
Cite this poster as:

Baldo, A.M. and J. Labate. 2003. Polymorphism prediction. ISMB 2003, Brisbane, Australia.



Abstract

The distribution of single nucleotide polymorphisms 
(SNPs) has been demonstrated as nonrandom in the 
genomes of animals and plants in a number of recent 
studies. While genetic variation is traditionally expected 
in noncoding regions, additional genetic features such 
as CpG islands, particular codons, pseudogenes, and 
oligonucleotide composition have been correlated with 
the presence of SNPs. We investigate whether this 
information might be useful in the context of predicting 
regions more likely to contain genetic markers in 
agricultural crops.

When multiple overlapping sequences are available in 
the form of expressed sequence tags (ESTs), a more 
direct approach for SNP prediction is available.  We 
outline here our current approach and plans for 
incorporating both approaches in the future.



Approaches

Data available
Direct predictions Denovo predictions 

Single sequence or 
multiples from one cultivar

Overlapping sequences 
from multiple cultivars

DownloadPre-cleaned, pre-clustered 
Unigene set from NCBI Noncoding regions

Degenerate codons
Pseudogenes
CpG, CpNpG islands
Oligonucleotide frequencies

Generate alignments, Scan for SNPs
(variety of methods; see references)

Criteria/scores available:
Minimum number in cluster
Minimum number displaying SNP
Cosegregation



What is a “cluster”?
Unigenes do not unambiguously cluster with Phrap, and are 

a moving target as data are continuously deposited

Unigene cluster 1 Unigene cluster 2

A 1.1

A 1.2

B 1.3

A 2.1

Phrap

annotate

Gene A
1.1
1.2
2.1

Gene B
1.3



How much data is necessary to establish atypical 
nucleotide distributions?

Number of SNPs p value 5’ deviation
(A +1.43%, C +4.91%, 
G -1.70%, T -4.62%)*

p value 3’ deviation
(A -4.44%, C -1.59%, 

G +5.05%, T +0.99%)*

200 0.320 0.247

500 0.033 0.016

1000 0.001 0.000

2.6 million
(actual number reported,
from unconfirmed SNPs)

0.000 0.000

* Zhao et. al., 2002 reported human background nucleotide frequencies: 
A 29.55%, C 20.44%, G 20.46%, T 29.54% (chromosomal GC content 38.26%-48.33%)



How much confirmed SNP data is available in plants?

Crop Predicted Confirmed Reference

Maize 14,832 264 Batley, et. al. 2003

Soybean 234 Zhu, et. al. 2003
http://ncbi.nih.gov/SNP

Human
(for reference)

4,145,633 512,247 Zhao, et. al. 2002
http://ncbi.nih.gov/SNP

Arabidopsis 37,344 Jander, et. al. 2002
http://www.arabidopsis.org/Cereon

Rice 2,800 213 Nasu, et. al. 2002



Direct Method Conclusions

Current estimates of prediction method accuracy are as high 
as 80% (various authors, pers. comm.)  Some populations of 
organisms exhibit a higher degree of polymorphism than 
others.  A comparision of available methods using the same 
data sets is needed.
Not all methods incorporate all scoring and acceptance 
criteria.  Valuable criteria (some of which are currently 
unavailable) include:
•Cosegregation (as a check for accuracy as well as 
estimation of linkage disequilibrium among SNPs and/or 
population substructure)
•Cross-library validation
•Intra-variety/population validation
•Sequence quality prediction in the absence of trace files
•Mapping SNPs onto predicted coding regions, 
reporting/scoring synonymous/nonsynonymous changes
•Processing validation data for accuracy reporting



Denovo Conclusions

There is a need for SNP distribution data in plants.

At least 1000 samples are necessary to distinguish the 
kinds of neighboring nucleotide frequency differences 
that have been observed in humans.  A similar study 
has not been conducted in plants, but is feasable with 
current Arabidopsis data.
A sliding window of fewer than 1000 nucleotides would 
also be insufficient to distinguish regions of similar 
atypical distributions.  Di and trinucleotide distributions 
might facilitate smaller windows.
It may be possible to create an overlapping scoring 
scheme based on observations of plant SNP 
distribution among: CpG and CpNpG islands, 
degenerate codons, noncoding regions, etc.
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