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The Big Question:

How has artificial ﬁ
selection shaped

the genetics of important

traits?
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Artificial Selection/Domestication Leads to
Phenotypic Changes
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Artificial Selection/Domestication Leads to
Phenotypic Changes

iy \ ;
. ! % 9
" e 4 b
Wy L ] N 4 W 3
. . R i ) .
§ LY -y i P
\ al 4 "
|I' 3 ..'. v }
oo A # & m :
[ o i s
‘ B\ i VN
._ ‘] b o) -
- (1
i 1 —

Photos by: Robert Clark
National Geographic
Magazine, Jan. 2002;
Karen Arnold,
publicdomainpictures.net




Population Genetics Identifies Genes w/ Strong Effect
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F< identifies SNPs responsible for polled
vs horned phenotype in domestic sheep.

Kijas et al. 2012, PLOS
Biology, vol. 10, 2012



Fusiform Rust:Loblolly Pine Pathosystem

Fusiform Rust Fungus
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Artificial Selection by
Breeders and Growers
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Fusiform Rust Life Cycle: Host Alternation
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Fusiform Rust Is an Important Problem for Growers

*  Plots that have > 10% infection

[ state bounda Iy

0 50 100 200 Miles
| T S O

Cowling and Randolph, Forests,
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Rust Resistance in Pine is Controlled by Dominant
Genes of Major Effect
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Virulence in CQF is Controlled by Dominant Genes of

Major Effect
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Gene-for-gene Hypothesis of Plant Pathosystems

“Rust resistance in flax is inherited as a
dominant character although with some
genes, dominance is not complete.
Virulence in flax rust ... is inherited as a
recessive character. “ H.H. Flor, Advances
in Genetics, vol. 8, 1956



Gene-for-gene Hypothesis of Plant Pathosystems
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Gene-for-gene Hypothesis of Plant Pathosystems
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Gene-for-Gene Interactions in Blackleg of Canola

Topas Cilacier
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Bioinformatics Search for Putative Avr Genes

Annotated Genes

SignalP v4.1
TMHMM v2.0
TargetP v1.1

Secreted Proteins
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Liu et al.,, BMC Genomics,
vol 16, 2015




Domain-based Search for Putative R Genes

N-Termi!us C-Terminus

Azhar and Heslop-Harrison,
Cytogenetics and Genome Research,
vol 121, 59-66 2008



Questions Iin the Fusiform Rust: Loblolly Pine
Pathosystem

Within segregating family:
What is the genic/allelic identity of Avr1?
What is the genic/allelic identity of Fr1?

Across elite pine families:

How many R genes does each family
possess?

How many are shared between families?
How diverse are R genes in terms of
nucleotide diversity?



Multiple Approaches to

Dissecting

Fusiform Rust Disease

:
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Bulk segregant analysis Leveraged previously
identified candidate Al published P. taeda
gene. genome and linkage map.
Developing biological Currently using sequence-
assay of candidate gene. capture on a set of half-

sibs from resistant mother

R Gene Diversity

Transcriptome of 30 pools
of 92 elite rust resistant
pine families.

Preliminary results will be
presented today.
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GSequenced Pools of CgfGenomes
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GBqu Segregant Analysis of P2 Pycnial Spore
Pools

Pine genotype
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Courtesy of J.M

Avr1 => Avirulent fungus, should grow only onDﬁVfS/fﬂ piNes

avr1/Avri =>Virulent fungus, should grow on Fr1 and fr1/fr1
pines
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Bioinformatics Search for Putative Avr Genes

Annotated Genes

SignalP v4.1
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pFst Gives A Strong Genome-Wide Signal
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Criteria for candidate Avrl genes

Possess properly segregating SNPs
SNPs must be honsynonymous

Genes must be within a genomic interval
defined by linked-markers

Genes must be have been identified by the
secretome effector protein search



Candidate secreted effector Avrlprotein w/ SNPs

Location of properly
segregating variants
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SNP LOD Scores Map FIto a Candidate Gene
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Figure 4 Identification of TNL candidate gene for Fr1. (A) Genome survey of rust resistance in segregating progeny of Fri/frl Pinus taeda

among clonally propagated half-siblings (upper) and full-siblings (lower). Bins with highest LOD scores contained. SNP 2_5345_01 (¥). (B) Translated
gene model (G) on genome scaffold jcf7180063178873 is interrupted by three introns with sizes given in bp, previously available EST (E) containing
SNP 2_5345_01 (%), fully assembled transcript Evg1_1A_all_VO_L_3760_240252 from RNAseq (R) and the domain structure of the protein madel (P).
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Neale et al.,, Genome Biology,
vol. 15:R59, 2014



Design of sequence capture probes for Frlmapping

Sequence-capture w/ three subsets of probes:
1. Probes near candidate Fr1 gene

1. Probes targeting putative R genes:
a. Annotation of gene models in genome
b. Annotation of putative R genes in
transcriptomes

3. Probes evenly spaced throughout
genome
4. About 10K probes in total

Leandro Neves, Jesse Breinholt
Rapid Genomic
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Surveying R Gene
Divers ity in E lite Rust RNA extracted from stem tissue of 92

Resi Pi F il elite rust resistant families of P. taeda
esistant Pine Families from 5 regions across the southeast US.
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Annotation of Illumina RNAseq from
Putative R Genes

Robin Temple and Prof.
Jill Wegrzyn at U.Conn

Transcripts assembled and
annotated with Trinity and
Transdecode




Analyzing Diversity of R Genes:

Method: Analyze R Gene Transcriptomic Diversity Using the Loblolly Pine
Reference Genome

Hypotheses:

1.

B

Most of the transcripts from each library would align to the reference
genome

Most of the putative R genes from each library would align to the reference
genome

Variants in mapped putative R genes local to each region

R genes that don't align to the reference are novel resistance genes

Novel putative resistance genes could map to novel Fr loci



Analyzing Diversity of R Genes:
Results

1. Most of the transcripts from each library would align to the reference
genome
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Analyzing Diversity of R Genes:
Elite Rust Resistant Families Have Different R Genes

Number of Libraries Overlapping an R Gene
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Analyzing Diversity of R Genes:
Families from Different Regions Have
Different Numbers of R Genes

Number of
R Genes

Number of Putative R Genes in Each Library By Region
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Analyzing Diversity of R Genes:
Possible evidence of proposed |
past refugia?

i limonene trees

Natural distribution of .
§ loblolly pine (Pmua faeda L)
wth frequency of gh 5 N {‘r wv
KY 7.
_ : A

ol E‘Z?iZ?ﬁm Adapted from Schmidtling et al.
Silvae Genetica, vol. 48, 35-45, 1999




Summary and Future Directions

Summary
1. Ongoing work to identify Avr1in fusiform rust
2. Ongoing work to identify Fr1in loblolly pine
3. Survey of R Gene Diversity Across Loblolly Pine Families
a. Lots of diversity in number of putative R genes.

b. Lots of transcripts can’t be placed on the V1.0 1ref. Assembly
Future Directions
1. Need to analyze diversity in non-ref. based methods
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