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Abstract

Brewer's yeast and baker's yeast are two strains of Saccharomyces cerevisiae with a long
history of domestication by humans to perform best in the production of beer and bread,
respectively. Despite being the same species, brewer's yeast and baker's yeast have significant
differences in gene expression for at least 20 genes (Davydenko et al., 2020). However, it is not
known whether the amino acid sequence of these 20 genes differs between brewer’s and baker’s
yeast, and whether there is any evidence that positive natural selection acting on the different
strains may have been responsible for any differences in amino acid sequence. To answer this
question I performed a dN/dS comparison of the 20 genes for baker’s, brewer’s, and wild yeast.
dN/dS is the ratio of the rate of nonsynonymous changes over the rate of synonymous changes in
the DNA sequence. A dN/dS ratio greater than 1 provides strong evidence that the difference in
the DNA sequence was caused by positive Darwinian selection acting on variation in the amino
acid sequence of the resulting protein. A ratio less than 1 is more consistent with the hypothesis
that changes in amino acid sequence were likely caused by genetic drift acting on selectively
neutral mutations rather than natural selection. Overall, I found no evidence of positive selection
acting on any of the 20 genes, as dN/dS ratios were all <1 and generally low. However,
comparisons for 3 genes —IPP1, YCP4, and ZRT1 — produced intriguing results suggesting a

possible role for positive selection and should be investigated further.
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Introduction

Brewer's yeast and baker's yeast are two strains of Saccharomyces cerevisiae with a long
history of domestication by humans to perform best in the production of beer and bread,
respectively. Bakers want the bread to rise fast and produce little ethanol, so Baker’s yeast has
been domesticated to release less ethanol and more carbon dioxide. Brewers want the yeast to
produce ethanol and flocculate after they die. The main difference between the two strains is
alcohol tolerance, ideal temperature range, and flocculation. Ethanol is a by-product of cellular
fermentation in yeast, but it is also toxic in high concentrations. Brewer’s yeast has been
domesticated to survive in higher concentrations of ethanol than baker’s yeast (Distillique,
2023). The ideal temperature range of the two strains is different too. Many baker’s yeast strains
thrive in temperature ranges of 32 C to 54 C while brewer’s yeast strains tend to thrive in 12C to
28 C (Fleischmann's®,2023)(Scherz, 2021). While Baker’s yeast can live at room temperature
too, it does not do as well and goes dormant at higher temperatures than brewer’s. This is due to
the length of time each strain is needed to ferment. Bread requires a fast fermentation to raise the
dough faster than ethanol is produced, while brewer’s yeast will be left at room temperature for
weeks to months to ferment. Lastly, the flocculation of yeast is different between the two strains.
Brewer’s yeast has been selected over time to fall out of suspension after fermentation is
completed, while that is not needed in bread due to the yeast being baked in, so baker’s yeast
does not flocculate as well as brewer’s.

Brewer's yeast and baker's yeast, despite being the same species, have significant
differences in gene expression. There are a total of 20 genes that have different amounts of
protein expression (Davydenko et al., 2020). Although there are differences in expression, it is
unknown if there are differences in amino acid sequence, and whether artificial selection by
humans has caused an evolutionary change in the amino acid sequence of yeast proteins. The
changes in protein expression could be caused by changes in gene expression or changes in the
amino acid sequence could be caused by genetic drift.

dN/dS is the ratio of nonsynonymous changes over synonymous changes in the DNA
sequence. An example of a synonymous change would be the original DNA sequence AGT
(UCA in RNA) which codes for serine. The synonymous change could be AGT changing to
AGA, now coding UCU instead of UCA but still producing serine. An example of a
nonsynonymous change would be going from AGT to AAT, with the RNA now being
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transcribed as UUA instead of AGT and producing a leucine instead of a serine. Each position of
the codon is also weighted, so a change in the 1st base pair spot of a codon is weighted heavier
than a change in the 3rd base pair spot because a change in the first base pair spot is more likely
to cause an amino acid change. The possible amino acid which the codon codes for is also
weighted for synonymous changes. For example, if the codon is GAG and the 3rd is changed to
GAA, coding for glutamic acid, it is considered a twofold synonymous substitution because there
are only 2 base pairs in the 3rd position, G and A, which code for the glutamic acid. The other
possible synonymous substitution is a fourfold substitution. A fourfold substitution is a
substitution in which the change in base pair always leads to the same amino acid. For example,
in the codon GCG, a change in the 3rd amino acid always results in alanine. The twofold
synonymous changes will be weighted higher than the fourfold changes due to them being more
likely to result in a change in the amino acid. If there are more nonsynonymous changes than
synonymous changes, then the dN/dS ratio is greater than one, and positive Darwinistic selection
is implied. However, if the ratio is less than one, then positive selection is not implied and the
changes most likely come from genetic drift. Using dN/dS, one can compare 2 or more DNA
sequences (Herron, & Freeman, 2014).

dN/dS can show selection and change it may cause to an organism. DFR genes were
shown to have different selection based on how many copies the organism had in Des Marais &
Rausher, 2008. In organisms with only one copy of DFR, the dN/dS ratio was low, especially for
DFR-B. While organisms with multiple copies of DFRs have shown high dN/dS ratios implying
positive selection may be the cause, specifically for DFR-A/C. The substrate production of the
organisms was done with each organism and each DFR gene. Overall, DFR-B produced the most
substrate while DFR-A/C produced the least (Des Marais & Rausher, 2008).

To learn what specifically causes the difference in gene expression between different
yeast strains of saccharomyces cerevisiae, a dN/dS comparison of 20 genes of baker’s, brewer’s,
and wild yeast was performed to test if there is a change in the nucleotide sequence in the genes

which have a significant difference in gene expression.



DNA sequences for all yeast strains were accessed through
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https://www.yeastgenome.org/ under the tabs sequence, strains and species, align strain, and

sequences. Baker’s yeast strains used were Redstar baking yeast and CLIB324, a Vietnamese
baker’s strain. The Brewer’s yeast used were LalvinQA23, K11, and Kyokai. LalvinQA23 is
used for making wine and beer. K11 and Kyokai are both used to make sake. YPS128, YPS163,
and T7 were the wild strains used. YPS128 and YPS163 both are wild Pennsylvania strains and

T7 is a wild Missouri strain (Table 1). Redstar, Lalvin, and YPS128 were the base yeast strains

for most comparisons but the other sequences were used when sequences for the base strains

were not available (Table 1). Twenty genes were examined based on expression differences

found in Davydenko et al. (2020) (Table 2).

Table 1: Yeast strain used for each gene.

Gene Baker’s yeast Brewer’s yeast | Wild yeast
IPP1 Redstar LalvinQA23 YPS128
GDH2 Redstar LalvinQA23 YPS128
MDH3 N/A LalvinQA23 YPS128
ADH4 Redstar K11 YPS128
ZRTI Redstar KI11 YPS128
COF1 Redstar LalvinQA23 YPS163
PHOI11 N/A K11 YPS128
RPS14A | N/A LalvinQA23 T7
RPS19A | N/A LalvinQA23 T7
RPS26B | Redstar LalvinQA23 YPS128




HHF1 N/A Kyokai T7
RPLSA | CLIB324 Kyokai T7
HOM2 Redstar LalvinQA23 YPS128
ADEI3 | Redstar K11 YPS128
GREI Redstar LalvinQA23 YPS128
YCP4 Redstar LalvinQA23 YPS128
ERG9 Redstar LalvinQA23 YPS128
SEC23 Redstar KI11 YPS128
RGI11 N/A N/A N/A
RVBI Redstar K11 YPS128
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Table 2: Yeast gene and function of gene analyzed in the study.

Gene Function Gene Function

IPP1 Inorganic pyrophosphatase HHF1 | Histone H4

GDH2 NAD-specific glutamate dehydrogenase | RPL8A | 60S ribosomal protein

MDH3 Malate dehydrogenase, peroxisomal HOM?2 | Aspartic beta-semialdehyde dehydrogenase
ADH4 Alcohol dehydrogenase 4 ADE13 | Aspartic beta-aldehyde dehydrogenase
ZRT1 Zinc-regulated transporter 1 GRE1 | GRElp protein

COF1 Cofilin protein YCP4 | Flavoprotein-like protein YCP4P
PHO11 Acid phosphatase PHO11 ERGY [ Squalene synthase

RPS14A | 40S ribosomal protein SEC23 | Transport protein SEC23p

RPS19A [ 40S ribosomal protein RG11 | Induced Respiratory Growth

RPS26B [ 40S ribosomal protein RVB1 | Ru VB-like protein 1

The sequences were then converted into Fasta format using

http://avermitilis.Is.kitasato-u.ac.jp/readseq.cgi. The Fasta formatted sequences were aligned and

saved in ClustalW format using https://www.genome.jp/tools-bin/clustalw. The aligned

sequences were then imported into Rstudio and a dN/dS calculation was run using the ape

package (Paradis et al. 2004). This provides a dN/dS ratio for each pairwise sequence

comparison. A dN/dS ratio greater than 1 provides strong evidence that the difference in the

DNA sequence was caused by positive Darwinian selection acting on variation in the amino acid
sequence of the resulting protein. A ratio less than 1 is more consistent with the hypothesis that
changes in amino acid sequence were likely caused by genetic drift rather than natural selection.
In these cases, the changes in gene expression reported by Davydenko et al. (2020) are more
likely attributable to evolutionary changes in gene regulation and gene expression and not to

significant changes in the amino acid sequence of the resulting protein.
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Results

Of the 20 genes examined, RG11 did not have a DNA sequence available, and 4 genes
(COF1, HHF1, RPS14A, and RPS26B) had identical DNA sequences for baker’s, brewer’s, and
wild and were therefore excluded from further study. Of the 15 remaining genes, 2 (RPS19A and
PHO11) lacked sequence data for a baker's strain, so only the brewer’s-wild comparison was
possible for them. Sequences for 3 other genes (MDH3, HOM2, and GRE1) were identical for
baker's and brewer’s strains, so pairwise baker’s-brewer’s dN/dS comparisons were not possible
for them. As a result, the total number of target genes available for dN/dS pairwise comparisons
was 11 for baker’s-brewer’s comparisons, 12 for baker's-wild comparisons, and 15 for
brewer’s-wild comparisons.

dN/dS ratios ranged from 0 to 0.685, with the highest values noted for the genes ZRT1 in
all three comparisons and YCP4 for the baker's-wild comparison (Figure 1). For one gene, IPP1,
the baker's and brewer’s strains differed by a single non-synonymous nucleotide substitution,
yielding an infinite dN/dS ratio. Ratios averaged slightly higher in the baker’s-brewer’s and
baker's-wild comparisons than in the brewer’s-wild comparisons (Figure 1), but the differences
were not statistically significant (Wilcoxon test Chi-square = 1.29, df =2, P =10.53).

IPP1 only had one semi-conservative protein change from proline in the brewer’s and
wild strain to a serine in the baker’s strain. IPP1 makes inorganic pyrophosphatase and can be
found in bacteria to humans. YCP4 had one semi-conservative protein change from a proline in
the brewer’s and wild strain to a serine in the baker’s strain. YCP4 is only found in yeast and is
thought to be a flavoprotein-like protein (Cherry et al., 2012). ZRT1 is a gene responsible for
producing zinc pump proteins and is active when zinc is low in the cell. This protein is found in
bacteria in humans. ZRT1 has 23 conservative changes, 9 semi-conservative changes, and 3
non-conservative changes. All 3 non-conservative changes were baker’s yeast having a different

amino acid than brewer’s and wild.
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Figure 1. Distribution of dN/dS ratios for the genes of interest and the three pairwise
comparisons among baker’s, brewer’s, and wild yeast strains. Blue bars and error bars indicate
the mean and standard error. The baker’s-brewers comparison included one gene (IPP1) with an
infinite dN/dS ratio that could not be plotted. Four outliers with unusually high dN/dS ratios are
noted.
Discussion

There was generally no evidence of adaptive evolution in the amino acid sequence of the
20 genes of interest; most of the comparisons revealed either no non-synonymous differences
between the strains, or a low dN/dS <0.35. Thus, adaptive evolution of bread and brewer’s
strains seems to primarily involve evolutionary changes in gene expression rather than
evolutionary changes in the amino acid sequence of proteins.

Nonetheless, my analysis did reveal some intriguing possible examples of adaptive amino
acid change that are worth investigating further. While no dN/dS ratio was over 1, there were 3

genes that had interesting results. YCP4 had the highest dN/dS ratio of baker's strain to the wild
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strain at 0.635. ZRT1 had the highest dN/dS ratio for both brewer's to wild and brewer's to
baker's at 0.635 and 0.681 respectively. IPP1 had a dN/dS ratio of infinite for baker's to Bewer’s,
meaning that there was one nonsynonymous substitution but no synonymous substitutions.

There are some problems with dN/dS though. The first problem is that all sequences must
be the same length or a comparison is not possible. So deletion, insertions, and early stop codons
are not able to be analyzed with dN/dS. The other main problem with dN/dS is DNA sequence
quality. If the DNA is not sequenced well, then non-base pair DNA symbols may appear in the
sequence. The solution used to fix this problem was to look at the non-base pair symbol and
compare it to the other known sequences. For example, if brewer's strain had a K and in the same
spot, both the wild and baker's strain had a G, then it was assumed that the brewer's K was a G
for the dN/dS sequencing (Table 3). This was used due to not always having perfectly sequenced
DNA available. Population genetics, the genetic sequencing of a whole population, could avoid
some of the problems with dN/dS, but ultimately is too expensive and time-consuming to be

done at the undergraduate level.



Table 3: List of all non-base pair DNA symbols and meanings.

Non-base | Meaning

Pair DNA

symbol

w Weak A or T
S Strong C or G
M Amino A or C
K Ketone Gor T
R Purine A or G
Y Pyrimidine C or T
B Not A

D Not C

H Not G

\Y Not T

N Any
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YCP4 is a gene responsible for making flavoproteins of unknown function. The protein is

mostly found in highly purified mitochondria (Cherry et al.,2012). Flavoproteins are proteins

that contain flavins and are involved in oxidative reactions in the cell. This gene is only found in

yeast, so it may have the potential to vary more from strain to strain than a gene that is found in

most living organisms. (Massy, 1995) YCP4 only had one nonsynonymous change which was a

semiconservative change from proline in brewer's and wild strain to serine in the baker's strain.
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While this change is from a nonpolar amino acid to a polar amino acid, it does not change the
protein structure enough to be considered a nonconservative substitution. The high dN/dS ratio
of 0.635 in baker's to wild compared to the dN/dS of 0.263 in baker's to brewer's may be caused
by the difference in weights of the base pair changes. There were two synonymous base pair
changes in YCP4. The first was at base pair 126 which was a C in both baker's and brewer's and
the 3rd base pair of its codon to a T in the wild strain. This change is a transitional change as it is
from a C to a T. The 2nd synonymous change is at base pair 480. The change is located on the
3rd base pair of the codon and it is a change from T in baker's and wild to an A in brewer's. This
change is a transversional change as it is from a T to an A. The transversional synonymous
change was weighted higher as transversional changes are less frequent than transitional changes
so this resulted in the dS of the baker's to brewer's comparison being lower than the dS of the
baker's to wild comparison, resulting in a higher dN/dS ratio for baker's to wild (Lyons &
Lauring, 2017).

The IPP1 gene is responsible for cytoplasmic inorganic pyrophosphate, PPase protein.
This gene is very important for the viability of an organism and versions of it can be found in
bacteria to humans(Cherry et al., 2012). Due to the need of this gene for survival, high variability
would not be expected between strains. There were only 3 total changes between strains and only
one nonsynonymous change. The first synonymous change is at base pair 63 and was a twofold
transitional change in the 3rd codon position from G in baker's and brewer’s to A in wild. The
2nd synonymous change came from base pair 546 and was a fourfold change from A in baker's
and brewer's to G in wild. The nonsynonymous change came at base pair 814, and was a change
of the 1st base pair of the codon, from a C in brewer's and wild to a T in baker's. This is a
semiconservative change to the amino acid from a proline in brewer's and wild to a serine in
baker's. The dN/dS is Infinite because there were no synonymous changes between baker's and
brewer's but is not conclusive evidence of positive selection because it was only one amino acid
and the change resulted in only a semiconservative amino acid substitution.

ZRT1 is responsible for producing a high-affinity zinc transporter protein. It is most
active when zinc is low in the cell (Cherry et al., 2012). It was shown before to be expressed
more in brewer's yeast than in baker's yeast (Davydenko et al., 2020). ZRT1 is 376 amino acids
long and has 14 active sites. (Wang et al., 2020) The 3D structure of ZRT1 has been proposed
with high confidence, except for the binding area from amino acids 156 through 205 (Figure 2).



Table 4: Amino acid position of active sites (Wang et al.,2020)

Active | Amino Active site | Amino Acid
site Acid

1 8-10 8 165-175

2 26-33 9 206-242

3 47-73 10 247-270

4 81-111 11 276-278

5 116-119 12 281-303

6 121-125 13 312-343

7 128-155 14 352-372
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Figure 2: 3D structure of ZRT1. Blue indicates areas where there is high confidence in the 3D
structure; light blue is confidence, yellow is low confidence, and orange is very low confidence.

(Wang et al.,2020)

The dN/dS ratio for ZRT1 was the highest baker's to brewer's and brewer's to wild with a
dN/dS of 0.681 and 0.685 respectively. It was also the 2nd highest in baker's to wild with a
dN/dS of 0.404. While all of the dN/dS ratios are less than one, the ratios are still high enough to
make positive selection possible. In the baker's to brewer's comparison, there are a total of 41
base pair changes. Nineteen of the changes were nonsynonymous changes, while the other 22
were synonymous. Of the synonymous changes, 13 were twofold and 9 were fourfold
substitutions. In the wild to brewer's comparison, there are a total of 50 base pair changes; 24 of
the changes were nonsynonymous changes, while the other 26 were synonymous. Of the

synonymous changes, 19 were twofold and 7 were fourfold substitutions. In the baker's to wild
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comparison, there are a total of 45 base pair changes; 18 of the changes were nonsynonymous
changes, while the other 27 were synonymous. Of the synonymous changes, 14 were twofold
and 13 were fourfold substitutions. Baker's yeast overall had a total of 14 amino acid
substitutions, with 8 being conservative, 3 being semiconservative and 3 being nonconservative.
Positive evolution also can not be ruled out for ZRT1 due to the number of amino acid
substitutions, and how close they are to each other. There are 35 total amino acid changes
between the 3 strains and only 8 of them are not within 5 amino acids of another change. Wild
yeast had 7 amino acid substitutions with 5 being conservative and 2 being semi-conservative.
Brewer's yeast overall had 16 total amino acid substitutions with 10 being conservative and 6
being semiconservative total. Amino acid 245 was the only substitution in which no strain shared
an amino acid. The change was only semi-conservative though and amino acid 245 was not in
any of the active sites of ZRT1 (Table 4). Due to the number of substitutions that brewer's has in
both the active sites and in the uncertain region active site, it may have experienced positive
selection pressure. There are 11 amino acid changes within the active site. Baker's yeast has 3
conservative, wild has 5 conservative, brewer's has 3 conservative and 3 semi conservative.
There is also one active site, site 8, within the low confidence area. This active site has 3 amino
acid substitutions with 165 as E for baker's and brewer's and D for wild being a conservative
change, 172 with N for baker's and wild and R for brewer's being a semiconservative change,
and 174 with A for baker's and wild and T for brewer's being a conservative change.

ZRT1 varied more than any other analyzed gene. It had more nucleotide and amino acid
changes overall along with the highest average dN/dS ratio of 0.590, with the next closest, YCP4
only being 0.299. A dN/dS ratio was analyzed afterward to compare Missouri wild strain, T7 to
Pennsylvania wild strain YPS128 and the ratio was 0.830. The large dN/dS between the two wild
strains implies that the gene is highly variable and prone to rapid evolution.

My hypothesis for a possible reason for ZRT1 being different between brewer's, baking,
and wild may be the amount of zinc present in their respective environments. Zinc is found
inside of the grain being used. Because baking uses ground flour, baker’s yeast should have
easier access to zinc than brewer’s yeast, where the grain is not ground to flour so more zinc is
locked inside the grain. It could also be due to the water volume. The hydration of bread is

measured as a percent of the weight of flour, so a 1 kg dough with 50% hydration would have 0.5
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kg of water, whereas beer and wine are mostly water with fruit or grain added. This can be seen
with bread having 1.47 mg and beer having 0.01 mg of zinc per 100 g (USDA. 2023).

Further study of the structure and function of the ZRT1 protein may show how amino
acid changes affect the ability of the cell to collect zinc. Possible outcomes for this study could
be Changes in the amino acid sequence lead to either more or less efficient pumping of zinc into
the cell. A study of the structure of IPP1 with the serine instead of proline may provide
interesting results as positive selection may be possible with an infinite dN/dS. Further study on

gene regulation may show more insight into the differences between baker’s and brewer’s yeast.



Kramer 18

References
Cherry J.M., Hong E.L., Amundsen C., Balakrishnan R., Binkley G., Chan E.T., Christie K.R.,
Costanzo M.C., Dwight S.S., Engel S.R., Fisk D.G., Hirschman J.E., Hitz B.C., Karra K.,
Krieger C.J., Miyasato S.R., Nash R.S., Park J., Skrzypek M.S., Simison M., Weng S.,
Wong E.D., (2012) Saccharomyces Genome Database: the genomics resource of budding

yeast. Nucleic Acids Res. Jan;40(Database issue):D700-5. [PMID: 22110037]

Davydenko S., Meledina, T., Mittenberg A., Shabelnikov S., Vonsky M., & Morozov A., (2020).
Proteomics answers which yeast genes are specific for baking, brewing, and ethanol
production. Bioengineering (Basel), 7(4), 147. doi:10.3390/bioengineering7040147

Des Marais, D. L., & Rausher, (2008). Escape from adaptive conflict after duplication in an
anthocyanin pathway gene. Nature, 454(7205), 762-765. doi:10.1038/nature07092

Distillique, (2023). Can I use bakers yeast to produce wine? Distillique. Retrieved April 3, 2023,
from
https://distillique.co.za/blogs/default-blog/can-i-use-bakers-yeast-to-produce-wine#:~:tex

=Tolerance%?2 rds%?20alcohol%3A,alcohol%20content%?2 1red%20by%20win

makers.

Fleischmann's®. (2023). Yeast 101: Fleischmann's®. Fleichmann's Yeast. Retrieved April 3,
2023, from

ipe.-.100%C2%B0%E2%80%93110%C2%B0F%20is%20the%20ideal %20temperature%

20for,%C2%AE%20and%20Bread%20Machine%20 Yeast.&text=moisture-.Liquids%20h
1p%20bloom%20the%2 1202C%20and%20the%20right%20moisture%20levels.dict
ate%20a%20bread's%20final%20texture.

Herron, J. C., & Freeman S., (2014). 7.3 Genetic Drift and Molecular Evolution. In Evolutionary
analysis (5th ed., pp. 260-288). essay, Pearson.

Lyons, D. M., & Lauring A. S., (2017). Evidence for the selective basis of
transition-to-transversion substitution bias in two RNA viruses Oxford University Press

(OUP). doi:10.1093/molbev/msx251


https://www.yeastgenome.org/reference/S000147515
https://distillique.co.za/blogs/default-blog/can-i-use-bakers-yeast-to-produce-wine#:~:text=Tolerance%20towards%20alcohol%3A,alcohol%20content%20desired%20by%20winemakers
https://distillique.co.za/blogs/default-blog/can-i-use-bakers-yeast-to-produce-wine#:~:text=Tolerance%20towards%20alcohol%3A,alcohol%20content%20desired%20by%20winemakers
https://distillique.co.za/blogs/default-blog/can-i-use-bakers-yeast-to-produce-wine#:~:text=Tolerance%20towards%20alcohol%3A,alcohol%20content%20desired%20by%20winemakers
https://www.fleischmannsyeast.com/baking-basics/yeast-101/#:~:text=in%20your%20recipe.-,100%C2%B0%E2%80%93110%C2%B0F%20is%20the%20ideal%20temperature%20for,%C2%AE%20and%20Bread%20Machine%20Yeast.&text=moisture-,Liquids%20help%20bloom%20the%20yeast%2C%20and%20the%20right%20moisture%20levels,dictate%20a%20bread's%20final%20texture
https://www.fleischmannsyeast.com/baking-basics/yeast-101/#:~:text=in%20your%20recipe.-,100%C2%B0%E2%80%93110%C2%B0F%20is%20the%20ideal%20temperature%20for,%C2%AE%20and%20Bread%20Machine%20Yeast.&text=moisture-,Liquids%20help%20bloom%20the%20yeast%2C%20and%20the%20right%20moisture%20levels,dictate%20a%20bread's%20final%20texture
https://www.fleischmannsyeast.com/baking-basics/yeast-101/#:~:text=in%20your%20recipe.-,100%C2%B0%E2%80%93110%C2%B0F%20is%20the%20ideal%20temperature%20for,%C2%AE%20and%20Bread%20Machine%20Yeast.&text=moisture-,Liquids%20help%20bloom%20the%20yeast%2C%20and%20the%20right%20moisture%20levels,dictate%20a%20bread's%20final%20texture
https://www.fleischmannsyeast.com/baking-basics/yeast-101/#:~:text=in%20your%20recipe.-,100%C2%B0%E2%80%93110%C2%B0F%20is%20the%20ideal%20temperature%20for,%C2%AE%20and%20Bread%20Machine%20Yeast.&text=moisture-,Liquids%20help%20bloom%20the%20yeast%2C%20and%20the%20right%20moisture%20levels,dictate%20a%20bread's%20final%20texture
https://www.fleischmannsyeast.com/baking-basics/yeast-101/#:~:text=in%20your%20recipe.-,100%C2%B0%E2%80%93110%C2%B0F%20is%20the%20ideal%20temperature%20for,%C2%AE%20and%20Bread%20Machine%20Yeast.&text=moisture-,Liquids%20help%20bloom%20the%20yeast%2C%20and%20the%20right%20moisture%20levels,dictate%20a%20bread's%20final%20texture

Kramer 19

Massy V. (1995).Introduction: Flavoprotein Structure and Mechanism. The FEBS Journal,
282(16),3001-3002. doi:10.1111/febs.13337

Paradis E., Claude J. & Strimmer K. 2004. APE: analyses of phylogenetics and evolution in R
language. Bioinformatics 20: 289-290.

Scherz D., (2021, November 4). Chill out with cold fermentation. Live Oak Brewing Company.
Retrieved April 3, 2023, from
https://liveoakbrewing.com/chill-out-with-cold-fermentation/#:~:text=While%20ale%20y
easts%20typically%20prefer,present%20in%20the%20resulting%20beer.

USDA. (2023). Fooddata Central. FoodData Central. Retrieved April 3, 2023, from
https://fdc.nal.usda.gov/

Wang J., Youkharibache P., Zhang D., Lanczycki C.J., Geer R.C., Madej T., Phan L., Ward M.,
Lu S., Marchler G.H., Wang Y., Bryant S.H., Geer L.Y., Marchler-Bauer A. iCn3D, a
Web-based 3D Viewer for Sharing 1D/2D/3D Representations of Biomolecular
Structures. Bioinformatics. 2020 Jan 1;36(1):131-135. (Epub 2019 June 20.) doi:
10.1093/bioinformatics/btz502. [PubMed PMID: 31218344] [Full Text at Oxford

Academic]

Appendix


https://www.ncbi.nlm.nih.gov/pubmed/31218344
https://academic.oup.com/bioinformatics/article/36/1/131/5520951
https://academic.oup.com/bioinformatics/article/36/1/131/5520951

Kramer 20

ADE13

CLUSTAL 2.1 multiple sequence alignment
- Nucleotide Change

K11l ATGCCTGACTACGACAATTACACTACGCCATTGTCTTCTAGATATGCCTCCAAGGAAATG
128 ATGCCTGACTACGACAATTACACTACGCCATTGTCTTCTAGATATGCCTCCAAGGAAATG
RED ATGCCTGACTACGACAATTACACTACGCCATTGTCTTCTAGATATGCCTCCAAGGAAATG
R R R R R b b b b b b b b b b b b b b I R b b b E b R R I b I b b b b I b I R R b b b I b b b 3 b
K11 TCAGCAACGTTTTCTTTGAGAAACAGATTTTCCACATGGAGAAAACTATGGTTAAATTTG
128 TCAGCAACGTTTTCTTTGAGAAACAGATTTTCCACATGGAGAAAACTATGGTTAAATTTG
RED TCAGCAACGTTTTCTTTGAGAAACAGATTTTCCACATGGAGAAAACTATGGTTAAATTTG
KA AR AR A AR A A A AR A AR A A A AR AR A AR A AR AR A AR AR A AR AR A A A A AR A A A AR A ARk kK
K11 GCTATTGCTGAGAAGGAATTGGGCTTAACTGTTGTTACAGATGAAGCAATTGAGCAAATG
128 GCTATTGCTGAGAAGGAATTGGGCTTAACTGTTGTTACAGATGAAGCAATTGAGCAAATG
RED GCTATTGCTGAGAAGGAATTGGGTTTAACTGTTGTTACAGATGAAGCAATTGAGCAAATG
KAk Ak A Ak h kA dAAhkhkdhhhhAkhhhkh FhhrAkhhhhhdhhhhrhkhhkdhh kA khkhkhkhhkhhkrkhkrkkxk%
K11 CGCAAACACGTCGAAATCACTGATGATGAAATCGCAAAAGCTTCTGCTCAAGAAGCCATT
128 CGCAAACACGTCGAAATCACTGATGATGAAATCGCAAAAGCTTCTGCTCAAGAAGCCATT
RED CGCAAACACGTCGAAATCACTGATGATGAAATCGCAAAAGCTTCTGCTCAAGAAGCCATT
hokkkkkkkkkhkhkhk kA Ak kkkhkhkh kA Kk kkhkhkhk kA Kk khkhkhkk kKK Kk kkkkk* & % KKKk kK
K11 GTAAGACATGATGTTATGGCACATGTTCATACATTTGGTGAAACTTGTCCGGCTGCTGCG
128 GTAAGACATGATGTTATGGCACATGTTCATACATTTGGTGAAACTTGTCCGGCTGCTGCG
RED GTAAGACATGATGTTATGGCACATGTTCATACATTTGGTGAAACTTGTCCGGCTGCTGCG
R R R R R R R R R I R R I b b I R R R R R b R R R R R I I I I I b E R e R R I R b I b 2 O
K11 GGTATCATTCACTTAGGTGCTACTTCCTGTTTCGTTACAGACAATGCTGATCTAATCTTT
128 GGTATCATTCACTTAGGTGCTACTTCCTGTTTCGTTACAGACAATGCTGATCTAATCTTC
RED GGTATCATTCACTTAGGTGCTACTTCCTGTTTCGTTACAGACAATGCTGATCTAATCTTC
KA AR AR A AR A AR AR A AR A A A AR AR A A A A AR AR A AR AR A AR A AR AR A AR A A A AR A Ak kA kK
K11 ATTAGGGACGCCTACGATATTATTATTCCAAAACTTGTTAACGTCATCAACAGATTGGCT
128 ATTAGGGACGCCTACGATATTATTATTCCAAAACTTGTTAACGTCATCAACAGATTGGCT
RED ATTAGGGACGCCTACGATATTATTATTCCAAAACTTGTTAACGTCATCAACAGATTGGCT
Kok ok k kK Ak Kk ok hhhk kA KAk h ok hkh kA kA Kk hkhkhk kA kA Kk khkhh kAKX Kk khkh kK& K K Kk k K
K11 AAGTTTGCTATGGAATACAAGGATTTGCCTGTATTGGGTTGGACTCACTTTCAACCAGCA
128 AAGTTTGCTATGGAATACAAGGATTTGCCTGTATTGGGTTGGACTCACTTTCAACCAGCA
RED AAGTTTGCTATGGAATACAAGGATTTGCCTGTATTGGGTTGGACTCACTTTCAACCAGCA
hokkk kK Kk kkhkhkhk kA KKk kkhkhkk kA Kk kkhkhkkk kKK kkhkhkhkk kX Xk kkkkkk*k & % KKKk k%
K11 CAATTAACGACCTTGGGTAAGAGAGCTACTTTATGGATACAAGAGCTATTGTGGGATTTG
128 CAATTAACGACCTTGGGTAAGAGAGCTACTTTATGGATACAAGAGCTATTGTGGGATTTG
RED CAATTAACGACCTTGGGTAAGAGAGCTACTTTATGGATACAAGAGCTATTGTGGGATTTG
KA A A AR A A A A A A AR A AR AR A AR AR AR A A A A AR A A A A A A A A AN AR A A A A AR A A Ak kKK
K11 AGAAACTTTGAAAGAGCTAGAAACGATATCGGTCTACGTGGTGTTAAGGGTACTACTGGT
128 AGAAACTTTGAAAGAGCTAGAAACGATATCGGTCTACGTGGTGTTAAGGGTACTACTGGT
RED AGAAACTTTGAAAGAGCTAGAAACGATATCGGTCTACGTGGTGTTAAGGGTACTACTGGT

KA AR AR A A A AR A AR A AR A A A AR AR A AR A AR AR A AR AR A AR AR A A A A AR AR A AR Ak kA kKK

K11 ACTCAGGCATCATTCTTGGCCTTATTCCATGGTAATCATGATAAAGTTGAAGCCCTTGAC



128
RED

K11
128
RED

K11
128
RED

K11
128
RED

K11
128
RED

K11
128
RED

K11
128
RED

K11
128
RED

K11
128
RED

K11l
128
RED

K11
128
RED

K11

ACTCAGGCATCATTCTTGGCCTTATTCCATGGTAATCATGATAAAGTTGAAGCCCTTGAC
ACTCAGGCATCATTCTTGGCCTTATTCCATGGTAATCATGATAAAGTTGAAGCCCTTGAC

R R I b b S b b 2h S b b Sb b S IR S S S Sb e S b h Sh b b Sb I Sb b I SE b S db b Sb b S 2R I Sh b b Sb b S b b 2b b S b 2 4

GAAAGAGTAACTGAATTATTAGGTTTCGATAAGGTATATCCAGTCACTGGTCAAACCTAC
GAAAGAGTAACTGAATTATTAGGTTTCGATAAGGTATATCCAGTCACTGGTCAAACCTAC

GAAAGAGTAACTGAATTATTAGGTTTCGATAAGGTATATCCAGTCACTGGTCAAACCTAC
ok K ok ok kK ok kK ok kK ok ok ok ok k ok kK ok ok ok k ok k kK ok ok ok ok ok ok k k kK ok ok ok ok ok ok ok k kK ok ok ok k ok kK

TCAAGAAAAATTGACATTGACGTGTTGGCTCCTTTGTCTTCTTTTGCTGCTACTGCACAC
TCAAGAAAAATTGACATTGACGTGTTGGCTCCTTTGTCTTCTTTTGCTGCTACTGCACAC
TCAAGAAAAATTGACATTGACGTGTTGGCTCCTTTGTCTTCTTTTGCTGCTACTGCACAC

R R R R R b b I b b b b b b b I b E b I R I R b b I b R R I b I b b E b R b b R R b e b b E b b E b b b

AAAATGGCTACTGACATAAGATTATTAGCCAACCTGAAGGAAGTTGAGGAACCTTTTGAG
AAAATGGCTACTGACATAAGATTATTAGCCAACCTGAAGGAAGTTGAGGAACCTTTTGAG
AAAATGGCTACTGACATAAGATTATTAGCCAACCTGAAGGAAGTTGAGGAACCTTTTGAG

KA AR AR A AR AR A AR A AR A A A AR AR A AR A AR AR A AR AR A AR AR A A A A AR A A A AR A kAR k kK

AAATCACAAATCGGATCCTCTGCTATGGCTTACAAGAGAAACCCAATGCGTTGTGAGAGA
AAATCACAAATCGGATCCTCTGCTATGGCTTACAAGAGAAACCCAATGCGTTGTGAGAGA
AAATCACAAATCGGATCCTCTGCTATGGCTTACAAGAGAAACCCAATGCGTTGTGAGAGA

R R I b b S b b 2b S b b S b S IR S S S S e Sb b h Sh b S Sb I Sb b S Sb b S b b b b S 2b I Sh b b Sb b Sh 2b b 2b b S 2b b 2 4

GTGTGCTCCTTGGCTAGACACTTAGGTTCCTTGTTTAGTGACGCCGTTCAAACTGCATCC
GTGTGCTCCTTGGCTAGACACTTAGGTTCCTTGTTTAGTGACGCCGTTCAAACTGCATCC
GTGTGCTCCTTGGCTAGACACTTAGGTTCCTTGTTTAGTGACGCTGTTCAAACTGCATCC

hhkhkhkhkhk kA hk A hhkrkhkhkrhhkhkhhkhhkhkhhhkhhkrhkhkhkhkhkrkhkhkhkhhkhkd *khkrhkhkrkhkhkhkrxkxx

GTTCAATGGTTCGAAAGAACTCTGGATGATTCTGCTATTAGAAGAATTTCTTTACCAAGT
GTTCAATGGTTCGAAAGAACTCTGGATGATTCTGCTATTAGAAGAATTTCTTTACCAAGT
GTTCAATGGTTCGAAAGAACTCTGGATGATTCTGCTATTAGAAGAATTTCTTTACCAAGT

R R R R R R R R b I I b I b R b R R R R R R I R I R R R I I b E b R I R R R R b I I b 2 I

GCATTTTTAACCGCAGATATTCTATTATCTACTTTGTTGAACATCTCATCCGGTTTAGTT
GCATTTTTAACCGCAGATATTCTATTATCTACTTTGTTGAACATCTCATCCGGTTTAGTT
GCATTTTTAACCGCAGATATTCTATTATCTACTTTGTTGAACATCTCATCCGGTTTAGTT

KA AR AR A AR AR A AR A AR A AR AR AR A AR A AR AR A AR A AR AR AR AR A A AR AR A AR A ARk kK

GTGTATCCAAAGGTTATCGAAAGGAGAATTAAGGGTGAACTACCTTTTATGGCTACTGAA
GTGTATCCAAAGGTTATCGAAAGGAGAATTAAGGGTGAACTACCTTTTATGGCTACTGAA
GTGTATCCAAAGGTTATCGAAAGGAGAATTAAGGGTGAACTACCTTTTATGGCTACTGAA

Ak hkhhkhkh Ak kA hk kA hkdrhhkhkhhkhhhkhkhhkhkdrhkhkhhhkrhkhkhkhhkhkhkrhkhkrhkhkrhkhkhkxkxx

AATATCATCATGGCTATGGTAGAAAAGAATGCCTCCAGACAAGAAGTACATGAGCGTATT
AATATCATCATGGCCATGGTAGAAAAGAATGCCTCCAGACAAGAAGTACATGAGCGTATT

AATATCATCATGGCCATGGTAGAAAAGAATGCCTCCAGACAAGAAGTACATGAGCGTATT
Kok Kok ok ok ok k ok ok ok ok ok ok ko ok ok k ok kK ok ok ok ok ok ks ok kK ok ok ok ok ok ok k kK ok ok ko k ok k kK ok ok Kk ok kK

AGAGTGCTCTCTCATCAAGCCGCAGCAGTAGTCAAGGAAGAAGGTGGGGAAAATGATTTA
AGAGTGCTCTCTCATCAAGCCGCAGCAGTAGTCAAGGAAGAAGGTGGGGAAAATGATTTA
AGAGTGCTCTCTCATCAAGCCGCAGCAGTAGTCAAGGAAGAAGGTGGGGAAAATGATTTA

KA A KA AR AR A A A A AR A AR A A A AR AR AR A A A A AR A A A A A A AR AR AR A A A A A A A A Ak kKK

ATTGAACGAGTAAAGAGGGATGAATTTTTCAAGCCTATCTGGGAAGAATTAGATTCTTTA
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128 ATTGAACGAGTAAAGAGGGATGAATTTTTCAAGCCTATCTGGGAAGAATTAGATTCTTTA
RED ATTGAACGAGTAAAGAGGGATGAATTTTTCAAGCCTATCTGGGAAGAATTAGATTCTTTA
R R I b b S b b 2h S b b Sb b S IR S S S Sb e S b h Sh b b Sb I Sb b I SE b S db b Sb b S 2R I Sh b b Sb b S b b 2b b S b 2 4
K11 CTGGAACCATCCACTTTTGTTGGTAGAGCTCCACAACAAGTTGAGAAATTTGTTCAAAAA
128 CTGGAACCATCCACTTTTGTTGGTAGAGCTCCACAACAAGTTGAGAAATTTGTTCAAAAA
RED CTGGAACCATCCACTTTTGTTGGTAGAGCTCCACAACAAGTTGAGAAATTTGTTCAAAAA
hokkkkkkkkkhhhk kA Ak khkhkhh kA Ak kkhkhkhkk kKK kkhkhhkk kKKK kkkkkk*k & % KKKk kK
K11 GACGTTAACAATGCTTTACAACCTTTCCAAAAGTACCTAAACGATGAACAAGTCAAGTTA
128 GACGTTAACAATGCTTTACAACCTTTCCAAAAGTACCTAAACGATGAACAAGTCAAGTTA
RED GACGTTAACAATGCTTTACAACCTTTCCAAAAGTACCTAAACGATGAACAAGTCAAGTTA
R R R R R b b I b b b b b b b I b E b I R I R b b I b R R I b I b b E b R b b R R b e b b E b b E b b b
K11 AATGTTTAG
128 AATGTTTAG
RED AATGTTTAG
kA Kk KkKhkKkk kK
dN/dS

Comparing sequences 1 and 2:

Nondegenerate Twofold Fourfold
Transitions 0 1 1
Transversions 0 0 0

Comparing sequences 1 and 3:

Nondegenerate Twofold Fourfold
Transitions 0 1 3
Transversions 0 0 0

Comparing sequences 2 and 3:
Nondegenerate Twofold Fourfold

Transitions 0 0 2
Transversions 0 0 0
> outputl

K11 128
128 O
RED 0 0

ADH4

CLUSTAL 2.1 multiple sequence alignment



- Nucleotide Change

seq K11
seq 128
seq RED

seq K11
seq 128
seq RED

seq K11
seq 128
seq_RED

seq K11
seq 128
seq_RED

seq K11
seq 128
seq RED

seq K11
seq 128
seq RED

seq K11
seq 128
seq RED

seq K11
seq 128
seq RED

seq K11
seq_128
seq RED

seq K11
seq 128
seq RED

seq K11

ATGTCTTCCGTTACTGGGTTTTACATTCCACCAATCTCTTTCTTTGGTGAAGGTGCTTTA
ATGTCTTCCGTTACTGGGTTTTACATTCCACCAATCTCTTTCTTTGGTGAAGGTGCTTTA
ATGTCTTCCGTTACTGGGTTTTACATTCCACCAATCTCTTTCTTTGGTGAAGGTGCTTTA

R R R R R R R R b b I b b b b E b E R R R R R I R I R R R I I b I b E b R I I R R b R b R b I b I b 3 O b

GAAGAAACCGCTGATTACATCAAAAACAAGGATTACAAAAAGGCTTTGATCGTTACTGAT
GAAGAAACCGCTGATTACATCAAAAACAAGGATTACAAAAAGGCTTTGATCGTTACTGAT
GAAGAAACCGCTGATTACATCAAAAACAAGGATTACAAAAAGGCTTTGATCGTTACTGAT

KA AR AR A AR AR A AR A AR A A A AR AR A AR A AR AR A AR A AR AR A AR A A A AR AR A AR Ak Rk kK

CCTGGTATTGCAGCTATTGGTCTCTCCGGTAGAGTCCAAAAGATGTTGGAAGAACGTGGC
CCTGGTATTGCAGCTATTGGTCTCTCCGGTAGAGTCCAAAAGATGTTGGAAGAACGTGGC
CCTGGTATTGCAGCTATTGGTCTCTCCGGTAGAGTCCAAAAGATGTTGGAAGAACGTGGC

Ak hkhkkhkh Ak kA hk kA hkdk A hhkhkhhkhhhkhkhhkhkdrhkhkhkhkhkrhkhkhkhhkhkhkrhkhkrkhkhkrhkdhkhkxkxx*

TTAAACGTTGCTATCTATGACAAAACTCAACCAAACCCAAATATTGCCAATGTCACAGCT
TTAAACGTTGCTATCTATGACAAAACTCAACCAAACCCAAATATTGCCAATGTCACAGCT

TTAAACGTTGCTATCTATGACAAAACTCAACCAAACCCAAATATTGCCAATGTCACAGCT
Kok K ok ok kK ok kK ok kK ok ok ok ok ok k ok kK ok ok ko k ks k kK ok ok ok ok ok ks k kK ok ok ok ok ok ke k ok Kk ok ok ok ok kK

GGTTTGAAGGTTTTGAAGGAACAAAACTCTGAAATTGTTGTTTCCATTGGTGGTGGTTCT
GGTTTGAAGGTTTTGAAGGAACAAAACTCTGAAATTGTTGTTTCCATTGGTGGTGGTTCT
GGTTTGAAGGTTTTGAAGGAAGAAAACTCTGAAATTGTCGTTTCCATTGGTGGTGGTTCT

KAKKAAKNAIAAXAKAAIAKAAKNARAA AKX A hAIAAAAAAFAAAKA A A Ahk Ak A A Ak hAk kA A Ak Ak kK%

GCTCACGACAACGCTAAGGCCATTGCTTTATTGGCTACTAACGGTGGGGAAATCGGAGAT
GCTCACGACAATGCTAAGGCCATTGCTTTATTGGCTACTAACGGTGGGGAAATCGGAGAC
GCTCACGACAATGCTAAGGCCATTGCTTTATTGGCTACTAACGGTGGGGAAATTGGAGAT

KAKXKAKRAAKAA AKX A AAAKAIAAAAKRA KR AR A AR AR A AR AR AR A AR AR A A A A Ak h*x * kK k%K

TATGAAGGTGTCAATCAATCTAAGAAGGCTGCTTTACCACTATTTGCCATCAACACTACT
TATGAAGGTGTCAATCAATCTAAGAAGGCTGCTTTACCACTATTTGCCATCAACACTACT
TATGAAGGTGTCAACCAATCTAAGAAGGCTGCTTTACCGCTATTTGCCATCAACACTACT

Ak rkhkkhkhkhkhkhkkhkhhkkhkkx hrhkkhhhkrhkhkhkhhkhkhkrhkkhkhkhkhkrkhk *hhkhkkhkrhkkhkrhkkhkrhkkhkhkxkxx

GCTGGTACTGCTTCCGAAATGACCAGATTCACTATTATCTCTAATGAAGAAAAGAAAATC
GCTGGTACTGCTTCCGAAATGACCAGATTCACTATTATCTCTAATGAAGAAAAGAAAATC
GCTGGTACTGCTTCCGAGATGACCAGATTCACTATTATCTCTAATGAAGAAAAGAAAATC

hhkhhkhkhkhkhkhkhkhhkhkhkhkhkdx dhhhhkhkhkhkhhrhkhkrhhkhhhkrhkhkhhhkhhkrhkkhkrhkhkrkkhkhkxkxx

AAGATGGCTATCATTGACAACAACGTCACTCCAGCTGTTGCTGTCAACGATCCATCTACC
AAGATGGCTATCATTGACAACAACGTCACTCCAGCTGTTGCTGTCAACGATCCATCTACC
AAGATGGCCATCATTGACAACAACGTCACTCCAGCTGTTGCTGTCAACGACCCATCTACC

KAKKAAKNAKXN A A A IAKARAAAIAAA AR AR AR A A A A AR A A A AN A A A AN AR A A A,k Ak xk kA kA h k%

ATGTTTGGTTTGCCACCTGCTTTGACTGCTGCTACTGGTCTAGATGCTTTGACTCACTGT
ATGTTTGGTTTGCCACCTGCTTTGACTGCTGCTACTGGTCTAGATGCTTTGACTCACTGT
ATGTTTGGTTTGCCACCTGCTTTGACTGCTGCTACTGGTCTAGATGCTTTGACTCACTGT

KA A KA A R A AR AR A AR A AR A A A AR AR A AR A AR AR A AR A AR AR AR A A A A AR A A A ARk A Ak kA k%

ATCGAAGCTTATGTTTCCACCGCCTCTAACCCAATCACCGATGCCTGTGCTTTGAAGGGT

Kramer 23



seq 128
seq_RED

seq K11
seq 128
seq_RED

seq K11
seq 128
seq RED

seq K11
seq 128
seq RED

seq K11
seq 128
seq RED

seq K11
seq 128
seq_RED

seq K11
seq 128
seq RED

seq K11
seq 128
seq RED

seq K11
seq 128
seq_RED

seq K11
seq 128
seq_RED

dN/dS

ATCGAAGCTTATGTTTCCACCGCCTCTAACCCAATCACCGATGCCTGTGCTTTGAAGGGT
ATCGAAGCTTACGTTTCCACCGCCTCTAACCCAATCACCGATGCTTGTGCTTTGAAGGGT

KAKRAA KAk kA d *hkA A hAAhA A A A hA A hA kA A A A Ak Ak h Ak hkhk Ak hkhkkhhdk ,hkhhrkhhkrkhkrkkhxkx%

ATTGATTTGATCAATGAAAGCTTAGTCGCCGCATACAAAGACGGTAAAGACAAGAAGGCC
ATTGATTTGATCAATGAAAGCTTAGTCGCTGCATACAAAGACGGTAAAGACAAGAAGGCC

ATTGATTTGATCAATGAAAGCTTAGTCGCCGCATACAAAGACGGTAAAGACAAGAAGGCC
Kok ok ok kA k ok ok kkkkkkkk ok kkkkkkk ok ok Kk kk k& & ok ok ok ok k k% % &k ok ok ok k ok ok kK Kk ok ok ok ok

AGAACTGACATGTGTTACGCTGAATACTTGGCAGGTATGGCTTTCAACAATGCTTCTCTA
AGAACTGACATGTGTTACGCTGAATACTTGGCAGGTATGGCTTTCAACAATGCTTCTCTA
AGAACTGATATGTGTTACGCAGAATACTTGGCAGGTATGGCTTTCAACAATGCTTCTCTA

R R b IE R b b b b b b b b b b R b b b E b b b E b b R I b I b b IE b I b b R R b b b h b b b b b b b

GGTTATGTTCATGCCCTTGCTCATCAACTTGGTGGTTTCTACCACTTGCCTCATGGTGTT
GGTTATGTTCATGCCCTTGCTCATCAACTTGGTGGTTTCTACCACTTGCCTCATGGTGTT
GGTTATGTTCATGCCCTTGCTCATCAACTTGGTGGTTTCTACCACTTGCCTCATGGTGTT

KA AR AR A AR AR A AR A AR A A A AR AR A AR A AR AR A AR AR A AR AR A A A A AR A A A AR A kAR k kK

TGTAACGCTGTCTTGTTGCCTCATGTTCAAGAGGCCAACATGCAATGTCCAAAGGCCAAG
TGTAACGCTGTCTTGTTGCCTCATGTTCAAGAGGCCAACATGCAATGTCCAAAGGCCAAG
TGTAACGCTGTCTTGTTGCCTCATGTTCAAGAGGCCAACATGCAATGTCCAAAGGCCAAG

R R I b b S b b 2b S b b S b S IR S S S S e Sb b h Sh b S Sb I Sb b S Sb b S b b b b S 2b I Sh b b Sb b Sh 2b b 2b b S 2b b 2 4

AAGAGATTAGATGAAATTGCTTTGCATTTCGGTGCTTCTCAAGAAGATCCAGAAGAAACC
AAGAGATTAGGTGAAATTGCTTTGCATTTCGGTGCTTCTCAAGAAGATCCAGAAGAAACC

AAGAGATTAGGTGAAATTGCCTTGCATTGCGGTGCTTCTCAAGAAGATCCAGAAGAAACC
hokkokkkkkkk kkokkkkkkk  kkokkkkok sk okokk ok ok ok ok ok ok k ok kK ok ok ok ok ok ok ok k kK ok ok ok ok ok kK

ATCAAGGCTTTGCACGTTTTAAACAGAACCATGAACATTCCAAGAAACTTGAAAGAATTA
ATCAAGGCTTTGCACGTTTTAAACAGAACCATGAACATTCCAAGAAACTTGAAAGAATTA
ATCAAGGCTTTGCACGTTTTAAACAGAACCATGAACATTCCAAGAAACTTGAAAGACTTA

R R R R R R R R b I I b b b b b R R R R R R I R I R b R I I I b I b E b b I R R R R b h b b b 2 S O

GGTGTTAAAACCGAAGATTTTGAAATTTTGGCTGAACACGCCATGCATGATGCCTGCCAT
GGTGTTAAAACCGAAGATTTTGAAATTTTGGCTGAACACGCCATGCATGATGCCTGCCAT
GGTGTTAAAACCGAAGATTTTGACATTTTGGCTGAACACGCCATGCATGATGCCTGCCAT

KAKXKAKRKAAKAAKRKAAKRAXAKAAAA AR A A A AA A A AR A AR A AR AR AR A A A A AR AR A AR A ARk kK

TTGACTAACCCAGTTCAATTCACCAAAGAACAAGTGGTTGCCATTATCAAGAAAGCCTAT
TTGACTAACCCAGTTCAATTCACCAAAGAACAAGTGGTTGCCATTATCAAGAAAGCCTAT
TTGACTAACCCAGTTCAATTCACCAAAGAACAAGTGGTTGCCATTATCAAGAAAGCCTAT

Ak hkhhkhkh Ak kA hk kA hkdrhhkhkhhkhhhkhkhhkhkdrhkhkhhhkrhkhkhkhhkhkhkrhkhkrhkhkrhkhkhkxkxx

GAATATTAA
GAATATTAA

GAATATTAA
Kk Kk ok ok Kk kK

Kramer 24



Comparing sequences 1 and 2:

Nondegenerate Twofold Fourfold
Transitions 1 2 1
Transversions 0 0 0

Comparing sequences 1 and 3:

Nondegenerate Twofold Fourfold
Transitions 1 7 5
Transversions 2 2 1

Comparing sequences 2 and 3:
Nondegenerate Twofold Fourfold

Transitions 0 7 6
Transversions 2 2 1
> outputl

seq_K11 seq_128
seq_128 0.2004519
seq_RED 0.1570541 0.1090512

COF1
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CLUSTAL 2.1 multiple sequence alignment
All sequences are the same

seq Red ATGTGGGGGAAAAAATTCATAAGAAGCCAGGAAAATGTGAAGTTTCTGTGTAGTGTTGCT
seq Wild-163 ATGTGGGGGAAAAAATTCATAAGAAGCCAGGAAAATGTGAAGTTTCTGTGTAGTGTTGCT
seq Sake ATGTGGGGGAAAAAATTCATAAGAAGCCAGGAAAATGTGAAGTTTCTGTGTAGTGTTGCT

hhkhhkhkhkhhkhk A hhkhkhhkrhhkhkhhkhhkhkhhkhkhhkrhhkhkhhkrhkhkhhhkhkhkrhkhkrhkhkrkhkhkhkxkxx

seq Red GTTGCTGATGAATCCCTTACCGCTTTCAATGACTTGAAATTGGGTAAAAAATACAAATTT
seq Wild-163 GTTGCTGATGAATCCCTTACCGCTTTCAATGACTTGAAATTGGGTAAAAAATACAAATTT
seq_ Sake GTTGCTGATGAATCCCTTACCGCTTTCAATGACTTGAAATTGGGTAAAAAATACAAATTT

KA A KA AR AR A A A A AR A KRR A A A AR AR AR A A A A AR A A A A A A AR A A AR A A A A A kA A A Ak kKK
seq Red ATTTTATTCGGATTGAACGATGCTAAAACCGAAATTGTTGTCAAGGAAACCTCTACTGAC
seq Wild-163 ATTTTATTCGGATTGAACGATGCTAAAACCGAAATTGTTGTCAAGGAAACCTCTACTGAC
seq_Sake ATTTTATTCGGATTGAACGATGCTAAAACCGAAATTGTTGTCAAGGAAACCTCTACTGAC

KA AR A R A AR AR A AR A AR A A A AR AR A AR A AR AR A AR AR A AR A A A A A A Ak A kA Ak A Ak h kK%
seq Red CCATCTTACGATGCCTTCTTAGAGAAATTGCCAGAAAACGACTGTCTTTACGCCATTTAC
seq Wild-163 CCATCTTACGATGCCTTCTTAGAGAAATTGCCAGAAAACGACTGTCTTTACGCCATTTAC
seq Sake CCATCTTACGATGCCTTCTTAGAGAAATTGCCAGAAAACGACTGTCTTTACGCCATTTAC

Ak hkhkhk kA hhk Ak kA hkhkrhhkhkhhkhhkhkhkhhkhkhkrhhkhkhhkrhkhkhkhhkhkhkrhkkrhkhkrhkkhkhkxkxx

seq Red GATTTTGAATACGAAATTAATGGTAATGAAGGTAAGAGATCCAAGATTGTTTTCTTCACT
seq Wild-163 GATTTTGAATACGAAATTAATGGTAATGAAGGTAAGAGATCCAAGATTGTTTTCTTCACT
seq Sake GATTTTGAATACGAAATTAATGGTAATGAAGGTAAGAGATCCAAGATTGTTTTCTTCACT

hhkrxhkhkhkhhkhk A hhkrkhhkrhhkhkhhkhhkhkhhhhhkrhhkhkhhkrhkhkhhhkhhkrhkhkrhkhkrkhkhkhkxkxx

seq Red TGGTCTCCAGACACTGCTCCAGTCAGATCTAAGATGGTCTATGCATCCTCCAAGGATGCC

seq Wild-163 TGGTCTCCAGACACTGCTCCAGTCAGATCTAAGATGGTCTATGCATCCTCCAAGGATGCC

seq_Sake TGGTCTCCAGACACTGCTCCAGTCAGATCTAAGATGGTCTATGCATCCTCCAAGGATGCC
ok Kk kK K K Kk ko ok ok kK Kk ko ok ok ok ok kK ok ok ok ok kK ko ok ok ok ok kK K ok ko ok ok ok kK K K Kk ok ok kK

seq Red TTAAGAAGAGCCTTAAACGGTGTCTCTACCGATGTTCAAGGTACTGATTTTTCCGAAGTT

seq Wild-163 TTAAGAAGAGCCTTAAACGGTGTCTCTACCGATGTTCAAGGTACTGATTTTTCCGAAGTT

seq_Sake TTAAGAAGAGCCTTAAACGGTGTCTCTACCGATGTTCAAGGTACTGATTTTTCCGAAGTT
Kok ok kK K Kk ok kR kK K Kk ko kR ok ok kK ok ok ok ok kK ko ok ok ok kK K kK ko ok ok ok kK Kk ok kR

seq Red TCTTACGATTCTGTTTTGGAAAGAGTCAGCAGAGGCGCTGGTTCTCATTAA

seq Wild-163 TCTTACGATTCTGTTTTGGAAAGAGTCAGCAGAGGCGCTGGTTCTCATTAA

seq Sake TCTTACGATTCTGTTTTGGAAAGAGTCAGCAGAGGCGCTGGTTCTCATTAA

hhkhkhkhkhkhhkhkhk A hhkrhkhkrhkhkhkhhkrhkhkhkhkhkhkhkrhkkhkrhhkrhkhhkhkhkkhkxkkxkkxx*x

ERG9
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RED
128
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RED
128
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RED
128
LALVIN

RED
128
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RED

ATGGGAAAGCTATTACAATTGGCATTGCATCCGGTCGAGATGAAGGCAGCTTTGAAGCTG
ATGGGAAAGCTATTACAATTGGCATTGCATCCGGTCGAGATGAAGGCAGCTTTGAAGCTG
ATGGGAAAGCTATTACAATTGGCATTGCATCCGGTCGAGATGAAGGCAGCTTTGAAGCTG

R R R R R R R R b b I b b b b E b E R R R R R I R I R R R I I b I b E b R I I R R b R b R b I b I b 3 O b

AAGTTTTGCAGAACACCGCTATTCTCCATCTATGATCAGTCCACGTCTCCATATCTCTTG
AAGTTTTGCAGAACACCGCTATTCTCCATCTATGATCAGTCCACGTCTCCATATCTCTTG
AAGTTTTGCAGAACACCGCTATTCTCCATCTATGATCAGTCCACGTCTCCATATCTCTTG

KA AR AR A AR AR A AR A AR A A A AR AR A AR A AR AR A AR A AR AR A AR A A A AR AR A AR Ak Rk kK

CACTGTTTCGAACTGTTGAACTTGACCTCCAGATCGTTTGCTGCTGTGATCAGAGAGCTG
CACTGTTTCGAACTGTTGAACTTGACCTCCAGATCGTTTGCTGCTGTGATCAGAGAGCTG
CACTGTTTCGAACTGTTGAACTTGACCTCCAGATCGTTTGCTGCTGTGATCAGAGAGCTG

Ak hkhkkhkh Ak kA hk kA hkdk A hhkhkhhkhhhkhkhhkhkdrhkhkhkhkhkrhkhkhkhhkhkhkrhkhkrkhkhkrhkdhkhkxkxx*

CATCCAGAATTGAGAAACTGTGTTACTCTCTTTTATTTGATTTTAAGGGCTTTGGATACC
CATCCAGAATTGAGAAACTGTGTTACTCTCTTTTATTTGATTTTAAGGGCTTTGGATACC

CATCCAGAATTGAGAAACTGTGTTACTCTCTTTTATTTGATTTTAAGGGCTTTGGATACC
Kok K ok ok kK ok kK ok kK ok ok ok ok ok k ok kK ok ok ko k ks k kK ok ok ok ok ok ks k kK ok ok ok ok ok ke k ok Kk ok ok ok ok kK

ATCGAAGACGATATGTCCATCGAACACGATTTGAAAATTGACTTGTTGCGTCACTTCCAC
ATCGAAGACGATATGTCCATCGAACACGATTTGAAAATTGACTTGTTGCGTCACTTCCAC
ATCGAAGACGATATGTCCATCGAACACGATTTGAAAATTGACTTGTTGCGTCACTTCCAC

KA A KA AR A AR A A A A KA A KR A AR A AR A KA IR A A A A AR A A A A A A A A A AR A A A A kA A A Ak kKK

GAGAAATTGTTGTTAACTAAATGGAGTTTCGACGGAAATGCCCCCGATGTGAAGGACAGA
GAGAAATTGTTGTTAACTAAATGGAGTTTCGACGGAAATGCCCCCGATGTGAAGGACAGA
GAGAAATTGTTGTTAACTAAATGGAGTTTCGACGGAAATGCCCCCGATGTGAAGGACAGA

KA AR AR A AR AR A AR A AR A A A AR AR A AR A AR AR A AR A AR AR A AR A A A AR A A A AR Ak hA kKK

GCCGTTTTGACAGATTTCGAATCGATTCTTATTGAATTCCACAAATTGAAACCAGAATAT
GCCGTTTTGACAGATTTCGAATCGATTCTTATTGAATTCCACAAATTGAAACCAGAATAT
GCCGTTTTGACAGATTTCGAATCGATTCTTATTGAATTCCACAAATTGAAACCAGAATAT

hhkhkhkhkhkh Ak kA hk kA hkhkrhhkhkhhkhhkhkhkhhkhkhrhhkhhhkrhkhkhkhhkhkhkrhkhkrkhkkhkrhkkhkhkxkxx*

CAAGAAGTCATCAAGGAGATCACCGAGAAAATGGGTAATGGTATGGCCGACTACATCTTG
CAAGAAGTCATCAAGGAGATCACCGAGAAAATGGGTAATGGTATGGCCGACTACATCTTA
CAAGAAGTCATCAAGGAGATCACCGAGAAAATGGGTAATGGTATGGCCGACTACATCTTA

hhkhhkhkhkhkhkhkhkhkhhkrhkhkrhkhkhkhhkhhkrhhkrhhkrhkhkhkhhkhhkrhhkrhhkrhkhkhkhhkrkhxhkxxkxx*x

GATGAAAATTACAACTTGAATGGGTTGCAAACCGTCCACGACTACGACGTGTACTGTCAC
GATGAAAATTACAACTTGAATGGGTTGCAAACCGTCCACGACTACGACGTGTACTGTCAC
GATGAAAATTACAACTTGAATGGGTTGCAAACCGTCCACGACTACGACGTGTACTGTCAC

KA A A AR A A A A A A AR A AR A A A AR AR AR A A A AN A A A A A A AR A AR A A A A A A A A Ak kKK

TACGTAGCTGGTTTGGTCGGTGATGGTTTGACCCGTTTGATTGTCATTGCCAAGTTTGCC
TACGTAGCTGGTTTGGTTGGTGATGGTTTGACCCGTTTGATTGTCATTGCCAAGTTTGCC
TACGTAGCTGGTTTGGTCGGTGATGGTTTGACCCGTTTGATTGTCATTGCCAAGTTTGCC

KAKRKAAKRKAAKAAKANA AR A AKX KA AR AR A AR A A A AR A AR A AR AR AR A A A A ARk A kA Ak A Ak kA k kK

AACGAATCTTTGTATTCTAATGAGCAATTGTATGAAAGCATGGGTCTTTTCCTACAAAAA

Kramer 27
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RED
128
LALVIN

RED
128
LALVIN

RED
128
LALVIN

RED
128
LALVIN

RED

AACGAATCTTTGTATTCTAATGAGCAATTGTATGAAAGCATGGGTCTTTTCCTACAAAAA
AACGAATCTTTGTATTCTAATGAGCAATTGTATGAAAGCATGGGTCTTTTCCTACAAAAA

R R I b b S b b 2h S b b Sb b S IR S S S Sb e S b h Sh b b Sb I Sb b I SE b S db b Sb b S 2R I Sh b b Sb b S b b 2b b S b 2 4

ACCAACATCATCAGAGACTACAATGAAGATTTGGTCGATGGTAGATCCTTCTGGCCCAAG
ACCAACATCATCAGAGACTACAATGAAGATTTGGTCGATGGTAGATCCTTCTGGCCCAAG
ACCAACATCATCAGAGATTACAATGAAGATTTGGTCGATGGTAGATCCTTCTGGCCCAAG

hhkhkhkhkhkhkhkhkhkhhhkhkhkhdx dhhhhkhkhkhhhhhkhkrhkhkhhkhkrhkhkhkhhkhkhkrhkkrhkhkrkkhkhkxkxx

GAAATCTGGTCACAATACGCTCCTCAGTTGAAGGACTTCATGAAACCTGAAAACGAACAA
GAAATCTGGTCACAATACGCTCCTCAGTTGAAGGACTTCATGAAACCTGAAAACGAACAA
GAAATCTGGTCACAATACGCTCCTCAGTTGAAGGACTTCATGAAACCTGAAAACGAACAA

R R R R R b b I b b b b b b b I b E b I R I R b b I b R R I b I b b E b R b b R R b e b b E b b E b b b

CTGGGGTTGGACTGTATAAACCACCTCGTCTTAAACGCATTGAGTCATGTTATCGATGTG
CTGGGGTTGGACTGTATAAACCACCTCGTCTTAAACGCATTGAGTCATGTTATCGATGTG
CTGGGGTTGGACTGTATAAACCACCTCGTCTTAAACGCATTGAGTCATGTTATCGATGTG

KA AR AR A AR AR A AR A AR A A A AR AR A AR A AR AR A AR AR A AR AR A A A A AR A A A AR A kAR k kK

TTGACTTATTTGGCCAGTATCCACGAGCAATCCACTTTCCAATTTTGTGCCATTCCCCAA
TTGACTTATTTGGCCAGTATCCACGAGCAATCCACTTTCCAATTTTGTGCCATTCCCCAA
TTGACTTATTTGGCCAGTATCCACGAGCAATCCACTTTCCAATTTTGTGCCATTCCCCAA

R R I b b S b b 2b S b b S b S IR S S S S e Sb b h Sh b S Sb I Sb b S Sb b S b b b b S 2b I Sh b b Sb b Sh 2b b 2b b S 2b b 2 4

GTTATGGCCATTGCAACCTTGGCTTTGGTATTCAACAACCGTGAAGTGCTACATGGCAAT
GTTATGGCCATTGCAACCTTGGCTTTGGTATTCAACAACCGTGAAGTGCTACATGGCAAT
GTTATGGCCATTGCAACCTTGGCTTTGGTATTCAACAACCGTGAAGTGCTACATGGCAAT

hhkhkhkhkhk kA hk Ak hkhkhkhkrhhkhkhhkhhkhkhhhkhhkrhhkhkhhkrhkdkhhhkhhkrhkhkrhkkhkrhkkhkhkxkxx

GTAAAGATTCGTAAGGGTACTACCTGCTATTTAATTTTGAAATCAAGGACTTTGCGTGGC
GTAAAGATTCGTAAGGGTACTACCTGCTATTTAATTTTGAAATCAAGGACTTTGCGTGGC
GTAAAGATTCGTAAGGGTACTACCTGCTATTTAATTTTGAAATCAAGGACTTTGCGTGGC

R R R R R R R R b I I b I b R b R R R R R R I R I R R R I I b E b R I R R R R b I I b 2 I

TGTGTCGAGATTTTTGACTATTACTTACGTGATATCAAATCTAAATTGGCTGTGCAAGAT
TGTGTCGAGATTTTTGACTATTACTTACGTGATATCAAATCTAAATTGGCTGTGCAAGAT
TGTGTCGAGATTTTTGACTATTACTTACGTGATATCAAATCTAAATTGGCTGTGCAAGAT

KA AR AR A AR AR A AR A AR A AR AR AR A AR A AR AR A AR A AR AR AR AR A A AR AR A AR A ARk kK

CCAAATTTCTTAAAATTGAACATTCAAATCTCCAAGATCGAACAATTCATGGAAGAAATG
CCAAATTTCTTAAAATTGAACATTCAAATCTCCAAGATCGAACAATTCATGGAAGAAATG
CCAAATTTCTTAAAATTGAACATTCAAATCTCCAAGATCGAACAGTTTATGGAAGAAATG

Ak hkhkhkhk kA hkhk A hkhkAhkhrhhhkhkhkrhhhhkhhkhkhkrhkkhkhkhkkhkrhkhkhkhhkhk *k *hkrkhkkhkhkrxkxx

TACCAGGATAAATTACCTCCTAACGTGAAGCCAAATGAAACTCCAATTTTCTTGAAAGTT
TACCAGGATAAATTACCTCCTAACGTGAAGCCAAATGAAACTCCAATTTTCTTGAAAGTT
TACCAGGATAAATTACCTCCTAACGTGAAGCCAAATGAAACTCCAATTTTCTTGAAAGTT

hhkhhkhkhkhkhkhkk Ak hhkhhhkrhhkhkhhkhhkhkhhhkhhkrhhkhkhhkrhkhkhhhkhhkrhkkrhkhkrkkhhkxkxx

AAAGAAAGATCCAGATACGATGATGAATTGGTTCCAACCCAACAAGAAGAAGAGTACAAG
AAAGAAAGATCCAGATACGATGATGAATTGGTCCCAACCCAACAAGAAGAAGAGTACAAG
AAAGAAAGATCCAGATACGATGATGAATTGGTTCCAACCCAACAAGAAGAAGAGTACAAG

KAKKAAKRAAAA KA A IAKAAKRA A AA AR A KN ARAA A A K, A AR A A hA kA A Ak A Ak hA Ak Ak A kA kKK

TTCAATATGGTTTTATCTATCATCTTGTCCGTTCTTCTTGGGTTTTATTATATATACACT

Kramer 28
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TTCAATATGGTTTTATCTATCATCTTGTCCGTTCTTCTTGGGTTTTATTATATATACACT
TTCAATATGGTTTTATCTATCATCTTGTCCGTTCTTCTTGGGTTTTATTATATATACACT

R R I b b S b b 2h S b b Sb b S IR S S S Sb e S b h Sh b b Sb I Sb b I SE b S db b Sb b S 2R I Sh b b Sb b S b b 2b b S b 2 4

TTACACAGAGCGTGA
TTACACAGAGCGTGA

TTACACAGAGCGTGA
Kk Kk kK Kk ok Kk ok ok ok ok x

Comparing sequences 1 and 2:

Nondegenerate Twofold Fourfold

Transitions 0 1 2
Transversions 0 0 0

Comparing sequences 1 and 3:

Nondegenerate Twofold Fourfold

Transitions 0 4 0
Transversions 0 0 0

Comparing sequences 2 and 3:

Nondegenerate Twofold Fourfold

Transitions 0 3 2
Transversions 0 0 0
> outputl

RED 128
128 0

LALVIN 0 0

GDH2

CLUSTAL 2.1 multiple sequence alignment
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Wild is YPS128

seq Redstar
seq WIld
seq Lalvin

seq Redstar
seq WIld
seq Lalvin

seq Redstar
seq WIld
seq Lalvin

seq Redstar
seq WIld
seq_Lalvin

seq_ Redstar
seq WIld
seq Lalvin

seq Redstar
seq WIld
seq Lalvin

seq Redstar
seq WIld
seq Lalvin

seq Redstar
seq WIld
seq Lalvin

seq Redstar
seq WIld
seq Lalvin

seq Redstar
seq WIld
seq_Lalvin

seq Redstar
seq WIld

ATGCTTTTTGATAACAAAAATCGCGGTGCTTTAAACTCACTGAACACACCAGATATTGCT
ATGCTTTTTGATAACAAAAATCGCGGTGCTTTAAACTCACTGAACACACCAGATATTGCT
ATGCTTTTTGATAACAAAAATCGCGGTGCTTTAAACTCACTGAACACACCAGATATTGCT

Ak hkhkhkhkrhkhkhkhhkhkhkrhhkhhhkrhkhkhhhkhhkrhhkrkhhkrkhkhkhhkhkhkhkrhkkhkrhhkrkrhkhkxhkxk*k

TCTTTATCAATATCATCCATGTCGGACTATCACGTGTTTGATTTTCCCGGTAAGGACCTG
TCTTTATCAATATCATCCATGTCGGACTATCACGTGTTTGATTTTCCCGGTAAGGACCTG
TCTTTATCAATATCATCCATGTCGGACTATCACGTGTTTGATTTTCCCGGTAAGGACCTG

KA A A A AR AR A A A A A A AR A A A A A A AR AR A IR A A A AR A A A A A A IR AR AR A A A A A A ARk kK

CAGAGAGAGGAAGTGATAGATTTGCTAGATCAGCAAGGATTTATTCCCGACGATTTGATC
CAGAGAGAGGAAGTGATAGATTTGCTAGATCAGCAAGGGTTTATTCCCGACGATTTGATC
CAGAGAGAGGAAGTGATAGATTTGCTAGATCAGCAAGGATTTATTCCCGACGATTTGATC

KA A A A A KA AR AR A A A AR A A A AR A AR AR AR AR A AR A, kA kA A A kA kA kA Ak hA Ak hx k%

GAACAAGAAGTAGATTGGTTTTATAACTCATTGGGTATTGACGATTTGTTCTTCTCGAGA
GAACAAGAAGTAGATTGGTTTTATAACTCATTGGGTATTGACGATTTGTTCTTCTCGAGA

GAACAAGAAGTAGATTGGTTTTATAACTCATTGGGTATTGACGATTTGTTCTTCTCGAGA
ok kK ok kK ok ok ok ok ok kK ok kK ok ok ok ok ok ok ok ko ok ok ok ok ko ok k ko ok ok ok ok ko k kK ok kK ok ok Kk k kK ok kK

GAATCTCCCCAATTAATCTCGAATATCATACATTCTTTGTATGCTTCAAAGCTAGATTTC
GAATCTCCCCAATTAATCTCGAATATCATACATTCTTTGTATGCTTCAAAGCTAGATTTC
GAATCTCCCCAATTAATCTCGAATATCATACATTCTTTGTATGCTTCAAAGCTAGATTTC

hhkhkhkrkhhkrhkhkhhkhkhkhkrhhkhkhhkrhkhkhhhkhhkrhhkrhhkrhkhkhkhkhkhkkhkrhkkhkrhhkrkhhhkxhkxk*k

TTTGCGAAGTCCAAATTCAACGGAATTCAGCCAAGGCTATTCAGCATTAAAAACAAAATT
TTTGCGAAGTCCAAATTCAACGGAATTCAGCCAAGGCTATTCAGCATTAAAAACAAAATT
TTTGCGAAGTCCAAATTCAACGGAATTCAGCCAAGGCTATTCAGCATTAAAAACAAAATT

KA A AR AR AR A AR A AR AR A A A A A A AR A KR A IR A KA AR A A A AR AR AR AR A A AR AR AR A X kK

ATAACTAATGATAATCATGCCATCTTTATGGAATCTAATACTGGTGTCAGCATAAGCGAT
ATAACTAATGATAATCATGCCATCTTTATGGAATCTAATACTGGTGTCAGCATAAGCGAT
ATAACTAATGATAATCATGCCATCTTTATGGAATCTAATACTGGTGTCAGCATAAGCGAT

R R S b I b b Sb b b S S S Sb b S SR e S b I S e S b I Sh 2 S Sb b Sb b b Sh e S b b 2b b S b b Sh b S 2b e 2b b b Sb S 3

TCTCAGCAAAAAAACTTTAAATTTGCTAGTGAAGCCGTCGGAAACGATACTTTGGAGCAT
TCTCAGCAAAAAAACTTTAAATTTGCTAATGACGCCGTCGGAAACGATACTTTGGAGCAT

TCTCAGCAAAAAAACTTTAAATTTGCTAGTGAAGCCGTCGGAAACGATACTTTGGAGCAT
ok kkokkkkkkkkkkkkkkkkkkkkkkkk  kokk sk okk ok ok ok ok ok ok ok ok ok ok k k ok ok ok ok ok ok ok kK ok ok ok

GGTAAGGATACCATCAAAAAAAATAGGATTGAAATGGATGATTCTTGTCCACCTTATGAA
GGTAAGGATACCATCAAAAAAAATAGGATTGAAATGGATGATTCTTGTCCACCTTATGAA
GGTAAGGATACCATCAAAAAAAATAGGATTGAAATGGATGATTCTTGTCCACCTTATGAA

R R i b I b I b b b b b I b b b b b b b I b b b b b b b I b b b I b S b b b b b b b b b b b b b b b b b b b b 3

TTAGATTCCGAAATTGATGACCTTTTCCTGGATAACAAGTCTCAAAAAAACTGCAGATTA
TTAGATTCCGAAATTGATGACCTTTTCCTGGATAACAAGTCTCAAAAAAACTGCAGATTA
TTAGATTCCGAAATTGATGACCTTTTCCTGGATAACAAGTCTCAAAAAAACTGCAGATTA

KA AR A AR AR A AR A AR AR A A A A A A AR AR A AR A AR AR A AR A A A AR A A A AR A AR A A A AR X kK

GTTTCTTTTTGGGCTCCAGAAAGCGAATTAAAGCTAACTTTTGTTTATGAGAGTGTTTAC
GTTTCTTTTTGGGCTCCAGAAAGCGAATTAAAGCTAACTTTTGTTTATGAGAGTGTTTAC
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seq_Lalvin

seq Redstar
seq WIld
seq Lalvin

seq Redstar
seq WIld
seq Lalvin

seq Redstar
seq WIld
seq Lalvin

seq Redstar
seq WIld
seq_Lalvin

seq_ Redstar
seq WIld
seq Lalvin

seq Redstar
seq WIld
seq Lalvin

seq Redstar
seq WIld
seq Lalvin

seq Redstar
seq WIld
seq Lalvin

seq Redstar
seq WIld
seq Lalvin

seq Redstar
seq WIld
seq Lalvin

seq Redstar

GTTTCTTTTTGGGCTCCAGAAAGCGAATTAAAGCTAACTTTTGTTTATGAGAGTGTTTAC

Ak hkhk Ak hkhk A hkhkhkhkhhkhkhkhkrAhkhkrhhkhkhhkhhkhkhkhhkhkhkrhkhkrhhkrhkhkhkhhkhkhkrhkkkxhkxkkkxk

CCTAATGATGATCCAGCCGGCGTAGATATTTCCTCTCAGGATTTGCTGAAAGGTGATATT
CCTAATGATGATCCAGCCGGCGTAGATATTTCCTCTCAGGATTTGCTGAAAGGTGATATT
CCTAATGATGATCCAGCCGGCGTAGATATTTCCTCTCAGGATTTGCTGAAAGGTGATATT

Ak hkhkhkhkrhkhkhkhhkhkhkrhhkhhhkrhkhkhhhkhhkrhhkrkhhkrkhkhkhhkhkhkhkrhkkhkrhhkrkrhkhkxhkxk*k

GAATCTATTAGTGATAAGACCATGTACAAAGTTTCGTCGAACGAAAATAAAAAACTATAC
GAATCTATTAGTGATAAGACCATGTACAAAGTTTCGTCGAACGAAAATAAAAAACTATAC
GAATCTATTAGTGATAAGACCATGTACAAAGTTTCGTCGAACGAAAATAAAAAACTATAC

KA A A A AR AR A A A A A A AR A A A A A A AR AR A IR A A A AR A A A A A A IR AR AR A A A A A A ARk kK

GGTCTCTTACTTAAGTTGGTTAAAGAAAGAGAAGGTCCTGTCATTAAGACTACTCGCTCC
GGTCTCTTACTTAAGTTGGTTAAAGAAAGAGAAGGTCCTGTCATTAAGACTACTCGCTCC
GGTCTCTTACTTAAGTTGGTTAAAGAAAGAGAAGGTCCTGTCATTAAGACTACTCGCTCC

KA A A A AR AR A AR A A A AR A AR A AR AR AR A AR A AR AR A AR A AR AR AR Ak A A Ak A Ak Ak hA ko kk

GTAGAAAATAAGGATGAAATTAGGTTATTAGTCGCTTACAAGCGATTCACCACTAAGCGT
GTAGAAAATAAGGATGAAATTAGGTTATTAGTCGCTTACAAGCGATTCACCACTAAGCGT

GTAGAAAATAAGGATGAAATTAGGTTATTAGTCGCTTACAAGCGATTCACCACTAAGCGT
ok kK ok kK ok ok ok ok ok kK ok kK ok ok ok ok ok ok ok ko ok ok ok ok ko ok k ko ok ok ok ok ko k kK ok kK ok ok Kk k kK ok kK

TATTACTCTGCTTTGAACTCTTTGTTCCACTATTACAAGTTGAAACCTTCTAAGTTCTAT
TATTACTCTGCTTTGAACTCTTTGTTCCACTATTACAAGTTGAAACCTTCTAAGTTCTAT
TATTACTCTGCTTTGAACTCTTTGTTCCACTATTACAAGTTGAAACCTTCTAAGTTCTAT

hhkhkhkrkhhkrhkhkhhkhkhkhkrhhkhkhhkrhkhkhhhkhhkrhhkrhhkrhkhkhkhkhkhkkhkrhkkhkrhhkrkhhhkxhkxk*k

TTGGAGTCGTTTAATGTTAAGGATGATGACATCATTATCTTTTCCGTTTATTTGAACGAG
TTGGAGTCGTTTAATGTTAAGGATGATGACATCATTATCTTTTCCGTTTATTTGAACGAG
TTAGAGTCGTTTAATGTTAAGGATGATGACATCATTATCTTTTCCGTTTATTTGAACGAG

KK KA AR AR A AR A AR AR A AR A A A AR A KR A IR A KA AR A A A AR AR A A AR A A A A A A AR A X kK

AACCAGCAATTGGAAGATGTTCTACTCCATGATGTGGAGGCAGCATTGAAACAGGTTGAA
AACCAGCAATTGGAAGATGTTCTACTCCATGATGTGGAGGCAGCATTGAAACAGGTTGAA
AACCAGCAATTGGAAGATGTTCTACTTCACGATGTGGAGGCAGCATTGAAACAGGTTGAA

KAk Ak A hAkAAkhkkhhAAkrAAhAkhAkhhhAhhkhkhhkh |k (hhAdhkkhhhAhrkhhkhkkhhrhhkrkhk Ak hkhkkhhkkxkhxk%

AGAGAAGCTTCATTGCTATACGCTATCCCAAACAATTCTTTCCATGAGGTTTACCAGAGA
AGAGAAGCTTCATTGCTATACGCTATCCCAAACAATTCTTTCCATGAGGTTTACCAGAGA

AGAGAAGCTTCATTGCTATACGCTATCCCAAACAATTCTTTCCATGAGGTTTACCAGAGA
ok kK ok kK ok ok ok ok ok kK ok kK ok ok ok ok ok ok ok k ko ok ok ok ok ko ok ko ok ok ok ok ok ok k ko kK ok ok Kk k ok Kk kK

CGTCAATTCTCGCCCAAAGAAGCTATATATGCTCATATTGGTGCTATATTCATTAACCAT
CGTCAATTCTCGCCCAAAGAAGCTATATATGCTCATATTGGTGCTATATTCATTAACCAT
CGTCAATTCTCGCCCAAAGAAGCTATATATGCTCATATTGGTGCTATATTCATTAACCAT

R R i b I b I b b b b b I b b b b b b b I b b b b b b b I b b b I b S b b b b b b b b b b b b b b b b b b b b 3

TTTGTTAATCGTTTAGGCTCTGATTATCAAAACCTTTTATCTCAAATCACCATTAAGCGT
TTTGTTAATCGTTTAGGCTCTGATTATCAAAACCTTTTATCTCAAATCACCATTAAGCGT
TTTGTTAATCGTTTAGGCTCTGATTATCAAAACCTTTTATCTCAAATCACCATTAAGCGT

KA A A A A A AR AR A A A A AR A A A A A A AR A KA I A I A AR A A AR A A I AR A AR A A A A kA A Ak kK

AATGATACTACTCTTTTGGAGATTGTAGAAAACCTAAAAAGAAAGTTAAGAAATGAAACC

Kramer 31



seq WIld
seq Lalvin

seq Redstar
seq WIld
seq Lalvin

seq Redstar
seq WIld
seq Lalvin

seq Redstar
seq WIld
seq Lalvin

seq Redstar
seq WIld
seq Lalvin

seq Redstar
seq WIld
seq Lalvin

seq_Redstar
seq WIld
seq Lalvin

seq Redstar
seq WIld
seq Lalvin

seq Redstar
seq WIld
seq_Lalvin

seq Redstar
seq WIld
seq Lalvin

seq Redstar
seq WIld
seq Lalvin

seq Redstar

AATGATACTACTCTTTTGGAGATTGTAGAAAACCTAAAAAGAAAGTTAAGAAATGAAACC
AATGATACTACTCTTTTGGAGATTGTAGAAAACCTAAAAAGAAAGTTAAGAAATGAAACC

R R S b I b b Sb b b Sh S Sh I Sb b S SR e S 2 S S e S b I Sh b S Sb I Sb b I Sh e S b b Sb b Sh b b Sh b S 2b b Sb b b Sb b S 3

TTAACTCAGCAAACTATTATCAACATCATGTCGAAGCATTACACTATAATTTCCAAGTTG
TTAACTCAGCAAACTATTATCAACATCATGTCGAAGCATTACACTATAATTTCCAAGTTG

TTAACTCAGCAAACTATTATCAACATCATGTCGAAGCATTACACTATAATTTCCAAGTTG
ok kK ok kK ok ok ok ok ok kK ok kK ok ok ok ok ok ok ok k ko kK ok ok ko ok k ko ok ok ok ok ok ok k kK ok kK ok ok Kk k ok Kk kK

TATAAAAATTTTGCTCAAATTCACTATTATCATAATAGTACTAAAGATATGGAAAAGACA
TATAAAAATTTTGCTCAAATTCACTATTATCATAATAGTACTAAAGATATGGAAAAGACA
TATAAAAATTTTGCTCAAATTCACTATTATCATAATAGTACTAAAGATATGGAGAAGACA

khkkhkkhkhkkhhkkhhkkhhkkhhhhhhhhkhhhhhhhhhhhhrhhhrhkrhkrhkrhkrkhkrkrkrkrkrrrx *rxkrkxx

TTATCTTTTCAAAGACTGGAAAAAGTGGAGCCTTTTAAGAATGACCAAGAGTTCGAAGCT
TTATCTTTTCAAAGACTGGAAAAAGTGGAGCCTTTTAAGAATGACCAAGAGTTCGAAGCT
TTATCTTTTCAAAGACTGGAAAAAGTGGAGCCTTTTAAGAATGAGCAAGAGTTCGAAGCT

KKK A A KA AR A AR A AT AKRA AR A AR AR A KRR A AR A AR A AR AN A A, K, Ak A A Ak Ak Ak A x kK

TACTTGAATAAATTCATTCCAAATGATTCACCTGATTTGTTGATCTTGAAAACACTGAAC
TACTTGAATAAATTCATTCCAAATGATTCACCTGATTTGTTGATCTTGAAAACACTGAAC
TACTTGAATAAATTCATTCCAAATGATTCACCTGATTTGTTGATCCTGAAAACACTGAAC

R R S b I b b S b b S S b Sb b S SR e S I I S e S b b Sh b S Sb I Sb b b 2h S 2b S Sb SR b b S 2b S 2b b 2b b b Sh b S 3

ATCTTCAACAAGTCTATTTTAAAGACAAATTTCTTTATTACAAGAAAAGTAGCAATATCA
ATCTTCAACAAGTCTATTTTAAAGACAAATTTCTTTATTACAAGAAAAGTAGCAATATCA

ATCTTCAACAAGTCTATTTTAAAGACAAATTTCTATATTACAAGAAAAGTAGCAATATCA
ok kK ok kK ok ok ok ok ok ok ok k ok ok k ok ok ok ok ok k k ok ok ok ok ok ok ok ok ok k ok ok ok ok ok ok ok ok ok kK ok ok ok ok ok ok ok ok ok Kk ok K

TTCAGATTGGATCCTTCCCTGGTGATGACAAAATTCGAATATCCAGAGACACCCTATGGT
TTCAGATTGGATCCTTCCCTGGTGATGACAAAATTCGAATATCCAGAGACACCCTATGGT
TTCAGATTGGATCCTTCCCTGGTGATGACAAAATTCGAATATCCAGAGACACCCTATGGT

R R b R b b b I b I b R b R b b b I b b b b b R R R I b I b R b b b R b R b R R b b b b b b b b 2 ]

ATATTTTTTGTCGTTGGTAATACTTTCAAAGGGTTCCATATCAGGTTCAGAGATATCGCA
ATATTTTTTGTCGTTGGTAATACTTTCAAAGGGTTCCATATCAGGTTCAGAGATATCGCA
ATATTTTTTGTCGTTGGTAATACTTTCAAAGGGTTCCATATCAGGTTCAGAGATATCGCA

KA AR A AR AR A A A A AR AR A AR AR A AR AR A AR A AR AR A AR AR A AR A A A AR A AR AR A AR A X kK

AGGGGCGGTATTCGTATAGTCTGTTCCAGGAATCAGGATATTTATGATTTGAATTCCAAG
AGGGGCGGTATTCGTATAGTCTGTTCCAGGAATCAGGATATTTATGATTTGAATTCCAAG
AGGGGCGGTATTCGTATAGTCTGTTCCAGGAATCAGGATATTTATGATTTGAATTCCAAG

KAk hkhk Ak hkhk A hhkhkhhkhhk Ak hhAhkhkrhdhkhhkhhhkhkhhkhkhkrhkdkrhhkhkrhkhkhkhkhkhkhkrhkkhxhkxkhkkkxk

AACGTTATTGATGAGAACTATCAATTGGCCTCTACTCAGCAACGTAAAAATAAGGATATT
AACGTTATTGATGAGAACTATCAATTGGCCTCTACTCAGCAACGTAAAAATAAGGATATT

AACGTTATTGATGAGAACTATCAATTGGCCTCTACTCAGCAACGTAAAAATAAGGATATT
ok kK ok kK ok ok ok ok ok kK ok kK ok ok ok ok ok ok ok ko ok ok ok ok ok ok k ko ok ok ok ok ko ok ok ko ok ok ok ok Kk k ok Kk ok ok

CCAGAGGGTGGCTCTAAAGGTGTCATCTTATTGAACCCAGGATTGGTAGAACATGACCAG
CCAGAGGGTGGCTCTAAAGGTGTCATCTTATTGAACCCAGGATTGGTAGAACATGACCAG
CCAGAGGGTGGCTCTAAAGGTGTCATCTTATTGAACCCAGGATTGGTAGAACATGACCAG

KA A A A A A AR AR A A A A AR A A A A A A AR A KA I A I A AR A A AR A A I AR A AR A A A A kA A Ak kK

ACATTTGTCGCCTTTTCCCAATATGTGGATGCAATGGTTGACATTCTAATCAACGATCCA
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seq WIld
seq Lalvin

seq Redstar
seq WIld
seq Lalvin

seq Redstar
seq WIld
seq Lalvin

seq Redstar
seq WIld
seq Lalvin

seq Redstar
seq WIld
seq Lalvin

seq Redstar
seq WIld
seq Lalvin

seq_Redstar
seq WIld
seq Lalvin

seq Redstar
seq WIld
seq Lalvin

seq Redstar
seq WIld
seq_Lalvin

seq Redstar
seq WIld
seq Lalvin

seq Redstar
seq WIld
seq Lalvin

seq Redstar

ACATTTGTCGCCTTTTCCCAATATGTGGATGCAATGATTGACATTCTAATCAACGATCCA
ACATTTGTCGCCTTTTCCCAATATGTGGATGCAATGATTGACATTCTAATCAACGATCCA

KA A A A A A AR A AR A A A AR A A A A A A AR AR A AR A A A A, Ah Ak Ak h Ak d kA Ak kA Ak kA khx k%

TTAAAGGAAAACTATGTCAACCTTTTACCAAAGGAGGAAATATTATTTTTTGGCCCAGAT
TTAAAGGAAAACTATGTCAACCTTTTACCAAAGGAGGAAATATTATTTTTTGGCCCAGAT

TTAAAGGAAAACTATGTCAACCTTTTACCAAAGGAGGAAATATTATTTTTTGGCCCAGAT
ok kK ok kK ok ok ok ok ok kK ok kK ok ok ok ok ok ok ok k ko kK ok ok ko ok k ko ok ok ok ok ok ok k kK ok kK ok ok Kk k ok Kk kK

GAAGGAACTGCTGGTTTCGTGGATTGGGCAACTAACCATGCTCGTGTGAGGAACTGCCCA
GAAGGAACTGCTGGTTTCGTGGATTGGGCAACTAACCATGCTCGTGTGAGGAACTGCCCA
GAAGGAACTGCTGGTTTCGTGGATTGGGCAACTAACCATGCTCGTGTGAGGAACTGCCCA

R R b b b b b b b I b I b b b b b b b I b b b b b b b I b b b I b I b b b b b b b b b b I b b b b b b b b b 3 4

TGGTGGAAATCATTTTTGACTGGAAAATCCCCATCTTTGGGTGGTATTCCCCATGACGAA
TGGTGGAAATCATTTTTGACTGGAAAATCCCCATCTTTGGGTGGTATTCCCCATGACGAA
TGGTGGAAATCATTTTTGACTGGAAAATCCCCATCTTTGGGTGGTATTCCCCATGACGAA

KA AR A AR AR A AR A AR AR A AR A A A AR A KRR IR A AR AR A AR AR A AR AR A AR A AR AR A AR A X kK

TATGGTATGACTTCTCTGGGTGTTCGTGCTTATGTTAATAAAATTTACGAAACTTTAAAC
TATGGTATGACTTCTCTGGGTGTTCGTGCTTATGTTAATAAAATTTACGAAACTTTAAAC
TATGGTATGACTTCTCTGGGTGTTCGTGCTTATGTTAATAAAATTTACGAAACTTTAAAC

R R S b I b b Sb b b S S S Sb b S SR e S I S S e S b b Sh b S Sb I Sb 2R S Sh e S b b Sb b Sh b b S 2b S Sb b 2b b S Sh b S 3

TTGACAAATTCTACTGTTTACAAATTCCAAACTGGTGGTCCGGATGGTGATTTAGGATCC
TTGACAAATTCTACTGTTTACAAATTCCAAACTGGTGGTCCGGATGGTGATTTAGGATCC

TTGACAAATTCTACTGTTTACAAATTCCAAACTGGTGGTCCGGATGGTGATTTAGGATCC
Kok ok Kk kK kK Kk ko ok ok ok kK K ko ok ok ok ok Rk kK ok ok ok ok k kK ko ok ok kK kK ok ok ok ok ok kK kK K Kk ok

AATGAAATTCTTTTATCTTCGCCAAACGAATGTTATTTGGCAATTCTGGACGGTTCAGGT
AATGAAATTCTTTTATCTTCGCCAAACGAATGTTATTTGGCAATTCTGGACGGTTCAGGT
AATGAAATTCTTTTATCTTCGCCAAACGAATGTTATTTGGCAATTCTGGACGGTTCAGGT

R R b R b b b I b I b R b R b b b I b b b b b R R R I b I b R b b b R b R b R R b b b b b b b b 2 ]

GTCCTGTGTGATCCTAAAGGTTTAGATAAAGATGAATTATGCCGCTTGGCACATGCAAGG
GTCCTGTGTGATCCTAAAGGTTTAGATAAAGATGAATTATGCCGCTTGGCACATGCAAGG
GTCCTGTGTGATCCTAAAGGTTTAGATAAAGATGAATTATGCCGCTTGGCACATGCAAGG

KA AR A AR AR A A A A AR AR A AR AR A AR AR A AR A AR AR A AR AR A AR A A A AR A AR AR A AR A X kK

AAAATGATTTCCGATTTCGACACTTCCAAATTATCAAACAACGGATTTTTTGTTTCTGTG
AAAATGATTTCCGATTTCGACACTTCCAAATTATCAAACAACGGATTTTTTGTTTCTGTG
AAAATGATTTCCGATTTCGACACTTCCAAATTATCAAACAACGGATTTTTTGTTTCTGTG

KAk hkhk Ak hkhk A hhkhkhhkhhk Ak hhAhkhkrhdhkhhkhhhkhkhhkhkhkrhkdkrhhkhkrhkhkhkhkhkhkhkrhkkhxhkxkhkkkxk

GATGCAATGGATATCATGCTACCAAATGGTACAATTGTAGCTAACGGCACAACCTTCAGA
GATGCAATGGATATCATGCTACCAAATGGTACAATTGTAGCTAACGGCACAACCTTCAGA

GATGCAATGGATATCATGCTACCAAATGGTACAATTGTAGCTAACGGCACAACCTTCAGA
ok kK ok kK ok ok ok ok ok kK ok kK ok ok ok ok ok ok ok ko ok ok ok ok ok ok k ko ok ok ok ok ko ok ok ko ok ok ok ok Kk k ok Kk ok ok

AACACCTTTCATACTCAAATTTTCAAATTTGTGGATCATGTCGACATTTTTGTTCCATGC
AACACCTTTCATACTCAAATTTTCAAATTTGTGGATCATGTCGACATTTTTGTTCCATGC
AACACCTTTCATACTCAAATTTTCAAATTTGTGGATCATGTCGACATTTTTGTTCCATGC

KA A A A A A AR AR A A A A AR A A A A A A AR A KA I A I A AR A A AR A A I AR A AR A A A A kA A Ak kK

GGTGGTAGACCAAACTCAATTACTCTAAATAATCTACATTATTTTGTTGACGAAAAGACT
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seq WIld
seq Lalvin

seq Redstar
seq WIld
seq Lalvin

seq Redstar
seq WIld
seq Lalvin

seq Redstar
seq WIld
seq Lalvin

seq Redstar
seq WIld
seq Lalvin

seq Redstar
seq WIld
seq Lalvin

seq_Redstar
seq WIld
seq Lalvin

seq Redstar
seq WIld
seq Lalvin

seq Redstar
seq WIld
seq_Lalvin

seq Redstar
seq WIld
seq Lalvin

seq Redstar
seq WIld
seq Lalvin

seq Redstar

GGTGGTAGACCAAACTCAATTACTCTAAATAATCTACATTATTTTGTTGACGAAAAGACT
GGTGGTAGACCAAACTCAATTACTCTAAATAATCTACATTATTTTGTTGACGAAAAGACT

R R S b I b b Sb b b Sh S Sh I Sb b S SR e S 2 S S e S b I Sh b S Sb I Sb b I Sh e S b b Sb b Sh b b Sh b S 2b b Sb b b Sb b S 3

GGGAAATGTAAAATCCCATATATTGTGGAGGGTGCCAATCTATTTATAACGCAACCTGCT
GGGAAATGTAAAATTCCATATATTGTGGAGGGTGCCAATCTATTTATAACGCAACCTGCT

GGGAAATGTAAAATCCCATATATTGTGGAGGGTGCCAATCTATTTATAACGCAACCTGCT
dok kK ok kK k ok ok ok ok ok ok k ok k ok ok ok ok ok ok k ko ok ok ok ok ko ok k ko ok ok ok ok ok ok ok kK ok kK ok ok ok ok k ok Kk kK

AAAAATGCTTTAGAGGAACATGGCTGTATTCTGTTCAAAGATGCTTCTGCCAACAAAGGT
AAAAATGCTTTAGAGGAACATGGCTGTATTCTGTTCAAAGATGCTTCTGCCAACAAAGGT
AAAAATGCTTTAGAGGAACATGGCTGTATTCTGTTCAAAGATGCTTCTGCCAACAAAGGT

R R b b b b b b b I b I b b b b b b b I b b b b b b b I b b b I b I b b b b b b b b b b I b b b b b b b b b 3 4

GGTGTCACATCTTCATCAATGGAAGTGTTGGCCTCACTAGCGCTTAACGATAACGACTTC
GGTGTCACATCTTCATCAATGGAAGTGTTGGCGTCACTAGCGCTTAACGATAACGACTTC
GGTGTCACATCTTCATCAATGGAAGTGTTGGCCTCACTAGCGCTTAACGATAACGACTTC

KA IA KA AKAKRKAAKAA AT AKRA AR A A A AR AR AR A AKX A Ak A AR AR A AR A A A AR A AR A A A A A A X kK

GTGCACAAATTTATTGGAGATGTTAGTGGTGAGAGGTCTGCGTTGTACAAGTCGTACGTT
GTGCACAAATTTATTGGAGATGTTAGTGGTGAGAGGTCTGCGTTGTACAAGTCGTACGTT
GTGCACAAATTTATTGGAGATGTTAGTGGTGAGAGGTCTGCGTTGTACAAGTCGTACGTT

R R S b I b b Sb b b S S S Sb b S SR e S I S S e S b b Sh b S Sb I Sb 2R S Sh e S b b Sb b Sh b b S 2b S Sb b 2b b S Sh b S 3

GTAGAAGTGCAGTCAAGAATTCAGAAAAATGCTGAATTAGAGTTTGGTCAGTTATGGAAT
GTAGAAGTGCAGTCAAGAATTCAGAAAAATGCTGAATTAGAGTTTGGTCAGTTATGGAAT

GTAGAAGTGCAGTCAAGAATTCAGAAAAATGCTGAATTAGAGTTTGGTCAGTTATGGAAT
ok kK ok kK ok ok ok ok ok ok ok kK ok ok ok ok ok ko ok ko ok ok ok ok ko ok k ko ok ok ok ok ok k ok kK ok ok ok ok Kk k kK ok kK

TTGAATCAACTAAATGGAACCCACATTTCAGAAATTTCAAACCAATTGTCCTTCACTATA
TTGAATCAACTAAATGGAACCCACATTTCAGAAATTTCAAACCAATTGTCCTTCACTATA
TTGAATCAACTAAATGGAACCCACATTTCAGAAATTTCAAACCAATTGTCCTTCACTATA

R R b R b b b I b I b R b R b b b I b b b b b R R R I b I b R b b b R b R b R R b b b b b b b b 2 ]

AACAAATTGAACGACGATTTAGTTGCTTCTCAAGAGTTGTGGCTCAATGATCTAAAATTA
AACAAATTGAACGACGATTTAGTTGCTTCTCAAGAGTTGTGGCTCAATGATCTAAAATTA
AACAAATTGAACGACGATTTAGTTGCTTCTCAAGAGTTGTGGCTCAATGATCTAAAATTA

KA AR A AR AR A A A A AR AR A AR AR A AR AR A AR A AR AR A AR AR A AR A A A AR A AR AR A AR A X kK

AGAAACTACCTATTGTTGGATAAAATAATTCCAAAAATTCTGATTGATGTTGCTGGGCCT
AGAAACTACCTATTGTTGGATAAAATAATTCCAAAAATTCTGATTGATGTTGCTGGGCCT
AGAAACTACCTATTGTTGGATAAAATAATTCCAAAAATTCTGATTGATGTTGCTGGGCCT

KAk hkhk Ak hkhk A hhkhkhhkhhk Ak hhAhkhkrhdhkhhkhhhkhkhhkhkhkrhkdkrhhkhkrhkhkhkhkhkhkhkrhkkhxhkxkhkkkxk

CAGTCCGTATTGGAAAACATTCCAGAGAGCTATTTGAAAGTTCTTCTGTCGAGTTACTTA
CAGTCCGTATTGGAAAACATTCCAGAGAGCTATTTGAAAGTTCTTCTGTCGAGTTACTTA

CAGTCCGTATTGGAAAACATTCCAGAGAGCTATTTGAAAGTTCTTCTGTCGAGTTACTTA
ok kK ok kK ok ok ok ok ok kK ok kK ok ok ok ok ok ok ok ko ok ok ok ok ok ok k ko ok ok ok ok ko ok ok ko ok ok ok ok Kk k ok Kk ok ok

TCAAGCACTTTTGTTTACCAAAACGGTATCGATGTTAACATTGGAAAATTCTTGGAATTT
TCAAGCACTTTTGTTTACCAGAACGGTATCGATGTTAACATTGGAAAATTCTTGGAATTT
TCAAGCACTTTTGTTTACCAAAACGGTATCGATGTTAACATTGGAAAATTCTTGGAATTT

KAKKAIAKAAKNAKAAAKAAAKNAXNA A A AR A A AR A A A A AR A A A A A A I A A A AR A A AR A A A Ak kK

ATTGGTGGGTTAAAAAGAGAAGCGGAGGCAAGTGCTTGA
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Kramer 35

seq WIld ATTGGTGGGTTAAAAAGAGAAGCGGAGGCAAGTGCTTGA
seq Lalvin ATTGGTGGGTTAAAAAGAGAAGCGGAGGCAAGTGCTTGA

R R e S b I b Sb b I S b S Sb I Sb b b db S Sb I Sb b b Jb 2 2b S 2b db b 2h 4

dN/dS

> Tibrary(ape)

> setwd("~/")

> setwd("C:/Users/krame/OneDrive/Pictures/Documents/GDH2")

> rfilename <- read.dna("GDH2.aln", format = "clustal")

> outputl <- dnds(rfilename, code = 1, codonstart = 1, quiet = FALSE, details

TRUE)

Comparing sequences 1 and 2:

Nondegenerate Twofold Fourfold
Transitions 2 2 1
Transversions 0 1 1

Comparing sequences 1 and 3:

Nondegenerate Twofold Fourfold
Transitions 1 4 1
Transversions 1 1 0

Comparing sequences 2 and 3:
Nondegenerate Twofold Fourfold

Transitions 1 6 2
Transversions 1 2 1
> outputl

seq_Redstar seq_WIld
seq_WIld 0.2759127
seq_Lalvin  0.3098746 0.1752724

GRE1

CLUSTAL 2.1 multiple sequence alignment



- Nucleotide Change

Lalvin and Redstar are same sequence

LALVIN
128

LALVIN
128

LALVIN
128

LALVIN
128

LALVIN
128

LALVIN
128

LALVIN
128

LALVIN
128

LALVIN
128

dN/dS

ATGTCCAATCTATTAAACAAGTTTGCTGATAAGTTGCACGGCAACGATCATGATGAACGT
ATGTCCAATCTATTAAACAAGTTTGCTGATAAGTTGCACGGCAACGATCATGATGAACGT

KA AR AR A A A A A A AR AR A A A A AR AR A IR A A A AR A A A A AR AR AR AR A AR A A AR A ARk kK

TACGAAGACGACAATGACGACCAGACTAGACAACAGCGTCATGAAAAACATCAACAGAGG
TACGAAGACGATAATGACGACCAGACTAGACAACAGCGTCATGAAAAACATCAACAGAGG

hhkhkhkkhkhkhkhkhkkhkx hhhkkhkrhkhhkhhkhhhkhhhkhkhkrhkhkhkhkhkrhkhkhkhhkhkhkrhkhkrhkhkrhkkhkhkxkxx

GAATTCAGGAATCAAGGATCCAAGGCCGATCCCTACGGCGAAGAAAACCAAGGGAATTTC
GAATTCAGGAATCAAGGATCCAAGGCCGATCCCTACGGCGAAGAAAACCAAGGAAATTTC

R R R R R b b b b b b b b b b h b b b E R E b b b b b R I b I b b b b I b b R E b b b b b b b R b b b O 3

CCTCAACGCCAGCAGCCACAGTCTAATCTAGGCGGTAACACGCAGTTTGGCGGTAACGAC
CCTCAACGCCAGCAGCCACAGTCTAATCTAGGCGGTAACACGCAGTTTGGCGGTAACGAC

KA AR A KR A AR AR A AR A AR A A A AR AR A AR A AR AR A AR A AR AR A AR A A A Ak A kA kA A Ak kA kKK

TTCCAGCAACAAACTACTGACTACACTGCCGGCACTGGTGGTGGCACTTATACCCAAACT
TTCCAGCAACAAACTACTGACTACACTGCCGGCACTGGTGGTGGCACTTATACCCAAACT

hhkhhkkhkhkhhkhk Ak hkhkhhkrhhkhkhhkhhkhkhhkhkhhkrhhkhkhhkrhkhkhhhkhhkrhkkrhkhkrkkhkhkxkxx

TACCGCGAAACTAACACTCAAGGTCAGTTGGACGACGATGAAGACGATGACTTCTTGACT
TACCGCGAAACTAACACTCAAGGTCAGTTGGACGACGATGAAGACGATGACTTCTTGACT

KA AR AR A AR A A A AR A AR A A A AR AR A IR A AR AR A AR A A A AR AR AR A AR A AR AR A ARk kK

TCGGGCCAACAGCAAAAACAAGGTCGTACAAGAGGTGCTCAAAATAACCGCTACCAGTCC
TCGGGCCAACAGCAAAAACAAGGTCGTACAAGAGGTGCTCAAAGTAACCGCTACCAATCC

Ak hkhkhkhkhhkhkhk Ak kA hkhkrhkhkhkhhkhhkhkhkhhkhkhkrhkhkhkhkkhkrhkhhkhhdx *kkrhkkhkrkhkkhkkhkx **x%

TCTAATATTGGCAGCGGTAGACGCGACCTGTCTGGGTCAGGAAACGATGAATATGATGAT
TCTAATATTGGCAGCGGTAGACGCGATCTGTCTGGGTCAGGAAACGATGAATATGATGAT

R R R R R R R R R b b b I R b b b b b b I R b SR b I b R R I I b E b R I I R R R R R b I I R 2 I

GATAGTGGGAACCAAGGCGTCTGGTAG
GATAGTGGGAACCAAGGCGTCTGGTAG

R R I b e S b b b I S S Sb 2b b Sb S Sb I Sb db I 2

Comparing sequences 1 and 2:
Nondegenerate Twofold Fourfold

Transitions 1 3
Transversions 0 0
> outputl

LALVIN

128 0.144549

HHF1

CLUSTAL 2.1 multiple sequence alignment

Kramer 36

1
0



All sequences are the same

KYOKATI
T7

KYOKATI
T7

KYOKATI
T7

KYOKATI
T7

KYOKATI
T7

KYOKAI
T7

HOM2

ATGTCCGGTAGAGGTAAAGGTGGTAAAGGTCTAGGTAAAGGTGGTGCCAAGCGTCACAGA
ATGTCCGGTAGAGGTAAAGGTGGTAAAGGTCTAGGTAAAGGTGGTGCCAAGCGTCACAGA

KA AR AR A A A A A A AR AR A A A A AR AR A IR A A A AR A A A A AR AR AR AR A AR A A AR A ARk kK

AAGATTCTAAGAGATAACATCCAAGGTATTACTAAGCCAGCTATCAGAAGATTAGCTAGA
AAGATTCTAAGAGATAACATCCAAGGTATTACTAAGCCAGCTATCAGAAGATTAGCTAGA

kA hkhkhkhk kA hkhk Ak kA hkh A hhkhkhhkhhhkhkhhkhkhrhhkhkhhkrhkhkhkhhkhkhkrhkhkrkhkhkrhkkhkhkxkxx*x

AGAGGTGGTGTCAAGCGTATTTCTGGTTTGATCTACGAAGAAGTCAGAGCTGTCTTGAAA
AGAGGTGGTGTCAAGCGTATTTCTGGTTTGATCTACGAAGAAGTCAGAGCTGTCTTGAAA

R R R R R b b I b b b b b b b I b E b I R I R b b I b R R I b I b b E b R b b R R b e b b E b b E b b b

TCCTTCTTGGAATCCGTCATCAGAGACTCTGTTACTTACACCGAACACGCCAAGAGAAAG
TCCTTCTTGGAATCCGTCATCAGAGACTCTGTTACTTACACCGAACACGCCAAGAGAAAG

KA AR A KR A AR AR A AR A AR A A A AR AR A AR A AR AR A AR A AR AR A AR A A A Ak A kA kA A Ak kA kKK

ACTGTTACTTCTTTGGATGTTGTTTATGCTTTGAAGAGACAAGGTAGAACCTTATACGGT

ACTGTTACTTCTTTGGATGTTGTTTATGCTTTGAAGAGACAAGGTAGAACCTTATACGGT
Kok K ok ok kK ok kK ok kK ok ok ok ok ok k ok kK ok ok ko k ks k kK ok ok ok ok ok ks k kK ok ok ok ok ok ke k ok Kk ok ok ok ok kK

TTCGGTGGTTAA
TTCGGTGGTTAA

KAk kKhkkkkkKk kK

CLUSTAL 2.1 multiple sequence alignment
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-Nucleotide Change
-Unknown Nucleotide Fixed
Lalvin and Redstar are same sequence

RED
LALVIN
128

RED
LALVIN
128

RED
LALVIN
128

RED
LALVIN
128

RED
LALVIN
128

RED
LALVIN
128

RED
LALVIN
128

RED
LALVIN
128

RED
LALVIN
128

RED
LALVIN
128

RED
LALVIN

ATGGCTGGAAAGAAAATTGCTGGTGTTTTGGGTGCTACTGGTTCCGTTGGTCAACGTTTC
ATGGCTGGAAAGAAAATTGCTGGTGTTTTGGGTGCTACTGGTTCCGTTGGTCAACGTTTC
ATGGCTGGAAAGAAAATTGCTGGTGTTTTGGGTGCTACTGGTTCCGTTGGTCAACGTTTC

hhkhkhkhkhkhhkhk A hhkhhhkrhhkhkhhkhhkhkhhkdkhhkrhhkhkhhkrhkhkhhhkhhkrhkkhkrhhkrkkhkhkxkxx

ATTCTGTTGTTGGCAAATCACCCTCATTTCGAACTGAAAGTTCTTGGTGCCTCTTCTAGA
ATTCTGTTGTTGGCAAATCACCCTCATTTCGAACTGAAAGTTCTTGGTGCCTCTTCTAGA
ATTCTGTTGTTGGCAAATCACCCTCATTTCGAACTGAAAGTTCTTGGTGCCTCTTCTAGA

KA AR AR A A A A A A AR A AR A A A AR AR AR A A A AN A A A A AR AR AR A A A A A kAR A A ARk kK

TCAGCTGGCAAGAAATACGTTGACGCTGTGAACTGGAAGCAAACCGATTTGCTACCGGAA
TCAGCTGGCAAGAAATACGTTGACGCTGTGAACTGGAAGCAAACCGATTTGCTACCGGAA
TCAGCTGGCAAGAAATACGTTGACGCTGTGAACTGGAAGCAAACCGATTTGCTACCGGAA

KA AR A KR A AR AR A AR A AR A A A AR AR A AR A AR AR A AR A AR AR A AR A A A Ak A kA kA A Ak kA kKK

TCTGCTACCGATATTATTGTTTCCGAATGTAAATCTGAATTCTTTAAAGAGTGTGACATC
TCTGCTACCGATATTATTGTTTCCGAATGTAAATCTGAATTCTTTAAAGAGTGTGACATC
TCTGCTACCGATATTATTGTTTCCGAATGTAAATCTGAATTCTTTAAAGAGTGTGACATC

Ak hkhkkhk kA hhk Ak kA hkhk A hhkhkhhkhhkhkhkhhkhhkrhhkhkhhkrhkhkhkhhkhkhkrhkkrhkkhkrhkkhkhkxkxx

GTCTTTTCCGGATTGGATGCTGACTATGCTGGCGCTATCGAAAAGGAATTCATGGAAGCT
GTCTTTTCCGGATTGGATGCTGACTATGCTGGCGCTATCGAAAAGGAATTCATGGAAGCT
GTCTTTTCCGGATTGGATGCTGACTATGCTGGCGCTATCGAAAAGGAATTCATGGAAGCT

hhkhhkhkhkhhkhkhhhhkrhhkrhhkhkhhkhhkhkhhkhkhkhkrhhkhkhhkrhkhkhhhkhhkrhkkhkrhkhkrkhkhkhkrkxx

GGTATCGCCATTGTTTCCAATGCCAAGAATTATAGAAGAGAACAAGATGTGCCATTGATT
GGTATCGCCATTGTTTCCAATGCCAAGAATTATAGAAGAGAACAAGATGTGCCATTGATT
GGTATCGCCATTGTTTCCAATGCCAAGAATTATAGAAGAGAACAAGATGTGCCATTGATT

KA AR AR A A A A A A AR A A A A A A AR AR A I KA A AR AR A A A A AR AR AR AR A A A AR A A AR A ARk kK

GTTCCTGTTGTCAATCCTGAGCATTTGGATATTGTAGCTCAAAAGCTTGACACCGCCAAG
GTTCCTGTTGTCAATCCTGAGCATTTGGATATTGTAGCTCAAAAGCTTGACACCGCCAAG
GTTCCTGTTGTCAACCCTGAGCATTTGGATATTGTAGCTCAAAAGCTTGACACCGCCAAG

KAKRKAAKR KA AAAAA A, A h A A AR AR A AR A A A AR A A A A AR Ak hA A Ak Ak Ak Ak hk Ak rA kA khk k%

GCTCAAGGTAAGCCAAGACCAGGGTTCATTATCTGTATTTCCAATTGTTCCACTGCAGGT
GCTCAAGGTAAGCCAAGACCAGGGTTCATTATCTGTATTTCCAATTGTTCCACTGCAGGT
GCTCAAGGTAAGCCAAGACCAGGGTTCATTATCTGTATTTCCAATTGTTCCACTGCAGGT

Ak hkhkkhk kA hk Ak hkhkh kA hhkhkhhkhhkhkhhkhkhhkrhkhkhhhkrhkhkhkhhkhkhkrhkhkrhkkhkrkkhkhkxkxx*x

TTGGTTGCACCATTGAAGCCTTTGATTGAAAAATTCGGTCCTATTGATGCTTTGACCACT
TTGGTTGCACCATTGAAGCCTTTGATTGAAAAATTCGGTCCTATTGATGCTTTGACCACT
TTGGTTGCACCATTGAAACCTTTGATTGAAAAATTCGGTCCTATTGATGCTTTGACCACT

R R R R R b b b b b b b b b R b b b b b b E b b I b b b I b I b b IE b I b R R b b R b R b b b b b b

ACTACTTTGCAAGCAATCTCAGGTGCTGGTTTCTCCCCAGGTGTACCAGGTATTGATATT
ACTACTTTGCAAGCAATCTCAGGTGCTGGTTTCTCCCCAGGTGTACCAGGTATTGATATT
ACTACTTTGCAAGCAATCTCAGGTGCTGGTTTCTCCCCAGGTGTACCAGGTATTGATATT

KA AR AR A AR AR A AR A AR A A A AR AR A AR A AR AR A AR AR A AR AR AR A A AR A A AR A ARk kK

CTAGACAATATTATTCCATACATTGGTGGTGAAGAAGACAAGATGGAATGGGAGACCAAG
CTAGACAATATTATTCCATACATTGGTGGTGAAGAAGACAAGATGGAATGGGAGACCAAG
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128

RED
LALVIN
128

RED
LALVIN
128

RED
LALVIN
128

RED
LALVIN
128

RED
LALVIN
128

RED
LALVIN
128

RED
LALVIN
128

RED
LALVIN
128

dN/dS

CTAGACAATATTATTCCATACATTGGTGGTGAAGAAGACAAGATGGAATGGGAGACCAAG

kA Ak hkhk kA hhk Ak kA hkhkrhkhkhhkhhkhkhkhdkhkhkrhkhhhkrhkhkhkhhkhkhkrhkhkrkhkhkrhkkhkhkxkxx*x

AAAATCTTGGCTCCATTAGCAGAAGACAAGACACACGTCAAACTATTGACTCCAGAAGAA
AAAATCTTGGCTCCATTAGCAGAAGACAAGACACACGTCAAACTATTGACTCCAGAAGAA
AAAATCTTGGCTCCATTAGCAGAAGACAAGACACACGTCAAACTATTGACTCCAGAAGAA

hhkhkhkhkhkhhkhk A hhkhhhkrhhkhkhhkhhkhkhhkdkhhkrhhkhkhhkrhkhkhhhkhhkrhkkhkrhhkrkkhkhkxkxx

ATCAAAGTCTCTGCTCAATGTAACAGAGTCGCTGTTTCCGATGGGCACACCGAATGTATC
ATCAAAGTCTCTGCTCAATGTAACAGAGTCGCTGTTTCCGATGGGCACACCGAATGTATC
ATCAAAGTCTCTGCTCAATGTAACAGAGTCGCTGTTTCCGATGGGCACACCGAATGTATC

KA AR AR A A A A A A AR A AR A A A AR AR AR A A A AN A A A A AR AR AR A A A A A kAR A A ARk kK

TCTTTGAGGTTCAAGAACAGACCTGCTCCATCCGTCGAGCAAGTCAAGACATGCCTAAAA
TCTTTGAGGTTCAAGAACAGACCTGCTCCATCCGTCGAGCAAGTCAAGACATGCCTAAAA
TCTTTGAGGTTCAAGAACAGACCTGCTCCATCCGTCGAGCAAGTCAAGACATGCCTAAAA

KA AR A KR A AR AR A AR A AR A A A AR AR A AR A AR AR A AR A AR AR A AR A A A Ak A kA kA A Ak kA kKK

GAATACGTCTGCGATGCCTACAAATTAGGCTGTCATTCTGCTCCAAAGCAAACTATTCAT
GAATACGTCTGCGATGCCTACAAATTAGGCTGTCATTCTGCTCCAAAGCAAACTATTCAT

GAATACGTCTGCGACGCCTACAAATTAGGCTGTCATTCTGCTCCAAAGCAAACTATTCAT
Kok ok ok ok kK k ok ok ok ok kK kK ok ok ok ok k ok ko ko ok ok ok k kK ok ok ok ok ok kK K kK ok ok ok ok k kK ok Kk ok ok ok Kk

GTTTTGGAACAACCAGACAGACCTCAACCAAGGTTGGACAGGAACAGAGACAGCGGTTAC
GTTTTGGAACAACCAGACAGACCTCAACCAAGGTTGGACAGGAACAGAGACAGCGGTTAC
GTTTTGGAACAACCAGACAGACCTCAACCAAGGTTGGACAGGAACAGAGACAGCGGTTAC

hhkhhkhkhkhhkhkhhhhkrhhkrhhkhkhhkhhkhkhhkhkhkhkrhhkhkhhkrhkhkhhhkhhkrhkkhkrhkhkrkhkhkhkrkxx

GGTGTTTCCGTTGGTAGAATCAGAGAAGACCCATTGTTAGATTTCAAAATGGTTGTCCTT
GGTGTTTCCGTTGGTAGAATCAGAGAAGACCCATTGTTAGATTTCAAAATGGTTGTCCTT
GGTGTTTCCGTTGGTAGAATCAGAGAAGACCCATTGTTAGATTTCAAAATGGTTGTCCTT

KA AR AR A A A A A A AR A A A A A A AR AR A I KA A AR AR A A A A AR AR AR AR A A A AR A A AR A ARk kK

TCCCACAACACCATTATTGGTGCCGCTGGTTCTGGTGTCTTGATTGCCGAAATCTTACTA
TCCCACAACACCATTATTGGTGCCGCTGGTTCTGGTGTCTTGATTGCCGAAATCTTACTA
TCCCACAACACCATTATTGGTGCCGCTGGTTCTGGTGTCTTGATTGCCGAAATCTTACTA

R R I b b b b b 2b S b I Sb b S R I Sh S S S e Sb b I Sh b S Sb e Sb dh S Sb e S 2 b b b S 2R I Sh b b Sb b S b b 2b 2 S db 2 4

GCAAGAAACTTGATTTAA
GCAAGAAACTTGATTTAA

GCAAGAAACTTGATTTAA
Kk Kk kK kK Kk kK ok ok ok ko Kk
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Kramer 40

Comparing sequences 1 and 2:
Nondegenerate Twofold Fourfold

Transitions 0 3 0
Transversions 0 0 0
> outputl

LALVIN
128 0

> |



IPP1

CLUSTAL 2.1 multiple sequence alignment

-Nucleotide Change

seq Red
seq Lalvin
seq Wild

seq Red
seq Lalvin
seq_Wild

seq Red
seq_Lalvin
seq Wild

seq Red
seq Lalvin
seq Wild

seq_Red
seq Lalvin
seq Wild

seq Red
seq Lalvin
seq_Wild

seq Red
seq Lalvin
seq Wild

seq Red
seq Lalvin
seq Wild

seq_Red
seq_Lalvin
seq Wild

seq Red
seq Lalvin
seq Wild

ATGACCTACACTACCAGACAAATTGGTGCCAAGAACACCTTGGAATACAAAGTTTATATC
ATGACCTACACTACCAGACAAATTGGTGCCAAGAACACCTTGGAATACAAAGTTTATATC
ATGACCTACACTACCAGACAAATTGGTGCCAAGAACACCTTGGAATACAAAGTTTATATC

R R R R R b b b b I b b b b b b b IE b I R b I b E b b R I b I b b E b I b R R b b b b b 3 b b E b b O b

GAGAAGGATGGTAAGCCAGTTTCTGCCTTCCACGACATTCCCTTGTACGCTGACAAGGAA
GAGAAGGATGGTAAGCCAGTTTCTGCCTTCCACGACATTCCCTTGTACGCTGACAAGGAA
GAAAAGGATGGTAAGCCAGTTTCTGCCTTCCACGACATTCCCTTGTACGCTGACAAGGAA

KAk KA R A AR A A A AR A AR A A A AR AR A AR A AR AR A AR A AR AR AR AR A A A A A A A AR A kAR k K

AACAACATTTTCAACATGGTTGTTGAAATTCCACGTTGGACCAACGCCAAGTTAGAAATC
AACAACATTTTCAACATGGTTGTTGAAATTCCACGTTGGACCAACGCCAAGTTAGAAATC
AACAACATTTTCAACATGGTTGTTGAAATTCCACGTTGGACCAACGCCAAGTTAGAAATC

R R I b S b b 2h S b b Sb b S SR S S S S e Sb b h Sh b b db I Sb b S Sh b S S b Sb b S 2h I Sh b b Sb b Sh b b 2b b S b b 2 4

ACCAAGGAAGAAACTTTGAACCCAATCATCCAAGACACCAAGAAGGGCAAGTTGAGATTT
ACCAAGGAAGAAACTTTGAACCCAATCATCCAAGACACCAAGAAGGGCAAGTTGAGATTT
ACCAAGGAAGAAACTTTGAACCCAATCATCCAAGACACCAAGAAGGGCAAGTTGAGATTT

hhkhhkhkhk kA hk Ak hkhkhhkrhhkhkhhkhhkhkhhkhkhhkrhhkhkhhkrhkhkhhhkhhkrhkkrhkhkrkkhkhkxkxx

GTTAGAAACTGTTTCCCTCACCATGGTTACATTCACAACTATGGTGCTTTCCCACAAACT
GTTAGAAACTGTTTCCCTCACCATGGTTACATTCACAACTATGGTGCTTTCCCACAAACT
GTTAGAAACTGTTTCCCTCACCATGGTTACATTCACAACTATGGTGCTTTCCCACAAACT

R R R R R R R R b I b I b b b I b I R R R R R R R I R R R I I I I b E b R b I R R R I R b I b I b 2 I O

TGGGAAGACCCAAACGTAAGCCACCCAGAAACTAAGGCAGTTGGTGACAACGATCCAATT
TGGGAAGACCCAAACGTAAGCCACCCAGAAACTAAGGCAGTTGGTGACAACGATCCAATT
TGGGAAGACCCAAACGTAAGCCACCCAGAAACTAAGGCAGTTGGTGACAACGATCCAATT

KA AR AR A AR AR A AR A AR A A A AR AR A AR A AR AR A AR A AR AR AR A A A A AR AR A AR Ak Ak kK

GATGTGTTGGAAATTGGTGAAACTATTGCTTACACTGGTCAAGTCAAGCAAGTTAAGGCT
GATGTGTTGGAAATTGGTGAAACTATTGCTTACACTGGTCAAGTCAAGCAAGTTAAGGCT
GATGTGTTGGAAATTGGTGAAACTATTGCTTACACTGGTCAAGTCAAGCAAGTTAAGGCT

Ak Ak hkhkhhkhh Ak kA hkhrhdkhkhhkhhhkhkhhkhkhkrhkhkhkhhkrhkhkhkhhkhkhkrhkhkrhkhkrhkkhkhkxkxx%

CTAGGTATCATGGCTTTATTGGATGAAGGTGAGACCGATTGGAAAGTTATTGCCATTGAT
CTAGGTATCATGGCTTTATTGGATGAAGGTGAGACCGATTGGAAAGTTATTGCCATTGAT
CTAGGTATCATGGCTTTATTGGATGAAGGTGAGACCGATTGGAAAGTTATTGCCATTGAT

hhkhhkhkhkhhkhk A hhkhkhhkrhhkhkhhkhhkhkhhhkhhkrhhkhkhhkrhkhkhhhkhhkrhkhkrhkhkrkhkhkhkxkxx

ATTAACGATCCATTAGCCCCAAAATTGAACGACATTGAGGATGTTGAGAAATACTTCCCA
ATTAACGATCCATTAGCCCCAAAATTGAACGACATTGAGGATGTTGAGAAATACTTCCCA
ATTAACGATCCATTAGCCCCAAAATTGAACGACATTGAGGATGTTGAGAAATACTTCCCA

KA A A AR AR A A A A AR A A A A A A AR A KA IR A A A A AR A A A A A A A A AR AR A A A A kA A A Ak kKK

GGTCTATTGAGGGCTACTAACGAATGGTTCAGAATTTACAAAATCCCAGATGGTAAGCCA
GGTCTATTGAGGGCTACTAACGAATGGTTCAGAATTTACAAAATCCCAGATGGTAAGCCA
GGTCTGTTGAGGGCTACTAACGAATGGTTCAGAATTTACAAAATCCCAGATGGTAAGCCA

KAKREAKRA A AR A A A AR A AR A A A AR AR A AR A AR AR A AR A AR AR A AR A A A Ak A A A AR Ak kA k kK
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seq Red
seq Lalvin
seq_Wild

seq Red
seq Lalvin
seq Wild

seq Red
seq Lalvin
seq Wild

seq Red
seq Lalvin
seq Wild

seq Red
seq Lalvin
seq Wild

GAAAACCAATTTGCCTTCTCCGGTGAAGCTAAGAACAAGAAGTACGCTTTGGATATCATC
GAAAACCAATTTGCCTTCTCCGGTGAAGCTAAGAACAAGAAGTACGCTTTGGATATCATC
GAAAACCAATTTGCCTTCTCCGGTGAAGCTAAGAACAAGAAGTACGCTTTGGATATCATC

KA AR AR A AR AR A AR A AR A AR AR AR A AR A AR AR A AR A AR AR AR A A A A AR AR A AR A Ak Rk kK

AAGGAAACACATGACTCCTGGAAACAATTAATTGCTGGTAAGTCTTCTGACAGCAAGGGT
AAGGAAACACATGACTCCTGGAAACAATTAATTGCTGGTAAGTCTTCTGACAGCAAGGGT
AAGGAAACACATGACTCCTGGAAACAATTAATTGCTGGTAAGTCTTCTGACAGCAAGGGT

kA hkhkhkhk kA hkhk Ak kA hkh A hhkhkhhkhhhkhkhhkhkhrhhkhkhhkrhkhkhkhhkhkhkrhkhkrkhkhkrhkkhkhkxkxx*x

ATTGATTTGACCAATGTTACTTTGCCTGACACCCCAACCTACTCCAAGGCTGCCTCTGAT
ATTGATTTGACCAATGTTACTTTGCCTGACACCCCAACCTACTCCAAGGCTGCCTCTGAT
ATTGATTTGACCAATGTTACTTTGCCTGACACCCCAACCTACTCCAAGGCTGCCTCTGAT

hhkhhkhkhkhkhkhkhkhhkrhhkrhhkhkhhkhhkhkhhhkhhkrhhkhkhhkrhkhkhkhhkhkrhkkhkrhkhkrkhkhkhkxkxx

GCCATCCCACCAGCTTCTCCAAAGGCAGATGCTTCAATTGACAAGTCTATTGACAAGTGG
GCCATCCCACCAGCTTCTCCAAAGGCAGATGCTCCAATTGACAAGTCTATTGACAAGTGG
GCCATCCCACCAGCTTCTCCAAAGGCAGATGCTCCAATTGACAAGTCTATTGACAAGTGG

KAKKAAKRAAAA A A AN A KA KA AA AR A KA IR A A A, K AhA A dA kA A Ak A Ak hA A Ak Ak kKK

TTCTTCATCTCCGGTTCTGTTTAA
TTCTTCATCTCCGGTTCTGTTTAA
TTCTTCATCTCCGGTTCTGTTTAA

R R I b i b b I b e S b S Sb J Sb b I Sb b S b 3

CLUSTAL 2.1 multiple sequence alignment Protein
-Amino Acid Change

Lalvin
128
Red

Lalvin
128
Red

Lalvin
128
Red

Lalvin
128
Red

Lalvin

MTYTTRQIGAKNTLEYKVYIEKDGKPVSAFHDIPLYADKENNIFNMVVEIPRWTNAKLET
MTYTTRQIGAKNTLEYKVYIEKDGKPVSAFHDIPLYADKENNIFNMVVEIPRWTNAKLET
MTYTTRQIGAKNTLEYKVYIEKDGKPVSAFHDIPLYADKENNIFNMVVEIPRWTNAKLETI

R R I b b b b b 2b S b I Sb b S R I Sh S S S e Sb b I Sh b S Sb e Sb dh S Sb e S 2 b b b S 2R I Sh b b Sb b S b b 2b 2 S db 2 4

TKEETLNPITIQDTKKGKLRFVRNCEFPHHGYIHNYGAFPQTWEDPNVSHPETKAVGDNDPI
TKEETLNPIIQDTKKGKLREVRNCFPHHGYIHNYGAFPOQTWEDPNVSHPETKAVGDNDPI
TKEETLNPIIQDTKKGKLREVRNCFPHHGYIHNYGAFPQTWEDPNVSHPETKAVGDNDPI

Ak hkhhkhkh Ak kA hk kA hkdrhhkhkhhkhhhkhkhhkhkdrhkhkhhhkrhkhkhkhhkhkhkrhkhkrhkhkrhkhkhkxkxx

DVLEIGETIAYTGQVKQVKALGIMALLDEGETDWKVIAIDINDPLAPKLNDIEDVEKYFP
DVLEIGETIAYTGQVKQVKALGIMALLDEGETDWKVIAIDINDPLAPKLNDIEDVEKYFEFP
DVLEIGETIAYTGQVKQVKALGIMALLDEGETDWKVIAIDINDPLAPKLNDIEDVEKYFP

hhkhkhkkhkhkhhkhkhkhhkhkhkhkrhhkhkhhkhhkhkhhhkhhkrhhkhkhhkrhkhkhhhkhhkrhkkrhkhkrkhkhkhkxkxx

GLLRATNEWFRIYKIPDGKPENQFAFSGEAKNKKYALDIIKETHDSWKQLIAGKSSDSKG
GLLRATNEWFRIYKIPDGKPENQFAFSGEAKNKKYALDIIKETHDSWKQLIAGKSSDSKG
GLLRATNEWFRIYKIPDGKPENQFAFSGEAKNKKYALDIIKETHDSWKQLIAGKSSDSKG

KA A KA AR AR A A A A AR A AR A A A AR AR AR A A A A AR A A A A A A AR AR AR A A A A A A A A Ak kKK

IDLTNVTLPDTPTYSKAASDAIPPASPKADAPIDKSIDKWEFEFISGSV
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128
Red

dN/dS

> setwd("C:/Users/krame/Onebrive/Pictures/Documents/IPP1")

IDLTNVTLPDTPTYSKAASDAIPPASPKADAPIDKSIDKWEFEFISGSV
IDLTNVTLPDTPTYSKAASDAIPPASPKADASIDKSIDKWEFEISGSV

KAKR A ARk A kA hAh kA hAhkhhhAkhkrdhkhkkhhkhhhkhk, ,hkk hkrkhrkhhkkhxkxk*

> rfilename <- read.dna("ippl.aln", format = "clustal")
Error in read.dna("ippl.aln™, format = "clustal")
could not find function "read.dna"

> rfilename <- read.dna("filename.aln", format = "clustal")

Error in read.dna("filename.aln", format = "clustal')
could not find function "read.dna"

> Tibrary(ape)

> rfilename <- read.dna("ippl.aln”, format = "clustal")

> outputl <- dnds(rfilename, code = 1, codonstart = 1, quiet

1s = TRUE)

Comparing sequences 1 and 2:

Transitions

Nondegenerate Twofold Fourfold
1 0 0

Transversions 0 0 0

Comparing sequences 1 and 3:

Transitions

Nondegenerate Twofold Fourfold
1 1 1

Transversions 0 0 0

Comparing sequences 2 and 3:

Nondegenerate Twofold Fourfold

Transitions 0 1 1
Transversions 0 0 0
>

> outputl

seq_Lalvin

seq_wild

seg_Red seq_Lalvin
Inf
0.2940228 0.0000000
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MDH3

CLUSTAL 2.1 multiple sequence alignment
-Nucleotide Change

Lalvin and Redstar are same sequence

seq red
seq lalvin
seq 128

seq red
seq lalvin
seq_128

seq red
seq_lalvin
seq 128

seq red
seq lalvin
seq 128

seq_red
seq lalvin
seq 128

seq red
seq lalvin
seq 128

seq red
seq lalvin
seq 128

seq red
seq lalvin
seq 128

seq_red
seq_lalvin
seq 128

seq red
seq lalvin
seq 128

ATGGTCAAAGTCGCAATTCTTGGCGCTTCTGGTGGCGTGGGACAACCGCTATCATTACTG
ATGGTCAAAGTCGCAATTCTTGGCGCTTCTGGTGGCGTGGGACAACCGCTATCATTACTG
ATGGTCAAAGTCGCAATTCTTGGCGCTTCTGGTGGCGTGGGACAACCGCTATCATTACTG

R R R R R b b b b I b b b b b b b IE b I R b I b E b b R I b I b b E b I b R R b b b b b 3 b b E b b O b

CTAAAATTAAGCCCTTACGTTTCCGAGCTGGCGTTGTACGATATCCGAGCTGCGGAAGGC
CTAAAATTAAGCCCTTACGTTTCCGAGCTGGCGTTGTACGATATCCGAGCTGCGGAAGGC
CTAAAATTAAGCCCTTACGTTTCCGAGCTGGCGTTGTACGATATCCGAGCTGCGGAAGGC

KA AR AR A AR AR A AR AR A A A A AR AR A AR A AR AR A AR AR AR AR A A A A AR A A A AR A ARk kK

ATTGGTAAGGATTTATCTCACATCAACACCAACTCAAGTTGTGTCGGTTATGATAAGGAT
ATTGGTAAGGATTTATCTCACATCAACACCAACTCAAGTTGTGTCGGTTATGATAAGGAT
ATTGGTAAGGATTTATCTCACATCAACACCAACTCAAGTTGTGTCGGTTATGATAAGGAT

R R I b S b b 2h S b b Sb b S SR S S S S e Sb b h Sh b b db I Sb b S Sh b S S b Sb b S 2h I Sh b b Sb b Sh b b 2b b S b b 2 4

AGTATTGAGAACACCTTGTCAAATGCTCAGGTGGTGCTAATACCGGCTGGTGTTCCCAGA
AGTATTGAGAACACCTTGTCAAATGCTCAGGTGGTGCTAATACCGGCTGGTGTTCCCAGA
AGTATTGAGAACACCTTGTCAAATGCTCAGGTTGTGCTAATACCGGCTGGTGTTCCCAGA

hhkhkhkhkhkhkhkhk A hhkrhhkrhkhkhkhhkhhkhhhhhkhrkh *hkhkrkhkhkhkhhkhkhkrhkkhkrhkhkrkkhkhkrxkxx

AAGCCCGGTTTAACTAGAGATGATTTGTTCAAGATGAACGCCGGTATTGTCAAAAGCCTG
AAGCCCGGTTTAACTAGAGATGATTTGTTCAAGATGAACGCCGGTATTGTCAAAAGCCTG
AAGCCCGGTTTAACTAGAGATGATTTGTTCAAGATGAACGCCGGTATTGTCAAAAGCCTG

R R R R R R R R b I b I b b b I b I R R R R R R R I R R R I I I I b E b R b I R R R I R b I b I b 2 I O

GTAACCGCTGTTGGAAAGTTCGCACCAAATGCGAGGATTTTAGTCATTTCAAACCCTGTA
GTAACCGCTGTTGGAAAGTTCGCACCAAATGCGAGGATTTTAGTCATTTCAAACCCTGTA
GTAACCGCTGTTGGAAAGTTCGCACCAAATGCGAGGATTTTAGTCATTTCAAACCCTGTA

KA AR AR A AR A AR AR A AR A A A AR AR A A KA A AR AR A AR A AR AR AR A A A A AR A A A AR A kAR k kK

AACAGTTTGGTCCCTATTGCTGTGGAAACTTTGAAGAAAATGGGTAAGTTCAAACCTGGA
AACAGTTTGGTCCCTATTGCTGTGGAAACTTTGAAGAAAATGGGTAAGTTCAAACCTGGA
AACAGTTTGGTCCCTATTGCTGTGGAAACTTTGAAGAAAATGGGTAAGTTCAAACCTGGA

Ak Ak hkhkhhkhh Ak kA hkhrhdkhkhhkhhhkhkhhkhkhkrhkhkhkhhkrhkhkhkhhkhkhkrhkhkrhkhkrhkkhkhkxkxx%

AACGTTATGGGTGTGACGAACCTTGACCTGGTACGTGCAGAAACCTTTTTGGTAGATTAT
AACGTTATGGGTGTGACGAACCTTGACCTGGTACGTGCAGAAACCTTTTTGGTAGATTAT
AACGTTATGGGTGTGACGAACCTTGACCTGGTACGTGCAGAAACCTTTTTGGTAGATTAT

hhkhhkhkhkhkhkhk Ak hkhkhkhkrhhkhkhhkhhkhkhhhkhhkrhhkhkhhkrhkhkhhhkhhkrhkkhkrhhkrkkhkhkxkxx

TTGATGCTAAAAAACCCCAAAATTGGACAAGAACAAGACAAAACTACAATGCACAGAAAG
TTGATGCTAAAAAACCCCAAAATTGGACAAGAACAAGACAAAACTACAATGCACAGAAAG
TTGATGCTAAAAAACCCCAAAATTGGACAAGAACAAGACAAAACTACAATGCACAGAAAG

KA A A AR AR A A A A AR A A A A A A AR A KA IR A A A A AR A A A A A A A A AR AR A A A A kA A A Ak kKK

GTCACTGTTATTGGGGGTCATTCAGGGGAAACCATTATCCCAATAATCACCGACAAATCG
GTCACTGTTATTGGGGGTCATTCAGGGGAAACCATTATCCCAATAATCACCGACAAATCG
GTCACTGTTATTGGGGGTCATTCAGGGGAAACCATCATCCCAATAATCACCGACAAATCG

KA XK AKRKAAKAAKRAAKRAAKAAAA AR AR A AR A A A AR AR, kA hA Ak A A Ak A A Ak Ak Ak A Ak kA kK%
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seq red
seq lalvin
seq 128

seq red
seq lalvin
seq 128

seq red
seq lalvin
seq 128

seq_red
seq lalvin
seq 128

seq_red
seq lalvin
seq 128

seq red
seq_lalvin
seq 128

seq red
seq lalvin
seq 128

seq red
seq lalvin
seq 128

dN/dS

CTGGTATTTCAACTTGATAAGCAGTACGAGCACTTCATTCATAGGGTCCAGTTCGGAGGT
CTGGTATTTCAACTTGATAAGCAGTACGAGCACTTCATTCATAGGGTCCAGTTCGGAGGT
CTGGTATTTCAACTTGATAAGCAGTACGAGCACTTCATTCATAGGGTCCAGTTCGGAGGT

KA AR AR A AR AR A AR A AR A AR AR AR A AR A AR AR A AR A AR AR AR A A A A AR AR A AR A Ak Rk kK

GATGAAATTGTCAAAGCTAAACAGGGCGCCGGTTCCGCCACGTTGTCCATGGCGTTCGCG
GATGAAATTGTCAAAGCTAAACAGGGCGCCGGTTCCGCCACGTTGTCCATGGCGTTCGCG
GATGAAATTGTCAAAGCTAAACAGGGCGCCGGTTCCGCCACGTTGTCCATGGCGTTCGCG

kA hkhkhkhk kA hkhk Ak kA hkh A hhkhkhhkhhhkhkhhkhkhrhhkhkhhkrhkhkhkhhkhkhkrhkhkrkhkhkrhkkhkhkxkxx*x

GGGGCCAAGTTTGCTGAAGAAGTTTTGAGGAGCTTCCATAATGAGAAACCAGAAACGGAG
GGGGCCAAGTTTGCTGAAGAAGTTTTGAGGAGCTTCCATAATGAGAAACCAGAAACGGAG
GGGGCCAAGTTTGCTGAAGAAGTTTTGAGGAGCTTCCATAACGAGAAACCAGAAACGGAG

hhkhhkhkhkhkhkhkkhkhhkrhkhkrhhkhkhhkhhkhkhhkhkhkhkrhkkhkhkhkhkrkhkhhkh *khkrhkhkrhkhkrkhkhhkrxkxx

TCACTTTCCGCATTCGTTTATTTACCAGGCTTAAAAAACGGTAAGAAAGCGCAGCAATTA
TCACTTTCCGCATTCGTTTATTTACCAGGCTTAAAAAACGGTAAGAAAGCGCAGCAATTA
TCACTTTCCGCATTCGTTTATTTACCAGGCTTAAAAAACGGTAAGAAAGCGCAGCAATTA

KA A A AR AR A A A A AR A AR A A A AR A KA IR A A A A AR A A A A A A AR AR AR A A A A A A A A Ak kKK

GTTGGCGACAACTCTATTGAGTATTTTTCCTTGCCAATTGTTTTGAGAAATGGTAGCGTA
GTTGGCGACAACTCTATTGAGTATTTTTCCTTGCCAATTGTTTTGAGAAATGGTAGCGTA
GTTGGCGACAACTCTATTGAGTATTTTTCCTTGCCAATTGTTTTGAGAAATGGTAGCGTA

KA AR AR A AR A A A AR A AR A A A AR AR A IR A AR AR A AR A A A AR AR AR A AR A AR AR A ARk kK

GTATCCATCGATACCAGTGTTCTGGAAAAACTGTCTCCGAGAGAGGAACAACTCGTTAAT
GTATCCATCGATACCAGTGTTCTGGAAAAACTGTCTCCGAGAGAGGAACAACTCGTTAAT
GTATCCATCGATACCAGTGTTCTGGAAAAACTGTCTCCGAGAGAGGAACAACTCGTTAAT

R R R I b S b b 2h S b b Sb R S IR S S S S e Sb b I Sh b b db 2 Sb dh S Sb S Sb b b b S b I Sh b b Sb b Sh b b 2b b S b b 2 4

ACTGCGGTCAAAGAGCTACGCAAGAATATTGAAAAAGGCAAGAGTTTCATCCTAGACTCT
ACTGCGGTCAAAGAGCTACGCAAGAATATTGAAAAAGGCAAGAGTTTCATCCTAGACTCT
ACTGCGGTCAAAGAGCTACGCAAGAATATTGAAAAAGGCAAGAGTTTCATCCTAGACTCT

hhkhkhkhkhk kA hk Ak hkhkhkhkrhhkhkhhkhhkhkhhkhkhhkrhhkhkhhkrhkhkhhhkhkhkrhkkrhhkrkkhkhkxkxx*x

TCCAAGCTATGA
TCCAAGCTATGA
TCCAAGCTATGA

KAk Ak hkkkkkhk

Comparing sequences 1 and 2:

Nondegenerate Twofold Fourfold

Transitions 0 2 0
Transversions 0 0 1
> outputl

seg_128

seg_lalvin

0
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Kramer 46

PHO11

CLUSTAL 2.1 multiple sequence alignment
-Nucleotide Change

seq K11 ATGTTCAAGTCAGCCGTTTATTCAATTTTAGCCGCTTCTTTGGTTAATGCAGGTACCATA
seq 128 ATGTTGAAGTCAGCCGTTTATTCAATTTTAGCCGCTTCTTTGGTTAATGCAGGTACCATA

KAKKAKR AA A A A A AR A A A A A A AR AR A IR A A A AR A A A A AR AR AR AR A A A A A A AR A AR KK
seq K11 CCCCTCGGAAAGTTGTCTGACATTGACAAAATCGGAACTCAAACGGAAATTTTCCCATTT
seq 128 CCCCTCGGAAAGTTGTCTGACATTGACAAAATCGGAACTCAAACGGAAATTTTCCCATTT

Kok ok kA KAk Kk ok ok hhk kA KAk h ok hkh kA KKKk hkhkhk kA kKK kkhkhh kAKX Kk khkhh kK& K K KKk kK
seq K11 TTGGGTGGTTCTGGGCCATACTACTCTTTCCCTGGTGACTACGGTATTTCTCTTGACTTG
seq 128 TTGGGTGGTTCTGGGCCATACTACTCATTCCCTGGTGATTATGGTATTTCTCGTGATTTG

KAk AAkAk Ak AhAkA kA kA hkhAhkrAhkhAkhkrkhkhhkhrk *rAxhkrkhkrkhkrkhkrkx **x *krxkirkkrkixkx **x*x **k%

seq K11 CCGGAAGGTTGTGAAATGAAGCAAGTGCAAATGGTTGGTAGACACGGTGAAAGATACCCC
seq 128 CCGGAAAGTTGTGAAATGAAGCAAGTGCAAATGGTTGGTAGACACGGTGAGAGATACCCC

Kok kk Ak Ak kkk kAR A Ak ok kk kAR A Ak ok ok k kAR A Ak ok ok kh kA kkk *k k& ok okokKkoKk
seq K11 ACTGTCAGCAAGGCCAAAAGTATCATGGCAACATGGTATAAGTTGGGTAACTATACTGGT
seq 128 ACTGTCAGCAAAGCCAAAAGTATCATGACAACATGGTACAAATTGAGTAACTATACCGGT

khkrkhkkhkhkhkhkhkkhkkx Khrhhkkhkrhkkhkhkkhkhkrkhkhhkhk *khkrhkkhkhkhkhkrk *k *k*x *(rxkkhkrxkkhkkkkx **x%

seq K11 CAATTTAACGGATCATTGTCCTTCTTGAACGATGACTACGAATTTTTCATTCATGACACT
seq 128 GAATTCAGCGGAGCATTGTCTTTCTTGAACGATGACTACGAATTTTTCATTCGTGACACC

Ahkkhk k AhkkAkKk AAEAAKAKXN KAAAIAKAAKAAIAAA XA A AKX XA AA A A XA Ak A A XAk Ahk Kk *k*%

seq K11 AATAACTTGGAAATGGAAACCACGCTTGCAAATTCGGTGGATGTTTTGAACCCATATACT
seq 128 AAAAACCTAGAAATGGAAACCACACTTGCCAATTCGGTCAATGTTTTGAACCCATATACC

kk kkk kK khkkkhkkkhkhkhkkhkkhkkhkk Khkkhkkk kkkkkkkk kA rhkkhkhkkhkkkkkkkkxk*x

seq K11 GGTGAGATGAATGCTAAGAGACACGCTCGTGATTTCTTGGCGCAATATGGCTACATGGTC
seq 128 GGTGAGATGAATGCTAAGAGACACGCTCGTGATTTCTTGGCGCAATATGGCTACATGGTC

R R R R R b b b b b b b b b b R R R R I R b R I R R R I b I b b E b R b b R R b e R b E b b I b O
seq K11 GAAAATCAAACCAGTTTTGCTGTTTTTACGTCTAGCTCGCAAAGATGTCATGATACTGCC
seq 128 GAAAACCAAACCAGTTTTGCCGTTTTTACGTCTAACTCGAACAGATGTCATGATACTGCC

KAk hkkh KAhkhkAkhAkAkhkhkkhhkhkkhhk KAk khkhkhkkhkrhkkhhkkhk K*hkk K KhkhAkkhkhkhkkhkhkkhkhkkkhkrkkhkk*k

seq K11 CAATTTTTCATTGACGGTTTGGGTGACCAATTCAACATCTCCTTACAAACCATCAGTGAA
seq 128 CAGTATTTCATTGACGGTTTGGGTGATAAATTCAACATTTCCTTGCAAACCATCAGTGAA

*khk ok kkhkkkrkhkkrhkkhkrkkkkkkkxk khkrxhkkhkhkhkhkrk hhkhkkhkk kkhkrhkkhkrkkhkkkkkkxx

seq K11 GCTGAGTCCGCTGGTGCCAATACTTTAAGTGCTCATCATTCGTGTCCTGCTTGGGACGAT
seq 128 GCCGAGTCTGCTGGTGCCAATACTCTGAGTGCCCATCATTCGTGTCCTGCTTGGGACGAT

Kk KAk kk AAkAAKAAAAIAAAKAA K, Kk KAk khkk Ak *AAAAAAhAAXAAA A A dA kA khk kA hk Ak Ak hkhk k%

seq K11 GATGTCAACGACGACATTTTAAAGAAATACAATACTAAATATTTGAGTGGTATTGCCAAG

seq 128 GATGTCAACGATGACATTTTGAAAAAATATGATACCAAATATTTGAGTGGTATTGCCAAG
hokkokkkkhkhkkk Kokkkkhkkk kk hkkkk  kkokk kokkkokkkokkkokokkkokkkokkkokokkk

seq K11 AGATTAAACAAGGAAAACAAGGGTTTGAATCTGACTTCAAGCGATGCAACCACCTTTTTT
seq 128 AGATTAAACAAGGAAAACAAGGGTTTGAATCTGACTTCAAGTGATGCAAACACTTTTTTT

KAKKAAKNAKAAA KA A AN A KA I A A AR AN AR A A XA A A A XA A A A A A, Ak hkkhkhhkk, K,k *x *khkk*kkx%



seq K11
seq 128

seq K11
seq 128

seq K11
seq 128

seq K11
seq 128

seq K11
seq 128

seq K11
seq 128

seq K11
seq 128

seq K11
seq 128

seq K11
seq 128

seq K11
seq 128

seq K11
seq 128

dN/dS

GCATGGTGTGCATATGAATTGAATGCTAGAGGTTACAGTGACATCTGTAACATTTTTACC
GCATGGTGTGCATATGAAATAAACGCTAGAGGTTACAGTGACATCTGTAACATCTTCACC

KAKRKAAKRAAAAAA AR AAAK* K| Kk K hAA*AAAhAAdAAArAAhA Ak hAkhAkhkhAkkhkhhkk hkhkh*x **%k **k%

AAAGATGAATTAGTCCGTTTCTCCTACAGCCAAGACTTGGAAACTTATTATCAGACAGGA

AAAGATGAATTGGTCCGTTTCTCCTACGGCCAAGACTTGGAAACTTATTATCAAACGGGA
hokkokkkkkhkkk Kokkkkkhkhkhkkhkkh kkkhkkkhkkkkrkhkkkkkkkkkkhkkkx *k *xk

CCAGGTTATGACGTTGTTAGATCCGTCGGTGCCAACTTGTTCAACGCTTCAGTGAAACTA
CCAGGCTATGACGTCGTCAGATCCGTCGGTGCCAACTTGTTCAACGCTTCAGTAAAACTA

KAk Akk KA AAAAKXKA *k AAIAKAKRAIAAA XA AN A A AA A A I A A XA AR A A XA Ak Ah* Ak k*kk%

CTAAAGGAAAGTGAGGTCCAGGACCAAAAGGTTTGGTTGAGTTTCACCCACGATACAGAT
CTAAAGGAAAGTGAGGTCCAGGACCAAAAGGTTTGGTTGAGTTTCACCCACGATACCGAT

R R I S I S b b b S b I S b S IR S S S S e Sb R b Sh b b Sb I Sb b S Sh S db b b b S 2h b Sh b b 2b b Sh 2b b 2b b R b 2 4

ATCTTGAACTATTTGACTACTATTGGTATAATTGATGACAAGAATAACTTGACCGCCGAA
ATTTTGAATTATTTGACTACTATCGGCATTATCGATGACAAAAATAACTTGACCGCCGAA

hkhk kkkkhkk khkkkhkrhkkhkrhkkhkhkkhkhkk kk kk xk khkkhkhkkhkkhkkhk khhkrhkkhkrhkkhkrkhkkhkkkk kK

TATGTTCCATTCATGGGCAACACTTTCCACAGATCCTGGTACGTTCCTCAAGGTGCTCGT
CATGTTCCATTCATGGAAAACACTTTCCACAGATCCTGGTACGTTCCACAAGGTGCTCGT

Akhkkkkhkhkkkhkkkhkkkhx Kk KAKRKAAKRAAKAA NI AR A A KA A A AN A A A h Ak * *hkkdhkhAkhrkkhkk%

GTTTACACCGAAAAGTTCCAGTGTTCCAACGACACTTATGTTAGATACGTCATCAACGAT

GTTTACACTGAAAAGTTCCAGTGTTCCAATGACACCTATGTTAGATACGTCATCAACGAT
hokkokkkkk kokkkkkkkkkkkhkkokkkkkk  khkkokk ok okkkkkk ok ok ok ok ok ok k ok ok kokkkkkkk

GCTGTCGTTCCAATTGAAACCTGTTCCACTGGTCCAGGGTTCTCCTGTGAAATAAACGAC
GCTGTCGTTCCAATTGAAACCTGTTCTACTGGTCCAGGGTTCTCTTGTGAAATAAATGAC

KAKXKAKNKAXAAAKANAAKNAXAAIAAA XK AN A, AhAAAhAFAAAA A A A Ak h kK, ,hhkk hkkhhkhkkhhk, **x%

TTCTACGACTATGCTGAAAAGAGAGTAGCCGGCACCGACTTCCTAAAGGTCTGTAACGTC
TTCTACGACTATGCTGAAAAGAGAGTAGCCGGTACTGACTTCCTAAAGGTCTGTAACGTC
hokkkk Kk kkkhkhhk kA Ak khhhkhhkk kA kkkhhkh XKk Hhhkhhhkxkxkhhkhhh k& & KKKk k%
AGCAGCGTCAGTAATTCTACTGAATTGACCTTTTTCTGGGACTGGAATACCAAACACTAC
AGCAGCGTCAGTAACTCTACTGAATTGACCTTTTTCTGGGACTGGAATACCAAGCACTAC
KAKXKAKNAKAAAKNEAAKN AAIAAAIAKRA KA IAAA A A A KNI A A A AR AN AN AR A A A Ak A h Kk Ak kkk%
AACGACACTTTATTAAAACAGTAA

AACGACACTTTATTAAAACAGTAA
Kk K ok ok kK ok kK ok ok kK k kK ok ok ok ok k kK

Comparing sequences 1 and 2:

Nondegenerate Twofold Fourfold

Transitions 11 35 25
Transversions 7 5 6
> outputl

seq_K11

seq_128 0.1385265

Kramer 47



Kramer 48

RPLSA

CLUSTAL 2.1 multiple sequence alignment
-Nucleotide Change

KYOKATI ATGGCCCCAGGTAAGAAAGTCGCTCCAGCTCCATTCGGTGCTAAGTCAACCAAGTCTAAC
T7 ATGGCCCCAGGTAAGAAAGTCGCTCCAGCTCCATTCGGTGCTAAGTCAACCAAGTCTAAC
CLIB324 ATGGCCCCAGGTAAGAAAGTCGCTCCAGCTCCATTCGGTGCTAAGTCAACTAAGTCTAAC

R R R R R R b b b b b b b b b b b b IE b I R b b b b E b b R I b b b b 2E b b b R R b b b IR b b b b b b O b

KYOKATI AAGACTAGAAACCCATTGACTCACTCTACTCCAAAGAACTTCGGTATTGGTCAAGCTGTC
T7 AAGACTAGAAACCCATTGACTCACTCTACTCCAAAGAACTTCGGTATTGGTCAAGCTGTC
CLIB324 AAGACTAGAAACCCATTGACTCACTCTACTCCAAAGAACTTCGGTATTGGTCAAGCTGTC

KA AR AR A AR AR A AR AR A A A A AR AR A AR A AR AR A AR AR AR AR A A A A AR A A A AR A ARk kK
KYOKATI CAACCAAAGAGAAACTTGTCCAGATACGTCAAATGGCCAGAATACGTCAGATTGCAAAGA
T7 CAACCAAAGAGAAACTTGTCCAGATACGTCAAATGGCCAGAATACGTCAGATTGCAAAGA
CLIB324 CAACCAAAGAGAAACTTGTCCAGATACGTCAAATGGCCAGAATACGTCAGAGTGCAAAGA

R R I b b S b I 2h S b b Sb b S 2R A Sh S S S e Sb b Ih Sh b b db i Sb b S SE S db b b b S 2b b Sh b b 2b b R S 2b b 2 2b b 2 4
KYOKATI CAAAAGAAGATCTTGTCCATCAGATTGAAGGTTCCTCCAACCATTGCTCAATTCCAATAC
T7 CAAAAGAAGATCTTGTCCATCAGATTGAAGGTTCCTCCAACCATTGCTCAATTCCAATAC
CLIB324 CAAAAGAAGATCTTGTCCATCAGATTGAAGGTTCCTCCAACCATTGCTCAATTCCAATAC

hhkhkhkhkhk kA hk Ak hkhkhkhkrhhkhkhhkhhkhkhhkhkhhkrhhkhkhhkrhkhkhhhkhkhkrhkkrhkkhkrhkkhkkkxkxx

KYOKATI ACTTTGGACAGAAACACCGCTGCTGAAACCTTCAAGTTGTTCAACAAGTACAGACCAGAA
T7 ACTTTGGACAGAAACACCGCTGCTGAAACCTTCAAGTTGTTCAACAAGTACAGACCAGAA
CLIB324 ACTTTGGACAGAAACACCGCTGCCGAAACCTTCAAGTTGTTCAACAAGTACAGACCAGAA

R R R R R R b R b b b b b b b b b b b SR R b b I R R R I b R I b E b R I I R R R b R b I b I b 2 I O
KYOKAI ACTGCTGCTGAAAAGAAGGAAAGATTGACCAAAGAAGCTGCCGCTGTTGCTGAAGGTAAG
T7 ACTGCCGCTGAAAAGAAGGAAAGATTGACCAAAGAAGCTGCCGCTGTTGCTGAAGGTAAG
CLIB324 ACTGCTGCTGAAAAGAAGGAAAGATTGACCAAAGAAGCTGCCGCTGTTGCTGAAGGTAAG

KAKXKKR A AR A AR AR A AR A A A AR AR A A KA A AR AR A AR A AR AR AR A A A A AR AR A AR A A kR kKK
KYOKATI TCCAAGCAAGATGCTTCTCCAAAGCCATACGCTGTCAAGTACGGTTTGAACCACGTTGTT
T7 TCCAAGCAAGATGCTTCTCCAAAGCCATACGCTGTCAAGTACGGTTTGAACCACGTTGTT
CLIB324 TCCAAGCAAGATGCTTCTCCAAAGCCATACGCTGTCAAGTACGGTTTGAACCACGTTGTT

Ak Ak hkhkhhkhh Ak kA hkhrhdkhkhhkhhhkhkhhkhkhkrhkhkhkhhkrhkhkhkhhkhkhkrhkhkrhkhkrhkkhkhkxkxx%

KYOKATI GCCTTGATCGAAAACAAGAAGGCTAAGTTGGTTTTGATTGCTAACGATGTCGACCCAATT
T7 GCCTTGATCGAAAACAAAAAGGCTAAGTTGGTTTTGATTGCTAACGATGTCGACCCAATT
CLIB324 GCCTTGATCGAAAACAAGAAGGCTAAGTTGGTTTTGATTGCTAACGATGTCGACCCAATT

hhkhhkhkhkhkhkhkkhkhhkhkhkhkhkdx dhhhhkhkhkhhhhkhkhkrhkhkhhhkrhkhkhhhkhhkrhkkhkrhkhkrkkhkhkxkxx

KYOKAI GAATTGGTTGTCTTTTTGCCAGCTTTGTGTAAGAAGATGGGTGTTCCATACGCCATTGTC
T7 GAATTGGTTGTCTTTTTGCCAGCTTTGTGTAAGAAGATGGGTGTTCCATACGCCATTGTC
CLIB324 GAATTGGTTGTCTTTTTGCCAGCTTTGTGTAAGAAGATGGGTGTTCCATACGCCATTGTC

KA A A AR AR A A A A AR A A A A A A AR A KA IR A A A A AR A A A A A A A A AR AR A A A A kA A A Ak kKK
KYOKATI AAGGGTAAGGCTAGATTGGGTACCTTGGTTAACCAAAAGACCTCTGCCGTTGCCGCTTTG
T7 AAGGGTAAGGCTAGATTGGGTACCTTGGTTAACCAAAAGACCTCTGCCGTTGCCGCTTTG

CLIB324 AAGGGTAAGGCTAGATTGGGTACCTTGGTTAACCAAAAGACCTCTGCCGTTGCCGCTTTG

KA AR AR A AR AR A AR A AR A A A AR AR A AR A AR AR A AR AR A AR A AR A A A AR AR A AR A Ak Ak kK



Kramer 49

KYOKAI ACTGAAGTCAGAGCCGAAGACGAAGCTGCTTTGGCTAAGTTGGTTTCCACCATTGACGCT
T7 ACTGAAGTCAGAGCCGAAGACGAAGCTGCTTTGGCTAAGTTGGTTTCCACCATTGACGCT
CLIB324 ACTGAAGTCAGAGCCGAAGACGAAGCTGCTTTGGCTAAGTTGGTTTCTACCATTGACGCT
R R R R R R R R L R L a
KYOKATI AACTTCGCTGACAAATACGATGAAGTCAAGAAGCACTGGGGTGGTGGTATCCTTGGTAAC
T7 AACTTCGCTGACAAATACGATGAAGTCAAGAAGCACTGGGGTGGTGGTATCCTTGGTAAC
CLIB324 AACTTCGCTGACAAATACGATGAAGTCAAGAAGCACTGGGGTGGTGGTATCCTTGGTAAC
Kok ok kK K Kk kK ok ok ok kK Kk ok kR ok ok ko ok ok ok ok kK Kk ok ok ok ok kK K Kk ok ok ok ok kK Kk ok kR ok
KYOKATI AAGGCTCAAGCCAAGATGGACAAGAGAGCTAAGACCTCCGACTCCGCTTAA
T7 AAGGCTCAAGCCAAGATGGACAAGAGAGCTAAGACCTCCGACTCCGCTTAA
CLIB324 AAGGCTCAAGCCAAGATGGACAAGAGAGCTAAGAACTCCGACTCCGCTTAA
Kok ok kAR k Kk kh kA A Ak ok ok kk kA k ok kk ok ok k& ok ok Kkok ok ke k& ok ok ok ok kok
dN/dS

Comparing sequences 1 and 2:

Nondegenerate Twofold Fourfold
Transitions 0 1 1
Transversions 0 0 0

Comparing sequences 1 and 3:

Nondegenerate Twofold Fourfold
Transitions 0 0 3
Transversions 1 1 0

Comparing sequences 2 and 3:
Nondegenerate Twofold Fourfold

Transitions 0 1 4
Transversions 1 1 0
> outputl

KYOKAI T7

T7 0.0000000
CLIB324 0.2899925 0.1732122



Kramer 50

RPS14A

CLUSTAL 2.1 multiple sequence alignment
All sequences are the same

LALVIN ATGTCTAACGTTGTTCAAGCTCGTGACAATTCCCAAGTTTTTGGTGTTGCTAGAATTTAC
T7 ATGTCTAACGTTGTTCAAGCTCGTGACAATTCCCAAGTTTTTGGTGTTGCTAGAATTTAC

KA A A AR AR A A A A AR A A A A A A AR AR A IR A A A AR A A A AN A AR AR AR A A A A A A AR A AR kKK
LALVIN GCTTCTTTCAACGATACTTTCGTTCATGTTACCGATTTATCTGGTAAGGAAACCATCGCC
T7 GCTTCTTTCAACGATACTTTCGTTCATGTTACCGATTTATCTGGTAAGGAAACCATCGCC

Ak hkhkkhkhk Ak kA hk kA hkhk A hhkhkhhkhhhkhkhhkhkdkrhkhkhhkhkrhkdhkhhkhkhkrhkhkrhkhkrhkkhkhkxkxx

LALVIN AGAGTTACTGGTGGTATGAAGGTTAAGGCTGACAGAGATGAATCTTCTCCATACGCTGCT
T7 AGAGTTACTGGTGGTATGAAGGTTAAGGCTGACAGAGATGAATCTTCTCCATACGCTGCT

hhkrhkhkhkhhkhkhhhkrhhkrhhkhkhhkhhkhkhhkhkhkhkrhhkhkhhkrhkhkhhhkhkhkrhhkrhkhkrkhkhkkhkhkxkxx

LALVIN ATGTTGGCTGCCCAAGATGTTGCCGCTAAGTGTAAGGAAGTCGGTATCACTGCCGTTCAC
T7 ATGTTGGCTGCCCAAGATGTTGCCGCTAAGTGTAAGGAAGTCGGTATCACTGCCGTTCAC

KA AR AR A A A A AR AR A AR AR A AR AR A AR A AR AR A AR A AR AR AR A A A A A kA kA Ak A Ak kA kKK
LALVIN GTTAAGATCAGAGCTACCGGTGGTACTAGAACCAAGACTCCAGGTCCAGGTGGTCAAGCT
T7 GTTAAGATCAGAGCTACCGGTGGTACTAGAACCAAGACTCCAGGTCCAGGTGGTCAAGCT

hhkhkhkhkhk kA hk Ak hkhkhkhkrhhkhkhhkhhkhkhhkhkhhkrhhkhkhhkrhkhkhhhkhkhkrhkkrhkkhkrhkkhkkkxkxx

LALVIN GCTTTGAGAGCTTTGGCCAGATCTGGTTTGAGAATTGGCCGTATCGAAGATGTTACCCCA

T7 GCTTTGAGAGCTTTGGCCAGATCTGGTTTGAGAATTGGCCGTATCGAAGATGTTACCCCA
KA AR AR A AR A A A AR A AR A A A AR AR A I KA A AR AR A A A AR A AR AR AR A AR A A AR A ARk kK

LALVIN GTTCCATCTGACTCCACCAGAAAGAAGGGTGGTAGAAGAGGTAGAAGATTATGA

T7 GTTCCATCTGACTCCACCAGAAAGAAGGGTGGTAGAAGAGGTAGAAGATTATGA

Ak hkhkhkhkh Ak kA hkhkhhkhkrhkhkhkhhkhhkrAhhkrkhkhkrhkhkhkhhkhkhkrhkhkrhkhkrhkkhkhkxkxx



Kramer 51

RPS19A

CLUSTAL 2.1 multiple sequence alignment
-Nucleotide Change

LALVIN ATGCCAGGTGTTTCCGTTAGAGACGTTGCTGCTCAAGATTTCATTAATGCTTACGCTTCT
T7 ATGCCAGGTGTTTCCGTTAGAGACGTTGCTGCTCAAGATTTCATTAATGCTTACGCTTCT

KA A A AR AR A A A A AR A A A A A A AR AR A IR A A A AR A A A AN A AR AR AR A A A A A A AR A AR kKK
LALVIN TTCTTGCAAAGACAAGGTAAGCTAGAAGTTCCAGGTTACGTTGACATTGTCAAGACCTCT
T7 TTCTTGCAAAGACAAGGTAAGCTAGAAGTTCCAGGTTACGTTGACATTGTCAAGACCTCT

Ak hkhkkhkhk Ak kA hk kA hkhk A hhkhkhhkhhhkhkhhkhkdkrhkhkhhkhkrhkdhkhhkhkhkrhkhkrhkhkrhkkhkhkxkxx

LALVIN TCTGGTAACGAAATGCCACCACAAGATGCCGAAGGTTGGTTCTACAAGCGTGCTGCCTCT
T7 TCTGGTAACGAAATGCCACCACAAGATGCCGAAGGTTGGTTCTACAAGCGTGCTGCCTCT

AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR ARk A Ak A kA kA Ak Ak xk kK

LALVIN GTTGCCAGACACATTTACATGAGAAAACAAGTTGGTGTTGGTAAATTGAACAAATTATAC
T7 GTTGCCAGACACATTTACATGAGAAAACAAGTTGGTGTTGGTAAATTGAACAAATTATAC

KA AR AR A A A A AR AR A AR AR A AR AR A AR A AR AR A AR A AR AR AR A A A A A kA kA Ak A Ak kA kKK
LALVIN GGTGGTGCCAAGAGCAGAGGTGTTAGACCATACAAACACATTGACGCTTCCGGTTCTATC
T7 GGTGGTGCCAAGAGCAGAGGTGTTAGACCATACAAGCACATTGACGCTTCCGGTTCTATC

hhkhkhkhkhk kA hkk A hhkrhkhkrhhkhkhhkhhkhkhhkhkhkkhkrhkhkhkh *hkhkhkhhkhkhkrhkhkrhkhkrkkhkhkrxkxx

LALVIN AACAGAAAGGTTTTGCAAGCTTTGGAAAAGATTGGTATCGTCGAAATCTCTCCAAAGGGT
T7 AACAGAAAGGTTTTGCAAGCTTTGGAAAAGATTGGTATCGTCGAAATCTCTCCAAAGGGT

KA AR AR A AR A A A AR A AR A A A AR AR A I KA A AR AR A A A AR A AR AR AR A AR A A AR A ARk kK
LALVIN GGTAGAAGAATCTCTGAAAACGGTCAAAGAGATTTGGATCGTATTGCCGCTCAAACTTTG
T7 GGTAGAAGAATCTCTGAAAACGGTCAAAGAGATTTGGATCGTATTGCCGCTCAAACTTTG

Ak hkhkkhkh Ak kA hk kA hkhk A hdkhkhhkhhkhkhkhhkhkhkrhkhkhkhhkrhkhhkhhkhkhkrhkhkrhkhkrhkkhkhkxkxxx*x

LALVIN GAAGAAGACGAATAA
77 GAAGAAGACGAATAA

KAk Ak Kk Kk kA kkkhk*k
dN/dS

Comparing sequences 1 and 2:
Nondegenerate Twofold Fourfold
Transitions 0 1 0
Transversions 0 0 0
> outputl
LALVIN
T7 0



Kramer 52

RPS26B

CLUSTAL 2.1 multiple sequence alignment
All sequences are the same

RED ATGCCAAAAAAGAGAGCTTCCAACGGTAGAAACAAGAAGGGTAGAGGTCACGTCAAGCCA
128 ATGCCAAAAAAGAGAGCTTCCAACGGTAGAAACAAGAAGGGTAGAGGTCACGTCAAGCCA
LALVIN ATGCCAAAAAAGAGAGCTTCCAACGGTAGAAACAAGAAGGGTAGAGGTCACGTCAAGCCA

R R R R R b b b b I b b b b b b b IE b I R b I b E b b R I b I b b E b I b R R b b b b b 3 b b E b b O b

RED GTGAGATGTGTTAACTGTTCCAAGTCCATTCCAAAGGATAAGGCTATCAAGAGAATGGCT
128 GTGAGATGTGTTAACTGTTCCAAGTCCATTCCAAAGGATAAGGCTATCAAGAGAATGGCT
LALVIN GTGAGATGTGTTAACTGTTCCAAGTCCATTCCAAAGGATAAGGCTATCAAGAGAATGGCT

KA AR AR A AR AR A AR AR A A A A AR AR A AR A AR AR A AR AR AR AR A A A A AR A A A AR A ARk kK
RED ATTAGAAACATTGTTGAAGCTGCTGCCGTCAGAGATTTGTCCGAAGCTTCTGTCTACCCA
128 ATTAGAAACATTGTTGAAGCTGCTGCCGTCAGAGATTTGTCCGAAGCTTCTGTCTACCCA
LALVIN ATTAGAAACATTGTTGAAGCTGCTGCCGTCAGAGATTTGTCCGAAGCTTCTGTCTACCCA

R R I b S b b 2h S b b Sb b S SR S S S S e Sb b h Sh b b db I Sb b S Sh b S S b Sb b S 2h I Sh b b Sb b Sh b b 2b b S b b 2 4
RED GAATACGCCTTGCCAAAGACTTACAACAAGTTGCACTACTGTGTCTCCTGTGCTATTCAC
128 GAATACGCCTTGCCAAAGACTTACAACAAGTTGCACTACTGTGTCTCCTGTGCTATTCAC
LALVIN GAATACGCCTTGCCAAAGACTTACAACAAGTTGCACTACTGTGTCTCCTGTGCTATTCAC

hhkhkhkhkhk kA hk Ak hkhkhkhkrhhkhkhhkhhkhkhhkhkhhkrhhkhkhhkrhkhkhhhkhkhkrhkkrhkkhkrhkkhkkkxkxx

RED GCCAGAATTGTTAGAGTTAGATCCAGAGAAGACAGAAAGAACAGAGCTCCTCCACAAAGA
128 GCCAGAATTGTTAGAGTTAGATCCAGAGAAGACAGAAAGAACAGAGCTCCTCCACAAAGA
LALVIN GCCAGAATTGTTAGAGTTAGATCCAGAGAAGACAGAAAGAACAGAGCTCCTCCACAAAGA

R R R R R R R R b I b I b b b I b I R R R R R R R I R R R I I I I b E b R b I R R R I R b I b I b 2 I O
RED CCAAGATTTAACAGGGATAACAAAGTTTCTCCAGCAGCTGCCGCAAAGAAAGCTTTGTAA
128 CCAAGATTTAACAGGGATAACAAAGTTTCTCCAGCAGCTGCCGCAAAGAAAGCTTTGTAA

LALVIN CCAAGATTTAACAGGGATAACAAAGTTTCTCCAGCAGCTGCCGCAAAGAAAGCTTTGTAA

KA AR AR A AR A AR AR A AR A A A AR AR A A KA A AR AR A AR A AR AR AR A A A A AR A A A AR A kAR k kK



Kramer 53

RVBI1

CLUSTAL 2.1 multiple sequence alignment
-Nucleotide Change

seq RED ATGGTCGCTATCAGTGAAGTCAAAGAAAATCCTGGCGTAAACAGCAGTAATTCTGGTGCA
seq K11 ATGGTCGCTATCAGTGAAGTCAAAGAAAATCCTGGCGTAAACAGCAGTAATTCTGGTGCA
seq 128 ATGGTCGCTATCAGTGAAGTCAAAGAAAATCCTGGCGTAAACAGCAGTAATTCTGGTGCA
R R R R R b b b b I b b b b b b b IE b I R b I b E b b R I b I b b E b I b R R b b b b b 3 b b E b b O b
seq RED GTTACGAGAACTGCGGCACATACACATATTAAAGGTTTAGGTCTGGATGAAAGTGGTGTG
seq K11 GTTACGAGAACTGCGGCACATACACATATTAAAGGTTTAGGTCTGGATGAAAGTGGTGTG
seq 128 GTTACGAGAACTGCGGCACATACACATATTAAAGGTTTAGGTCTGGATGAAAGTGGTGTG
KA AR AR A AR AR A AR AR A A A A AR AR A AR A AR AR A AR AR AR AR A A A A AR A A A AR A ARk kK
seq_ RED GCCAAGAGGGTTGAAGGAGGGTTTGTTGGACAAATAGAAGCTCGTGAAGCGTGCGGTGTA
seq K11 GCCAAGAGGGTTGAAGGAGGGTTTGTTGGACAAATAGAAGCTCGTGAAGCGTGCGGTGTA
seq 128 GCCAAGAGGGTTGAAGGAGGGTTTGTTGGACAAATAGAAGCTCGTGAAGCGTGCGGTGTA
R R I b S b b 2h S b b Sb b S SR S S S S e Sb b h Sh b b db I Sb b S Sh b S S b Sb b S 2h I Sh b b Sb b Sh b b 2b b S b b 2 4
seq RED ATTGTAGATTTAATCAAGGCTAAAAAAATGTCAGGTAGAGCTATCCTATTAGCTGGTGGC
seq K11 ATTGTAGATTTAATCAAGGCTAAAAAAATGTCAGGTAGAGCTATCCTATTAGCTGGTGGC
seq 128 ATTGTAGATTTAATCAAGGCTAAAAAAATGTCAGGTAGAGCTATCCTATTAGCTGGTGGT
hokkk kA kkkkhkhkhk kA KKk kkhkhkhk kA Ak kkkhkhkkk Kk kkkhkhkk kX Kk Kk kkkkkx & % K KKk K
seq RED CCTTCTACAGGTAAGACGGCATTGGCTCTCGCCATTTCACAAGAGTTAGGCCCAAAAGTT
seq K11 CCTTCTACAGGTAAGACGGCATTGGCTCTCGCCATTTCACAAGAGTTAGGCCCAAAAGTT
seq 128 CCTTCTACAGGTAAGACAGCATTGGCTCTCGCCATTTCACAAGAGTTAGGCCCAAAAGTT
R R R R R R b b b b b b b R b b R R R R R R R R R R R I I b I b E b R I I R R R I R b I b I I I
seq_ RED CCATTCTGTCCTCTTGTTGGTAGCGAATTATATTCCGTGGAGGTCAAGAAAACAGAAACC
seq K11 CCATTCTGTCCTCTTGTTGGTAGCGAATTATATTCCGTGGAGGTCAAAAAAACAGAAACC
seq 128 CCATTCTGTCCTCTTGTTGGTAGCGAATTATATTCCGTGGAGGTCAAAAAAACAGAAACC
KA KA K AR A AR A A A AR A AR A A A AR AR A AR A AR AR A AR A AR AR AR AR A, Ak kA hk kA hkhk k%
seq RED CTAATGGAAAATTTTAGAAGAGCAATTGGGTTAAGAATCAAAGAAACTAAGGAAGTTTAT
seq K11 CTAATGGAAAATTTTAGAAGAGCAATTGGGTTAAGAATCAAAGAAACTAAGGAAGTTTAT
seq 128 CTAATGGAAAATTTTAGAAGAGCAATTGGGTTAAGAATCAAAGAAACTAAGGAAGTTTAT
Kok ok kA KAk Kk ok hkhkhk kA KAk hhhkh kA KKKk khkhk kA kA Kk khkhkh kAKX Kk khkh kK& & K Kk k %
seq RED GAGGGTGAAGTGACAGAACTAACCCCTGAAGACGCAGAGAATCCGTTGGGCGGATATGGT
seq K11 GAGGGTGAAGTGACAGAACTAACCCCTGAAGACGCAGAGAATCCGTTGGGCGGATATGGT
seq 128 GAGGGTGAAGTGACAGAACTAACCCCTGAAGACGCAGAGAATCCGTTGGGCGGATATGGT
hokkk kK Kk kkhkhkhk kA KKk kkhkhkk kA Kk kkhkhkkk kKK kkhkhkhkk kX Xk kkkkkk*k & % KKKk k%
seq RED AAAACTATCTCACATGTAATTGTCGGGCTCAAGTCTGCCAAGGGTACCAAGACACTAAGA
seq K11 AAAACTATCTCACATGTAATTGTCGGGCTCAAGTCTGCCAAGGGTACCAAGACACTAAGA
seq 128 AAAACTATCTCACATGTAATTGTCGGGCTCAAGTCTGCCAAGGGTACCAAGACACTAAGA
KA A A AR AR A A A A AR A A A A A A AR A KA IR A A A A AR A A A A A A A A AR AR A A A A kA A A Ak kKK
seq_ RED TTAGACCCAACGATATATGAAAGTATTCAAAGAGAAAAGGTTAGTATTGGTGATGTCATT
seq K11 TTAGACCCAACGATATATGAAAGTATTCAAAGAGAAAAGGTTAGTATTGGTGATGTCATT

seq 128 TTAGACCCAACGATATATGAAAGTATTCAAAGAGAAAAGGTTAGTATTGGTGATGTCATT

KA AR AR A AR AR A AR A AR A A A AR AR A AR A AR AR A AR AR A AR A AR A A A AR AR A AR A Ak Ak kK



seq RED
seq K11
seq 128

seq RED
seq K11
seq 128

seq RED
seq K11
seq 128

seq RED
seq K11
seq 128

seq RED
seq K11
seq 128

seq RED
seq K11
seq 128

seq RED
seq K11
seq 128

seq RED
seq K11
seq 128

seq_RED
seq K11
seq_128

seq_RED
seq K11
seq 128

seq RED
seq K11
seq 128

TATATAGAGGCCAACACCGGTGCAGTTAAGCGAGTTGGCAGATCTGATGCATACGCTACT
TATATAGAGGCCAACACCGGTGCAGTTAAGCGAGTTGGCAGATCTGATGCATACGCTACT
TATATAGAGGCCAACACCGGTGCAGTTAAGCGAGTTGGCAGATCTGATGCATACGCTACT

KA AR AR A A A A A A AR AR A A A A AR AR A IR A A A AR A A A A AR AR AR AR A AR A A AR A ARk kK

GAATTTGATTTGGAAACTGAGGAATACGTACCATTGCCAAAAGGCGAAGTGCATAAGAAA
GAATTTGATTTGGAAACTGAGGAATACGTACCATTGCCAAAAGGCGAAGTGCATAAGAAG
GAATTTGATTTGGAAACTGAGGAATACGTACCATTGCCAAAAGGCGAAGTGCATAAGAAA

KA A A AR A AR A AR AR A AR A A A AR A A A A AR AR AR A AR A A A A A A A A A Ak A kA Ak kA kA Kk h k%

AAGGAAATTGTACAAGATGTTACCTTGCACGATTTGGATGTTGCAAACGCAAGACCACAA
AAGGAAATTGTACAAGATGTTACCTTGCACGATTTGGATGTTGCAAACGCAAGACCACAA

AAGGAAATTGTACAAGATGTTACCTTGCACGATTTGGATGTTGCAAACGCAAGACCACAA
ok K ok ok kK ok kK ok kK ok ok ok ok kK ok kK ok ok ok ok ok ok k k kK ok ok ok ok ok ok k kK ok ok ok ok ok ok k kK ok kK ok ok kK

GGTGGTCAAGATGTCATATCAATGATGGGCCAGTTGCTCAAACCTAAGAAGACTGAAATA
GGTGGTCAAGATGTCATATCAATGATGGGCCAGTTGCTCAAACCTAAGAAGACTGAAATA
GGTGGTCAAGATGTCATATCAATGATGGGCCAGTTGCTCAAACCTAAGAAGACTGAAATA

hhkhhkhkhk kA hkhkhhhkrhhkrhhkhkhhkhhkhkhhkdkhhkrhhkhkhhkrhkhkhhhkhhkrhkrhkhkrkhkhkhkxkxx

ACCGAGAAATTAAGACAAGAGGTGAATAAAGTTGTTGCTAAATATATTGATCAAGGTGTC
ACCGAGAAATTAAGACAAGAGGTGAATAAAGTTGTTGCTAAATATATTGATCAAGGTGTC
ACCGAGAAATTAAGACAAGAGGTGAATAAAGTTGTTGCTAAATATATTGATCAAGGTGTC

KA AR AR A AR A A A AR A AR A A A AR AR A IR A AR AR A AR A A A AR AR AR A AR A AR AR A ARk kK

GCAGAACTTATTCCAGGTGTTTTGTTCATTGATGAAGTTAATATGCTAGACATTGAAATA
GCAGAACTTATTCCAGGTGTTTTGTTCATTGATGAAGTTAATATGCTAGACATTGAAATA
GCAGAACTTATTCCAGGTGTTTTGTTCATTGATGAAGTTAATATGCTAGACATTGAAATA

R R R I b S b b 2h S b b Sb R S IR S S S S e Sb b I Sh b b db 2 Sb dh S Sb S Sb b b b S b I Sh b b Sb b Sh b b 2b b S b b 2 4

TTCACGTATTTGAACAAAGCGCTTGAGTCTAATATTGCCCCCGTTGTTGTATTGGCTTCT
TTCACGTATTTGAACAAAGCGCTTGAGTCTAATATTGCCCCCGTTGTTGTATTGGCTTCT

TTCACGTATTTGAACAAAGCGCTTGAATCTAATATCGCCCCCGTTGTTGTATTGGCTTCT
hokkokkkkkkkkkkkkkkkkkkkkokkk  khkkkkkokk ok k ok ok ok k ok ok ok ok ok ok kk k& ok k& ok k k%

AATAGGGGCATGACTACAGTCCGTGGCACTGAGGATGTGATATCACCACATGGTGTGCCA
AATAGGGGCATGACTACAGTCCGTGGCACTGAGGATGTGATATCACCACATGGTGTGCCA
AATAGGGGCATGACTACAGTCCGTGGCACTGAGGATGTGATATCACCACATGGTGTGCCA

R R R R R b b I b b b b b b b I b b b R R I R E b E b R R I b b b b b b b b R R b R b h b b 2 b E O b

CCTGATTTGATCGATAGATTGTTAATTGTTCGTACATTACCATATGACAAGGACGAGATC
CCTGATTTGATCGATAGATTGTTAATTGTTCGTACATTACCATATGACAAGGACGAGATC
CCTGATTTGATCGATAGATTGTTAATTGTTCGTACATTACCATATGACAAGGACGAGATC

KA AR AR A AR A A A AR A AR A A A AR AR A AR A AR AR A AR A AR AR A AR A A A AR A A A AR A ARk kK

CGTACCATTATAGAGAGAAGAGCTACCGTTGAAAGATTGCAAGTAGAAAGTAGCGCATTG
CGTACCATTATAGAGAGAAGAGCTACCGTTGAAAGATTGCAAGTAGAAAGTAGCGCATTG
CGTACCATTATAGAGAGAAGAGCTACCGTTGAAAGATTGCAAGTAGAAAGTAGCGCATTG

R R I b S b I 2h S b b S S IR S S S S e S b b Sh b S Sb I Sb b S Sh S db b b b S 2h I Sh b b 2b b Sh Jb b 2b b S 2b b 2 4

GACCTTTTAGCCACGATGGGTACAGAAACTTCGTTACGTTACGCTTTACAATTATTGGCA
GACCTTTTAGCCACGATGGGTACAGAAACTTCGTTACGTTACGCTTTACAATTATTGGCA

GACCTTTTAGCCACGATGGGTACAGAAACTTCGTTACGTTACGCTTTACAATTATTGGCA
Kok K ok ok kK ok kK ok kK ok ok ok ok k ok kK ok ok ok ok ok ks ok kK ok ok ok ok ok ok ok kK ok ok ok k ko k kK ok kK k ok kK
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seq RED
seq K11
seq 128

seq RED
seq K11
seq 128

seq RED
seq K11
seq 128

dN/dS

CCATGTGGTATCCTAGCACAAACAAGCAATCGTAAGGAGATTGTTGTTAATGACGTTAAT
CCATGTGGTATCCTAGCACAAACAAGCAATCGTAAGGAGATTGTTGTTAATGACGTTAAT
CCATGTGGTATCCTAGCACAAACAAGCAATCGTAAGGAGATTGTTGTTAATGACGTTAAT

KA AR AR A A A A A A AR AR A A A A AR AR A IR A A A AR A A A A AR AR AR AR A AR A A AR A ARk kK

GAAGCCAAATTGCTGTTTTTGGATGCCAAAAGGTCAACAAAGATTTTAGAAACTTCCGCA
GAAGCCAAATTGCTGTTTTTGGATGCCAAAAGGTCAACAAAGATTTTAGAAACTTCCGCA
GAAGCCAAATTGCTGTTTTTGGATGCCAAAAGGTCAACAAAGATTTTAGAAACTTCCGCA

KA A KA A KR A AR A A A AR A AR A A A AR AR A A AR A A AR A AR A AR AR A A Ak Ak Ak Ak hk Ak xk kA Ak hk k%

AATTATTTGTAA
AATTATTTGTAA
AATTATTTGTAA

* ok ok ok ok ok ok ok ok kxok

Comparing sequences 1 and 2:

Nondegenerate Twofold Fourfold

Transitions 0 2 0
Transversions 0 0 0

Comparing sequences 1 and 3:

Nondegenerate Twofold Fourfold

Transitions 0 3 2
Transversions 0 0 0

Comparing sequences 2 and 3:

Nondegenerate Twofold Fourfold

Transitions 0 3 2
Transversions 0 0 0
> outputl

seq_K11
seq_128

seq_RED seq_K1l1

0
0 0

Kramer 55



Kramer 56

SEC23

CLUSTAL 2.1 multiple sequence alignment
-Nucleotide Change

K11 ATGGACTTCGAGACTAATGAAGACATCAACGGGGTCCGTTTCACCTGGAACGTGTTTCCC
128 ATGGACTTCGAGACTAATGAAGACATCAACGGGGTCCGTTTCACCTGGAACGTGTTTCCC
RED ATGGACTTCGAGACTAATGAAGACATCAACGGGGTCCGTTTCACCTGGAACGTGTTTCCC

R R R R R b b b b I b b b b b b b IE b I R b I b E b b R I b I b b E b I b R R b b b b b 3 b b E b b O b

K11l TCTACCAGAAGCGACGCTAACAGCAACGTCGTCCCTGTCGGCTGTTTGTACACACCTTTG
128 TCTACCAGAAGCGACGCCAACAGCAACGTCGTCCCTGTCGGCTGTTTGTACACACCTTTG
RED TCTACTAGAAGCGACGCTAACAGCAACGTCGTCCCTGTGGGCTGTTTGTACACACCTTTG

KAKKAK, KAAAAAAAKRAXAKA AAXAKAKRAIAAAXAAAKRAXAAAA A KA XA Ah A A dhkhk Ak Ak Ak h kK%

K11 AAGGAGTATGACGAATTGAACGTTGCCCCATACAATCCAGTTGTGTGTTCCGGTCCACAC
128 AAGGAGTATGACGAATTGAACGTTGCCCCATACAATCCAGTTGTGTGTTCCGGTCCACAC
RED AAGGAGTATGACGAATTGAACGTTGCCCCATACAATCCAGTTGTGTGTTCCGGTCCACAC

R R I b S b b 2h S b b Sb b S SR S S S S e Sb b h Sh b b db I Sb b S Sh b S S b Sb b S 2h I Sh b b Sb b Sh b b 2b b S b b 2 4
K11 TGTAAGTCGATTCTAAATCCTTACTGTGTGATTGATCCGCGCAATTCGTCCTGGAGTTGT
128 TGTAAGTCGATTCTAAATCCTTACTGTGTGATTGATCCGCGCAATTCGTCCTGGAGTTGT
RED TGTAAGTCGATTCTAAATCCTTACTGTGTGATTGATCCGCGCAATTCGTCCTGGAGTTGT

hhkhkhkhkhk kA hk Ak hkhkhkhkrhhkhkhhkhhkhkhhkhkhhkrhhkhkhhkrhkhkhhhkhkhkrhkkrhkkhkrhkkhkkkxkxx

K11 CCCATCTGTAACTCCAGGAACCATTTACCTCCACAGTACACCAACTTGTCACAGGAGAAT
128 CCCATCTGTAACTCCAGGAACCATTTACCTCCACAGTACACCAACTTGTCACAGGAGAAT
RED CCCATCTGTAACTCCAGGAACCATTTACCTCCACAGTACACCAACTTGTCACAGGAGAAT

R R R R R R R R b I b I b b b I b I R R R R R R R I R R R I I I I b E b R b I R R R I R b I b I b 2 I O
K11 ATGCCGCTAGAGTTACAGTCCACCACCATTGAGTACATCACCAATAAGCCCGTTACCGTT
128 ATGCCGCTAGAGTTACAGTCCACCACCATTGAGTACATCACCAATAAGCCCGTTACCGTT
RED ATGCCGCTAGAGTTACAGTCCACCACCATTGAGTACATCACCAATAAGCCCGTTACCGTT

KA AR AR A AR A AR AR A AR A A A AR AR A A KA A AR AR A AR A AR AR AR A A A A AR A A A AR A kAR k kK
K11 CCTCCCATTTTCTTCTTTGTTGTGGATTTGACTTCGGAAACCGAGAACCTCGATTCGCTA
128 CCTCCCATTTTCTTCTTTGTTGTGGATTTGACTTCGGAAACCGAGAACCTCGATTCGCTA
RED CCTCCCATTTTCTTCTTTGTTGTGGATTTGACTTCGGAAACCGAGAACCTCGATTCGCTA

Ak Ak hkhkhhkhh Ak kA hkhrhdkhkhhkhhhkhkhhkhkhkrhkhkhkhhkrhkhkhkhhkhkhkrhkhkrhkhkrhkkhkhkxkxx%

K11l AAGGAGTCTATCATCACTTCTTTGTCTCTATTACCTCCCAACGCGCTGATTGGGTTGATC
128 AAGGAGTCTATCATCACTTCTTTGTCTCTATTACCTCCCAACGCGCTGATTGGGTTGATC
RED AAGGAGTCTATCATCACTTCTTTGTCTCTATTACCTCCCAACGCGCTGATTGGGTTGATC

hhkhhkhkhkhkhkhk Ak hkhkhkhkrhhkhkhhkhhkhkhhhkhhkrhhkhkhhkrhkhkhhhkhhkrhkkhkrhhkrkkhkhkxkxx

K11 ACTTACGGAAACGTTGTTCAATTGCACGATCTGTCCAGCGAAACTATTGACAGGTGCAAC
128 ACTTACGGAAACGTTGTTCAATTGCACGATCTGTCCAGCGAAACTATTGACAGGTGCAAC
RED ACTTACGGAAACGTTGTTCAATTGCACGATCTGTCCAGCGAAACTATTGACAGGTGCAAC

KA A A AR AR A A A A AR A A A A A A AR A KA IR A A A A AR A A A A A A A A AR AR A A A A kA A A Ak kKK
K11 GTGTTCAGAGGAGACAGGGAGTACCAGCTCGAAGCGTTGACGGAAATGTTGACCGGCCAA
128 GTGTTCAGAGGAGACAGGGAGTACCAGCTCGAAGCGTTGACGGAAATGTTGACCGGCCAA

RED GTGTTCAGAGGAGACAGGGAGTACCAGCTCGAAGCGTTGACGGAAATGTTGACCGGCCAA

KA AR AR A AR AR A AR A AR A A A AR AR A AR A AR AR A AR AR A AR A AR A A A AR AR A AR A Ak Ak kK



K11
128
RED

K11
128
RED

K11l
128
RED

K11
128
RED

K11
128
RED

K11
128
RED

K11
128
RED

K11
128
RED

K11
128
RED

K11
128
RED

K11
128
RED

AAGCCTACCGGCCCCGGCGGTGCTGCATCTCATCTACCGAACGCCATGAACAAAGTTACG
AAGCCTACCGGCCCCGGTGGTGCTGCATCTCATCTACCGAACGCCATGAACAAAGTTACG
AAGCCTACCGGCCCCGGCGGTGCTGCATCTCATCTACCGAACGCCATGAACAAAGTTACG

KAKXKAKRKAAKAAXAAAKNAAK AAAKRA KR A A KAA A A AR A AR A AR AR AR AR A A AR AR A A AR A ARk kK

CCCTTCTCTTTGAATAGGTTCTTCCTGCCCTTGGAACAGGTCGAGTTCAAACTGAATCAA
CCCTTCTCTTTGAATAGGTTCTTTCTGCCCTTGGAACAGGTCGAGTTCAAACTGAATCAA
CCCTTCTCTTTGAATAGGTTCTTCCTGCCCTTGGAACAGGTCGAGTTCAAACTGAATCAA

Ak hkhkhkhkhkhkhkhkhhkhkrAhkhkrhkkhkhkhkhkdx *hhhhkhrhkkhhhkhkrhkhkhkhhkhkhkrhkkhkrhkkhkrhkhhkhkxkxx

TTACTGGAAAATCTGTCTCCAGACCAATGGTCTGTTCCAGCGGGTCATAGACCATTAAGG
TTACTGGAAAATCTGTCTCCAGACCAATGGTCTGTTCCAGCGGGTCATAGACCATTAAGG
TTACTGGAAAATCTGTCTCCAGACCAATGGTCTGTTCCAGCGGGTCATAGGCCATTAAGG

hhkhhkhkhkhkhkhkhkhhkrhhkrhhkhkhhkhhkhkhhkhkhkhkrhkkhkhkhhkrkhkhkhhhkhkhkrhkhkrkhk khkkrhhkrxkxx

GCCACAGGTTCCGCTTTGAACATTGCATCTTTGCTTTTACAGGGCTGCTATAAGAACATC
GCCACAGGTTCCGCTTTGAACATTGCATCTTTGCTTTTACAGGGCTGCTATAAGAACATC
GCCACAGGTTCCGCTTTGAACATTGCATCTTTGCTTTTACAGGGCTGCTATAAGAACATC

KA A A AR AR A A A A AR A AR A A A AR A KA IR A A A A AR A A A A A A AR AR AR A A A A A A A A Ak kKK

CCAGCAAGAATCATTCTTTTCGCCTCCGGTCCAGGCACCGTGGCCCCAGGTTTGATTGTT
CCAGCAAGAATCATTCTTTTCGCCTCCGGTCCAGGCACCGTGGCCCCAGGTTTGATTGTT
CCAGCAAGAATCATTCTTTTCGCCTCCGGTCCAGGCACCGTGGCCCCAGGTTTGATTGTT

KA AR AR A AR AR A AR A AR A A A AR AR A AR A AR AR A AR A AR AR A AR A A A ARk A kA AR A Ak kA kKK

AACTCAGAGTTAAAAGATCCCTTAAGATCCCACCACGACATCGATTCTGATCACGCGCAA
AACTCAGAGTTAAAAGATCCCTTAAGATCCCACCACGACATCGATTCTGATCACGCGCAA
AACTCAGAGTTAAAAGATCCCTTAAGATCCCACCACGACATCGATTCTGATCACGCGCAA

Ak hkhhkhkhhkhkhk Ak kA hkhk A hhkhkhhkhhkhkhhhkhhkrhhkhhhkrhkhkhkhhkhkhkrhkhkrhkkhkrhkkhkhkxkxx

CATTACAAGAAGGCCTGTAAGTTTTACAACCAGATTGCACAAAGAGTTGCCGCCAATGGA
CATTACAAGAAGGCCTGTAAGTTTTACAACCAGATTGCACAAAGAGTTGCCGCCAATGGA
CATTACAAGAAGGCCTGTAAGTTTTACAACCAGATTGCACAAAGAGTTGCCGCCAATGGA

hhkhhkhkhkhhkhkhkhhkhhhkrhhkhkhhkhhkhkhhkhkhkhkrhhkhkhhkrhkhkhhhkhkhkrhkhkrhkhkrkhkhkkhkhkkxkxx

CACACTGTTGATATTTTTGCCGGTTGTTACGATCAAATCGGTATGTCTGAAATGAAACAG
CACACTGTTGACATTTTTGCCGGTTGTTACGATCAAATCGGTATGTCTGAAATGAAACAG
CACACTGTTGATATTTTTGCCGGTTGTTACGATCAAATCGGTATGTCTGAAATGAAACAG

KAKXKAKNIAIAAAKXN A A A KA AR A AR AR AR A A A A KNI AR A AR AR AR AR A A A A A AR A ARk kK

TTGACCGACTCTACGGGAGGTGTGTTGTTGCTAACCGATGCCTTCTCTACCGCGATTTTT
TTGACCGACTCTACTGGAGGTGTGTTGTTGCTAACCGATGCCTTCTCTACCGCGATTTTT
TTGACCGACTCTACTGGAGGTGTGTTGTTGCTAACCGATGCCTTCTCTACCGCGATTTTT

KAKRKAAKRKAAKAAKREAAKN A A A A A AR AR A AR A A A AR A AR A A A AR AR A A A A Ak A kA Ak A Ak kA kKK

AAGCAATCATACTTGAGATTGTTTGCCAAGGATGAAGAAGGGTATTTGAAGATGGCTTTC
AAGCAATCATACTTGAGATTGTTTGCCAAGGATGAAGAAGGGTATTTGAAGATGGCTTTC
AAGCAATCATACTTGAGATTGTTTGCCAAGGATGAAGAAGGGTATTTGAAGATGGCTTTC

kA hkhkhkhk kA hhk Ak kA hkhkrhhkhkhhkhhkhkhhhkhhkrhhkhkhhkrhkhkhkhhkhkhkrhkkrhkhkrhkkhkhkxkxx*

AATGGTAATATGGCAGTCAAGACAAGTAAAGACTTGAAGGTACAAGGTTTGATTGGACAT
AATGGTAATATGGCAGTCAAGACAAGTAAAGACTTGAAGGTACAAGGTTTGATTGGACAT
AATGGTAATATGGCAGTCAAGACAAGTAAAGACTTGAAGGTACAAGGTTTGATTGGGCAT

hhkhhkhkhkhhkhkhhhhkrhhkrhhkhkhhkhhkhkhhhkhhkrhhkhkhhkrhkhkhkhhkhkhkrhkkhkrhkhkrkkhkrkhkx **x*
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K11
128
RED

K11
128
RED

K11l
128
RED

K11
128
RED

K11
128
RED

K11
128
RED

K11
128
RED

K11
128
RED

K11
128
RED

K11
128
RED

K11
128
RED

GCTTCTGCTGTAAAGAAGACAGACGCTAACAACATCAGTGAATCTGAAATCGGTATAGGT
GCTTCTGCTGTAAAGAAGACAGACGCTAACAACATCAGTGAATCTGAAATCGGTATAGGT
GCTTCTGCTGTAAAGAAGACAGACGCTAACAACATCAGTGAATCTGAAATCGGTATAGGT

KA AR AR A AR AR A AR A AR A AR AR AR A AR A AR AR A AR A AR AR AR A A A A AR AR A AR A Ak Rk kK

GCAACGTCCACCTGGAAGATGGCTTCCTTATCGCCTTATCACTCGTATGCGATTTTCTTT
GCAACGTCCACCTGGAAGATGGCTTCCTTATCGCCTTATCACTCGTATGCGATTTTCTTT
GCAACGTCCACCTGGAAGATGGCTTCCTTATCGCCTTATCACTCGTATGCGATTTTCTTT

kA hkhkhkhk kA hkhk Ak kA hkh A hhkhkhhkhhhkhkhhkhkhrhhkhkhhkrhkhkhkhhkhkhkrhkhkrkhkhkrhkkhkhkxkxx*x

GAAATTGCAAACACTGCGGCTAATTCTAACCCAATGATGTCTGCCCCTGGTTCAGCAGAT
GAAATTGCAAACACTGCGGCTAATTCTAACCCAATGATGTCTGCCCCTGGTTCAGCAGAT
GAAATTGCAAACACTGCGGCTAATTCTAACCCAATGATGTCTGCCCCTGGTTCAGCAGAT

hhkhhkhkhkhkhkhkhkhhkrhhkrhhkhkhhkhhkhkhhhkhhkrhhkhkhhkrhkhkhkhhkhkrhkkhkrhkhkrkhkhkhkxkxx

AGACCTCATCTAGCATATACTCAATTCATCACTACTTATCAACACTCCTCTGGTACCAAC
AGACCTCATCTAGCATATACTCAATTCATCACTACTTATCAACACTCCTCTGGTACCAAC
AGACCTCATCTAGCATATACTCAATTCATCACTACTTATCAACACTCCTCTGGTACCAAC

KA A A AR AR A A A A AR A AR A A A AR A KA IR A A A A AR A A A A A A AR AR AR A A A A A A A A Ak kKK

CGTATCAGAGTCACCACCGTCGCAAACCAGCTTTTGCCCTTCGGCACTCCTGCCATTGCA
CGTATCAGAGTCACCACCGTCGCAAACCAGCTTTTGCCCTTCGGCACTCCTGCCATTGCA
CGTATCAGAGTCACCACGGTCGCAAACCAGCTTTTGCCCTTCGGTACTCCTGCCATTGCA

KAKRKAKRKAAKAAKANAAKRAAK KA IAKAAARAIAAAAA AR A AR AR A AN A A, A hkhhkkh kA kA hkhk k%

GCTTCTTTCGATCAAGAAGCTGCTGCCGTTTTGATGGCTCGTATTGCTGTGCACAAGGCT
GCTTCTTTCGATCAAGAAGCTGCTGCCGTTTTGATGGCTCGTATTGCTGTGCACAAGGCT

GCTTCTTTCGATCAAGAAGCTGCTGCCGTTTTGATGGCTCGTATTGCTGTTCACAAGGCT
hokkokkkkkkkkkkkhkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk  kkkkkkkx*

GAAACCGATGATGGTGCAGATGTTATCAGATGGTTAGACAGAACTTTGATTAAGCTATGT
GAAACCGATGATGGTGCAGATGTTATCAGATGGTTAGACAGAACTTTGATTAAGCTATGT
GAAACCGATGATGGTGCAGATGTTATTAGATGGTTAGACAGAACTTTGATTAAGCTATGT

hhkrkhkhkhkhkhkhkhkhkhkhkrhkhkrhkhkhkhhkhkhhh dhkhkrhhkhkhhkrhkhhhhkhhkrhkkhkrhkhkrkhkhkhkxkxx

CAAAAGTACGCCGACTATAATAAAGATGATCCTCAATCTTTCAGGTTGGCTCCAAATTTC
CAAAAGTACGCCGACTATAATAAAGATGATCCTCAATCTTTCAGGTTGGCTCCAAATTTC
CAAAAGTACGCCGACTATAATAAAGATGATCCTCAATCTTTCAGGTTGGCTCCAAATTTC

KA AR AR A A A A A A AR A AR A A A AR AR A IR A A A AR A A A A AR AR AR AR A A A A A A A AR A ARk kK

TCACTGTATCCTCAATTTACCTATTATTTAAGAAGATCCCAATTCTTAAGTGTCTTTAAC
TCACTGTATCCTCAATTTACCTATTATTTAAGAAGATCCCAATTCTTAAGTGTCTTTAAC
TCACTGTATCCTCAATTTACCTATTATTTAAGAAGATCCCAATTCTTAAGTGTCTTTAAC

KA A KA KRR AR AR A AR A AR A A A AR AR A AR A AR AR A AR A AR AR A A A A A A Ak A kA kA A Ak kA kK%

AATTCTCCGGATGAAACTGCATTTTATAGACATATTTTCACAAGAGAGGATACGACTAAT
AATTCTCCGGATGAAACTGCATTTTATAGACATATTTTCACAAGAGAGGATACGACTAAT

AATTCTCCGGATGAAACTGCATTTTATAGACATATTTTCACAAGAGAGGATACGACTAAT
ok K ok ok kK ok kK ok kK ok ok ok ok kK ok kK ok ok ok k ko ok kK ok ok ok ok ok ke k kK ok ok ok ok ok ok ok k kK ok kK ok ok kK

TCTTTAATCATGATTCAACCAACTCTAACTTCTTTCTCAATGGAGGACGATCCACAACCG
TCTTTAATCATGATTCAACCAACTCTAACTTCTTTCTCAATGGAGGACGATCCACAACCG
TCTTTAATCATGATTCAACCAACTCTAACTTCTTTCTCAATGGAGGACGATCCACAACCG

hhkrkhkhkhkhhkhkhhhkrhhkrhhkhkhhkhhkhkhhk bk hhkrhhkhkhhkrhkhkhhhkhkhkrhkhkrhkhkrkhkhkhkxkxx

Kramer 58



K11
128
RED

K11
128
RED

K11l
128
RED

K11
128
RED

K11
128
RED

K11
128
RED

K11
128
RED

GTATTGTTAGACTCTATCTCCGTCAAACCCAATACCATTCTATTATTAGATACATTTTTC
GTATTGTTAGACTCTATCTCCGTCAAACCCAATACCATTCTATTATTAGATACATTTTTC
GTATTATTAGACTCTATCTCCGTCAAACCCAATACCATTCTATTATTAGATACATTTTTC

KAKREA R A A A A A A AR A AR A A A AR A KR A AR A AR AR A AR AR A AR AR A A A A AR AR A AR A Ak Ak kK

TTCATCTTAATATACCACGGTGAGCAAATCGCTCAATGGAGAAAAGCCGGTTACCAAGAC
TTCATCTTAATATACCACGGTGAGCAAATCGCTCAATGGAGAAAAGCCGGTTACCAAGAC
TTCATCTTAATATACCACGGTGAGCAAATCGCTCAATGGAGAAAAGCCGGTTACCAAGAC

kA hkhkhkhk kA hkhk Ak kA hkh A hhkhkhhkhhhkhkhhkhkhrhhkhkhhkrhkhkhkhhkhkhkrhkhkrkhkhkrhkkhkhkxkxx*x

GATCCACAGTACGCAGATTTCAAAGCTCTTCTTGAAGAGCCAAAATTAGAAGCCGCAGAA
GATCCACAGTACGCAGATTTCAAAGCTCTTCTTGAAGAGCCAAAATTAGAAGCCGCAGAA
GATCCACAGTACGCAGATTTCAAAGCTCTTCTTGAAGAGCCAAAATTAGAAGCCGCAGAA

hhkhhkhkhkhkhkhkhkhhkrhhkrhhkhkhhkhhkhkhhhkhhkrhhkhkhhkrhkhkhkhhkhkrhkkhkrhkhkrkhkhkhkxkxx

TTGTTAGTAGATAGGTTCCCGCTACCAAGGTTCATTGATACTGAAGCCGGTGGTTCTCAA
TTGTTAGTAGATAGGTTCCCGCTACCAAGGTTCATTGATACTGAAGCCGGTGGTTCTCAA
TTGTTAGTAGATAGGTTCCCGCTACCAAGGTTCATTGATACTGAAGCCGGTGGTTCTCAA

KA A A AR AR A A A A AR A AR A A A AR A KA IR A A A A AR A A A A A A AR AR AR A A A A A A A A Ak kKK

GCCAGATTCTTGTTATCTAAATTGAATCCTTCCGATAACTATCAAGACATGGCGCGCGGA
GCCAGATTCTTGTTATCTAAATTGAATCCTTCCGATAACTATCAAGACATGGCGCGCGGA
GCCAGATTCTTGTTATCTAAATTGAATCCTTCCGATAACTATCAAGACATGGCGCGCGGA

KA AR AR A AR AR A AR A AR A A A AR AR A AR A AR AR A AR A AR AR A AR A A A ARk A kA AR A Ak kA kKK

GGATCTACAATTGTCTTAACAGATGATGTTTCCTTACAAAATTTCATGACTCACTTACAA
GGATCTACAATTGTCTTAACAGATGATGTTTCCTTACAAAATTTCATGACTCACTTACAA
GGATCTACAATTGTCTTAACAGATGATGTTTCCTTACAAAATTTCATGACTCACTTACAA

Ak hkhhkhkhhkhkhk Ak kA hkhk A hhkhkhhkhhkhkhhhkhhkrhhkhhhkrhkhkhkhhkhkhkrhkhkrhkkhkrhkkhkhkxkxx

CAAGTAGCCGTCTCTGGTCAGGCATAG
CAAGTAGCCGTCTCTGGTCAGGCATAG
CAAGTAGCCGTCTCTGGTCAGGCATAG

khkrkhkhkhkkhkhkkrhkkhkrkhkhkrkkhkhkxkhkxk*k

Kramer 59



Kramer 60

dN/dS

Comparing sequences 1 and 2:

Nondegenerate Twofold Fourfold
Transitions 0 2 2
Transversions 0 0 1

Comparing sequences 1 and 3:

Nondegenerate Twofold Fourfold
Transitions 0 3 3
Transversions 0 0 4

Comparing sequences 2 and 3:
Nondegenerate Twofold Fourfold

Transitions 0 5 5
Transversions 0 0 3
> outputl

K11 128
128 0

RED 0 0



Kramer 61

YCP4

CLUSTAL 2.1 multiple sequence alignment
-Nucleotide Change
-Unknown Nucleotide Fixed

RED ATGGTAAAGATTGCGATAATTACTTACTCTACCTACGGGCACATAGACGTTTTAGCCCAA
128 ATGGTAAAGATTGCGATAATTACTTACTCTACCTACGGGCACATAGACGTTTTAGCCCAA
LALVIN ATGGTAAAGATTGCGATAATTACTTACTCTACCTACGGGCACATAGACGTTTTAGCCCAA
hokkk kA kkkkhkhkhk kA Ak kkkhkhkh kA Kk kkhkhkhkk kKK kkkhkhkk kKKK kkkkkk*k & % KKKk kK
RED GCTGTTAAGAAAGGTGTGGAGGCAGCTGGTGGTAAAGCTGATATATACAGGGTCGAGGAA
128 GCTGTTAAGAAAGGTGTGGAGGCAGCTGGTGGTAAAGCTGATATATACAGGGTCGAGGAA
LALVIN GCTGTTAAGAAAGGTGTGGAGGCAGCTGGTGGTAAAGCTGATATATACAGGGTCGAGGAA
KA A A AR A A A A A A AR A AR A A A AR A KR AR A A A A AR A A A A A A AR AR AR A A A A kA A A Ak kKK
RED ACTTTACCTGATGAAGTCCTCACCAAGATGAACGCTCCTCAGAAACCTGAAGATATTCCT
128 ACTTTACCTGATGAAGTCCTCACCAAGATGAACGCTCCTCAGAAACCTGAAGATATTCCT
LALVIN ACTTTACCTGATGAAGTCCTCACCAAGATGAACGCTCCTCAGAAACCTGAAGATATTCCT
KA AR AR A A A A AR AR A AR AR A AR AR A AR A AR AR A AR A AR AR AR A A A A A kA kA Ak A Ak kA kKK
RED GTTGCCACTGAGAAAACGTTGCTCGAATATGACGCCTTTTTGTTCGGTGTTCCAACTAGG
128 GTTGCTACTGAGAAAACGTTGCTCGAATATGACGCCTTTTTGTTCGGTGTTCCAACTAGG
LALVIN GTTGCCACTGAGAAAACGTTGCTCGAATATGACGCCTTTTTGTTCGGTGTTCCAACTAGG
hokkhkk Kk kkhkhkhk kA Ak khhkhkhk kA KKk hkhkh kA kA Kk khkhh kX KAk kkhkhhk k& % K Kk kK
RED TTTGGTAATTTGCCGGCTCAATGGTCCGCCTTTTGGGATAAAACCGGTGGATTATGGGCC
128 TTTGGTAATTTGCCGGCTCAATGGTCCGCCTTTTGGGATAAAACCGGTGGATTATGGGCC
LALVIN TTTGGTAATTTGCCGGCTCAATGGTCCGCCTTTTGGGATAAAACCGGTGGATTATGGGCC
hokkkkkkkkkhkhkhk kA KKk kkhkhkk kA Kk kkkhkhkk Kk kkkhkhkk kX Kk kkkkkk*k % % Kk Kk kK
RED AAGGGCTCTTTGAACGGCAAAGCTGCGGGGATATTCGTTAGTACTTCCAGTTACGGAGGT
128 AAGGGCTCTTTGAACGGCAAAGCTGCGGGGATATTCGTTAGTACTTCCAGTTACGGAGGT
LALVIN AAGGGCTCTTTGAACGGCAAAGCTGCGGGGATATTCGTTAGTACTTCCAGTTACGGAGGT
KA AR AR A A A A A A AR A A A A A A AR AR A I AA A A A KR A AR A AR AR A AR A A A A A AR A ARk kK
RED GGTCAAGAAAGTACCGTTAAAGCCTGTTTGTCTTATTTAGCTCATCACGGAATTATCTTT
128 GGTCAAGAAAGTACCGTTAAAGCCTGTTTGTCTTATTTAGCTCATCACGGAATTATCTTT
LALVIN GGTCAAGAAAGTACCGTTAAAGCCTGTTTGTCTTATTTAGCTCATCACGGAATTATCTTT
KA A A AR A AR AR A AR A AR A A A AR AR A AR A A A AR A AR A AR AR A A A kA kA Ak Ak kA Ak xk kA kh kK%
RED TTACCACTGGGTTATAAGAATTCATTTGCTGAGTTAGCCAGTATAGAAGAGGTACACGGT
128 TTACCACTGGGTTATAAGAATTCATTTGCTGAGTTAGCCAGTATAGAAGAGGTACACGGT
LALVIN TTACCACTGGGTTATAAGAATTCATTTGCTGAGTTAGCCAGTATAGAAGAGGTACACGGT
hokkk kK kkkkhhhk kA KKk hhkhkhkk kA Ak kkhkhk kA kA Kk khkhkhk kX KKKk khkkhkk k& % K Kk kK
RED GGCTCTCCATGGGGTGCTGGTACCCTTGCAGGATCTGACGGCTCAAGAACTGCGTCTCCT
128 GGCTCTCCATGGGGTGCTGGTACCCTTGCAGGACCTGACGGCTCAAGAACTGCGTCTCCT
LALVIN GGCTCTCCATGGGGTGCTGGTACCCTTGCAGGACCTGACGGCTCAAGAACTGCGTCTCCA
hokkkkkkkkkhkhkhk kA Xk kkkhkhkhkkkkkkkkhkhkx Kk kkkkhkhkkxkkkkkkkkxx %%k k%
RED CTTGAATTGAGAATTGCTGAAATTCAAGGTAAAACATTCTACGAAACCGCCAAAAAACTT
128 CTTGAATTGAGAATTGCTGAAATTCAAGGTAAAACATTCTACGAAACCGCCAAAAAACTT

LALVIN CTTGAATTGAGAATTGCTGAAATTCAAGGTAAAACATTCTACGAAACCGCCAAAAAACTT

KA AR AR A AR A A A AR A A A A A A AR AR A AR A AR AR A AR A AR AR AR AR A A AR A A AR A ARk kK



RED
128
LALVIN

RED
128
LALVIN

RED
128
LALVIN

TTCCCTGCAAAAGAAGCCAAGCCCTCCACTGAAAAGAAGACCACTACTTCTGATGCGGCT
TTCCCTGCAAAAGAAGCCAAGCCCTCCACTGAAAAGAAGACCACTACTTCTGATGCGGCT
TTCCCTGCAAAAGAAGCCAAGCCCTCCACTGAAAAGAAGACCACTACTTCTGATGCGGCT

KA AR AR A AR AR A AR A AR A AR AR AR A AR A AR AR A AR A AR AR AR A A A A AR AR A AR A Ak Rk kK

AAGAGACAAACTAAACCTGCAGCAGCTACAACTGCAGAAAAGAAGGAGGACAAAGGATTA
AAGAGACAAACTAAACCTGCAGCAGCTACAACTGCAGAAAAGAAGGAGGACAAAGGATTA
AAGAGACAAACTAAACCTGCAGCAGCTACAACTGCAGAAAAGAAGGAGGACAAAGGATTA

kA hkhkhkhk kA hkhk Ak kA hkh A hhkhkhhkhhhkhkhhkhkhrhhkhkhhkrhkhkhkhhkhkhkrhkhkrkhkhkrhkkhkhkxkxx*x

TTATCCTGCTGCACTGTCATGTAA
TTATCCTGCTGCACTGTCATGTAA
TTATCCTGCTGCACTGTCATGTAA

khkrxhkhkhk kA hkkrhkhkrhkhkxkkkkxkx*k

CLUSTAL 2.1 multiple sequence alignment
- Amino Acid Change

lalvin
128
Red

lalvin
128
Red

lalvin
128
Red

lalvin
128
Red

lalvin
128
Red

dN/dS

MVKIAIITYSTYGHIDVLAQAVKKGVEAAGGKADIYRVEETLPDEVLTKMNAPQKPEDIP
MVKIAIITYSTYGHIDVLAQAVKKGVEAAGGKADIYRVEETLPDEVLTKMNAPQKPEDIP
MVKIAIITYSTYGHIDVLAQAVKKGVEAAGGKADIYRVEETLPDEVLTKMNAPQKPEDIP

hhkhhkhkhk kA hkhkhhhkrhhkrhhkhkhhkhhkhkhhkdkhhkrhhkhkhhkrhkhkhhhkhhkrhkrhkhkrkhkhkhkxkxx

VATEKTLLEYDAFLFGVPTREFGNLPAQWSAFWDKTGGLWAKGSLNGKAAGIFVSTSSYGG
VATEKTLLEYDAFLFGVPTREGNLPAQWSAFWDKTGGLWAKGSLNGKAAGIFVSTSSYGG
VATEKTLLEYDAFLFGVPTREGNLPAQWSAFWDKTGGLWAKGSLNGKAAGIFVSTSSYGG

KA AR AR A AR A A A AR A AR A A A AR AR A IR A AR AR A AR A A A AR AR AR A AR A AR AR A ARk kK

GQESTVKACLSYLAHHGIIFLPLGYKNSFAELASIEEVHGGSPWGAGTLAGPDGSRTASP
GQESTVKACLSYLAHHGIIFLPLGYKNSFAELASIEEVHGGSPWGAGTLAGPDGSRTASP
GQESTVKACLSYLAHHGIIFLPLGYKNSFAELASIEEVHGGSPWGAGTLAGSDGSRTASP

R R R I b S b b b S b b Sb b S IR I Sh S S S e Sb b E Sh b b db 2 Sb b S Sb S db b b b S 2b b Sh b b Sb b R b 2b b 2 2b b 2 4

LELRIAEIQGKTFYETAKKLFPAKEAKPSTEKKTTTSDAAKRQTKPAAATTAEKKEDKGL
LELRIAEIQGKTFYETAKKLFPAKEAKPSTEKKTTTSDAAKRQTKPAAATTAEKKEDKGL
LELRIAEIQGKTFYETAKKLFPAKEAKPSTEKKTTTSDAAKRQTKPAAATTAEKKEDKGL

hhkhkhkhkhk kA hk Ak hkhkhkhkrhhkhkhhkhhkhkhhkhkhhkrhhkhkhhkrhkhkhhhkhkhkrhkkrhhkrkkhkhkxkxx*x

LSCCTVM
LSCCTVM
LSCCTVM

Kk ok k ok Kk kK

Kramer 62



Kramer 63

Comparing sequences 1 and 2:

Nondegenerate Twofold Fourfold
Transitions 1 0 1
Transversions 0 0 0

Comparing sequences 1 and 3:

Nondegenerate Twofold Fourfold
Transitions 1 0 0
Transversions 0 0 1

Comparing sequences 2 and 3:
Nondegenerate Twofold Fourfold

Transitions 0 0 1
Transversions 0 0 1
> outputl

RED 128

128 0.6348279
LALVIN 0.2629160 0.0000000



ZRT1

CLUSTAL 2.1 multiple sequence alignment

-Nucleotide Change

seq K11
seq YSP128
seq Red

seq K11
seq_YSP128
seq Red

seq K11
seq YSP128
seq Red

seq K11
seq YSP128
seq Red

seq K11
seq YSP128
seq Red

seq K11
seq_YSP128
seq Red

seq K11
seq YSP128
seq Red

seq K11
seq YSP128
seq Red

seq K11
seq YSP128
seq Red

seq K11
seq YSP128
seq Red

ATGAGCAACGTTACTACGCCGTGGTGGAAACAATGGGACCCTTCTGAAGTTACACTTGCC
ATGAGCAACGTTACTACGCCGTGGTGGAAACAATGGGACCCTTCTGAAGTTACACTTACC
ATGAGCAACGTTACTACGCCGTGGTGGAAACAATGGGACCCTGATACCGTTACACTTACC

R R R R R R b I b b b b b b b b b b b b b b IR b b b b b b b b b b h b E 3 2 * *kkkkkkkkk kK

GATAAAACCCCTGATGATGTGTGGAAGACCTGTGTTTTGCAAGGTGTTTACTTTGGTGGA
GATGAAACCCCTGATGATGTGTGGAAGACCTGTGTTTTGCAAGGTGTTTACTTTGGTGGA
GCTGAAACCCCTGATGATGTGTGGAAGACCTGTGTTTTGCAAGGTGTTTATTTTGGTGAA

Kk AR A KA KA KR A AR A AR A A A AR AR A AR A AR AR A AR AR A AN AR AR A A Ak Kk *Ahkk khkk**kx %

AACGAGTACAATGGTAACTTAGGTGCCAGAATATCTTCCGTCTTTGTTATTCTTTTCGTG
AACGAGTACAATGGTAACTTAGGTGCCAGAATATCTTCCGTCTTTGTTATTCTTTTCGTG
AACGAGTACAATGGTAACTTAGGTGCCAGAATATCTTCCGTCTTTGTTATTCTTTTCGTG

R R I b S b b 2h S b b Sb b S SR S S S S e Sb b h Sh b b db I Sb b S Sh b S S b Sb b S 2h I Sh b b Sb b Sh b b 2b b S b b 2 4

AGTACTTTTTTCACCATGTTCCCATTAATCTCAACAAAAGTGAAAAGATTGAGAATTCCT
AGTACTTTTCTCACTATGTTCCCATTAATCTCAACAAAAGTGAAAAGATTGAGAATTCCT

AGTACTTTTTTAACTATGTTCCCATTAATCTCAACAAAAGTGAAAAGATTGAGAATTCCT
kokkokokkkokk ok kok ok okok ok ok ok ok ok ok ok ok ok ok ok k ok kK ok ok ok ok ok ok k k kK ok ok ok ok ok ko k kK ok ok ok k ok kK

CTATATGTTTACCTTTTCGCAAAGTATTTTGGTTCCGGTGTTATTGTTGCAACCGCATTT
TTATATGCTTACCTTTTCGCAAAATATTTTGGTTCTGGTGTTATTGTTGCAACCGCATTT
TTATATGCTTACCTTTTCGCAAAATATTTTGGTTCCGGTGTTATTGTTGCAACTGCATTT

khkkhkkhkhkk Khhkkhkkhkkhkkhkkhkhkhhkkhhkkhkhkh hhkkhhkhhkhhkhkhkh hhkhkhhhkhhhhhhhhhkhkh *hkhkkhk

ATCCACTTAATGGACCCTGCTTATGGTGCGATTGGTGGTACCACTTGTGTAGGACAAACC
ATCCACTTAATGGACCCTGCTTATGGTGCGATTGGTGGTACCACTTGTGTGGGACAAACC
ATCCACTTAATGGACCCTGCTTATGGTGCGATTGGTGGTAACACTTGTGTAGGACAAACC

KAKXKAKRKAAKAAKAKAAKRAAKAAAA AR AR A AAA XA AR A A A AR A A, A Ak hAkkhkhhkk k *hkk rkk k*x%

GGTAACTGGGGTCTTTATTCATGGTGTCCTGCCATTATGCTAACGAGTTTGACCTTCACT
GGTAACTGGGGCATCTATTCATGGTGTCCTGCCATTATGCTAACGAGTTTGACCTTCACT
GGTAACTGGGGTCTTTATTCATGGTGTCCTGCCATTATGCTAACGAGTTTGACCTTCACT

* Kk ok ok ok ok ok ok ok ok Kk Kk kkkk Ak Ak hkkhkhhkhk kA hkhhkhkhkrhkkhkhhkrhkhkhkhkhkhkhkrhkkhkhkhkxkhkxkkx

TTCCTTACTGATCTATTCAGTAGCGTCTGGGTTGAAAGAAAGTATGGTCTTTCCCATGAC
TTCCTTACTGACTTATTCAGTAGCGTCTGGGTTGAAAGAAAGTATGGTCTTTCCCATGAC
TTCCTTACTGACCTGTTCAGTAGCGTCTGGGTTGAAAGAAAGTATGGGCTTTCCCATGAC

* Kk k k ok ok ok ok ok ok ok Kk kkkkkrkhkkhkhkhkhkhkkhhhkrkhkhkrhkkhkhkhkhkrkhkhhkkhhkhx *hkkhkhkkhkhkrxkhkxkkx

CATACCCACGATGAAATTAAAGACACTGTTGTGAGAAACACTGCAGCTGTTTCAAGTGAG
CATACCCACGATGACATTAAAGACACTGTTGTGAATAACGCTGCAGTTGTTTCAACTGAG
CATACCAACGATGAAATTAAAGACACTGTTGTGAATAACGCTGCAGTTGTTTCAACTGAG

KAk khkk Kk hhkkkhkkhkk Kk *hAkkhkkhkhhkk kA hkAkkhAkhkkkxkk% Kkkhkk hkhkkkhkk KAhkkkhkhkkhkkk kkkk

AATGACAATGAGAATGGTACTGCAAATGGATCTCATGACACCAAGAACGGAGTAGAGTAT
AATGAGAATGAGAATGCTACTGCAAATGGATCTCATGACACCAAGAACGGAATAGAGTAT
AATGAGAATGAGAATGGTACCGCAAATGGATCTCATGACACCAAGAATGGAATAGAATAT

KAk kkhk KAhkAkAkAkAhkhkk Kk Khhkk KAAAhAAAAAAhAkAdAhAAdrkhkhkhkkhhAkhkkhkhrkh*x *k*k )k *x*k **k%

Kramer 64



seq K11
seq_YSP128
seq Red

seq K11
seq YSP128
seq Red

seq K11
seq YSP128
seq Red

seq K11
seq YSP128
seq Red

seq K11
seq_YSP128
seq Red

seq K11
seq YSP128
seq Red

seq K11
seq YSP128
seq Red

seq K11
seq YSP128
seq Red

seq K11
seq_YSP128
seq Red

TATGAAGATTCAGACGCTACATCCATGGATGTTGTTCAATCATTTCAAGCACAATTTTAT
TATGAAGATTCAGACGCTACATCCATGGATGTTGTTCAATCATTTCAAGCACAATTTTAT
TTTGAAGAATCAGACGCTACATCCGTGGATGTTGTTCAATCATTTCAAACACAATTTTAT

K kKA AKRA K AXAKAIAKRAXRAIAAAXAKAA A, *AAAAAAKRAXAAA AR AR XA AR A AK* K, A hAh Ak Ak kA hk k%

GCCTTTTTAATTTTAGAATTCGGTGTGATTTTCCACTCCGTTATGATCGGTCTAAACCTG
GCCTTTTTAATTTTAGAATTCGGTGTGATTTTCCACTCTGTTATGATCGGTCTAAATCTG
GCCTTTTTAATTTTAGAATTTGGTGTGATTTTCCACTCCGTTATGATCGGTCTAAATCTG

KAKRKAA KNI hAAAAA AR A AR hhA, KA hAAhAAhAAdhkkhhkhAkhdk Ak khkhkkhkrkhkhhkhhkkhhkkxkhrxkx **x%

GGAAGTGTTGGTGATGAGTTCTCCTCCCTATACCCTGTCTTAATGTTCCATCAATCATTT
GGAAGTACTGGTAAAGAGTTCGCCACCCTATACCCTGTCTTAGTGTTCCATCAATCATTT

GGAAGTACTGGTGAAGAGTTCGCCACCCTATACCCTGTCTTAGTGTTCCATCAATCATTT

* Kk k k Kk x khkkk kK kkkhkkk khk khkhkkkhkhkk A khkkhkhkhkkhkrhkkhkk khkkrkhkkhkrkhkkhkrkkkkhkkk*k

GAAGGTTTAGGTATTGGTGCAAGATTGTCAGCCATTGAATTCCCTAGATCAAAGAGATGG
GAAGGTTTAGGTATTGGTGCAAGATTGTCAGCCATTGAATTCCCTAGATCAAAGAGATGG
GAAGGTTTAGGTATTGGTGCAAGATTGTCAGCCATTGAATTCCCTAGATCAAAGAGATGG

hhkhhkhkhk kA hkhkhhhkrhhkrhhkhkhhkhhkhkhhkdkhhkrhhkhkhhkrhkhkhhhkhhkrhkrhkhkrkhkhkhkxkxx

TGGCCATGGGCCCTATGTGTTGCGTATGGGTTAACCACACCAATCTGTGTGGCCATCGGT
TGGCCATGGGCCCTATGTGTTGCGTATGGGTTAACCACACCAATCTGTGTAGCCATCGGT
TGGCCATGGGCCCTATGTGTTGCGTATGGGTTAACCACACCAATCTGTGTGGCCATCGGT

KA A K AR A AR A AR A AR A AR A A A AR AR A IR A AR AR A AR AN A AR AR AR A Ak Ak Ak Ak kA kK%

TTGGGTGTTCGTACCAGATACGTCAGCGGTTCTTACACTGCGCTTGTTATCTCTGGTGTT
TTGGGTGTTCGTACACAATACGTCAGCGGTTCTTACACTGCCCTTGTTGTCTCTGGTGTT
TTGGGTGTTCGTACCAGATACGTCAGCGGTTCTTACACTGCCCTTGTTATCTCTGGTGTT

kAhkkAkAhkhkkhkhkk Kk kk kK AkhkkhhAkkhkhkhkAhhkkhhkhkkhkhrkhkhkhkhhkhkhkhrkhk, ,hkkhkhkhxk *khhkk rkxk rxk*x%x

TTGGATGCCATTTCTGCTGGTATCTTATTGTACACTGGTTTGGTTGAACTACTAGCAAGA
TTGGATGCCATTTCTGCTGGTATCTTATTGTACACTGGTTTGGTTGAACTACTAGCAAGA

TTGGATGCCATTTCTGCTGGTATCTTATTGTACACTGGTTTGGTTGAACTACTAGCAAGA
ok K ok ok ok k kK ok kK ok ok ok ok k ok kK ok ok ok ok ok ok k ok kK ok ok ok ok ok ok k kK ok ok ok ok ok kK k kK ok ok Kk k kK

GACTTTATATTCAATCCTCAAAGAACAAAGGATCTAAGAGAATTGTCCTTCAACGTTATA
GACTTTATATTCAATCCTCAAAGAACAAAGGATCTAAGACAACTGTCCTTCAACGTTATA
GACTTTATATTCAATCCTCATAGAACAAAGAATTTAAAAGAGTTGTCCTTCAACGTTATA

khkkkhkhkhkhkhkhkhkhkrkhkrkhkhkhkrkx *hkkikkrkhkrxkx **x *kkx *x X kkhkkkhkkhkkhkkhkkhkkhkkkhkkkhk kK

TGCACTCTTTTCGGTGCTGGTATCATGGCTTTGATCGGTAAGTGGGTTTAA
TGCACTCTTTTCGGTGCTGGTATCATGGCTTTGATCGGTAAGTGGGCTTAA
TGCACTCTTTTCGGTGCTGGTATCATGGCTTTGATCGGTAAGTGGGCTTAA

KA KK A KRNI A KA AAKA AR AR A A A A AR A R AR A AR AR A AR A AR AR A XA A R Kk kK k%K

CLUSTAL 2.1 multiple sequence alignment
- Amino Acid Change

Red
128
K11

MSNVTTPWWKQWDPDTVTLTAETPDDVWKTCVLQGVYFGENEYNGNLGARISSVEVILEV
MSNVTTPWWKQWDPSEVTLTDETPDDVWKTCVLQGVYFGGNEYNGNLGARISSVEVILEV
MSNVTTPWWKQWDPSEVTLADKTPDDVWKTCVLQGVYFGGNEYNGNLGARISSVEVILEV

*hkkkkkkkkkxkkx hhkk o ohkhkhkkhkhkhkhk A hkkhkrhkkhkhkhhkdx *hkkhkhkhkhkrhkkhkrhhkrkkkkhkkxx*k

Kramer 65



Red
128
K11

Red
128
K11

Red
128
K11

Red
128
K11

Red
128
K11

Red
128
K11

dN/dS

STFLTMFPLISTKVKRLRIPLYAYLFAKYFGSGVIVATAFIHLMDPAYGAIGGNTCVGQT
STFLTMFPLISTKVKRLRIPLYAYLFAKYFGSGVIVATAFIHLMDPAYGAIGGTTCVGQT
STFFTMFPLISTKVKRLRIPLYVYLFAKYFGSGVIVATAFIHLMDPAYGAIGGTTCVGQT

KAK o AAAXAKAAKNKAIAKAAXNAKAAAXAK AAIKAAXAAAKNAXAAA XN A AKX XA XA A XA A A XK * kA Kk kK%

GNWGLYSWCPAIMLTSLTFTFLTDLESSVWVERKYGLSHDHTNDEIKDTVVNNAAVVSTE
GNWGIYSWCPAIMLTSLTFTFLTDLESSVWVERKYGLSHDHTHDDIKDTVVNNAAVVSTE
GNWGLYSWCPAIMLTSLTFTFLTDLESSVWVERKYGLSHDHTHDEIKDTVVRNTAAVSSE

KAKAK e kA KA KA A A A KA A A KA A A AR AR AR A A A AR A A A A A A AN Ak e ke khkhkhhk Kok Khk ok

NENENGTANGSHDTKNGIEYFEESDATSVDVVQSFQTQFYAFLILEFGVIFHSVMIGLNL
NENENATANGSHDTKNGIEYYEDSDATSMDVVQSFQAQFYAFLILEFGVIFHSVMIGLNL
NDNENGTANGSHDTKNGVEYYEDSDATSMDVVQSFQAQFYAFLILEFGVIFHSVMIGLNL

kekhkk hhkhkkAhkkhkhhkkhkkohkhkoekeohkhhkhhkehkhhhhkhkhkohkhkhkhhkhkhkrhkhkrhhkrhkkhkhkhkxk

GSTGEEFATLYPVLVFHQSFEGLGIGARLSAIEFPRSKRWWPWALCVAYGLTTPICVAIG
GSTGKEFATLYPVLVFHQSFEGLGIGARLSAIEFPRSKRWWPWALCVAYGLTTPICVAIG
GSVGDEFSSLYPVLMFHQSFEGLGIGARLSAIEFPRSKRWWPWALCVAYGLTTPICVAIG

Kk kK Ak e s KAKAK e kKA KA KR AR AR AR AR AR AR AR AR AR AR AR AR AR AR A A A A Ak Ak k kK

LGVRTRYVSGSYTALVISGVLDAISAGILLYTGLVELLARDFIFNPHRTKNLKELSEFNVI
LGVRTQYVSGSYTALVVSGVLDAISAGILLYTGLVELLARDFIFNPQRTKDLRQLSEFNVI
LGVRTRYVSGSYTALVISGVLDAISAGILLYTGLVELLARDFIFNPQRTKDLRELSENVI

KAKKK o AAKAKAKAIAKAKX o A AKX AKAKRKAIAKAA XA AR A XA AA KNI A KA AR AR AKX e khhkoke e kAKX Kk k%

CTLFGAGIMALIGKWA
CTLFGAGIMALIGKWA
CTLFGAGIMALIGKWV

kA kkkhkhkkhkhkkkhkkkkk*k

Comparing sequences 1 and 2:

Transitions

Nondegenerate Twofold Fourfold
13 8 7

Transversions 6 5 2

Comparing sequences 1 and 3:

Transitions

Nondegenerate Twofold Fourfold
14 13 4

Transversions 10 6 3

Comparing sequences 2 and 3:

Transitions

Nondegenerate Twofold Fourfold
8 10 9

Transversions 10 4 4

> outputl

seq_K11l seq_YSP128

seq_YSP128 0.6851964

seq_Red

0.6813422 0.4037520

Kramer 66



