others bind only weakly. Be-found that the analogous sialidasesSfpneu-
cause of the predicted functional balance betweemoniae and C. perfringensare largely con-
sialidase agctivity and~attachment, we assessesrved, and under global purifying selection,

also a striking, statistically signifScaRt ( 0.001) noviaethat makes it particularly prone to evolve?
correlation between sialidase actiyity level andro address this question, we examined another
adherence (Fig. 1). species oMycoplasmahat parasitizes birdsyl.

gallisepticumThese two species frequently co-
infect the same animal, creating opportunities to



This critically important fSnding suggests thatform an indispensible function: host cell attach-
no feature of the gene itself makes it evolvablanent. For a parasitic organism that attaches to its
Rather, genomic context determines its fate. Irhost surface, this capacity is tantamount to sur-
other wordspanlis evolvable even though, in the vival. But as variants of parasitic organisms may
context of theM. gallisepticungenome, the gene differ in their capacities to escape the responses of
and trait remain stable. the host immune system, the avidity with which
they adhere to the host consequently varies, too.
And because sialidase activity is necessarily coor-
dinated with avidity of adherence, direct selec-
tion on VIhA indirectly drives diversity in the
When diversity innanl and sialidase activity is evolutionary passenger gemanl.
favored in M. synoviag why is the same trait However, this relationship is not the case for
encoded by the same gene be so stabldlin M. gallisepticunibecause it has a distinctly differ-
gallisepticurf It comes down to pressure to per- ent primary mechanism of adherence to its host
form. Selective pressures can be either direct dry means of a complex, multimeric attachment
indirect, and the affected traits can thus beorganelle (Fig. 2). This structure is stable, consti-
thought of as either drivers or passengers of evautive, and completely absent froM. synoviae
lution.

In nature, theM. synovia&/IhA proteins per-

Genomic Context Can Determine
Evolvability of Traits



elle, it lacks a driver of diversifScation and, thusand Julie Adams. Portions of the work de-
remains stable. scribed were supported by the National Insti-
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these organisms avoid introducing potentially
confounding variables in evolutionary studies
such as co-dominance, inheritance, redundan
functions, alternative gene splicing, and environ-Bloom, J. D., L. I. Gong, and D. Baltimore. 2010. Per-
mental survival. Thus, for the fSrst time, we can missive secondary mutations enable the evolution of
see markedly different selective forces acting on influenza oseltamivir resistance. Scier§28:1272...
homologous genes in two distinct species occu- 1275.
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In short, this system demonstrates that evolv-CoTéxisgﬂé_Igg br;r;—machlne disanalogy. 1989. Biosys-
abi'lity is nOt necgssgrily inherent to a particulgr Gatenby, R.. A.,J..“J.Cuﬁningham,andJ.S. Brown. 2014.
trai, buF IS h_eaV|Iy mflgepced by the genomic Evolutionary triage governs fStness in driver and pas-
contextin _Wh'Ch that trait is fOUhd. Determlnlng senger mutations and suggests targeting never muta-
the evolutionary pressures acting on disease-as- ijons. Nature Commun5:5499.
sociated traits, along with the evolvability in con- Graves, C. J., V. I. Ros, B. Stevenson, P. D. Sniegowski,
text of the genes encoding those traits, creates the and D. Brisson. 2013. Natural selection promotes an-
exciting potential for forecasting infectious dis-  tigenic evolvability. PLoS Pathog.
ease. In other words, by thinking about infectious
diseases in the same manner as evolutionary bi-
ologists consider this subject more broadly, we
can come a bit closer to answering that critical
question: swhat is coming next?Z
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