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1 Objectives

A. Investigate population genetic structuring of lodgeppine Pinus
contortaspp.latifolia) in the southern Rocky Mountains.

B. Use 454 EST sequencing as a basis for marker developmdnt ap
analysis of population genomics and association geneficeme
serotiny and other adaptive traits.

Figure 1. The distribution

of lodgepole pine in our

study area. Abbreviations
represent sampled popula-
tions, with the percentage of
serotinous trees in parenthe-
ses. In black are isolated
ranges where populations
exhibit considerable diver-

gence in cone morphology
and consist predominantly
of serotinous trees.

2 Background

2.1 Pine genomics

Pines are among the most economically and ecologically itapbor-
ganisms on Earth. Yet few genomic resources have been gedetor
pines. They have enormous genomes (10,000—40,000 meg®dies)
with a large fraction of repetitive DNA (Gonzalez-Martinez al.,
2006) rendering whole genome sequencing prohibitive. Egunantly,
DNA sequences that are transcribed into RNA (EST, or ExpreS®-
guence Tag) are most promising for providing functionalagait in-
formation in pines (Neale, 2007). Markers in ESTs are praxito
functional genetic variation and are known to have highgolacation
rates and cross-species transferability (Bouck & VisidiQ2). Next-
generation sequencing technology now makes it feasibledaence
enormous numbers of ESTs rapidly and affordably (\éral.,, 2008),
and should enable comparative genomics, quanti cationre scale
genetic variation in natural populations, and dissectibthe genetic
basis of adaptive traits.

2.2 Pine ecology and serotiny

Lodgepole pine forms vast uniform stands and constitutessthuc-
tural basis of montane forest ecosystems for much of the YRgckin-
tain region. The southern part of its range is fragmented iand
this area cone morphology has diversi ed in the presenceiftdrd
ent seed predators (Benkmanal. 2001) and re regimes (Benkman
& Siepielski, 2004, Fig. 1).

Serotiny is a key adaptive trait that has evolved repeat@dBinus
Serotinous trees hold seeds for years in tightly sealeds;aeéeas-
Ing millions of seeds only after re, resulting in aggressivecolo-
nization of burned areas (Tinket al, 1994). Substantial adaptive

geographic variation exists in serotiny across our sampdgdilations.
The percentage of serotinous trees in stands ranges froo0J+ig.

1), with much of this divergence related to variation in r@fuency
and seed predation (Benkman & Siepielski, 2004). Post-aediing
densities can be 100 times greater in serotinous than rmotiysmIs
stands (Tinkeet al., 1994), so by affecting stand structure, variation
In serotiny likely has important community and ecosystemell€on-
sequences. Our work is aimed at understanding the phylogpeloigal
context within which this variation in serotiny has evolhatd the ge-

netic control of this ecologically signi cant trait.

3 Results

We have analysed population genetic variation across 22laogns
using nine SSR loci. We have also used 454 pyrosequencingrno g
erate 586,372 EST reads and have used this resource tdydeatk-
ers for future research. EST sequencing also revealed arpected
prevalence of transcribed retrotransposons.

3.1 Population structure

We genotyped 438 individuals spanning 22 populations (Bigt nine
previously developed SSRs (Liewlaksaneeyanaatial., 2004). Ge-
netic structuring among populations was very minor.

Pairwise estimates of population differentiation were &owd mostly
non-signi cant Fst = 0:01 0:08 G2, = 0:01 0:29 and Jost's
D =0:01 026.

Analyses instructurev 2.2 (Pritchardet al,, 2000) identi ed K=2 as
the most likely number of genetic clusters representingdistands,
again re ecting minor, if any, stucturing.

Four isolated ranges in southern ldaho (Fig. 1) exhibitgtédn dif-
ferentiation and were the only populations having indralduwith
majority assignments to the second cluster.

Low levels of differentiation are consistent with large ptagion
sizes, and high levels of outcrossing, and agree with posvsiud-
les. Thus, investigations into the genetics of traits suslserotiny
should not be confounded by population structure. Furthafyaes
based on a larger set of markers will soon provide a ner sciae of
this variation.

3.2 454 EST sequence data and assembly

RNA was extracted from needles and conelets of four treekan t
area of Vedauwoo, Wyoming.

cDNA was synthesized from RNA, normalized, and combined int
a single pool.

1 g of cDNA was sequenced on a Roche GS FLX Titanium plat-
form, resulting in 586,372 sequences averaging 306 bp igtien
The details and results of our assembly, executed in Seqman N
(DNAstar, Inc.), are shown in Fig. 2.
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Figure 2. Schematic of 454 EST data collection and assembly.

Many reads were not assembled into contigs, resulting ietdhan
expected coverage (Fig. 3). Abundant simple and complegatsp
likely led to dif culty in our assembly. For instance, blasg¢arches
of our 76,007 contigs identi ed large numbers of known reteaments.
Blasting the sequences of three known conifer retrotrasmpoagainst
all 454 reads resulted in hits to 11,500 unique reads witlalees
< 10 1 The abundance of transcriptionally active retrotranspes
will be a topic of future investigation.
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Figure 3. Histograms depicting the number of reads per gaamd
contig lengths obtained from a reference guided assemlulyaane
novo assembly of the remaining reads.

3.3 Marker development

Although the number of candidate markers will decrease wher
searches are limited to annotated genes (avoiding remesits), we
iIdenti ed a wealth of SSRs in our data. Importantly, we ideut

—

1,841 SSRs in alignments of our 454 ESTs with the loblollyepimi-

gene set. Primers in conserved anking regions of thesag®should
produce markers likely to amplify across a range of pine iggse SNPs
are also widespread in our aligned 454 contigs, represeamother
source for marker development.

Type of Reference based De novo assembly of

SSR repeat assembly remaining reads Total
Di 1,267 10,366 11,633
Tri 551 2,480 3,031
Tetra 23 397 420
Total 1,841 13,243 15,084

4 Conclusions

A. Preliminary investigations reveal only minor differextton across
populations in the Southern Rocky Mountains.

B. 454 sequencing of cDNA rapidly produced a genomic resguan-
abling the identi cation of thousands of potential markers

5 Future Directions

A. Develop markers for genomic scans and association susdneed
at detecting variation associated with cone serotiny.

B. 454 sequencing using enriched, bar coded, pooled samidesoti-
nous and non-serotinous trees to identify candidate palgmems.
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