Sequence Space

All possible sequences of a given length composed of a given alphabet
- binary sequences 0 and 1

- RINA ' ACGU
- DNA ACGT
- proteins 20 amino acids

Sequence Space is Huge :
In a K letter alphabet, the number of sequences of length L is () = KL

L Q (K=2) Q (K=4) Q (K=20)
binary RNA proteing

4 16 64 160000

12 4096 16.7x 106 4 x 1015

100 1.27 x 1030 1.61 x 1060 1.27 x 10130

cf  total human population 5 x 109
Avogadro's number 6 x 1023

Hamming distance = number of positions at which two sequences differ.
Measures distance in sequence space.

Number of sequences at a Hamming distance d from any given sequence is

1!
Example with L = 12 .
d m{d) (K=2) a{d) (K=4
0 1 i
1, 12 36
2 66 594
3 220 5840
4 495° 40095
5 792 192456
& 924 673596
7 792 1732104
8 495 3247695
S 220 : 43302480
10 66 3897234
11 12 2125784
12 1 531441

Mean Hamming distance between two random sequences is
<d>=(K-1) L/K
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Qp system \
QB is an RNA virus which infects bacteria. Single strand ~ 4500 bases.
Codes for replicase enzyme (RNA dependent RNA polymerase).
Copies + strand to -, and - to +, Two step replication.

Virus genome + strand

translate d by

hogt ribasomeg Feplitase

Cop:ﬁ s BnA

replicase — Strand
pmraiﬁ ‘

Error rate uw= 3 x 104 . Fidelity per base ¢ = 1-u.
Overalt fidelity Q = gL = 0.1

In vitro experiment - replicase + activated ribonucleotides + RINA template'

SN0

Sequence evolves so as to be most rapidly replicated. .

Sequence length tends to decrease by elimination of unnecessary parts -
eg midi-variant L =218

Short sequences can also be formed de novo which can then act as

templates. '

Sequence analysis indicates there is a distribution of related sequences, not
just a single one. This is the quasispecies.
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