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* SGRP project

* Ribosomal DNA and variation
* Computational methods

* Preliminary Results

* Conclusions
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* Saccharomyces Genome Re-sequencing Project

* Ed Louis, Nottingham and Richard Durbin, Sanger
* Whole genome shotgun sequence (WGSS) for

- 34 haploid S. cerevisiae

- 36 S. paradoxus
- 1-3x coverage (>1,000 Mb)
- So approx 35Mb for S. cerevisiae alone
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rDNA repeat unit (9.1 kb)
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rDNA provides 'roadmap' of species diversity (265S)

Drill down to fine-scale sub-species diversity (ITS)

* Tandem array of 100-200 copies on Chromosome Xll (~60%)
* Approx 1-2 Mb per tandem array

* YGD lists two identical copies (left- and rightmost copies)

* All other copies assumed identical (evolutionary theory
predicts rapid homogenisation by gene conversion)

* SGRP dataset enables us to test this prediction




®
ocyc TURNIP

* WGSS produces reads (assumed to cover whole genome
equally) with associated quality per base (FASTQ format)

* Cannot assemble rDNA repeats due to high similarity of
region in tandem array (Ganley 2007)

* Single repeat consensus alignment for each strain
* Need a way of computing:

- reads that align to the rDNA repeat consensus

- reads that are of sufficient sequence quality to be
accurate

- quantifiable differences between consensus and read

* SNPs = 100% read variance compared to consensus

* pPSNPs = 'partial SNPs' 0% < x < 100% read variance
TURNIP (Tracking Unresolved rDNA Nucleotide Polymorphisms)
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| consensus |
. .agcaaactgtccgggcaaatcctttcacgctcgggaagctttgtgaaagcccttctctttcaa..

ccgggcaaatcctttcacactcgggaagctttgtgaaagcccttctctttcaa..
. .agcaaactgtccgggcaaatcctttcacactcgggaagctttgtgaaagcccttctcttt

ctgtccgggcatatcctttcacactcgggaagctttgtgaaagcccttctctttcaa.
. .agcaaactgtccgggcaaatcctttcacactcgggaagctttgtgaaaaagccct

. .agcaaactgtccgggcatatcctttcacactcgggaagc---gtgaaagcccttctctttcaa..

. .agcaaactgtccgggcatatcctttcacactcgggaagctttgtgaaagc
gcaaactgtccgggcatatcctttcacactcgggaagctttgtgaaagcccttctctttc

. .agcaaactgtccgggcaaatcctttcacactcgggaagctttgtgaaagcccttctctttcaa..

PSNP SNP DEL
4/8
(50%)

* Assume that there is an equal probability that a read
segquence is obtained from any of the repeat units

* Quantifiable microheterogeneity would provide a

phylogenetic signal for comparative genomics and test for
mathematical models of gene conversion
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* Take 20bp slices of S288c (Goffeau 1996) 'query' consensus

Anchored on each side by 40bp flanking sequence to give a
more accurate alignment

consensus

—

* 'sliding window' of 100bp segments
* Gapped BLAST against FASTA database of shotgun reads
* For each hit above threshold, take highest scoring pair (HSP)

* Store template consensus query sequence and each distinct
HSP subject sequence at each sequential window position for
alignment

* Run multi-alignment (MUSCLE) on subject sequence dataset
against template segment




TURNIP

* For each 20bp slice, check quality for each associated read

- Span introduced gaps with surrounding quality scores
- Ensure all 20 bases have quality score > threshold

* For each accepted 20bp slice, check for SNPs/pSNPs (fig a),
Insertions (fig b) or deletions (fig ¢)

- Keep those seen in >= 2 reads

* Variation less likely to be sequencing error
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* At each position, record the query letter(s), subject letter(s),
quality and read name ('ascriptions')

* Compare each position to the original consensus

* Parallelised for use on NBI cluster (Parallel::ForkManager)

* Allows MUSCLE processes and ascription generation to occur
In limited memory space
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* Outputs

3640: t (32) -> a (1) pSNP [ X ]
4810: a (0) -> g (41) SNP

5680: c (13) -> - (27) DEL

6700: ----- (3) -> actgg (42) INS

- Raw text, Excel, SQL, GFF
- Use GFF3 to import data into GBrowse

- Use SQL for storage and preliminary phylogenetic analysis
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Table 1. 5. cerevisiae rDNA array polymorphism totals

Results

* Base substitution only

Strain® Type® Polymorphism total®

273614N Clinical 43 * Contrasts greatly with previous
3221345 Clinical 33 .

378604X Clinical 40 studies (Ganley, 2007)

BC187 Fermentation 17

DBVPG 1106 Fermentation 16 . . .
DBVPG 1373 Wild 16 * Discovered 4 polymorphic sites
DBVPG 1788 Wild 10

DBVPG 1853 Fermentation 40 )

DBVPG 6040 Spoilage 44 * Could be explained by use of
DBVPG 6044 Fermentation 29 . .

DBVPG 6765 Pro-biotic 27 different strain (RM11-1a)
K11 Fermentation 31

L1374 Fermentation 18

NCYC 110 Fermentation 23

NCYC 361 Spoilage 31

5288c Laboratory 23

SK1 Laboratory 35

UWOPS03-461-4 Wild 33

UWOPS05-217-3 Wild 36

UWOPS05-227-2 Wild 33

UWOPrs83-787-3 Wild 76

UWOPS87-2421 Wild 21

W303 Laboratory 23

Y12 Fermentation 27

Y55 Laboratory 40

Y9 Fermentation 29

Yllc17_E5 Fermentation 39

Y|M975 Clinical 12

YIM978 Clinical 17

YIM981 Clinical 12

YPS128 Wild 16

YPS606 Wild 21

YS4 Bakin 41

veo Baking 38 James SA. et al, Gen Res. 2009
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Name: ¥Y59:pSNP:3494
Type: pSNP
Description:
Source: TURNIP_ Y59
Position: rONA:3494. 3494
Length: 1
acounts: TUR:t 0.162162162162162 & c 0.837837837837838 31 37
alleles: t

C
load _id: YS9:pSHP:3494
parent_id: gnl[ti| 1750954050

gnl[ti| 1750954237
gnl|ti| 1750956120
gnl|ti| 1750956247
gnl[ti| 1750957739
gnl[ti| 1750955489
gnl[ti| 1750959522
gnl|ti| 1750959628
gnl|ti| 1750959300
gni[ti| 1750959917
gnl[ti| 1750960749
gnl[ti| 1750962204
gnl[ti| 1750963051
gnl|ti| 1750963163
gnl|ti| 1750963195
gnl[ti| 1750963337
gnl[ti| 1750963590
gnl[ti| 1750964720
gnl|ti| 1750965368
gnl|ti| 1750966172
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Name:
Type:
Description:
Source:
Position:
Length:
acounts:
alleles:

load_id:
parent_id:

¥59:pSNP:3494
pSNP

TURNIP_ Y59
rOMNA:3434,.3454
1

C

pEEiacall B = W Searching Tips  Searchable Fields Registered Species  Submitting Centers  FTP
Enter a query string (use Query Builder) or TI number

1750959489
gnil[ti| 175095948 —

grifti175005052  Search result: found 1 item

gnil[ti| 175095962 )
gni|ti| 175095990 Your request is: 1750959489

otirs0ococ]  Save result of search as |trace tar | gzfile.
gnl[ti| 17509630 — = = B

il[ti| 17509631 ] | ] ] - ] 1 .
anit175096318 | save query'sresult | () an & FasTA [ quality [ | Mate Pair
gnl[ti| 17500633
gnijtij17500635c)  Retrieve

gnl|ti| 175096472
gnl|ti|]175096536
gnl|ti|]17509661

| Show | as| FASTA |v | & in color

>gni[ti1750959489 name:Y59-19n06.q91k Mate pair:1 750959485 Send to BLAST
Cuality score: not availsble == - <20 ==20 - <4 ==40 - <80 ==60 - <80 ==80- <100

FTTTTACAATAGTATAGAATGCGAGCTCGGTGCGCGGGGATGCGGTGCTAGAGT CGTGTGTGATTTGTTTTTTTAT
TTCTTTCTAAGTGGGTACTGGCAGGAGCCGGGGCCTAGTTTAGAGAGAAGTAGAGCTGAAGCAAGTCTCTAT
AAATTTTATTTGTCTTAAGAACTCTATGATCCGGGTAAAAACATGTATTGTATATATCTATTATAATATA
CGATGAGGAT GATAGTGT GTAAGAGT GTAGGATTTAGTATTTGGTCGTTT TTATTTTTTATTTTTTATTTT
CTTTTTTTTTTTTTTTCGTTGCAAAGATGGGTTAAAAGAGAAGGGCTTT CAGCGGAAGGCTTCCCGAGCGTGA
AAGGATTTGCCCGGACAGTTTGCTTCATGGAGCAGTTTTTTCCGCACCATCAGAGCGGCAAACATGAGTG
CTTTTATAAGTTTAGAGAAT TGAGAAAAGCTCATTTCCTATAGTTAACAGGACATGCCTTTGATATGAAA
AAAAATAGCTAGCGAACTAGCGGATTTTAGCAAGAAAGAT GTAAGAGACAAGT GAACAGT GAACAGTGATAGTG
GGGACATTTTTTTTTTTTTAAGTAAATGGCAGTTTCTAGGGAATGATGATGGCAAGTTCCAGAGAGGCAG
CGTAAAAGGATGAGGCTACTGGGAAGAAGAAAGAGGAAAAGT GCAAGATGAATAGCCAGTGCAATATATA
TACATGTATACTTAACAGATATGGAATGGT TGGCGAAGTAAATTITTTGGCGACGECGGTATGCGGAGTTGT
AAGATGTACTACGAT CGTATAGT GTACTGCGGCAAAATGTTAGTGCAGGAAAGCGGGAAGGAAAAAGAAG
CAACTAAACGAGGGTGTAGAAAAAGACGAAGAGGAAAGGATAACCGTAGAAGAGAGGAAATGGAGGGAAG
AGAACAAAACGGGAGTGTTTTTT T TTTTTTGTAGGATATCGGAAGAAATATTGTTTGTAGTATCAGGTAT
AGCAAGCGATGGGCTTAATGGAGGGGTAAGCGTGTGCGAAAGAA
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* Take each base position and set 1 for variation type seen, O if not

000011100100010000000000001010000001000001
000010100100010000001000001010000000000000

* Produce a distance matrix

* Pairwise using simple Euclidean distance (histogram intersection)

J Z(Pz‘ — )%

i=1

* quicktree - tree file in Newick format

* newicktops = image file




Basic Phylogenetic Analysis

Culture Search TURNIP Variation MEPS

Photomicrograph Search You can view the output from the TURNIP scripts by selecting the species, and then the strains in the box below.
® 5. cerevisiae ) S. paradoxus

SGRP Strains

Y55 E
Y9
Ylic17_E5S
services YJMo75
YJMI78
YJMI81
About NCYC VPS198
NCYC Cultures ponlil
YS4
Catalogue Y59 Select All
Ressarch Eilect thitl‘.rpe of E&riatiﬂn yrii u want to see:
) Al ® snp O pSNP ) indel| Go |
Software

Yeast Help
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Basic Phylogenetic Analysis

S. cerevisiae, by SNP
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273614X
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W
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g i—
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29138
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3221345
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e
iy
=

NCYC110
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SK1
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ScDBGS
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ScDEBES
Sp1374
SpDB44
LWO3_461_4
UWO5_217_3
UWos_227_2
Uwes_787_3

UWaT_2421

5

3

Ylc17_ES
YIMETS
YIMETE
YIMSE1
YPS128
YPSE0E
Y54

Y58
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1 9138
. s | [| | 273614X
S. cerevisiae, by SNP
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Image courtesy of Liti G. et al, Nature, 2009
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S. paradoxus, by SNP
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S. paradoxus, by SNP

P—— 1 9138
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Americas
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Image courtesy of Liti G. et al, Nature, 2009
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Variation within individual Saccharomyces rDNA repeats
remarkably high, and differs markedly between strains

Some pSNPs strain specific, others shared between a number of
strains, potentially at variable frequencies

Correlation between genome type and pSNP number, i.e.

- structured (clean lineage) genomes have fewer pSNPs
- mosaic (hybrid lineage) tend to have more
- PSNPs may provide measure of genome mosaicism

Shared pSNPs between different lineages may provide novel
measure of recombination rates and gene conversion

Hope to employ better distance algorithms in the near future

Better understand mechanisms of rDNA evolution

Mathematical simulations and qPCR
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