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Overview

* |[ntroducing the system: Neurospora
e Sequence data collection
e Comparative genomics
e Describing the transcriptome
e Transcriptional Profiling with next generation sequencing

e SmallRNA profiling
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Sordariales genome seguencing projects
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Some fungal genome research questions

e How did the morphological complexity of the fungi evolve?
How do species form in fungi?

e How does genome structure change over time? Are these changes neutral or selective?

e How many rearrangements are there between species? How do these contribute to
formation of biological species boundaries (failure to hybridize).

e \What are the (relatively) fast and what are slow evolving parts of the genome
e \What is the complete gene set of a filamentous fungus?
e First defining the set of genes- protein coding and non protein-coding genes

e Comparative genomics to discover which genes were gained or lost. Does this relate to
the evolution of yeast or filamentous only-forms?

e How are genes regulated to form different tissues or forms in fungi?

e Comparing gene expression among different stages?
What are the master regulators?
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Synteny with Mercator

e |dentify anchors - similar regions In
both genomes.

e Exons or just highly similar
nucleotide regions between
Species.

e | ink anchors into logical groups

¢ |dentify boundaries of the block via
alignments

e Align blocks with multiple alignment
tool (i.e. Clustalw, MAVID, PECAN)

v % SN
A S 1/ S
:
-W’/-*-“\!-\.
"‘-
I U N .- e I
~7 —————
y S/ N
B I B
—r— -nn‘\
I I I A N )
N/ \/ /
I U I . || I
C I B
B .
1 L1 1 I A I )
N/ \/ /

v

Wednesday, June 17,2009



N. discreta 8579 N. discreta 8579

discreta 8779 ? | F
J ro r hdisc_sc kold_,?
Nng | S - — - ——— — :

lisc_scaf olgmz = bM 1M M| | ndisc_scaffold_d4
.:.::::;:::::::::’}:::::::::: 0o [ S T S S e S S S S e S e S S S i S SR S +——t—+

| \ 1M 2M 3 Hd _E it 1M 2M 3
I OO T T T O T T T T O T T e W i T T O B B B I 1

——t = . . o~ : _ — P S — e

T (N 1 II 1 I]I]|I I||||[ I I [ |I l| }|

l 1
lllll aby Il' 'l [1 ' P \ l|l (O lll |

Ilhh wxs>;'

= : . - i — S —
E [:”H[: lDHl:] HE 1:]1:“[:][“:“:”:]“:” Hill ”E“l:]”:] DHDHD || DIDDDUDHD HiilEE IUI:IDD El[:“]ﬂﬂl:“[“ ilin I:lll:”ﬂl e sy i

yeurospora_crassa_Linkage_Group_I

———tttttttttt —tr———t————t—— tttt—
o 1M 2M 3N 41 an 61 M ol
1L L I 1111018810110 00 S S S | | S | S 0 | I I IO T T T T 0T ORI O T T T OO T
¢ II' I s , e - = R et — o 1 f b\
Y ) / SEONG I|l|I
J { J : \
Il Il Ci. g ; y o I Il'l
/ ') oy % | i
L 3 L 2L - ~ Zdih k \
7 2 e 7 : F 7 77 c 77 LA = ; » N e " PR ARG, ‘ ]
Ttetrasperma 2508 matA . . /77 e e e AN T n
] ! B ' { . ' ’ g/ A Ay - > - o - . LY \ ‘.".. — - ——— -‘—‘-"__&__ S - 15 | 1

00 e H ARRIINIn Il[IHl T T I DHI:IH:-II_Z]IiI EI: [T UHDHD ] I:lE]l HI0D | N E_I[]I:I:_] S N I I /N NIENIN @ T T W L T [0 UDEIDII:IUU 1 4y IDIDHIHDD I:I".I:]I] 1] il HIEREHTTN .

et2508_454_linkageGroup_I

bttt ‘i::::: e e e e T T e T i i T e e T S T e S S S e S T T e T S T T T T T T e T e R S B e S S S T S S S S S S
1M 4ZIT1 M 4M 5M &M M oM a9M

Neurospora synteny

Wednesday, June 17,2009



discreta 8F/9 N. discreta 8579 N. discreta 8579
rOI I I nd | ndisc_ scaFFold ? . |

lisc_scaffold 2 = )m ' T Namlt ™ 1T AT [ 2m ndisc_scaFFold_4 .
+ + + $ + + + + + ' + + + + + + + + $ 1 + + + + + + + + 1 $ + [n D D m n D u n D n m u D l + + + + + + + + + + + + + + 1 +
1M ZM 3M il B E i ] : —0 DI 1[‘1 ZM

nuI-l-llnIﬂIJE:J l[:J[EEH][JE]LL;dgE;LﬂZﬂlL.L_

vy ’x,”nl Y T 1 1 L -

L1 0 y 11 1! e R~ S «

) W Ll | l < .

1 1 l‘, i 1! 11 ||I - - 3 o

AR A ) 11 | | | |l

' l l \ |||I |l | | l |

L L‘ 1l 1 L | ll 3

oy :: :: W ARY AT LW | Y | ‘ .,~:~_‘:’."-_;;-:f:’.;.—j_-"-.
crassa (reference) | AV AR R AR L A J 1 :iEf;,i;fi_ <
] I1 | N
e T T T B e S S L S S R T A e e e T S S e S S S B s S T e e T e e e It

Neurospora crassa L1nkage Group_I
: . T S T .

on RENIRINIENENE 3M 4 51 6M M aM
| | 1 | | IO 1 O | 1 [T T 1

IIIIII-IIIIIIIIIIIIIIIII IIII-I-IIIIIIIII

‘v—“—_

N\ 4'\ ~\ s
|| 11 || | [ll|||||||.|-I|-|I[|l|l||-|-III--l-T-l-”llI

-I-III-IIIII I MR B0 TR sy i

f e RS i i\
Y | e AN — \
& | ) e 7 Y
! |
i 1
‘1 | 5 ; ; W
-y y S 1]]
I 7 / . = T 7 2 |

tetrasp rma 2508 math

Il
HiLRRINI.

.et2508_ 54_linkageGroup_I

hrOm ]

N, discreta 8579 (Hewerae) N, discreta 850N. discreta 8579 (reverse) N, discreta 8575
ndisc_scaffold_17 nd1sc scaFFold ndisc_scaffold_1

f—p—p—t— | | Ndisc_scaf] -t p—t—
———4 )k ndisc_scaffold b | DK,
" ' " " " t , } ' " } " ' ' EIEII]II 1

nimem | o k I:llll:ll]l:l
ln“{lnl Eﬂ o 0 =20
{‘ L E0 B ] W

N. craﬁ‘;\ EF’e rerice) N AR SRk
| | <\ [T 11 1
Neurospora_crassa_L1nkage_Group_III'
oM ' T[T A

—+
+

L) L)

S ——_—

i II[ ! ‘
i I

T TUTIr ] :
IRy | !
||111’11’1 |
|

/ H:W’r ‘l ff ‘ [ lm HHH |‘|J |I l| ‘\ 'W I

oo 0 T SEIm RN

£ JlY 8 - ; >|‘1’|’|‘|'|' Ll | L RN LU

C r,"‘ma e m " e ! ?HHH'.:H;' \ ‘. I, l,' ', Illlllllll lII I':l'ul
PO 27 A8 (e Mitﬂ:h:m:” e I l it '.

fcaFFold00068 .
3§ M 2 2 3 2 2 N 2 " " 2 1 g N 2 M " M M . N 3 3 " " 3 N g M "
S aM 3M M 1M OM

Neurospora synteny

-+
—
-
-
=

L o
T

Wednesday, June 17,2009



NCU Ids

NCUO7710 NCUOQ7709 NCU1
— I

Nucleotide conservation
Named Genes (Radford laboratory)

trm-32
e Simple percent identity calculation I
ﬁSSS%%HPASA updated
° Phasthns two-statg HMM for. L
constraint at basepair level. Trained NCUO07709
on Exons vs Introns M YL >

PhastCons (transcript-Intron)
e Run whole genome 3-way phastcons

alignments to identify constrained m
regions

MUMMER+PECAN N.tetrasperma
e |dentify novel conserved regions and MUMMER_ PECAN Nt

patterns of evolution on different
feature types

MUMMER+PECAN N.discreta
MUMMER PECAN Nd

Wednesday, June 17,2009 10




Neurospora_crassa_Linkage Group IV
1920k 1930k 1940k 1950k 1960k 1970k 1980k 1990k 2000k 2010k 2020k 2030k 2040k 2050k 2060k 2070k 2080k

DNA
I
NCU Ids
> P P > ) » D » » [ > > I 4| « <> b - | »» B » >
D < 1 > > q (> < < > q <
q q <]
Named Genes (Radford laboratory)
arg-2 sre bcp1 rpn-1 drh-8 trm-32 eef2 sech stu-1 met-12
[ BE- > [ g - 0 [ 2 - B
pt trm-19 tca-4
<1l B B
PhastCons (transcript-Intron)
phastcons

MUMMER+PECAN N.tetrasperma
MUMMER PECAN Nt

MUMMER+PECAN N.discreta
MUMMER_PECAN_Nd

PhastCons and %id conservation

Wednesday, June 17,2009 11



Neurospora_crassa_Linkage Group IV
1980k 1981k 1982k 1983k 1984k 1985k 1986k 1987k 1988k 1989k 1990k 1991k 1992k 1993k 1994k 1995k 1996k 1997k 1998k 1999k 2000k 2001k 2002k

DNA

% 9d 1 65%
i | 38%
NCU lds
NCUO7710 NCUO07709 NCU10542 NCUO07708 NCUO07706
— e < < <

NCUOQO7707
I

Named Genes (Radford laboratory)

trm-32
-
GeneMark+PASA updated
NCUO7710 NCUQ7707 NCUQO7706
I < . _EED e s ) @
NCUO07709
4] 44 4 D

PhastCons (transcript-intron)
phastcons

. .. 1

MUMMER+PECAN N.tetrasperma
MUMMER PECAN Nt

NP ' s 71 i

100
60
20

MUMMER+PECAN N.discreta
MUMMER_PECAN_Nd

100
RN (1m0 (meaEa I - [
0

PhastCons and %id conservation

Wednesday, June 17,2009 12



INext gen sequencing will’/has change(d) Biology!

e Believe the hype?
e | OTS more data is and will be available. How to integrate it?

e RNA-Seq - sequencing RNA, randomly sheared or biased towards 3’-end mRNA (poly-A
purified)
ChIP-Seq - sequencing DNA that is bound by proteins that are purified by antibody
pulldown
smallRNA-Seq - sequencing smallRNA fraction of the transcriptome

e You will hear about a lot of different short-read mappers. Advantages and disadvantages to
many. For these data | have used SOAP and BowTie+TopHat

e SOAP for small RNA reads since length of reads can vary
BowTie+TopHat for for mapping of RNASeq reads

Wednesday, June 17,2009
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Improving the genome annotation

e Expressed Sequence Tag sequencing with longer read technology (454) and Solexa RNA-
Seq

e Comparative genomics to find conserved genomic regions

e |[dentify new exons, splice-sites, UnTranslated (UTR) regions

e |dentify new genes

Translation Start

_>
| Translation Stop

ccg-4 Intron
5 UTR CDS 3" UTR




“Traditional” mMRNA sequencing - RNA-Seq

e 977k ESTs from N. crassa and related species
251k Sanger EST sequences for N. crassa
454 sequencing:

450k from N. discreta
273k from N. tetrasperma

e ESTs aligned with splicing to the genome and new gene calls made using Sim4 and Gmap
(PASA; Haas et al. 2003)

e Coverage of 7,496 genes with successful incorporation of ESTs (80%)
1,941 genes with conflict or no-EST support (20%)

e No UTRs in published Neurospora annotation

e Update Gene annotations:
5,311 genes with 5 UTR 6,275 genes 3’ UTRs
378 alternative splicing events, but only 7 isoforms with alternative exon content

Wednesday, June 17,2009
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Updated annotation using ESTs
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Overlapping genes

Neurospora_crassa_Linkage Group |l
/ 1L 1L 1L 1L 1L 1L 1L I 1L 1L 1L 1L
\ L| L|

L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L AN
18714k 18715k 18716k 1817k 1818k g
DNA
yd 18
! 12
NCU Ids
NCU06804 NCU06803
- ]
All Neurospora ESTs PASA cDNA
asmbl 4944 asmbl 4945 asmbl 4947
1 > < <L —< —
asmbl_4946
GeneMark+PASA updated
[pasa:asmbl 4944 status:13],[pasa:asmbl 4945, status:12]
b~ >
[pasa asmbl_4946,status:13],[pasa:asmbl_4947,status:13]
& < <<
tRNAs

PhastCons (transcript-Intron)
phastcons

~200 convergently transcribed genes overlap, mostly in 3' UTR

Wednesday, June 17,2009 18



RNA-Seq in Neurospora crassa




RNA-Seqg mapped to the genome
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MRNASeq coverage of gene regions

B mMRNASeq Coverage 1 1 mRNASeq Coverage 2 MRBNASeq Coverage 5
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MRNASeq coverage of gene regions
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FINding new genes

e ~600 new splice-site regions in the genome
e |dentify new UTR sequences
e ~170 new gene regions previously not overlapping genes
e Can use RNA-Seq to flag candidate regions with transcription

e By requiring splicing limits predicted regions processed transcripts rather than ectopic or
random transcription

e Further refine gene models to include additional genes

e Potential identification of noncoding RNAs through these regions

Wednesday, June 17,2009
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New (Genes
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RNA-Seq vs “traditional” EST seg

e RNA-Seqg - 90% of genes have RNA-Seq transcripts at any part of gene
(1 lane of 1 flowcell ~$800-1000)

e ESTs - 80% of genes have transcripts
900K ESTS including ~600k 454 ESTs at cost of ~$25-30k

o Still validating the predicted splice-sites from both sets.
Little alternative splicing from the 454 data, but limited conditions. Methodology for RNA-
Seqg/lllumina data of 35-40bp still being worked out or superceeded by longer read libraries.

e Expression varies among developmental conditions so pooling or multiple RNA-Seq libraries
will be essential to fully describe transcriptome.

Wednesday, June 17,2009
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Overlapping genes & small RNAS
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Estimating expression

e Calculating the average read-depth for a transcript
e Calculate the number of READS PER KILOBASE (of gene) per Million Reads Mapped

e Normalized between libraries (Million Reads Mapped) and among genes in same genome
(Per Kilobase) to determine an expression level for each gene in each library

e Plenty of caveats but it tends to produce reproducible results
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RPKM Is provides reliable indicator of concentration

C

10* | Sensitivity and dynamic range
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Mortazavi et al, Nat Methods 2008
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Clustering RPKM

Can treat RPKM like expression values
and cluster in hierarchal clustering like
Microarray data

RPKM

O
—

<C <C
— Q\|

Conditions

<
s

Gene
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ChIP-Seq

ChIP—Seq uses chromatin
immunoprecipifation and
massively parallel sequencing
to locate genome—wide
profein=DNA binding events

Cross—links are
broken and only
DNA tragments from
binding sites remain

Proteins Touching DNA
are fixed in place with
a cross—linking agent

<
-
o4
WV
‘w\
—
@
.
(&
-
-
o
14—
*
-
<
*
I-
S?
b
>
[» '™
o
W

DNA is tragmentfed and
complexes are harvested

with fargeted antibodies

Theug can Then be sent
tor sequencing

Anthony Fejes - fejes.ca

Wednesday, June 17,2009

32



/Neurospora_crassa'_Linkage_Group_VI

1 1 | 1 1 | 1 1 1 1 1 1 1 1 1 L\
® 1060k 1070k 1100k 1110k
DNA
%gT ]64%
22%,
RIP Index: CpA_TpG_ApC_GpT
RIP index
2
}1.05
0.1
NCU Ids
NCU04850 NCU09778 NCU09780  NCU0978NCU09783 NCU09785 NCU09787 NCU10278ICU09788  NCU09790
D - | 4 D b 4 | 2 <4
NCU09779 NCUO0978 NCU09784  NCU09786 NCU10161 NCU09791
> » <4
NCU09789
<4

Named 1Genes (Radford laboratory)
cac

%h55- (_&28

RNASeq CE.RIL.1A (SOAP trim mm2)
RNASeq_Solexa reads

it —

ad-8 (-;h55-4

60
{30
e enm il s 0

RNASeq HyphalTip (SOAP trim mm2
RNA-SeqclHy)r,)ﬁaltip P )

_ Ban

Repeatll\llal:sllfuelr S|Imll|ﬁlle repea}ts
smallRNA EOAP allow trim)

Solexa_smallRNA

I T— T NN R - - M o nanille - L ._.LIJJL.._‘_

K4me2 ChIP-Seq
ChlPSeq_K4dime

K9me3 ChIP-Seq (pooled)
ChlPSeq_K9me3

meDIP ChIP-Seq
ChIPSeq_meDIP

FGSC8866 resequencing
SOAP_FGSC8866

20
10

20
10

30
15

Wednesday, June 17,2009

33



Map to
Genome
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MRNASeq coverage of gene regions
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Coverage stringency
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MRNASeq coverage of gene regions
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SMmallRNA seq also covers lots of genic regions
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bases

SMmallRNA seq also covers lots of genic regions

B smallRNA-Seq Coverage 1 [ smallRNA-Seq Coverage 2
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bases

SMmallRNA seq also covers lots of genic regions
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Size and seguence bias of sequenced smallRNA reads
INndicative of Dicer processing
i

Q
-

000N
>0 -

0.6

Enrichment of
_ 20-22 with 5' T

Freq of reads

0.4

0.2

17 19 21 23 25 27




Putative Noncoding RNAs

e Several computational and comparative approaches

e Hard to train models because there are no positive controls
* Prioritize candidates for noncoding RNAs discovery on

e Highly expressed

e |[ntergenic (not tRNA, rDNA)

e UTR related
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3" UTR, small RNAs, and Folding
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3" UTR, small RNAs, and Folding
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3" UTR, small RNAs, and Folding
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3" UTR, small RNAs, and Folding

Ncra OR74A chrlll_contig7.1
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3" UTR, small RNAs, and Folding
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3" UTR, small RNAs, and Folding

Ncra_ OR74A _chrlll_contig7.1
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Candidate region
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Confirmation by Northern blots
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Distribution of hot spot region

e Hot spot missing in other Neurospora crassa species.
e Cannot find copies in NcA or NcC by PCR
e Not found in N. tetrasperma or N. discreta

e Some similarity found based on translated sequence searches in Chaetomium and several
Onygenales fungi (Coccidioides, Histoplasma)

e Hypothesize this is putatively a transposon only found in OR74A.
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Conclusions from sequencing and comparative data

e EST and RNA-Seq revealing full transcript diversity

e Automated updating of UTR regions and alternative splicing forms can detect new
genes, splice-sites, and isoforms.
RNA-Seq more sensitive to transcript level but not-yet refined for all the splice-site
detection or alternative splicing

e A fully-sequence genome is still the beginning in describing possible transcripts and
annotation!

e smallRNA-Seq provide additional insight into transcript population
e "smallish” RNA genes, some confirmed by Northerns
e Putative novel transposon in N. crassa that is actively silenced not RIPed

® N. crassa genome is plastic
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Thanks

e John Taylor Lab at UC Berkeley

e Chris Ellison, Thomas Sharpton

e Michael Freitag Lab at Oregon State University

e Kristina Smith

e http://fungalgenomes.org -
Blog for news, Wiki for protocols, and Data distribution

Code: http://aithub.com/hyphaltip
GMOD and Gbrowse: http://amod.org/
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e Post-transcriptional gene regulation in
filamentous fungi

e Fungal cell evolution in early branching
chytrid fungi

e Fvolution of development in fungi

e Developing bioinformatics and genome
informatics tools
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