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The Solution:
A custom SureSelect bait set enabled highly consistent sequencing, 
with nearly 90% coverage at  10X depth, and only 3.3% of the 
target regions were not covered. 

The end result was the elucidation of 25.62Mb of the genome at  
 10X depth and identi  cation of 495,000 usable SNPs for  

genome –wide association studies of genes involved in climate 
adaptation1.

Genotyping the Exome of the
Black Cottonwood Tree
SureSelect enabled custom design of a bait set that delivered 
cost-effective and highly useful sequence information.  

The Challenges:

• Understand local adaptations 
to climate on a genome-wide 
basis, in order to understand the 
ability to adapt to future climate 
change

• Generate useful sequence 
data across a large population 
size, cost-effectively 

• Obtain more consistent 
and complete recovery and 
sequencing of the gene space 
than restriction enzyme–based 
approaches 

  
The laboratory of Professor Jason Holiday at VirginaTech is focused on climatic 
adaptation in widely distributed tree species, using genome sequencing and 
genotype-phenotype association studies.  Drs. Holliday and Lecong Zhou have 
developed a sequencing approach that would enable them to conduct such 
studies across a large number of trees from a wide range of climatic conditions. 

The tree species Populus trichocarpa, known as black cottonwood or poplar, was 
used in these studies as a model of climate adaptation, due to its wide natural 
range across several climate zones.   In order to predict the potential for 
adaptation in the context of climate change, an understanding of the genomic 
underpinnings of the relevant traits is essential.

Sequence capture has a number of advantages for studies of genetic variation 
relevant to adaptation in large, unstructured, natural populations, including more 
consistent and complete recovery and sequencing of the gene/exon space than 
restriction enzyme-based approaches. Sequence capture also allows recovery of 
selectively neutral intergenic regions that can be used to estimate the effects of 
demographic processes such as migration history and population structure. 
Another signi  cant advantage of sequence capture is the ability to target long 
stretches of DNA such as entire exons or genes, enabling estimation of the site 
frequency spectrum and identi  cation of cases of genetic hitchhiking – a hallmark 
of natural selection. 



SureSelect Provides Essential Sequence Information 
The Holliday laboratory collaborated with Agilent informatics 
specialists in the design of the baits, an iterative and ef  cient 
process that rapidly led to an optimal design.  These baits 
were used to generate sequence data on 48 P. trichocarpa 
samples on the Illumina HiSeq instrument, in order to 
determine the usefulness of the approach for providing the 
information needed for climate adaptation studies.

Alignment of the reads to the poplar genome showed a high 
level of on-target enrichment ef  ciency (Figure 1). The 173k 
designed baits correspond to a total of 20.76Mb of genomic 
regions. On average, 86.8% of base pairs in the bait regions 
were covered by uniquely mapped reads at  10X depth, and 
only 3.3% of the target regions were not covered. 

Due to the variable length of sheared DNA fragments in the 
prepped library, and because the median length of the sheared 
fragments (~150-200bp) was greater than the length of the 
baits, additional coverage in regions adjacent to baits was 
acquired. These regions were de  ned as up to 250 base pairs 
 anking both sides of the bait. On average, 37.7% of this 

adjacent area was covered at a depth 10X, In contrast, little 
coverage was found in off-target genomic regions (> 250 bp 
from any bait). Data on 25.62Mb of the genome was acquired 
with a cutoff of  10X coverage in all clones.

Coverage across the 48 samples was consistent and uniform 
in both target regions and their adjacent regions. The depth of 
coverage within and adjacent to baits arrayed across the gene 
regions is illustrated by data for the gene model 
POPTR_0006s12590 (Figure 2). 

Of the 495k candidate SNPs identi  ed by this process, 240k 
were from targeted bait regions (coding regions) and 225k 
were from adjacent regions, including 64k from promoter 
regions and 1.15k from intergenic regions. 

Conclusion
This study con  rmed that DNA sequencing utilizing SureSelect 
target enrichment can provide the consistent, in-depth and 
reliable sequence data needed to identify useful SNPs and 
perform genome-wide association studies on climate 
adaptation mechanisms in the black cottonwood tree. The 
method is now being used to sequence samples from an 
additional 800 trees in order to complete the association 
mapping study.  
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Figure 1. Cumulative distribution of coverage depth in bait regions. Both 
mean coverage across all 48 genotypes (red line) and mean coverage for 
individual genotypes (colored points) are provided.

Figure 2. Example of coverage depth for 48 clones across a single gene 
(POPTR_0006s12590) with multiple bait regions. Gene features and 
bait positions are indicated. Exons less than 150bp were assigned a 
single bait, whereas multiple baits were placed end-to-end for longer 
exons.  The line is the mean across all samples, and the blue shading 
represents the values from the 47 individual samples, showing good 
consistency.
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