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Genome annotation

® Many of the fungal genomes were only
assembled genomic sequence.

® Automated annotation pipeline was built to
generate to get systematic gene prediction.

® Several gene prediction programs were
trained and results were combined to
produce composite gene calls
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Evolution of gene
structure

® Present day introns
® Recent insertions?
® |[ntrons late hypothesis
® Formed in eukaryotic ancestor?

® Introns early hypothesis / exon theory of
genes

® Mixture of two!



Previous work on intron
evolution
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Calculating intron densities across
a phylogeny

Euascomycota

Hemiascomycota

Archiascomycota —
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Intron frequency varies
among the fungi
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Analysis of whole
genomes

® 25 entire genomes
® 2| fungi, 3 vertebrates, | plant

® |argest dataset ever assembled for intron
analysis

® | 160 orthologous genes

® /533 intron positions

® 4.15 Mb coding sequence (CDS) per
genome



Analysis Methods

7533 intron positions ‘ ‘

ATthaliana TWLPEQVA-FIQS1MG-NDKANS - Y1
Fugu QWTQEQVQOSVQE-MG-NAKAKR -1
Human QWTQEQIQOCMQE -MG-NGKANR -1
Mouse QWTQEQIQOCMQE -MG-NGKANR - I
R.oryzae TWVQDQVE -NMVR - WG-NERANK2Y1
FASTA [TREyaIS TWTREQVD - RMKE - VG-NLKSNR - K
all-vs-all IWTPEQMEO0SIQK-WG-NKRANM- Y1
VWTPEQMEO0SIQK-WG-NRRANL- Y1
VWTVEQMNOSIQK-WG-NKRANT - Y1
) S .pombe SWTDEQTE-NMTR-WG-NERANL2Y!
S—j F.graminearum SWTDEQLQ-SVLK-WG-NARANK-YT
Q N.crassa AWTDEQLQ- SVLN-WG-NARANK - Y1
o ol C.globosum SWTNEQVDONMRK - VG- NVVSNK - I
) 1 | P.anserina SWTDEQLQ- SVLN-WG-NARANK - Y1
N 1 Find M.grisea SWTDEQLQ- SVLS - WG - NARANK - Y1
: orthologs : S.nodorum TWTDEQLQ- SVLK-WG-NARANK - YT
] | A.nidulans AWTDEQLQ- SVVR-WG-NARANK2Y!
------ - A.fumigatus SWTDEQLQ-SVIK-WG-NARANK2YY
A.terreus SWTDEQLQ-SVLR-WG-NARANK2Y!
AWTEEQLA - SMMK - WG-NTRCNM- F1
AWTDEQVE-LMIK-WG-NEKCNI - Y1
- TWTEEHLE - AVLE - FGNNKKFNE - '
Multi Ple TWKEEHLQ-QVVR - FGNNQQANK - V]
sequence TWKEEHLK-ELVQ-MRNNVNANR - V'
alignment TWKEEHLV - KLIQ- FKNNLRANS - Y°

* T : *

Intron Intron

<€——| mapping into
alignment
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Intron phase
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Conserved intron positions

Althaliana I TWLPE
Fugu QWTQE
Human OWTQE
Mouse QWTQE
R.oryzae TWVQD
DEEEESI TR

IWTPE

VWTPE

VWTVE
S .pombe SWTDE|
F.graminearum SWTDE|
N.crassa AWTDE
C.globosum SWTNE
P.anserina SWTDE|
M.grisea SWTDE
S .nodorum TWTDE
A.nidulans AWTDE|
A.fumigatus SWTDE|
A.terreus SWTDE

AWTEE
AWTDE
TWTEE
TWKEE
TWKEE

TWKEE

S-YWHA----- ELPP----- NYD---
AKAKR-LYHA----- FLPK----- CFQRPE
R-LYHA----- YLPE----- TFRRPQ
R-LYHA----- YLPE----- TFRRPQ
K2YWHA----- NL------- GDRKPS
LKISNR -KYNPDEMRNRPPT - - - - - NMEESE
M-YWHR----- HLKA----- GHI-PS
L-YWHA----- HLKP----- GHN-PP
I-YWHA----- HLKA----- GHI-PP
L2YWHA----- KLAG----- GHV-PS
K-YWHA----- KLAA----- GHA-PS
K-YWHA----- KLAQ----- GHV-PS
VVISNK-LYNPDN- - -KNPPVPIDADEA- - -
K-YWHA----- KLAP----- GHV-PS
K-YWHS----- KLAA----- GHA-PS
K-YWHA----- KLAP----- GHV-PS
K2YWHA----- KLAP----- GHV-PP
K2YWHA----- KLAP----- GHV-PS
K2YWHA----- KLAP----- GHV-PS
NM-FWHA----- KLPK----- GHV-PD
EKCNI-YWHS----- KLPD----- GYV-PD
KKFNE-YYHN----- KLGG----- GTYVPD
K-VFHG----- RLGG----- GSYVPD
R-VYHA----- KLPDSSKFNGKSLGN;

*

-RV-GIE
I'DQ-SAE
TDP2AVE
TDP2AVE
-ES-NME
RDS-ELE
-DH2KIE
-EH2KME
-DH2KME
-DS2KIA
-EA-KIE
-ES-KIE
-DG-AME
-EA-KIE
-EA-KIE
-EA-KIE
-EA2KIE
-EA2KIE
-EA2KIE
-DN-KIE

NFIRAK2Y------- EEKRWV - -
TFIRDK-Y------- DKKKYMDK
GFIRDK-Y------- EKKKYMDF
GFIRDK-Y------- EKKKYMDF
MWIRAK-Y------- EQKRWA - -
KYIRRK-Y------- EFRRFV- -
SFIRSK-Y------- ETRRWA- -
SFVRSK-Y------- ESRRWA- -
SFIRSK-Y------- ESKRWA- -
IFIKTK-Y------- EFKKWV - -
NFIRTK-Y------- ELKRWV - -
NFIRTK-Y------- ELKRWV - -
REFIRQK-YIARTLSIGKRRPGGE
NFIRTK-Y------- ELKRWV - -
NFIRTK-Y------- ELKRWV - -
NFIRTK-Y------- ESKRWT - -
NFIRTK-Y------- ESKRWV - -
NFIRTK-Y------- ESKRWV - -
NFIRTK-Y------- ESKRWV - -
NFIRTK-Y------- DMKKWA - -

S-YYHATL-ADELKQ----- RKI-TD

DLKKWV - -
ELKKWV - -
EVRKWY - -
ERKRWM- -
EYKKWI - -



Patterns of conservation

7533 Intron positions

==

Introns late

7533 Intron positions

=

Introns early(ier)



Intron positions shared

with animals or plants
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Phylogenetic signal in
Intron positions
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Reconstruction of ancestral intron densities
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Conclusions

® Early eukaryotic crown genes were complex

® Ancestor had 70% of the introns in
vertebrates

® More introns than previously reported
® |ntron loss has dominated among the fungi
® Hemiascomycota experienced loss

® Sampling can bias interpretations - all fungi
are not equal.



Mechanism of intron
loss

® S cerevisiae and Hemiascomycota have
undergone intron loss.

® How are introns lost from the genome!?
® Are they lost independently?
® Are they lost many at a time?

® Molecular mechanism of loss



Models of intron loss

® All introns in S. cerevisige are in 5’ end of
gene

® G. Fink proposed transcripts recombine with
genome 3’ -> 5’ explaining 5’ retention bias.

® |n S. cerevisiae most intron loss events
occurred too long ago so little evidence
supporting any mechanism



Sequenced Cryptococcus
genomes

C. gattii, strain WMZ276

C. gattii, strain R265

C. neoformans var. nheoformans, strain JEC21

C. neoformans var. grubii, strain H99
(.1 N

substitutions



Screen for intron
changes

® Annotate 3 Cryptococcus genomes (var. grubii
and 2 var. gattii genomes)

® |dentify and align 4-way orthologous genes

® 5298 orthologous genes (out of ~6500)

® |dentify intron position changes

Stajich and Dietrich. Euk Cell 2006.



Intron loss in var. grubii

|

var. grubii

neoformans

CNIOI550 putative RNA helicase |

2'kb 3 kb 4 kb 5 kb 6 kb

C F(atl‘ui strain WM276 — V.
C. gattiii strain R265

C.neoformans var.neoformans, strain JEC21

A\ 4

N
1 2 3 4 5 6 78 9 10 11 12 13 141516 17 18 19 20 21 22
C.neoformans var. grubii, strain H99 V.
.‘-‘-‘i‘.‘."‘l* | o 4
1 2 3 4 5 6 78 9-19 20 21 22

Stajich and Dietrich. Euk Cell 2006.



R265
WM276

H99
JEC21_CDS
JEC21

R265
WM276

H99
JEC21_CDS
JEC21

Intron loss was a
precise excision

CGACAAGTACATAAAACTTTTTTTGTGCCTGGCGCAAAGACTTTCCATTGCTGACAGAAAACAGGTTGAZ

AGACAAGTACATAAAACTTTTTTT Gl e LA AN A T T T PATTGCTGACAGAAAACAGGTTGAL
AGACAA < Intron Missing - - GTTGAZ
AGACAA---mmmmmmmmmm e O GTTGA?
AGACAAGTACATACTAGTCCTTGTG---CTATCCCAAAGACTTT-CATTGCTGACAGAAAACAGGTTGAZ

*khkk*k* * Kk kk k9

CGCTGCCGAATTATGTCGATGTTGGAGATTTCTTGAGGTAAGCAACAGACTCGTAACAGCTTGTTCGGIC
CGCTGCCGAACTATGTCGATGTTGGAGATTTCTTGAGGTAAGCAACAGACTCGTAACAGCTTGTTCGGTC
CCCTGCCGAATTATGTCGACGTTGGAGATTTCTTGAG- -~~~ -=-———=—-—-—-—-—-—“——————-——-—"—-—-~—-~—-~—-—~-
CCCTGCCGAATTATGTCGATGTTGGAGATTTCTTGAG--~-~-=-=-—-==-=-—--~-"-—""—-"—-"—-~"—"—"—"—"—"—"—"—"—-"—-"—-"—-"—-—-
CCCTGCCGAATTATGTCGATGTTGGAGATTTCTTGAGGTACGTCGCAAACTCGTAACAGCTTGTTCGATC

* khkhkkkkkhkkhkkhk kkhkkkhkkhkkhkhk kkhkkhkkhkkhkkkkhkkhkkhkkhkkkkkhkk*k

Stajich and Dietrich. Euk Cell 2006.



Other examples of loss

A 1,3 beta-glucan synthase (cell wall)  cNN02320/FKS1
WM276 N N NN

R265 I N N N .
JEC21 N | I  — -

1 2 3 4 5 6 7 8 9 10 11 12

HOO I - ~ | LOSS F ~ .

1 2 3-7 8 9 10 11 12

B PRP8 homolog (Splicing) cNa01350

WM276 N 11 N A N T A Y Y >

R265 I 1} N I Y T Y N >
JEC21 -‘_:Y‘DD—.‘_-‘_-‘_.

9 10 M 12
H99 _[: LOSS :r—_-_-_.
9 10 M 12
c Ubiquitin protein ligase (protein degradation)  ~ycoas10
WM276 I~ ] Fo»
R265 S~ - -
JEC21 Z—’_\ZIA:GAIN & -
5.2 6
H99 _ F T »
5 6

Stajich and Dietrich. Euk Cell 2006.



Conclusions

® |ntron loss via homologous recombination with
spliced transcript

® |arge losses are all adjacent introns
® Precise deletion

® | oss biased towards the middle of gene not 3’
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