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The Problem

❑ There are about 7000 known genetic syndromes, 
with about 2000-3000 of them having some form of 
facial dysmorphisms (Hart & Hart, 2009).

❑ Information about genetic syndromes and 
genes/variants associated with them are mostly in 
free unstructured text.

❑ which is growing exponentially by the day

❑ How do we effectively identify relevant literature 
and get these information out without having to read 
them all?
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Proximity Search: Assumptions

❑ The proximity of the words in a document implies
a relationship between the words.

❑ Authors of documents try to formulate sentences 
which contain a single idea, or cluster of related ideas 
within neighboring sentences or organized into 
paragraphs
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Contributions
❑ A simple but effective pipeline for mining genomic 

information from literature.

❑ Chromosomes that are better at discriminating between 
populations
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❑ Highlighting the 
effectiveness of proximity 
matching for quick literature 
review and establishing 
relevance



Identify and select a small panel of 
SNPs associated with the human 

face

12/30/2019 S. Mbadiwe | IEEE-BIBM 2019 @ San Diego, CA, USA 5

The Task



Motivation for Task

❑ About 3K genetic syndromes affecting the face

❑ The face hosts a lot of important functional systems: 
olfaction, hearing, seeing, etc.

❑ The face is also important for identification.

❑ Clear link between facial appearance and genetics.
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Approach

❑ Initial Data Cleaning (Stages 1 & 2)

❑ Literature Search (Stage 3)

❑ Proximity Search (Stage 4)

❑ SNP Ranking (Stage 5)
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Dataset Used

8

❑ 1000 Genome Project, Phase 
III dataset

❑ Contains information on 84.4 
million variants (SNPs) from all 
24* chromosomes for 2504 
subjects

❑ Subjects from 26 different 
sub-populations from 5 
continents
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❑ Initial Data Cleaning (Stages 1 & 2)

❑ Literature Search (Stage 3)

❑ Proximity Search (Stage 4)

❑ SNP Ranking (Stage 5)
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Approach



Initial Cleaning (Stage 1) 
–Focus on the SNPs.

❑ Remove SNPs with more than one 
reference (REF) or alternate (ALT) alleles

❑ (e.g., pos: 51714   rsID: rs52826   ref: AAGTT    alt: A)

❑ Remove SNPs that have the same REF 
and ALT alleles

❑ (e,g., pos: 15903   rsID: rs557514207   ref: G   alt: G)
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Initial Cleaning (Stage 2) 
–Focus on the Individuals.

❑ Remove SNPs that all subjects have the same REF/ALT 
values

❑ For each SNP, extract their position/loci number, rsID, 
reference (REF) allele, alternate (ALT) allele and allele 
information of all 2504 subjects 
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❑ Initial Data Cleaning (Stages 1 & 2)

❑ Literature Search (Stage 3)

❑ Proximity Search (Stage 4)

❑ SNP Ranking (Stage 5)
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Approach



Literature Search

❑ Search focused on PubMed

❑ Largest repository of medical and genomic publications.

❑ 89,752 PubMed queries 

❑ 11.216 genes * 8 face regions

❑ Query Format:

gene_name AND (face_region OR alt_term_1 OR
alt_term_2 OR … OR alt_term_n)

e.g: PAX3 AND (cheek OR buccal OR nasolabial OR cheekbone)
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Face Regions and Alternative 
Terms Used
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Approach

❑ Initial Data Cleaning (Stages 1 & 2)

❑ Literature Search (Stage 3)

❑ Proximity Search (Stage 4)

❑ SNP Ranking (Stage 5)
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Proximity Search: Approach
❑ Take a text file containing title and abstract, or title, 

abstract and text body.

❑ Construct a suffix tree with the file content. [Θ(𝑛)-
time]

❑ Get all the genes and face regions that pointed to 
the file. 

❑ For each gene - face region pair, we build a list 
containing the region and its alternative terms

❑ e.g. Gene: PAX3; List: [cheek, buccal, nasolabial, 
cheekbone]
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Proximity Search: Approach
❑ Search the suffix for all occurrences of the gene

and each item in the list.
❑ Output: 𝐺: list of indexes where the gene occurs in the document; 
𝐹: list of indexes where the face regions occurs in the document;

❑ Use a modified binary search algorithm to find an 
occurrence of the gene, 𝐺𝑖, and an occurrence of any of the 
items in the face regions list, 𝐹𝑗
❑ such that 𝜂 = 𝐺𝑖 − 𝐹𝑗 is minimized 

❑ Return 𝜂 as the proximity value for the gene-face region pair.
❑ 𝜂 ∈ ℤ+.

❑ If the gene or any of the face region terms is not found in the suffix
tree, we set η to -1 to mark it as invalid. 

12/30/2019 S. Mbadiwe | IEEE-BIBM 2019 @ San Diego, CA, USA 17



Proximity Values: Summary

Count: 94508

Max: 76389

Min: 3

Mean: 726.9

Median: 197
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Searched: 36,336
full papers and 
103,190 title-and 
abstract-only



Search: 
Highlights

❑ 4,646 (41%) genes queried 
returned one or more hits.

❑ Chromosome 2 got the most 
hits in absolute terms.

❑ Chromosome 21* has the 
highest hit ratio (0.7143):

❑ hit ratio =
# 𝑔𝑒𝑛𝑒𝑠 𝑤𝑖𝑡ℎ ℎ𝑖𝑡𝑠

# 𝑔𝑒𝑛𝑒𝑠 𝑞𝑢𝑒𝑟𝑖𝑒𝑑

❑ Hits here means those with 
valid proximity values
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Approach

❑ Initial Data Cleaning (Stages 1 & 2)

❑ Literature Search (Stage 3)

❑ Proximity Search (Stage 4)

❑ SNP Ranking (Stage 5)
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Data 
Pruning 
Stages: 
Summary
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9.4M SNPs 
across 

chromosomes



#5: SNP Ranking

❑ For each gene that meets a given proximity threshold:

❑ Compute and rank the SNPs by their 𝐹𝑆𝑇 values

❑ Compute and rank the SNPs by their 𝐼𝑛 values

❑ Take the top 100 from each ranking

❑Merge the two sets of SNPs

❑ Combine all the selected SNPs from each gene and rank 
again by 𝐹𝑆𝑇 and by 𝐼𝑛
❑ Take the top 200 from each ranking and merge into the 

final set.
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Informativeness (Rosenberg et al. 2003) 

Best understood as the expected log of the likelihood that an 
allele is assigned to one of the populations compared with a 
hypothetical "average" population whose allele frequencies 
equal the mean allele frequency across all the populations
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𝑝𝑖𝑗 is frequency of allele 𝑗 in population 𝑖.

𝑝𝑗 is the average frequency of allele 𝑗 over the 𝐾 populations



Proximity Thresholds considered

❑ 𝜂 = 50

❑ Roughly a sentence.

❑ 𝜂 = 500

❑ Roughly a couple of sentences.

❑ 𝜂 = 1500

❑ Roughly a paragraph.

❑ 𝜂 → ∞

❑ No threshold. Use all.
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A few take-aways

❑ Chromosomes 17, 18, X and Y consistently 
performed worse than the others

❑ Chromosomes 3 and 16 were among the best 
performing

❑Weak correlation between classification 
accuracy and number of SNPs use used.

❑ Sometimes performance improves when 
threshold is reduced.
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Limitations
❑ Database of published work continues to grow.

❑ The new data can affect selection of candidate genes.

❑We considered only publications freely available on 
PubMed / PMC.

❑ Title and abstract only for non-free publications

❑ Selection of literature has limited context-awareness.

❑ Possibility of false positives.
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Future Work / Final Thoughts

❑ Approaches to implementing a more context-sensitive 
approach to understanding literature.

❑ This work establishes a baseline to measure effectiveness of 
more sophisticated approaches

❑ How can we use the SNPs we’ve found to improve our 
understanding of genetic diseases?
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Thank 
You!

Questions?
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