Genomic Evolutionary Rate Profiling
(GERP)

Objective: to find constraint regions in genome subject to purifying selection

Procedure overview:

- use evolutionary tree and multiple alignments to estimate conservation
scores (rejected substitution score) on a column-by-column basis.

- Constrained elements are stretches of the multiple alignment where the
sequences are highly conserved according to the previous score.




Input

1. Multiple FASTA Alignment

ZrC])L!I_'n;i%TTATCTAATGAAAAGTGCCCAG CATAAAAATGCAGGAGACAGACTTCCTTAGCCACCAGAGGCATCTTC
??r':J'rII]ECTTATCTAATGAAAAGTGCCCAG CATAAAAATGCAGGAGACAGACTTCCTTAGCCACCAGAGGCATCTTC
Z(E?'I[?F%Lgf?:{‘é'?'XATGAAAG GTGCCCAGCATAAAAATGCAGGAGACAGACTTCCTTAGCCACCAGAGGCATCTTC
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2. Evolutionary Tree
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Calculating RS Score at Each
Nucleotide
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R = Z(Exp - Obs) 4.3 3.9 1.2

At each column of multiple sequence alignment:

1. Expected rate: sum of residue branches after elimination of gapped sequence
2. Observed rate: maximum likelihood of substitution count
3. RS = Expected - Observed




Finding Constraint Elements

Overview: Find and report a list of elements that appear constraint beyond
what is likely to occur by chance.

Generate a list of candidate constrained elements that fit the following criteria

- Starts and ends on a position with positive RS score.

- Length between Lmin and Lmax, which are defaults to 4 and 2000, respectively.

- Score is at least (neutral_rate / q) * length A r. Defaults: g = 10, r = 1.15.

- No more than a pre-allowed number (default = 10) of shallow columns in the middle of a
longer shallow region

P-value computation

Each candidate element of length L and score S is assigned a p-value, corresponding to the
probability that a score of at least S occurs at random in a block of L positions

False discovery rate estimation

To estimate the number of false positives at a given p-value, the program randomly shuffles
the positions of the alignment, apply previous steps to generate elements, and consider
those elements as false positives.




Implementation

The latest version of GERP (v2.1) is implemented in C

It can be downloaded from: http://mendel.stanford.edu/SidowlLab/downloads/gerp/

Documents and test data are also available

Input Intermediate Output
>human
Q;T;ﬁCTTATCTAATGAAAAG I1E>ép Fg start end length RS-score p-value
A CTTATCTAATGAAAAG T o 337736 337925 190 530.3 3.08225¢-154
334181 334348 168 484.2 1.50556e-146
>colobus_monkey 23 115 285429 285610 182 480.8 2.91752e-131
fg;;’%ﬁTTATCTAATGAAAGG g'g’; f'g 262608 262862 255 574.4 9.7306e-131
: : 284586 284739 154 4355 4.80595e-129
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GERP Features

Features:

- Ignore gaps from missing data
- Rank constraint elements by score and/or p-value
- Null model of substitution at single nucleotide resolution




