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A CS problem c. the
1980s...

How do we increase processing power?




An evolutionary
problem c. 1 billion ya

How do we increase “processing” power?
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Aside: “Missing link”
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Ciliate Life Cycle
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In the macronucleus, gene-sized
chromosomes assemble from
their scrambled building blocks;
telomere repeats (boxes) mark
and protect the surviving ends.

In the micronucleus, coding
regions of DNA are dispersed

over the long chromosome




A Scrambled Gene

MDS




o How does the ciliate turn a scrambled
micronuclear gene into a functional

macronuclear gene?




My Tools

Y ={a,b,c,d}
L = {a, aab, bdcc, ddaa,cc} C X

L = {w | w has a even number of ‘a’s} C 1+

Formal Language Theory Topology
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The nalve model




o S.lemnae DNA pol. & gene, on average:

e 14,445,331,655,040

attempts to get a functional protein.




Synchronized
Insertion & Deletion

Wi X Ve X oW

i
e

Kari & Landweber 1999




P = ordered set of all pointers
while G, is not descrambled do
Remove from P any pointers that appear in
(., IN the form p,p,
p = H
excise(p)
Find minimal ¢ such that p; € P — {p}, p; € G

and Di € Gplasmid
insert(pi)

append (p, p;) to d-vector

end while
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Figure 5: (a) The graph GG,, in Example 2; (b) hiy(G,); (c) dlady 3(G.,)




Template-guided
Recombination

Prescott, Ehrenfeucht & Rozenberg 2003
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Formal TGR

Let z,y € X*. We define
z hr y = {uafyv | z = uafd,y = efyv,aBy € T,u,v,d, e

eX, a,B,yext )

(with 1. McQuillan & M. Domaratzki)




We generalize My to languages by Ly thy Lo ={x Mry | x € L1,y €
Lo},

Let L1, Lo be language families. We denote by £1 g, £1 = {L1 thr

Lo ‘ Ll,LQ = £1,T = LLQ}

We say that a language family £; is closed under M., if and only if
L1 thQ G




Every concatenation-closed full trio L; is closed under my, iff L; is closed
under N with Lo (a trio).

L, | Lo | FIN REG LIN CF CS RE
L R Y R S
REG
LIN

Vo
CF v v
o

CS
RE

Veon e e

Table 1: Closure properties of £ under Mg, .




Can ciliates be
biocomputers®?

o We proved that the TGR operation is actually
very weak computationally.




o Starting with regular languages for both the
‘base’” and ‘template’ sets, you can only
generate more regular languages. You get
nowhere!




o (We showed that it can descramble MIC genes

though).







Show me the
thermodynamics!




Knot a problem
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Rational Tangles
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Sumners, D. 1995. Lifting the curtain: Using topology to probe the hidden action of enzymes. Notices of the AMS 42:528-537.

TR EEEEEEREY


http://www.ams.org/notices/199505/199505-toc.html
http://www.ams.org/notices/199505/199505-toc.html

o What if the topology of the molecule juxtaposed

the “next” MDSs to be descrambled?




Actin I

(O. trifallax)




I T I L R R LA A R A AL AL AR
















o

Ne=

R R R R R R R R R R L R AR LR R







xX-I'BP

(O. trifallax)
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A modest

proposal




o Templates guide recombination.
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e Supercoiling induces topology.




o Topology guides recombination.
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