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POPULUS TRICHOCARPA
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QUESTIONS

i) What is the overall level of nucleotide polymorphism in P. trichocarpa?
ii) How is polymorphism partitioned geographically?
iii) How is polymorphism partitioned across different classes of sites?

iv) How does it compare to other species in the genus?
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SAMPLING

P. trichocarpa:
« Transcriptome n=20
* SNP genotyping n=745

P. balsamifera:
* Transcriptome n=3
* SNP genotyping n=10

P. deltoides:

* Transcriptome n=1

P. tremula:
* Transcriptome n=4

© Northern accessions
@ Southern accessions

® SNP genotyping



M&M: TRANSCRIPTOME RESEQUENCING, MAPPING
AND SNP CALLING

Developing secondary xylem extracted in July 2008/2009

Total RNA isolated and cDNA synthesized from purified PolyA RNA

Paired end sequencing libraries prepared from 200-400bp fragments

Each sample sequenced with four lanes of lllumina’s GAll

Sequences mapped with BWA (Li and Durbin 2009) t0 the reference genome plus exon-
exon junctions

Only uniquely mapped reads were retained for further analyses
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Geraldes et al. 2011



M&M: SNP CALLING AND FASTA FILE GENERATION

SNPs were called one library at a time using SAMtools/pileup/varFilter (Li et al 2009)
SNP quality = 20

RMS mapping quality = 25

Read depth = 6 (and = 3 per allele)

Heterozygote positions Minor/Major allele = 0.18

For each gene in the genome we selected the longest transcript and generated
two pseudo-phased fasta sequences per individual

For heterozygote positions, alleles were assigned to haplotypes randomly
Bases masked with N if coverage per allele < 3

Bases mask with N if distance to exon/exon junction < 6 bp

Insertion deletion polymorphisms ignored and 20 bp around are masked with N



M&M: POPULATION GENETIC ANALYSES

« Sequence data:

Neighbour-Joining trees and bootstrap support estimated in MEGA4 (Tamura et al
2007)

Levels of nucleotide polymorphism (x and 0) were estimated for each gene for
all sites, for noncoding sites (UTRs), synonymous sites and replacement sites
in PolydNdS (scripts by K. Thorton), Using the annotation from v2.1 of the genome

Tajima’s D and FST across all sites in each gene were calculated in SITES (scripts
by J. Hey)

« (Genotype data:

Used a 32K SNP chip (3700 genes) designed with SNPs ascertained from the
20 transcriptome data and 16 whole genome sequences (BESC; Slavov et al. in prep.)
Population structure estimated with STRUCTURE (Pritchard et al 2000)

Number of clusters estimated with Structure Harvester (Evanno et al . 2005; scripts by
Dent Earl)

PCA performed in EigenSoft (Patterson et al 2006, Price et al 2006)



M&M: SNP CALLING ACCURACY

» Comparison of 78,297 genotypes

~ - inferred from lllumina transcriptome
resequencing and lllumina Infinium array
- - across 11 accessions revealed less than
3% discrepancies.

% Discrepancies

3'UTR 5'UTR CDS

Gene region

« Comparison 103,663 genotypes inferred from transcriptome and whole genome
lllumina sequencing (BESC) of two accessions, revealed 3.1 and 3.2% of
discrepancies.

« Levels of silent site polymorphism were well bellow the 9% silent site divergence
among paralogs (Tuskan et al 2006)



GENE GENEALOGIES RECOVER SPECIES RELATIONSHIPS
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LEVELS OF NUCLEOTIDE POLYMORPHISM
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« 12,368 genes for which:
* MinR =0.25
 Bases =300 bp
+ Bases;ps2 100 bp

 Two estimators of nucleotide
polymorphism:

° BW Proportion of segregating sites
(Watterson 1975)

® JT Average pairwise differences
(Nei and Li 1979)

All Sites
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P. trichocarpa 40 (0-0.0135) (0-0.0139)
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FREQUENCY SPECTRUM OF POLYMORPHISMS

All Sites

n Tajima's D Fu and Li's D*

-0.974 -0.501

F. trichocarpa 40 (2.894-2.981) (-4.933-1.814)

Tajima's D



PURIFYING SELECTION ON CODING REGIONS AND UTRS
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Synonymous sites Replacement sites UTRs
n 0 T 0 14 0 T
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POPULATION DIFFERENTIATION IN P. TRICHOCARPA

P. trichocarpa North (n=8) vs South (n=12)
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FST
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FST for sequence data (Hudson et al. 1992, eq. 3)
between samples latitude > 57°N (n=8) and
samples latitude < 55°N (n=8)

Average FsT = 0.0137

Median FST =0



LEVELS OF NUCLEOTIDE POLYMORPHISM N VS S

outliers removed
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Polymorphism at Synonymous sites
Synonymous sites Replacement sites UTRs
n 0 T 0 14 0 T
0.0077 0.0075* 0.0017 0.0015* 0.0030 0.0029
P. trichocarpa North 16 (0-0.1097) (0-0.1099) (0-0.0362) (0-0.0367) (0-0.0205) (0-0.0280)
0.0063 0.0061 0.0014 0.0013 0.0031 0.0030*

P trichocarpa South 24 (0-0.0622) (0-0.0671) (0 -0.0244) (0-0.0269) (0 -0.0205) (O - 0.0283)




HIGHER POLYMORPHISM IN NORTHERN P. TRICHOCARPA
- GENE FLOW FROM P. BALSAMIFERA?
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» Structure (K=2):
* Northern populations more “red”
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 North-balsamifera share more
alleles and have less fixed

differences

* Median FST for sequence data:
* North-balsamifera FST = 0.294
* South-balsamifera FST = 0.358
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POPULATION STRUCTURE IN P. TRICHOCARPA
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PCA analyses performed in Eigensoft (Price et al 2006; Patterson et al 2006) using ~500 accessions and 29K SNPs
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POPULATION STRUCTURE IN P. TRICHOCARPA

Structure (Pritchard et al 2000):
* 656 samples (samples with Qs > 0.3 eliminated)
» 824 loci without missing data
« Varied K between 1 and 6
* 5 runs per K with 100k burn-in iterations, plus 100k
» Selected best K (Evano et al. 2005)

DeltakK = mean(|L"(K)|) / sd(L(K))

Delta K
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LEVELS OF NUCLEOTIDE POLYMORPHISM POPULUS SPP.

outliers removed

0.04 0.06 0.08

0.02

0.00

[To]
8 4
o S _
8 ° 3 T * P balsamifera (Olson 2010)
° o ° g (=2 | 1
o | |
: ° g 8 g o 715=0.0045
o S 1 !
.2 e S : I * P tremula (Ingvarsson 2008)
o S | : i
0 X ! T N : '
S
o : : , H
l A 24 « Median m,/mtg
: I O ] :
| , : : 9 » tricho= 0.181
S | |
E E E E - L A  balsam=0.179
, — , , = , , , , , , e tremula= 0.144
0 0 T 0 T 0 T 0 T
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Synonymous sites Replacement sites UTRs
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CONCLUSIONS

What is the overall level of nucleotide polymorphism in P. frichocarpa?
Across all sites, P. trichocarpa shows moderate levels of polymorphism for a species that
shows a very large amount of phenotypic variability

How is polymorphism partitioned geographically?
Overall, levels of population differentiation between southern and northern populations are
low (Average FST =0.01), yet, PCA and structure analyses detect some population structure.
This has important consequences for ongoing and future association studies in this species.
Northern populations of P. trichocarpa have higher polymorphism likely due to gene flow
from P. balsamifera.

How is polymorphism partitioned across different classes of sites?
Polymorphism is lowest at replacement sites and highest at synonymous sites, with UTRs
showing intermediate levels. This is consistent with higher constraint at sites that alter the
aminoacid composition of proteins than in potentially regulatory untranscribed regions.

How does it compare to other species in the genus?
Levels of polymorphism in P. tremula are twice as high as those in P. trichocarpa and P.
tremula, suggesting that aspens have higher long-term effective population size.
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