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Figure S1 Incompatibility involving the MLH1 and PMS1 MMR genes. We proposed a
model for an incompatibility involving MLH1 and PMS1 (Heck et al. 2006). It is based on the
hypothesis that ancestral isolates bearing MLH1 Gly 761 and PMS1 Arg 818/822 acquired
neutral and beneficial mutations that lead to derived S288c (purple Asp 761, Arg 818/822) and
SK1 (green, Gly 761, Lys 818/822) group isolates. Mating between the derived isolates,
supported by genetic recombination data presented in Heck et al. (2006), yields an incompatible
combination (MLH1 Asp 761, PMS1 Lys 818/822) that displays negative epistasis, as shown by
a mutator phenotype. Sequences of MLH1 and PMS1 genes from a worldwide collection (Peter
et al. 2018) are shown according to their amino acid residues 761 (G or D) in MLH1 and 818 (R
or K) in PMS1 (Bui et al. 2017). Only those homozygous for MLH1 and PMS1 sequences are

shown. Adapted from Bui et al. (2017).

Figure S2 DNA sequence, as shown by chromatogram traces, of the MLH1
incompatibility site (bp 2282, Gly or Asp at amino acid 761) in the indicated isolates and

spore clones.

Figure S3 Efficiency of plating of strains transformed with pEAA611, comparing growth
on clon-NAT and clon-NAT + G418 plates. Representative images of EAY1369, EAY1370,

YJM521, YJS5845 and YJS5885 isolates and YJS5885 spore clones are shown.

Figure S4 Sequencing analysis of G418 resistant revertants and sensitive control

colonies. The homopolymeric A-runs in isolates and spore clones transformed with pEAA613
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were sequenced (Materials and Method). The sequencing data from G418 resistant (top) and
sensitive (bottom) colonies are presented. Only G418 resistant colonies displayed A4 to A+

frameshift mutations.

Figure S5 Flow cytometry of spore clones. Spore clones of YJS5845 and YJS5885 were
prepared for flow cytometry as described in the Materials and Methods. YJS5845 derived spore
clones were diploid and YJS5885 derived spore clones were haploid. The black arrows show
the position of 1n, 2n, and 4n DNA content. Inset shows the percentage of single cells, small

budded and large budded cells in the indicated samples.

Figure S6 Ploidy of YJS5845 and YJS5885 isolates and their spore clones. Whole genome
sequencing is presented for YJS5845, YJS5885 and derived spore clones (Materials and

Methods). The entire set can be found in Figure 4B and Figure S6.

Table S1 Genotyping of spore clones obtained by dissection of isolate tetrads. MLH1 and
PMS1 genes were PCR amplified from isolates and derived spore clones and sequenced as
described in the Materials and Methods. For YJS5845, three spore clones were genotyped
from random spores and 30 were genotyped from spores isolated after tetrad dissection. For
YJS5885, all spore clones were genotyped from tetrad dissection. None of the incompatible
YJS5845 and YJS5885 spore clones contained the Pro 271 suppressor polymorphism in MLH1
(Demogines et al. 2008). For YJM521, 24 spore clones were genotyped from six four-spore
viable tetrads. For YJS4806, 24 spore clones were genotyped from random spores with 22
showing the parental genotype for MLH1, and two showing a different segregation pattern
(2G:2A, 4G:0A). For YJS4810, 24 spore clones were genotyped from random spores, with all

showing the parental genotype for MLH1.
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Table S2 Genotyping of MLH1 and PMS1 loci in YJM and YJS isolates and derived spore
clones. The sequences for the MLH1 and PMS1 open reading frames for each of the two
parental chromosomes are shown relative to the S288c¢ and SK1 sequences for YJS5845,
YJS5885, and YJM521. The parental chromosomes were genotyped as “c” (S288c) or “k”
(SK1) based on the amino acid polymorphisms seen at the incompatibility loci (bp 2282 in
MLH1, bp 2453 in PMS1) in the S288c and SK1 sequences (Materials and Methods). The
MLH1-271P suppressor allele is highlighted at bp 812 in MLHT1. INS = 12 bp insertion in PMS1;

NO INS = lacking the insertion.

Table S3 Analysis of HO, PHO80 and STP22 genes in YJS5845 and YJS5885 for variants

using SnpEff.

Table S4 Analysis of resistance to 5-FOA in YJS5885 spore clones. The rate of resistance
to 5-FOA, presented with 95% confidence intervals (95% C.l.), was determined for n
independent cultures of FY90 and the indicated spore clones of YJS5885 as described in the
Materials and Methods. The URA3 open reading frame (ATG =+1) was sequenced from 7, 2, 1,
1, 1 and 1 independent 5-FOA" colonies from 5885-9a, 5885-15b, 5885-1a, 5885-14a, 5885-
16a, and 5885-19a, respectively. 2 Significantly different from FY90 (p<0.001, Mann-Whitney
test);  Significantly different from EAY4087 (p<0.001, Mann-Whitney test). YJS5885 compatible
and incompatible spore clones are significantly different from each other (p<0.001, Mann-
Whitney test).

10 of the 13 spore clones contained single mutations in URA3, with the following distribution:
5885-9a: Two missense (bp287,A>T; bp542, G>A), One nonsense (bp577, G>T), Two single
nucleotide deletions (bp178, A deleted; bp629, G deleted), no changes in ORF for two 5-FOA’
mutants.

5885-15b: One missense (bp205, T>C), one nonsense (bp345 G>A).
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5885-1a: One nonsense (bp223 A>T).
5885-14a: One nonsense (bp593 T>A).
5885-16a: No changes in ORF for one 5-FOA" mutant.

5885-19a: One nonsense (bp310 C>T).

Table S5 Sporulation and Lactate growth phenotype. Spore clones were patched on
sporulation media and incubated at 30°C for 6 days after which they were examined for
evidence of sporulation by light microscopy. Any samples with dyads, triads and tetrads were
marked as being able to sporulate (+). Spore clones were also patched on YP-lactate media

and scored as able to grow or not (Lactate™ or °) after 4 days in 30°C. NT: not tested.

Table S6 Assigning MLH1 polymorphisms found in heterozygous genotypes onto the
MLH1 structure-function map. A structure function map for MLH1 was created from an
analysis of MLH1 alanine scan and site-specific mutations, and mlh1 alleles generated based
on homology to HNPCC mutations (Pang et al. 1997; Shcherbakova and Kunkel 1999; Tran and
Liskay 2000; Welz-Voegele et al. 2002; Takahashi et al. 2007; Wanat et al. 2007; Romanova
and Crouse 2013; Smith et al. 2013; Smith et al. 2015). Alleles that conferred a mutator
phenotype in a variety of reporter assays are shown. In MLH1, amino acids 1-335 is referred to
as that N-terminal/ATP binding domain, 335-509 as the linker domain, and 510-769 as the C-
terminal interaction domain (Gueneau et al. 2013). See Table S7 for detailed list of the isolates
that contain heterozygous polymorphisms that lie on the MLH1 structure-function map (shown

here using their standardized names in the 1011 yeast genome project (Peter et al. 2018).

Table S7 Amino acid heterozygosities identified in MLH1 in 107 yeast isolates. Amino
acid heterozygosities in the MLH1 open reading frame are shown for 107 isolates (relative to the

MLH1 S288c sequence; Peter et al. 2018).
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Genotyping at bp 2282 in MLH1 (G/D at amino acid 761)
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Table S1 Genotyping of spore clones obtained by dissection of isolate tetrads

Number of spore clones genotyped for MLH1-PMS1 as:

Lab name MLH1 genotype PMS1 genotype Ancestral SK1 S288c Incompatible
YJS5845 SK1/S288c SK1/S288c 5 17 1 10
YJS5885 SK1/S288c SK1/S288c 5 6 11 11
YJM521 SK1/S288c SK1/S288c 5 7 7 5
YJS4806 ~ SK1/S288c (3:1) SK1 not relevant

YJS4810  SK1/S288c (3:1) SK1 not relevant

YJS5882 SK1/S288c (3:1) SK1-S288c (2:2) not relevant

YJS5678 SK1/S288c (3:1) SK1/S288c (2:2) not relevant

YJS5512 SK1/S288c (3:1) SK1/S288c (2:2) not relevant

YJS4970 SK1/S288c (2:2) SK1/S288c (2:2) not relevant

MLH1 and PMS1 genes were PCR amplified from isolates and derived spore clones and sequenced as described in the Materials
and Methods. For YJS5845, three spore clones were genotyped from random spores and 30 were genotyped from spores isolated
after tetrad dissection. For YJS5885, all spore clones were genotyped from tetrad dissection. None of the incompatible YJS5845
and YJS5885 spore clones contained the Pro 271 suppressor polymorphism in MLH1 (Demogines et al. 2008). For YJM521, 24
spore clones were genotyped from six four-spore viable tetrads. For YJS4806, 24 spore clones were genotyped from random spores
with 22 showing the parental genotype for MLH1, and two showing a different segregation pattern (2G:2A, 4G:0A). For YJS4810, 24
spore clones were genotyped from random spores, with all showing the parental genotype for MLH1.



Table S2 Genotyping of MLH1 and PMS1 loci in YJM and YJS isolates and derived spore clones

base pair aa S288c SK1 YJS5845¢c  YJS5845k YJS5885c  YJS5885k  YJMS523  YJMS21c  YJIM521k
MLH1

486 162 C, ALA T, ALA C C C C C C C

552 184 C, SER C, SER C C C C C T, SER C

720 240 C, SER A, ARG C C C C C C C

812 271 T, LEU C, PRO T C T C T C C

834 278 C, SER T, SER C T C T C C T

997 333 G, GLU A LYS G G G G G G G
1044 348 T, ILE C, ILE T C T C T T C
1237 413 T, LEU C,LEU T C T C T T C
1393 465 G, ASP G, ASP G G G G G A, ASN G

1875 625 T, SER C, SER T C T C T T C
2032 678 G, ASP A, ASN G A G A G G A
2108 703 C, PRO T, LEU C T C T C C T
2282 761 A, ASP G, GLY A G A G A A G
PMS1

122 41 A, ASN G, SER G G G G A A A

162 54 T, SER T, SER T T T C T T T

177 59 T, ASP T, ASP T T T T C,ASP T C, ASP
210 70 G, GLU G, GLU G G G G A, GLU G A, GLU
213 71 C, PHE T, PHE T T T T T C T

258 86 T, ASP C, ASP C C C C C C C

333 111 G, VAL C, VAL C C C C C C C

335 112 T, ILE C, THR C C C C T T T

465 155 C, PRO T, PRO T T T T T C T
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The sequences for the MLH1 and PMS1 open reading frames for each of the two parental chromosomes are shown relative to the
S288c and SK1 sequences for YJS5845, YJS5885, and YJM521. The parental chromosomes were genotyped as “c” (S288c) or “k”
(SK1) based on the amino acid polymorphisms seen at the incompatibility loci (bp 2282 in MLH1, bp 2453 in PMS1) in the S288c¢ and

SK1 sequences (Materials and Methods). The MLH1-271P suppressor allele is highlighted at bp 812 in MLH1. INS = 12 bp insertion
in PMS1; NO INS = lacking the insertion.



Table S3 Analysis of HO, PHO80 and STP22 genes in YJS5845 and YJS5885 for

variants using SnpEff.

YJS5845
Gene Name Mutation Type of Amino acid Predicted effect of
mutation change missense mutation by
SnpEff
1756T>C missense Cys586Arg Deleterious
1740C>T synonymous  Asn580Asn
1722T>C synonymous  His574His
1718C>T missense Pro573Leu Tolerated
1710C>T synonymous Val570Val
HO aene in 1635C>T synonymous  Gly545Gly
Chrom%some Y 1214C>T missense Ser405Leu Tolerated
1059T>C synonymous Val353Val
1026C>A synonymous  Gly342Gly
789A>G synonymous Leu263Leu
667A>G  missense Ser223Gly Tolerated
565G>A  missense Ala189Thr Tolerated
369G>A synonymous  Arg123Arg
PHOS80 in 21A>C missense Glu7Asp Tolerated
Chromosome  111G>A  synonymous Val37Val
XV
1000C>A missense GIn334Lys Tolerated
546A>G synonymous Pro182Pro
STP22 in 528T>C  synonymous Asn176Asn
Chromosome Il 525G>A  synonymous  GIn175GIn
492C>G synonymous  Pro164Pro
36G>A synonymous  Ala12Ala
YJS5885
Gene Name Mutation Type of Amino acid Predicted effect of
mutation change missense mutation by
SnpEff
HO gene 1740C>T synonymous Asn580Asn
Chromosome IV 1710C>T synonymous  Val570Val
1635C>T synonymous  Gly545Gly
1424T>A missense Leud475His Tolerated
1214C>T missense Ser405Leu Tolerated
667A>G  missense Ser223Gly Tolerated
369G>A synonymous  Arg123Arg



YJS5885

Gene Name

PHOB80 gene in
Chromosome

XV

STP22 gene in
Chromosome Il

Mutation

21A>C

111G>A
266C>T
375A>G
739C>T

1000C>A
528T>C
525G>A
492C>G
123T>A
78C>A
36G>A

Type of
mutation

missense
synonymous
missense
synonymous
missense

missense
synonymous
synonymous
synonymous
missense
missense
synonymous

Amino acid
change

Glu7Asp
Val37Val
Ser89Phe
Thr125Thr
Pro247Ser

GIn334Lys
Asn176Asn
GIn175GIn
Pro164Pro
Asn41Lys
Asn26Lys
Ala12Ala

Predicted effect of
missense mutation by
SnpEff

Tolerated

Tolerated

Tolerated

Tolerated

Tolerated
Tolerated




Table S4 Analysis of resistance to 5-FOA in YJS5885 spore clones.

Strain or spore  Incompatible/ o0 5 FOAT(107), (95% C.1).n  Relative rate
clone Compatible

FY90 C 0.79 (0.26-2.6), 22 1
EAY4087 (mlh14) Not applicable 16% (9.5-18), 20 20
5885-1a C 1.9 (0.72-5.2), 15 24
5885-14a C 0.98° (0.53-2.1), 15 1.2
5885-15b C 0.48° (0.37-3.2), 15 0.61
5885-6a C 0.68° (0.32-1.5), 15 0.86
5885-9a I 6.0*° (4.7-9.7), 15 7.6
5885-16a I 1.5 (0.92-1.9), 15 1.9
5885-19a I 6.4*°(2.9-7.9), 15 8.1

The rate of resistance to 5-FOA, presented with 95% confidence intervals (95% C.1.), was
determined for n independent cultures of FY90 and the indicated spore clones of YJS5885 as
described in the Materials and Methods. The URA3 open reading frame (ATG =+1) was
sequenced from 7, 2, 1, 1, 1 and 1 independent 5-FOA" colonies from 5885-9a, 5885-15b, 5885-
1a, 5885-14a, 5885-16a, and 5885-19a, respectively. ? Significantly different from FY90
(p<0.001, Mann-Whitney test); ® Significantly different from EAY4087 (p<0.001, Mann-Whitney
test). YJS5885 compatible and incompatible spore clones are significantly different from each
other (p<0.001, Mann-Whitney test).

10 of the 13 spore clones contained single mutations in URA3, with the following distribution:

5885-9a: Two missense (bp287,A>T; bp542, G>A), One nonsense (bp577, G>T), Two single
nucleotide deletions (bp178, A deleted; bp629, G deleted), no changes in ORF for two 5-
FOA" mutants.

5885-15b: One missense (bp205, T>C), one nonsense (bp345 G>A).

5885-1a: One nonsense (bp223 A>T).

5885-14a: One nonsense (bp593 T>A).

5885-16a: No changes in ORF for one 5-FOA" mutant.

5885-19a: One nonsense (bp310 C>T).



Table S5 Sporulation and lactate growth phenotype

Lactate+ Lactate +

Sporulation or - Sporulation or -
5885-1a - + 5845-19a - -
5885-6a - + 5845-22a + +
5885-10a - - 5845-27a + +
5885-20b - + 5845-7a + +
5885-5b - + 5845-28b + +
5885-15b - - 5845-29a + +
5885-14a - + 5845-41a - -
5885-19b - - 5845-16 + +
5885-6b - + 5845-35a  poor growth- few dyads +
5885-5a - + 5845-18a + +
5885-11a - + 5845-21a - +
5885-12a - - 5845-20a + +
5885-18a - - 5845-30a + -
5885-9a - - 5845-19 + +
5885-4b - + 5845-36b + NT
5885-19a - -
5885-16a - -
5885-3a - +
5885-12b - -
5885-1b - NT
5885-2a - NT
5885-4a - NT
5885-7a + NT
5885-8a - NT
5885-13a - NT
5885-17a + NT

Spore clones were patched on sporulation media and incubated at 30°C for 6 days after which
they were examined for evidence of sporulation by light microscopy. Any samples with dyads,

triads and tetrads were marked as being able to sporulate (+). Spore clones were also patched
on YP-lactate media and scored as able to grow or not (Lactate® or °) after 4 days in 30°C. NT:

not tested.



Table S6 Assigning MLH1 polymorphisms found in heterozygous genotypes onto the

MLH1 structure-function map.

mih1 allele (Reference)

Amino acid position: isolate(s) with heterozygous genotype

N-terminal/ATP binding

122T (Wanat et al. 2007)

Linker (Argueso et al. 2003)

R390A ,K391A
K393A,R394A (Argueso et
al. 2003)

R401A,D403A
C-terminal interaction
(Argueso et al. 2003)
E603A,D605A,E606A
K648A,K650A
E680A,D681A,E682A

22-ILE/LEU: APL, CFI, CFN

391-LYS/ASN: BHL, BMQ

393-LYS/GLU: CPN, CPR
402-ILE/LEU: ASN, BGB, BGI, BGM, BGS

605-ASP/ASN: BHL, BMQ
650-LYS/THR: ADL, AKT, BFE, BFG, BFM, BML, BMM, BTD, BTE,
CKK, CKS, CLA

681-ASP/ASN: CPN, CPR

A structure function map for MLH1 was created from an analysis of MLH1 alanine scan and site-

specific mutations, and mlh1 alleles generated based on homology to HNPCC mutations (Pang
et al. 1997; Shcherbakova and Kunkel 1999; Tran and Liskay 2000; Welz-Voegele et al. 2002;
Takahashi et al. 2007; Wanat et al. 2007; Romanova and Crouse 2013; Smith et al. 2013; Smith
et al. 2015). Alleles that conferred a mutator phenotype in a variety of reporter assays are
shown. In MLH1, amino acids 1-335 is referred to as that N-terminal/ATP binding domain, 335-
509 as the linker domain, and 510-769 as the C-terminal interaction domain (Gueneau et al.

2013). See Table S7 for detailed list of the isolates that contain heterozygous polymorphisms

that lie on the MLH1 structure-function map (shown here using their standardized names in the

1011 yeast genome project (Peter et al. 2018).



Table 7 H1in107

RSR—— origin i i id /ami inwib1
7 215 256 m 2 25 29 366 1 393 00 09 aw a a0 36 a2 a2 165 an a8 a8 so1 s07 sz 595 605 07 616 &0 655 657 o8 681 654
Aa e The e Leu v pro Gin s s s val te e Gin Phe Leu The Gin ser sp pro Glu s A val val e val s teu e s Leu s asp s Aa pro
5K1 (s60) Ala e e e PRO v pro Gin asp s s val e e Gin Phe teu The Gin Ser asp Glu s g val | e val Asp teu teu s asn Asp !
cBs1236-0 Bakery, France Aa e The tie Lewpo  Tyr Projser Gin Asp s Lys val e e Gin Phe Leu he Gin ser asp pro Glu s g val val e val Asp Leu tefthe s Leu s Asp Asp Aafser  Pro
DBVPGess1 Water, Brazi Aa e The e Lewpo Ty pro Gin sp s s val e e Gin Phe Leu The Gin serfely  Asp Pro Glu s A val val e val s Leuphe  lle s s sp s ! Pro
cuB318 1 Bakery, Netheriands Ala e e e Pro v Pro Gin Asp s s val e e GGy Phe teu e Gin Ser asp Pro Glu s g val al e val Asp teu e s/The Leu ™ sn Asp Aa Leu
cuBs2a2 Bakery,Vietnam Aa e The tie Lewpo  Tyr Pro Gin Asp s s val e e Gin Phe Leu The Gin ser asp pro Glu s g val val e val Asp Leu ile U s Asplasn Asp Aa profteu
cas1z1 Beer, Netherlands Aa e The e Pro v Pro Gin asp s s val e e Gin Phe Leu e Gin Ser/ely  Asp Pro Glu s g val val e val asp teu e s teu s Aspinsn Asp Ala Profleu
cos1248 Beer Aa e The e Pro ™ Pro Gin Asp s s val e e Gin Phe Leu The Gin Ser asp Pro Glu s g val val e val Asp teu Leu s Asn Asp Ala Leu
cas1394 Distilery Aa e The e Pro 14 o Gin s s s val e e Gin Phe Leu The Gin Ser asp Pro Glu s A val val e val o Leu te/the  Lys Leu s Asp pro
cosea1s Water, Netherlands Ala e e e Pro v projser Gin asp s s val e e Gin Phe teu The Gin e asp Glu s g val al e val Asp teu T/t Ly teu s aspinsn Asp Nafser  Profteu
cas7764 Ralnbow trout, Sweden Aa e The tie Lewpo  Tyr pro Gin Asp s s val e e Gin Phe Leu T in sefely  Asp pro Glu s g val val e val Asp Leu/phe  Tle s Leu s Asp Asp Aa pro
cas73 Fruit Aa e The e Pro v pro Gin sp s s val e e Gin Phe Leu The Gin serfely  Asp Pro Glu s A val val e val s teu Tle s teu s Asplasn Asp Aa Profteu
cBs1480 Distilery Ala e e e Pro v Pro Gin Asp s s val e e Gin Phe teu The Gin Ser asp Pro Glu s g val val e val Asp teu e s teu s Asn Asp Aa Leu
as1 Palm nuts, Cameroon Aa e The e pro v pro Gin Asp s s val e e Gin Phe Leu The Gin Gy asp pro Glu s g val val e val Asp phe ile s Leu s sp Asp Aa pro
Stingless bee, Equador Ala e The e Lewpo Ty Pro Gin asp s s val e e GiGly  Phe teu The Gin Ser asp Pro Glu s g val val e val asp teu e sfThe Leu s Aspinsn Asp Ala Profteu
Water, Sovaki Aa e The e o Ty Pro Gin Asp s s val e e Gin Phe Leu e Gin serlGly  Asp Glu s g val val e val Asp Leujpre  Tle s u s Asp Ala pro
it la e v tie Lewpo  Tyr pro Gin As s s val e e Gin Phe Leu The Gin sefely  Asp Pro Glu s A val 1 tie vl Leu/phe  lle s Leu s sp Asp Aa pro
sisu1s Tree Leaf, Taiwan Ala e e e Lewpo Ty pro Gin asp s s val e e Gin Phe teu The Gin seifGly  Asp Pro Glu s g val val e val Asp Leu/phe  Tle s teu s Asp Asp Aa Pro
UWOPs83.883.2 Drosophila, Navassa Island, S. Amer.  Ala e The tie Lewpo Tyr pro Gin Asp s s val e e Gin phe Leu e in sefely  Asp pro Glu s g val val e val Asp Leu/phe  Tle s Leu s Asp Asp Aa pro
mL1 Distilery, Brazil Aa e The e Leu v pro Gin sp s s val e e Gin Phefser  Lou Tl Gin er asp Pro Glu s A al val e val s tle s teu s AsplAsn  Asp ! Profteu
s11(E) Bakery, Turkey Ala leftes  Thr e Lewpo Ty Projser Gin asp s val e e Gin e u v Gin Ser asp Glu s g val al e val Asp teu tefthe s Leu s Asplasn Asp Aafser  Profleu
cos7957 Brazil Aa ile The tie Leu v pro Gin Asp s s Va/Ma lle e Gin Phe Leu The Gin ser asp pro Glu s g val val tie val Leu le s Leu s sp Asp Alafser
cos1398 Eucalyptus leaf Ala e The e Pro v Pro Gin asp s s val e e Gin Phe Leu The Gin Ser asp Pro Glu s g val val e val asp teu e s teu s sp Asp Ser Pro
cosa246 Sputum, Human dlinical, Netherlands ~ Ala e The e Lewpro  Tyr Pro Gin Asp s s val e e Gin Phe Leu The Gin Ser asp Pro Glu s g val val e val Asp Leu e s Leu s Asn Asp Aa Leu
Kaffir Beer, South America Aa e The e Leu 14 pro Ginflys  Asp s s val e e Gin Phe Leu The Glnfhis Ser asp Pro Glu Glu A val val e val Asp Leu ile s Leu s sp Asp Aa pro
Beer, Netherlands Ala e e e Pro v pro Gin Asp s val e 2 Gin Phe teu in ser/Gly  Asp Glu s g val | e | teu e s teu s aspinsn Asp Ala Profteu
se, France Aa e The tie L pro Gin Asp s s val lefteu tle Gin Phe Leu/met  Thr in sefely  Asp pro Glu s g val val tie valflle  Asp Leu/phe s Leu Lys Asp Asp Aa Pro
Flower, Spain Aa e The e Lewpo Ty Projser  Gin sp s s val e Gin Phe v Gin Ser asp Glu s A val val e 1 tefthe  Lys teu s sp Asp Aafser  Pro
Beer, United Kingdom Ala e e e Lewpo Ty Pro Gin Asp s s val e e Gin Phe teu The in sefGly  Asp/isn  Pro Glu s g val al e val Asp Leu s teu s Asplasn Asp Ala Profteu
Mushroom fruitbosy, Slovakia Aa e The tie Lewpo  Tyr pro Gin Asp s s val e e Gin Phe Leu e Gin sefely  Asp pro Glu s g val val e val Asp Leu/phe  Tle s Leu s sp Asp Aa Pro
Water, Slovakia Aa e The e Lewpo Ty Pro Gin asp s s val e e Gin Phe Leu e Gin Ser/ely  Asp Pro Glu s g val val e val asp Leu/phe  lle s teu s asp Asp Ala P
Water, Slovakia Aa e The e Lewpro  Tyr Pro Gin Asp s s val e e Gin Phe Leu The Gin serlGly  Asp Pro Glu s g val val e val Asp Leu/pre  Tle s Leu s Asp Ala
Water. Slovakda Aa e The tie 14 Gin Asp s s val e e Gin Phe Leu The Gin sefely  Asp Pro Glu s A val val e val o s Leu s Asplasn Asp ! Profteu
Flower, Spair Ala e e e Lewpo Ty Projser Gin asp s s val e e Gin Phe teu The Gin er asp Glu s g val al e val Asp teu Te/the Ly teu s Asp Alafser
Evolution Canyon,Isael Aa e The tie v Gin Asp s Lys val e e Gin Phe Leu he Gin ser asp Glu s g val val e val Asp Leu s Leu s Asp !
Jution Canyon, Israel Aa e The e Pro v pro Gin sp s s val e e Gin Phe Leu The Gin Ser Asplasn Pro Glu s A al val e vl Leuphe  Tle It teu s Aspisn Asp Aa Profteu
ExF5730 Gooseberry juice Ala e e e Pro v projser Gin Asp s s val e e GGy Phe teu e Gin Ser asp Pro Glu s g val val e val Asp u Ne/the LT Leu s Asplasn  Asp Aafser  Profleu
EXF5869 Wood Aa ile The tie pro L profser Gin Asp s s val e e GGy Phe Leu e Gin ser asp pro Glu s g val val e val Asp Leu lefthe  Lys/The  Leu s AsplAsn  Asp Aafser  Profleu
ExF835 Industial, Sloveria Aa e The e Pro v projser  Gin asp s s val e e GiGly  Phe teu The Gin Ser asp Pro Glu s g val val e val asp teu Ve/the  Us/The Leu s Aspinsn Asp Aafser  Profteu
L5 Aa e The e Pro ™ Pro Gin Asp s s val lefteu e Gin phe Leu/Mer  Thr Gin serlGly  Asp Pro Glu s g val val e val Asp Leujphe  Tle s Leu s Asp Asp Ala pro
cuBss7 Aa e The tie Pro 14 pro Gin As s s val lejteu tle Gin Phe Leu/met  Thr Gin sefely  Asp Pro Glu s A val val tie Valfile  Asp Leu/phe  lle s Leu s sp Asp Aa pro
cuese Ala e e e Lewpo Ty pro Gin Asplaly s val lefteu lle Gin Phe Leu/met  Thr Gin asp Pro Glu s g val | e val Asp teu e s teu s asp Asp Aa Pro
cuBe31 Aa e The tie Pro L Pro Gin s val lefleu  Tle Gin Phe Leu/Met  Thr in sefely  Asp pro Glu s g val val tie valflle  Asp Leu/phe  Tle s Leu Lys Asp Asp Aa Pro
cB1059 Aa e The e Lewpo Ty pro Gin sp s val It e Gin Phe The Gin e asp Pro Glu s aglle val val e val s teu Tle s teu s Asplasn Asp Aa Profteu
1082 Ala e e e Lewpo Ty Pro Gin Asp Lsfhsn s val e e Gin Phe teu The Gin Ser asp Pro Glu s g val val e val Asplasn Lo e s Leuphe  Lys Asp Asp Aa Pro
DBVPGII7A Aa ile The e Pro v Pro Gin s s val e lepval Gin Phe Leu The Gin Gy asp pro Glu s g val val e val Asp Leu/phe  Tle s Leu s sp Asp Aa pro
DBVPG1SEL ia e ™ e v pro G asp s s val e e i Phe Leu e Gin ser/ely  Asp Pro Glu s g val val e val asp Leuphe  lle s teu s At Asp Ala Pro
NeYe 2925, Aa e The e o Ty Profser Gin Asp s s val e e in Leu The Gin Ser asp Pro Glu s g val val e val Asp Leu refthe s Leu s Asplasn Asp Aafser  Profleu
NCYC_2780 Aa e The tie Lewpo  Tyr s s s val e e GGy Phe Leu The Gin sefely  Asp Pro Glu s A val val tie val Asp Leu/phe  Tle isfThe  Leu s Asplasn Asp Aa ProfLeu
2680 ia e e e Lewpo Ty pro Gin asp s val e e GGy Phe teu The Gin Ser/ely  Asp Pro Glu g val | e val Leu/phe  lle sfThe Lo s aspinsn Asp Ala Profteu
2720 Aa e The tie o T Pro Gin Asp Lys/asn s val e Gin Leu T in e asp pro Glu Us/Glu Al Val valftew tle val Asp/Asn Leu e s Leufphe  Lys Asp Aa profLeu
DBVPGITIA Aa e The e Pro v pro Gin sp s val e lepval  Gin Phe teu The Gin aly asp Pro Glu s A al 1 val Leuphe  lle s v A s Aa Pr
B DBVPG3100 Ala e e e Pro T Pro 6in Asp s y val e 2 i Phe teu e in aly Asp Pro Glu s g val al e val Asp iie s Leu s Asp Asp Aa Pro
Bav  DBVRGAIE Aa ile The tie v Pro Gin Asp s s val e e Gin Phe Leu The Gin aiy asp 6lu s g val val e val Asp phe ile s Leu s sp Asp Aa pro
BRP DBVPGEsS Ala e T e Lewpo Ty Pro Gin asp s s val e e Gin Phe Leu e Gin SerfGly  Asp/isn Pro Glu s g al val i val asp teu e s teu s Asp Ala P
8RQ DBVPGE6SS. Aa e The e ™ Pro Gin Asp s s val e e Gin Phe Leu e Gin ser/Gly Glu s g val val e val Asp teu e s Leu s Asplasn Asp Ala profteu
BRY DBVPGEE7A Aa e The tie 14 pro Gin Asp s s val e e Gin Phe Leu The Gin Ser o Glu s A val val e val o Leu ile s Leu s Asp Aa
81 DBVPGE6S3. Ala e e e Lewpo Ty pro Gin asp s s val e e Gin Phe teu The Gin serfGly  Asplisn o Glu s g val al e val Asp teu e s teu s Asp Asp Ala P
B1A Neve_2798 Haman clinical, Germany Aa e The e Pro W Pro Gin Asp s s val e e Gin Phe Leu T in sefely  Asp pro Glu s g val val e val Asp Leu e s Leu s Asplasn Asp Aa profteu
a1 i Bakery Aa e The e Lewpo Ty pro Gin sp s s val e e Gin Phe Leu The Gin Ser Asplasn Pro Glu s A val val e val s Lo Tle s teu s Asplasn  Asp Aa ProfLeu
B1C i Fllschmann baker's yeast Ala e e e Lewpo Ty pro Gin Asp s s val e e Gin Phe teu The in sefaly  Asp Glu s g val val e val Asp Leuphe  lle s s Asp Asp Aa Pro
810 vss(e) Canadian baker's eyast Aa ile The e Pro v projser Gin Asp s s val e e Gin/Glu Phe Leu The Gin ser asp pro Glu s g val val e val Asp Leu tefthe  Lys/The  Leu s AsplAsn Asp Aafser  Profleu
ate ssle) alian baker's yeast Ala e The e Lewpo Ty Pro Gin asp s s val e e GGy Phe teu The Gin Ser/ely  Asp Pro Glu s g val val e val asp Leuphe  lle s/The Leu s Aspinsn Asp Ala Leu
BTV M1a1 Distilery, Brazil Aa e The e Leu ™ Pro Gin Asp s s val e e Gin Phefser Lo Tl Gin Ser asp Pro Glu s g val val e val Asp Leu e s Leu s Asplhsn  Asp Ala profteu
VG SM94512 Bioethanol, Grazil Aa e The tie Lewpo  Tyr pro Gin Asp s s val e e Gin Phefser Lo Tl Gin Ser asp Pro Glu s A val valftew tle val Asp Leu e s Leu s Asplasn Asp Aa ProfLeu
M SM9.48R1 Bioethanol,Brazil Ala e e e Lewpo Ty pro Gin asp s s val e e Gin Phefser  Leu Ty Gin Ser asp Pro Glu s g val valftew tle val o e s teu s asp Asp Ala Profteu
B 015 Bakery ta Aa e The tie Lewpo  Tyr pro Gin Asp s s val e e Gin Phe Leu o in sefely  Asp pro Glu s g val val e val Asp Leu/phe  Tle s Leu s Asplasn Asp Aa profLeu
B 2 Cralcdoides insect, Germany Aa e The e Lewpo Ty pro Gin sp s s val e e Gin Phe Leu The Gin ser/ely  Asp Pro Glu s A val val e val s Leuphe  Tle s teu s sp Asp Aa -
M 3 Cralcdoide insect, Germany Ala e e e Lewpo Ty Pro Gin Asp s s val e e Gin Phe teu The in seifaly  Asp Pro Glu s g val val e val Asp Leu/phe  lle s Leu s Asp Asp Aa Pro
Br NCYC_1187 Beer, United Kingdom Aa e The tie Lewpo  Tyr pro Gin Asp s s val e e Gin Phe Leu The Gin ser Asplasn Pro Glu s g val val e val Asp Leu ile s Leu s AsplAsn Asp Aa Profteu
e wiesi0 Beer, Belgium Ala e The e Lewpo Ty Pro Gin asp s s val e e Gin Phe Leu e Gin Ser Asplhsn Pro Glu s g val val e val asp teu e s teu s Aspinsn Asp Aafser  Profteu
@ wipoo Beer, USA Aa e The e Lewpro  Tyr Pro Gin Asp s s val e e Gin Phe Leu The Gin Ser/Gly  Asplasn  Pro Glu s g val val e val Asp Leu e s Leu s Asp Asp Ala pro
e 49 Wip0s9 Beer, United Kingdom Aa e The e Pro e pro Gin Asp s s val e e Gin Phe Leu The Gin SerfGly  Asplasn Pro Gl s A val val tie val Asp phe e s Leu ™ o s Aa
@6 Safale_sa0 Beer, Urited Kingdom Ala e e e Lewpo Ty pro Gin asp s val e e Gin Phe teu The Gin er Asplnsn Pro Glu . g val | e val teu e v teu s spinsn Asp Ala Profteu
Beer, United Kingdom Aa e The tie Lewpo  Tyr pro Asp s Lys val e e Gin Phe Leu he in ser o/ pro Glu s g val val e val Asp Leu le It Leu Lys o/ Asp ! ProfLeu
Beer, United Kingdom Aa lefteu  The e Lewpo Ty Projser Gin sp s s val e e Gin Phe Leu The Gin Ser asp Pro Glu s A val val e val s teu tefthe  Lys teu s piasn  Asp Aafser  Profleu
Beer, San Diego, USA Ala e e e Leu v Pro Gin Asp s t val e e Gin Phe teu The Gin Ser Asn Pro Glu s g val al e val Asp teu e Leu s o Asp i
Beer Aa leftes  The tie Lewpo Tyr projser Gin Asp s s val e e Gin Phe Leu The Gin ser asp pro Glu s g val val e val Asp Leu tefthe s Leu s Asplasn Asp Aafser  Profleu
Beer Aa e The e Lewpo Ty Pro asp s s val e e Gin Phe Leu e Gin Ser/ely  Asp Glu s g al val i val asp Leuphe  lle teu s sp Asp ! Pro
Female Olve Fy, Davis, Galiformia ~ Ala e The e Pro ™ Pro Gin Asp s s val e e Gin Phe Leu The Gin serlGly  Asp Pro Glu s g val val e val Asp teu e s Leu s Asplasn Asp Ala profteu
Grape must, Lebanon Aa e The e Pro 14 pro Gin Asp s s val e e Gin Phe Leu The Gin aly asp Pro Glu s A val val e val o phe ile s Leu s Asp Aa pro
Bakery,Vietnam Ala e e e Lewpo Ty pro Gin Asp s v val e e Gin Phe teu The Gin Ser asp Glu s g val al e val Asp teu e teu s aspinsn Asp ! Profteu
Beer, United Kingdom Aa e The tie Lewpo  Tyr Projser Gin Asp s Lys val e e Gin Phe Leu The Gin ser asp pro Glu s g val val e val Asp Leu tefthe s Leu Lys s Asp Aafser  Pro
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