Detecting and Localizing Inversions from SNPs
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Abstract

Chromosomal inversions play an important role in ecological adaptation by enabling
the accumulation of beneficial alleles (Love, et. al. 2016; Fuller, et al. 2017) and
reproductive isolation (Noor, et a. 2001). The 2La inversion in the Anopheles gambiae
complex has been associated with thermal tolerance of larvae (Rocca, et al. 2009),
enhanced desiccation resistance in adult mosquitoes (Gray, et al. 2009), and susceptibility
to malaria (Riehle, et al. 2017). Additionally, inversions must be identified and accounted

for to avoid bias in population inference and association testing (Seich al Basatena, et al.
2013).

Results

2L - Drosophila

Methods

We compared three techniques for detection and localization: LD (linkage
disequilibrium) averaged over sliding windows, minor allele frequencies (MAFs) averaged
over sliding windows, and Manhattan plots from PC-SNP association tests. We applied
these techniques to 34 Anopheles samples (Fontaine, et al. 2015) and 198 Drosophila
Genetics Reference Panel v2 samples (Mackay, et al. 2012; Huang, Massouras, et al.
2014). The Anopheles samples have been karyotyped for 2La but not inversions on 2R,
while the DGRP2 data set contains five inversions (In(2L)t, In(2R)ns, In(3R)mo, In(3R)p, and
In(3R)k) present in five or more samples detecting and localizing inversions along a
chromosome using SNPs.

In order to calculate LD, the open-source whole genome association analysis toolset
Plink was utilized to yield R? values that reflect SNP correlation. VCFtools is an open-
source package for working with VCFs; it was utilized for filtering VCFs based on MAF as
well as for producing reports on allele frequency. Asaph is a software tool for population
genetic analysis from insect SNPs, with it single-SNP association tests were performed and
the resulting p-values were used to identify principal components. The Python Pandas
library is for data analysis and manipulation; it was used for processing the LD reports to
calculate R? averages and for extracting the MAF for each SNP, as well as preparing the
data for visualization.
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Discussion & Conclusion

When applied to all of the samples, the LD and MAF analyzes were unable to detect
any of the inversions except for 2La in Anopheles. The detection power for LD and MAF
were increased by isolating samples by population (Anopheles) or homozygous inverted
and heterozygous karyotypes (DGRP2). LD was able to identify 2La among Burkina Faso
samples and one 2R inversion among Mali samples. MAF analyses further identified 2La

and two separate 2R inversions among both Burkina Faso and Mali samples. Both of the
LD and MAF analyzes detected In(2R)ns, In(3R)k, and In(3R)mo from analysis of the
inverted DGPR2 samples but gave ambiguous results for In(2L)t and In(3R)p.

Unlike the LD and MAF analyses, the PC-SNP association tests detected inversions from
whole data sets. The 2La and two 2R inversions in Anopheles and In(2L)t and In(2R)ns in
the DGRP2 samples were unambiguously detected. An inversion was detected on 3R but
In(3Rk), In(3R)mo, and In(3R)p could not be separated.

In conclusion, PC-SNP association tests are more accurate than both LD and MAF
analyses and do not require knowledge of the samples’ karyotypes. PC-SNP association
tests have the potential to significantly improve inversion detection and localization.
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