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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)
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rDNA repeat unit (9.1 kb)
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* rDNA provides 'roadmap' of species diversity (26S)

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

* Tandem array of 100-200 copies on Chromosome Xll (~60%)
* 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
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WGSS produces reads with associated quality per base (FASTQ
format)

* Cannot assemble repeats due to high similarity (Ganley 2007)
* Single rDNA 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

* pSNPs = 'partial SNPs' 0% < x < 100% read variance

 TURNIP (Tracking Unresolved rDNA Nucleotide Polymorphisms)
* Per]
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consensus
. . agcaaact gt ccgggcaaat cct tt cacgct cgggaagct tt gt gaaagcccttctctttcaa. .

ccgggcaaat ccttt cacact cgggaagcttt gt gaaagcccttctctttcaa. .
. agcaaact gt ccgggcaaat ccttt cacact cgggaagct tt gt gaaagcccttctcttt

ct gt ccgggcat at ccttt cacact cgggaagct tt gt gaaagcccttctcttt caa.
. agcaaact gt ccgggcaaat ccttt cacact cgggaagct tt gt gaaaaagccct

. agcaaact gt ccgggcat at cctt t cacact cgggaagc- - - gt gaaagcccttctctttcaa. .
. agcaaact gt ccgggcat at cctt t cacact cgggaagct tt gt gaaagc

gcaaact gt ccgggcat at ccttt cacact cgggaagcttt gt gaaagcccttctctttc
. agcaaact gt ccgggcaaat ccttt cacact cgggaagct tt gt gaaagcccttctctttcaa. .

PSNP SNP DEL
4/8
(50%)

* Assume that there is an equal probability that a read
sequence 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 consensus (query seguence)

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

- Span introduced gaps with surrounding quality scores
- Ensure all 20 bases have PHRED quality score > threshold
— Variation less likely to be sequencing error

* For each accepted 20bp slice, check for insertions, i.e. gaps
introduced into BLAST query sequence by MUSCLE
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* At each position, record the query letter(s), subject letter(s),
quality and read name

 Compare each position to the original consensus

3640: t (32) -> a (1) pSNP
4810: a (0) -> g (41) SNP
5680: ¢ (13) -> - (27) DEL
6700: ----- (3) -> actgg (42) INS

* Outputs

- Raw text, Excel, SQL, GFF
- Use GFF to import data into GBrowse
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14 S. cerevisiae strains - Mosaic vs Structured
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* TWo genome types, structured and mosaic (Carter 2008)
 Structured - 'clean' genome, assumed pure lineage
* Mosaic - genetically different cell lines from a single zygote (hybrid

O SNP
¢ INS
v DEL




o PSNP

n || =
©
() = - Spl374
Pl :
>
4 m | ScDBSS
@)
— :
(V)] - Em - ScDB73
) -+ i
S |0
N W) 0 - ScDB65
Q > :
ad U 3 - NCYC110
> (0] :
O N = K11
(O O :
C
— > = - DBVPG1106
m I
— W) 3 - BC187
e =
< < "
ol O i - sK1
r -
B :
0p) P & - ScDB53
Q
ﬁla 0 - 5288¢
n
> : o - NCYC362
D
— :
Q o | - DBVPG6040
O :
- S - 378604X
U (0p) :
> <t S - 3221345
— :
U
. 0 SR : 273614X
OIN O IN O INnNOoOimmoin O n o
O In N < T M M N N o
SdNSd Jo "baug




0(; yC GBrowse

rOMA

B Details

L | 1 1 L 1 1 L 1 L 1 | L 1 1 L L 1 1 1 L | 1 1 L 1 1 L L L 1 | L
400 B500 600 700
B H CBS432 SNPs
EEHA12 SNPs
SNP 21215395 SNP:A12:8509

EEH A4 SNPs
ENF‘ tAd 15395 ENF‘ iAd 1E509

EEEH CB55829 SNPs
EE B DBEVPG4650 SNPs

EHE B DBVPG6304 SNPs
ENF‘ :DBVPGES0d 3395 ENF‘ (OBVPGEI0D 3509

EEHAIFO1804 SNPs
ENF‘ tIF01504 18532

EEHKPN3828 SNPs
EHE HKPN3829 SNPs
EHEHBHN_17 SNPs

EEEHEN_43 SNPs
;SNF‘ tM_43:8532

EEEHN_44 SNPs
ENP tM_44:58532

EEHN_45 SNPs
HEH Q32_3 SNPs




&
ﬁcyc

GBrowse

B Region
rOMA ‘

——— —— +— ——t —— ——

JZ0n 3300 3400 3500| Sa00 700
B Details

———————— —— —— ————
3480 J4a0 3470 3dE0 3480 3400 3510
E £ H Variation Frequencies
PENP sH_17 234586 OEL :A1Z s 3ddd P3NP ALZ 3493 pINP YT 3500 pSHP LWOPSS1_91

@i

PSHP iM_45:353450

H‘l'iS
G 126

T ¥

@5 @ @

DEL :CBS5529 13493 PSHP dUWOPS91 917 _1 13502

T.151 T.B4
- 1 A 4

pSHPEN_17 153493 pSHP IUWOPS91_917_1 135¢C

T.148 c.aq
AP 1 TP 4

pIMP tUFR) 30516 £ 3493 pIMP i DBYPG4ET0 - 3504

W LG C gl 5
A 2 W1
pSHP :UWOPSSL_917_1:3495 pSHP tUWOPSSL_917_1 1
T gl 57 [:'|'34
AP 22 TP 4
DEL : CES5820 1 3494 DEL : TZ1_d:3505
9 @
RSHP sALZ 1 3496 DEL :UWOPS91_917_1
TY AN )
pSHP sh_17 13496 RSP sUWOPSSL

{ Y @

PSHP IUFR)S0516 13495

A 47
C 2
pSHPLNOPSS1_917_1 13496
A ]
C 22
pEWP UWOPS91_917_1:353495
A 22

G 81



0cyc Conclusions

Variation within individual S. cerevisiae rDNA repeats to be
remarkably high

* Differs markedly between strains

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

* Correlation between genome type and pSNP number

* On average structured genomes have fewer pSNPs, hybrids
tend to have more

 pSNPs may provide simple measure of genome mosaicism

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

A new way to aid strain identification? Supply of probiotic S.
boulardii across EU requires precise quality control
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