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1 GRAS EXEMPTION CLAIM 

1.1 NAME AND ADDRESS OF THE NOTIFIER 

First Venture Tech no log ies Corporation 
Suite 1500 - 885 West Georgia Street 
Vancouver, British Columbia, V6C 3E8 
Canada 

Telephone: (604) 648-2200 
Facsimile : (604) 648-2201 

Scientific Manager: Dr. Hendrik J.J. van Vuuren 
hjjvv@interchange. u bc.ca 
First Venture Technologies Corporation 
Suite 1500 - 885 West Georgia Street 
Vancouver, British Columbia, V6C 3E8 
Canada 

Telephone : (604) 648-2200 
Facsimile : (604) 648-2201 

The research and development of  the urea degrading yeast strain was 
initiated in Canada by researchers at  Brock University, Ontario (PCT publication no. 
WO 03/040379) and led by Professor Hennie van Vuuren from Brock University 
(Canada), who has subsequently moved to The University of  British Columbia, 
British Columbia (Canada). The research was completed at  The University of  British 
Columbia. 

1.2 
OF THE GRAS EXEMPTION CLAIM 

COMMON OR USUAL NAME OF THE SUBSTANCE THAT I S  THE SUBJECT 

The subject of the notice is a wine yeast obtained from a commercial 
Saccharomyces cerevisiae wine strain. The strain carries a recombinant gene that 
encodes a urea amidolyase enzyme from S. cerevisiae. This novel yeast strain is 
called ECMoOl. 
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1.3 APPLICABLE CONDITIONS OF USE OF THE NOTIFIED SUBSTANCE 

1.3.1 Purposes for which the substance is used 

Certain fermented foods and alcoholic beverages contain ethyl carbamate 
(Urethane; see Zimmerli and Schlatter, 1991 for review), which is a known 
carcinogen in animals (IARC V.7, 1974; IARC S.4, 1982; IARC S.7, 1987), and a 
suspected carcinogen in humans (IARC, 1974). Ethyl carbamate forms as the result 
of  the reaction of  ethanol, a product of the fermentation process, and another 
precursor such as cyanate or urea. I n  grape-based and rice-based products that 
have been fermented by S. cerevisiae, ethyl carbamate is known to  be primarily 
produced by the reaction of ethanol and urea. 

Urea is normally metabolized in S. cerevisiae by the enzyme, urea 
amidolyase. Production of this enzyme is determined by the DUR1,Z (alias DUR80) 
gene. During fermentation, in the presence of other good nitrogen sources the 
DUR1,Z gene is not normally active and urea is poorly metabolized. As a result, 
urea accumulates in the yeast cell. As urea is toxic to  yeast, it's released into the 
wine (or other medium, as the case may be) where it reacts with ethanol, which 
has also been produced by the yeast, to  form ethyl carbamate (see Figure 1). 
Heating and ageing of the wine accelerates the production of  ethyl carbamate, and 
therefore the levels are much higher in sherries and sake/rice wine (Zimmerli and 
Schlatter, 1991; Daudt et a/., 1992). 

As a result of the formation of ethyl carbamate by S. cerevisiae as a 
byproduct of  fermentation, we propose the use of a genetically modified strain of S. 
cerevisiae named ECMoOl to reduce ethyl carbamate formation in yeast fermented 
beverages. The modified strain contains the urea amidolyase gene (DUR1,2) under 
the S. cerevisiae PGK1 promoter and terminator signals. Increased expression of 
the DUR1,2 gene in the recombinant strain, ECMoOl, results in more effective 
degradation of urea during alcoholic fermentation (Figure 2). As these DNA 
fragments are all obtained from S. cerevisiae, ECMoOl is non-transgenic. 

1.3.2 Foods in which the substance is to  be used 

The ECMoOl active dry yeast is intended for use in alcoholic beverage 
production procedures in accordance with Good Manufacturing Practices, as a yeast 
starter culture for alcoholic beverage fermentation such as grape must and rice 
fermentations. Like all active dry yeast, the active dry yeast obtained with the 
ECMoOl strain is used to  perform alcoholic fermentation in the production of 
alcoholic beverages. The following grape-based and rice- based fermented products 
have been shown to  contain ethyl carbamate which has been formed from urea, 
and therefore may benefit in reduction of ethyl carbamate levels by employing the 
ECMoOl strain during production: 

Red and white wine 
0 Champagne 

Sherry 
0 Sake & other rice wines 
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Brandy & cognac 

The following products may also benefit from employing the ECMoOl yeast 
strain in the fermentation process: 

Whiskey 
Rum 
Other distilled beverages 

1.3.3 Levels of  use of  the ECMoOl active dry yeast in grape must 

To maximize urea degradation, we recommend that winemakers use 
approximately 0.2 gram of active dry yeast per litre of wine for grape must 
fermentation. The Bureau of Alcohol, Tobacco and Firearms (27 CFR 24.176) and 
the International Oenoligical Codex (2002), however, allow the winemaker t o  
determine the appropriate level of  yeast inoculation in wine. 

I f  a mixture of ECMoOl and a non-urea degrading yeast strain is used in 
fermentation, urea degradation may not be carried out effectively and ethyl 
carbamate levels may not be as effectively reduced. By choosing the appropriate 
yeast starter culture for fermentation, the winemaker can decide not to  carry out 
urea degradative fermentation, or to  carry out urea degradative fermentation with 
the ECMoOl yeast strain. 

1.4 THE BASIS FOR THE GRAS DETERMINATION 

First Venture Technologies Corporation has determined that the yeast 
ECMoOl is GRAS for use as a starter culture in grape must fermentation, through 
scientific analysis. Based on the scientific data, the company also concludes that 
ECMoOl can be considered GRAS for use as a starter culture in any alcoholic 
beverage fermentation. First Venture also asserts that ECMoOl is substantially 
equivalent to  the host strain from which it was derived, except for the enhancement 
o f  the metabolic pathway catalyzing the conversion of urea t o  ammonia. No other 
metabolic difference is evident between the modified and the host strain 
during anaerobic alcoholic batch fermentations. 

1.5 DATA AND INFORMATION THAT ARE THE BASIS FOR THE NOTIFIERS’ 
GRAS DETERMINATION ARE AVAILABLE FOR THE FOOD AND DRUG 
ADMINISTRATION REVIEW AND COPYING 

First Venture Technologies Corporation undertakes that all data and 
information used t o  set up the basis for the GRAS determination for use of the 
ECMoOl yeast strain in production of alcoholic beverages will be made available for 
the FDA to  review and copy at the following address: 

First Venture Technologies Corporation 
Attention: Mr. Howard 3.  Louie, President & Director 
Suite 1500 - 885 West Georgia Street 
Vancouver, British Columbia, V6C 3E8 
Canada 
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Data will be sent t o  the FDA upon request. 
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2 DETAILED INFORMATION ABOUT T H E  IDENTITY O F  

T H E  NOTIFIED SUBSTANCE 

2.1 HOST MICROORGANISM 

The host yeast strain was an industrial wine strain of  S. cerevisiae called 
Davis 522. The Davis 522 active dry yeast wine yeast strain has been commonly 
used in industry for the production of commercial wines in the US since 1963. 

2.1.1 History of  use 

The yeast S. cerevisiae is found on our bodies and in the air that we breathe, 
and it grows naturally on foods that we eat regularly. It has also been employed for 
use in food production for over five thousand years. Ancient Egyptians, Hebrews 
and Greeks used yeasts t o  produce fermented products such as bakery products, 
wine and beer. Over 2.5 million tons of  yeasts are commercially produced each year 
worldwide, the largest volume of any microorganism. 

Baker's yeast serves as a model organism for scientific research. The reasons 
for this are numerous. Yeast cells are structurally and genetically similar t o  human 
cells. They each contain about 6,000 genes, many of which are identical or similar 
t o  human genes. Over the last 20 years, researchers have found that their genes 
can be manipulated with relative ease and efficacy. As a result, most of what we 
know about the cell cycle and human cancer was discovered from research on 
yeast. Throughout time, the classification of S. cerevisiae has undergone many 
changes (an historical survey of  the species is found in Lodder and Kreger-van-Rij, 
1967; Lodder, 1970; Kregar-van Rij, 1984; Kurtzman and Fell, 1998). 

Yeasts are very convenient organisms t o  work with in small and large 
volumes. Their growth rates are high and predictable, and their proliferation can be 
controlled and scaled as desired. Their needs are very basic. But perhaps the 
primary reason that yeast has become one of, if not the most widely- 
studied and understood organism, is that they are known to be generally 
non-pathogenic and safe. 

2.1.2 Characteristics 

The Davis 522 wine yeast strain is commonly used in industry t o  obtain wine 
active dry yeast. The production of Davis 522 vegetative cells during manufacturing 
occurs asexually through budding t o  obtain wine active dry yeast; after rehydration 
and during fermentation of must, reproduction also occurs asexually. 

Davis 522 is a strong fermenter with good ethanol tolerance, and will readily 
ferment grape musts and fruit juice t o  dryness. It also has good tolerance to  free 
sulphur dioxide. It is recommended for use in production of full-bodied red and 
white wines. The manufacturer, Lesaffre Yeast Corporation, does not recommend its 
use for grapes that have been dusted with sulfur because of a tendency to  produce 
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hydrogen sulfide in the presence of higher concentrations of sulfur compounds. 
Davis 522 is noted for low volatile acidity, good complex flavors, and intense color. 

Davis 522 is normally grown on cane or beet molasses under highly aerobic 
conditions, which assures better survival of live cells toward the end of the 
fermentation than yeasts grown in must under anaerobic conditions. It has been 
adapted t o  perform well in the presence of normal levels of  SOz. 

2.2 DONOR ORGANISMS 

2.2.1 Taxonomy 

Only S. cerevisiae contributed DNA to  ECMoOl, and therefore ECMoOl is a 
strain of  the yeast, S. cerevisiae. The history of use of this species is given in 
Section 2.1.1. 

Three S. cerevisiae strains were used for DNA isolation: strain TCYl 
(Cunningham and Cooper, 1991), strain AB972 (Olson et a/., 1986; ATCC 204511) 
which traces directly to  strain S288C (Mortimer and Johnston, 1986; ATCC 
204508)) and strain GC210 (Chisholm and Cooper, 1982). 

2.2.2 Genetic material from donor orsanisms 

The DURl,2 gene 

The DURl,2 gene was derived from the S. cerevisiae laboratory yeast strain 
TCYl (chromosome 11). The entire sequence of the DURl,2 gene from the same 
strain has previously been described (Genbauffe and Cooper, 1991). The GenBank 
accession number of this sequence is NC 001134; GenID is 852507. The DUR1,Z 
gene was cloned after amplification by polymerase chain reaction of S. cerevisiae 
TCYl genomic DNA. 

The DURl,2 gene encodes the enzyme, urea amidolyase. The molecular 
weight of  this protein has been determined t o  be 201,830 Da. Urea amidolyase has 
both urea carboxylase and allophanate hydrolase enzymatic activities, and 
catalyzes the degradation of  urea to  COz and NH3. Expression of urea amidolyase in 
S. cerevisiae is sensitive t o  nitrogen catabolite repression, and is induced by 
allophanate, an intermediate in allantoin degradation. 

The PGKl promoter and terminator sequences 

The PGKl promoter and terminator sequences were isolated from a genomic 
library of the S. cerevisiae strain, AB972 (chromosome 111; Olson et a/., 1986). The 
PGKl promoter was chosen for its strong promotion of  transcription. It contains a 
complex UAS at  -473 to  -422, and the TATA box is found at  position -145. A 
pyrimidine-rich cluster that  serves as a signal for high-level transcription is found 
between the TATA element and the start site. Although designated as a 
"constitutive promoter", it is regulated by glucose concentration of the media and 
dlrives gene expression best a t  high glucose concentrations. During alcoholic 
fermentation of grape juice, highest level of PGKl expression in yeast occurs during 
the exponential growth phase (Puig and Perez-Ortin, 2000a and 2000b). The PGKI 
promoter used in this study consists of a 1486 bp fragment ranging from position - 
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1487 t o  position -2  which contains all the cis-regulating elements. The PGKl 
terminator allows for correct termination of  the mRNA during gene expression. This 
264 bp fragment, ranging from position +2756 to  +3019 and the PGKl promoter 
have been used in previous studies involving the heterologous expression of genes 
of  oenological interest (Volschenk e t  a/., 1997a; Volschenk e t  a/. , 1997b; Volschenk 
e t  a/., 2004; Lilly e t  a/., 2000). It has also been used in GRAS Notice No. GRN 
000120. 

The URA3 sequence 

The URA3 region (chromosome V) was cloned through polymerase chain 
reaction amplification of genomic DNA of the S. cerevisiae strain GC210 (Chisholm 
and Cooper, 1982). This DNA sequence was used t o  target the integration of  the 
transforming material by homologous recombination. A fragment corresponding t o  
the URA3 locus was used to  flank both ends of the DNA to  be integrated. The first 
one is a 925 bp region spanning from nucleotide -505 t o  nucleotide +419, 
containing the URA3 5’-region as well as part of the URA3 open reading frame. The 
second region corresponds to a 933 bp fragment spanning from nucleotide +420 t o  
nucleotide +1352, which contains the second half of the URA3 open reading frame 
as well as part of  the 3’-region. The URA3 gene (SGD accession number S000747) 
encodes for an enzyme of the uracil biosynthetic pathway, the orotidine-5’- 
phosphate decarboxylase (E.C.4.1.23). However, because the gene sequence was 
divided into two, it is not functionally expressed. 

2.3 THE MODIFIED MICROORGANISM 

2.3.1 Final construct used in the integration strateav 

2.3.1.1 Construction strategv 

The final genetic construct used for the transformation of the host organism 
(the integration cassette) was isolated from plasmid pHVIOdurll. The construction 
of plasmid pHVIOdurll is the result of successive cloning events which are detailed 
in the following sections. A flow diagram is given in Figure 3. Sequences of primers 
used in amplification reactions, and linkers used in ligation reactions are listed in 
Table 1. Plasmids used in successive cloning events are listed in Table 2. 

The DUR1,Z gene was produced using the polymerase chain reaction 
technique. The ends of the PCR fragment were modified with T4 DNA polymerase 
(in the presence of dlTP and dCTP) in order t o  clone into pHVX2 (Figure 4). 

The DUR1,Z gene was cloned into the plasmid pHVX2 by first cleaving the 
plasmid with €coRI and BglII restriction enzymes. Klenow was then added in the 
presence of  dATP and dGTP to  produce ends that were complementary to  the ends 
of the DUR1,Z linear fragment above. Ligation of the DUR1,2 linear fragment and 
the open pHVX2 plasmid yielded plasmid pDUR1,2 (see Figure 5 ) .  

Plasmid pHVX2 has been previously described by Volschenk e t  a/. (1997a); 
plasmid pHVJH1 is shown in Figure 6 (Volschenk e t  a/., 2004). 

I 
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The DUR1,2 expression cassette containing the DUR1,2 gene between PGKZ p 
and PGKl t was isolated from plasmid pDUR1,Z by PCR amplification. Amplification 
of  the DUR1,Z expression cassette used primers J22 and 323, both carrying a NotI 
site a t  their 5’ ends. 

The PCR product of  the DUR1,Z gene was first cloned into plasmid pHVX2, 
the DUR1,Z cassette was then isolated by PCR as a Not1 fragment and subcloned 
into the NotI site of plasmid pHVJH1, yielding plasmid pHVIOdurll (Figure 7). 

2.3.1.2 Detailed description of  the final construct 

The final construct, designated as the “integration cassette”, was isolated 
from plasmid pHVIOdurll by digestion using the SrfI restriction enzyme. The 
integration cassette consists of  the ‘DUR1,Z cassette”, which is the fragment t o  be 
insetted, flanked by homologous sequences of the S. cerevisiae URA3 locus. The 
DUR1,Z cassette contains the S. cerevisiae gene cloned between the promoter and 
terminator sequences of the S. cerevisiae PGKI gene (\\DUR1,2, expression 
cassette“). Small synthetic linkers used in the cloning strategy are also present in 
this cassette. A schematic representation of  the integration cassette is shown in 
Figure 8. The exact nucleic composition of  the integration cassette is detailed in 
Table 3, and the sequence of the cassette is given in Fasta format in Appendix 1. 

2.3.2 The transformation event 

2.3.2.1 Genetic material used for the transformation method 

The integration cassette was isolated from plasmid pHVlOdur,, by digestion 
with the restriction enzyme SrfI. This resulted in the purification of  a 919 lbp  
fragment containing the DURI,Z expression cassette flanked by the URA3 
sequences (the integration cassette; Figure 8). To decrease the number of  clones to  
analyze after transformation, the host strain cells were transformed with a mixture 
of the integration cassette and the pUT332AURA3 plasmid. The plasmid 
pUT332AURA3 was created by BglII restriction enzyme digest of  pUT332 
(Gatignol e t  a/., 1990), removal of the URA3 sequences, and re-ligation of the 
vector sequences to  yield pUT332AURA3. This plasmid carries a selectable 
transformation marker, the Tn5Ble gene, conferring resistance t o  Phleomycin to  
yeast cells. The use of plasmid pUT332AURA3 in combination with the integration 
cassette relies on the hypothesis that cells transformed with plasmid 
pUT332AURA3 are more susceptible of also having integrated the cassette than 
cells not carrying plasmid pUT332AURA3. Hence, a first selection of Phleomycin 
resistant clones increases the chances of  finding an integrative clone. 

2.3.2.2 Screeninq method for transformants 

After a first screening round on Phleomycin containing media, a thousand 
Phleomycin resistant clones were further analyzed for the presence of  the 
integration cassette. This second screening procedure relied on colony PCR which 
used primers inside and outside of the cassette to  confirm integration. Out of the 
clones tested, one was isolated by the second screening method and validated for 
the integration of  the DURl,2 cassette into the URA3 locus and named ECMoOl. 
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2.3.3 Genetic characterization of  the modified microorqanism 

2.3.3.1 The loss of the antibiotic resistance qenes and of  other 
plasmid sequences 

To eliminate plasmid pUT332AURA3 whose only purpose was to  serve in 
the early steps of the screening method, strain ECMoOl was cultivated in non- 
selective media (i.e. media lacking Phleomycin). After successive culturing for five 
days, replica plates on non-selective media and on Phleomycin containing media 
were made in order to  select a Phleomycin-sensitive clone. The selected clone was 
then further verified for Phleomycin resistance to  confirm the loss plasmid of  
pUT332AURA3 (Figure 9). 

Southern blots were performed using a probe representing the Tn5Ble gene 
of  plasmid pUT332AURA3 (Figure 10). Results clearly show the absence of TN5Ble 
sequences in the ECMoOl strain (Figure 11). 

Plasmid pUT332AURA3 also contains the Ampicillin resistance gene, bla, 
used as an Escherichia coli transformation marker. Verification that this gene had 
not been integrated in the ECMoOl yeast genome was performed by Southern blot. 
Results obtained from Southern blot indicate that the ECMoOl strain does not 
contain the bla gene (see Figure 12). 

2.3.3.2 Genetic analysis by Southern blot 

Genomic DNA from ECMoOl and the host strain was isolated, digested with 
restriction enzymes and separated by electrophoresis in a 0.7% agarose gel. 
Following electrophoresis, the DNA was blotted onto positively charged Nylon 
membranes and fixed. 

First, a Southern blot was performed using €cuRI-digested genomic DNA and 
the Tn5Ble probe. The probe was generated by PCR using pUT332AURA3 used for 
co-transformation as template. No signals were detected in either the host strain 
or the ECMoOl strain for the Tn5Ble gene that encodes Phleomycin resistance 
(Figure 11). This indicates that there is no Tn5Ble gene integrated into the genome 
of ECMoOl. 

A second Southern blot was performed using also EcuRI-digested genomic 
DNA and the bla probe. The probe was generated by PCR using pUT332AURA3 
for co-transformation as template. No signals were detected in either the host 
strain or the ECMoOl strain for the bla gene that encodes for Ampicillin resistance 
(Figure 12). This indicates that there is no bla gene integrated into the genome of 
ECMoOl. 

Southern blot was performed using BglII-digested genomic DNA and a URA3 
probe. One signal was detected in the lane corresponding to  the host strain, 
representing a 4.455 Kbp DNA fragment from a non-integrated copy of the URA3 
locus (Figure 14). The higher band at  4.455 Kbp indicates that strain ECMoOl still 
contains at  least one non-disrupted URA3 locus, while the lower signal corresponds 
to  a 3.134 Kbp DNA fragment resulting from the integration event in a URA3 locus. 
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To clearly identify the integration event in the ECMoOl strain, a Southern blot 
was performed using the DURl,2 probe generated by PCR using plasmid pDUR1,Z 
as template. The DURl,2 probe hybridized to  BglII-digested genomic DNA, 
revealing a single signal representing a 5.085 Kbp DNA fragment in the host strain 
(Figure 15). Whereas two bands were revealed for ECMoOl, the lower bands 
corresponds to  wild type DUR1,2 (5.085 Kbp) whereas the second higher band of 
7.456 Kbp corresponds to  the correctly integrated DURl,2 gene in the URA3 locus. 

Results gathered from the Southern blots suggest that the DUR1,2 
cassette has been integrated in a URA3 locus. 

2.3.3.3 Genetic stabilitv of the ECMoOl veast strain 

The ECMoOl strain was cultivated in YPD media for 100 generations. After 100 
generations, the yeast were plated on YPD media and 97 random colonies were 
analyzed by colony PCR for presence of the DURl,2 cassette; 97 of the 97 colonies 
(100%) tested positive for the DUR1,Z cassette, indicating that the integrated 
DUR1,2 cassette in the URA3 locus of the ECMoOl strain is genetically 
stable. 

Genetic analysis of the ECMoOl strain shows that the integration event 
has occurred. A Southern blot on digested genomic DNA shows that the 
integrated material contains the DUR1,2 cassette. 

Results from the Southern blots using the URA3 probe indicate that in 
strain ECMoOl, the DUR1,2 cassette is integrated into one locus of the 
URA3 gene, while the other URA3 locus is left intact. I n  addition, all 
existing data show that the ECMoOl yeast is stable. 

2.3.4 DNA sequencinq of the integrated locus 

Additional analyses were performed to  verify the sequence of the integrated 
DNA at the URA3 locus. The strategy involved the sequencing of several 
amplification products corresponding to  the inserted genomic region. At least two 
templates (for each region sequenced) were obtained by PCR using a proof-reading 
polymerase. The sequences obtained from one template were aligned to  the 
sequences obtained from the second template and analyzed for differences. 
Sequencing of  two sets of templates (each from a specific PCR amplification) 
minimizes sequencing errors due the amplification procedure. I f  differences 
occurred, another round of  PCR and sequencing of the region in question was run to  
determine the correct sequence. 

The sequence obtained from the genomic integrated locus was compared to  
previously published sequences (see Appendix 2). The published sequences were 
obtained from the S. Genome Database for URA3, DURl,2, PGKlp and PGKlt. Table 
4 lists the differences between the sequences. 
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2.3.4.1 Differences found in the PGKl promoter, PGKl terminator 
and URA3 

Four differences were found in the URA3 sequences (see comments 1, 32, 
33, and 34 in Table 4). These sequence variations could be the result of a DNA 
synthesis error during the amplification steps involved in the construction of the 
integration cassette, but could also be due to  genetic polymorphisms. Strain AB972, 
from which the sequence for our study was isolated, derives directly from strain 
S288C, the strain from which the published sequence originates. However, strain 
A6972 is an ethidium bromide induced mutant, in which ethidium bromide may 
have induced DNA mutations in the URA3 locus without any visible phenotype. 
Alternatively, differences may be attributed to errors in the original published 
sequence. 

Three other differences were found, involving the PGKl promoter and 
terminator sequences (comments 3, 29 and 30 of Table 4). These sequence 
variations could be the result of a DNA synthesis error during the amplification 
steps involved in the construction of the integration cassette, but could also be due 
to genetic polymorphisms. The strains from which the compared sequences derive 
from are different (S288C for the published sequence, GC210 for the sequence of 
our study), increasing the possibilities of genetic polymorphisms. Alternatively, 
differences may be attributed to  errors in the original published sequence. 

2.3.4.2 Differences in the DUR1,Z sene 

Twenty-three differences were found in the coding sequence of the DUR1,2 
gene. Seventeen of these differences result in silent mutations involving no change 
in the amino acid sequence. Six differences result in amino acid changes (Table 4). 
These disparities could originate from an error during the amplification steps 
involved in the cassette construction, but could also be due to genetic 
polymorphisms. The strains from which the compared sequences derive from are 
different (S288C for the published sequence, TCYl for the sequence of our study), 
increasing the possibilities of genetic polymorphisms. Alternatively, these 
differences can be attributed to  errors in the published sequences. 

The integration cassette was shown to contain only synthetic polylinkers 
and DNA from S. cerevisiae. When comparing the integrated cassette 
sequences to  previously reported sequences, seven differences were 
found in either non-coding regions (promoter and terminator), or in the 
non-functional URA3 open reading frame. These differences may be due 
to  strain genetic polymorphism. However, they may also be the result of 
DNA amplification errors. Twenty-three changes were found in the 
DUR1,Z sequence, seventeen corresponding to silent mutations, the 
other six involving the exchange of one amino acid for another. These 
results indicate that the sequences composing the integration cassette 
of the ECMoOl strain are not significantly different from the original 
sequences isolated from the donor strains. 

I' 
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2.3.5 Absence of difference between genetic profiles of the transformed and the 
host strain 

The genome of S. cerevisiae contains long terminal repeat sequences known 
as 6 elements. These 6 elements are the remnants of T y l  transposon integration 
events. The number and location of  these 6 elements are specific to  a strain and 
has been used to  fingerprint and differentiate between strains of  S. cerevisiae. 
Using PCR and primers 332 and 333 t o  amplify these 6 sequences we have verified 
the genetic relationship between the host strain and ECMoOl. This technique is 
commonly employed t o  differentiate between industrial S. cerevisiae strains. 

We therefore conclude that the recombinant ECMoOl strain is not 
different than the Davis 522 parental strain, except for the fully- 
characterized integrated segment. No major DNA reorganization event has 
occurred upon integration of the DURI,2 cassette into the ECMoOl strain. 

2.3.6 Method of  manufacture of the modified microorqanism 

The ECMoOl yeast was modified by integration of  native DNA into its genome 
and the integration event was shown to  be stable. Thus, no selective media needs 
t o  be used for the propagation of  the ECMoOl yeast strain. The ECMoOl wine active 
dry yeast can therefore be manufactured in the exact manner as all active dry yeast 
used in brewing or winemaking, as described in the literature (e.g., see Reed and 
Nagodawithana, 1991). A brief description of the manufacturing of such yeast is 
given in Figure 17. 

I' 
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3 INFORMATION O N  ANY SELF-LIMITING LEVELS OF 

USE 

First Venture Technologies Corp. sees no reason why the inoculation 
rate should be different than the one recommended as indicated in Section 
1.3.3. 
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4 DETERMINATION THAT T H E  USE OF T H E  WINE 

ACTIVE DRY YEAST 0 BTAl N ED FROM T H E  

E C M O 0 1  STRAIN IN THE FERMENTATION OF WINE 

AND OTHER ALCOHOLIC BEVERAGES IS EXEMPT 

FROM THE PRE-MARKET APPROVAL 

REQUIREMENTS OF THE ACT BECAUSE SUCH USE 

IS GRAS 

4.1 SAFETY ASSESSMENT OF THE HOST STRAIN 

Davis 522 belongs to  a well-known family of  wine yeast strains corresponding 
to  the S. cerevisiae species. It was derived from the yeast collection of the 
University of  California, Davis. Davis 522 was originally isolated by Pacottet from 
the Burgundy region in France and was brought to  UC Davis by F.T. Boletti 
(Subden, 1990). The strain belongs to  a family of very close or identical commercial 
strains that  are commonly used as wine strains and often designated as 
"Montrachet" strains (Dunn et a/., 2005). It is also commonly referred to  as UCD 
522. 

S. cerevisiae is an organism which has an extensive history of safe use. It 
has been used for millennia in fermentation processes, such as bread leavening and 
wine or  beer production. It is responsible for spontaneous fermentation of grape 
juice (Lodder and Kreger-van-Rij, 1967). The Bureau of Alcohol, Tobacco and 
Firearms rates yeast or yeast cultures grown in juice of the same kind of fruit (here 
grapes) as permitted material added in the production of  natural wines (27 CRF 
24.176). 

S. cerevisiae is considered GRAS through its use in the brewing, baking and 
winemaking industry. I t s  genome has been sequenced, and it has been determined 
that the yeast is free of known pathogenicity traits. I n  addition, the Environment 
Protection Agency (EPA) has included S. cerevisiae as a recipient microorganism for 
exemptions from EPA review and expedited EPA review (40 CFR 725.420). This 
exemption was made because this species is found to  have little adverse effects. 
They also determined that the introduction of  genetic material will not increase the 
potential for adverse effects, provided that the genetic material is limited in size, 
well characterized, free of  certain sequences and poorly mobilizable. 

The Davis 522 yeast strain belongs to the Saccharomyces cerevisiae 
species which has been used for more than 7,008 years by humans in 
fermented beverages. I t  can therefore be concluded that species will 
remain GRAS, even after genetic transformation, as long as no harmful 
DNA material is added to it. 
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4.2 SAFETY ASSESSMENT OF THE GENETIC MATERIAL USED TO 
CONSTRUCT THE MODIFIED ORGANISM 

4.2.1 Foreign genetic material source and product 

No foreign genetic material has been incorporated into the ECMoOl 
yeast strain. 

4.2.2 Native genetic material source and product: DUR1,Z qene, PGKl promoter, 
PGKl terminator and URA3 sequences. 

4.2.2.1 The DUR1,Z gene 

Source: S. cerevisiae 

The DUR1,2 gene was isolated from the laboratory strain of  S. cerevisiae as 
described in Section 2.2.2. TCYl is a 5-FOA' derivative of GC210, a yeast that is 
Mata and lys2 (Cunningham and Cooper, 1991); GC210 is an isogenic derivative of 
sigma 1278b (Chisholm and Cooper, 1982) which is Mata wild-type. The parents of  
sigma 1278b were the baking strains, "Yeast Foam" and 1422-11D (Grenson et a/., 
1966; Bechet et a/., 1970). 

Product: urea amidolyase 

When comparing the sequence of the recombinant DUR1,Z gene (from TCY1) 
in the ECMoOl strain and the native gene sequence in S. cerevisiae (S288C), 23 
changes were found (Table 4). However, 17 of these 23 differences correspond t o  
silent mutations. The remaining six nucleotide differences do correspond to  a 
change in amino acid (Table 4), nevertheless we can infer that these changes do 
not affect the overall protein since the PGKl p-DURl,2-PGKl t expression cassette is 
fully functional. 

Therefore, to the best of our knowledge, the DUR1,Z gene product of 
the ECMoOl strain is similar to that of the parent S. cerevisiae strain. 

4.2.2.2 PGKl promoter, terminator and URA3 sequences 

When comparing the sequence of the recombinant DUR1,Z gene in the 
ECMoOl strain and the native gene sequence in S. cerevisiae, 11 changes were 
found (Table 4). However, the safety assessment of S. cerevisiae has already been 
established in Section 4.1 and since the PGKl regulatory sequences do not code for 
any proteins, and the URA3 locus is disrupted, no further safety assessment is 
needed. 

4.2.3 Construction of  the modified orqanism 

4.2.3.1 Vector used as source of the integration cassette 

Plasmid pHVIOdurll was used in the construction of the modified ECMoOl 
yeast strain as a source of the integration cassette. Plasmid pHVIOdurll is the 
result of  the insertion of  the integration cassette in plasmid YEp352 whose unique 
KpnI site had been destroyed. Plasmid YEp352 is a well known and well 
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characterized plasmid and is deposited in the American Type Culture Collection 
(ATCC) under accession number 37673. It is a Escherichia colilyeast episomal 
shuttle vector containing multiple restriction sites for cloning. It contains an 
Ampicillin resistance gene and the URA3 gene as selectable markers. Plasmid 
YEp352 is itself the result of a construction by filling in and blunt-end ligating 
plasmid pUC18 (ATCC 37253; Viera and Messing, 1982) linearized with a fragment 
of the 2 micron plasmid and a fragment containing URA3 (Hill e t  a/., 1986). 

The final construct (i.e., the integration cassette) was isolated from plasmid 
pHVIOdurll by digestion with restriction enzyme SrfI and subsequent extraction 
from an agarose gel. Hence, all pHVIOdurll sequences not belonging to  the 
integration cassette have been eliminated from the DNA t o  be used in the 
transformation procedure. The integration cassette only contains the S. cerevisiae 
PGKl promoter and terminator, the S. cerevisiae URA3 sequences, the S. cerevisiae 
DUR1,2 gene, and short synthetic polylinkers needed for the cloning strategy. 

4.2.3.2 Transformation of the host strain with the inteqration cassette 

The integration cassette was used to  transform the host strain Davis 522. As 
described in Section 2.3.2., host yeast cells were transformed with a mixture of  the 
integration cassette and plasmid pUT332AURA3 which was utilized in the first 
screening round. Once a clone with the integrated DURl,2 cassette was isolated, it 
was cultured in a non-selective medium in order to  allow for loss of  plasmid 
pUT332AURA3. Different methods were employed in order t o  verify that 
sequences from this plasmid had been eliminated from the ECMoOl strain. These 
methods relied on: 

0 Verification that the ECMoOl strain has lost its ability t o  grow on a Phleomycin 
containing media, indicating the absence of a functional Phleomycin resistance 
gene (Figure 9); 

Verification by Southern blot of  the absence of the Phleomycin resistance gene 
using a probe corresponding to  the pUT332AURA3 Tn5Ble gene (Figure 11); 
and 

Veri'fication by Southern blot of the absence of the pUT332AURA3 plasmid 
sequence containing the Ampicillin resistance gene (Figure 12). 

The results conclusively show that the pUT332AURA3 antibiotic 
resistance genes are absent in the ECMoOl genome. 

4.3 SAFETY ASSESSMENT OF THE MODIFIED ORGANISM 

4.3.1 Characterization of  the transformation event 

The analysis of the transformation event is described in Section 2.3.3. 

Results obtained from hybridization of genomic DNA with probes 
corresponding to URA3 or DURl,2, have shown that the DUR1,Z cassette is 
co'rrectly integrated into a URA3 locus (Figures 14 to  16). 
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The genome o f  S. cerevisiae contains long terminal repeat sequences known 
as 6 elements. These 6 elements are the remnants of T y l  transposon integration 
events. The number and location of these 6 elements are specific t o  a strain and 
have been used to  fingerprint and differentiate between strains of S. cerevisiae. 
Using PCR and primers 332 and J33 to  amplify these 6 sequences, we have verified 
the genetic relationship between the host strain and ECMoOl (Figure 16). 

DNA sequencing has confirmed that only sequences belonging to  the DUR1,Z 
gene, the PGKl promoter and terminator sequences, synthetic linkers used in the 
cloning strategy and sequences belonging to  the URA3 locus are present at  the 
integration site (Table 3). 

The ECMoOl strain has been genetically characterized. The 
integration site contains no DNA sequences other than those present in the 
isolated integration cassette. No antibiotic resistance sequences are 
present in the genetic material of strain ECMoOl. Therefore, to the best of 
our knowledge, the ECMoOl strain is genetically substantially equivalent to 
the Davis 522 strain, except for the DURI,2 cassette present in one URA3 
locus. 

4.3.2 Consequence of  the genetic modification on sene expression 

4.3.2.1 Global gene expression analysis 

Global gene expression of  the ECMoOl yeast was investigated using the 
Affymetrix Genechip@ Yeast Genome S98 Array. These gene chips contain probes 
from all known S.  cerevisiae S288C strain open reading frames, including putative 
open reading frames suggested by Serial Analysis of Gene Expression (Velculescu 
et a/., 1997), mitochondrial proteins, Ty proteins, open reading frames from the 2 
micron plasmid and a small number of open reading frames from strains other than 
S288C. The expression pattern of the ECMoOl strain during the fermentation of 
Chardonnay juice was compared to  that of the host strain in identical conditions a t  
one time point (24 hours) in triplicate (see Appendix 4). At 24 hours, 5 genes were 
either up-regulated or down-regulated. DUR1,Z was the only gene that was up- 
regulated. One can conclude from these results that no metabolic pathway is 
affected by the presence of the expression cassette in strain ECMoOl. 

Hence, from global gene expression analysis, we have concluded that 
strain ECMoOl can be regarded as substantially equivalent to the wild type 
strain Davis 522. 

4.3.3 Presence of unintended gene products as a result of  the transformation event 

S. cerevisiae has been employed by humans in production of food and 
beverages for millenia. It is known that during this period, genetic changes have 
occurred, however, this yeast has never been described as having adverse effects 
on humans. 

The sequences composing the integration cassette do not raise any safety 
concerns. However, in the DUR1,Z cassette of the ECMoOl strain, the URA3, 
PGKlp, PGKl t, DUR1,Z sequences are present in a different genetic environment 

18 050030 



than their homologous native sequences. Therefore, we identified new open reading 
frames (ORFs) putatively expressed as a consequence of the integrated cassette. 

ORFs were identified using Omiga software (version 5 ) ,  which searched for 
ORFs of  more than I00 codons. Using the software, three new open reading frames 
were found (Figure 18). The nucleotide sequence of  the putative ORFs and of  the 
deduced amino acid sequences are given in a Fasta format in Appendix 5. 

In  order for these ORFs t o  correspond to  putative proteins, they first need to  
be transcribed into messenger RNA. It is possible that putative ORFI (5’ura3 
truncated) and putative ORF2 (5’adpJ truncated) are transcribed as they have the 
same upstream regulatory sequences as the native URA3 and ADP1 genes. 
However, it is unclear if putative ORF 3 (3’ura3 truncated) will be transcribed since 
the upstream sequences are in fact PGKl terminator sequences. 

I f  any of  these putative ORFs are transcribed, RNA stability would be a 
limiting factor for protein coding capacities of these putative ORFs. In this regard, 
the 3‘ untranslated region of  these ORFs is of  main importance. I f  these regions are 
not adapted or are poorly adapted to  enhance mRNA stability, then the RNA 
corresponding to  these ORFs will likely have a very short half life. I n  this respect, 
putative ORFl and ORF2 may not be stable, and may degrade rapidly. 

I f  transcription of any putative ORFs occurs, the corresponding RNAs need to 
be translated. Efficient translation will only occur if the putative ORF possesses 
untranslated 5’ sequences favoring translation initiation. In S. cerevisiae, consensus 
sequences that participate in translation efficiency exist, but it is difficult t o  predict 
whether an ORF will be translated by analyzing its 5‘ sequence. Nevertheless, 
because they share the same 5’ untranslated sequences as the URA3 and ADP1 
genes, putative ORFl and ORF2 could be translated. It is difficult to  precisely 
assess the translation efficiency of putative ORF3, but it is unlikely. 

Although the putative ORFs may be translated into proteins, we do not feel 
that this is a concern. Each of  these sequences mainly corresponds to  S. cerevisiae 
sequences (putative ORFl: mainly URA3 sequences plus 16 nucleotides from 
synthetic sequences plus 11 nucleotides from PGKl promoter; putative ORF2: 
mainly ADP1 and URA3 sequences plus 16 nucleotides from synthetic sequences; 
putative ORF 3 is only comprised of URA3 sequences). Hence, the large majority of 
the nucleotide sequences of these putative ORFs can also be found in the parental 
strain. 

I n  conclusion, given: 

that the Davis 522 strain was never shown to release allergenic or toxic 
substances, and 

the close sequence similarity between the putative ORFs (ORFl, ORF2 and 
ORF3) and S. cerevisiae parental sequences, 

there is no reason to believe that the ECMoOl strain will release toxic 
or allergenic substances as a result of the presence of unintended gene 
products. 
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4.3.3.1 Urea Amidolvase 

It has been determined that the DUR1,Z gene in the ECMoOl strain is up- 
regulated about 17-fold when compared to  the parent strain. It may therefore be 
assumed that the urea amidolyase protein is also up-regulated by a similar amount. 
This level of increase in enzyme production can also be assumed by the dramatic 
reduction in ethyl carbamate formation (see Table S), which normally forms in wine 
through the reaction of ethanol with urea (the latter is degraded by urea 
amidolyase). 

It may be assumed, however, that active urea amidolyase is not present in 
the final wine product at the t ime of consumption for the following reasons: 1) 
Residual activity declines sharply with an increase in temperature, and falls below 
50% after 7 days at  35OC (Roon and Levenberg, 1972), and 2) During storage on 
lees, cell proteins normally undergo intracellular enzymatic degradation by yeast 
intracellular proteases and amino peptidases (see Section 4.4.2.1). It should also 
be noted that urea amidolyase activity is negligible at  a pH less than 6.5 (Roon and 
Levenberg, 1972); the pH of white and red wines normally ranges between 3 and 4. 
In addition, bentonite treatment, which is common in white wines, will also remove 
protein fractions of the wine (see Dawes et a/., 1994). I t  is therefore reasonable 
to conclude that use of the ECMoOl strain will not result in additional urea 
amidolyase presence in wines at the time they are consumed. 

4.3.4 Conseauence of the senetic modification on the phvsioloav of the ECMoOl 
strain 

4.3.4.1 Overview of  the function of the urea amidolvase sene 

The DUR2,Z gene codes for the enzyme, urea amidolyase. Urea amidolyase, 
contains both urea carboxylase and allophanate hydrolase activities, degrades urea 
to  COz and NH3; expression sensitive t o  nitrogen catabolite repression and induced 
by allophanate, an intermediate in allantoin degradation. This enzyme requires the 
co-factor biotin, and ATP. 

4.3.4.2 Manufacture of active drv veast durins fed-batch aerobic 
cultures 

Section 2.3.6 gave an overview of  the method of manufacture of  the ECMoOl 
strain in the form of wine active dry yeast. This method of  manufacture is identical 
t o  that used for the current commercial manufacture of  wine active dry yeast 
obtained with the host strain Davis 522. 

4.3.4.3 Growth, ethanol production, and COz production of ECMoOl 
and Davis 522 strains durina laboratorv-scale vinifications 

Growth rates of the ECMoOl and Davis 522 host strain fermenting 
Chardonnay must were monitored by measuring optical density. Results presented 
in Figure 19 indicate that the growth curves are similar for both strains. 
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Vinification trials performed in the laboratory have also shown that the Davis 
522 and the ECMoOl strain have similar fermentation rates and ethanol yields (see 
Figure 19). COz production during fermentation is also virtually identical t o  that of 
the parent strain (Figure 20). 

Therefore, the presence of additional urea amidolyase does not give the 
ECMoOl strain any growth advantage, even though the organism is able t o  degrade 
urea more effectively than the parent strain. 

Vinification trials and results from global gene expression showed that no 
other difference is found between the ECMoOl strain and the Davis 522 host strain. 

Genetic studies have shown that the ECMoOl strain is genetically similar 
to  the Davis 522 host strain, except for the integrated DUR1,2 cassette. 
Global gene expression analysis indicates that the introduction of the 
DUR1,2 cassette does not change gene expression patterns in the 
ECMoOl yeast significantly. This leads to  the conclusion that strain 
ECMoOl can be regarded as substantially equivalent to  the wild type 
strain Davis 522, with an enhanced capacity to degrade urea to  
ammonia. Physiological studies carried out in different culture 
conditions indicate that no difference between the ECMoOl and Davis 
522 strains can be seen, except for urea degradation. The enhanced 
degradation doesn't confer any significant growth advantage to  the 
ECMoOl strain. Therefore, it can be concluded that the ECMoOl strain is 
substantially equivalent to  the host strain Davis 522 except for the 
enhanced ability of ECMoOl to  degrade urea to ammonia during wine 
fermentations. 

4.4 SAFETY ASSESSMENT OF THE PRODUCT DERIVED FROM THE 
MODIFIED ORGANISM 

4.4.1 Changes in the winemakinq procedures as a Consequence of the ECMoOl 
fermentation 

The use of the ECMoOl yeast strain leads t o  no change in winemaking 
procedures. Figures 2 1  and 22 show winemaking procedures of white and red 
wines, respectively, that  may be employed using our yeast. 

4.4.2 Changes in wine composition as a consequence of the ECMoOl fermentation 

4.4.2.1 Yeast cells and release of veast products during winemaking 

As the alcohol content of  the wine rises, yeast mortality slowly increases and 
autolysis occurs with time. To remove the yeast from the wine, it is then either 
clarified immediately or kept on lees during ageing. 
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e Clarification of wine 

During wine clarification, solid particles in the wine are allowed to  settle by 
gravity. Through this type of clarification the majority of yeast cells can be 
eliminated (see Ribereau-Gayon et a/., 199813). 

Wine may also clarified by centrifugation; whereby more than 99% of the 
yeast cells can be eliminated (Ribereau-Gayon et a/., 1998b). Although this 
clarification procedure is obligatory in commercial wine production, it may be 
delayed by storage of  the wine on lees. 

Ageing of wine on lees 

Keeping wine on lees is an optional winemaking procedure that involves 
storage of the yeast cells and wine together, unclarified in tanks or in barrels. This 
procedure is followed to  further release yeast constituents that enhance wine 
properties. During ageing, cell proteins and nucleic material undergo intracellular 
enzymatic degradation as yeast intracellular proteases, amino peptidases, 
nucleases and phosphatases are gradually released (Fornairon-Bonnefond et a/., 
2001; Charpentier and Feuillat, 1993). The yeast cells eventually lyse and release 
their hydrolyzed constituents into the wine where they can be further degraded by 
proteases in wine. Wine amino acid and peptide content increases as the yeast cells 
lyse (Martinez-Rodriguez et a/., 2000), however, wine protein content decreases as 
proteases are released, and larger peptides are cleaved (Ari'lzumi et a/., 1994; 
Martinez-Rodriguez et a/., 2000). 

Employing this storage practice after ECMoOl fermentation may therefore 
resullt in the release of some additional DUR1,Z intact proteins, however, it is more 
likely that the hydrolysis products of urea amidolyase, such as peptides and amino 
acids, will be found in these wines stored on lees. Nucleic material from yeast cells 
is normally found in wine as single nucleic bases or small nucleic base chains, as 
autolyzing yeast is rich in nucleases and phosphatases. 

Wine stabilization 

Clarification is a normal step in the winemaking process. The specific 

Bentonite treatment of white wines 

During white wine production, a white haze may form after bottling as a 
result of instable protein accumulation (Ribereau-Gayon et a/., 1998b). This haze 
can be prevented by removing these proteins, which is commonly done by treating 
the wine with bentonite, a montmorillonite clay. This treatment will remove all 
protein fractions, and larger polypeptides in wine, including the protein fractions 
that cause the haze (Dawes et a/., 1994). Yeast proteins and yeast protein products 
are normally only found in wines that have been stored on lees. 

Therefore, although a small amount of additional DUR1,Z protein and 
larger hydrolysis products of this protein (and other yeast proteins) could 
be present in wine, they will be partially removed using bentonite 
treatment. 

clarification procedure, however, is dependent on whether the wine is white or red. 
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Stabilization of red wines 

In red wines, tannins associate with the proteins that can cause haze in white 
wines and therefore, far fewer free proteins are available to form a protein haze 
(Ribereau-Gayon et a/., 1998a). Gelatins or  egg white albumin can be employed to  
precipitate the protein-tannin complexes and facilitate removal from the wine 
(Ribereau-Gayon et  al., 1998b). 

Therefore, if D U R 4 2  protein is present in red wine, it will interact 
with the wine tannins and be partially removed upon clarification. 

DUR2,2 protein is present in all wine yeast cells currently used by the 
industry. The presence of additional DUR1,Z protein expressed under 
control of the PGKI promoter and terminator signals should be 
insignificant, unless the wine has been stored on lees. Clarification 
processes, which are obligatory in commercial winemaking, will remove 
DUR1,2 protein, and larger polypeptide fragments of this protein. 

Products of the DUR1,Z protein will also be found in wine as a result of 
fermentation by unmodified yeast. Therefore, the only significant 
difference expected between a wine produced by Davis 522 yeast, and 
that produced employing ECMoOl, is the possible presence of minor 
amounts of additional DUR1,Z protein. 

Filtration 

Filtration decreases the turbidity of wine before bottling, and is therefore an 
important step in the winemaking process. This practice is commonly used, 
however, it is optional in the production of red wines as some winemakers elect t o  
clarify red wine with gelatin or egg white albumin. There are several ways of 
filtering wine. 

Filtration on diatomaceous earth 

Filtration on diatomaceous earth is employed for wines that have not been 
pre-filtered. This type of filtration can remove a large proportion of  wine yeast cells 
(Ribereau-Gayon et a/., 1998b). After filtration, the wine may be bottled or 
subjected t o  an additional filtration procedure that usually involves cellulose filters 
or membrane filters. 

Cellulose filters 

Clarification of  wines using cellulose filters can reduce yeast cell count t o  up 
to 1 cell per 100 milliliters of wine (Ribereau-Gayon et a/., 1998b). Cellulose 
filtration is primarily employed in wine has been previously clarified by gravity 
sedimentation, centrifugation, or diatomaceous earth filtration. 

Membrane filters 

This type of filtration is employed just prior t o  bottling, and is commonly 
used t o  obtain sterile wine. Membrane filter porosity normally ranges from 0.45 
micrometers t o  10 micrometers, however, a porosity of less than 1.2 micrometers 
is required for removal of yeast cells. 
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Standard and modern procedures 

Modern and standard winemaking procedures consist of filtering the wine t o  
make it as sterile as possible. Therefore, filters with a porosity less than 1 
micrometer (usually 0.45 micrometer for white wines and 0.65 micrometers for red 
wine) are employed. This filtration normally eliminates all live yeast cells or ghost 
cells from wine. 

Our data show that the only significant difference between the Davis 
522 and the ECMoOl yeast is the presence of the integration cassette, 
leading to the increased production of the urea amidolyase enzyme 
which allows increased urea degradation by the yeast. Vinification trials 
showed that ECMoOl wines were not different in their global 
composition than control wines. Hence, the only suspected difference 
between an ECMoOl wine and a control wine is the potential presence of 
the ECMoOl recombinant yeast containing the integration cassette. 
Depending on the clarification and filtration process, different 
proportions of ECMoOl yeast cells might be found in wine. 

4.4.2.2 Formation of unwanted substances in wine 

Ethyl Carbamate 

Ethyl carbamate is a suspected carcinogen for humans and is often found in 
wines as a result of  the release of precursors by yeast and lactic acid bacteria 
metabolism. 

Ethyl carbamate precursors in wines produced by ECMoOl, or Davis 522 
yeast. Chardonnay grape must obtained from Calona Vineyards with a total yeast 
assimilable nitrogen (YAN) content of 402 mg N/L was used for fermentations. 
Fermentations were conducted as previously described, in triplicate. Wine was 
analysed by Gas Chromatography / Mass Spectrometry (GC/MS) and ethyl 
carbamate quantified using the following protocol (for equipment, chemicals and 
solutions, see Appendix 6). 

A 10 mL sample was pipetted into a 20 mL sample vial. A small magnetic 
stirring bar and 3 g of NaCl were added and the vial was capped with PTFE/silicone 
septum. The vial was then placed on a stirrer at 22OC and allowed t o  equilibrate, 
with stirring, for 15 min. After equilibration, a CW/DVB SPME fiber was inserted 
into the headspace for 30 min. Then fiber was removed from the sample vial and 
inserted into the injection port of the GC/MS for 15 min. Analyses were done in 
triplicate. 

The fiber was conditioned at  250OC for 30 min before use. A blank run was 
performed before sample runs. Quantification was done using external standard 
method (Whiton and Zoecklein, 2002). 

Results shown in Table 5 indicate that the ECMoOl strain produces 
significantly less ethyl carbamate than the parental Davis 522 strain. This results 
from the increased efficacy in urea degradation, which is the main precursor of 
ethyl carbamate in wine. 
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Hence, the E C M o O l  strain produces less ethyl carbamate than the 
parental strain, and could be used to  help reduce the ethyl carbamate 
content of alcoholic beverages in which urea is a precursor of ethyl 
carbamate. 

Other undesirable substances 

The additional DUR1,Z gene present in the ECMoOl strain as the result of  the 
genetic modification does not code for either toxic or allergenic proteins, nor 
proteins implicated in the formation of undesirable compounds. 

We have carried out risk assessments related t o  the presence of potential 
unintended gene products as the result of the genetic modification and found the 
following : 

Computer analysis shows that the integrated region contains 3 putative open 
reading frames; 

Our data suggests that they are not subsequently translated into proteins; 
and 

All of  the ORFs correspond to  S. cerevisiae sequences. Moreover, they share 
with their parental counterpart the same 5' untranslated region. This means 
that if proteins corresponding to  these ORFs do exist, then very similar 
proteins will be found in the parental strain. As the parental strain has never 
been shown t o  release unwanted products, neither should the new ECMoOl 
strain. 

Although the more effective degradation of  urea will result in more ammonia 
production by yeast, ammonia is not expected to  accumulate in the wine. As a 
preferred nitrogen source, the yeast is expected to  rapidly utilize the additional 
amlmonia. 

These considerations lead us to conclude that allergenic or toxic risks 
related to  the presence of these putative ORFs within the new E C M o O l  
strain are negligible. 

Therefore, to  the best of our knowledge, the use of the E C M o O l  strain in 
winemaking will not lead to  the release or the enhancement of the 
presence of undesirable compounds in wine. Moreover, the undesirable 
compound, ethyl carbamate is significantly reduced in wines produced 
using the E C M o O l  strain. 

I 
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Ornithine 2- 
UUR7,P 
(Weak // Allophanate exoression) 

I 

A J /  
Urea + Ethanol ______* Ethyl Carbamate 

Figure 1: Natural formation of ethyl carbamate by S. cerevisiae. 
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Figure 2: Urea degradation by ECMoOl. 
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pHVJH1 

DUR1,2 
gene pHVX2 

+ 
pDUR1,Z 

+ 
pHVIOdurll 

Figure 3: Flow diagram illustrating the cloning strategy used to construct 
plasmid pHVIOdurll. 

All plasmids are listed in Table 2. 
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pHVX2 

Figure 4: Plasmid pHVX2, previously described in Volschenk et a/., 1997a. 
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I 
GAATTC - AGATCT - 
CTTAAG- TCTAGA - 

I EcoRl 

Open plasmid at 
EcoRl BgAl site, 
modify ends and 
subclone fragment 
containing the 
DURI,2 gene into 
pHVX2 plasmid 

Product of PCR 
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+dTTP I +dCTP 

4 BgAl 
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CTTAA A- 

Klenow 
t dATB 
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GATCT - 
AGA- 

I 
GAA 
CTTAA 

I ligature 

Hind1 I I 
1 

Xhol HindlII 

PGK7p I DUR7,2 

pDURl,2 

Figure 5: Cloning of the DUR1,2 gene and construction of plasmid pDUR1,Z. 
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Kpnl 

uRA3 

pHVJHl 

Figure 6: Plasmid pHVJH1, previously described by Volschenk et a/., 2004. 
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Not1 
b 

Hind1 I I 

DURl,2 PGKlp I 

Xhol Hindlll 

IPGKlt 

Cloning into the Nod 
site of pHVJH1 

1 
Yinflll Xbnl Hinrllll 

pHVlOdur,, 

Figure 7: Construction of plasmid pHVlOdur,,. 
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DUR7,2 cassette 

I PGKp I DURI. 2 1 1 1  PGKt I 

Integration cassette 

I I P G K l p  I DURI,2 1 1 1  P G K l f  I 1 
U L  

URA3 flanking DUR7,Z cassette URA3 flanking 

A J 

sequence sequence 

-1 DUR7,2 gene 

7 1  URA3 flanking sequences 

PGK7 terminator sequence 
-1 PGKl promoter sequence 

synthetic sequences used in 
cloning strategy 

Figure 8: Schematic representation of the introduced genetic material. 
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Figure 9: Loss of Phleomycin resistance in the ECMoOl yeast strain. 
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!EcoRl 
{:Sac1 

CYC 1 
pUT332AURA3 I 

TnSble 
probe 

‘”” Hind I I I 

4354 bp 

Figure 10: Plasmid pUT332AURA3 map and schematic representation of the 
probes used in Southern experiments. 

The bla gene probe was created by PCR amplification of the pUT332AURA3 
plasmid using primers 328 and 329. The Tn5Ble probe was retrieved by PCR 
amplification of a region of the pUT332AURA3 plasmid using primers 320 and J21 
(Table 1). 

e 
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B C D 

Figure 11: Southern blot analysis of the Tn5Ble gene that encodes for 
Phteomycin resistance in the ECMoOl strain. 

Panel I. Agarose gel of genomic DNA digested with EcoRI restriction enzyme. (A) 
DNA size marker (B) genomic DNA of the host strain (C) genomic DNA of ECMoOl 
(D) plasmid DNA of pUT332AURA3 containing the Tn5Ble gene. Panel 11. 
Southern blot analysis probing for the Tn5Ble gene in the genome of ECMoOl. 
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I 

Figure 12: Southern blot analysis of the Ma gene that encodes for 
Ampicillin resistance in the ECMoOl strain. 

Panel I. Agarose gel of fractionated genomic DNA digested with EcoRI restriction 
enzyme. (A) DNA size marker (8) genomic DNA of the host strain (C) genomic DNA 
of ECMoOl (D) plasmid DNA of pUT332AURA3 containing the bla gene. Panel I1 
Southern blot analysis probing for the bla gene in the genome of ECMoOl. 

e 
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PGKIp DUR1,2 PGKlt 

. 
D@R1,2 f URA3 

Not1 Xbal 

Figure 13: Schematic representation of probe hybridization to the DUR1,2 
integration cassette. 

The 736 bp DUR2,2 probe was generated by PCR using plasmid pDUR1,Z and 
primers J30 and J31. A 927 bp ura3 fragment spanning nt 430 to nt 1357 
downstream from the URA3 ATG codon was used as a probe. 
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A B C 

I 

t.455 kbp 

3.134 kbp 

% URA3 % uRA3 

-1 i ................ 2 : :  f 
i .... 3,134 kbp . . . . .  - 

uRA3 
L .................... 4,455 kbp""":::::::::: ............... 

I1 

Figure 14: Southern blot ana.jses of the URA3 loci in the host and ECMoOl 
strains. 

Panel I. Southern blot analysis of genomic DNA digested with 5glII restriction 
enzyme (A) DNA size marker (6) genomic DNA of the host strain (C) genomic DNA 
of ECMoOl. Panel 11. Schematic representation of the integrated and wild type 
URA3 loci. Vertical, dotted lines indicate BglII restriction enzyme sites. Red lines 
indicated areas of probe hybridization t o  genomic DNA. 
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A B C 
7.456 kbp 

I 5.085 kbp 

- 
I 

1 :  

1 .............. 5.085 kbp".. .............. ..i ........ I 

Figure 15: Southern blot analyses of the DURI,2 gene in the host and 
ECMoOl strains. 

Panel I. Southern blot analysis of genomic DNA digested with BglII restriction 
enzyme (A) DNA size marker (B) genomic DNA of the host strain (C) genomic DNA 
of ECMoOl. Panel 11. Schematic representation of the integrated and wild type 
DURl,2 genes. Vertical, dotted lines indicate BglII restriction enzyme sites. Red 
lines indicated areas of probe hybridization to genomic DNA. 
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1 2 3 

Figure 16: Genetic patterns of the Davis 522 (lane 2) and ECMoOl (lane 3) 
yeast strains. 

PCR was performed using primers 332 and 333 (see Table 1) on genomic DNA 
isolated from Davis 522 and ECMoOl strains. This technique is described by 
Schuller et a/. (2004). 
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Yeast harvested by 
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filtration with a rotary or 
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extrusion of compressed yeast + 
drying 

other nutrients 

Active dry yeast 

Figure 17: Flow diagram describing the manufacture of active dry yeast. 
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TATA-box-CS TATA-box-CS TATA-box-CS 
I I 

I 
TATA-boxCS DUR7,2 I 

TATA-baxCS PUbtive ORF TATA-baxCS 
I 5'adpltruncated I 

ORF +I ORF +1 putative ORF 3 * 3' ura3 truncated 
TATAboxGS 

I 

I I I I ,, . 9 * ' I . . . '  I " "  I " . '  1 ' .  I 

1K 2K 3K 4K 5K 6K 7K 8K 9K 

ORF +2 TATA-bax-CS 
I 

T A T - ? b h r e  ORF ' TATA-box-CS 
I 5'uraftruncated I 

TATA-box-CS 
I 

TATA-box-CS TATA-box-CS 
I I 

TATA-box-CS 
I 

Figure 18: Putative open reading frames (ORFs) analysis. A) Schematic 
representation of putative ORFs and TATA boxes found within the 
integration cassette. 
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Figure 19: A) Comparison of growth of strains ECMoOl and Davis 522 in 
Chardonnay grape juice; B) Formation of ethanol by Davis 522 and ECMoOl 
when fermenting Chardonnay grape juice. 

Sterile flasks capped with vapor locks containing 200 mL sterile filtered Chardonnay 
grape juice were inoculated t o  lx106 cells/mL with either ECMoOl or Davis 522. 
Fermentations were conducted at  2OOC. Fermentations were slowly stirred before 
samples were taken for growth and ethanol determinations. 
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Figure 20: Evolution of carbon dioxide in fermentations of Davis 522 and 
ECMoOl as measured as weight loss. 

Sterile flasks capped with vapor locks containing 500 mL unfiltered Chardonnay 
grape juice were inoculated to  2x106 cells/ mL with either ECMoOl or Davis 522. 
Fermentations were conducted at  20 OC. Fermentations were monitored daily for 
COz evolution. 
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Figure 21: White winemaking practices and the use of a standard or 
ECMoOl yeast strain. 
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Figure 22: Red winemaking practices and the use of a standard or ECMoOl 
yeast strain. 
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Table 1: Primers and linkers used in the construction of the integration 
cassette 

Designation 

39 

3 1 0  

3'1 1 

312 

3'2 7 

320 

32 1 

322 

323 

324 

325 

3 28 

329 

330 

33 1: 

382 

3'33 

DNA sequences 

5 'GATCTCTAGAGCCCGGGCAACGGTKATCATCTCAT 
GGATCTGC3' 

5'GATCGGTACCTACTTCTTCCGCCGCCTGCAAACCGC 
c r3 '  

S'GATCGGTACCGCGGCCGCACAAAGGAACCTAGAGG 
CClllTGATGlTAG3' 

S'GATCTCTAGAGCCCGGGCTACACCAGAGATACATAA 
TTAGATAT3' 

5' GAAGATAAAGATCTTG 3' 

5' AATGACCGACCAAGCGACG 3' 

5' ATCCTGGGTGGTGAGCAG 3' 

5' 
AAGGAAAAAAGCGGCCGCAAAAGCmCTAACTGATCT 
AT 3' 

5' 
AAGGAAAAAAGCGGCCGCAAAAAGCTITAACGACGAGA 
ATT 3' 

5' TTAAAAAAATGACAGTTAGTTCCGATACA 3' 

5' TCGAAAAAGGTATITCATGCCAATGITATGAC 3' 

5' lTGCGGCATTTTGCClTCCT 3' 

5' GlTGCCGGGAAGCTAGAGTA 3' 

S'-lTAGACTGCGTCTCCATCmG-3' 

5'-TCAACAATGGAATCCCAAC-3' 
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Description 

5'-primer for URA3 upstream flanking 
sequence with XbaI and SrfI sites 

3'-primer for URA3 upstream flanking 
sequence with KpnI site 

5'-primer for URA3 downstream flanking 
sequence with KpnI and &&I sites 

3'-primer for URA3 downstream flanking 
sequence with XbaI and sites 

Used for site directed mutagenesis , 
introducing a BgnI site at the end of 
PGKlp 

Primer used to amplify the Tn5ble probe 
(Phleomycin resistance) from plasmid 
pUT33 2AURA3 

Primer used to amplify the Tn5ble probe 
(Phleomycin resistance) from plasmid 
pUT332 AURA3 

5'-end primer used to amplify the 
DUR1,Z expression cassette from pHV3, 
building in a NotI site. 

3'-end primer used to amplify the 
DUR1,Z expression cassette from pHV3, 
building in a NotI site. 

DUR1,Z gene - start codon 

DUR1,Z gene - stop codon 

Primer used to amplify the bla probe 
(Ampicillin resistance) from plasmid 
pUT332AUR-43 

Primer used to amplify the bla probe 
(Ampicillin resistance) from plasmid 
pUT332AURA3 

Primer used to amplify DUR1,Z probe for 
Southern blot analysis from plasmid 
pDUR1,Z 

Primer used to amplify DUR1,Z probe for 
Southern blot analysis from plasmid 
pDUR1,2 

Primer used to amplify 6 elements of 

r y i  retro-transposons for 6 sequence 
typing 

Primer used to amplify 6 elements of 

r y i  retro-transposons for 6 sequence 
typing 



Table 2: Plasmids used for the construction and integration of the 
integration cassette. 

Designation Description Source 

pHVX2 YEplacl81 derived plasmid containing the PGKl promoter Volschenk et a/., 
and terminator sequences 1997a 

pMVJM1 YEp352(AKpnI) containing the URA3 flanking sequences Volschenk et a/., 2004 

pDUR1,2 pHVX2 containing the DUR1,Z open reading frame Coulon, 2001 
subcloned between the PGKl promoter and terminator 
sequences 

the URA3 flanking sequences 

confers resistance to Phleomycin. 

ligation of pUT332 backbone. 

,pHVlOdurIl pHVJH1 containing the DUR1,Z cassette cloned between Coulon, 2001 

pUT332 Escherichia coli, Saccharomyces cerevisiae. Plasmid that Cayla S.A.S. 

pUT332AURA3 pUT332 with the URA3 removed by BglII digestion and This study. 

50 



Table 3: Detailed description of the nucleotides composing the integration 
cassette. 

Source Reference for cloning 
details Designation N,ucleotide 

position 

I- 4 SrfI half cloning site GRAS Notice No. 000120 S. cerevisiae GC210 

1-928 URA3 sequence GRAS Notice No. 000120 S. cerevisiae GC210 
4-508 5' non coding sequence 
509-928 Part of open reading frame 

929-934 KpnI  cloning site GRAS Notice No. 000120 Synthetic 

935-942 Not1 cloning site GRAS Notice No. 000120 Synthetic 

943-944 AA residues introduced with This study Synthetic 
DUR1,2 expression cassette 
primer 

S. cerevisiae AB972 945-2428 P G K l  promoter Crous et a/., 1995 

2429-2445 Part of linker used in cloning Crous et a/., 1995, and this Synthetic 

2429 A residue Crous et a/ . ,  1995 
24 3 0 - 2 434 Crous et a/., 1995 
2435 G residue Crous et a/ . ,  1995 

strategy study 

Remaining BgnI cloning site 

2436-2445 Sequences used in cloning DUR1,2 This study 

2446-7953 DUR1,2 gene This study S. cerevisae TCY 1 
2446-2448 START codon 
2449-7950 Coding region 
7951 -7953 STOP codon 

7954-7984 Part of linker used in cloning Crous et al., 1995 and this Synthetic 

7985-7970 Sequences used in cloning DUR1,2 This study Synthetic 

into pHVX2 

strategy study 

into pHVX2 

7971 C residue Crous et a/., 1995 Synthetic 

Synthetic 7972-7977 XhoI cloning site Crous et a/., 1995 

7978 G residue Crous et a/., 1995 Synthetic 

7979-7983 Remaining SglrI cloning site Crous et a/., 1995 Synthetic 

7984 G residue Crous et a/., 1995 Synthetic 

7985-8246 P G K l  terminator Crous et a/., 1995 S. cerevisiae AB972 

8247-8248 TT residues introduced with This study Synthetic 
DUR1,Z expression cassette 
primer 

8249-8256 Not1 cloning site GRAS Notice No. 000120 Synthetic 

8257-9191 URA3 sequence GRAS Notice No. 000120 S. cerevisiae GC210 
8257-8640 
864 1-9 19 1 

9 188-919 1 SrfI half cloning site GRAS Notice No. 000120 S. cerevisiae GC210 

Part of open reading frame 
3' non coding region 
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Table 4: Discrepancies found between the genomic sequence of the 
integrated locus and previously published S288C sequences. 
Comments and nucleotide positions refer to the sequence composition detailed in Table 3. 

1 4  

5 

6 

Nucleotide 1 comment I position 

2429-2446 

2495 
I 

2607 

I 2 929-944 

I 3 I 1623/1624 

1 11 and1 12 I 3441 and 3585 

1 13 I 3722 

4824,4863,4911, 

5418, and 6408 1 25 1 7005 

7954-7984 

8232/8233 

Description 

'Difference in the 5' region of the URA3 open reading frame 

Additional sequence resulting from cloning strategy 

Difference in the PGKl promoter sequence. One base deletion between 
1623 and 1624 bp. 

Additional sequence resulting from cloning strategy 

Difference in the DUR1,Z open reading frame. This difference corresponds 
to a change of amino acids from isoleucine (in the published sequence) to 
threonine (in the genomic sequence). 

Difference in the DUR1,Z open reading frame. This difference corresponds 
to no change of the amino acid sequence. 

Difference in the DUR1,Z open reading frame. This difference corresponds 
to a change of amino acids from proline (in the published sequence) to 
arginine (in the genomic sequence). 

Differences in the DUR1,Z open reading frame. These differences 
correspond to no change of the amino acid sequence. 

Difference in the DUR1,Z open reading frame. This difference corresponds 
to a change of amino acids from lysine (in the published sequence) to 
asparagine (in the genomic sequence). 

Differences in the DUR1,Z open reading frame. These differences 
correspond to no change of the amino acid sequence. 

Difference in the DUR1,Z open reading frame. This difference corresponds 
to a change of amino acids from isoleucine (in the published sequence) to 
methionine (in the genomic sequence). 

Differences in the DUR1,Z open reading frame. These differences 
correspond to no change of the amino acid sequence. 

Difference in the DUR1,Z open reading frame. This difference corresponds 
to a change of amino acids from lysine (in the published sequence) to 
asparagine (in the genomic sequence). 

Difference in the DUR1,Z open reading frame. This difference corresponds 
to a change of amino acids from alanine (in the published sequence) to 
threonine (in the genomic sequence). 

Difference in the DUR1,Z open reading frame. This difference corresponds 
to no change of the amino acid sequence. 

Additional sequence resulting from cloning strategy 

Difference in the PGKl terminator sequence between. One base deletion 
between 8232 and 8233 bp. 
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Difference in the PGKl terminator sequence between. One base deletion 
between 8234 and 8235 bp. 1, 30 1 8234/8235 

I 31 I 8249-8256 

'+ 

~' 34 

8259 

8742 

8804 

Additional sequence resulting from cloning strategy 

Difference in the 3' region of the URA3 open reading frame 

Difference in the 3' region of the URA3 non coding sequence 

Difference in the 3' region of the URA3 non coding sequence 

53 060665 



Table 5: Comparison of ethyl carbamate formation in wines formed using 
ECMoOl strain and Davis 522 strain. 

Values are presented as means f 1 S.D. 

Ethyl carbamate (pg/L) 

ECMoOl Davis 522 

9.61k0.36 87.85k5.82 
(N=3) (N=3) 

\ Reduction of ethyl 
carbamate relative to 
Davis 522 (%) 

L 

54 

89.0 k0. 36 
(N=3) 
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Appendix 1: Integration cassette in Fasta Format e 
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> 
GGGCAACGGTTCATCATCTCATGGATCTGCACATGAACAAACACCAGAGT 
CAAACGACGTTGAAATTGAGGCTACTGCGCCAATTGATGACAATACAGAC 
GATGATAACAAACCGAAGTTATCTGATGTAGAAAAGGATTAAAGATGCTA 
AGAGATAGTGATGATATTTCATAAATAATGTAATTCTATATATGTTAATT 
ACCTTTTTTGCGAGGCATATTTATGGTGAAGGATAAGTTTTGACCATCAA 
AGAAGGTTAATGTGGCTGTGGTTTCAGGGTCCATAAAGCTTTTCAATTCA 
TCTTTTTTTTTTTTGTTCTTTTTTTTGATTCCGGTTTCTTTGAAATTTTT 
TTGATTCGGTAATCTCCGAGCAGAAGGAAGAACGAAGGAAGGAGCACAGA 
CTTAGATTGGTATATATACGCATATGTGGTGTTGAAGAAACATGAAATTG 
CCCAGTATTCTTAACCCAACTGCACAGAACAAAAACCTGCAGGAAACGAA 
GATAAATCATGTCGAAAGCTACATATAAGGAACGTGCTGCTACTCATCCT 
AGTCCTGTTGCTGCCAAGCTATTTAATATCATGCACGAAAAGCAAACAAA 
CTTGTGTGCTTCATTGGATGTTCGTACCACCAAGGAATTACTGGAGTTAG 
TTGAAGCATTAGGTCCCATTTGTTTACTAAAAACACATGTGGATATC 
TTGACTGATTTTTCCATGGAGGGCACAGTTAAGCCGCTAAAGGCATTATC 
CGCCAAGTACAATTTTTTACTCTTCGAAGACAGAAAATTTGCTGACATTG 
GTAATACAGTCAAATTGCAGCACTCTGCGGGTGTATACAGAATAGCAGAA 
TGGGCAGACATTACGAATGCACACGGTGTGGTGGGCCCAGGTATTGTTAG 
CGGTTTGAAGCAGGCGGCGGAAGAAGTAGGTACCGCGGCCGCAAAAGCTT 
TCTAACTGATCTATCCAA?iACTGAAAATTACATTCTTGATTAGGTTTATC 
ACRGGCAAATGTAATTTGTGGTATTTTGCCGTTCAAAATCTGTAGAATTT 
TCTCATTGGTCACATTACAACCTGAAAATACTTTATCTACAATCATACCA 
TTCTTATAACATGTCCCCTTAATACTAGGATCAGGCATGAACGCATCACA 
GACAAAATCTTCTTGACAAACGTCACAATTGATCCCTCCCCATCCGTTAT 
CACAATGACAGGTGTCATTTTGTGCTCTTATGGGACGATCCTTATTACCG 
CTTTCATCCGGTGATAGACCGCCACAGAGGGGCAGAGAGCAATCATCACC 
TGCAAACCCTTCTATACACTCACATCTACCAGTGTACGAATTGCATTCAG 
AAFlACTGTTTGCATTCATAGGTAGCATACAATTAAAACATGGCGGG 
CATGTATCATTGCCCTTATCTTGTGCAGTTAGACGCGAATTTTTCG?iAGA 
AGTACCTTCAAAGAATGGGGTCTTATCTTGTTTTGCAAGTACCACTGAGC 
AGGATAATAATAGAAATGATAATATATACTATAGTAGAGATAACGTCGATGA 
CTTCCCATACTGTAATTGCTTTTAGTTGTGTATTTTTAGTGTGCAAGTTT 
CTGTAAATCGATTAATTTTTTTTCTTTCCTCTTTTTATTAACCTTAATTT 
TTATTTTAGATTCCTGACTTCAACTCAAGACGCACAGATATTATAACATC 
TGCATAATAGGCATTTGCAAGAATTACTCGTGAGTAAGGAAAGAGTGAGG 
AACTATCGCATACCTGCATTTAAAGATGCCGATTTGGGCGCGAATCCTTT 
ATTTTGGCTTCACCCTCATACTATTATCAGGGCCAGAAAAGTGTT 
TCCCTCCTTCTTGAATTGATGTTACCCTCATAAAGCACGTGGCCTCTTAT 
CGAGAAAGAAATTACCGTCGCTCGTGATTTGTTTGCAAAAAGAACAAAAC 
TGAAAAAACCCAGACACGCTCGACTTCCTGTCTTCCTATTGATTGCAGCT 
TCCAATTTCGTCACACAACAAGGTCCTAGCGACGGCTCACAGGTTTTGTA 
ACAAGCAATCGAAGGTTCTGGAATGGCGGGAAAGGGTTTAGTACCACATG 
CTATGATGCCCACTGTGATCTCCAGAGCAAAGTTCGTTCGATCGTACTGT 
TACTCTCTCTCTTTCAAACAGAATTGTCCGAATCGTGTGACAACAACAGC 
CTGTTCTCACACACTCTTTTCTTCTAACCAAGGGGGTGGTTTAGTTTAGT 
AGAACCTCGTGAAACTTACATTTACATATATATAAACTTGCATAAATTGG 
TCAATGCAAGAAATACATATTTGGTCTTTTCTAATTCGTAGTTTTTCAAG 
TTCTTAGATGCTTTCTTTTTCTCTTTTTTACAGATCATCAAGGAAGTAAT 
TATCTACTTTTTACAACAAATATAAAACAAGATCGGAATTTGAC 
AGTTAGTTCCGATACAACTGCTGAAATATCGTTAGGTTGGTCAACCCAAG 
ACTGGATTGATTTCCACAAGTCATCAAGCTCCCAGGCTTCACTAAGGCTT 
CTTGAATCACTACTAGACTCTCAAAATGTTGCGCCAGTCGATAATGCGTG 
GATATCACTAATTTCAAAGGAAAATTTACTGCACCAATTCCAAATTTTAA 
AGAGCAGAGAAAATAAAGAAACTCTACCTCTCTACGGTGTCCCTATTGCT 
GTTAAGGACAACATCGACGTTAGAGGTCTACGCACCACCGCTGCATGTCC 
ATCCTTCGCATATGAGCCTTCCAAAGACTCTAAAGTAGTAGAACTACTAA 
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GAAATGCAGGTGCAATAATCGTGGGTAAGACAAACTTGGACCAATTTGCC 
ACAGGATTAGTCGGCACACGGTCTCCATATGGGAAAACACCTTGCGCTTT 
TAGCAAAGAGCATGTATCTGGTGGTTCCTCCGCTGGGTCAGCATCGGTGG 
TCGCCAGAGGTATCGTACCAATTGCATTGGGTACTGATACAGCAGGTTCT 
GGTAGAGTCCCAGCCGCCTTGAACAACCTGATTGGCCTAAAGCCAACAAA 
GGGCGTCTTTTCCTGTCAAGGTGTAGTTCCCGCTTGTAAATCTTTAGACT 
GCGTCTCCATCTTTGCATTAAACCTAAGTGATGCTGAACGCTGCTTCCGC 
ATCATGTGCCAGCCAGATCCTGATAATGATGAATATTCTAGACCCTATGT 
TTCCAACCCTTTGAAAAATTTTTCAAGCAATGTAACGATTGCTATTCCTA 
AAAATATCCCATGGTATGGTGAAACCAAGAATCCTGTACTGTTTTCCAAT 
GCTGTCGAAAATCTATCAAGAACGGGCGCTAACGTCATAGAAATTGATTT 
TGAGCCTCTTTTAGAGTTAGCTCGCTGTTTATACGAAGGTACTTGGGTGG 
CCGAGCGTTATCAAGCTATTCAATCGTTTTTGGACAGTAAGCCACCAAAG 
GAATCTTTGGACCCTACTGTTATTTCAATTATAGAAGGGGCCAAGAAATA 
CAGTGCAGTAGACTGCTTCAGTTTTGAATACAAAAGACAAGGCATCTTGC 
AAAAAGTGAGACGACTTCTCGAATCAGTCGATGTCTTGTGTGTGCCCACA 
TGTCCTTTAAATCCTACTATGCAACAAGTTGCGGATGAACCAGTCCTAGT 
CAATTCAAGACAAGGCACATGGACTAATTTTGTCAACTTGGCAGATTTGG 
CAGCCCTTGCTGTTCCCGCAGGGTTCCGAGACGATGGTTTGCCAAATGGT 
ATTACTTTAATCGGTAAAAAATTCACAGATTACGCACTATTAGAGTTGGC 
TAACCGCTATTTCCAAAATATGTTCCCCAACGGTTCCAGAACATACGGTA 
CTTTTACCTCTTCTTCAGTAAAGCCAGCAAACGATCAATTAGTGGGACCA 
GACTATGACCCATCTACGTCCATAAAATTGGCTGTTGTCGGTGCACATCT 
TAAGGGTCTGCCTCTACATTGGCAATTGGAGAAGGTCAATGCAACATATT 
TATGTACAACAAAAACATCAAAAGCTTACCAGCTTTTTGCTTTGCCCAAA 
AATGGACCAGTTTTAAAACCTGGTTTGAGAAGAGTTCAAGATAGCAATGG 
CTCTCAAATCGAATTAGAAGTGTACAGTGTTCCAAAAGAACTGTTCGGTG 
CTTTTATTTCCATGGTTCCTGAACCATTAGGAATAGGTTCAGTGGAGTTA 
GAATCTGGTGAATGGATCAAATCCTTTATTTGTGAAGAATCTGGTTACAA 
AGCCAAAGGTACAGTTGATATCACAAAGTATGGTGGATTTAGAGCATATT 
TTGAAATGTTGAAGAAAAAAGAGTCCCAAAAGAAGAAGTTATTTGATACC 
GTGTTAATTGCCAATAGAGGTGAAATTGCCGTCCGTATTATCAAGACATT 
AAAAAAATTGGGTATTAGATCAGTTGCAGTTTATTCCGACCCTGATAAAT 
ATTCTCAACACGTTACTGATGCAGATGTTTCTGTTTCTGTACCCCTTCATGGCACA 
ACCGCAGCCCAAACTTATTTAGACATGAATAAGATCATAGATGCCGCTAA 
GCAAACTAATGCACAGGCCATTATTCCTGGTTATGGTTTCTTGTCGGAAA 
ATGCGGATTTTTCTGATGCGTGCACCAGTGCTGGCATTACCTTTGTTGGT 
CCTTCGGGAGATATTATCAGAGGTTTAGGGTTAAAACATTCTGCTAGACA 
GATTGCACAGAAGGCTGGCGTTCCTCTAGTGCCAGGCTCTTTGCTTATCA 
CATCAGTTGAAGAGGCTAAGAAAGTCGCAGCGGAATTGGAATACCCGGTT 
ATGGTGAAGTCAACTGCTGGTGGTGGTGGTATTGGTTTGCAGAAAGTCGA 
TTCTGAAGAGGATATCGAGCATATTTTTGAGACTGTGAAACATCAAGGTG 
AAACATTTTTTGGTGACGCTGGTGTATTTCTGGAACGGTTTATCGAAAAT 
GCCAGACATGTTGAGGTCCAACTTATGGGAGATGGTTTTGGTAAGGCCAT 
TGCTTTGGGCGAACGTGATTGTTCTTTACAGCGTCGTAACCA?&WGTTA 
TCGAAGAAACTCCTGCACCAAATTTGCCAGAAAAGACGAGGTTGGCGTTA 
AGAAAGGCAGCTGAAAGTTTGGGATCTTTATTGAATTACAAGTGTGCTGG 
TACGGTTGAATTTATTTACGATGAGAAAAAGGACGAGTTTTACTTTTTAG 
AAGTTAATACAAGATTACAAGTTGAACATCCAATAACAGAAATGGTTACG 
GGGTTAGACTTGGTCGAGTGGATGATCAGGATTGCCGCTAATGATGCACC 
TGATTTTGATTCTACAAAGGTAGAAGTCAATGGGGTTTCAATGGAGGCAC 
GTTTATATGCTGAAAATCCATTGAAAAATTTCAGACCTTCTCCAGGTTTA 
CTTGTCGATGTGAAATTCCCTGATTGGGCAAGAGTGGATACTTGGGTTAA 
GAAAGGTACTAATATTTCTCCCGAATATGATCCAACATTGGCCAAAATTA 
TCGTTCATGGGAAAGACCGTGATGATGCAATTTCCAAGTTAAATCAAGCG 
TTAGAaGAAACAAAAGTTTACGGATGTATTACTAACATTGACTACCTGAA 
GTCTATCATTACCAGTGATTTCTTTGCTAAAGCAAAAGTTTCTACA?iACA 
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TTTTGAACTCTTATCAATATGAGCCTACCGCCATCGAAATTACTTTGCCC 
GG~GCACACACTAGTATTCAGGATTACCCCGGTAGAGTTGGGTACTGGAG 
AATTGGTGTTCCGCCCTCTGGTCCAATGGACGCATATTCGTTTAGATTGG 
CGAACAGAATTGTTGGTAATGACTACAGGACTCCTGCCATTGAAGTAACG 
TTGACTGGTCCATCCATCGTTTTCCATTGTGAAACTGTCATTGCCATTAC 
TGGTGGTACCGCTCTATGTACATTAGACGGCCAAGAAATTCCCCAACACA 
AACCGGTCGAAGTTAAGAGGGGATCTACTTTATCCATTGGCAAGTTGACA 
AGCGGCTGTAGAGCATACTTAGGTATCAGGGGTGGCATTGATGTGCCTAA 
ATACTTGGGCTCTTATTCTACTTTCACTCTAGGAAATGTCGGTGGATACA 
ATGGAAGGGTGCTAAAACTTGGAGACGTACTATTCTTACCAAGCAATGAA 
GAAAATAAATCAGTTGAGTGCCTTCCACAGAATATTCCTCAATCATTAAT 
TCCTCAAATTTCCGAAACTAAGGAATGGAGAATTGGTGTAACATGTGGTC 
CCCATGGGTCTCCAGATTTTTTTAAACCTGAGTCCTGAGTCCATCGAAGAATTTTTC 
AGTGAGAAGTGGAAGGTTCATTACAACTCCAATAGATTTGGTGTCCGTTT 
GATTGGACCTAAACCTAAGTGGGCAAGAAGTAATGGTGGTGAAGGTGGTA 
TGCATCCCTCAAACACTCACGATTACGTTTATTCTCTGGGTGCAATTAAT 
TTCACGGGTGATGAGCCAGTTATTATTACTTGCGATGGTCCTTCCTTAGG 
TGGTTTTGTGTGTCAAGCTGTTGTCCCAGAAGCAGAACTGTGGAAGGTTG 
GACAGGTTAAACCCGGTGATTCCATTCAGTTTGTGCCACTTTCTTACGAA 
AGCTCGAGATCCTTAAAGGAATCTCAGGATGTTGCAATTAAATCATTGGA 
TGGTACTAAGTTAAGGCGCTTAGACTCTGTTTCAATTTTACCATCATTCG 
AAACGCCTATTCTTGCACAAATGGAAAAAGTGAATGAGCTTTCACCAAAG 
GTTGTATACAGACAAGCAGGTGATCGTTATGTTTTGGTGGAATACGGTGA 
TAATGAAATGAATTTTAATATTTCCTATAGAATTGAATGCCTGATCTCCC 
TTGTGAAAAAGAATAAGACTATTGGTATTGTTGAAATGTCCCAAGGTGTT 
AGATCTGTATTGATAGAATTTGATGGTTACAAAGTCACTCAAAAAGAATT 
ECTTAAAGTATTGGTGGCATATGAAACAGAAATCCAGTTTGATGAAAATT 
GGAACATAACTTCTAATATAATAAGATTACCGATGGCTTTCGAAGACTCG 
AAGACTTTGGCATGTGTTCAAAGGTATCAAGAAACAATTCGTTCGTCTGC 
TCCATGGTTGCCAAATAACGTTGATTTCATTGCCAATGTAAATGGAATTT 
CAAGGAATGAAGTTTATGATATGTTGTATTCTGCCAGATTTATGGTTTTA 
GGTTTAGGTGATGTCTTCCTAGGGTCGCCTTGTACTGTTCCATTAGATCC 
TCGTCACAGATTTTTGGGAAGCAAGTACAACCCAAGTAGAACATATACAG 
AAAGAGGTGCAGTCGGTATTGGCGGTATGTATATGTGCATATATGCTGCT 
AACAGTCCTGGTGGGTACCAATTAGTGGGTAGAACAATACCAATTTGGGA 
CAAACTATGTCTGGCCGCATCTTCTGAGGTTCCGTGGTTGATGAACCCAT 
TTGACCAAGTCGAATTTTACCCAGTTTCTGAAGAAGATTTGGATFAAATG 
ACTGAAGATTGTGATAATGGTGTTTATAAAGTCAATATCGAAAAGAGTGT 
TTTTGATCATCAAGAATACTTGAGATGGATCAACGCAAACAAAGATTCCA 
TCACAGCATTCCAGGAGGGCCAGCTTGGTGAAAGAGCAGAGGAATTTGCC 
AAATTGATTCAAAATGCAAACTCTGAACTFAAAGAAAGTGTCACAGTCAA 
ACCTGACGAGGAAGAAGACTTCCCAGAAGGTGCAGAAATTGTATATTCTG 
AGTATTCTGGGCGTTTTTGGAAATCCATAGCATCTGTCGGAGATGTTATT 
GAAGCAGGTCAAGGGCTACTAATTATTGAAGCCATGAAAGCGGAAATGAT 
TATATCCGCTCCTAAATCGGGTAAGATTATCAAGATTTGCCATGGCAATG 
GTGA~ATGGTTGATTCTGGTGACATAGTGGCCGTCATAGAGACATTGGCA 
TGAAATACCTTTTTCGATCTCCTCGAGGGATCTGCGATAGATCAATTTTT 
TTCTTTTCTCTTTCCCCATCCTTTACGCTAAAATAATAGTTTATTTTATT 
TTTTGAATATTTTTTATTTATATACGTATATATAGACTATTATTTATCTT 
T T A A T G A T T A T T A A G A T T T T T A T T V T T C G C T C C T C T T T T A A T  
GCCTTTATGCAGTTTTTTTTTCCCATTCGATATTTCTATGTTCGGGTTCA 
GCGTATTTTAAGTTTAATAACTCGAAAATTCTCGTCGTTAAAGCTTTTGC 
GGCCGCACGAAGGAACCTAGAGGCCTTTTGATGTTAGCAGAATTGTCATG 
CAAGGGCTCCCTAGCTACTGGAGAATATACTAAGGGTACTGTTGACATTG 
CGAAGAGCGACAAAGATTTTGTTATCGGCTTTATTGCTCAAAGAGACATG 
GGTGGAAGAGATGAAGGTTACGATTGGTTGATTATGACACCCGGTGTGGG 
TTTAGATGACAAGGGAGACGCATTGGGTCAACAGTATAGAACCGTGGATG 

58 



ATGTGGTCTCTACAGGATCTGACATTATTATTGTTGGAAGAGGACTATTT 
GCAAAGGGAAGGGATGCTAAGGTAGAGGGTGAACGTTACAGAAAAGCAGG 
CTGGGAAGCATATTTGAGAAGATGCGGCCAGCAAAAAAAACTGTAT 
TATaAGTAAATGCATGTATACTAAACTCAAATTAGAGC 
TTATATCAGTTATTACCCGGGAATCTCGGTCGTAATGATTTTTATAATGA 
GGAAAAAAAAAAAATTGGAAAGAAAAAGCTTCATGGCCTTTATAAAAAGG 
ARCCATCCAATACCTCGCCAGAACCAAGTAACAGTATTTTACGGGGCACA 
AATCAAGAACAATAAGACAGGACTGTAAAGATGGACGCATTGAACTCCAA 
A G A A C A A C A A G A G T T C C A G T A G T G G A A C A A A A G C A G G A T T  
TCATGCGTTTGTACTCTAATCTGGTAGAAAGATGTTTCACAGACTGTGTC 
~TGACTTCACAACATCAAAGCTAACCAATAAGGAACAAACATGCATCAT 
GAAGTGCTCAGARAAGTTCTTGAAGCATAGCGAACGTGTAGGGCAGCGTT 
TCCAAGAACAAAACGCTGCCTTGGGACA?iGGCTTGGGCCGATAAGGTGTA 
CTGGCGTATATATATCTAATTATGTATCTCTGGTGTAGCCC 
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Appendix 2: Optimal alignment of DNA sequences: ECMoOl Integration 
Cassette and Published URA3, DURI,2, PGKI promoter and terminator 
sequences 
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Gap-Open-Penalty=lO.O Gap-Extend-Penalty=5.0 

Upper line: ECMoOl Integration Cassette, from 1 to  9191 
Lower line: Published sequences, from 1 to 9120 

ECMoOl Integration Cassette: Published sequences identity= 99% 

I 

1 

61 

61 

121 

12 I 

I81 

%01 

241 

241: 

301 

301 

361 

361 

421 

423 

4 6 1  

481  

541 

5 4 1  

601 

60 II 

661 

661 

721 

3 2 1  

18'1 

731 

841 

84.1 

501 

901 

561 

945 

1021 

1005 

GGGCAACGGTTCATCATCTCATGGATCTGCACATGAACIWACACCAGAGTC~CGACGT 

GGGCAACGGTTCATCATCTCATGGATCTGCACATGMCAAACACCAGAGTCIWACGACGT 

T G A A A T T G A G G C T A C T G C G C C A A T T G A T G A C A A T A C A G A T G T T  
E l l l l l l l ~ l l l i  l l l l l l l l l l l l l l l l l l l l l l l l l  I I I I I I I I I  I I I I I I I  I I  / / I l l  
TGAFLATTGAGGCTACTGCGCCAATTGTGACAATACAGACGATGATAAC~CCGAAGTT 

ATCTGATGTAG~GWTTAAAGATGCTMGAGF.TAGTGATGATATTTCATIWATAATG 

ATCTGATGTAGAAAhGUlTTAAAGATGCT~GAGAT~GTGATGATATTTCATIWATkATG 

T P A T T C T A T A T A T G T T A A T T A C C T T T T T T G C G A G G C A T A T G T T T  

TAATTCTATATATGTTAATTACCTTTTTTGCGAGGCATP.TTTATGGTGMGGATAAGTTT 

TGACCATCAFLAGAAGGTTAGTGGCTGTGGTTTCAGGGGTCCAT~GCTTTTCAATTCA 
I , E l l ' l l i l l l l l l l l l l l l I l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  
TGACCATCAAAGAAGGTTAATGTGGCTGTGGTTTCAGGGTCC~TIWAGCTTTTCkATTC.4 

TCTTTTTTTTTTTTGTTCTTTTTTTTGATTCCGGTTTCTTTGAPATTTTTTTGATTCGGT 
l l l i i l t l i l i l l l l l l l l I l l l l l l l l l l l l l l l l l l l l l l l l l l l l l I I l I I I I I l l l  
TCTTTTTTTTTTTTGTTCTTTTTTTTGATTCCGGTTTCTTTGAAATTTTTTTGIiTTCGGT 

AATCTCCGAGCAGAAGGAAGAACGAAGGAhGGAGChCAGAGCIiCAGACTTAGATTGGTATATATACG 
l l l J t l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l 1 1 1 1 1 1 1 1  
RATCTCCGAGCAGAAGGPAG~CG~GGAF.GGAGCACAGACTTAGATTGGTATATATACG 

~~ATGTGGTGTTG~G~CATGAPATTGCCCAGT~.TTCTTAACCCkACTGCACAG~.C 
l ' ~ l i l l l l l l l l l l l l l l l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l l l l l l l l l l l l l l l l l l I I I  
CATATGTGGTGTTG~GAPACATG~.TTGCCCAGTATTCTTAACCCA4CTGCACAGAAC 

.WAAACCTGCAGGAAACGAAGATAAATCATGTCGA?AGCTACATATAAGGMCGTGCTGC 
l i l l l l l ~ l l l l l i l l l l l I l l l l l l l l l l l l l l l l l l l l I I I I l l l l I I I I I I l l I I l l l  

ARRAACCTGCAGWCGAAGATAPATCATGTCGARAGCTACATATAAGGAACGTGCTGC 

t l ~ l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l I l l l l l l l l l l l l l l l l l l l l I I  

i l l l l l l l l l l l l l l l l l l I l l l l l l l l l l l l l l l l l l I I I I I I I I I I l l l l l l l l l l l l  

ILICIi I I I I  ~ l l l l l / l l l l / l l l l / l l I / l l l l / l / l / l l / l 1 / / I / I / I I l I l l l l l  

TACTCATCCTAGTCCTGTTGCTGCCA4GCTIiTTTPJITATCATGCACG~.GCIWAC~ 
I 1  t l l l l l l l J ~ l i l l l l l l l l I l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  
TACTCATCCTAGTCCTGTTGCTGCCPPGCTATTTAATATCATGCACG~GCIWAC~ 

CTTGTGTGCTTCATTGGATGTTCGTACCACCiiAGG.41TTACTGGAGTTAGTTG.4hGCATT 
L I L I ' I I l ~ l I I I I I I I I I I I I l l l l l l l l l l l l l l l l I l l l l l l l l l l l I I I l l l l l l l l l  
CTTGTGTGCTTCATTGGATGTTCGTACCACC~GGP3iTTACTGGAGTTP.GTTGkAGCATT 

AGGTCCC~ATTTGTTT-4CT~~CACATGTGGP.TATCTTGhCTGATTTTTCCATGGA 
I l l l l l l l l t l l l l l ' l l l l I l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l I l l l l l l  
AGGTCCCAAAATTTGTTTACTAI;AAP.CACATGTGG~TATCTTG~-CTGATTTTTCCATGGA 

GGGCACAGTTAAGCCGCTAAAGGCATTATCCGCCE~.GTACAP.TTTTTTACTCTTCGW.GA 
I I 1 I t I I I I I ~ 1 t I I I I ~ I I I l l l l l l l l l l l l l l l l ! l l l l l l l l l l l l l l I I l l l l l l I  
GGGCACIiGTTW.GCCGCTWJIGGCATTUTCCGCC~GTACAATTTTTTACTCTTCGE-4GA 

Comment 1 
CAGRAAATTTGCTGACATTGGTPJLTACAGTC~.TTGCAG~P.CTCTGCGGGTGTATACAG 
~ l l t l l l l l l l l l l l l l l l I l l l l l l l i l l l l l l l l l l l I  l l l l l l l l l l l l l l l l l l l  
CAGA;liAP.TTTGCTGACP.TTGGTP~TACI;GTC.;319TTGCAGTACTCTGCGGGTGTP.TACAG 

AATAGCAG.4RTGGGCAGACATTACG~TGCACACGGTGTGGTGGGCCCKGGT.rlTTGTTAG 
i l l l l i l i l l l l l l t l t l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l i l l l l I l l l l  
AATAGCAGAATGGGCAGACATTACGW.TGCkWCGGTGTGGTGGGCCCAGGTATTGTTAG 

Comment 2 
C G G T T T C ; T U 9 G C ~ G G C G G C G G l t ? G M G T ~ G ~ ~ ~ ~ ~ ~ ~ G ~ C ~ ~ ~ G C T T T C T k A C T G . 4 T  
E l l ~ t i i t l l l l l l l l l l l l l l l l l l l l l  I / / l I I / I l I I I / I I l  
CGGTTTGPkGCAGGCGGCGGFJ.GW.GT>.. . . . .,__ . . . . . . . . . . AAGCTTTCTFJICTGAT 
CTATCCAfSIP.CTGATIiC~.TTCTTGiTThGGTTTRTCF.ChGGC.U~~TC;TIIP.TTTGTG 

CTATCC~CTG~-TTACATTCTTG~TTAGGTTTRTCAC>.GGC.~TGTAP.TTTGTG 

GTATTTTGCCGTTCM%AATCTGTF.GP&.TT TTCTCATTGGTCACATTE.C>J;CCTG~VLGT~ 

GTATTTTGCCGTTC~~~TCTGTdGMTTTTCTCATTGGTCE.CF.TThC.~~.CCTGF~~4TA 

I l l l l l l l l l l l l l l l l l l 1 1 1 1 1 1 1 1 l l l ! l l l l l l l 1 1 1 1 1 1 1 1 l l l l l I l l l l l l l l  

l l l t l l l l l l l l l l l l l l i l l l l l l l l l l l l l l I l l l l l l l l l l 1 1 1 1 1 1 l l l l I I I l I l  
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1081 

1065 

11481 

1125 

1 2 0 1  

1185 

I2 681 

1245 

1321 

1305 

113a3. 

1365 

1441 

2425, 

1503 

1485 

1561 

1545 

I621 

1605 

1680 

1665 

1740 

1725 

1800 

1785 

3.860 

1845 

1520 

1905 

1980 

1965 

2045 

2025 

2100 

2085 

2160 

214s 

2220 

2205 

2280 

2265 

2 3 4 0  

2325 

CTTTATCTACAATCATF.CCATTCTTATUACATGTCCCCTTUATACTP-GGATCAGGCATGA 

CTTTATCTACAATCATACCATTCTTATAACATGTCCCCTTAF.TACTAGGATCAGGCATGA 
~ I I t l t l l l l l l l l l l l l l l l I l l l l l l l l l l l l l l l l l l I l l l l l l l l l l l l I l l l l l l  

ACGCAT~CAGACAAAATCTTCTTGF.CAAACGTCACUATTGATCCCTCCCCATCCGTTAT 
d l , L I I l l l l l l l l l l l i l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  
ACGCATC4CAGACAAAATCTTCTTGAC~CGTCACAATTGATCCCTCCCCATCCGTTAT 

'UlCAAIGACAGtTGTCATTTTGTGCTCTTATGGGACGATCCTTATTACCGCTTTCATCCG 

CACAATGACAGGTGTCATTTTGTGCTCTTATGGGACGATCCTTATTACCGCTTTCATCCG 

GTGATAGACCGCCACAG9GGGGCAGAGAGCAATCATCfCCTGCAAACCCTTCTATACACT 
I I I I I I I I f l I I I 1 1 1 1 I I I I I I I I I I l l l I I I I I l l I I l I I l l I I 1 l l I I l I I I I I I I I  
GTGATAGACCGCCACAW?GGGGCAGAGAGCUATCATCACCTGCAAACCCTTCTATACACT 

CACATCTACCAGTGTACGAATTGCATTCAG~CTGTTTGCATTCAAAAATAGGTAGCA 

CACATCTACCAGTGTACGUATTGCATTCAG~CTGTTTGCATTCAAAAATAGGTF.GCA 

TACAATTAARACATGGCGGGCATGTATCATTGCCCTTATCTTGTGCAGTTAGACGCGPXT 
Ell t i  l l i i l ~ l l l l l l l l l l l l l l I l l l l l l l l l l l l l l l l l l I l l l l l l l l l l l l l l l l  
TACAATTRAILACATGGCGGGCATGTATCATTGCCCTTATCTTGTGCAGTTAGACGCG~~T 

TTTTCGAAGAAGTACCTTCAGAATGGGGTCTTATCTTGTTTTGC~GTP-CCACTGAGC 
I f 3 t l l i l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l I I I I l l l l I I I I I l l l l l l l l l  
TTTTCGAAGAAGTACCTTCAAAGAATGGGGGTCTTP.TCTTGTTTTGCPSlGTACCACTGhGC 

AGWlTAATAATAGAAATGATAATATACTATAGTP.GAGATUACGTCGATGACTTCCCATAC 
l ' i l i i l l l l ~ l l l l l l l l l I I I I I I I I I l l l l l l I l l l l l l l l l l l l l l l I I ! I I I I I l l  
AGGIlTAATAATAGAAATGATUATATACTATAGTAGAGATUACGTCGP.TGACTTCCCATAC 

TGTAATTGCTTTTAGTTGTGTP.TTTTTAGTGTGCAAGTTTCTGTP~TCGATTMTTTTTTT 
~ t l l l l l l l l l l l l l l ~ l l l l l l l l l l l l l l l l l l l l l I l l l l l l l l l l l l l l l l l l l l l  
TGTAATTGCTTTTAGTTGTGTATTTTTAGTGTGCAAGTTTTCTGT~TC~TTF~TTTTT 

i l l L l l l l l l l l l l l l l l l f l l l l l l l l l l l l l l l I l l l l l l l l l l l l l l l l l l I I I l I I  

l l l l t l t l l l i l l ~ l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  

Comment 3 
TTT~~CTTTCCTCTTTTTATTARCCTTMTTTTTTATTTTAGATTCCTGACTTCUACTC~AG 
I l l  l ~ l t l i l l l l l l l l l 1 1 l l I l l l l l l l l l l l l l l l l l l I l l l l l l l l l l l l l l 1 1 1  
TTTTCTTTCCTCTTTTTATT~CCTTUATTTTTATTTTAGATTCCTGACTTCUACTC~G 

ACGCACP.GATATTATAACATCTGCATUATAGGCATTTGCUAGAATTACTCGTGAGTMGG 
l l l l l l l i l l l l l l l l l t l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l 1 1 1  
ACGCACAGATATTATAAC~TCTGCATUATAGGCATTTGC~G~TTACTCGTGAGT.WGG 

AAAWIGTGAGG~CTP.TCGCATACCTGCATTTTAAAGATGCCGATTTGGGCGCGPATCCTT 
l l l i t l l l l l t l l l l l l l l l l l l l l I l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  
AAAGIlGTGAGGAACTATCGCATACCTGCATTTT~.GATGCCGATTTGGGCGCG~.TCCTT 

TATTTTGGCTTCACCCTCATACTATTATCAGGGCCP.G.GAAARAGG~GTGTTTCCCTCCTT 
I l l l l l f l t l t l l l l i l l l I I I I I I l l l I l l l l l l l l l l l l l l l ! l l 1 1 1 1 1 1 1 1 1 1 l I I  
TATTTTGGCTTCACCCTCATACTATTATCAGGGCCAGMGGTTCTAAAGG~GTGTTTCCCTCCTT 

CTTGAATTGATGTTACCCTCATAAAGCACGTGGCCTCTTATCGAGAAAGAAATTP.CCGTC 
I I I i  0 1 i l 1 l ' l l l l l l l l l l l l ' l l l l l l l l l l l l l 1 l l 1 l 1 l l l l l l l l l l l l l l l I I I I  
CTTGAATTGIlTGTTACCCTCATAAAGCACGTGGCCTCTTATCGAGAAAGF~TTACCGTC 

GCTCGTGATTTGTTTGC~G~4C~CTG~~CCCAGACACGCTCGP.CTTCCT 

G C T C G T G A T T T G T T T G C A A A A A G A A C A A & A C T G A A A P C G C T C G A C T T C C T  

GTCTTCCTATTGATTGCAGCTTCCAATTTCGTCACAC~CUAGGTCCTAGCGACGGCTCA 

' 1 1  t l l l l l l t l ~ l l l l l l l l l I l l l l l l l l l l l l l l l l 1 1 1 1 1 1 1 1 1 l l l l l l l l l l l l l  

CAGGTTTTGTUACUAGCAATCGUAGGTTCTGGP~TGGCGGGP-~GGGTTTP.GT~.CC~C~r 

C A G G T T T T G T U A C M G C A R T C G M G G T T C T G G T T C T G G G P T  

GCTATGATGCCCACTGTGATCTCCAGAGC~GTTCGTTCGhTCGThCTGTT,CTCTCTC 

GCTATGATGCCCACTGTGATCTCCAGAGCAEiAGTTCGTTCGP.TCGT~CTGTT~.CTCTCTC 

TCTTTC~~CAGAATTGTCCGUATCGTGTG.~C~C~CAGCCTGTTCTC.~CAC.I.CTCTT- 
I Fl I l l l l l l l ' l  l l  I l l l l I I l I I l I I I I I I I 1  / I l l  I /  I I I I I I I I l l  I l l 1  I I I I I I /  
T C T T T C A A A C G . G M T T G T C C ~ T C G T G T G A C 4 F I C C T C T T T  

TCTTCT~CCPXGGGGGTGGTTTAGTTTAGThG~.CCTCGTGP~CTTACP.TTTAC~.TAT 
I l l t l c l ' l l l l l l l l l l l l l l l l l l l l l l l l l I l l l l l l l l l l l l l l I I I I I l l l l l l l l  
TCTTCTUACCAFiGGGGGTGGTTTAGTTTP.GTAGMCCTCGTGP~CTTACATTTACATAT 

ATATWliP.CTTGCAT~~~TTGGTCAATGCP~.GA;TTCGT 

ATATAAACTTGCATIEATTGGTCAATGCAAGWATP.CATATTTGG TCTTTTCTAAT TCGT 

AGTTTTTCI3GTTCTTAGP,TGCTTTCTTTTTCTCTCTTTTTTA~.GATC.~.TC~-~G~~GTP-~ 

AGTTTTTC~GTTCTTAGATGCTTTCTTTTTCTCTTTTTTACAGi.TCi.TC.~~GG~~GT~~ 

L I L l I I I I I I I I I I I I I I I I l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l ~ l l l  

I l l i l l l l l ~ l l l l l l l l l I l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l I l i l l I I l l l  

i l i l l l l l l l l l l l l l l l l I l l l l l l l l l l l l l l l I l l l l l l l l l l l l l l l l l l I l l i l l  

I I I 1 1 1 1 ~ ~ 1 1 1 1 1 I 1 l  I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I ! I1 I I I I 
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2400 

238s 

2460 

2 4 2 8  

2520  

24888 

2580 

2548 

2640 

2608 

2700 

2668 

2760 

2728 

2820 

2786 

2860 

2548 

294a  

2908  

3000 

2968 

30 60 

3028 

1120 

3088 

3920  

3388 

3480 

3 4 4 8  

31540 

3306 

3680 

S36E 

Comment 4 
T T A T C T A C T T T T T A C A A C A R A T A T ~ C ~ ~ ~ ~ ~ ~ ~ ~ T G A C A G T T A G T T C  
l l l l l l l l l l i l l l l l l l l  I l l l l l l l l l l  I I I I I I I I I I I I I  
TTATCTACTTTTTACAACARATATAAAACA . . . . . . . . . . . . . . . . .  TGF.CAGTTAGTTC 

Comment 5 
CGATACMCTGCTGAAATATCGTTAGGTTGGTCAA~CCAAGACTGGATTGATTTCCACAA 
I ~ l l l l l l l l l l l l l l l l l l l l l I I I l 1 1 1 1 1 1 1 1  l l l l l l l l l l l l l l l l l l l l l l l l  
C~~ACZACTGCTGAAATATCGTTAGGTTGGTCAATCCAAGACTGGATTGATTTCCACAA 

GTCATCAAGCTCCCAGGCTTCACTAAGGCTTCTTCTTGAATCACTACTAGACTCTC~TGT 
I l l 1  L I i I l I I I I I I I I I I I l l I I l l l I I I l l l l l l l I I I I l l l l I I I I I I l l l l l I I l l  
GTCATC~GCTCCCAGGCTTCACT~~GGCTTCTTGAATCACTACTAGP.CTCTCAAAATGT 

Comment 6 
TGCGC~GTCGATAATGCGTGGATATC~CT~TTTCAA~~GGAAAATTT.~CTGCACCMTT 
~ l t l ' l l l l l l l i l l l l l l l 1 1 1 1 1 1 1 1  I l l  I I I I I I  I l l  l l l l l l l l l  I I I I I I I I I  I I  
TGCGCCAGTCGATAATTGCATGCGTGGATATCGCTAATTTCAAAGGAAAATTTTACTGCACCAATT 

CCAAiiTTTTAAAGAGCAGAGAAFU9TAG~CTCTACCTCTCTACGGTGTCCCTATTGC 
I l l i l l l l l l l l ' l i  I +  I I l l I l I I I l l l /  l l l l l l l l l l l l  I I I I I I  I I I I I I I I I  I I  / I  
CCARATTTTAAAGAGCAGAGAAAATATCTACCTCTCTACGGTGTCCCTATTGC 

Comment 7 Comment 8 
TGTTA~GGACAACATCGACGTTAGAGGTCTACGCACCACCGCTGCATGTCCATCCTT~C 
1 i i t l ~ l l l l l l l i l l l l l I l l l l l l l l l l l l  / I l l l l l / l l l / I I 1 I I I I I l l l l  / I  
TGTTAAGGACPACATCGACGTTAGAGGTCTP.CCCACCACCGCTGCP.TGTCCATCCTTTGC 

Comment 9 
ATATGAGCCTTCCAAAGACTCTARAGTAGTAGAACTACTAAGIVL~TGCAGGTGC~VITAAT 

I I l t l ~ l l l l l l l l l l l ~ I , I I l l l l l l l l l l l l l l l l l l l I l l l l l l l l l l l l l l  I 1 1 1 1  
ATATGAGCCTTCCAAAGACTCTAAAGTAGTAGAACTACTMGAIiFlTGCAGGTGCGATMT 

CGTGGGTAAGACAAACTTGGACCTLATTTGCCACAG~TTAGTCGGCACACGGTCTCCHTH 
1 ' ~ 1 ' 1 1 1 1 1 1 1  I l / l / l l l l i / / l / l / l l l I l I / I / I I I l I / I l I I l I / I I I l I / / I l I l I  
CGTGGGTAAGAC~CTTGGACCMTTTGCCACF.GGATTAGTCGGCACACGG?CTCCATA 

TGGG~CACCTTGCGCTTTTAGCIViAGAGCATGTATCTGGTGGTTCCTCCGCTGGGTC 
l l : l l l l l l l l l l / l l l l l / / / / l l l l l / l l / / / / / l l l / l l I / / I / I l I / / I l 1 1 l 1 1 1 1  
TGGGAAAACACCTTGCGCTTTTAGCAAiiGAGCATGTATCTGGTGGTTCCTCCGCTGGGTC 

AGCATCGGTGGTCGCCAGAGGTATCGTACCTLATTGCATTGGGTACTGATACAGCAGGTTC 
I I I J I I I i  f l l I l l I I I l l l l l I I I I I I I I I l l l I I 1 I 1 l l I I I I I I l I I l l I I I I l I I I  
AGCATCGGTGGTCGCCAGAGGTATCGTACCAATTGCATTGCATTGGGTACTGATACAGCAGGTTC 

TGGTAGAGTCCCAGCCGCCTTGAACAP.CCTGATTGGCCTF~GCCAACAAiiGGGCGTCTT 

TGGTAGAGTCCCAGCCGCCTTGAACAATTGCACCTGATTGGCCT~GCC~.CAAAGGGCGTCTT 

TTCCTGTCAAGGTGTP.GTTCCCGCTTGTRAATCTTTTAGACTGCGTCTCCATCTTTGCATT 
1 ~ I l l l l ~ l i l l l l l l l l l i l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l I  
TTCCTGTCAAGGTGTAGTTCCCGCTTGTAAATCTTTTAGACTGCGTCTCCATCTTTGCATT 

AAiiCCTAAGTGATGCTG9ACGCTGCTTCCGCATCATGTGCCAGCCAGATCCTGATAATGP. 
I l l l l i l i ~ l t l t l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  
~CCTaAGTGATGCTGAACGCTGCTTCCGCP.TCATGTGCCAGCCAGATCCTGHTAATG4 

l l l l l ~ t l l l l l l l l l l l l l l I l l l t l l l l l l l l l l l l l l I I I l I l l l l l l l ! l l l l l l l  

Comment 10 
TGAATATTCT~.G~CCCTATGTTTCCAACCCTTTGAA~~~TTTTCAAGCAATGTAACGAT 
I l l l l l i l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  I l l l l l / I I I l l I I l / l l I I  
TG9ATATTCTAGACCCTATGTTTCCAACCCTTTGFAAAAATTTTCMGCAATGTAACGAT 

TGCTATTCCTaAAAATATCCCATGGTATGGTG~CCAAGAATCCTGTACTGTTTTCCM 
l l l l l l i l i l L l l l l l l l l I l l l l l l l l l l l l l l l l l l I l l l l l l l l l l l l I l l l l l l l l  
TGCTPiTTCCTAAAAATATCCCATGGTATGGTGAIiFlCCAAGP~TCCTGTACTGTTTTCCAA 

TGCTGTCG~TCTATC~GAACGGGCGCTAACGTCATAG~~TTGATTTTGAGCCTCT 
l l l l l l l E l l l l l l l l l l l I I l l l l l l l l l l l l l l l l l l i l l l l l l l l l l l I I I I l I I l l  
TGCTGTCGAAFU9TCTATCMGAACGGGCGCTMCGTCATAG~~TTGATTTTGAGCCTCT 

TTTAGAGTTAGCTCGCTGTTTF.TACGEL4GGTACTTGGGTGGCCGAGCGTTP.TCAP.GCTP.T 
i l f l t l l l l l l i l i l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l 1 1 1  
TTTAGAGTTAGCTCGCTGTTTATACGAAGGT~.CTTGGGTGGCCGAGCGTTATCAP.GCTAT 

Comment 11 
TU?ATCGTTTTTGGACAGTFCCACC~GG.~TCTTTGGACCCT~CTGTTATTTC~.T 
t I ' Y I # F I L l l l l i i  I I I I I  I1 I I I t  I l l 1  I1 l l l l l l l l l l l l l l l l l l l l  I I I I I I I I I  
TCMTCGTTTTTGGACFLGTACCACCil4AGGAATCTTTGGACCCTACTGTTA?TTC~T 

TATkGAAGGGGCCAAG~TACAGTGCP.GTP.GACTGCTTCAGTTTTGAATP.C~.GACA 
i l l l f l l l l l l i i l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  
TATAGAAGGGGCCMGKFIATF.~GTGCAGTAGACTGCTTC~GTTTTG~~TrlTAC~~GF.CA 

Comment 12 
AGGCATCTTGCA~F~ZF.GTGAGACGACTTCTCG.~P.C 
I t l l l l l l l l l l l l l l l l i l l l l l l l l l l l l l l l l l l l l l l l l l l  l l l l l l l l l l l l l l  
AGGCATCTTG~.GTGAGACGACTTCTCGMTCAGTCGATGTATTGTGTGTGCCC.i.C 

ATGTCCTTT~~~TCCTACTATGCAAC.~.GTTGCGGP.TG~CCAGTCCTAGTCMTTC~~G 
I t 111  t l i l l l l l l l l l l i l l l l l l I 4  I I I I I I I I  l l l i l l l l l i l l l l l l l l l ~  I I I I I  
ATGgCCTTTF~.TCCTXCTATGCAAChAGTTGCGGATGi;P.CCAGTCCT.iGTG 
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3 6 6 0  

3628 

3720 

3685 

3 7 8 0  

3 7 4 8  

9840 

3808 

3,000 

3868  

3 9 601 

3918 

6020 

3 9 8 8  

4 0 8 0  

4048 

4140 

4108 

4200 

4168 

4260 

4228 

4320 

4208 

ACAAGGCACATGGACTAATTTTGTCAACTTGGCAGATTGGCAGATTTGGCAGCCCTTGCTGTTCCCGC 
I I l I I t l I I I l l l l I I I I I l l I I I I I I l I l l I I I I I I I l I I I I I I I I I l l l l I I l I I l I I  

ACAAGGCACATGGACTAATTTTGTCAACTTGGCAGATTTGGCAGCCCTTGCTGTTCCCGC 

AGGGTTCCGAGACGATGGTTTGCCAAATGGTATTACTTT~TCGGTP~TTCACAGA 

A G G G T T C C G A G 4 C G A T G G T T T G C C A A A T G G T A T T A C T T T A  
l l l l l l l l l l l l i l l l l l l l l l l l l l l l l l l I l l l l l l l l l l l l l l l l l l I l l l l l l l l l  

Comment 13 
TTACGCACTATTAGAGTTGGCTAACCGCTATTTCCAAAATAT~TTCCCCAACGGTTCCAG 
l l 1 r l ' ~ l l ~ l 1 i l l l l l l t l l l l l l l l l l l 1 1 1 1 1 1 1 1 1 1 1 1 1  l l l l l l l l l l l l  I I I l l  
TTACGCACTi4TTAGAGTTGGCTAACCGCTATTTCC~ATATATTCCCC~CGGTTCCAG 

AA~TACGGTACTTTTACCTCTTCTTCAGTAAAGCCAGCAAACGATCAATTAGTGGGACC 

AAWiTACGGTACTTTTACCTCTTCTTCAGTAAAGCCAGCAAACGATCAATTAGTGGGACC 

AGACTATGACCCATCTACGTCCAT~~TTGGCTGTTGTCGGTGCACATCTTAAGGGTCT 
i I ' l ' ~ l l l l l l l l l 1 l ~ l l l l l i I l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l I I  
AGACTATGACCCATCTACGTCCATAAAATTGGCTGTTGTCGGTGCACATCTTAAGGGTCT 

' l i t  t l ' l l l l l l , l l l i l l ' l l l l i 1 1 1 1  I I I I I I I I I I I  I I  l I l I I I I l I I I 1 I l  I I  I l l  I I  

Comment 14 
GCCTCTACATTGGCAATTGG@AAGGTCAATGCFACATATTTATG TACAACAAAAACATC 
I I , I l r  I f  I I I I I I  l 1 I I l l l I  I I I I I l l l I  I I  I I  I I I I I I I I I I I I I I I I I I  I I I I I I I  
GCCTCTACATTGGCAATTGGAAAAGGTCAATGCAACATATTTATGTACAACAAAAACATC 

AAiiAGCTTACCAGCTTTTTGCTTTGCCCAARAATGGACCAGTTTT~CCTGGTTTGAG 

AARAGCTTACCAGCTTTTTGCTTTGCCCAAAAATGGACCAGTTTTAPlAACCTGGTTTGAG 

AAGAGTTCAAWTAGCAATGGCTCTC~.TCGAATTAGAAGTGTACAGTGTTCC~GA 

ARGAGTTCAA~TAGCAATGGCTCTCAAATCGAATTAGAGTGTACAGTGTTCCAAAIiGA 

I l l l i l L l t l l l l l l l l l l l l l l l l l l l l l l l l l l l l l I l l l l l l l l l l l l l l l l l l I I I  

I l ~ l l i l l l l ~ l f l l l l i l t l l l l I l l l l l l l l l l l l l l l l l l l l l l l l l I l l l l l l l l l l  

ILCTGTTCGGTGCTTTTATTTCCATGGTTCCTGAACCATTAGGAATAGGTTCAGTGGAGTT 
I4 t ' l ' t l ' l l l l l l l l l l l l l l t I l l l l l l l l l l l l l l l l l l I l l l l l l l l l l l l l l l l l l l  
ACTGTTCGGTGCTTTTATTTCCATGGTTCCTGAACCATTAGGAATAGGTTCAGTGGAGTT 

AGAATCTGGTGAATGGATCAAATCCTTTATTTGTGAAGAATCTGGTTACAAAGCCAAAGG 
I ~ ~ l l l l l l l l t l l l l l l l l ~ l l l l l l l I l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  
AGAATCTGGTWULTGGATCAAATCCTTTATTTGTG~G~TCTGGTTACRCCAAAGG 

T A C A G T T G A T A T C A C A A A G T A T G G T G G A T T T A T  
l t l l l l l l l l i l l l l l l l l I l l l l l l l l l l l l l l l l l l I l l l l l l l l l l l l l l l l l l I l l  
TACAGTTGATATCACAAAGTATGGTGGATTTAGAGCATATTTTGAAATGTTG~G~ 

PUIGTCCCAAAAG~GAGTTATTTGATACCGTGTTAATTGCC~TAGAGGTGAAATTGC 

A G A G T C C C A A A A G A A G A A G T T A T T T G A T A C C G T G T T A A T T T T G C  
I t t l i l l l l l l l l l l l t l I l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l I l I I  

Comment 15 
4380 

4348 

4440 

4 4 0 6  

4500 

4468 

4560 

4528 

4620 

4586 

4 6 8 0  

4648 

4 7 4 0  

4758 

4800 

4766 

CGT~~GTATTATCAAGACATTAA~AAAATTGGGTATTAGATCAGTTGCAGTTTATTCCGA 
#I4 t l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l I I I I l l l l l l l l l l l l l l  
CGTTCGT~TTATCT~.TTGGGTP.TTAGATCAGTTGCAGTTTATTCCGA 

CCCTGATAAATATTCTCAACACGTTF.CTGATGCAGATGTTTCTGTACCCCTTCATGGCAC 

CCCTGaTAAA~TTCTCMCACGTTACTGATGCAGATGTTTCTGTACCCCTTCATGGC~.C 

AACCGCAGCCCAAACTTATTTAGACP.TGAAT~GATCATAGATGCCGCT~GC~~CTM 
I1 I I ~ I l l l i 1 1 1  1 1  I I f I I l I l 1 1 l l l I I I I I I  I I I I I I I I I I I I I I I I I I I I I I l l 1  I I 
PACCGCAGCCCAAACTTATTTaGACATGAATMGATCATAGATGCCGCTAAGCFA~CTPA 

TGCACAGGCCATTATTCCTGGTTATGGTTTCTTGTCGGATGCGGATTTTTCTGATGC 

TGCACAGGCCATTATTCCTGGTTF.TGGTTTCTTGTCGGEY4PATGCGGATTTTTCTGATGC 

GTGCACWGTGCTGGCATTACCTTTGTTGGTCCTTCGGGAGATATTATCAGAGGTTTAGG 

GTGCaCCAGTGCTGG~TTP.CCTTTGTTGGTCCTTCGGGAGATATTATCAGAGGTTTAGG 

GTTPSYIPCATTCTGCT~GACIIGP.TTGCAC~.GAAGGCTGGCGTTCCTCTAGTGCCAGGCTC 
l l l ' l l t l l l ~ ~ l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l I l l l l l l l l l l ~  I 
GTTAilAACATTCTGCTAGACAGP.TTGCACF-GAAGGCTGGCGTTCCTCTAGTGCC~.GGCTC 

Comment 16 
TTTGCTTATCFiWLTChGTTGAAGAGGCTA~GAAAGTCGCAGCGG~TTGGAATACCC~GT 
l l l l l 1 i l l l l l l l l l ~ ' t l l l l l l l l l l l l l l l l l l l l I l l l l l l l l l l l I l l l l l l  / I  
TTTGCTTATCACATCAGTTGM~GGCTRP.GAAAGTCGCAGCGGAATTGGA4TACCCAGT 

t l t l ~ l l l l l l ~ l l l l l l l l I l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l I I I I  

' I l t l l l l t l l l l t ~ l l l l l I l l l l l l l l l l l l l l l l l l 1 1 1 1 1 1 l 1 1 1 1 1 1 1 1 1 l l l l l I  

E I t I I L l i i l l l l l i l l l l l l f i l l t l l l l l l l l l l l l l l l l l l l l l l l i l l l I l l l l l l  

Comment 17 
TATGGTGAAGTCMCTGCTGGTGG~GGTGGTATTGGTTTGCAGAAAGTCGATTCTG~G~. 
I l l l l i l ~ l l l l l l l l l l l l l l l l  I I 1 l I / I I I I I I I l l / I I l I I I / I / I l I I I I I I / I  
TATGGTGAAGTC~CTGCTGGTGGCGGTGGTATTGGTTTGCAG~GTCGATTCTG~.G~ 
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Comment 18 Comment 19 
4860 

4828 

4920 

4888 

4980 

4948 

5040 

5008 

5100 

5068 

5160 

5128 

5220 

51 88 

5280 

5246 

5340 

5356 

5400 

5368 

5460 

5428 

5520 

5488 

5580 

5548 

5640 

5608 

5700 

5668  

5760 

5728 

5S20 

5788 

5860 

5848 

5940 

5908 

6000 

9968 

6060 

6026 

GG~~TCGAGCATATTTTTGAGACTGTGAPACATCAAGGTGAAACATTTTT~GGTGACGC 
I l l  I l l l t l l l l t l l l l l l l l l l l l l l l l l l l l l l l l l l l l  I I I l l l l l l  l l l l l l l l  
GGACATCGAGCATATTTTTGAGACTGTGAAA~TCAAGGTGAAACATTTTTCGGTGACGC 

Comment 20 Comment 21 
TGGTGTATTTCTGGAACGGTTTATCGAAAATGCCAG~CATGTTG~GTCCAACTTATGGG 
I l l l l l l l l l l l l l l l  I l l l l l l l l l l l l l l l l l l I  I I I I I I I I  I / / I I I / I I I I I l /  
TGGTGTATTTCTGGAACGGTTTATCGAAAATGCCAGGCCAGGCATGTTGAAGTCCAACTTATGGG 

I i l l l l t l l l l l l l l l l l l I l l l l l l l l l l l l l l l I l l l l l l l l l l l l l l l l l l l I I I l l  
AGATGGTTTTGGTAAGGCCATTGCTTTGGGCGAACGTGATTGTTCTTTACAGCGTCGTAA 

CCAWiAAGTTATCGAAGACTCCTGCACCAAATTTTGCCAGAAA4GACGAGGTTGGCGTT 

CCAWiAAGTTATCGRAGAFP.CTCCTGCACCPAATTTGCCAGAAARGACGAGGTTGGCGTT 

AAGAAAGGCAGCTGARAGTTTGGGATCTTTATTGAATTACAAGTGTGCTGGTACGGTTGA 
R l t l l l l l l l l l l l l l l l l I l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  
AAGRRAGGCAGCTGAAAGTTTGGGATCTTTATTGAATTP-CMGTGTGCTGGTACGGTTGA 

ATTTATTTACGATGAGAAAAAGGACGAC~GTTTTACTTTTTAGAAGTTMTACAAGATTACA 
I l l  t l l l i  I l l l ' l l l l l t l l l l l l l l l 1 1 1 1 1 1 1 1 1 1 1 1 l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
ATTTATTTACGATGAGAGGACGAGTTTTACTTTTTAG~GTTAAT~.C~GATTACA 

I l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l I l l l l l l l l l l l l l l l l l l I l l  

Comment 22 
AG,TTGAACATCCAATAACAGAAATGGT TAC~GGGTTAGACTTGGTCGAGTGGATGATCAG 
b l l ' i l l l 1 I l i l l l l l l l l l l l l l l l l l l l  I I I I I I I  I I I I I I I I I  I I  I I  I I I I I I I I I  
AGTTGAACATCCAATAACAGATGGTTACAGGGTTAGACTTGGTCGAGTGGATGATCAG 

GATTGCCGCTAATGATGCACCTGATTTTGATTCTACAAAGGTAGAAGTCAATGGGGTTTC 
i ~ l 1 l l l l l t l l l l  i l  I l I I I l I I I  I I I l I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
GATTGCCGCPAATGATGCACCTGATTTTGATTCTACAAAGGTAGAAGTCMTGGGGTTTC 

AATGGAGGCACGTTTATATGCTG~TCCATTGP~TTCAGACCTTCTCCAGGTTT 
~ l l ~ l l t l i l l l l l l l l l l l l l l l l l l l l l l l l l l l l l 1 l l l 1 l 1 l l l l l l l l ! l l l l 1 1  
AATGGAGGCACGTTTATATGCTG~TCCATTGAAGACCTTCTCCkGGTTT 

Comment 23 
ACTTGTCGATGTG~TT~CCTGATTGGGCAAGAGTGGATACTTGGGTT~.G~.GGTAC 
I l l i t l l l l l l i l l l l l l  l l l l l l l l l l l l l l l l  I I I I I I I I I I  l l l l l l l l l l l l l  I I  
ACTTGTCGATGT~TTTCCTGATTGGGCAAGAGTGGATACTTGGGTTMG~.GGTP.C 

TAATATTTCTCCCGAATAT~TCC~.CATTGGCCAAAATTATCGTTCATGGG~~.G~.CCG 
I l l l l l l l l l l i l l l l l l l l l l l l l l l l l l l l l l l l l l I l l l l l l l l l l l l l l l l l l l l l  
TAATATTTCTCCCGAATATGATCCAACATTGGCC~TTATCGTTCATGGGPSAGACCG 

CGGTGCACACACTAGTATTCAGGATTACCCCGGTAGAGTTGGGTACTGGAGPSlTTGGTGT 
I l l l l l l t l l i l l l l l l l l l I t l l l l l l l l l l l l l l l l l l l l l l i l l l l l l l l l l l l l l l l  
CGGTGCACACACTAGTP-TTCAGGATTACCCCGGTAGAGTTGGGTACTGGAGMTTGGTGT 
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6120 

6088 

6?80 

6148 

6240 

6208 

6300 

6268 

6360 

6328 

6420  

6388 

6480 

6448 

6540 

6508 

6600 

6568 

6660 

6628 

6720 

6688 

TGGAGACGTACTATTCTTACCAAGCAATG~G~T~~~TCAGTTGAGTGCCTTCCACA 

T G G A G A C G T A C T A T T C T T A C ~ G C A A T G A A G ~ T ~ T C A G T T G A G T G C C T T C C . 4 C ~ .  

~TATTCCTCAaTCATTAATTCCTCCTCCGAAACTAAGGAATGGAGAATTGGTGT 

GARTATTCCTCAATCATTAATTCCTCRAATTTTCCGAARCTAAGGAATGGAGAATTGGTGT 

AACATGTGGTCCCCATGGGTCTCCAGATTTTTTT~CCTGAGTCCATCGAAGAATTTTT 
i ' I I i l l l l l t l l I I l I I I l l I I I l I I l l I l l I I l l I I l l I I I l l l l l l l I I I I I l l l l l I  
AACATGTGGTCCCCATGGGTCTCCAGATTTTTTTT~CCTGAGTCCATCG~~GAATTTTT 

CAGTGAGAAGTGGAAGGTTCATTACAACTCCAATAGATTTGGTGTCCGTTTGATTGGACC 
I l l l i l l l ~ t l l l l t l l l l I l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  
CAGTGAGAAGTGGAAGGTTCATTACAACTCCAATAGATTTGGTGTCCGTTTGATTGGACC 

4 1 I ' l l 1  I I  l I I l l {  I I  l l  I I I I I I I I I4 / I  I I I I I I I I I I I I I I I I I / I  I I I I I I I I I I I 

I l i 1 I I l l I l i I I I I I I I I I I f I I I I I l l l I I I l l l l I I I l l I l l I I I I I l 1 I I l I I I I I  

Comment 24 
TAAACCTAAGTGGGCAAGAAGTAATGGTGGTGAATTAAGGTGGTATGCATCCTTC~CACTCP. 
I I ' I 1 ' I ' I I I I I I i  I I , I l i  I I I ~ l l I I l l I l l I I l l I l l l 1 l l I I I I I I I l  I I  I l l /  I I I I I  
TAAACCTAAGTGM;CAAGAAGTAATGGTGGTGAAGGTGGTATGCATCCTTC~CACTCA 

CGaTTACGTTTATTCTCTGGGTGCAATTAATTAATTAATTTCACGGGTGATGAGCCAGTTATTATTAC 

CGATTCCATTACGTTTATTCTCTGGGTGCAATTAATTTCACGGGTGATGAGCCP.GTTATTATTAC 
i t r i i t i  R I ~ I I ~ I I I I ~ I  I I I I I I  I I I  I I  I I  I I I I I I I I I  I I I  I I  I I  I I I I I I I I I  I I I I 

T T G C G A T G G T C C T T C C T T A G G T G G T T T T G T G T G T C A A G C T C T  
l l l l ' t l l i l i I l l l l l l t l l l l l l l l l l l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l l l l l l l l l l  
TTGCGATGGTCCTTCCTTAGGTGGTTTTGTGTGTCAAGCTGTTGTCCCAG~~GCAG~CT 

GTGGAAGGTTGGACAGGTTACCCGGTGATTCCATTCCATTCAGTTTGTGCCACTTTCTT~CGA 
I I L l l t t l l i l l l l l l l l l l l l l l l l l l l l l l l l l l l I I I l I l l l l l l l l l l l I l l i l l l  

GTGGAAGGTTGGACAGGTTACCCGGTGATTCCATTCAGTTTGTGCC~.CTTTCTTACGF. 

AAGCTC~GATCCTTAAAGGAATCTCAGGATGTTGCAATTAP~4TCATTG~TGGTACT~. 
I1II.I i l l I I l l I I I l I I ' l l I I l l I ' I l I I l l I I I l l l l I I l I I l l I I I I l I l l I I I l I I l  
AAGCTCGAGATCCTTAAAGGGGAATCTCAGGATGTTGCAATTAPATCATTGGATGGTACTAA 

GTTAAGGCGCTTI1GP.CTCTGTTTCAATTTTACCATCATTCGAAACGCCTATTCTTGCACA 

GTTAafiGCGCTTiiGACTCTGTTTCAATTTTTACCATCATTCG~CGCCTATTCTTGCP.CA 

AATGGAAAAAGT~TGAGCTTTCACCAARGGTTGTATACAGACAAGCAGGTGATCGTTA 
l l l I ~ c l l l ' l t l i l i l l l l l l l l l l l l l l l l l l l l l l l I l l l l l l l l l l l l l l l l l l l l l  
GGAATGWLAAAAGTGAATGAGCTTTCACCAAAGGTTGTATACAGACAAGCAGGTGATCGTTA 

l l ~ 1 1 l ~ ~ 1 l l l l l l l l l l l ' l l l l l l l l l l l l l l l l l l l l I l l l l l l l l l l l l l l l l l l I I I  

6780 T G T T T T G G T G G A A T A C G G T G A T A A T G A A T T T T A A T G  

6748 T G T T T T G G T G G ~ T A C G G T G A T A A T G A A T T T T A A T G  
l l l l l f l l l i l l l l l l l l l l l l l l l l l l l l l l l l l l l l I l l l l l l l l l l l l l l l l l l l l l  

6840 CCTGATCTCCCTTGTGAAATAAGACTATTGGTATTGTTG~TGTCCCAAGGTGT 

6808 CCTGATCTCCCTTGTGATAAGACTATTGGTATTGTTGAARTGTCCCAAGGTGT 
l l L I ~ I t I I I I I c I I I I I I ' I l i l l l l l l l l l l l l l l l l l I l l l l l l l l l l l 1 1 1 1 1 1 1 1 l l  

6900 TAGATCTGTATTGATAGPP.TTTGATGGTTACAR4GTCACTCAAAAAGAATTGCTT~.GT 

6868 TAGATCTGTATT,GATAGAATTTGATGGTTAC~GTCACTCAAAAAGAATTGCTTP~.GT 
i l L L l t l l l l l l l l l l l ' l l l l I l l l l l l l l l l l l l l l l l l I l l l l l l l l l l l l l l I I I l l  

Comment 25 
6960 ATTGGTGGCATATGAWLCAGR~ATCCAGTTTGATGAAAP.TTGGAA~~TAACTTCT~~TAT 

iIII.l,iI4 I I I I l l l  I l l  I I I I I I I l l  I I I I I l l l l  I I l l l  I l l 1  I I I I I I I I I  I I l l /  
6928 A T T G G T G G C A T A T G A A R C P A A A T C C A G T T T G A T G A A A A T A T  

7020 PAT~ATTACCGATGGCTTTCGAAGACTCGAAGACTTTGGCATGTGTTC~GGTATCA 
l l l l l ~ l l l l i l l l l l l l i l l l l l l l l l l l l l l l l l l l l l l l I l l l l l l l l l l l l I l l l l  

69'88 AATAAGATTACCGATGGCTTTCGAAGACTCG~4GACTTTGGCATGTGTTCAAi.GGTI.TCA 

70EO AGAARCAP.TTCGTTCGTCTGCTCCATGGTTGCCAAATPJICGTTGATTTC.4TTGCCP~TGT 
I l l f l l l l l l l l l l l l l l I l l l l l l l l l l l l l l l l l l 1 1 1 1 1 1 1 1 1 1 l l l l l l l l I l 1 1 1  

7048  AGPJWCAATTCGTTCGTCTGCTCCATGGTTGCCAFJ\TAF.CGTTGATTTCATTGCCF~TGT 

7 2 4 0  AAiiTGGAATTTCAAGGAATGAAGTTTATGATATGTTGTATTCTGCCP-GATTTATGGTTTT 
L l I t 1 l l i  i l l t l l l l l i l l l l ' l l l l l i l l l l l l l l l l l l l l l l l l l l l l l l l l l I l l l l  

7108 A A A T G G M T T T C A A G G A A T G A A G T T T A T G A T ~ T G T T G T T T  

Comment 26 
7200 ~GGTTTAGGTGATGTCTTCCTAGGGTCGCCTTGT~CTGTTCCATTAGATCCTCGTC~.CAG 

I I I i i I I l ~ I I f l I I I I I 1 I I I I l l l l I I l l l l l  l l l l l l l l l l l l l l l l l l l l l l l l l  
-1168 AGGTTTD.GGTGATGTCTTCCTAGGGTCGCCTTGTGCTGTTCCATTAGATCCTCGTCAC~G 

7260 ATTTTTGGGAAGCI1P.GTACMCCCAP.GTAGRhCP.TATP.CAG~GAGGTGCP.GTCGGTAT 
l l ~ i l l ~ t l i l l ~ l l l ' l l l l I I I I t l l l l l l l l l l l l l l I l l l l l l l l l l l l l l l l l l l l l  

7228 ATTTTTGGG~G~.GTACPCCC~GTP.T;L4CATATP.CAGEGAGGTGCAGTCGGTAT 

?320 TGGCGGTFTGTAT~TGTGCbT.4TATGCTGCTAaCAGTCCTGGTGGGTF;CCMTTAGTGGG 
L l l ~ l l l i l l l i l l l l l l ' l I l l l l l l l l l l l l l l l l l l l l l l l l l l l l l I l I I I I l I ~  I I  

72B6 TGGCGGTATGTATATGTGCATATATGCTGCTMCAGTCCTGGTGGGTACC~~.TTAGTGGG 

66 



7380 

7348 

7440 

7408 

7500 

7a68 

7560 

7 528 

7620 

7588 

7680 

7648 

7540 

7708 

7800 

7768 

7860 

7828 

7920 

7888 

7980 

7922 

8040 

7977 

8100 

8037 

8160 

8097 

TAGAACAATACCAATTTGGGACAAACTATGTCTATGTCTGGCCGCATCTTCTGAGGTTCCGTGGTT 

TA~CAATACCAATTTGGGACAAACTATGTCTATGTCTGGCCGCATCTTCTGAGGTTCCGTGGTT 

GATGARCCCATTTGACCAAGTCGAATTTTACCCAGTTTCTGAAGAAGATTTGGATAAAAT 
~ l L i I l 1 l I t I 1 I I I " I ' I I I Y l l i l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l I I l l  
GATGAACCCATTTGACCAAGTCGAATTTTACCCAGTTTCTGAAGAAGATTTGGATFT 

GACTGARGATTGTGATAATGGTGTTTATARAGTCAATATCG~GAGTGTTTTTGATCA 

GACTGAAGATTGTGATAATGGTGTTTATAAACTATGTGTCAATATCGAAAAGAGTGTTTTTGATCA 

TCAAGAATACTTGAGATGGATCAACGCAPACAPAGATTCCATCACAGCATTCCAGGAGGG 

l ~ l l l l l l t l i l l l l l l l l l l l l l l l l l l l l l l l l l l l I l l l l l l l l l l l l l l l l l l 1 1 1  

I,II! i l I t l ' f I I I I l l I I l l I I I I l l l I l l l l l I I I I I I l l l l I I I l l I I I I 1 l l l l l l I  

I I I l l I , I I l I I / I l l I I l l l l I I I l l I I / I I t l I I I / I l I I / I I I / l I I I / I l I I l l I I /  
TCAAGAATACTTGAGATGGATCAACGCAPACAPAGATTCCATCACAGCATTCC~.GGAGGG 

CCRGCTTGGTGAAAGAGCAGAGGAATTTGCCAPATTGATTCI?PAATGCAAACTCTGMCT 

CCAGCTTGGTGAAAGAGCAGAGGAATTTGCCAAATTGATTCAAAATGCAAACTCTGMCT 

AAAAGAAAGTGTCACAGTCCCTGACGAGGAAGAAGACTTCCCAGAAGGTGCAGAPAT 
l l 0 ' l , l i l l l ' 1 t I ' I I I I I I I l l l t l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l I I l l l l  
AAAAGAAAGTGTCACAGTCARACCTGACGAGGAAGAAGACTTCCCAGAAGGTGCAGAAAT 

I I i l I i I l t  I t  I I i l I I l l l I l l I I I l l I I l l I l l l l I I I 1 1 1 I I l l l l I I I l I I I I I l l l  

Comment 27 
TGTATATTCTGAGTATTCTGGGCGTTTTTGGAPATCCATAGCATCTG~GGAGATGTTAT 
i l t  l i t  I I I i  i l I I l l I I l l I I l ~ l I I I l l I I I l I I I l I I I I 1 I 1 l I I I  l l l l l l l l l  I I  
TGTATATTCTGAGTATTCTGGGCGTTTTTGGAPATCCATAGCATCTGTTGGAGATGTTAT 

TGAAGCAGGTULAGGGCTACTAATTATTGAAGCCATGAAAGCGGAPATGATTATATCCGC 
I l i ~ l l l l l l l l l l l l l l l l l l l l l l l f l l l l l l l l l l l l l l l l l l l l l l l l l l l l l I I I  
TGAAGCAGGTCMGGGCTACTAATTATTG~GCCATGPAAGCGG~TGATTATATCCGC 

TCCTARPlTCGGGTAAGATTATCilAGATTTGCCATGGCPATGGT~TATGGTTGATTCTGG 

TCCTARATCGGGTAAGATTATCAAGATTTGCCATTTGCCATGGCFATGGTGA~ATGGTTGATTCTGG 
L t i  ~ 1 ~ l 1 1 1 1 ~ l l l l l l l l l l l l l l l l l l I l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  

Comment 28 
TGACATAGTGGCCG T C A T A G A G A C A T T G G C A T G ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ C ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~  
l t l ~ l  l i  l l i l  l , l i t l  l I l l 1  ill I l l  l l  l l  I I1 l l  

~GATAGATCAATTTTTTTCTTTTCTCTTTCCCCATCCTTTACGCTAAAATAATAG 
1 l I I I I l I l l l ' I I l l I I I l l l l I I l l l I I l I I l l I I I l I I I I I I I I l l I I I I I l l  

TGACATAGTGGCCGTCATAGAGACATTGGCATGA .......................... 

..... CGATAGATCAATTTTTTTCTTTTCTCTTTCCCCATCCTTTACGCT~~TAATAG 
TTTATTTTATTTTTTGAATATTTTTTATTTATATACGTATATATAGACTATTATTTATCT 

TTTATTTTATTTTTTGAATATTTTTTATTTATATACGTATATATAGACTATTATTTATCT 
L L I I I ~ ~ I I ' I I l l t l l l l I l l l l l l l l l l l l l l l l l l l l l l l l l l l l 1 1 1 1 1 1 1 1 1 1 1 1 1  

TTTAATGATTATTAAGATTTTTATTAAAAARAAATTCGCTCCTCTTTTAATGCCTTTATG 

TTTAATGATTATTAAGATTTTTATTAAAAFYLAiL9TTCGCTCCTCTTTTMTGCCTTTATG 
1 1 1 t I l l l i l l t l l l l l 1 l I l l l l l l l l l l l l l l l l l l l l l l l l l l l I l l l l l l l l l l l l  

CAGTTTTTTTTTCCCATTCGATATTTCTATGTTCGGGTTCAGCGTF.TTTTAAGTTTAATA 
l t l l l i l l l l l l i l l l l i l l l l l l l l l l l l l l l l l l l I I l l l l l l I l l l l l l l l l l l l l l  
~GTTTTTTTTTCCCATTCGATATTTCTATGTTCGGGTTCGGGTTCAGCGTP.TTTTAAGTTTAATP. 
Comment 29 Comment 30 Comment 31 Comment 32 

6220 ACTCGAAAATTCT&G~TCGTTAAAGCTT$~~#~@&~C@AAGGAACCTAGAGGCCTT 
/ I  l l l l l l l l l l l l l l l l l l  

81.57 ACTCGAAAATTCTGCGTTCGTTAAAGCTT .......... ACAAAGGAACCTAGAGGCCTT 
8218 TTGATGTTAGCAGilATTGTCATGCAAGGGCTCCCTAGCTACTGGAG~TATACTMGGGT 

1 I l l l l l l l l l l l l l t l l l I l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l I I I I I I l l  
8207 TTGATGTTAGCAGAATTGTCATGCAAGGGCTCCCTAGCTACTGGAGAFiTATACTMGGGT 

8338 ACTGTTGP.CATTGCGPAGAGCGACAPA~TTTTGTTATCGGCTTTF.TTGCTC~.GAGAC 

8267 ACTGTTGACATTGCGAAGAGCGACAPAGATTTTGTTATCGGCTTTATTGCTC~~GAGAC 

8398 ATGGGTGGAAGAGATG~GGTTACGATTGGTTGATTATGACACCCGGTGTGGGTTTAGAT 
d I l l l l ' l l l t l l l l l l l l l l I l l l l l l l l l l l l l l l l l l I l l l l l l I I I I l l l l l l l l l l  

8327 ATGGGTGGAAGAGATGMGGTTACGATTGGTTGATTATGACACCCGGTGTGGGTTTAGAT 

8458 GACAAGGGAGACGCATTGGGTCAACAGTATAGMCCGTGG~TGATGTGGTCTCTACbGGA 
l l l l 1 l l l l 1 i l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  

6367 GACkAGGGAGACGCATTGGGTCMCAGTATAG.~CCGTGGATGATGTGGTCTCT.~C~.GGb 

8518 T C T G A C A T T A T T A T T G T T G G . ~ G A G ~ C T P . T T T G C A A i G  
I I I l l l l l l t l l l l l l l l l l l I l l l l l l l l l l l l l l l l l l l I I l I l l l l l l l l l l l l l l l  

8 4 4 1  TCTGAC~TTATTATTGTTGGMGAGGACTATTTGC~~GGGFAGGGG~.TGCT.~~.GGTAG.~.G 

I6lsi I I  I I I I I I l l  I I I#I I I I I I I I I I I 

I l l i l l l l l l l ~ l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l 1 1 1 1 1 1 1 1  

8578 GGTGAACGTTACAGP~~.GCAGGCTGGGAAGCATATTTGAGAAGATGCGGCCI:GCF~~~~C 

8502 GGTGMCGTT.4CAG~-~.GC~GGCTGGG~.GCAT~.TTTGAG~AG~TGCGGCCAGC~~~-~~ 
I t  / I l l l / l l l / l l / l / l i l l I I / / I I I / l I 1 I I I 1 1 I l I I / I I l I I l l I I I l I I l l / l !  
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8638 

8567 

8758 

8687 

8 a i ~  

8747 

8878 

8807 

8938  

8867 

8998 

8927 

9058 

8987 

9118 

9047 

9118 

91 07 

TAAAAAACTGTATTATAAGTAAATGCATGTATACTAPACTCACAAATTAGAGCTTCAATT 
I I I I i t l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l I l l l l l l l l l l l l l l l l l l I l l  
TAPAAAACTGTATTATAAGTAAATGCATGTATACTAAACTCACAAATTAGAGCTTCAATT 

Comment 33 
TAATTATATCAGTTATTACCCGGGAATCTCGGTCGTAATGATTT~TATAATGACG~~ 
l l I l I t I I l l I I I I l l I I l l I I I I l l I l l I I l l I l l l l l I I I l l  I I I I I I I I I I I I I I I  
TAATTATATCAGTTATTACCCGGGAATCTCTCGGTCGTAATGATTTCTATAATGACGAAAAA 

Comment 34 
AAAAAAATTGGAAAGACTTCATGGCCTTTATAAWAGGAAC'@TCCAATACCTCG 
l l i  L I I ' l i  I I ' I I  I I  I ' I  I I I I  I I l l  I l l  I I  I I  I I I I I  I l l  l l  I I I l l  I I  I I  I I I l l  I I  I I 

A?&AAFATTGGAAAGGCTTCATGGCCTTTATAAA?+AGGAACTATCCAATACCTCG 

C C A G A A C C A A G T A A C R G T A T T T T A C G G G G C A C A A A T C A A G G G A C T G T A  
l l ~ l ~ l l l l l l l t l l l i l l l l I ' l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l I l I  

C C A W V L C C A A G T A A C A G T A T T T T A C G G G G C A C A A A T C A A G C T G T A  

AAGATGGACGCATTGAACTCCAAAGAACAACAAGAGTTCCAAAAAGTAGTGGAACWAAG 
I ~ l , i l i l l l l l l l l l l l l l I l l l l l l l l l l l l l l l l l l I l l l l l l l l l l l l l l l l l l I l l  
AAGATGGACGCATTWLACTCCAAAGAACAACAAGAGTTCCAAAAAGTAGTGGAACAARAG 

CAAATGAAGGATTTCATGCGTTTGTACTCTAATCTGGTAGAPAGATGTTTCACAGACTGT 
I ~ l i l l t l l l l l l t l l l l l l t l l l l t l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  
CAAATGAAGGATTTCATGCGTTTGTACTCTAATCTGGTAGAPAGATGTTTCACAGACTGT 

GTCAATGACTTCACAACATCAAAGCTAACCTAAGGAACAAACATGCATCATGAAGTGC 
I l l l L l l l ' l l l l l l ~ l l ' l l l I l l l l l l l l l l l l l l l l l l I l l l l l l l l l l l l l l l l l l 1 1 1  
GTCAATGACTTCACAACATCAAAGCTAACCAATAAGGAACAAACATGCATCATGAAGTGC 

TCAGaAPJLGTTCTTGAAGCATAGCGAACGTGTAGGGCAGCGTTTCC~GAAC~CGCT 
I l  l l  1 1 ' 1  t i  I I I I I I1 I I / I  I I I I I I I I I I I I I I I I I  I I I I I I I I I1 I I I I I I I I I I I I1 
TCAGAAAAGTTCTTGAAGCATAGCGAP.CGTGTAGGGCAGCGTTTCC~GAAC~CGCT 

GCCTTGGGACAAGGCTTGGGCCGAT~.GGTGTACTGGCGTATATATATCTAATTATGTAT 
i l E l ~ l l l l l l l ' l l l l l l i l l ~ l i I l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l 1 1 1 1 1  
GCCTTGGGACAAGGCTTGGGCCGATAAGGTGTACTGGCGTATATATATCTRATTATGTAT 

CTCTGGTGTAGCCC 
i l t l l t l l l l l l l l  
CTCTGGTGTAGCCC 
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Discrepancies found between the genomic sequence of the integrated locus and 
previously published S288C sequences (comments and nucleotide positions refer to the 
sequence composition detailed in Table 3). 

l4 - 24 

Comments and nucleotide positions refer to  the sequence composition detailed in Table 3. 

3981,4383,4797, 
4824,4863, 4911, 
4956,4965, 5250, 
5418, and 6408 

Nucleotide 1, comment I position 

, 29 

1 1 1 821 

823218233 

1- 929-944 

1 3 1 162311624 
lb 4 I 2429-2446 

1 7 1 2732 
1' 8 a n d 9  1, 2757and2814 

I lo I 3219 
111 and 12 I 3441 and 3585 

13 I 1~ 3722 

I 25 I# 7005 
I 

1 28 I 7954-7984 

Description 

Difference in the 5' region of the URA3 open reading frame 

Additional sequence resulting from cloning strategy 

Difference in the PGKl promoter sequence. One base deletion between 
1623 and 1624 bp. 

Additional sequence resulting from cloning strategy 

Difference in the DUR1,Z open reading frame. This difference corresponds 
to a change of amino acids from isoleucine (in the published sequence) to 
threonine (in the genomic sequence). 

Difference in the DUR1,Z open reading frame. This difference corresponds 
to no change of the amino acid sequence. 

Difference in the DUR1,Z open reading frame. This difference corresponds 
to a change of amino acids from proline (in the published sequence) to 
arginine (in the genomic sequence). 

Differences in the DUR1,Z open reading frame. These differences 
correspond to no change of the amino acid sequence. 

Difference in the DUR1,Z open reading frame. This difference corresponds 
to a change of amino acids from lysine (in the published sequence) to 
asparagine (in the genomic sequence). 

Differences in the DUR1,Z open reading frame. These differences 
correspond to no change of the amino acid sequence. 

Difference in the DUR1,Z open reading frame. This difference corresponds 
to a change of amino acids from isoleucine (in the published sequence) to 
methionine (in the genomic sequence). 

Differences in the DUR1,2 open reading frame. These differences 
correspond to no change of the amino acid sequence. 

Difference in the DUR1,Z open reading frame. This difference corresponds 
to a change of amino acids from lysine (in the published sequence) to 
asparagine (in the genomic sequence). 

Difference in the DUR1,Z open reading frame. This difference corresponds 
to a change of amino acids from alanine (in the published sequence) to 
threonine (in the genomic sequence). 

Difference in the DUR1,Z open reading frame. This difference corresponds 
to no change of the amino acid sequence. 

Additional sequence resulting from cloning strategy 

Difference in the PGKl terminator sequence between. One base deletion 
between 8232 and 8233 bp. 
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1, 30 1, 8234/8235 

t 
32 

I 

33 

34 

1, 31 1, 8249-8256 

8259 

8742 
I 

8804 

Difference in the PGKl terminator sequence between. One base deletion 
between 8234 and 8235 bp. 

Additional sequence resulting from cloning strategy 

Difference in the 3' region of the URA3 open reading frame 

Difference in the 3' region of the URA3 non coding sequence 

Difference in the 3' region of the URA3 non coding sequence 
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Appendix 3: Nucleotide sequence of the DUR1,2 gene and protein sequence 
of the corresponding protein in Fasta format a 
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Nucleotide seauence intearated into ECMoOl 
> 
ATGACAGTTAGTTCCGATACAACTGCTGAAATATCGTTAGGTTGGTCAAC 
CCAAGACTGGATTGATTTCCACAAGTCATCAAGCTCCCAGGCTTCACTAA 
GGCTTCTTGAATCACTACTAGACTCTCAAAATGTTGCGCCAGTCGATAAT 
GCGTGGATATCACTAATTTCAAAGGAAAATTTACTGCACCAATTCCAAAT 
TTTAAAGAGCAGAGAAAATAAAGAAACTCTACCTCTCTACGGTGTCCCTA 
TTGCTGTTAAGGACAACATCGACGTTAGAGGTCTACGCACCACCGCTGCA 
TGTCCATCCTTCGCATATGAGCCTTCCAAAGACTCTAAAGTAGTAGAACT 
ACTAAGAAATGCAGGTGCAATAATCGTGGGTAAGACAAACTTGGACCAAT 
TTGCCACAGGATTAGTCGGCACACGGTCTCCATATGGGAAAACACCTTGC 
GCTTTTAGCAAAGAGCATGTATCTGGTGGTTCCTCCGCTGGGTCAGCATC 
GGTGGTCGCCAGAGGTATCGTACCAATTGCATTGCATTGGGTACTGATACAGCAG 
GTTCTGGTAGAGTCCCAGCCGCCTTGAACAACCTGATTGGCCTAAAGCCA 
ACAAAGGGCGTCTTTTCCTGTCAAGGTGTAGTTCCCGCTTGTAAATCTTT 
AGACTGCGTCTCCATCTTTGCATTAAACCTAAGTGATGCTGAACGCTGCT 
TCCGCATCATGTGCCAGCCAGATCCTGATAATGATGAATATTCTAGACCC 
TRTGTTTCCAACCCTTTGAAARATTTTTCAAGCAATGTAACGATTGCTAT 
TCCTAAAAATATCCCATGGTATGGTGAAACCAAGAATCCTGTACTGTTTT 
CCAATGCTGTCGAAAATCTATCAAGAACGGGCGCTAACGTCATAGAAATT 
GATTTTGAGCCTCTTTTAGAGTTAGCTCGCTGTTTATACGAAGGTACTTG 
GGTGGCCGAGCGTTATCAAGCTATTCAATCGTTTTTGGACAGTAAGCCAC 
CAAAGGAATCTTTGGACCCTACTGTTATTTCAATTATAGAAGGGGCCAAG 
AAATACAGTGCAGTAGACTGCTTCAGTTTTGAATACAAAAGACAAGGCAT 
CTTGCAAAAAGTGAGACGACTTCTCGAATCAGTCGATGTCTTGTGTGTGC 
CCACATGTCCTTTAAATCCTACTATGCAACAAGTTGCGGATGAACCAGTC 
CTAGTCAATTCAAGACAAGGCACATGGACTAATTTTGTCAACTTGGCAGA 
TTTGGCAGCCCTTGCTGTTCCCGCAGGGTTCCGAGACGATGGTTTGCC~ 
ATGGTATTACTTTAATCGGTAAAAAATTCACAGATTCACAGATTACGCACTATTAGAG 
TTGGCTAACCGCTATTTCCATATGTTCCCCAACGGTTCCAGAACATA 
CGGTACTTTTACCTCTTCTTCAGTAAAGCCAGCAAACGATCAATTAGTGG 
GACCAGACTATGACCCATCTACGTCCATAAAATTGGCTGTTGTCGGTGCA 
CATCTTAAGGGTCTGCCTCTACATTGGCAATTGGAGAAGGTCAATGCAAC 
ATATTTATGTACAACAAAAACATCAGCTGCTTACCAGCTTTTTGCTTTGC 
CCAAAAATGGACCAGTTTTAAAACCTGGTTTGAGAAGAGTTCAAGATAGC 
AATGGCTCTCAAATCGAATTAGAAGTGTACAGTGTTCCAAAAGAACTGTT 
CGGTGCTTTTATTTCCATGGTTCCTGAATTGCACCATTAGGAATAGGTTCAGTGG 
AGTTAGAATCTGGTGAATGGATCAAATCCTTTATTTGTGAAGAATCTGGT 
TACAAAGCCAAAGGTACAGTTGAT'ATCACAAAGTATGGTGGATTTAGAGC 
ATATTTTGAAATGTTGAAGAGAGTCCCAAAAGAAGAAGTTATTTG 
ATACCGTGTTAATTGCCAATAGAGGTGAAATTGCCGTCCGTATTATCAAG 
ACATTAAAAAAATTGGGTATTAGATCAGTTGCAGTTTATTCCGACCCTGA 
TAAATATTCTCAACACGTTACTGATGCAGATGTTTCTGTACCCCTTCATG 
GCACAACCGCAGCCCAAACTTATTTAGACATGAATAAGATCATAGATGCC 
GCTAAGCAAACTAATGCACAGGCCATTATTCCTGGTTATGGTTTCTTGTC 
GGAAAATGCGGATTTTTCTGATGCGTGCACCAGTGCTGGCATTACCTTTG 
TTGGTCCTTCGGGAGATATTATCAGAGGTTTAGGGTTAAAACATTCTGCT 
AGACAGATTGCACAGAAGGCTGGCGTTCCTCTAGTGCCAGGCTCTTTGCT 
TATCACATCAGTTGAAGAGGCTAAGAAAGTCGCAGCGGAATTGGAATACC 
CGGTTATGGTGAAGTCAACTGCTGGTGGTGGTGGTATTGGTTTGCAGAAA 
GT€GATTCTGAAGAGGATATCGAGCATATTTTTGAGACTGTGAAACATCA 
AGGTGAAACATTTTTTGGTGACGCTGGTGTATTTCTGGAACGGTTTATCG 
WTGCCAGACATGTTGAGGTCCAACTTATGGGAGATGGTTTTGGTAAG 
GCCATTGCTTTGGGCGAACGTGATTGTTCTTTACAGCGTCGTAACCAAAA 
AGTTATCGAAGAAACTCCTGCACCAAATTTGCCAGAAAAGACGAGGTTGG 
CGTTAAGAAAGGCAGCTGAAAGTTTGGGATCTTTATTGAATTACAAGTGT 

GmAL COPY 
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GCTGGTACGGTTGAATTTATTTACGATGAGAAAAAGGACGAGTTTTACTT 
TTTAGAAGTTAATACAAGATTACAAGTTGAACATCCAATAACAGAAATGG 
TTACGGGGTTAGACTTGGTCGAGTGGATGATCAGGATTGCCGCTAATGAT 
GCACCTGATTTTGATTCTACAAAGGTAGAAGTCAATGGGGTTTCAATGGA 
GGCACGTTTATATGCTGAAAATCCATTGAAAAATTTCAGACCTTCTCCAG 
GTTTACTTGTCGATGTGAAATTCCCTGATTGGGCAAGAGTGGATACTTGG 
GTTAAGAAAGGTACTAATATTTCTCCCGAATATGATCCAACATTGGCCAA 
AATTATCGTTCATGGGAAAGACCGTGATGATGCAATTTCCAAGTTAAATC 
AAGCGTTAGAAGAAACRAAAGTTTACGGATGTATTACTAACATTGACTAC 
CTGAAGTCTATCATTACCAGTGATTTCTTTGCTAAAGCAAAAGTTTCTAC 
AAACATTTTGAACTCTTATCAATATGAGCCTACCGCCATCGAAATTACTT 
TGCCCGGTGCACACACTAGTATTCAGGATTACCCCGGTAGAGTTGGGTAC 
TGGAGAATTGGTGTTCCGCCCTCTGGTCCAATGGACGCATATTCGTTTAG 
ATTGGCGAACAGAATTGTTGGTAATGACTACAGGACTCCTGCCATTGAAG 
TAACGTTGACTGGTCCATCCATCGTTTTCCATTGTGAAACTGTCATTGCC 
ATTACTGGTGGTACCGCTCTATGTACATTAGACGGCCAAGAAATTCCCCA 
ACACAAACCGGTCGAAGTTAAGAGGGGATCTACTTTATCCATTGGCAAGT 
TGACAAGCGGCTGTAGAGCATACTTAGGTATCAGGGGTGGCATTGATGTG 
GCTAAATACTTGGGCTCTTATTCTACTTTCACTCTAGGAAATGTCGGTGG 
ATACAATGGAAGGGTGCTAAAACTTGGAGACGTACTATTCTTACCAAGCA 
ATGAAGAAAATAAATCAGTTGAGTGCCTTCCACAGAATATTCCTCAATCA 
TTAATTCCTCAAATTTCCGAAACTAAGGAATGGAGAATTGGTGTAACATG 
TGGTCCCCATGGGTGTCCAGATTTTTTTAAACCTGAGTCCATCGAAGAAT 
TTTTCAGTGAGAAGTGGAAGGTTCATTACAACTCCAATAGATTTGGTGTC 
CGTTTGATTGGACCTAAACCTAAGTGGGCAAGAAGTAATGGTGGTGAAGG 
TGGTATGCATCCCTCAAACACTCACGATTACGTTTATTCTCTGGGTGCAA 
TTAATTTCACGGGTGATGAGCCAGTTATTATTACTTGCGATGGTCCTTCC 
TTAGGTGGTTTTGTGTGTCAAGCTGTTGTCCCAGAAGCAGAACTGTGGAA 
GGTTGGACAGGTTAAACCCGGTGATTCCATTCAGTTTGTGCCACTTTCTT 
ACGAAAGCTCGAGATCCTTAAAGGAATCTCAGGATGTTGCAATTAAATCA 
TTGGATGGTACTAAGTTAAGGCGCTTAGACTCTGTTTCAATTTTACCATC 
ATTCGAAACGCCTATTCTTGCACAAATGGAAAAAGTGAATGAGCTTTCAC 
CNWGGTTGTATACAGACAAGCAGGTGATCGTTATGTTTTGGTGGAATAC 
GGTGATAATGRAATGAATTTTAATATTTCCTATAGAATTGAATGCCTGAT 
CTCCCTTGTGARAAAGAATAAGACTATTGGTATTGTTGAAATGTCCCAAG 
GTGTTAGATCTGTATTGATAGAATTTGATGGTTACAAAGTCACTCAAAAA 
GAATTGCTTAAAGTATTGGTGGCATATGAAACAGAAATCCAGTTTGATGA 
AAATTGGAACATAACTTCTAATATAATAAGATTACCGATGGCTTTCGAAG 
ACTCGAAGACTTTGGCATGTGTTCAAAGGTATCAAGAAACAATTCGTTCG 
TCTGCTGCATGGTTGCCAAATAACGTTGATTTCATTGCCAATGTMTGG 
RATTTCAAGGAATGAAGTTTATGATATGTTGTATTCTGCCAGATTTATGG 
TTTTAGGTTTAGGTGATGTCTTCCTAGGGTCGCCTTGTACTGTTCCATTA 
GATCCTCGTCACAGATTTTTGGGAAGCAAGTACAACCCAAGTAGAACATA 
TACAGAAAGAGGTGCAGTCGGTATTGGCGGTATGTATATGTGCATATATG 
CTGCTAACAGTCCTGGTGGGTACCAATTAGTGGGTAGAACAATACCAATT 
TGGGACAAACTATGTCTGGCCGCATCTTCTGAGGTTCCGTGGTTGATGAA 
CCCATTTGACCAAGTCGAATTTTACCCAGTTTCTGAAGAAGATTTGGATA 
AAATGACTGAAGATTGTGATAATGGTGTTTATAAAGTCAATATCGAAAAG 
AGTGTTTTTGATCATCAAGAATACTTGAGATGGATCAACGCMCMGA 
TTCCATCACAGCATTCCAGGAGGGCCAGCTTGGTGAAAGAGCAGAGGAAT 
TTGCCAaATTGATTCAAAATGCAAACTCTGAACTAAAAGAAAGTGTCACA 
GTCAAACCTGACGAGGAAGAAGACTTCCCAGAAGGTGCAGAAATTGTATA 
TTCTGAGTATTCTGGGCGTTTTTGGAAATCCATAGCATCTGTCGGAGATG 
TTATTGAAGCAGGTCAAGGGCTACTAATTATTGAAGCCATGAAAGCGGAA 
ATGATTATATCCGCTCCTATCGGGTAAGATTATCAAGATTTGCCATGG 
CaATGGTGATATGGTTGATTCTGGTGACATAGTGGCCGTCATAGAGACAT 
TGGCATGA 
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Protein seauence 
MTVSSDTTAEISLGWSTQDWIDFHKSSSSSQASLRLLESLLDSQNVAPVDN 
AWISLISKENLLHQFQILKSRENKETLPLYGVPIAVKDNIDVRGLRTT~ 
CPSFAYEPSKDSKVVELLRNAGAIIVGKTNLDQFATGLVGTRSPYGKTPC 
AFSKEHVSGGSSAGSASVVARGIVPIALGTDTAGSGRVPALNNLIGLKP 
TKGVFSCQGVVPACKSLDCVSIFALNLSDAERCFRIMCQPDPDNDEYSRP 
YVSNPZKNFSSNVTIAIPKNIPWYGETKNPVLFSNAVENLSRTGANVIEI 
DFEPLLELARCLYEGTWVAERYQAIQSFLDSKPPKESLDPTVISIIEGAK 
KYSAVDCFSFEYKRQGILQKVRRLLESVDVLCVPTCPLNPTMQQVADEPV 
LVNSRQGTWTNFVNLADLAALAVPAGFRDDGLPNGITLIGKKFTDYALLE 
LANRYFQNMFPNGSRTYGTFTSSSVKPANDQLVGPDYDPSTSIKLAVVGA 
HLKGLPLNWQLEKVNATYLCTTKTSKAYQLFALPKNGPVLKPGLRRVQDS 
NESQ~ELEVYSVPKELFGAFISMVPEPLGIGSVELESGEWIKSFICEESG 
YKAKGTVDITKYGGFRAYFEMLKKKESQKKKLFDTVLIANRGEIAVRIIK 
TLKKLGIRSVAVYSDPDKYSQHVTDADVSVPLHGTTAAQTYLDMNKIIDA 
AKQTNAQAIIPGYGFLSENADFSDACTSAGITFVGPSGDIIRGLGLKHSA 
RQIAQKAGVPLVPGSLLITSVEEAKKVAAELEYPVMVKSTAGGGGIGLQK 
VDSEEDI EHI FETVKHQGETFFGDAGVFLERFI ENARHVEVQLMGDGFGK 
AIALGERDCSLQRRNQKVIEETPAPNLPEKTRLALRKAAESLGSLLNYKC 
AGTVEFIYDEKKDEFYFLEVNTRLQVEHPITEMVTGLDLVEWMIRI~ND 
APDFDSTKVEVNGVSMEARLYAENPLKNFRPSPGLLVDVKFPDWARVDTW 
VKKGTNISPEYDPTLAKIIVHGKDRDDAISKLNQALEETKVYGCITNIDY 
LKSITTSDFFAKAKVSTNILNSYQYEPTAIEITLPGAHTSIQDYPGRVGY 
WRIGVEPSGPMDAYSFRLANRIVGNDYRTPAIEVTLTGPSIVFHCETVIA 
ITGGTALCTLDGQEIPQHKPVEVKRGSTLSIGKLTSGCRAYLGIRGGIDV 
PKYLGSYSTFTLGNVGGYNGRVLKLGDVLFLPSNEENKSVECLPQNIPQS 
LlPQZSETKEWRIGVTCGPHGSPDFFKPESIEEFFSEKWKVHYNSNRFGV 
RLZGPKPKWARSNGGEGGMHPSNTHDYVYSLGAINFTGDEPVIITCDGPS 
LGGFVCQAVVPEAELWKVGQVKPGDSIQFVPLSYESSRSLKESQDVAIKS 
LDGTKLRRLDSVSILPSFETPILAQMEKVNELSPKVVYRQAGDRYVLVEY 
GDNEMNFNiISYRIECLISLVKKNKTIGIVEMSQGVRSVLIEFDGYKVTQK 
ELLKVLVAYETEIQFDENWNITSNIIRLPMAFEDSKTLACVQRYQETIRS 
SAPWLPNNVDFIANVNGISRNEVYDMLYSARFMVLGLGDVFLGSPCTVPL 
DPRHRFLGSKYNPSRTYTERGAVGIGGMYMCIYAANSPGGYQLVGRTIPI 
WDKLCLAASSEVPWLMNPFDQVEFYPVSEEDLDKMTEDCDNGVYKVNIEK 
SVFDHQEYLRWINANKDSITAFQEGQLGERAEEFAKLIQNANSELKESVT 
VKPDEEEDFPEGAEIVYSEYSGRFWKSIASVGDVIEAGQGLLIIEAMKAE 
MIISAPKSGKTIKICHGNGDMVDSGDIVAVIETLA* 
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Appendix 4: Analysis of global gene expression patterns by DNA 
m icroa rrays 
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Comparison of ECMoOl to its parental strain (Davis 522) 24 hours 
after inoculation in Chardonnay grape must 

Analysis of DNA array data 

DNA micro-arrays were done in triplicate with independently grown cells 
using S98 GeneChips (Affymetrix, Santa Clara, CA). Data were analyzed using 
MASv5.0 and DMT (Affymetrix, Santa Clara, CA). All tenable parameters were set 
t o  default values (Affymetrix Statistical Algorithm Reference Guide, Affymetrix, 
Santa Clara, CA). Only protein coding ORF included in the analysis were linked t o  
their gene ontology (GO) annotations using the "orf-geneontology.tab" table 
(http://www.yeastgenome.org/gene-list.shtml). Nine comparative analyses were 
performed using Davis 522 as baseline. Genes with change p-values of <0.003 
(genes with an increased call) or >0.997 (genes with a decreased call), were 
considered reproducible and statistically significant. The average of  the Signal Log 
(base 2) Ratio (SLR) values were used to  calculate the fold change. 

Results and Discussion 

When comparing the transcriptome of  ECMoOl to its parental strain only 
DUR1,2 (17.2-fold) is up-regulated more than two-fold after 24 hours (Table A l ) .  
Whereas 4 genes are down-regulated more than two-fold in ECMoOl at  the same 
time point (Table A l ) .  These four genes are involved in different biological 
processes . 

Tabfe A l .  Genes that were expressed at least two-fold differently when comparing 
the transcriptome of ECMoOl to the transcriptome of Davis 522. 

Gene ORF Biological process Ave Fold 
S L R ~  Changeb 

DURl 2 Y BR208 W Urea meta bo1 ism 4.1 +17.2 

TH14 YGR144W Thiamine biosynthesis -2.6 -6.0 

PET1 8 YCRO2OC Mitochondrion organization -2.1 -4.2 
and biogenesis 

RPL9B YNL067W Protein biosynthesis -1.5 -2.9 

URA3 YELO21W Pyrimidine base biosynthesis -0.7 -1.6 

a SLR - Signal Log Ratio 
b IFold Change - Calculated from SLR 

The TH14 gene encodes for a protein involved in thiamine biosynthesis. 
PET18 encodes for a protein required for respiratory growth and stability of  the 
mitochondrial genome. Whereas the RPL9B gene encodes for a component of the 
large (605) ribosomal subunit. The down regulation of URA3 is expected since the 
DURIf2 cassette was integrated into the URA3 locus. This resulted in one fewer 
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copy of URA3 in' the genome of ECMoOl. The fact that only four genes were 
down-,regulated suggests that there is no specific response, at  transcriptional level, 
t o  th,e genetic modification in ECMoOl. We believe that the micro-array data 
confirms' the substantial equivalence of ECMoOl to  Davis 522. 
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Appendix 5: Putative open reading frames as a result of the integration 
event 
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ORFl  (5'ura3 truncated) 

Nucleotide seauence 

ATGTCGAAAGCTACATATAAGGAACGTGCTGCTACTCATCCTAGTCCTGT 
TGCTGCCAAGCTATTTAATATCATGCACGAAAAGCAAACAAACTTGTGTG 
GTTCATTGGATGTTCGTACCACCAAGGAATTACTGGAGTTAGTTGAAGCA 
TTAGGTCCCAAAATTTGTTTACTAAAAACACACATGTGGATATCTTGACTGA 
TTTTTCCATGGAGGGCACAGTTAAGCCGCTAAAGGCATTATCCGCCAAGT 
ACAATTTTTTACTCTTCGAAGACAGAAAATTTGCTGACATTGGTAATACA 
GTCAAATTGCAGCACTCTGCGGGTGTATACAGAATAGCAGAATGGGCAGA 
CATTACGAATGCACACGGTGTGGTGGGCCCAGGTATTGTTAGCGGTTTGA 
AGCAGGCGGCGGAAGAAGTAGGTACCGCGGCCGCAAAAGCTTTCTAA 

Putative protein seauence 
NSKATYKERAATHPSPVAAKLFNIMHEKQTNLCASLDVRTTKELLELVEA 
LGPKICLLKTHVDILTDFSMEGTVKPLKALSAKyNFLLFEDRKFADIGNT 
VKLQHSAGVYRIAEWADITNAHGVVGPGIVSGLKQAAEEVGTAAAKAF* 

ORF2 (5'adpl truncated) 

Nucleotide seauence 

ATGGGAAGTCATCGACGTTATCTCTACTATAGTATATTATCATTTCTATT 
ATTATCCTGCTCAGTGGTACTTGCAAAACAAGATAAGACCCCATTCTTTG 
ARGGTACTTCTTCGAAAAATTCGCGCGTCTAACTGCACAAGATAAGGGCAAT 
GATACATGCCCGCCATGTTTTAATTGTATGCTACCTATTTTTGAATGCAA 
ACAGTTTTCTGAATGCAATTCGTACACTGGTAGATGTGAGTGTATAGAAG 
GGTTTGCAGGTGATGATTGCTCTCTGCCCCTCTGTGGCGGTCTATCACCG 
GATGAAAGCGGTAATAAGGATCGTCCCATAAGAGCACAAAATGACACCTG 
TCATTGTGATAACGGATGGGGAGGGATCAATTGTGACGTTTGTCAAGAAG 
ATTTTGTCTGTGATGCGTTCATGCCTGATCCTAGTATTAAGGGGACATGT 
TATAAGAATGGTATGATTGTAGATAAAGTATTTTCAGGTTGTAATGTGAC 
CAATGAGAAAATTCTACAGATTTTGAACGGCAAAATACCACAAATTACAT 
TTGCCTGTGATAAACCTITCAAGAATGTAATTTTCAGTTTTGGATAGAT 
CAGTTAGAAAGCTTTTGCGGCCGCGGTACCTACTTCTTCCGCCGCCTGCT 
TCAAACCGCTAACITACCTGGGCCCACCACACCGTGTGCATTCGTAATG 
TCTGCCCATTCTGCTATTCTGTATACACCCGCAGAGTGCTGCAATTTGAC 
TGTATTACCAATGTCAGCAAATTTTCTGTCTTCGAAGAGTAAA 

Putative Drotein seauence 
NGSHRRYLYYSILSFLLLSCSVVLAKQDKTPFFEGTSSKNSRLTAQDKGN 
DTCPPCFNCMLPIFECKQFSECNSYTGRCECIEGFAGDDCSLPLCGGLSP 
DESGNKDRPIRAQNDTCHCDNGWGGINCDVCQEDFVCDAFMPDPSIKGTC 
Y1(NGMLVDKVFSGCNVTNEKILNGKIPQITFACDKPNQECNFQFWID 
QLESFCGRGTYFFRRLLQTANNTWAHHTVCIRNVCPFCYSVYTRRVLQFD 
CI TNVSKFSVFEE * 
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ORF3 (3’ura3 truncated) 

Nucleotide seauence 

ATGTTAGCAGAATTGTCATGCAAGGGCTCCCTAGCTACTGGAGAATATAC 
TAAGGGTACTGTTGACATTGCGAAGAGCGACAAAGATTTTGTTATCGGCT 
TTATTGCTCAAAGAGACATGGGTGGAAGAGATGAAGGTTACGATTGGTTG 
ATTATGACACCCGGTGTGGGTTTAGATGACAAGGGAGACGCATTGGGTCA 
ACAGTATAGAACCGTGGATGATGTGGTCTCTACAGGATCTGACATTATTA 
TTGTTGGAAGAGGACTATTTGCAAAGGGAAGGGATGCTAAGGTAGAGGGT 
GAACGTTACAGAAAAGCAGGCTGGGAAGCATATTTGAGAAGATGCGGCCA 
GCAAAACTAA 

Putative Drotein seauence 
M~ELSCKGSLATGEYTKGTVDIAKSDKDFVIGFIAQRDMGGRDEGYDWL 
IMTPGVGLDDKGDALGQQYRTVDDVVSTGSDIIIVGRGLFAKGRDAKVEG 
ERYRKAGWEAYLRRCGQQN* 

80 



Appendix 6: Determination of ethyl carbamate in Wine by Solid-Phase 
Microextraction and Gas Chromatography/ Mass Spectrometry 

81 



EauiDment 

Solid Phase Microextraction (SPME) fibers and fiber holder were purchased from 
Supelco (Bellefonte, PA, USA). 

Fiber type: 65um Carbowax/Divinylbenzene (CW/DVB) 

Gas Chromatograph: Agilent 6890N GC interfaced to  a 5973N Mass Selective 
Detector 

Column: 60m x 0.25mm ID, 0.25um thickness DBWAX fused silica open tubular 
column (Jaw Scientific, Folsom, CA, USA). 

Carrier Gas: Ultra High Purity Helium @ 36cm/s, constant flow. 

Injector temp: 250C 

Transfer line temp: 250C 

Oven temp: 70C(2min) -> 180C (3min) @ 8C/min -> 220C (15min) @ 2OC/min, 
for a total run t ime of  35.75 min 

Injection mode: splitless for 5min (purge flow: 5mL/min, purge time: 5min) 

MS: Operated in Selected Ion  Monitoring (SIM) mode with electron impact 
ionization. 

MS quad temp: 150C 

MS source temp: 230C a Delay: 8min 

Ions monitored: 44, 62, 74, 89 (dwell t ime 100msec). Mass 62 was used for 
quantification and the others for confirmation. 

Chemicals 81 Solutions: 

Ethyl carbamate was purchased from Sigma-Aldrich (Milwaukee, WI, USA) and was 
used as standard for catibration curve. 

Synthetic wine solution: distilled H20 containing 12% (v/v) ethanol and 1mM 
tartaric acid a t  a pH 3.1 

Ethyl carbamate Std. stock solution was prepared at  O.lmg/mL in synthetic wine 
solution. 

The calibration standards were prepared with ethyl carbamate concentration of 5, 
10, 20, 40, 90 ug/L in synthetic wine solution. The solutions were stored in the 
refrigerator. 
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