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Fungal Comparative
Genomics

® Understand genome evolution

® How does gene structure change over
evolutionary time!

® Relative frequency and importance of these
events



Existing Genome
Annotation

@® New Annotation

Hemiascomycota

Euascomycota

Archiascomycota

Basidiomycota

Zygomycota

A.thaliana

H.sapiens
Protein ML tree based on 100 random orthologs




Introns per Gene (Mean)

Fungal Introns per Gene versus Intron Size
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Introns per Gene (Mean)

Introns per Gene versus Intron Size
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Percentage of Genes with Intron count
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Why have introns?

® Enable alternative splicing

® Nuclear export machinery may be coupled
to splicing

® Nonsense Mediated Decay (NMD)



Evolution of gene
structure

How does exon-intron structure evolve!?

How the hemiascomycete pattern of intron
poor genes arise! Ancestral or derived!?

Was the fungal ancestor intron rich or
poor!

What is mechanism of intron loss and gain!?
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Automated Annotation of
Gene Models
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Ortholog and Intron
Evaluation Method

Pairwise orthologs from best-reciprocal
hits of FASTA all-vs-all search

Multi-way orthologs tie together consistent
cycles of pairwise orthologs

Compute multiple sequence alignment
(protein)

Map intron position back into alignment

Score shared position on species tree



Number of Orthologs

Number of Shared Introns
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Pairwise orthologs summary

®Basal lineages in a clade tend to share more introns
with outgroup (loss as an ongoing process)

® Ylipolytica shares roughly 5x as many intron
positions with species outside of Hemiascomycota
as S.cerevisiae does.

®20% more pairwise orthologs for H.sapiens-
R.oryzae than H.sapiens-A.thaliana.

® [Fungi-Metazoa more closely related]

®C.cinereus or C.neoformans have 2x as many introns
shared with H.sapiens as with A.thaliana even with
roughly comparable numbers of pairwise orthologs.



Multi-way orthologs &

Introns

/68 orthologous gene clusters across 26
species

Filtering positions with no gaps in
alignment, min 40% average similarity.

1311 shared intron positions can be
considered

Use ML method of Roy and Gilbert 2005 to
infer ancestral states and rates of gain/
loss.



Example Alignment
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Patterns of intron loss and gain
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Introns shared with
Athaliana/Human outgroup




Parsimony Iree based
on Intron Position
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Intron loss

If loss predominates, how are introns lost?

Fink (1987) model proposes mRNA
Integration into genome

Boeke et al (1985) showed loss intron
through RNA intermediate which is
integrated into genome

Large scale comparisons are too far awy to
determine recent loss events



Searching for Intron loss in
C. neoformans

® Average of 5 introns per
gene (Loftus et al, 2005)

C.neoformans var grubii

® Average K between var. (train H99)

oo oo C. neoformans var neoformans
grubii and var. gattii 0.22 (strain JEC21)
(roughly mouse_rat Cgattu (strain R265)
divergence), C.gattii vs C. gattii (strain WM276)

C.neoformans Ks is 0.35

® 5133 4-way orthologs



Few loss events
observed

® 25 out of the 5133 loci had loss or gain
events

® 2 had evidence 4 or more intron loss/gain
events

® CNIOI550, putative RNA helicase missing
|0 introns in var. grubii.



10 introns lost in
C.neoformans var. grubii

Cqattii strain WM276 — 2kb . 3kb o 4K 5kb R
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C. neoformans var. neoformans, strain JEC21
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A H99

D JEC21 CDS

D JEC21

Perfect deletions of
introns at the locus

CGACAAGTACATAAAACTTTTTTTGTGCCTGGCGCAAAGACTTTCCATTGCTGACAGAAAACAGGTTGAATCAAGCCAATCTCI
AGACAAGTACATAAAACTTTTTTTGTGTCTGGTGCAAAGATTTTTCATTGCTGACAGAAAACAGGTTGAATCAAGCCAATCTCT

AGACAA - - = = == mmmmm e m e e e e e e e GTTGAATCAAGCCAATCTCT
AGACAA - ~ = = = = mmmm e e e e e e e GTTGAATCAAGCCAATCTCT
AGACAAGTACATACTAGTCCTTGTG- - - CTATCCCAAAGACTTT - CATTGCTGACAGAAAACAGGTTGAATCAAGCCAATCTCT

* %k Kk k ok Intron 9 *Kkkkkhkkhkkhkkkkkkkhkkkd

CGCTGCCGAATTATGTCGATGTTGGAGATTTCTTGAGGTAAGCAACAGACTCGTAACAGCTTGTTCGGTCGCAA- - -ACCAGC]]
CGCTGCCGAACTATGTCGATGTTGGAGATTTCTTGAGGTAAGCAACAGACTCGTAACAGCTTGTTCGGTCGCAA- - -ACCAGC]]
CCCTGCCGAAT TATGT CGACGT TGGAGAT TTCT TGAG -~ ===~ = - - - - - - - - mmmm mmmmm o mmmmmmmmmmmm—— - — -
CCCTGCCGAAT TATGT CGATGT TGGAGAT T T CT TGAG -~~~ === = - - - mmmm mm—mmm e mmmmmmmm—— - — -
CCCTGCCGAATTATGTCGATGTTGGAGATTTCTTGAGGTACGTCGCAAACTCGTAACAGCTTGTTCGATCGCAAACCACCATCT

* kkhkhkkkhkhkkhk khkkhkkhkkhkhk kkhkkhkhkkhkhkkhkhkhkkhkkikhkhk Intron‘lo
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CNI01540 CNI01550 CNI01560
C.neoformans var neoformans
— —

89% nt identity 92% nt identity 86% nt identity
C.neoformans var grubii

85% nt identity 88% nt identity 85% nt identity
C.gattii



Model for intron loss

A transcription and splicing Bl cDNA integrates into genome

produce intronless transcript

cDNA
~_ N \aa > <1
N 3
-
Locus | Locus 2

C homologous recombination B? gene conversion from locus 2

of cDNA Locus 2

¢ a

Locus | Locus |



Summary

® Fungal ancestor was intron rich
® Estimate 2+ introns per gene (conservatively)
e Differential rates of loss and gain of introns

® | oss was ongoing in Hemiascomycota, not all
at once (more basal organisms have more
introns)

® Homologous recombination at the locus can
explain intron loss in some systems



Future work

e [dentify unambiguous intron gain

® Evaluate gene structure change in
paralogous gene families

e Evolutionary model for change in intron
length
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