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Summary 
 

The yeast species, Saccharomyces cerevisiae and S. bayanus are well known for the  key role 

they play d uring alcoh olic ferment ation in both wine and beer industries. These  yeasts are  

available in  pure active  dried form and can be  used to pr oduce differ ent wine st yles and to  

manage qu ality. There are more th an 200 commercial wine yeast stra ins on the market and 

include naturally isolated strains and hybrids. With all these commercial yeasts av ailable, strain 

authenticity is very important to the manufacturer of active dried wine yeasts (ADWY) because it 

can prevent commercial losse s and maintain market credibility. It is as important to the  

winemaker as it may impact wine quality. Va rious trad itional and m olecular techniques hav e 

been successfully applied to perform quality control of wine yeast strains. 

 The aims of this study  were to evaluate elect rophoretic karyotyping (CHEF) and  PCR-

based methods to distinguish betw een Saccharomyces wine yeast strains and to  establish a 

database containing m olecular pro files o f com mercial strains. CHEF karyotyping was chose n 

because it is generally used in the wine industr y to distinguish between  wine yeast strains, but 

can be time-consuming.  Alternatively, PCR-based methods are consid ered to be reliable and  

fast. These PCR methods included the evaluation of interdelta regions,  multiplex-PCR of mini- 

and microsatellites, MET2 gene RFLP analysis and the use of several species-specific primers. 

  In this study, 62 commercial win e yeast str ains, were randomly selected fro m variou s 

manufacturers of ADWY, and two r eference str ains, S. bayanus CBS 380 and S. cerevisiae 

CBS 1171, were evalua ted. CHEF karyotyping could successfully differentiate between all 64  

yeast strains. The two primer sets used for int erdelta amplificat ions, delta1-2 and delta12-21, 

yielded 59 and 62 profiles, respe ctively. Yeast  strains con sidered to be similar or identical 

according t o interdelta  amplification results, were resolved with CHEF karyotyping. CHEF  

karyotyping was proven to be more accurate  than interdelta amplifications in distinguishin g 

between commercial wine yeast str ains. However, the results of interdelta amplifications were 

very useful and less time-consuming. The multiplex-PCR of mini- and microsatellite primers only 

succeeded in identifying  a specific band within  55 of the 64 yeast st rains in cluding the S. 

cerevisiae reference str ain, a po ssible ind ication of spe cies specificity. However, oenological 

designation using MET2 gene RFLP analysis and species-specific primers indicated that all the  

commercial strains in this study had  a S. cerevisiae ancestry. Restriction analysis of the MET2 

gene with EcoRI also successfully identified A WRI Fusio n and Zymafl ore X5 as hybrid yeast  

strains. A wine yeast database was created and  contains three libraries, i.e. CHEF karyotypes, 

delta1-2 and delta12-21 electrophoretic profiles. The database was proven to be  functional and 

showed great accuracy in grouping and identifying test strains. The  database has man y 

possible applications, but there is still some optimisation and refinement needed. 
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Opsomming 
 
Die Saccharomyces sensu stricto kompleks, is bekend vir die belangrike rol wat h ierdie g iste 

speel tydens alkoholiese fermentasie in biede wyn en bier industrieë. Dit  is om hierdie rede dat 

kelders rein  aktief gedr oogte wyngis gebruik vir die produksie van spe sifieke wynstyle, asook  

kwaliteit. D aar is meer as 200 ko mmersiële wyngiste op die mark beskikbaar en dit slu it 

natuurlike isolate en hibriede in. Daarom is gisras verifikasie baie belangrik vir die vervaardiger 

van aktief gedroogde wyngiste asook die wynmaker om finansiële verliese te voorkom en mark 

vertrouenswaardigheid te handhaaf. Verskeie  tradisionele en molekulêre metodes word  

suksesvol toegepas vir gehalte beheer van die gisrasse. 

Die doel v an hierdie  studie was om elektr oforetiese kariotipering (CHEF) en  PKR 

gebaseerde tegnieke  se vermoë om tusse n Saccharomyces wyn giste te  on derskei, te  

ondersoek. Ook deel van die doe lwitte was o m ‘n databasis te  ske p wat die verskillende  

elektroforetiese profiele  van die k ommersiële gisrasse b evat. T ydens hierdie st udie is 62  

kommersiële gisrasse van verskeie vervaardigers eweka nsig ge selekteer. Saccharomyces 

bayanus CBS 380 en S. cerevisiae CBS 1171 is as verwysingsrasse g ebruik. Elektroforetiese 

kariotipering (CHEF) is gekies omdat dit een van die mees algemeenste tegnieke is wat gebruik 

word om tussen wyngiste te onderskei, maar dit word as tydrowend en arbeidsintensief beskou. 

As ‘n alternatief is da ar na PKR gebaseerd e tegnieke  gekyk. Hierdie tegnie ke word a s 

betroubaar en vinnig beskou. Verskeie PKR g ebaseerde tegnieke is o ndersoek, naamlik PKR 

van interdelta areas, multipleks-PKR van mini- e n mikrosatelliete, MET2 geen RFLP analise en 

die gebruik van spesie- spesifieke inleiers. In terdelta amplifikasie s en mini- en makrosatelliet 

inleiers is geselekteer as gevolg van hul vermoë om Saccharomyces wyngiste tot o p spesie en 

ras vlak te onderskei.  Die MET2 geen en spesie-spe sifieke inleiers is gesele kteer om die 

kommersiele wyngis as S. cerevisiae, S. bayanus of as hibriede te klassifiseer.  

CHEF kariotipering kon tussen al 64 giste onderskeid tref. Die twee stelle inleiers wat vir 

interdelta amplifikasie gebruik was, delta1-2 en delta12-21, het onderskeidelik 59 en 62 profiele 

gelewer. Gis rasse wat identiese profiele met die delta inleiers gelewer het, kon egter met CHEF 

kariotipering onderskei word. Die re sultate het getoon dat CHEF kariotipering bete r tussen die 

kommersiële wyngiste kon onderskei as die interdelta a mplifikasies, maar dat die interdelt a 

amplifikasies nogsteed s goeie  on derskeiding toon en dat dit min der tydrowend is.  Die  

multipleks-PKR van mini- en mikrosatelliete kon slegs ‘n enkele band in 55 van die 64 giste u it 

lig. ‘n Moo ntlike aand uiding van spesie spesifiekheid. Die oenologie se groepering volgens 

MET2 geen analise en spesies-spesifieke inleiers dui aan d at al die ko mmersiele wyngiste wat  

in hierdie studie gebruik is,  moontlik van S. cerevisiae afkomstig is.  Restriksie ana lise van die 

MET2 geen met EcoRI het ook AW RI Fusion en Zymaflore X5 as hibriede geïdentifiseer. Die 

CHEF kariotipes en  int erdelta ele ktroforetiese profiele is gebruik om  ‘n databa sis van die 

kommersiële Saccharomyces wyngiste op te stel. Die databasis is funksioneel en het die t oets 
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rasse a kkuraat geïdentifiseer en  korrek gegro epeer. Die databasis moet egter nog verdere 

optimisering en verfyning ondergaan. 
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Preface 
 
This thesis is presente d as a compilation of 4 (four) ch apters. Each chapter is introduce d 
separately. 
 
 
Chapter 1  General Introduction and Project aims 
   
Chapter 2  Literature review 
  Molecular typing of Saccharomyces wine yeasts: A review of phenotypic and 

molecular methods 
   
Chapter 3  Research Results 
  Molecular typing of wine yeasts: Evaluation of typing techniques and 

establishment of a database 
   
Chapter 4  General Discussion and Conclusions 
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GENERAL INTRODUCTION AND PROJECT AIMS 
 

1.1 INTRODUCTION 

 

Wine fermentation has been described as a complex microbial process, which involves the 

interaction of yeasts and bacteria. The conversion of sugars to ethanol can be performed by 

yeast strains present on grapes (natural microflora) or on winery equipment, a process 

commonly referred to as spontaneous alcoholic fermentation (Fleet & Heard, 1993). Within the 

natural flora, the genus Saccharomyces is mainly responsible for the domination and 

completion of alcoholic fermentation (Pretorius, 2000). However, it has become standard 

practice in the wine industry to use commercially available active dried Saccharomyces strains 

as starter cultures. These strains are derived from natural isolates or from breeding 

programmes, and sought after phenotypical characteristics include alcohol tolerance (14%), 

reproducibility and dominance of fermentations, the achievement of low concentration of 

residual sugars (2-5 g/L), the production of desirable esters and low production of volatile acids, 

as well as microbial tolerance. The yeast should furthermore minimally impact grape varietal 

characters (Bisson, 2004; Cocolin et al., 2004).  

 Identification and differentiation of yeast species such as S. cerevisiae, S. bayanus,  

S. pastorianus, S. paradoxus, S. cariocanus, S. mikatae, S. kudriavzevii (Naumov et al., 2000) 

and the recently described S. arboricolus (Wang & Bai, 2008) is important because of practical 

implication for the wine, brewery and baking industries. During the last few decades molecular 

and biological techniques have allowed for characterisation and differentiation of yeasts 

populations in the vineyard (Degre et al., 1989; Pretorius & van der Westhuizen, 1991) and 

wineries (Hallet et al., 1988; Frezier & Dubourdieu, 1992; Pretorius et al., 1999; Pretorius, 

2000). These molecular techniques have different capacities for taxonomical resolution, and 

include pulsed field gel electrophoresis (PFGE) (Carle & Olson 1985; Blondin & Vezinhet, 1988; 

Fernandez-Espinar et al., 2001; Oliveira et al., 2008), PCR-based procedures ranging from 

species-specific PCR (Ruy et al., 1996; Josepa et al., 2000), amplification of intron splice-sites 

(de Barros et al., 1998), amplification of interdelta regions (Ness et al.,1993; Legras & Karst, 

2003), microsatellite primers (Baleiras Couto et al., 1996), PCR-RFLP of rDNA spacer egions 

(Masneuf et al., 1996; Fernandez-Espinar, 2000), restriction analysis of mitochondrial DNA 

(Fernandez-Espinar, 2001) and AFLP (de Barros et al., 1999, Gallego et al., 2005). Of these 

techniques PFGE has the highest resolution for oenological strains, but is seen as time-

consuming (Vezinhet et al., 1992; Martinez et al., 2004). 

New wine yeast development forms a major component of the yeast research conducted 

at ARC Infruitec-Nietvoorbij, The Institute for Wine Biotechnology (IWBT) at Stellenbosch 

University as well as yeast producers. These yeasts are normally sold by commercial 
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companies under licence agreements. Numerous manufacturers/suppliers sell commercial 

yeast cultures (active dried form) in South Africa, which are either produced locally or abroad. 

Globally the number of new yeast strains is growing due to ongoing screenings of natural 

isolated and breeding of strains for improved wine quality and to suite new wine styles dictated 

by consumer trends. In this regard, strain authenticity is very important, as it can prevent 

commercial losses and maintain market credibility. As part of quality control after drying, yeasts 

are normally compared to their respective mother cultures to ensure strain authenticity. 

Currently, electrophoretic karyotyping (fingerprinting) utilising contour-clamped homogeneous 

electric field gel electrophoresis (CHEF) is the preferred technology at ARC Infruitec-Nietvoorbij. 

This technique has proven to be very reliable in accuracy and efficiency for discriminating 

between various Saccharomyces yeast strains (Gomes et al., 2000: Tornai-Lehoczki & Dlauchy, 

2000). However, as previously mentioned it is time-consuming and costly, and other techniques 

such as those based on PCR need to be considered, compared and evaluated. It is also 

obvious that the increasing availability of high-troughput sequencing technologies will play a 

major role in strain identification in the near future. However, at present this technology is costly 

and not competitive for routine analysis, and was therefore not considered for this study. 

According to the South African Wine Industry Information & Systems (2011), the gross 

wine production for 2009 and 2010 were 998.6 and 932.7 million litres, respectively. Generally, 

between 20-30 grams of active dried yeasts (sold as 0.5-1 kg packets) are used to produce a 

hectolitre of wine. Commercial wine yeast prices may vary from R100-R700 per kilogram and 

represent therefore a significant market value. Therefore, a constant danger exists that licenced 

yeasts are being duplicated and produced illegally by competitors. This could mean a loss of 

possible income in the form of sales, royalties and market share. It also impacts the local wine 

industry in the sense that intellectual knowledge and competitiveness is lost. Anecdotal 

evidence has arisen that locally produced yeast may be available in other countries under 

different names. 

 

1.2 PROJECT AIMS 

 

The main aim of this study is to evaluate various molecular methods to distinguish between 

commercially available yeast strains and create a database, containing various molecular 

libraries (CHEF karyotyping the main library), of commercially available wine yeast. The 

database will be used for comparative studies and to determine genetic relatedness between 

yeasts. 

 

The specific aims and approaches of this study included: 

i. Sourcing 62 commercially available yeast strains from various manufacturers/suppliers 

ii. Evaluation of typing techniques; 
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a. CHEF karyotyping 

b. Amplificaction of Interdelta regions 

c. Multiplexing-PCR of mini- and microsatellites 

iii. Evaluation of MET2 gene analysis and species-specific primers as possible oenological 

designators for commercial yeast strains 

iv. Creation of a database containing molecular fingerprint libraries. 

 

1.3 LITERATURE CITED 

 

Baleiras Couto, M.M., Eijsma, B., Hofstra, H., Huis in’t Veld, J.H.H. & van der Vossen, J.M.B.M., 1996. 

Evaluation of molecular typing techniques to assign genetic diversity among strains of 

Saccharomyces. Appl. Environ. Microbiol. 62, 41-46.  

Bisson, L., 2004. The biotechnology of wine yeast. Food Biotechnol. 18, 63-69. 

Blondin, B. & Vezinhet, F., 1988. Identification de souche de levures oenologiques par leurs caryotypes 

en electrophorese en champ pulse. Rev. Fr. Oenol. 115, 7-11. 

Carle, G.F. & Olson, M.V., 1985. An electrophoretic karyotype of yeast. Proc. Natl. Acad. Sci. USA 82, 

3756-3760. 

Cocolin, L., Pepe, V., Comitini, F., Comi, G. & Ciani, M., 2004. Enological and genetic traits of 

Saccharomyces cerevisiae isolated from former and modern wineries. FEMS Yeast Res. 5, 237-245. 

De Barros Lopes, M., Soden, A., Martens, A.L., Henschke, P.A. & Langridge, P., 1998. Differentiation and 

species identification of yeast using PCR. Int. J. Syst. Bacteriol. 48, 279-286. 

De Barros Lopes, M., Reri, S., Henschkle, P.A. & Langrigde, P.,1999. AFLP fingerprinting for analysis of 

yeast genetic variation. Int. J. Syst. Bacteriol. 49, 915-924. 

Degrè, R., Thomas, D.Y., Ash, J., Mailhiot, K., Morin, A. & Dubord, C., 1989. Wine yeast strain 

identification. Am. J. Enol. Vitic. 40, 309-315. 

Fernandez-Espinar, M.T., Esteve-Zarzoso, B., Querol, A. & Barrio, E., 2000. RFLP analysis of the 

ribosomal internal transcribed spacers and the 5.8S rRNA gene region of the genus Saccharomyces: 

a fast method for species identification and the differentiation of flor yeasts. A. Van Leeuw. 78, 87-97. 

Fernandez-Espinar, M.T., Lopez, V., Ramon, D., Barta, E. & Querol, A., 2001. Study of the authenticity of 

commercial wine strains by molecular techniques. Int. J. Food Microbiol. 70, 1-10. 

Fleet, G.H. & Heard, G.M., 1993. Yeasts- Growth during fermentation. In: Fleet, G.H. (ed). Wine 

Microbiology and Biotechnology. Harwood Academic Publishers, Singapore. pp. 27-54. 

Frezier, V. & Dubourdieu. D., 1992. Ecology of yeast strain Saccharomyces cerevisiae during 

spontaneous fermentation in a Bordeax winery. Am. J. Enol. Vitic. 43, 375-380. 

Gallego, F.J., Perez, M.A., Nunez, Y. & Hidalgo, P., 2005. Comparison of RAPDs, AFLPs and SSR 

markers for the genetic analysis of yeast strains of Saccharomyces cerevisiae. Food Microbiol. 22, 

561-568. 

Gomes, L.H., Duarte, K.M.R., Argueso, J.L., Echeverrigaray, S. & Tavares, F.C.A., 2000. Methods for 

yeast characterisation from industrial products. Food Microbiol. 17, 217-223. 

Stellenbosch University   http://scholar.sun.ac.za



5 

 
Hallet, J.N., Craneguy, B., Zucca, J. & Poulard, A., 1988. Characterisation de differentes souche 

indutrielles de levures oenologiques par les profiles de restriction de leur ADN mitochondrial. Prog. 

Agric. Vitic. 105, 328-333. 

Josepa, S., Guillamon, J.M. & Cano, J., 2000. PCR differentiation of Saccharomyces cerevisiae from 

Saccharomyces bayanus/Saccharomyces pastorianus using specific primers. FEMS Microbiol Lett. 

193, 255-259. 

Legras, J-L. & Karst, J., 2003. Optimisation of interdelta analysis for Saccharomyces cerevisiae strain 

characterisation. FEMS Microbiol. Lett. 221, 249-255. 

Martinez, C., Gac, S., Lavin, A. & Ganga, M., 2004. Genomic characterization of Saccharomyces 

cerevisiae strains isolated from wine-producing areas in South America. J. Appl. Microbiol. 96, 1161-

1168. 

Masneuf, I., Aigle, M & Dubourdieu, D., 1996. Development of PCR/RFLP method for S. cerevisiae and 

S. bayanus identification in enology. FEMS Microbiol. Lett. 138, 239-244. 

Naumov, G.I., James, A.S., Naumova, E.S., Louis, E.J. & Roberts I.N., 2000. Three new species in the 

Saccharomyces sensu strico complex: Saccharomyces cariocanus, Saccharomyces kudriavzevii and 

Saccharomyces mikatae. Int. J. Syst. Bacteriol. 50, 1931-1942. 

Ness, F. Lavallee, F., Dubordieu, D., Aigle, M. & Dulau, L., 1993. Identification of yeast strains using the 

polymerase chain reaction. J. Sci. Food. Agric. 62, 89-94. 

Oliveira, V.A., Vicente, M.A., Fietto, L.G., de Miranda Castro, I., Coutrim, M.X., Schuller, D., Alves, H., 

Casal, M., De Oliveira Santos, J., Araujo, L.D., Da Silva, P.H.A. & Brandao, R.L., 2008. Biochemical 

and molecular Characterisation of Saccharomyces cerevisiae strains obtained from sugarcane-

fermentations and their Impact in cachaca production. Appl. Environ. Microbiol. 74, 693-701. 

Pretorius, I.S., 2000. Tailoring wine yeast for the new millennium: a novel approaches to the ancient art of 

wine making. Yeast 16, 675-729. 

Pretorius, I.S. & van der Westhuizen, T.J., 1991. The impact of yeast genetics recombinant DNA 

technology on the wine industry. S. Afr. J. Enol. Vitic. 12, 3-31. 

Pretoius, I.S., van der Westhuizen, T.J. & Augustyn, O.P.H., 1999. Yeast biodiversity in vineyards and 

wineries and its importance to the South African wine industry. S. Afr. J. Enol. Vitic. 20, 61-74.  

Ruy, S., Murooka, Y. & Kaneko, Y., 1996. Genomic reorganization between two sibling yeast species, 

Saccharomyces bayanus and Saccharomyces cerevisiae. Yeast 12, 757-764. 

South African wine industry information & systems. Harvest and sales estimate – Novermber 2011. 

http://www.sawis.co.za/ (Accessed 12 December, 2011) 

Tornai-Lehoczki, J. & Dlauchy, D., 2000. Delimination of brewing yeast strains using different molecular 

techniques. Int. J. Food Microbiol. 62, 37-45. 

Vezinhet, F., Dulau, L. & Hallet, J.N., 1994. Comparison de differentes methods d’identification 

moleculaire de levures d’interet oenologique. Rev. Fr. Enol. 149, 13-16. 

Wang, S.A. & Bai, F.Y., 2008. Saccharomyces arboricolus sp. nov. a yeast species from tree bark. Int. J. 

Syst. Evol. Microbiol. 58, 510-514. 

 

 

Stellenbosch University   http://scholar.sun.ac.za



 

 

CChhaapptteerr  22  
 
 
 
 
 
 
 
 
 
 
 
 

Literature review 
 

Molecular typing of Saccharomyces 
wine yeasts: A review of phenotypic 

and molecular methods 
 
 
 
 
 

 
 
 
 

Stellenbosch University   http://scholar.sun.ac.za



 

 

LITERATURE REVIEW 
 

2.1 Introduction 

 

Yeasts are unicellular ascomycetous or basidiomycetous fungi whose vegetative growth results 

mainly from budding or binary fission. They are characterised by sexual states that are not 

formed within or on a fruit body (Barnett, 1992). More than 700 species of yeast have been 

identified (de Barros Lopes et al., 1998; Barnett et al., 2000). 

 Yeast strains are associated with the fermentation of food and beverages and are also 

used in derivations of various food ingredients, which classify these organisms as a processing 

tool (Fleet, 2006). Wine is a fermented product which is produced either by spontaneous 

fermentations by the natural microflora present on grapes or winery equipment or by inducing 

the fermentations with inoculums of actively dried pure cultured yeast strains. Inoculated 

fermentations increase the likelihood of reliable, rapid and problem-free fermentations. Pure 

cultures have specific abilities and contribute to the complexity, flavour and quality of the wine 

(Pretorius, 2000; Vaudano & Garcia-Moruno, 2008). Monitoring of spontaneous or induced 

fermentations provides an understanding of the dynamics and composition of the total 

microflora during fermentations and wine environment, and consequently how these organisms 

affect the wine composition and ultimately the quality (Querol et al., 1992; Schutz & Gafner, 

1994; Pramateftaki et al., 2000). Ecological surveys of wine yeast strains from various areas 

have been published (Redžepović et al., 2002; Fleet, 2003). Population dynamic studies in 

vineyards have revealed that yeast species are dependent on factors, i.e geographical location, 

climate, grape variety and physical damage to grapes (Khan, 1999; Pretorius et al., 1999; Van 

der Westhuizen, 1999). This has led to the introduction of suitable characterised yeast strains 

(Saccharomyces) for commercial use, which are better adapted to fermentations at higher sugar 

levels and generally, have a tolerance to ethanol and higher levels of sulphite (Vezinhet et al., 

1990; Querol & Ramon, 1992; Lavallee et al., 1994; Pretorius, 2000).  

Currently, more than 200 commercial yeast strains are available globally and mainly 

consist of natural isolates (diploid, aneuploid or polyploidy) as well as hybrids (Henschke, 2004; 

Bradbury et al., 2005). However, the need for unambiguous identification of wine yeast species 

and wine yeast strains has always been a prime concern to the wine industry because of 

economic implications. Past identification has relied on biochemical and physiological properties 

for characterisation and identification, but can be affected by culturing conditions (Barnett et al., 

2000, Ribereau-Gayon et al., 2006). Molecular approaches to characterisation and 

identification, have in part, replaced the traditional methods and are based on DNA base 

composition, genome reassociation, gene sequencing, chromosomal karyotyping and PCR-

based methods (Baleiros Couto et al., 1995; Esteve-Zarzoso et al., 1999; Pretorius et al., 1999; 
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Pretorius, 2000; Schuller et al., 2004; Nisiotou & Gibson, 2005; Pulvirenti et al., 2005: 

Fernandez-Espinar et al., 2006). 

This literature review discusses taxonomical and ecological aspects of Saccharomyces 

yeasts and focuses on older and new methodology that is used to distinguish between species 

and strains of this genus. 

 

2.2 Taxonomy 

 

Classification refers to the grouping of organisms in taxa based on their similarities or common 

ancestral relationships, whereas identification incorporates the idea of comparing unknown 

organisms to classified species based on similar characteristics (Kurtzman et al., 2011). 

Taxonomy is seen as a collective description of both classification and identification (Barnett et 

al., 2000; Ribéreau-Gayon et al., 2006). 

Primarily, taxonomist classify yeast species (Ascomycetous, Basidiomycetous) on 

sexuality or the lack of a sexual phase (Kurtzman, 2003; Ribéreau-Gayon et al., 2006) and 

secondary by the other subdivisions, whereas classification and identification are based on 

morphological, physiological (nutritional) and molecular criteria (Pretorius et al., 1999; Kurtzman 

et al., 2011). Furthermore the molecular taxonomy of yeast is done on grounds of DNA 

recombination, similarities of DNA base composition, similarities of enzymes, ultrastructure 

characteristics and cell wall composition (Ribéreau-Gayon et al., 2006). The arrangement or 

grouping of yeast strains into species, species into genera, genera into families, families into 

orders, orders into classes and classes into divisions conforms to the International Code of 

Botanical Nomenclature (Greuter et al., 1994; Kurtzman et al., 2011). The latest version of the 

code was adopted at the seventeenth international Botanical Congress in Vienna, Austria in 

2005 (Kurtzman et al., 2011). 

 

2.2.1 Yeast genus: Saccharomyces 

Currently, taxonomists group yeast into 81 genera and 590 species of which only 19 are 

considered relevant to wine (Ribéreau-Gayon et al., 2006). Meyen in 1883 introduced the genus 

of Saccharomyces and later Hansen (1908) described two species, Saccharomyces cerevisiae 

(beer) and Saccharomyces ellipsoideus. During the course of time yeast species were 

reassigned from and to the S. cerevisiae group (Barnett, 1992; de Barros Lopes et al., 1998; 

Pretorius et al., 1999). However, it was found that not all yeasts within this group were suitable 

for wine fermentations (Kurtzman & Fell, 1998). 

Progressively a molecular approach divided Saccharomyces into genotypically distinct 

species namely S. bayanus, S. castellii, S. cerevisiae, S. diasensis, S. exiquus, S. kluyveri,  

S. paradoxus, S. pastorianus, S. servazzii and S. unisporus (Quesada & Cenis, 1995) and later, 
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newly defined species such as S. kunashirensis, S. martiniae (James et al., 1997; Kurtzman et 

al., 2010), S. cariocanus, S. nikatae and S. kudriavzevii (Naumov et al., 2000).  

Collectively, S. cerevisiae and closely related species, S. bayanus, S. pastorianus,  

S. paradoxus, S. cariocanus, S. mikatae, S. kudriavzevii as well as the recently described  

S. arboricolus (Wang & Bai, 2008) are known as the Saccharomyces sensu stricto complex 

(Tornai-Lehoczki et al., 1996; Vaughan-Martini & Martini, 1998; Ribéreau-Gayon et al., 2006; 

Kurtzman et al., 2011). The yeast species, S. exiguus, S. castellii, S. servazzii and  

S. unisporus are known as the Saccharomyces sensu largo group, while S. kluyveri forms a 

group on its own. The Saccharomyces sensu largo and S. kluyverii are also collectively known 

as the Saccharomyces lato group (Kurtzman & Robnett, 2003), which previously also included 

S. dairenensis (Petersen et al., 1999).  

 

2.3 Ecological diversity of yeasts: from grape to wine 

 

Wine can be described as a natural product derived from a series of biochemical reactions 

which are steered by microorganisms such as yeasts. Characteristically, wine environments 

have low pH values and high sugar levels which limit the growth of microbial species. Yeasts on 

unripe grapes range from 10 to 103 cfu/mL with Hanseniaspora (Kloeckera) species usually 

dominating on the surface of the grapes and representing 50-75% of the total yeast population 

(Romano et al., 2006). Yeast species in lower numbers on unripe to ripe grapes include non-

Saccharomyces such as, Rhodotorula, Cryptococcus, Candida, Brettanomyces, 

Kluyveromyces, Metschnikowia, Pichia and a black pigmented yeast-like fungi, Aureobasidium 

pullulans (Romano et al., 2006). However, there are increases in the population numbers in 

freshly extracted grape must from 103 to 106 cfu/mL as some grapes are already damaged and 

the yeasts utilise the sugars available. Saccharomyces and Zygosaccharomyces species also 

occur on grapes but to a lesser extent (Martini 1993; Fleet et al., 2002). Saccharomyces 

cerevisiae, often described as the main wine yeast, does not primarily occur on grapes but is 

mostly associated with wineries and the equipment used during fermentations. The failure to 

isolate S. cerevisiae from undamaged grapes in laboratories reflects the preference of S. 

cerevisiae for high sugar environments (Martini & Martini, 1990). 

 During the fermentation process, anaerobic conditions and factors, i.e nutrient depletion, 

antimicrobial activities and the increasing levels of ethanol enlarge selectivity for growth of 

yeasts, and the numbers of the non-Saccharomyces yeasts, Hanseniaspora (Kloeckera), 

Candida, Pichia, Kluyveromyces and Metschnikowia stagnate at about 106-107 cfu/mL before 

decreasing midway through fermentations (Heard & Fleet, 1988, Romano et al., 2006). During 

the later stages of natural wine fermentations the more ethanol tolerant, and therefore more 

competitive Saccharomyces sensu stricto yeast strains, become more predominant (107-108 

cfu/mL) (Romano et al., 2006).  
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2.4 METHODS FOR IDENTIFICATION AND CLASSIFICATION 

 

2.4.1 Morphological and physiological tests 

Morphological investigations of yeast are executed after isolation and growth on selective 

media. The description of colonies includes, texture, colour, surface, elevation and margin 

(Kurtzman et al., 2011). The morphology description of asexual cells of yeast can also involve 

observation by microscopy. Furthermore, traditional physiological and biochemical tests include 

the fermentation of different carbohydrates, growth on specific carbon and nitrogen sources as 

well as other tests that assess vitamin requirements, splitting of arbutin, acid production from 

glucose, lipase activity and various others (Kurtzman et al., 2011). Several commercial kits are 

available for the identification of yeast and are based on the physiological traits mentioned 

above. The first kits produced for oenological yeast were designed by Lafon-Lafourcade & 

Joyeux, and Cuiner & Leveau in 1979 (Ribéreau-Gayon et al., 2006). These tests are 

conducted on agar plates or in rimless test tubes covered with cotton plugs or sliding caps. 

Positive or negative results can either be the done by inspecting plates or tubes for growth, 

formation of gas or the change in pH indicators depending on the test employed (Verweij et al., 

1999, Kurtzman et al., 2011). Automated systems linked to identification software have also 

made it easier to analyse and conduct these tests. Some of the commercial kits include; API 

20C strips (Analytab Products), API ID 32C (BioMerieux), AutoMicrobic (Vitek Systems) and the 

Auxocolor system (Sanofi Diagnostics Pasteur). Most of these kits generate a seven to ten digit 

numerical profile that is compared to the database of the supplier or manufacturer to assign a 

most probable genera or species (Verweij et al., 1999, Kurtzman et al., 2011). 

 

2.4.2 Fatty acid analysis 

Eukaryotic cells are made up of various constituents of whom fatty acids are part. This group of 

acids include medium chain fatty acids (C8:0, C10:0, C12:0), long chain saturated fatty acids 

(C14:0, C16:0) and unsaturated fatty acids (C14:1, C16:1, C18:1) (Torija et al., 2003). The 

composition of fatty acids im membranes differs from species to species. Fatty acids are 

extracted by means of saponification focussing on methyl esters as they are volatile, followed by 

gas-liquid chromatography. Through the decades cellular fatty acid analysis has been used to 

discriminate between different yeast species, including wine strains (Khan, 1999; van der 

Westhuizen, 1999). Fatty acid analysis was performed by determining the mean relative 

percentages of cellular fatty acids (Tredoux et al., 1987; Augustyn, 1989; Augustyn & Kock, 

1989). It was possible to separate spoilage yeast from grape yeast by means based on the 

presence or absence of linoleic or linolenic acids (Augustyn & Kock, 1989). However, Torija et 

al. (2003) showed that growth media and environmental conditions can affect the composition of 

yeast cell membranes. This technique has been described as being reliable, but time 
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consuming. Another disadvantage is that fatty acid analysis can not always be applied to yeast 

strains with rigid cell membranes. 

 

2.4.3 Electrophoretic karyotyping 

Electrophoretic karyotyping has been used widely over the last few decades. This technique is 

based on the electrophoretic separation of intact, undigested chromosomal DNA molecules (Lai 

et al., 1989). Generally, electrophoretic karyotyping is comparable with genome macro 

restriction patterns obtained by genome digestion with low frequency restriction endonucleases 

which are separated by agarose gels (Shin et al., 2004; Chen et al., 2005). The preparation of 

full-length chromosomal DNA includes growing yeasts in liquid media and subjecting the cells to 

in situ lyses processes till immobilised on gels (Carle & Olson, 1985). This results in the 

elimination or addition of chromosomal DNA and can be used in the identification of 

polymorphisms in homologous chromosomes within the genome (Wolfe & Shields, 1997; 

Casaregola et al., 1998; Keogh et al., 1998). Once prepared, the DNA is separated using a 

technique commonly referred to as pulsed field gel electrophoresis (PFGE). This technique uses 

variations in various parameters including the variation of time intervals and in the force of the 

electrical field, agarose concentration, temperature and the orientation or the gradient of the 

field. There are many variations of PFGE available for the separation of chromosomal DNA, 

including contour-clamped homogenous electric field (CHEF), field inversion gel electrophoresis 

(FIGE), orthonogal field alternation gel electrophoresis (OFAGE) and transverse alternating field 

electrophoresis (TAFE). CHEF focuses on the transverse angle reorientation and maintains 

homogeneous electrical field in combination with a horizontal gel. During CHEF the direction of 

the electric field is changed electronically to reorientate the DNA which is done by changing the 

polarity of an electrode array. 

The use of electrophoretic karyotyping has led to a better understanding of the 

organisation as well as the characterisation of eukaryote genomes. The technique has shown 

high efficiency and accuracy in discriminating between yeasts of the Saccharomyces sensu 

stricto group as well as intraspecifically between S. cerevisiae strains, especially in the wine 

industry, where discrimination of commercial strains is very important (Degre et al., 1989; Nadal 

et al., 1996; Fernandez-Espinar et al., 2001; Cocolin et al., 2004; Pulvirenti et al., 2005; Le 

Jeune et al., 2007). Using this technique combined with principle component analysis (PCA) 

Cardanali & Martini (1994) showed that yeast strains of the Saccharomyces sensu stricto 

groups cluster together. However, this can only be done when looking at the presence of 

specific chromosomes in the yeast karyotypes.This technique have also been used in  

population dynamic studies of S. cerevisiae (Longo & Vezinhet, 1993; Schutz & Gafner, 1994; 

Van der Westhuizen et al., 1999). Even with newer technologies coming to the fore ground, 

electrophoretic karyotyping still shows greater resolution than some other techniques, which 

include randomly amplified polymorphic DNA (RAPD) and microsatellites or other genetic 
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markers for S. cerevisiae (Oliveira et al., 2008). Disadvantages of electrophoretic karyotyping 

include, being time-consuming, laborious and relatively expensive. 

 

2.4.4 Restriction analysis of mtDNA 

Mitochondrial DNA (mtDNA) of S. cerevisiae is small molecules between 65-80 kb in length and 

show high variability when subjected to restriction, which make it very polymorphic (Fernandez-

Espinar et al., 2006). MtDNA are rich in A, T and in part G and C, and it is the GC content 

difference, between nuclear and mtDNA that can be exploited by total fungal DNA digests 

(Fernandez-Espinar et al., 2006). Isolation of mtDNA can be very difficult and can become very 

laborious. Specific methods for the isolation of mtDNA were developed by Querol et al. (1990) 

and Lopes et al. (2002), with the latter being preferred as mtDNA can be analysed without 

previous isolation and purification requirements. When nuclear DNA is digested, a number of 

smaller fragments are noticeable, but cannot be detected by normal agarose gel 

electrophoresis. However, the mtDNA will be superimposed on the shadow of the nuclear DNA 

(Fernandez-Espinar et al., 2006). Once the mtDNA has been isolated, it can be digested with 

restriction enzymes (e.g. HinfI, Hae III & RsaI) and the restriction patterns can be analysed by 

agarose gel electrophoresis (Guillamon et al., 1994; Fernandez-Espinar et al., 2001). This 

technique can be used to characterise and identify reference and commercial wine strains 

(Vezinhet et al., 1990; Querol et al., 1992; Guillamon et al., 1996; Nadal et al., 1996; 

Fernandez-Espinar et al., 2001; Esteve-Zarzoso et al., 2004; Martinez et al., 2004; Schuller et 

al., 2004). This technique can also be used to do population dynamic studies during 

fermentations (Araujo et al., 2007). 

 

2.4.5 Fourier-transform near infrared (FTIR) spectroscopy 

Fourier-transform near infrared (FTIR) spectroscopy was developed in 1960 and has been used 

in various routine and research applications. The basic principle of FTIR is infrared light that is 

directed through an internal reflection element with a high refraction index. The infrared beam is 

then reflected off the back of the sample surface (tissue, cell smears, etc.). If the samples have 

lower refraction indexes, a total internal reflection is obtained (Wenning et al., 2002). The 

depths of penetration rely on several parameters and primarily include the refraction of the 

object. Radiation of spectroscopy is divided into near, middle and far infrared. The relative 

success of this method is directly dependent on the complexity within a reference spectral 

library (Kummerle et al., 1998). 

Fourier-transform near infrared analysis does not require extensive sample preparations 

and can be used for various applications, including cell wall structural analysis (Gonzalez-

Ramos & Gonzalez, 2006) and differentiation of S. cerevisiae strains (Kummerle et al., 1998; 

Galichet et al., 2001; Wenning et al., 2002). The cell wall of S. cerevisiae makes up 15-30% of 

the dry weight of cells and 25-50% of the volume (Galichet et al., 2001). The cell wall is 
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composed mainly of mannoproteins and it is these attributes that are used in the identification of 

yeasts. Osborne (2007) used attenuated total reflectance (ATR)-FTIR to discriminate between 

yeast phenotypes. The author used different forms of yeast cultures; i.e actively dried yeast, 

powder and pellets, and obtained suitable chemical fingerprints for identification of yeast strains. 

FTIR spectroscopy has shown great discriminatory characteristics in differentiation of yeast 

strains (Cozzolino et al., 2006, Osborne, 2007). This technique is fast and a relatively simple 

method for finding differences between yeast strains, grape cultivars and also different wines 

(Osborne, 2007). Combining of FTIR spectroscopy with mathematics and chemometrics 

(Esbensen, 2002) expands the capabilities of this technique in looking for correlations between 

strains as well as their environment (Osborne, 2007). Disadvantages of FTIR spectroscopy 

include the acquisition of expensive equipment and difficulties interpreting spectral results. 

 

2.4.6 MALDI-TOF mass spectroscopy 

Matrix-assisted laser desorption/ionization mass spectrometry (MALDI-MS) was introduced by 

Karas & Hillenkamp (1988). During the process the sample is embedded in a crystalline 

structure of small organic compounds (matrix) and is deposited on a conductive support for 

irradiation with a nanosecond laser. The energy from the laser causes structural decomposition 

of the irradiated crystal and generates particle clouds from which ions are extracted by an 

electrical field. These ions accelerate through this field and eventually reach a detector where 

masses are calculated by their time of flight (TOF), resulting in a spectrum being obtained. The 

masses are in a numerical data format and can be used for direct processing and analysis 

(Jurinke et al., 2004). 

MALDI-TOF mass spectrometry (MS) relies on the production, separation and detection 

of gas-phase ions (Jurinke et al., 2004). In the past thermal vaporization methods were used to 

transfer molecules into a gaseous phase. Ionization methods include electron impact (EI) and 

chemical ionization (CI). However, during above mentioned methods biomolecules undergo 

decomposition and fragmentation, which could have a negative impact. If this is taken into 

consideration, nucleic acid analysis has been limited to molecules the size of dinucleotides 

(Takeda et al., 1991). The development of plasma desorption (PD) methods made 

oligonucleotide analysis with a mass range of up to 3000 Da (10 nucleotides) possible (Viari et 

al., 1988). Mass spectrometric tools were not widely used for routine applications in the 

biological sciences until the discovery of electrospray ionization mass spectroscopy (ESI-MS) 

and MALDI-MS (Jurinke et al., 2004). 

MALDI-TOF MS is considered to be rapid, reliable and cost effective (but for the 

instrumentation). This technique can be used for qualitative DNA analysis which include, single 

nucleotide polymorphism (SNP) analysis (Little et al., 1997), microsatellite analysis (Braun et al., 

1997), DNA sequencing (Koster et al., 1996, Kirpekar et al., 1998), and quantitative analysis 

such as allele frequency determination and gene-expression analysis (Ross et al., 2000, 
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Buetow et al., 2001, Ding & Cantor, 2003). Recently MALDI-TOF MS was used for the 

identification of bacteria (Bizzini et al., 2010), mycobacteria (Pignone et al., 2006) and fungi 

(Marklein et al., 2009; Stevenson et al., 2010). During these studies this technique had a high 

resolution at genus and species levels. 

 

2.4.7 PCR-BASED TECHNIQUES 

 

2.4.7.1 Polymerase chain reaction (PCR) 

Polymerase Chain Reaction (PCR) is a molecular in vitro technique that is widely used for the 

amplification of specific DNA regions, which lie between two areas of a known sequence. It was 

invented by Kary Mullis in 1983 and made use of Klenow fragments (Eschericia coli) DNA pol I. 

This original technique was simplified so that single or double stranded DNA could be used as 

the template (McPherson & Moller, 2006). Oligonucleotide primers are short single stranded 

DNA molecules. When amplification take place the primers bind to complementary sequences 

on the DNA sample which has been denatured (McPherson & Moller, 2006). These amplified 

fragments can then be separated and visualised in agarose gels. The technique is seen as a 

tool for detection and characterisation. PCR is characterized by its rapidity, sensitivity, 

robustness and reproducibility. 

 

2.4.7.2 Randomly amplified polymorphic DNA (RAPD) 

This analytical DNA marker system was introduced by Welsh & McClelland (1990) and Williams 

et al. (1990). This PCR based technique makes use of arbitrary primer(s), which with 

characteristically low hybridization temperature amplifies a variety of different size bands along 

the whole genome. Quick fingerprinting profiles are obtained, which in turn, can be used for 

analysis of yeast genetic relatedness or relationships (Fernandez-Espinar et al., 2006). The 

banding patterns from RAPDs are usually better visualised when immobilized on polyacrylamide 

gels (Stift et al., 2003). The remarkably distinctive banding patterns of the amplified products 

can be used for the identification or characterisation of species and different strains within 

species (Bruns et al., 1991; Baleiras Couto et al., 1995; Paffetti et al., 1995; Oliveira et al., 

2008). Gallego et al. (2005) compared this technique to the amplified fragment length 

polymorphisms (AFLPs) and microsatellites to discriminate between various wine yeast strains 

and obtained similar results. Typically described as being a fast and a straight-forward 

technique whereby low amounts of genetic material, or no previous knowledge of DNA 

sequences, are needed. In general a major disadvantage of the technique is, however, a low 

reproducibility, which may be due to the use of low hybridisation temperatures. 
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2.4.7.3 Interdelta regions 

Delta elements are approximately 300 bp in length and are the flanking regions of the 

retrotransposons TY1 and TY2 (Cameron et al., 1979; Krastanova et al., 2005)). They can also 

be found apart from these retrotransposons and are then referred to as solo delta elements 

(Lavallee et al., 1994). These flanking regions are also found adjacent to the transfer RNA 

genes (Eigel & Feldman, 1982). About 300 such elements are found in the genome of S288c, a 

S. cerevisiae laboratory strain, and this makes them excellent targets for polymorphisms 

(Lavallee et al., 1994). 

Delta primers 1 and 2 have been used to analyse intraspecific variability and to 

distinguish between various S. cerevisiae strains (Ness et al., 1993). The results were 

comparable with results obtained from mitochondrial DNA restriction analysis and 

electrophoretic karyotyping of chromosomal DNA (Fernandez-Espinar et al., 2006). The later 

design and application of delta primers 12 and 21 in combination with primers 1 and 2, 

respectively, yielded better polymorphic banding patterns as illustrated in Fig. 2.1 (Legras & 

Karst, 2003). Schuller et al. (2004) gave more credibility to delta primers when they identified 

twice as many strains as Ness et al. (1993) in a similar study. Current trends in technology also 

allow sequencing of these interdelta markers followed by analysis with capillary electrophoresis 

(Tristezza et al., 2009). Advantages include the ease of use and reduced time-consumption. 

However, disadvantages include problems regarding DNA concentration, as optimal DNA 

concentrations are needed for reproducibility and the appearance of ghost banding patterns 

during analysis due to the low annealing temperatures.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1 

Polymorphic banding patterns using various primers for interdelta regions to distinguish between 

strains of Saccharomyces yeasts (Adapted from Legras & Karst, (2003). 
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2.4.7.4 Microsatellite analysis 

Microsatellite analysis is the genetic tagging by synthesized oligonucleotides complementary to 

single repetitive sequences, present in the genome of the organisms. These repetitive 

sequences are generally referred to as microsatellites (Fernandez-Espinar et al., 2006). In 

yeasts these regions may vary from 200 to 3500 bp in length, which can be sufficiently 

visualised by agarose as well as polyacrylamide gels (Fernandez-Espinar et al., 2006). 

Frequently used satellites include GTC5, GTG5, GACA4, GAG5 and the M13 bacteriophage 

sequence (Fig. 2.2). This technique is a prime example of single primer (oligonucleotide) 

amplified reactions (SPAR) (Britos dos Santos et al., 2007). This technique differs from RAPDs 

in that it utilises a higher annealing temperature of 55°C instead of 37°C, which enhances 

specific oligonucleotide hybridisation and coincides with a higher resolution and reproducibility 

(Stephan et al., 2002; Dalle et al., 2003; Fernandez-Espinar et al., 2006). These techniques 

have been useful in the identification of Saccharomyces cerevisiae strains (Baleiras-Couto et 

al., 1996; Gonzalez Techera et al., 2001; Hennequin et al., 2001). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2 

An illustration of the fingerprinting capabilities of micro- and minisatellites (Adapted from Brito dos Santos 

et al., 2007). 
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2.4.7.4.1 Microsatellite loci 

The utilisation of microsatellites also includes the study of microsatellite loci that are scattered 

throughout the genome of an organism, which is made possible by whole genome sequencing 

(Bradbury et al., 2005). In this case the complete sequence of S. cerevisiae genome allows for 

the identification of these regions as the absolute sizes of the microsatellite markers are known. 

Some of the most frequently utilized loci include YOR267C, SC8132X, SCPTSY7 (Techera et 

al., 2001); ScAAT1-ScAAT6 (Schuller et al., 2004); YML091C, YOL109 W, YFR028C, 

YPL009C, YDR160 W, YLL049, YBR240C, YGL014 W and YGL139 (Richards et al., 2009). 

These loci can also be used for multiple samples and multiplex-PCR reactions where two or 

more loci are amplified (Vaudano & Garcia-Moruno, 2008; Richards et al., 2009). Results are 

expressed as a number of repeats of the loci. These loci have been identified and used in 

studies to successfully discriminate between S. cerevisiae strains (Field & Willis, 1998; Perez et 

al., 2001; Techera et al., 2001; Malgoire et al., 2005) and evaluated to distinguish between 

commercially available yeast strains (Schuller et al., 2004; Bradbury et al., 2005; Legras et al., 

2005; Vaudano & Garcia-Moruno, 2008). This technique has the same discriminatory resolution 

as interdelta regions, but less than electrophoretic karyotyping. The advantages of this 

technique are the transferability between organisms and computer translations are effortless, 

and highly reproducible. 

 

2.4.7.5 Restriction fragment length polymorphism (RFLP) 

This technique highlights possible differences in largely homologous DNA sequences and can 

be detected by the presence of fragments of different lengths generated by the digestion with 

restriction endonucleases. Fragments can be hybridized by using probes and for 

characterisation of specific genotypes at a specific locus. These probes are usually short single 

low copies of genomic DNA or cDNA and are specifically chosen to detect moderate to high 

polymorphisms in the fragments. As with most molecular techniques the application helps with 

the genetic variation and helps with genetic mapping (Fernandez-Espinar et al., 2006). 

Advantages of this technique include a high resolution between species. The disadvantage of 

this technique is that it can laborious. Prime examples of RFLPs are MET2 gene analysis and 

ribotyping. 

 

2.4.7.5.1 MET2 gene RFLP analysis 

MET2 gene analysis is based on the principle of RFLP. Hansen & Kielland-Brandt (1994) used 

MET2 gene RFLP analysis for the delimitation of wine yeasts, S. cerevisiae and S. bayanus. 

Commercial wine yeasts are generally classified either S. cerevisiae or S. bayanus, albeit 

incorrectly, depending on their ability to ferment galactose (Ribéreau-Gayon et al., 2006). The 

MET2 gene codes for synthesis of homoserine acetyltransferase and these DNA sequences of 

this gene differ for these two species. Complimentary oligonucleotides amplify a part of the 
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gene located on the outer flanks whereby a ~600 bp (580 bp fragment, Masneuf et al., 1998) 

amplicon was obtained. Restriction endonucleases, EcoRI and PstI, were used to cleave the 

MET2 gene amplicon of S. cerevisiae and S. bayanus, respectively (Masneuf et al., 1998). In 

the case of EcoRI, two fragments (369 bp, 211 bp) were obtained when the MET2 gene product 

of S. cerevisiae was cleaved. For S. bayanus no cut fragments were visible. For PstI the reverse 

effect was observed, whereby two fragments (365 bp, 215 bp) for S. bayanus was visible and 

no fragment was visualized in S. cerevisiae. This PCR-RFLP analysis of the MET2 gene also 

proved useful in demonstrating the existence of natural hybrids within the Saccharomyces 

sensu stricto complex (Masneuf et al., 1998). 

2.4.7.5.2 Ribotyping 

Ribotyping is another area where RFLP has been useful and refers to the amplification of 

ribosomal genes. These areas or regions would include the 5.8S, 18S and 26S (Fig. 2.3) 

ribosomal genes which are grouped in tandem to form transcription units. These transcription 

units are repeated between 100-200 times in the genome. Other regions include the internal 

transcribed spacer (ITS) and external transcribed spacers (ETS), which are areas that are 

transcribed, but not processed. The transcription units are also separated by intergenic spacers 

called (IGS). These ribosomal regions have become the tools for identifying phylogenetic 

relationships between all living organisms (Kurtzman et al., 2011) and between yeasts 

(Kurtzman & Robnett, 1998). According to Li (1997) the transcribed units are more likely to be 

similar for strains of the same species than for different species. In general the specific regions 

on the subunits commonly referred to as domain D1/D2, on the 18S (James et al., 1997) and 

26S (Kurtzman & Robnett, 1998) have been sequenced.  

 

 

Figure 2.3 

Illustration of the structure of nuclear ribosomal DNA. 
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According to Kurtzman & Robnett (1998) when assigning unknown yeast or yeast strains to a 

specific species, the nucleotide sequences in these regions can be used to measure homology 

to known or related yeasts. Furthermore, the amplification and restriction profiling of these 

regions and the use of fluorescent dyes have yielded notable results in identifying more strains 

within specific species (Kurtzman & Robnett, 1998). Dlauchy et al. (1999) used specific primers 

NS1 and ITS1 to amplify regions of the 18S gene, which was then digested with enzymes (AluI, 

HaeIII, MspI and RsaI). White et al. (1990) used primers ITS1 and ITS4 (Fig. 2.3) to amplify 

regions of the 5.8S gene, which was also extensively used for the identification of yeast strains 

in wine or related industries with relative success (Guillamon et al., 1998; Esteve-Zarzoso et al., 

1999; Fernandez-Espinar et al., 2000; de Llanos et al., 2004). This technique has also been 

useful in the studies of reference strains (Ramos et al., 1998; Fernandez-Espinar et al., 2000; 

Cadez et al., 2002; Esteve-Zarzoso et al., 2003; Naumova et al., 2003). The non-transcribed 

areas, 18S gene, ITS region and 26S gene have been widely used by various authors to identify 

species in the Saccharomyces sensu stricto group (Baleiras-Couto et al., 1996; Smole-Mozina 

et al., 1997; Tornai-Lehoczki & Dlauchy, 2000; Caruso et al., 2002 Capece et al., 2003; 

Vasdinyei & Deak, 2003; Fernandez-Espinar et al., 2006). The internal transcribed regions (ITS) 

has also been targeted by restriction analysis with DraI and HaeIII to identify and characterize 

yeast populations with oenological significance, as well as species in the larger Saccharomyces 

sensu stricto group (Esteve-Zarzoso et al., 1999; Granchi et al., 1999; Redzepovic et al., 2002; 

dos Santos et al., 2007). 

In recent years amplified ribosomal rDNA restriction analysis (ARDRA) has been 

developed with the focus on the 16S/18S rDNA. Amplification of this region is followed by either 

the use of one restriction enzyme or the sequential usage of several in this case MseI, BfaI and 

AluI (Rodas et al., 2003). ARDRA has shown great resolution for discriminating between LAB 

bacteria, which include the likes of Lactobacillus brevis, Lactobacillus paracasei, Oenococcus 

oeni, as well as a few others (Rodas et al., 2003). ARDRA is helpful in detecting spoilage 

microbiota in wine, which include spoilage LAB and yeasts (Fröhlich et al., 2009). 

 

2.4.7.6 Amplified fragment length polymorphism (AFLP) 

Amplified fragment length polymorphism (AFLP) is a hybrid technique of RFLP and RAPD. 

Firstly, genomic DNA is digested by means of restriction enzymes, usually two different ones, 

and these fragments are then amplified. The primers are seen as adapters that ligate to 

restriction enzyme sites and will only amplify subsets of the fragments (Vos et al., 1995). During 

separation larger to smaller banding patterns are observed, which suggests mono- to 

polymorphisms. This technique is laborious and expensive. Advantages include the high 

discriminatory power and good reproducibility, especially when applied to detect or determine 

genetic variation within S. cerevisiae strains (Gallego et al., 2005). Various other authors 

investigated the use of AFLPs for identifying intraspecific differences of S. cerevisiae strains (de 
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Barros Lopes et al., 1999; Caruso et al., 2002; Esteve-Zarzoso et al., 2010). This technique has 

also been useful in genetic mapping and evolutionary studies whereby large units of loci 

distributed along the genome have been identified (Gallego et al., 2005). 

 

2.4.7.7 Real-time PCR/Quantitative PCR 

This specific PCR based technique was developed in 1996 (Wilhelm & Pingoud, 2003). During 

the PCR process (cycle after cycle) the amplified products can be monitored. This type of 

quantification and detection is done via fluorescent signals, which increase in every cycle. To 

visualize the signal a thermocycler with a detection system is required to capture and quantify 

the amplification process (Fernandez-Espinar et al., 2006). 

Fluorescence of products is generated through the binding of agents or probes (SYBR 

Green). The probes can be divided into three groups, namely hydrolysis probes- (Taqman), 

loop-shaped- (with inverted repeats regions (ITR)) and hybridization probes (fluorophores). The 

most commonly used are the hydrolysis probes (Taqman probes). Fluorescence occurs when a 

donor photochrome binds to an acceptor photochrome. The signal becomes dependant on 

whether both photochromes are attached. The signal becomes visible when the exonuclease 

property of Taq polymerase activates the donor photochrome of the rest of the probe, hence 

binding to the sequence of interest (Wong & Medrano, 2005; Querol & Fleet, 2006). Compared 

to classic PCR primers, the real-time probes show greater specificity. Post process analysis is 

not needed as data is computer generated as illustrated in Fig. 2.4. Advantages of the 

technique include high specificity, sensitivity and quantification takes less time compared to 

common PCR. Disadvantages include the forming of dimers and non-specific products through 

amplification resulting in an over estimation of the DNA concentration. Variuos publications 

review the important aspect of real-time PCR in full (Wong & Medrano, 2005; Fernandez-

Espinar et al., 2006). 

This technique is used in the wine and yogurt industries for the detection of spoilage 

organisms. Real-time PCR is also useful in the study of phylogenetic relationships among yeast 

species. Applications of real-time PCR include: quantification of gene expression, array 

verification, DNA damage measurement, quality control or assay validation, pathogen detection 

and genotyping (Fernandez-Espinar et al., 2006). Numerous authors have used quantitive PCR 

(QPCR) in rapid identification and enumeration of S. cerevisiae and differentiating strains of the 

Saccharomyces sensu stricto group (Martorell et al., 2005; Hierro et al., 2006; Salinas et al., 

2009). Current application of real-time PCR includes the investigation of protein haze formation 

in wine (Gonzalez-Ramon et al., 2006). 
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Figure 2.4  

A typical spectrum of the amplification process after real-time PCR. 
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2.4.7.8 PCR-denaturing gradient gel electrophoresis (PCR-DGGE) 

This PCR based technique was first introduced to microbial environmental science by Muyzer et 

al. (1993). PCR-denaturing gradient gel electrophoresis (PCR-DGGE) is based on the 

separation of same length DNA fragments, but of different sequences. The decreasing 

electrophoretic mobility of partially melted double-stranded (dsDNA), the concentration at which 

DNA dissociates, affects the mobility through mediums (agarose or polyacrylamide gels). The 

complete denaturation of fragments is prevented through GC (guanine and cytosine) clamps 

attached to the primers). Muyzer et al. (1993) used PCR-DGGE to differentiate rRNA genes. 

Various authors have used the reliability of this technique to distinguishing between yeast 

strains present in wine fermentations to great effect (Cocolin et al., 2000; Mills et al., 2002; 

Nielsen et al., 2005). This technique is highly effective when screening for S. cerevisiae during 

the fermentation process and was used to show that S. cerevisiae was present during both 

alcoholic and malolactic fermentation (Renouf et al., 2007; Sieberitz, 2007). This was also 

confirmed with the conventional plating on growth media. 

 

2.4.7.9 Temporal temperature gel electrophoresis (PCR-TTGE) 

Another technique similar to PCR-DGGE is PCR-temporal temperature gel electrophoresis 

(PCR-TTGE), which is based on the linear temperature gradient separation of DNA molecules 

and as with DGGE; molecules are separated on gels due to diverse sequence mobility. PCR-

TTGE has been used for the genetic characterisation of commercially dried yeast and isolated 

strains in the brewery industry (Gonzalez et al., 2001; Giusto et al., 2006). This technique is 

based on PCR and is not too time consuming or drawn out. Results are obtained fast and 

analysed quickly. 

 

2.4.7.10 Nested specifically amplified polymorphisms (nSAPD-PCR) 

This adaptable and versatile technique was developed for strains and genotypes and 

determination of various organisms, which include LAB bacteria (Oenococcus oeni, 

Pediococcus parvulus & Lactobacillus hilgardii) and yeasts (Saccharomyces cerevisiae, 

Dekkera bruxellensis and Candida species) (Fröhlich & Pfannebecker, 2007). This technique is 

based on RAPD-PCR and the usage of specific oligonucleotides including a NotI recognition 

site. The process includes two PCR reactions and a set of 20 oligonucleotides. The first reaction 

utilizes 4 oligonucleotides to amplify the DNA of interest and 16 for the second reaction, which 

binding sites are nested within the products of the first set of primers as illustrated in Figure 2.5 

(Fröhlich & Pfannebecker, 2007). These reactions can be performed in the presence of an 

enhancer solution for specificity. The primer sets used during nested specifically amplified 

polymorphisms -PCR (nSAPD-PCR) are also not restricted to small groups of species, in 

contrast to that used during RAPD-PCR. This technique has high resolution at species and 

strain level and is characterized by high levels of reproducibility (Fröhlich et al., 2009). Specific 
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nSAPD-PCR reactions have been designed for Brettanomyces and Dekkera strains in sherry 

(Ibeas et al., 1996). 

 

 

 

 
Figure 2.5 

An illustration of a typical Nested PCR method. (Adapted from Ibeas et al., 1996) 

 

 

 

2.4.7.11 Enterobacterial repetitive intergenic consensus elements (ERIC) - and repetitive 

extagenic palindromic elements (REP)-PCR 

Two PCR methods, enterobacterial repetitive intergenic consensus elements (ERIC) - and 

repetitive extagenic palindromic elements (REP)-PCR, are such explorations and have yielded 

interesting results in the characterisation and identification of yeast strains. ERIC and REP have 

been used to identify bacterial strains and species in the past (Sharples & Lloyd, 1990; Hulton 

et al., 1991; Versalovic et al., 1991). Yeasts studies utilising these PCR methods proved useful 

in characterising 15 different species and strains in grape must and wine (Hierro et al., 2004). 

Table 2.1 and 2.2 indicate fragments obtained for reference yeast strains from the CECT 

collection. Hierro et al. (2004) found REP-PCR to be inadequate for intraspecific 

characterisation of yeast strains but useful for identification of yeasts. These PCR techniques 

can be used to differentiate between S. cerevisiae and S. bayanus (Hierro et al., 2004). These 

two techniques are rapid and reliable, but there are concerns with reproducibility as nonspecific 

amplification can be obtained. These techniques are an inexpensive way for winemakers and 

researchers to identify oenological relevant yeast species. 
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Table 2.1 Size fragments obtained using ERIC-PCR for yeast collection strains by Hierro et al. (2004). 

Species CECT Designation Fragment 

Sacharomycodes ludwigii 1382, 1371 825, 925, 1050 

Schiz. Pombe 1378, 1379, 10685 470, 850, 1200, 1400 

T. deldrueckii 1880, 10558, 10676 180, 330, 420, 500, 580, 620, 850, 1250, 1400 

Z. bailii 11041, 11042, 11043 150, 200, 380, 500, 620, 850, 950, 980, 1250 

Z. rouxi 
1230, 1232 350, 650, 850, 1400, 1500 

S. bayanus 1941, 1969 
220, 520, 600, 650, 820, 980, 1150, 1200, 
1500 

S. cerevisiae 1171, 1942 
220, 270, 320, 590, 630, 800, 980, 1200, 1250, 
1400 

 

 

 

Table 2.2 Size fragments obtained using REP-PCR for yeast collection strains by Hierro et al. (2004). 

Species CECT Designation Fragment 

Sacharomycodes 
ludwigii 

1382, 1371 560, 600, 710, 1350 

Schiz. Pombe 1378, 1379, 10685 200, 520, 650, 710, 830, 900, 1150, 1250, 1750 

T. deldrueckii 1880, 10558, 10676 
320, 400, 550, 590, 510, 650, 730, 830, 1000, 1050, 
1200, 1500 

Z. bailii 
11041, 11042, 
11043 

180, 520, 590, 600, 780, 850, 930, 1000, 1350 

Z. rouxi 1230, 1232 320, 380, 470, 540, 700, 790, 930, 1000, 1050, 1250 

S. bayanus 
1941, 1969 160, 350, 420, 530, 900, 1000, 1100, 1300 

S. cerevisiae 1171, 1942 
150, 340, 570, 700, 900, 1000, 1080, 1100, 1250, 
1300 
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2.4.7.12 Single strand conformation polymorphism PCR (PCR-SSCP) 

Single strand conformation polymorphism PCR is an electrophoretic separation technique, 

which separates single stranded nucleic acids based on subtle differences in sequence. This 

results in different secondary structures being formed and causes a measurable difference in 

mobility through a gel. SSCPs are allelic variants of inherited, genetic traits and can be used as 

markers. Analysis can detect DNA polymorphisms and mutations at multiple places in fragments 

(Orita et al., 1989) This technique was applied for the first time to study point mutations in 

humans (Orita et al., 1989) and a number of human and plant-pathogenic fungi (Walsh et al., 

1995; Kumeda & Asoa, 1996; Kong et al., 2003; Wang et al., 2008). This technique 

discriminates between a large number of Ascomycete and Basidiomycete yeast including S. 

cerevisiae (Wang et al., 2008), as well as being an excellent detector for gene mutations and 

variation analysis (Dockhorn-Dworniczak et al., 1991; Hayashi, 1991). Disadvantages include 

fragment size and difficulty in interpretation of gels (Wang et al., 2008). Numerous authors 

found that for fragments bigger than 400 bp, as is the case for S. cerevisiae, this technique’s 

discriminatory analysis decreased considerably whereas regions smaller than 350 bp would be 

sufficient for intraspecies differentiation (Wagner, 2002; Wang et al., 2008). 

 

2.4.7.13 Nucleic acid sequence-PCR (NASBA) 

This technique is based on the amplification of RNA and not DNA. It was initially described by T. 

Compton in 1991 and generally involves the usage of three enzymes, AMV reverse 

transcriptase, RNase H and T7 RNA polymerase (Compton, 1991). Generally the 

oligonucleotide primers target RNA and deoxynucleotide triphosphate and ribonucleotide 

triphosphates are included in the amplification reaction mix. Nucleic acid sequence-PCR has not 

become routine in laboratories but shows potential for the detection of food and beverage 

yeasts. The technique is fast and takes less time than normal PCR and the development of 

molecular beacons has allowed for quantification of NASBA products through real-time PCR 

(Fernandez-Espinar et al., 2006) 

 

2.4.7.14 Peptide nucleic acid (PNA) - technology 

Peptide nucleic acid (PNA) refers to the use of peptide nucleic acid probes. This technique uses 

PCR or real-time PCR and the probes are described as DNA mimics (Nielsen et al., 1994).The 

use of this technology has been functional since the early 1990s (Egholm et al., 1993; Nielsen 

et al., 1994). PNA can be useful for the detection of point mutations, chromosome analysis and 

the targeting of species-specific rRNA sequences (Igloi, 1999; Taneja et al., 2001). This 

technique has been applied in the detection of spoilage yeast (Candida and Dekkera) of the 

wine industry (Stender et al., 2001; Kurtzman, 2006). Advantages include the dilution of 

samples and the direct probe method. However, a disadvantage is that probes will have to be 

designed for all yeast species (Kurtzman, 2006). 
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2.4.8 DNA microchips 

DNA microchips became operational in the early 1990s and have been used ever since and 

later confirmed as a research tool, especially for understanding wine yeasts. These chips are 

produced by specialised companies and contain relevant genomic information (DNA, RNA), 

which are systematic arranged on solid supports, whether it be glass or plastic (Fernandez-

Espinar et al., 2006). The sample DNA that comes in contact with the chips are usually marked 

with fluorescent dyes or markers, but can also be labelled by radio-activity or chemio-

luminescence. Once in contact with the chips, only chains complementary to those on the chips 

bind and form patterns of light. These patterns can be read by scanners and the data 

interpreted. The chips have high specificity and sensitivity, but are relatively expensive 

(Fernandez-Espinar et al., 2006). DNA microchips are widely used for investigating biological 

processes in organisms. Several studies have used this technology to look at expression levels 

in genes as well as genomic studies of laboratory and wine yeasts (Cavalieri et al., 2000; 

Hauser et al., 2001; Rossignol et al., 2003; Rossouw & Bauer, 2009). The use of microchips 

has led to a better understanding of wine yeasts, commercial or natural isolates, and how they 

differ from laboratory strains based on specific metabolic and physiological features 

(Fernandez-Espinar et al., 2006). This technique can be used to differentiate between wine 

yeasts, as not all strains behave the same under wine-making conditions. 

 

2.4.9 Microarray karyotyping 

Microarray karyotyping or array CGH (aCGH) has been widely used for genomic research 

including gene expression patterns, genomic DNA copy number changes and genome 

rearrangement (Eisen et al., 1999; Holloway et al., 2002). During microarray karyotyping two 

separate DNA samples are labelled with two different fluorescent dyes (red-Cy5 & green-Cy3). 

The two samples are then mixed, hybridised and spotted onto a microarray, whereby each spot 

is composed of PCR-amplified DNA (Dunn et al. 2005). This technique has been used in 

exploring the copy number changes of genes for species of which the whole genome has been 

sequenced in relation to other strains of the same species. This provides information on whole 

or partial chromosome aneuploidy, and non-reciprocal translocations. This technique has been 

used in S. cerevisiae studies to observe the tolerance to low glucose concentrations (Dunham 

et al., 2002). Microarray standard PCR and real-time PCR has been used to verify deletions or 

amplifications predicted by microarray karyotyping analysis (Lashkari et al., 1997a; Perez-Ortin 

et al., 2002; Bond et al., 2004). DNA sequencing done by Winzeler et al. (2003) validates 

results obtained by aCGH for rearrangement of single nucleotide polymorphisms. This 

technique has also been used in studying expression patterns of wine yeast (Backhus et al., 

2001; Erasmus et al., 2003; Rossignol et al., 2003). In a further application microarray 

karyotyping has been useful in researching genomic diversity within the sensu stricto group of 
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S. cerevisiae and the closely related S. pastorianus (Lashkari et al., 1997b; Perez-Ortin et al., 

2002; Infante et al., 2003). 

 

2.4.10. DNA Sequencing  

Major advances in DNA sequencing have provided the platform for understanding primary 

structures of genes and deduced functions for these genes from previously sequenced 

information. Various sequencing methodologies have been developed over the past few years, 

and high-throughput sequencing is bound to become the major molecular tool for strain typing in 

the near future. Up to now, this technique has been mainly used for the sequencing of specific 

genome areas after PCR (Fernandez-Espinar et al., 2006). Regions of interest for sequencing 

include the domain D1 and D2 of the 26S gene (Kurtzman & Robnett, 1998), 18S (James et al., 

1997) and the 5.8S rRNA gene (Las Heras-Vazques et al., 2003). Various publications reported 

the usefulness of amplifying and sequencing ITS regions for rapid identification of fungi 

including non-Saccharomyces (Candida, Pichia, Hanseniaspora, Torulaspora, Metschnikowia, 

Saccharomycopsis) and S. cerevisiae yeast (Turenne et al., 1999; Arias et al., 2002; Mesoud et 

al., 2004; Jespersen et al., 2005) from food and beverages. The availability of these amplified 

and sequenced regions online (http://www.ebi.ac.uk/Blas2/index.html) has also made it easier 

to assign unknown yeast strains to specific genus or species (Fernandez-Espinar et al., 2006). 

Sequencing has been useful in Sequence characterized amplified region PCR (SCAR-PAR). 

Whereby strain or species specific bands are cut from gels, reamplified and cloned. These 

inserts are sequenced and subsequently primers can be designed accordingly for further 

investigation (Frӧhlich & Pfannebercker, 2007).  

Genome sequencing has evolved over last few years and current methods include the 

whole-genome shotgun approach and full genome sequencing. During the shotgun approach, 

genomic DNA is isolated and fragmented into smaller pieces and sequenced by using a chain 

termination method. As multiple overlapping reads from fragments are created, computer 

software programmes use the overlapping regions to create a continuous sequence. This 

method was the precursor that led to full genome sequencing. Currently full genome 

sequencing is done by techniques such as pyrosequencing, SMRT sequencing and nanopore 

technology. A whole host of commercial companies currently compete with various platforms 

and these include Illumina, Knome, Sequenom and Pacific Biosciences to name a few. 

 

2.5 Conclusion 

 

The techniques discussed above are focused on identifying or characterizing yeasts or other 

microorganisms from various research fields. In the past phenotypical and morphological test 

methods were used, which has become out-dated and usually considered labour intensive and 

expensive. In comparison a more molecular approach represents an enhancement in terms of 
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resolution and processing time. The key aspects of these molecular techniques when identifying 

organisms from various genera or specific species level include speed and ease of use, while 

still obtaining reproducible and accurate results. The use of one or more technique has become 

a general or standard practice, as these techniques usually complement or supplement results. 

Each technique is based on a specific method of analysis from DNA fingerprinting, 

mitochondrial DNA, chromosomal DNA patterns, restriction analysis of various parts of the 

genome to newer technologies such as microarrays and peptide nucleic acid probes which 

divert from the normal DNA based methods. Laboratories and research institutes generally 

consider advantages and disadvantages before selecting one of these techniques. 

Physiological or morphological methods of old are still useful but advances in technology have 

given more scope to understanding the whole genome of an organism, whether it is bacteria or 

yeasts. Future trends will include the use of –omic (transcriptome, metabolome & proteome) 

tools for the identification of specific species or strains. Omic system-wide approaches have 

already been helpful in studying functional complex cellular networks within laboratory yeast 

strains and industrial yeast 

 

2.6 Literature Cited 

 

Araujo, R.A.C., Gomes, F.C.O., Moreira, E.S.A., Cisalpino, P.S. & Rosa, C.A., 2007. Monitoring 

Saccharomyces cerevisiae populations by mtDNA restriction analysis and other molecular typing 

methods during spontaneous fermentation for production of the Artisanal Cachaca. Brazilian J. 

Microbiol. 38, 217-223.  

Arias, C.R., Burns, J.K., Friedrich, L.M., Goodrich, R.M. & Parish, M.E., 2002. Yeast species associated 

with orange juice: evaluation of different identification methods. Appl. Environ. Microbiol. 68, 1955-

1961. 

Augustyn, O.P.H., 1989. Differentiation between yeast species, and strains within a species, by cellular 

fatty acid analysis 2. Saccharomyces cerevisiae. S. Afr. J. Enol. Vitic. 10, 8-17. 

Augustyn, O.P.H. & Kock, J.L., 1989. Differentiation of yeast species, by cellular fatty acid analysis.1. 

Application of an adapted technique to differentiate between strains of Saccharomyces cerevisiae. J. 

Microbiol. Methods 10, 9-23. 

Backhus, L.E., DeRisi, J., Brown, P.O. & Bisson, L.F., 2001. Functional genomic analysis of a commercial 

wine strain of Saccharomyces cerevisiae under differing nitrogen conditions. FEMS. Yeast Res. 1, 

111-125. 

Baleiras Couto, M.M., Eijsma, B., Hofstra, H., Huis in’t Veld, J.H.H. & van der Vossen, J.M.B.M., 1996. 

Evaluation of molecular typing techniques to assign genetic diversity among strains of 

Saccharomyces. Appl. Environ. Microbiol. 62, 41-46.  

Baleiras Couto, M.M., Vogels, J.T.W.E., Hofstra, H., Huis in’t Veld, J.H.J. & van der Vossen, J.M.B.M., 

1995. Random amplified polymorphic DNA and restriction enzyme analysis of PCR amplified rDNA in 

taxonomy: two identification techniques for food-bourne yeasts. J. Appl. Bacteriol. 79, 525-535. 

Stellenbosch University   http://scholar.sun.ac.za



29 

 
Barnett, J.A., 1992. The taxonomy of the genus Saccharomyces Meyen ex Reess: a short review for non-

taxonomists. Yeast 8, 1-23. 

Barnett, J.A., Payne, R.W.  & Yarrow, D., 2000 (3rd ed.). Yeasts: Characteristics and Identification. 

Cambridge University Press, Cambridge.  

Bizzini, A., Durussel, C., Bille, J., Greub, G. & Prod’hom, G., 2010. Performance of matrix assisted laser 

desorption ionization time-of-flight mass spectrometry for identification of bacterial strains routinely 

isolated in clinical microbiology laboratory. J. Clin. Microbiol. 48, 1549-1554. 

Bond, U., Neal, C., Donnelly, D. & James, T.C., 2004. Aneuploidy and copy number breakpoints in the 

genome of larger yeasts mapped by microarray hybridization. Curr. Genet. 45, 360-370. 

Bradbury, J.E., Richards, K.D., Niederer, H.A., Soon, A., Lee, P., Dunbar, R. & Gardner, R.C., 2005. A 

homozygous diploid subset of commercial wine yeast strains. A. Van Leeuw. 3, 1-12. 

Braun, A., Little, D.P., Reuter, D., Muller-Mysok, B. & Koster, H., 1997. Improved analysis of 

microsatellites using mass spectrometry. Genomics 46, 18-23. 

Britos dos Santos, S.K., Basilio, A.C.M., Brasileiro, B.T.R.V., Simoes, D.A., da Silva-Filho, E.A., & de 

Morais Jr., M., 2007. Identification of yeast within Saccharomyces sensu stricto complex by PCR-

fingerprinting. World J. Microbiol. Biotechnol. 23, 1613-1620. 

Bruns, T.D., White, T.J. & Taylor, J.W., 1991.  Fungal molecular systematics. Ann. Rev. Ecol. Syst. 22, 

524-564. 

Buetow, K.H., Edmonson, M., MacDonald, R., Clifford, R., Yip, P., Kelley, J., Little, D.P., Strausberg, R., 

Koester, H., Cantor, C.R. & Braun, A., 2001. High-throughput development and characterization of a 

genome wide collection of gene-based single nucleotide polymorphism markers by chip based matrix-

assisted laser desorption/ionization time-of-flight mass spectrometry. Proc. Natl. Acad. Sci. USA 98, 

581-584. 

Cadez, N., Raspor, P., de Cock, A.W., Boekhout, T. & Smith, M.T., 2002. Molecular identification and 

genetic diversity within species of genera Hanseniaspora and Kloeckera. FEMS Yeast Res. 1, 279-

280. 

Cameron, J.R., Loh, E.Y. & Davis, R.W., 1979. Evidence for transposition of dispersed repetitive DNA 

families in yeast. Cell 16, 739-751. 

Capece, A., Salzano, G. & Romano, P., 2003. Molecular typing techniques as a tool to differentiate non-

Saccharomyces wine species. Int. J. Food Microbiol. 84, 33-39. 

Cardanali, G. & Martini, A., 1994. Electrophoretic karyotype of authentic strains of sensu stricto group of 

the genus Saccharomyces. Int. J. Syst. Bacteriol. 44, 791-797. 

Carle, G.F. & Olson, M.V., 1985. An electrophoretic karyotype of yeast. Proc. Natl. Acad. Sci. USA 82, 

3756-3760. 

Caruso, M., Capece, A., Salzano, G. & Romano, P., 2002. Typing of Saccharomyces cerevisiae and 

Kloeckera apiculata strains from Aglianico wine. Lett. Appl. Microbiol. 34, 323-328. 

Casaregola, S., Nguyen, H.V., Lepingle, A., Brignon, P., Gnedre, F. & Guillardin, C., 1998. A family of 

laboratory strains of Saccharomyces cerevisiae carry rearrangements involving chromosomes I and 

III. Yeast 14, 551-561. 

Cavalieri, D., Townsend, J.P. & Hartl, D.L., 2000. Manifold anomilies in gene expression in a vineyard 

isolate of Saccharomyces cerevisiae revealed by DNA microarray analysis. Proc. Natl. Acad. Sci. USA 

95, 3752-3757. 

Stellenbosch University   http://scholar.sun.ac.za



30 

 
Chen, K.W., Lin, Y.H. & Li, S., 2005. Comparison of four molecular typing methods to assess genetic 

relatedness of Candida albicans isolated in Taiwan. J. Med. Microbiol. 54, 249-258. 

Cocolin, L., Bisson, L.F. & Mills, D.A., 2000. Direct profiling of the yeast dynamics in in wine 

fermentations. FEMS Microbiol. Lett. 189: 81-87. 

Cocolin, L., Pepe, V., Comitini, F., Comi, G. & Ciani, M., 2004. Enological and genetic traits of 

Saccharomyces cerevisiae isolated from former and modern wineries. FEMS Yeast Res. 5, 237-245. 

Compton, J. 1991. Nucleic acid sequence-based amplification. Nature 350:91-92. 

Cozzolino, D., Flood, L., Bellon, J., Gishen, M. & De Barros Lopes, M., 2006. Combining near infrared 

spectroscopy and multivariate analysis as a tool to differentiate different strains of Saccharomyces 

cerevisiae: a metabolomic study. Yeast 23, 1089-1096. 

Dalle, F., Dumont, L., Franco, N., Mesmacque, D., Caillot, D., Bonnin, P., Moiroux, C., Vagner, O., 

Cuisener, B., Lizard, S. & Bonin, A., 2003. Genotyping of Candida albicans oral strains from healthy 

individuals by polymorphic microsatellite locus analysis. J. Clin. Microbiol. 45, 2203-2205. 

De Barros Lopes, M., Raineri, S., Henschke, P.A. & Langridge, P.,1999. AFLP fingerprinting for analysis 

of yeast genetic variation. Int. J. Syst. Bacteriol. 49, 915-924. 

De Barros Lopes, M., Soden, A. & Godden, P.W., 1998. Changes in yeast classification of relevance to 

winemakers. The Australian Grapegrower and Winemaker 414, pp 35-40. 

Degre, R., Thomas, D.Y., Ash, J., Mailhiot, K., Morin, A. & Dubord, C., 1989. Wine yeast strain 

identification. Am. J. Enol. Vitic. 40, 309-315. 

De Llanos, R., Fernandez-Espinar, M.T. & Querol, A., 2004. Identification of species of the genus 

Candida by RFLP analysis of the 5.8S rRNA gene and the two ribosomal internal transcribed spacers. 

A. Van Leewen. 85, 175-185. 

Ding, C. & Cantor, C.R., 2003. A high-throughput gene expression analysis technique using competitive 

PCR and matrix assisted laser desorption ionization time-of-flight. Proc. Natl. Acad. Sci. USA 100, 

3059-3064. 

Dlauchy, D., Tornai-Lehoczki, J. & Gabor, P., 1999. Restriction enzyme analysis of PCR amplified rDNA 

as a taxonomic tool in yeast identification. Syst. Appl. Microbiol. 22, 445-453. 

Dockhorn-Dworniczak, B., Dworniczak, B., Brӧmmelkamp, L., Bϋlles, J., Horst, J. & Bӧcker, W.W., 1991. 

Non-isotopic detection of single strand conformation polymorphism (PCR-SSCP): a rapid and sensitive 

technique in diagnosis of phenylketonuria. Nucleic Acids Res. 19, 2500. 

Dos Santos, S.K.B. & Basilio, A.C.M., 2007. Identification of yeast within Saccharomyces sensu stricto 

complex by PCR-fingerprinting. World J. Microbiol. Biotechnol. 23, 1613-1620. 

Dunham, M.J., Badrane, H., Ferea, T., Adams, J., Brown, P.O., Rosenzweig, F. & Botstein, D., 2002. 

Characteristic genome rearrangements in experimental evolution of Saccharomyces cerevisiae. Proc. 

Natl. Acad. Sci. USA 99, 16144-16149. 

Dunn, B., Levine, R.P. & Sherlock, G., 2005. Microarray karyotying of commercial wine yeast strains 

reveals shared, as well as unique, genomic signatures. BMC Genom. 6, 53 

Egholm, M., Buchardt, O., Christensen, L., Behrens, C., Freier, S.M., Driver, D.A., Berg, R.H., Kim, S.K., 

Norden, B. & Nielsen, P.E., 1993. PNA hybridizes to complementary oligonucleotides obeying the 

Watson-Crick hydrogen rules. Nature 365, 556-568.  

Eigel, A. & Feldmann, H., 1982. Ty1 delta elements occur adjacent to several tRNA genes in yeast. 

EMBO J. 1, 1245-1250.  

Stellenbosch University   http://scholar.sun.ac.za



31 

 
Eisen, M.B. & Brown, P.O., 1999. DNA arrays for analysis of gene expression. Methods Enzymol. 303, 

179-205. 

Erasmus, D.J., van der Merwe, G.K. & van Vuuren, H.J., 2003. Genome-wide expression analyses: 

Metabolic adaption of Saccharomyces cerevisiae to high sugar stress. FEMS Yeast Res. 3, 375-399. 

Esbensen, K.H., 2002 (5th ed). Multivariable Data Analysis- in Practice CAMO Process AS, Oslo.  

Esteve-Zarzoso, B., Belloch, C., Uruburu, F. & Querol, A., 1999. Identification of yeasts by RFLP analysis 

of the 5.8S rRNA gene and two ribosomal internal transcribed spacers. Int. J. Syst. Bacteriol. 49, 329-

337. 

Esteve-Zarzoso, B., Hierro, N., Mas, A. & Guillamon, J.M., 2010. A new simplified AFLP method for wine 

yeast strain typing. Food Sci. Tech. 43,1480-1484. 

Esteve-Zarzoso, B., Fernandez-Espinar, M.T. & Querol, A., 2004. Authentication and identification of 

Saccharomyces cerevisiae ‘flor’ yeast races involved in sherry ageing. A. Van Leeuw. 85, 151-158. 

Esteve-Zarzoso, B., Zorman, T., Bellech, C. & Querol, A., 2003. Molecular characterisation of the species 

of the genus Zygosaccharomyces. Syst. Appl. Microbiol. 26, 404-411. 

Fernandez-Espinar, M.T., Esteve-Zarzoso, B., Querol, A. & Barrio, E., 2000. RFLP analysis of the 

ribosomal internal transcribed spacer and 5.8S rRNA gene region of the genus Saccharomyces: a fast 

method for species identification and the differentiation of flor yeasts. A. Van Leeuw. 78, 87-97. 

Fernandez-Espinar, M.T., Matrorell, P., De Llanos, R. & Querol, A., 2006. Molecular Methods to identify 

and Characterize Yeasts in Foods and Beverages. In:  Querol A. & Fleet, G.H., 2006 (eds).The Yeast 

Handbook- Yeasts in Food and Beverages. Springer-Verlag, Germany. pp.55-82. 

Fernandez-Espinar, M.T., Lopez, V., Ramon, D., Barta, E. & Querol, A., 2001. Study of the authenticity of 

commercial wine strains by molecular techniques. Int. J. Food Microbiol. 70, 1-10. 

Field, D. & Willis, C., 1998. Abundant microsatellite polymorphism in Saccharomyces cerevisiae, and the 

different distributions of microsatellites in eight prokaryote and S. cerevisiae, result from strong 

mutation pressures and a variety of selective forces. Proc. Natl. Acad. Sci. USA 95, 1647-1652. 

Fleet, G., 2006. The commercial and community significance of yeast in food and beverage production. 

In: Querol, A. & Fleet, G.H., 2006 (eds). The Yeast Handbook- Yeasts in Food and Beverages. 

Springer-Verlag, Germany. pp.1-12. 

Fleet, G.H., Prakitchaiwattana, C., Beh, A.L. & Heard, G., 2002. The yeast ecology of wine grapes. In: 

Ciani, M. (ed). Biodiversity and biotechnology of wine yeast. Research Signpost, Kerala India, pp. 

1-17. 

Fröhlich, J. & Pfannebecker, J., 2007. Species-independent DNA fingerprint analysis with primers derived 

from the NotI identification sequence. Patent Wo002007131776. 

Fröhlich, J., König, H. & Claus, H., 2009. Rapid detection and identification with molecular methods. In: 

König et al., 2009 (eds). Biology of Microorganisms on Grapes, in Must and in Wine. Springer-Verlag, 

Berlin, Heidelberg, Germany. pp. 429-449. 

Galichet, A., Sockalingum, G.D., Belarbi, A. & Manfait, M., 2001. FTIR spectroscopic analysis of 

Saccharomyces cerevisiae cell walls: study of an anomalous strain exhibiting a pink colored cell 

phenotype. FEMS Microbiol. Lett. 197, 179-186. 

Giusto, C., Iacumin, L., Comi, G., Buiatti, S. & Manzano, M., 2006. PCR-TTGE and RAPD-PCR 

techniques to analyze Saccharomyces cerevisiae and Saccharomyces carlsbergensis isolated from 

craft beers. J. Inst. Brew. 112, 340-345. 

Stellenbosch University   http://scholar.sun.ac.za



32 

 
Gallego, F.J., Perez, M.A., Nunez, Y. & Hidalgo, P., 2005. Comparison of RAPDs, AFLPs and SSR 

markers for the genetic analysis of yeast strains of Saccharomyces cerevisiae. Food Microbiol. 22, 

561-568. 

Gonzalez-Ramon, D. & Gonzalez, R., 2006. Genetic determinants of the release of mannoproteins of 

enological interest by Saccharomyces cerevisiae. J. Agric. Food Chem. 54, 9411-9416. 

Gonzalez Techera, A., Jubany, S. Carrau, F.M. & Garrego, C., 2001. Differentiation of industrial wine 

yeast strains using microsatellite markers. Lett. Appl. Microbiol. 33, 71-75. 

Granchi, L., Messini, A. & Vecenzini, M.,1999. Rapid detection and quantification of yeast species during 

spontaneous wine fermentations by PCR-RFLP analysis of the rDNA ITS region. J. Appl. Microbiol. 

87, 949-956. 

Greuter, W., Barrie, F.R., Burdet, H.M., Charloner, W.G. Demoulin, V., Hawksworth, D.L., Jorgenson 

P.M., Nicholson, D.H., Silva, P.C., Trehane, P. & Mcneil, J. 1994. International Code of Botanical 

Nomenclature. Koeltz Scientific Books, Konigstein. 

Guillamon, J.M., Barrio, E., Huerta, T. & Querol, A., 1994. Rapid characterisation of four species of the 

Saccharomyces sensu stricto complex according to mitochondrial DNA patterns. Int. J. Bacteriol. 44, 

708-714. 

Guillamon, J.M., Barrio, E. & Querol, A., 1996. Characterization of wine yeast strains of the 

Saccharomyces genus on the basis of molecular markers: relationships between genetic distance and 

geographic or ecological origin. Syst. Appl. Microbiol. 19, 122-132. 

Guillamon, J.M., Sabate, J., Barrio, E., Cano, J. & Querol, A., 1998. Rapid identification of wine yeast 

species based on RFLP analysis of the ribosomal internal transcribed spacer (ITS) region. Arch. 

Microbiol. 169, 387-392. 

Hansen, J. & Kielland-Brandt, M.C., 1994. Saccharomyces carlsbergensis contains two functional MET2 

alleles similar to homologous from S. cerevisiae and S. monacensis. Gene 140, 33-40. 

Hauser, N.C., Fellenberg, K., Gil, R., Bastuck, S., Hoheisel, J.D. & Péréz-Ortin, J.E., 2001. Whole 

genome analysis of a wine yeast strain. Comp. Funct. Genom. 2, 69-79. 

Hayashi, K., 1991. PCR-SSCP: a simple and sensitive method for detection of mutations in the genomic 

DNA. PCR Methods Appl. 1, 34-38. 

Heard, G.M. & Fleet, G.H., 1988. The effects of temperature and pH on the growth of yeast species 

during the fermentation of grape juice. J. Appl. Bacteriol. 65, 23-28. 

Hennequin, C., Thierry, A., Richard, G.F., Lecointre, G., Nguyen, H.V., Gaillardin, C. & Dujon, B., 2001. 

Microsatellite typing as a new tool for identification of Saccharomyces cerevisiae strains. J. Clin. 

Microbiol. 39, 551-559. 

Henschke, P.A., 2004. Yeast strains available for winemaking. 2004/2005. Aust. Wine Res. Inst. Tech. 

Rev. 153, 8-24. 

Hierro, N., Esteve-Zarzoso, B., Gonzalez, A., Mas, A. & Guillamon, J.M., 2006. Real-time Quantitative 

and reverse transcriptional-QPRC for Detection and Enumeration of total Yeasts in Wine. Appl. 

Environ. 72, 7148-7155.  

Hierro, N., Gonzalez A., Mas A. & Guillamon, J.M., 2004. New PCR-based methods for yeast 

identification. J. Appl. Microbiol. 97, 792-801. 

Holloway, A.J., van Laar, R.K., Tothill, R.W. & Bowtell, D.D., 2002. Options available-from start to finish-

for obtaining data from DNA microarrays II. Nat. Genet. 32, 481-489. 

Stellenbosch University   http://scholar.sun.ac.za



33 

 
Hulton, C.S.J., Higgins, C.F. & Sharp, P.M., 1991. ERIC sequences: a novel family of repetitive elements 

in the genomes of Eschericia coli, Salmonella typhirium and other enterobacteria. Mol. Microbiol. 5, 

825-834. 

Ibeas, J.I., Lozano, I., Perdigones, F. & Jimenez, J., 1996. Detection of Dekkera-Brettanomyces strains in 

sherry by a nested PCR method. Appl. Environ. Microbiol. 62, 998-1003. 

Igloi, G.I., 1999. Automated detection of point mutations by electrophoresis in peptide nucleic acid-

contaning gels. Biotechniques 27, 798-808. 

Infante, J.J., Dombel, K.M., Rebordinos, L., Cantoral, J.M. & Young, E.T., 2003. Genome-wide 

amplifications caused by chromosomal rearrangements play a major role in the adaptive evolution of 

natural yeast. Genet. 165, 1745-1759. 

James, S.A., Cai, J., Roberts, I.N. & Collins, M.D., 1997. Phylogenetic analysis of the genus 

Saccharomyces based on 18S rRNA gene sequences: description of Saccharomyces kunashirensis 

sp. nov. and Saccharomyces martiniae sp. nov. Int. J. Syst. Bacteriol. 47, 453-460.  

Jespersen, L., Nielsen, D.S., Honholt, S. & Jakobsen, M., 2005. Occurrence and diversity of yeasts 

involved in fermentation of West African cocoa beans. FEMS Yeast Res. 5, 441-453. 

Jurinke, C., Oeth, P. & van den Boom, D., 2004. MALDI-TOF Mass Spectrometry: A versatile tool for 

high-performance DNA analysis. Mol. Biotech. 26, 147-163. 

Karas, M. & Hillenkamp, F., 1988. Laser desorption ionization of proteins with molecular masses 

exceeding 10,000 Daltons. Anal. Chem. 60, 2299-2301. 

Keogh, R.S., Seoighe, C. & Wolfe, K.H., 1998. Evolution of gene order and chromosomal number in 

Saccharomyces, Kluyveromyces and related fungi. Yeast 14, 443-457. 

Khan, W., 1999. Geographical distribution, characterisation and evaluation of Saccharomyces cerevisiae 

strains isolated from South African vineyards in the warmer, inland regions of the Western Cape. 

Thesis. Stellenbosch University, Private Bag X1, 7602 Matieland (Stellenbosch), South Africa. 

Kirpekar, F., Nordhoff, E., Larsen, L.K., Krisitansen, K., Roepstorff, P. & Hillenkamp, F., 1998. Rapid 

determination of short DNA sequences by use of MALDI-MS. Nucleic Acids Res. 26, 2554-2559. 

Kong, P., Hong, C., Richardson, P.A. & Gallegly, M.E., 2003. Singlestrand-conformation polymorphism of 

ribosomal DNA for rapid speciesdifferentiation in genus Phytophthora. Fungal Genet. Biol. 39, 238–

249. 

Koster, H., Tang, K., Fu, D.J., Braun, A., van den Boom, D., Smith, C.L., Cotter, R.J. & Cantor, C.R., 

1996. A strategy for rapid and efficient DNA sequencing by mass spectrometry. Nat. Biotechnol. 14, 

1123-1128. 

Krastanova, O., Hadzhitodorov, M. & Pesheva, M., 2005. TY elements of the yeast Saccharomyces 

cerevisiae. Biotechnol. & Biotechnol. Eq., 19-26. 

Kumeda, Y. & Asao, T., 1996. Single-strand conformation polymorphism analysis of PCR-amplified 

ribosomal DNA internal transcribed spacers to differentiate species of Aspergillus section Flavi. Appl. 

Environ. Microbiol. 62, 2947–2952. 

Kummerle, M., Scherer, S. & Seiler, H., 1998. Rapid and reliable Identification of food-borne Yeast by 

Fourier-Transform Infrared Spectroscopy. Appl. Environ. Microbiol. 64, 2207-2214. 

Kurtzman, C.P., 2003. Phylogenetic circumscription of Saccharomyces, Kluyveromyces and other 

members of Saccharomycetaceae and the proposal of the new genera Lachancea, Naumovia, 

Vanderwaltzyma and Zygotorulaspora. FEMS Yeast Res. 4, 233-245. 

Stellenbosch University   http://scholar.sun.ac.za



34 

 
Kurtzman, C.P., 2006. Yeast species rcognition from gene sequence analyses and other molecular 

methods. Mycoscience 47, 65-71. 

Kurtzman, C.P., Fell, J.W. & Boekhout, T., 2011 (5th ed). The yeasts, a taxonomy study. Elsevier Science 

Publisher, Amsterdam. 

Kurtzman, C.P. & Robnett, C.J., 1998. Identification and phylogeny of ascomycetous yeast from analysis 

of nuclear large subunit 26S ribosomal DNA partial sequences. A. Van Leeuw. 73, 331-371. 

Kurtzman, C.P. & Robnett, C.J., 2003. Phylogenetic relationship among yeast of the Saccharomyces 

complex determined from multigene sequence analysis. FEMS Yeast Res 3, 417-432.  

Lai, E., Birren, B.W., Clark, S.M., & Hood, L., 1989. Differentiation of brewery yeast strains by restriction 

endonuclease analysis of their mitochondrial DNA. J. Inst. Brew. 91, 169-173. 

Las Heras-Vazques, F.J., Mingorance-Cazorla, L., Clemente-Jimenez, J.M., Rodriquez-Vico, F., 2003. 

Identification of yeast species from orange fruit and juice by RFLP and sequence analysis of the 5.8S 

rRNA gene and the two internal transcribed spacers. FEMS Yeast Res. 3, 3-9. 

Lashkari, D.A., McCusker, J.H. & Davis, R.W., 1997a. Whole genome analysis: experimental access to all 

genome sequenced segments through larger-scale efficient oligonucleotide synthesis and PCR. Proc. 

Natl. Acad. Sci. USA 94, 8945-8947. 

Lashkari, D.A., DeRisi, J.L., McCusker, J.H., Namath, A.F., Gentile, C., Hwang, S.Y., Brown, P.O. & 

Davis, R.W., 1997b. Yeast microarrays for genome wide parallel genetic and gene expression 

analysis. Proc. Natl. Acad. Sci. USA 94, 13057-13062. 

Lavallee, F., Salvas, Y., Lamy, S., Thomas, D.Y., Degre, R. & Dulau, L., 1994. PCR and DNA 

fingerprinting used as quality control in the production of wine yeast strains. Am. J. Enol. Vitic. 46, 86-

91.  

Legras, J-L. & Karst, J., 2003. Optimising of interdelta for Saccharomyces cerevisiae strain 

characterisation. FEMS Microbiol. Lett. 221, 249-255. 

Legras, J-L., Ruh, O., Merdinoglu, D. & Karst, F., 2005. Selection of hypervariable microsatellite loci for 

the characterization of Saccharomyces cerevisiae. Int. J. Food Microbiol. 102, 73-83. 

Li, W.H., 1997. Molecular evolution. Sinauer, Sunderland, MA. 

Little, D.P., Braun, A., Darnhofer-Demar, B. & Koster, H., 1997. Identification of apolipoprotein E 

polymorphisms using temperature cycled primer oligo base extension and mass spectrometry. Eur. J. 

Clin. Chem. Clin. Biochem. 35, 545-548.   

Longo, E. & Vezinhet, F., 1993. Chromosomal rearrangement during vegetative growth of a wild strain of 

Saccharomyces cerevisiae. Appl. Environ. Microbiol. 59, 322-326. 

Lopes, C.A., van Broock, M., Querol, A. & Caballero, A.C., 2002. Saccharomyces cerevisiae wine yeast 

populations in a cold region in Argentinean Patagonia. A study at different fermentation scales. J. 

Appl. Microbiol. 93, 608-615. 

Malgoire, J.Y., Bertrout, S., Renaud, F., Bastide, J.M. & Mallie, M., 2005. Typing Saccharomyces 

cerevisiae clinical strains by using microsatellite sequence polymorphisms. J. Clin. Microbiol. 43, 

1133-1137. 

Marklein, G., Josten, M., Klanke, U., Muller, E., Horre, R., Maier, T., Wenzel, Kostrzewa, M., Bierbaum, 

G., Hoerauf, A. & Sahl, H.G., 2009. Matrix-assisted laser desorption ionization-time of flight mass 

spectrometry for fast and reliable identification of clinical yeast isolates. J. Clin. Microbiol. 47, 2912-

2917. 

Stellenbosch University   http://scholar.sun.ac.za



35 

 
Martorell, P., Querol, A. & Fernandez-Espinar, M.T., 2005. Rapid identification and enumeration of 

Saccharomyces cerevisiae cells in wine by real-time PCR. Appl. Environ. Microbiol. 71, 6823-6830. 

Martinez, C., Gac, S., Lavin, A. & Ganga, M., 2004. Genomic characterisation of Saccharomyces 

cerevisiae strains isolated for wine-producing areas in South America. J. Appl. Microbiol. 96, 1161-

1168. 

Martini, A., 1993. The origin and domestification of the wine yeast Saccharomyces cerevisiae. J. Wine 

Res. 4, 47-53. 

Martini, A. & Martini, A.V., 1990. Grape must fermentation-past and present. In: Spencer, J.F.T. & 

Spencer, D.M. (eds). Yeast Technology. Berlin Springer Verlag. pp.105-123. 

Masneuf, I., Hansen, J., Groth, C, Piskur, J & Dubourdieu, D. 1998. New hybrids between 

Saccharomyces sensu stricto yeast species found among wine and cider production strains. Appl. 

Environ Microbiol. 64, 3887-3892. 

Masoud, W., Cesar, L.B., Jespersen, L. & Jakobsen, M., 2004. Yeast involved in fermentation of Coffea 

Arabica in East Africa determined by genotyping and by direct denaturing gradient gel electrophoresis. 

Yeast 21, 549-556. 

McPherson, M.J. & Moller, S. G., 2006 (2nd ed.), PCR Taylor & Francis group, New York. 

Mills, D.A., Johannsen, E.A. & Cocolin, L., 2002. Yeast diversity and the persistence in botrytis-affected 

wine fermentations. Appl. Environ. Microbiol. 68, 4884-4893. 

Muyzer, G., de Waal, E.C. & Uitterlinden, A.G., 1993. Profiling of complex microbial populations by 

denaturing gradient gel electrophoresis analysis of polymerase chain reaction-amplified genes 

encoding for 16S rRNA. Appl. Environ. Microbiol. 59, 695-700. 

Nadal, D., Colomer, B. & Pina, B., 1996. Molecular polymorphism distribution in phenotypically distinct 

populations of wine yeast strains. Appl. Environ. Microbiol. 62, 1944-1950. 

Naumova, E.S., Korshunova, I.V., Jespersen, L. & Naumov, G.I., 2003. Molecular genetic identification of 

Saccharomyces sensu stricto strains from Africa sorghum beer. FEMS Yeast Res. 3, 177-184. 

Naumov, G.I., Masneuf, I., Naumova, E.S., Aigle, M. & Dubourdieu, D., 2000. Association of 

Saccharomyces bayanus var. uvarum with some French wines: genetic analysis of yeast populations. 

Res. Microbiol. 151, 683-691. 

Ness, F. Lavallee, F., Dubourdieu, D., Aigle, M. & Dulau, L., 1993. Identification of yeast strains using the 

polymerase chain reaction. J. Sci. Food Agric. 62, 89-94. 

Nielsen, D.S., Hoholt, S., Tano-Debrah, K. & Jespersen, L., 2005. Yeast populations associated with 

Ghanaian cocoa fermentations analysed using denaturing gradient gel electrophoresis (DGGE). Yeast 

22, 271-284. 

Nielsen, P.E., Egholm, M. & Buchard, O., 1994. Peptide Nucleic Acid (PNA), a DNA mimic with a peptide 

backbone. Bioconjugate Chem. 5, 3-7.  

Nisiotou, A.A. & Gibson, G.R., 2005. Isolation of culturable yeasts from market wines and evaluation of 

the 5.8-ITS rDNA sequence analysis for identification purposes. Lett. Appl. Microbiol. 41, 454-463. 

Oliveira, V.A., Vicente, M.A., Fietto, L.G., de Miranda Castro, I., Coutrim, M.X., Schuller, D., Alves, H., 

Casal, M., De Oliveira Santos, J., Araujo, L.D., Da Silva, P.H.A. & Brandao, R.L., 2008. Biochemical 

and molecular characterisation of Saccharomyces cerevisiae strains obtained from sugarcane-

fermentations and their impact in cachaca production. Appl. Environ. Microbiol. 74, 693-701. 

Stellenbosch University   http://scholar.sun.ac.za



36 

 
Orita, M., Suzuki, Y., Sekiya, T. & Hayashi, K., 1989. Rapid and sensitive detection of point mutations and 

DNA polymorphisms using the polymerase chain reaction. Genomics 5, 874–879. 

Osborne, C.D., 2007. Discriminating wine yeast strains and their fermented wines: An Integrated 

Approach. Thesis. Stellenbosch University, Private Bag X1, 7602 Matieland (Stellenbosch), South 

Africa. 

Paffetti, C., Barberio, C., Casalone, E., Cavalieri, D., Fani, R., Fia, G., Mori, E. & Polsinelli, M., 1995. DNA 

fingerprinting by random amplified polymorphic DNA and restriction fragment length polymorphism is 

useful for yeast typing. Res. Microbiol. 146, 587-594.  

Perez, M.A., Gallego, F.J., Martinez, I. & Hidalgo, P., 2001. Detection and selection of microsatellites 

(SSRs) in the genome of the yeast Saccharomyces cerevisiae as molecular markers. Lett. Appl. 

Microbiol. 33, 461-466. 

Perez-Ortin, J.E., Garcia-Martinez, J. & Alberola, T.M., 2002. DNA chips for yeast biotechnology. The 

case of wine yeasts. J. Biotechnol. 98, 227-241. 

Petersen, R.P., Nilsson-Tillgren, T. & Piskur, J., 1999. Karyotypes of Saccharomyces sensu lato species. 

Int. J. Syst. Bacteriol. 49, 1925-1931. 

Pignone, M., Greth, K.M., Cooper, J., Emerson, D. & Tang, J., 2006.Identification of mycobacterium by 

matrix-assisted laser desorption ionization-time-of-flight mass spectrometry. J. Clin. Microbiol. 44, 

1963-1970. 

Pramateftaki, P.V., Lanaridis, P. & Typas, M.A., 2000. Molecular identification of wine yeasts at species 

or strain level a case study with strains from two vine-growing areas of Greece. J. Appl. Microbiol. 89, 

236-248. 

Pretorius, I.S., 2000. Tailoring wine yeast for the new millennium: a novel approaches to the ancient art of 

wine making. Yeast 16, 675-729. 

Pretorius, I.S., Van der Westhuizen, T.J. & Augustyn, O.P.H., 1999. Yeast biodiversity in vineyards and 

wineries and its importance to the South African wine industry. S. Afr. J. Enol. Vitic. 20, 61-74.  

Pulvirenti, A., Solieri, L., De Vero, L. & Giudici, P., 2005. Limitations on the use of polymerase chain 

reaction- restriction fragment length polymorphism analysis of the rDNA NTS2 region for the taxonomy 

classification of the species Saccharomyces cerevisiae. Can. J. Microbiol. 51, 759-764. 

Querol, A & Barrio, E., 1990. A rapid and simple method for the preparation of yeast mitochondrial DNA. 

Nucleic Acids Res. 18, 1657. 

Querol, A., Barrio, E., Huerta, T. & Ramon, D., 1992. Molecular monitoring of wine fermentations 

conducted by active dry yeast strains. Appl. Environ. Microbiol. 58, 2948-2953. 

Querol A. & Ramon, D., 1992. A comparative study of different methods of yeast strain characterisation. 

Syst Appl Microbiol 15, 439-446. 

Querol, A. & Fleet, G.H., 2006, The Yeast Handbook- Yeasts in Food and Beverages. Springer-Verlag, 

Berlin, Heidelberg, Germany. 

Quesada, M.P. & Cenis, J.L., 1995. Use of random amplified polymorphic DNA (RAPD-PCR) in the 

characterisation of wine yeasts. Am. J. Enol. Vitic. 46, 204-208. 

Ramos, J.P., Valente, P., Hagler, A.N. & Leoncini, O., 1998. Restriction analysis of ITS region for 

characterisation of the Debaryomyces species. J. Gen. Appl. Microbiol. 44, 399-404. 

Stellenbosch University   http://scholar.sun.ac.za



37 

 
Redzepovic, S., Orlic, S., Sikora, S., Madjak, A. & Pretorius, I.S., 2002. Identification and characterisation 

of Saccharomyces cerevisiae and Saccharomyces paradoxus strains isolated from Croatian 

vineyards. Lett. Appl. Microbiol. 35, 305-310. 

Renouf, V., Claisse, O. & Lonvaud-Funel, A., 2007. Inventory and monitoring of wine microbial consortia. 

Appl. Microbiol. Biotechnol. 75, 149-164. 

Ribéreau-Gayon, P., Dubourdieu, D., Donéche, B., Lonvaud-Funel, A., 2006 (2nd ed). Handbook of 

Enology. The Microbiology of Wine and Vinifications. Vol. 1, John Wiley & Sons Ltd., England. 

Richards, K.D., Goddard, M.R. & Gardner, R.C., 2009. A database of microsatellite genotypes for 

Saccharomyces cerevisiae. A. Van. Leeuwen. 96, 355-359. 

Rodas, A.M, Ferrer, S & Pardo, I., 2003. 16S-ARDRA, a tool for identification of lactic acid bacteria 

isolated from grape must and wine. Syst. Appl. Microbiol. 26, 412-422. 

Romano, P., Capece, A. & Jespersen, L. 2006. Taxonomic and ecological diversity of food and beverage 

yeasts. In:  Querol A. & Fleet, G.H., 2006 (eds). The Yeast Handbook- Yeasts in Food and Beverages. 

Springer-Verlag Berlin Heidelberg, Germany. pp. 13-53 

Ross, P., Hall, L. & Haff, L.A., 2000. Quantitative approach to single nucleotide polymorphisms analysis 

using MALDI-TOF mass spectrometry. Biotechniques 29, 620-626. 

Rossouw, D. & Bauer, F.F., 2009. Wine science in the omic era: The impact of systems biology on the 

future of wine research. S. Afr. J. Enol. Vitic. 30, 101-109. 

Rossignol, T., Dulau, L., Julien, A. & Blondin, B., 2003. Genome-wide monitoring of wine yeast gene 

expression during alcoholic fermentation. Yeast 20, 1369-1385. 

Salinas, F., Garrido, D., Ganga, A., Veliz, G. & Martínez, C., 2009. Taqman real-time PCR for the 

detection and enumeration of Saccharomyces cerevisiae in wine. Food Microbiol. 26, 328-332. 

Schuller, D., Valero, E., Dequin, S. & Casal, M., 2004. Survey of molecular methods for the typing of wine 

yeast strains. FEMS Microbiol. 231, 19-26. 

Schutz, M. & J. Gafner, 1994. Dynamics of the yeast strain population during spontaneous alcoholic 

fermentation determined by CHEF gel electrophoresis. Lett. Appl. Microbiol. 19, 253-257. 

Sharples, G.J. & Lloyd, R.G., 1990. A novel repeated DNA sequence located in the intergenic regions of 

bacterial chromosome. Nucleic Acids Res. 18, 6503-6508. 

Shin, J.H., Park, M.R., Song, J.W., Jung, S.I., Cho, D., Kee, S.J., Shin, M.G., Suh, S.P. & Ryang, 2004. 

Microevolution of Candida albicans strain during catheter-related candidemia. J. Clin. Microbiol. 42, 

4025-4031. 

Sieberitz, L., 2007. PCR-based DDGE identification of bacteria and yeasts present in South African grap 

must and wine. Stellenbosch University, Private Bag X1, 7602 Matieland (Stellenbosch), South Africa. 

Smole-Mozina, S., Dlauchy, D., Deak, T. & Raspor, P., 1997. Identification of Saccharomyces sensu 

stricto and Torulaspora yeast by PCR ribotyping. Lett. Appl. Microbiol. 24, 311-315. 

Stephan, F., Bah, M.S., Desterke, D., Rezaiguia-delclaux, S., Foulet, F., Duvaldestin, P. & Bretagne, S., 

2002. Molecular diversity and routes of colonisation of Candida albicans in a surgical intensive care 

unit as studied using microsatellite markers. Clin. Infect. Dis. 35, 1477-1483. 

Stender, H., Kurtzman, C., Hyldig-Nielsen, J.J., Sorrensen, D., Broomer, A., Oliveira, K., Perry-O’Keefe, 

H., Sage, A., Young, B. & Coull, J., 2001. Identification of Brettanomyces (Dekkera bruxellensis) from 

wine by fluorescence in situ hybridization using peptide nucleic acid probes. Appl. Environ. Microbiol. 

67, 983-941. 

Stellenbosch University   http://scholar.sun.ac.za



38 

 
Stevenson, L.G., Drake, S.K., Shea, Y.R., Zelazny, A.M., & Murray, P.R., 2010. Evaluation of matrix-

assissted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF) for the 

identification of clinically important yeast species. J. Clin. Miccrobiol. 48, 3482-3486. 

Stift, G., Pachner, M. & Lelley, T., 2003. Comparison of RAPD fragment separation in agarose and 

polyacrylamide gel by studying Curcurbita species. Cucurbit Genetics Cooperative Report 26, 62-65. 

Takeda, N., Pomerantz, S.C. & McCloskey, J.A., 1991. Detection of ribose-methylated nucleotides in 

enzymatic hydrolysates of RNA by thermospray liquid chromatography-mass spectroscopy. J. 

Chromatogr. 562, 225-235. 

Taneja, K.L., Chavez, E.A., Coull, J. & Lansdorp, P.M., 2001. Multicolor fluorescence in situ hybridization 

with peptide nucleic acid probes for enumeration of specific chromosomes in human cells. Genes, 

Chromosomes Cancer 30, 57-63. 

Techera, A.G., Jubany, S., Carrau, F.M. & Caggero, C., 2001. Differentiation of industrial wine yeast 

strains using microsatellite markers. Lett. Appl. Microbiol. 33, 71-75. 

Tornai-Lehoczki, J. & Dlauchy, D., 2000. Delimination of brewing yeast strains using different molecular 

techniques. Int. J. Food Microbiol. 62, 37-45. 

Tornai-Lehoczki, J., Peter, G., Dlauchy, D. & Deak, T., 1996. Some remarks on “a taxonomic key for 

genus Saccharomyces” (Vaughan-Martini and Martini, 1993). A. Van Leeuw.. 69, 229-233. 

Torija, M.J., Rozes, N., Poblet, M., Guillamon, J.M. & Mas, A., 2003. Effects of fermentation temperature 

on strain populations Saccharomyces cerevisiae. Int. J. Food Microbiol. 80, 47-53. 

Tredoux, H.G., Kock, J.L.F., Lategan, P.M. & Muller, H.B., 1987. A Rapid Identification Technique to 

Differentiate Between Saccharomyces cerevisiae Strains and Other Yeast Species in the Wine 

Industry. Am. J. Enol. Vitic. 38, 161-164. 

Tristezza, M., Gerardi, C., Logrieco, A & Grieco, F., 2009. An optimized protocol for the production of 

interdelta markers in Saccharomyces cerevisiae by using caplillary electrophoresis. J. Microbiol. 

Methods 78, 286-291. 

Turenne, C.Y., Sanche, S.E., Hoban, D.J., Karlowsky, J.A. & Kabani, A.M., 1999. Rapid Identification of 

fungi using the ITS2 genetic region and automated fluorescent capillary electrophoresis system. Am. 

Soc. Microbiol. 37, 1846-1851. 

Van der Westhuizen, T.J., 1999. Characterisation and evaluation of indigenous Saccharomyces 

cerevisiae strains isolated from South African Vineyards. Thesis. Stellenbosch University, Private Bag 

X1, 7602 Matieland (Stellenbosch), South Africa. 

Vasdinyei, R. & Deak, T., 2003. Characterization of yeast isolates originating from Hungarian dairy 

products using traditional and molecular identification techniques. Int. J. Food Microbiol. 86, 123-130. 

Vaudano, E. & Garcia-Moruno, E., 2008. Discrimination of Saccharomyces cerevisiae wine strains using 

microsattelite multiplex PCR and band pattern analysis. Food Microbiol. 25, 56-64. 

Vaughan-Martini, A. & Martini, A., 1998. Saccharomyces Meyen ex Reess. In: Kurtzman, C.P. & Fell, 

J.W. (eds). The yeasts: a taxonomic study. Elsevier, Amsterdam, pp. 358-371. 

Verweij, P.E., Breuker, I.M., Rijs, A.J.M.M. & Meis, J.F.G.M., 1999. Comparative study of seven 

commercial yeast identification systems. J. Clin. Pathol. 52, 271-273. 

Versalovic, J., Koeuth, T. & Lupski, J.R., 1991. Distribution of repetitive DNA sequences in eubacteria 

and application to fingerprinting of bacterial genomes. Nucleic Acids Res. 19, 6823-6831. 

Stellenbosch University   http://scholar.sun.ac.za



39 

 
Vezinhet F., Blondin, B. & Hallet, J.N., 1990. Chromosomal DNA patterns and mitochondrial DNA 

polymorphisms as tool for identification of enological strains of Saccharomyces cerevisiae. Appl. 

Microbiol. Biotechnol. 32, 568-571. 

Vezinhet, F., Hallet, J.N., Valade, M. & Poulard, A., 1992. Ecological survey of wine yeast strains by 

molecular methods of identification. Am. J. Enol. Vitic. 43, 83-86.  

Viari, A., Ballini, J.P., Meleard, P., Vigny, P., Dousset, P., Blonski, C. & Shire, D., 1988. Characterisation 

and sequencing of normal and modified oligonucleotides by 252Cf plasma desorption mass 

spectroscopy. Biomed. Environ. Mass Spectrom. 16, 225-228. 

Vos, P., Hogers, R. & Bleeker, M., 1995. AFLP: a new technique for DNA fingerprinting. Nucleic Acids 

Res. 23, 4407-4414. 

Wagner, J., 2002. Screening Methods for Detection of Unknown Point Mutations. <,http://www-

users.med.cornell.edu/~jawagne/screening_for_mutations.html#Single-Strand 

Conformational.Polymorphism. (22 August, 2011) 

Walsh, T. J., Francesconi, A., Kasai, M. & Chanock, S. J., 1995. PCR and single-strand conformational 

polymorphism for recognition of medically important opportunistic fungi. J. Clin. Microbiol. 33, 3216–

3220. 

Wang, S.A. & Bai, F.Y., 2008. Saccharomyces arboricolus sp. nov. a yeast species from tree bark. Int. J. 

Syst. Evol. Microbiol. 58, 510-514. 

Wang, Q, Li J., Wang S. & Bai, F., 2008. Rapid differentiation of phenotypically similar by single strand 

conformation polymorphism analaysis of ribosomal DNA. Appl. Environ. Microbiol. 74, 2604-2611. 

Welsh, J. & McClelland, M., 1990. Fingerprinting genomes using PCR with arbitrary primers. Nucleic 

Acids Res. 18, 7213-7218. 

Wenning, M., Seiler, H. & Scherer, S., 2002. Fourier-Transform Infrared Microspectrosopy, a novel and 

rapid tool for identification of yeast. Appl. Environ. Microbiol. 68, 4717-4721.  

White, T.J., Bruns, T., Lee, E. & Taylor, J., 1990. Amplification and direct sequencing of fungal ribosomal 

RNA genes for phylogenetics. In: Innis, M.A., Gelfand, D.H., Sninsky, J.J & White, T.J., (eds). PCR 

protocols: a guide to methods and applications. Academic, San Diego, pp. 315-322. 

Winzeler, E.A., Castillo-Davis, C.I., Oshiro, G., Liang, D., Richards, D.R., Zhou, Y. & Hartl, D.L., 2003. 

Genetic diversity in yeast assessed with whole genome oligonucleotide array. Genet. 163, 79-89. 

Wilhelm, J. & Pingoud. A., 2003. Real-time polymerase chain reaction. Rev. Chem. Bio. Chem. 4, 1120-

1128. 

Williams, J.G.K., Kubelik, A.R., Livak, K.J., Rafalski, J.A. & Tingey, S.V., 1990. DNA-polymorphism 

amplified by arbitrary primers are useful as genetic markers. Nucleic Res. 18, 6531-6535. 

Wolfe, K.H. & Shields, D.C., 1997. Molecular evidence for an ancient duplication of the entire yeast 

genome. Nature 387, 708-713. 

Wong M.L, & Medrano, J. 2005. Real-time PCR for mRNA quantification. Biotech 39, 1-11. 

Stellenbosch University   http://scholar.sun.ac.za



40 

 
 

CChhaapptteerr  33  
 
 
 
 
 
 
 
 
 
 
 

 

Research results 
 

Molecular typing of wine yeasts: 
Evaluation of typing techniques 
and establishment of a database 

 
 
 
 
 
 
 
 

Stellenbosch University   http://scholar.sun.ac.za



41 

 

 
 

RESEARCH RESULTS 
 

3.1 INTRODUCTION 

 

Saccharomyces sensu stricto generally refers to yeasts strains associated with the food and 

beverage industries, and several strains serve as important scientific model systems (Rainieri et 

al., 2003). This taxonomic complex includes several biological species such as: S. cerevisiae, S. 

bayanus, S. pastorianus, S. paradoxus, S. cariocanus, S. mikatae, S. kudriavzevii and the 

recently described S. arboricolus (Vaughan-Martini & Martini, 1987; Naumov et al., 2000; Wang 

& Bai, 2008). Frequently, S. cerevisiae, S. bayanus and S. pastorianus are associated with 

anthropic environments because of strong fermenting capabilities (Naumov et al., 2000), and S. 

cerevisiae strains are mainly responsible for alcoholic fermentation in the wine industry 

(Pretorius, 2000). However, the origin of S. cerevisiae has been a topic of hot debate. This 

species has been presumed to be absent from grapes and vineyard soils (Martini & Vaughan-

Martini, 1990), while it has been proposed that they occur naturallly on plant fruits (Sniegowski 

et al., 2002). Domestication of S. cerevisiae species in anthropic environments like cellars has 

been proposed, which in turn would lead to transference to vineyards (Naumov, 1996). The 

evolution of wine yeast strains has been studied by various researchers investigating topics 

such as genomic characteristics, stress adaptation, gene expression variability and interspecific 

hybridisation between species within the Saccharomyces sensu stricto group. Interspecific 

hybridisation in particular has been proposed as a feature of evolution of strains within this 

group (Querol et al., 2003; Sicard & Legras, 2011). 

 Traditionally, characterisation and identification of Saccharomyces and other yeast 

species relied on morphological and physiological tests, that are time-consuming and laborious 

and sometimes of doubtful taxonomic usefulness (Deak, 1995). It has also become apparent 

that many biotechnologically relevant strains within the Saccharomyces sensu stricto complex 

are phylogenetically similar and cannot be differentiated with most conventional methods 

(Rainieri et al., 2003). Molecular methods have provided a new approach for identification and 

characterisation of these yeasts. These molecular techniques include, DNA base composition 

(GC content) (Yarrow & Nakase, 1975), DNA reassociation (Vaughan-Martini & Kurtzman, 

1985), and CHEF karyotyping (Oliveira et al., 2008). Polymerase chain reaction (PCR)-

technology has been widely used with techniques such as interdelta region amplification 

(Legras & Karst, 2003), mitochondrial DNA (mtDNA) restriction analysis (Fernandez-Espinar et 

al., 2001), rDNA spacer regions PCR-RFLP analysis (Fernandez-Espinar et al., 2000), randomly 

amplified polymorphic DNA (RAPD) (Fernandez-Espinar et al., 2003), amplified fragment length 

polymorphism (AFLP) (Esteve-Zarzoso et al., 2010), simple sequence repeats (SSR) 

(Hennequin et al., 2001) or microsatellite primers (Baleiras-Couto et al., 1996), denaturing 
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gradient gel electrophoresis (DGGE) (Cocolin et al., 2000), gene sequencing of rDNA spacer 

regions (ITS and D1/D2) (Kurtzman & Robnett, 1998), multigene sequence analysis (MLSA) 

(Kurtzman & Robnett, 2003) and the use of species-specific primers (Josepa et al., 2000, 

Huang et al., 2008). The disadvantages of these techniques are that they may be complicated 

and time-consuming and significant optimisation maybe required. 

 Although all these methods are available there are still disputes regarding the identity of 

strains produced for the wine industry. Anecdotal evidence has been reported that strains may 

have been duplicated or illegally produced to gain market share. After thorough investigation, no 

commercial database could be found to easily compare molecular profiles of wine yeast strains. 

This study investigated the use of CHEF, PCR of interdelta regions and multiplexing of 

microsatellite primers to differentiate between 62 wine and two reference yeast strains. MET2 

gene analysis and species-specific PCR, to evaluate oenological designation of these strains, 

were also investigated. This study led to the establishment and evaluation of a database, 

containing specific libraries for CHEF and interdelta regions. 

 

3.2 MATERIALS AND METHODS 

 

3.2.1 Yeast strains 

Sixty-two commercial wine yeast strains from various manufacturers/suppliers and two 

reference strains were used in this study (Table 3.1). Wine yeast strains included S. cerevisiae, 

S. bayanus and hybrid strains as labelled by the producer.  

 

3.2.2 Isolation and cultivation of yeast strains 

In general cultivation, one gram of each actively dried wine yeasts (ADWY) was suspended in 9 

mL of saline solution (8.5 g sodium chloride per litre of distilled water) from which an dilution 

series was made and plated out on yeast peptone dextrose (YPD) agar and lysine media 

(BioLab, Merck, SA). Lysine media was used to screen for possible non-Saccharomyces yeasts 

contaminants. These plates were incubated at 30°C for 3-4 days. Colonies from the highest 

dilution were counted and the numbers recorded. Ten colonies were randomly selected and 

stored in 80% glycerol at -80°C until required. 

For CHEF karyotyping, 100 mL YPD broth were inoculated with single colonies (wet 

cultures) or one gram of the active dried yeast (ADY) and incubated at 28°C for 17-19 h (late 

logarithmic phase) with agitation prior to chromosomal DNA extraction. 

 For PCR, a single colony of the purified yeast strains (three biological repeats) was 

inoculated in 5 ML YPD broth and incubated at 30°C for 24 h. 
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Table 3.1 Reference and commercial wine yeasts used in this study. 

1 Strain identity as labelled by manufacturer. 

 

 

 

 

 

 

Commercial/ Reference 
strains 

Strain identity1 Wine styles Manufacturer/Reference 

Saccharomyces bayanus  S. bayanus - CBS 380 

Saccharomyces cerevisiae  S. cerevisiae - CBS1171 

VIN 7 S. cerevisiae white wines 

Anchor Yeast, South Africa 

VIN 13 S. cerevisiae white wines 
VIN 2000 S. cerevisiae white wines 
N96 S. cerevisiae white wines 
NT 45 S. cerevisiae red wines 
NT 50 S. cerevisiae red wines 
NT 112 S. cerevisiae red wines 
NT 116 S. cerevisiae white/red wines 
NT 202 S. cerevisiae red wines 

228 S. cerevisiae 
brandy/semi-
sweet 

WE 14 S. cerevisiae semi-sweet 

WE 372 S. cerevisiae red wines 

BM 4X4 
S. cerevisiae ex 
bayanus 

white/red wines 

Lallemand, Canada 

BM 45 S. cerevisiae red wines 

Cross Evolution s. cerevisiae 
white/rosé 
wines 

EC 1118 
S. cerevisiae ex 
bayanus 

white wines 

Enoferm BDX S. cerevisiae red wines 
Enoferm Syrah S. cerevisiae red wines 
ICV D-47 S. cerevisiae white wines 
ICV D80 S. cerevisiae red wines 

Enoferm QA23 
S. cerevisiae ex 
bayanus 

white wines 

PDM 
S. cerevisiae ex 
bayanus 

white wines 

Uvaferm 43 
S. cerevisiae ex 
bayanus 

red wines 

Fermicru 4F9 S. cerevisiae 
white/rosé 
wines 

DSM, France 

Fermicru VR5 S. cerevisiae red wines 

Fermicru LV CB 
S. cerevisiae ex 
bayanus 

white wines 

Fermichamp 
S. cerevisiae ex 
bayanus 

white wines 

Cabernet Sauvignon S. cerevisiae red wines 
Chardonnay S. cerevisiae white wines 
Merlot S. cerevisiae red wines 
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Table 3.1 Reference and commercial wine yeasts used during the study (continued). 

1 Strain identity as labelled by manufacturer. 

 

Commercial/ Reference 
strains 

Strain identity1 Wine styles Manufacturer/Reference 

Actiflore PM 
S. cerevisiae var. 
bayanus 

white wines 

Laffort, France 

Actiflore BO 213 
S. cerevisiae var. 
bayanus 

white wines 

Zymaflore F15 S. cerevisiae red wines 

Zymaflore FX10 S. cerevisiae red wines 

Zymaflore VL3 S. cerevisiae 
white/rosé 
wines 

Zymaflore X5 S. cerevisiae 
white/rosé 
wines 

Zymaflore X16 S. cerevisiae 
white/rosé 
wines 

IOC B 2000 S. cerevisiae white wines 

Institute Oenoligique de 
Champagne (IOC), France 

IOC 18-2007 
S. cerevisiae var. 
bayanus 

white/red wines 

IOC Primrouge R9001 S. cerevisiae red wines 

IOC R-9002 S. cerevisiae red wines 

A3B S. bayanus white/red wines 

AEB (Pascal 
Biotechnologies) 

Arome plus S. cerevisiae  white wines 

Fermol Sauvignon S. cerevisiae  white wines 

Fermol Chardonnay S. cerevisiae  white wines 

Super16 S. cerevisiae  white/red wines 

NWS Chardonnay S. cerevisiae white wines 
Intec International 

Technologies 
NWS Merlot S. cerevisiae red wines 

NWS Pinot S. cerevisiae red wines 

Enartis S. bayanus S. bayanus 
white/rosé 
wines Enartis, Portugal 

Enartis S. cerevisiae S. cerevisiae white/red wines 

AWRI 796 S. cerevisiae white/red wines 

Maurivin, Australia 

AWRI 1503 S. cerevisiae/kudriavzevii white/red wines 

AWRI Fusion S. cerevisiae/cariocanus white/red wines 

BP 725 S. cerevisiae red wines 

Elegance S. cerevisiae white wines 

Maurivin B S. cerevisiae red wines 

Merit.ferm S. cerevisiae red wines CHR Hansen, Denmark 

SLC S. cerevisiae 
Dal.cin uk ltd.london 

Enodoc RJ11 S. cerevisiae 

Eno Arome K7 S. cerevisiae 
white/rosé 
wines Springer Oenologie, 

Germany 
CK S102 S. cerevisiae white wines 
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3.2.3 DNA Extraction 

Chromosomal DNA for CHEF was prepared using an embedded agarose technique by Carle 

and Olson (1985). Day one, cells were harvested from the YPD broth by centrifugation, 

subsequently washed twice with 10 mL of 10 mM EDTA (pH 7.5) and centrifuged at 4°C (8000 

rpm, 10 min). Harvested cells were than resuspended in 3 mL of 50 mM EDTA (pH 7.5). The 

suspension was than mixed with 1 mL Solution I (10 mL SCE buffer (1.0 M sorbitol/0.1 M 

sodium citrate/60 mM EDTA (pH 5.8)/250 mL distilled water), 0.5 mL of 2-mercaptoethanol and 

10 mg Lyticase (Sigma-aldrich) and 5 mL of 1% low-gelling temperature agarose (prepared with 

0.125 M EDTA, pH 7.5) and decanted into a small Petri dish and allowed solidify. Once 

solidified, the agarose was cut into small plugs and stored with 5 mL of Solution II (0.45 M 

EDTA/pH 9.0, 10 mM Tris-HCl/pH 8.0, 7.5% vol/vol 2 mercaptoethanol) in a small glass tube 

(McCartney) and incubated at 37°C for 24 h. Day two, Solution II was replaced with 5 mL 

Solution III (0.45 M EDTA/pH 9.0, 10 mM Tris-HCl/pH 8.0/1% sodium N-lauroylsarcosinate/1 

mg/mL proteinase K (Sigma-Aldrich)) and incubated at 50°C for 48 h (Carle & Olson, 1985; van 

der Westhuizen et al., 1999). After 48 h solution III was decanted, replace by 5 mL of 0.5 M 

EDTA (pH 9.0) and stored at 4°C for further use.  

Two millilitres of the overnight yeast culture was used for DNA extraction for PCR. 

Genomic DNA was extracted according to the method of Hoffman and Winston (1987). 

 

3.2.4 Amplification conditions  

Interdelta region amplifications were carried out in 50 µl reaction volumes containing 20 ng 

yeast DNA, 10x reaction buffer (Southern Cross Biotechnologies PTY (LTD), 25 mM MgCl2, 10 

µM of each oligonucleotide primer, 2.5 mM of each dNTP and 0.5 U Super-Therm Taq 

polymerase (Southern Cross Biotechnologies PTY (LTD). Primers used are listed in Table 3.2. 

All PCR reactions were performed with a BioRad icycler. Amplifications were performed using 

the following programme: 4 min at 95°C followed by 35 cycles of 30 s at 95°C, 30 s at 48°C and 

90 s at 72°C and a final elongation step of 10 min at 72°C.  

Microsatellite amplifications were done in 50 µl reaction volumes containing 10-20 ng of 

yeast genomic DNA, 5x reaction buffer (Promega, Madison WI, USA) 25 mM MgCl2, 10 µM of 

each oligonucleotide primer (Table 3.2), 2.5 mM of each dNTP and 0.5 U GoTaq polymerase 

(Promega, Madison WI, USA). Primers used are indicated in Table 3.2. Amplification reactions 

were performed using the following programme: 4 min at 95°C followed by 30 cycles of 15 s at 

95°C, 45 s at 55°C and 90 s at 72°C and a final elongation step of 4 min at 72°C.  

MET2 gene amplifications were performed in a BioRad icycler using synthetic 

oligonucleotide primers for MET2 (Table 3.2) as described by Hansen & Kielland-Brandt (1994). 

Amplifications were carried out in 50 µl reaction volumes containing 10 ng DNA, 5x Gotaq 

reaction buffer (Promega, Madison WI, USA), 25 mM MgCl2, 10 µM of each primer, 2.5 mM of 

each dNTP and 0.5 U Gotaq polymerase (Promega, Madison WI, USA). The cyclic program 
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included the following: 1 min at 94°C followed by 25 cycles of 1 min at 94°C, 2 min at 50°C and 

3 min at 72°C and a final elongation step of 10 min at 72°C. PCR products were then 

subsequently digested with EcoRI or PstI.  

Species-specific primers amplification were performed in 50 µl reaction volumes 

containing 1-10 ng genomic DNA, 10x reaction buffer, 1.5 mM MgCl2, 1 µM of each primer 

(Table 3.2), 2.5 mM of each dNTP and 0.5 U GoTaq polymerase.  

For the SB and SC primers the following thermocyclic programme was used: 5 min at 94°C 

followed by 30 cycles 30 s at 94°C, 1 min at 50°C and 1 min at 72°C and a final elongation step 

of 7 min at 72°C.  

For the YB1f/YB2r primers the following cyclic programme was used: 2 min at 94°C 

followed by 30 cycles of 1 min at 94°C, 1 min at 55°C and 1 min at 72°C and a final elongation 

step of 10 min at 72°C. 

For the SpeOPT18SBAY-F2/R2 primers the following programme was used: 5 min at 

94°C followed by 45 cycles of 1 min at 94°C, 1 min at 66°C and 2 min at 72°C and a final 

elongation step of 7 min at 72°C. 

 

3.2.5 Electrophoretic separation  

A CHEF DRII electrophoretic system was used for separation of chromosomal DNA. These 

separations were carried out in 20 cm, 1.2 % agarose (Seakem® GTG®, Lonza, Rocklands, 

USA) gels made in 0.5 x TBE buffer (pH 8.4) at a constant temperature of 14°C. Electrophoretic 

gels were run for 26 hours at a constant voltage of 200 V. Pulse duration for the first 15 hours 

was 60 s and for the following 11 hours it was 90 s. VIN 13 was used as a standard reference 

strain and loaded on the outer lanes of each gel. Gels were stained in 500 mL, 0.5 x TBE buffer 

with 15 µl ethidium bromide (10 mg/mL) for 0.5 hours and destained in 500 mL of the same 

buffer for 0.75 hours. 

 Interdelta region and microsatellite products were separated on 2% gels submitted to 90 

V for 2.5 h in 0.5x TBE buffer. 

 MET2 gene and resulting restriction fragments were analysed on 1.8% agarose gels and 

submitted to 120 V for 1.5 h in 0.5x TBE buffer. 

 Species-specific amplifications were separated on 1.5 % agarose gels and subjected to 

85 V for 2.5 h in 0.5x TBE buffer. 

All agarose gels used for visualisation of PCR products contained 15 µl of a 5000x 

GelRedTM (Biotium). Generuler 100 bp Plus DNA (Fermentas) was used as a standard 

marker/ladder on PCR gels. Additionally a λDNA EcoRI/HindIII marker was used for the 

SPEOPT18SBAY f2/r2 gels. 
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TABLE 3.2. Primers used in this study. 

Primers Sequences References 

Delta elements 

δ1 CAA AAT CAC CTA TAT CT 
Ness et al. (1993) 

δ2 GTG GAT TTT TAT TCC AAC 

δ12 TCA ACA ATG GAA TCC CAA C 
Legras & Karst (2003) 

δ21 CAT CTT AAC ACC GTA TAT GA 

Microsatellites 

GTG5 GTG GTG GTG GTG GTG 

Britos dos Santos et al., 2007 M13- 

BACTERIOPHAGE  GAG GGT GGC GGT TCT 

Species-specific 

MET2 FORWARD 
CGG CTC TAG ACG AAA ACG CTC CAA 

GAG CTG G 
Hansen & Kielland-Brandt (1994) 

MET2 REVERSE 
CGG CTC TAG AGA CCA CGA TAT GCA 

CCA GGC AG 

SC1 AAC GGT GAG AGA TTT CTG TGC 

Josepa et al. (2000) 
SC2 AGC TTG CAG TAT TCC CAC AG  

SB1 GCT ATT CCA AAC AGT GAG ACT 

SB2 CAG TTG GCA GTA TTC CCA CTA 

YB1F AAC GAT ATT AGA ACA TTC CTC CAC 
Torriani et al. (2004) 

YB2R GCT GTT GCA GAC ATA GTG TG 

SPEOPT18SBAY-F2 TTG AAG GAA CAA CAG TGG AAG 
Huang et al. (2008) 

SPEOPT18SBAY-R2 CCC GAA AAA CAG GAG TGA C 

 

 

 

 

 

 

 

Stellenbosch University   http://scholar.sun.ac.za



48 

 
3.2.6 Numerical analysis of CHEF karyotyping and interdelta PCR 

Gels were subsequently visualised and scanned using a Gel Doc XR apparatus (BioRad 

Laboratories, Richmond, USA) and the profiles were saved. Normalisation of gels and 

comparison of profiles were done using FPQuestTM software (BioRad Laboratories, Richmond, 

USA). The normalised electrophoretic patterns were grouped, and similarity (s) and cophenetic 

correlations (cc) were obtained, using the Dice coefficient. Cluster analysis was performed using 

the unweighted pair group method with arithmetic mean (UPGMA). Cophenetic correlation is a 

measure of how faithfully a dendogram preserves the pairwise distance between the original 

unmodeled data points. 

 

 

3.2.7 Database creation and analysis 

FPQuest™ software (version 4.5) was used to normalise gel profiles and create a database 

containing three fingerprint types, CHEF karyotypes and profiles of two delta primer sets. Gel 

electrophoresis system CHEF DRII (BioRad Laboratories, Richmond, USA) was used during 

optimisation and evaluation. Commercial yeast strains used for the evaluation of the database 

are given in Table 3.3. 

 

 

 

TABLE 3.3 Yeast strains used for testing the accuracy of the database and corresponding test organism 

(TO) codes. 

Yeasts Test organism  

EC 1118 Unknown 1 

NT 45 Unknown 2 
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3.3 RESULTS AND DISCUSSION 

 

3.3.1 Analysis of chromosomal banding patterns by CHEF karyotyping 

In this study, 62 commercial wine yeasts were randomly selected from various manufacturers 

and two reference strains, S. cerevisiae (CBS 1171) and the cryophilic S. bayanus (CBS 380), 

were used (Table 3.1). Karyotypes obtained for the reference and selected wine yeast strains 

are shown in Fig. 3.1. As a quality control and an optimisation tool, ADY form of strains were 

compared to colonies (wet cultures) isolated from the commercial packets. Colonies yielded 

better CHEF results compared to the ADY forms (Fig. 3.1d), because the growth from colonies 

could be controlled and monitored when entering early logarithmic phase. Karyotypes 

generated from the ADY forms were generally over exposed because of the high DNA 

concentrations as well protein contamination. This made it difficult to distinguish chromosomal 

polymorphisms, especially when chromosomes were close together. However, this problem 

could be rectified by rehydrating ADY forms and inoculating a diluted suspension into fresh 

growth media. 

Sixty four different CHEF karyotypes were obtained, indicating a very high resolution of 

the methodology. The data also suggest that some commercial strains share chromosomal DNA 

from both reference strains indicating possible genetic relatedness towards both species. 

Phylogenetic relatedness for the 62 commercial strains and reference strains based on 

chromosomal arrangement were also indicated. A number of yeast strains, EC 1118, QA23, 

PDM, Actiflore PM, Fermicru 4F9, NWS Pinot, NWS Chardonnay and N96, generated similar 

karyotypes and only differed by a single chromosomal polymorphism. Three distinct groups 

(Groups I, II and III) were delineated at 48.5%. Group I contained eleven yeasts, which included 

the S. bayanus reference strain. The S. bayanus reference strain had a 99% cophenetic 

correlation to three yeasts, i.e. IOC B2000, CK S102 and Eno Arome K7. From group I, it is 

noticeable that there is no general grouping or clustering of the commercial strains with the  

S. cerevisiae and S. bayanus reference strains. Cardanali & Martini (1994) reported that strains 

from the same species usually grouped together. However, their study did not include 

commercial wine yeast strains.  

Within group I, it was noticeable that cophenetic correlations ranged from 76-100% 

whereas similarity ranged from 49.9-88%. However, it is important to look at the similarity values 

and cophenetic correlation coincidently to determine if yeasts are indeed similar. Based on 

these factors two commercial yeasts, BM 45 and BM 4X4 (Lallemand) had similar banding 

patterns. The dendogram show a similarity value of 78%, with a single chromosomal 

polymorphism difference. According to the producer, BM 4X4 is a mixed culture of BM 45 and 

another yeast. However, isolation and analyses of several colonies yielded only one profile, with 

the only possible explanations being that these strains have similar karyotypes or that one strain 

dominated the mixture. 
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FIGURE 3.1 

Contour-clamped homogeneous electric field gel electrophoreses (CHEF) karyotypes of reference and 

selective commercial wine yeast strains. (a) Karyotype of S. cerevisiae CBS 1171, reference strain. (b) 

Karyotype of S. bayanus CBS 380, reference strain. (c) Gel reference strain (R): VIN 13, lane 1: N96, lane 

2: EC 1118, lane 3: QA23, lane 4: WE 14, lane 5: 228, lane 6: Merit.ferm, lane 7: NWS Pinot, lane 8: NWS 

Merlot, lane 9: NWS Chardonnay, lane 10: Cabernet Sauvignon, Reference strain (R): VIN 13.  

(d) Comparison of the active dried yeast (ADY) and colony (wet culture), lane 1: ADY, lane 2: colony. 

(a) (b) (c) 

 R     1     2      3     4     5     6    7      8     9     10    R 

(d) 

1      2   
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FIGURE 3.2 

Dendogram showing the clustering of 64 yeast strains obtained by numerical analysis of CHEF karyotypes. 

Cluster analysis was performed using the unweighted pair group method with arithmetic mean (UPGMA). 

Similarity (s) and cophenetic correlations (cc) between strains were calculated based on the Dice coefficient. 
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Two other strains within Group I, Enodoc RJ11 and Primrouge R9001, had a 100% cophenetic 

correlation with similarity at 74%. 

Group II contained 52 yeasts had a 50.4 % similarity and 61 cophenetic correlation to 

Group I. In Group II further delineation could be seen at 50% similarity and 55% cophenetic 

correlation where three subclusters are visible. Generally this group had high similarity values 

and cophenetic correlations. Group II also included the S. cerevisiae reference strain that 

clustered with Merlot LW05. Analysis of group II yielded six pairs of commercial yeast strains 

with similar karyotypes, i.e. N96 and PDM; Enoferm BDX and BP 725; Fermol Chardonnay and 

VIN 13; NT 116 and NT 202; IOC18-2007 and Enoferm QA23; and Fermol Sauvignon and 

Cross Evolution. Similarity ranged from 92.3 to 96%. Figure 3.2 show the grouping of several 

commercial yeast strains from the same manufacturer. This is evident in the grouping of strains 

from Anchor Yeast, where NT 45 and NT 50 grouped together, and NT 112, NT 116, 228 and 

NT 202 formed a separate subgroup. Similarity within this grouped varied from 50 to 100 %. 

Fermicru LVCB clustered on its own (group III) at 41.4% similarity and 63% cophenetic 

correlation to groups I and II. There is also no correlation between these commercial strains 

based on the wine style (Table 3.1). Results showed that CHEF karyotyping can be used to 

differentiate between commercial wine yeasts at strain level. 

 

3.3.2 Evaluation of interdelta regions 

Two interdelta primer sets, delta1-2 and delta12-21, were used to distinguish between the 64 

yeast strains. The amplified profiles were used to compare the reference strains of S. bayanus 

and S. cerevisiae to the commercial wine strains. Various PCR conditions were optimised and 

included assessing the variation in DNA concentrations, primer concentrations and annealing 

temperatures (42 to 48°C). Optimal results were achieved at a temperature of 48°C and a DNA 

concentration of 20 ng/µl. At this temperature reliable and comparable results were obtained. 

Amplifications were also done in biological triplicate to evaluate the consistency of the method. 

The use of colonies or genomic DNA was also evaluated. Both DNA sources yielded 

satisfactory quality; indicating that colony PCR is an appropriate methodology. Figure 3.3 shows 

the electrophoretic profiles obtained with delta1-2 and delta12-21, respectively. The delta1-2 

primer set yielded fewer bands than the delta12-21 primer set. Band sizes ranged from 100 to 

3000 bp. During the amplification of the 64 profiles based on delta1-delta2, there were 1 to 3 

band patterns consistently in the 300 to 500 bp region (demarcated in Fig. 3.3).  

Amplifications using delta 1-2 yielded 59 distinct profiles for the 64 strains tested (Fig. 

3.4). Five groups could be delineated at 33% similarity with ICV D-47 (Group IV) and NWS Pinot 

(Group V) clustering separately from the other strains (Fig. 3.4). ICV D-47 yielded two bands, 

and NWS Pinot, one band during amplification. The majority of the strains were clustered in 

Group I, which include both reference strains. There was no resemblance of the delta1-2 groups 

to that of CHEF karyotyping groups. Delta1-2 results showed high phylogenetic relationships for  

Stellenbosch University   http://scholar.sun.ac.za



53 

 
 

 

 

 

                        

 

 

 

                       

FIGURE 3.3 

Interdelta amplification products in commercial wine yeast strains. (a) Amplification with delta1-2 (Ness et 

al., 1993), Marker- Generuler 100 bp Plus DNA marker, lane1: VIN 7, lane 2: VIN 13, lane 3: VIN 2000, 

lane 4: NT 45, lane 5: NT 50, lane 6: NT 112, lane 7: NT 116, lane 8: NT 202, lane 9: N96, lane 10: 228, 

lane 11: WE 14, lane 12: WE 372, lane 13: NWS Pinot. (b) Amplification with delta12-21 primers (Legras 

& Karst, 2003), Marker- Generuler 100 bpPlus DNA marker, lane 1: Fermol Sauvignon, lane 2: Fermol 

Chardonnay, lane 3: A3B, lane 4: Arome Plus, lane 5: SUPER16, lane 6: Fermicru VR5, lane 7: Fermicru 

4F9, lane 8: Fermichamp, lane 9: LV CB, lane 10: Merlot, lane 11: Cabernet Sauvignon, lane 12: 

Chardonnay. 
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the commercial strains with a number of 100% correlations, similarity and cophenetic, being 

indicated, i.e. AWRI 796 and BP 725, N96 and PDM, NT 112 and VIN 2000, CK S102 and Eno 

Arome K7, and AWRI 1503 and Elegance. Interestingly, CK S102 and Eno Arome K7 also 

yielded similar CHEF karyotypes, suggesting genetic relatedness of these two strains. The 

genetic relatedness of BM 45 and BM 4x4 (Group II), as with CHEF karyotyping was also 

confirmed eventhough the delta1-2 primers revealed clear differences between these strains. 

Importantly, there was no specific correlation of these groups with the groups obtained 

through CHEF karyotyping, demonstrating the limits of these technologies to clearly assess 

strain relatedness. The reference strains grouped together in group I at similarity of 41%. The 

profiles obtained from delta1-2 primer set suggest that yeasts from the some manufacturers are 

closely related. This evident in the case of AWRI 796 and BP 725 (Maurivin), as well as 

clustering of Anchor strains NT 45, NT 50 and NT 202, while VIN 7, VIN 2000, VIN 13 and  

NT 112 (Anchor Yeast) all clustered together. The S. bayanus reference (CBS 380) generated a 

distinct profile in comparison with the commercial stains. The delta1-2 results confirmed the 

results obtained with CHEF karyotyping. Strains that had similar to identical CHEF karyotypes 

had similar delta profiles. However, overall clustering of strains was different for the two 

techniques. Amplifications using delta primers only focuses on a specific area on a 

chromosome(s) and this could be the reason for different clustering. 

Figure 3.5 illustrates the cluster analysis for delta12-21 primer set. Amplifications using 

delta12-21 yielded 62 distinct profiles. Cluster analysis of Fig. 3.5 showed a delinearisation of 

three groups (I, II, III). Lower similarity values were evident throughout the dendogram but many 

more delineations were visible for this primer set. With regard to separation according to 

species, the S bayanus reference strain (CBS 380) and Fermicru LVCB formed a cluster (Group 

III) on their own with a 37.5 % similarity value with cophenetic correlation at 100% between the 

two strains. The rest of the 96 % of strains (Group I) were delineated with the S. cerevisiae 

reference strain (Group II). However, group III showed some resemblance to that of group III of 

the electrophoretic karyotyping with commercial strain Fermicru LVCB (DSM) found in both 

groups.  

As with delta1-2, amplification with delta12-21 illustrated 100% similarity and cophenetic 

correlations between some strains. These include: CK S102 and Eno Arome K7. Commercial 

strains such as IOC 18-2007, NWS Pinot and NWS Chardonnay yielded similar to identical 

profiles. Anchor commercial strains, NT 112, NT 202, NT 116, NT 45, VIN 2000, and NT 50, 

again showed similar results as with delta1-2. Cluster analysis indicated that N96, QA23, and 

EC 1118 had a similarity of 83.8%. Bradbury et al. (2005) reported that QA23 and EC 1118 to 

be similar in their study of trinucleotide microsatellites. The strains, Fermol Sauvignon, Fermol 

Chardonnay, Fermicru 4F9, Enartis S. bayanus, Actiflore PM had 81% similarity with similar 

results being obtained for the Fermol yeasts during delta1-2 amplifications. BM 45 and BM 4X4  
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FIGURE 3.4 

Dendogram showing the clustering of 64 yeast strains obtained by numerical analysis of delta1-2 profiles. Cluster 
analysis was performed using the unweighted pair group method with arithmetic mean (UPGMA). Similarity (s) 
and cophenetic correlations (cc) between strains were calculated based on the Dice coefficient 
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Figure 3.5  

Dendogram showing the clustering of 64 yeast strains obtained by numerical analysis of delta12-21 profiles. 

Cluster analysis was performed using the unweighted pair group method with arithmetic mean (UPGMA). 

Similarity (s) and cophenetic correlations (cc) between strains were calculated based on the Dice coefficient 
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were shown to be genetic closely related by electrophoretic karyotyping, delta1-2 primers and 

delta12-21. Enodoc RJ11, Enartis S. cerevisiae and IOC Primrouge R9001 also had very similar 

profiles (Fig. 3.5). 

 

3.3.3 Evaluation of multiplex-microsatellite PCR 

The RAPD-PCR profiles using GTG and M13 in a multiplex-PCR of selected yeasts are shown 

in Fig. 3.6a and b. During this investigation the multiplex-PCR of these two primers could only 

detect differentiation between S. bayanus and S. cerevisiae species. Eight commercial strains, 

PDM (Lallemand), Actiflore PM and Fermichamp, characterised as S. cerevisiae (ex bayanus) 

or as S. bayanus by manufacturers, elucidated the absence of this band.The size of bands 

ranged from 100 to 3000 bp and yielded between 6 and 18 bands (min. and max. number of 

bands). Some “ghost bands” were generated in the 100 to 500 bp range. Generally, all profiles 

resembled that of the S. cerevisiae reference strain (Fig. 3.6b, lane 1), except the S. bayanus 

reference strain, which yielded a unique nine band profile (Fig. 3.6a, lane 14). Two commercial 

wine strains yielded a 900 bp band, which is also found in the S. bayanus reference strain. VL3 

and Fermicru 4F9 (lanes 3 and 8, respectively in Fig. 3.6a) distinctly differed from the rest of the 

commercial wine yeasts. These two profiles share about 88% similarity or homology. In 55 of 

the 64 yeast studied, a ±730 bp band was observed, which was not present in the S. bayanus 

reference strain, but is discernible in the S. cerevisiae reference strain. However, eight 

commercial wine yeast strains did not have this ±730 bp band and included yeasts from five 

different manufacturers namely; Fermol Sauvignon, Fermichamp, NWS Pinot, NWS 

Chardonnay, Actiflore PM, Zymaflore X5, PDM and Uvaferm 43. 

The packaging labels identified four of these strains (Actiflore PM, Fermichamp, PDM 

and Uvaferm 43) as S. bayanus or S. cerevisiae (ex. bayanus). This suggests that this band is 

specific to S. cerevisiae strains and could be utilised to differentiate S. cerevisiae from  

S. bayanus strains. Various authors reported on the microsatellite, GTG5 (Baleiras Couto et al. 

1996; Naumov et al. 2000; Xufre et al. 2000) and the bacteriophage M13 primer (Andrighetto et 

al., 2000; Cocolin et al., 2004), which allowed for the discrimination of Saccharomyces yeasts 

species (cerevisiae, bayanus and pastorianus) and having the resolution ability to differentiate 

between strains within these species. 

In comparison with CHEF karyotyping and interdelta analysis, the multiplexing of 

microsatellites, GTG5 and M13, yielded less distinct profiles. The resolution of the technique was 

limited to identifying single polymorphisms within the profiles indicating possibly a difference 

between S. cerevisiae and S. bayanus strains. However, this technique can still be applied as a 

supportive tool to other molecular techniques. 
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FIGURE 3.6 

Products obtained by Multiplexing-PCR microsatellite GTG5 and minisatellite M13. (a) Marker: Generuler 

100 bp Plus DNA marker, lane 1: PDM, lane 2: EC 1118, lane 3: VL3, lane 4: 

B0 213, lane 5: FX10, lane 6: F15, lane 7: Actiflore PM, lane 8: Merit.ferm, lane 9: Fermol Sauvignon, 

lane 10: Fermol Chardonnay, lane 11: Arome Plus, lane 12: SUPER16, lane 13: A3B, lane 14: 

S. bayanus reference strain, lane 15: Generuler 100 bp Plus DNA marker. (b) Marker: Generuler 100 bp 

Plus DNA marker, lane 1: S. cerevisiae reference strain, lane 2: IOC 18-2007, lane 3: IOC R9001, lane 4: 

IOC R9002, lane 5: Fermicru VR5, lane 6: Cabernet Savignon (2881), lane 7: Chardonnay (4882), lane 8: 

Fermicru 4F9, lane 9: Fermichamp, lane 10: Fermicru LV CB, lane 11: LW05, lane 12: NWS Pinot, lane 

13: NWS Chardonnay, lane 14: NWS Merlot, Marker: Generuler 100 bp Plus DNA marker. 
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3.3.4 Evaluation of MET2 gene analysis and species-specific primers 

 

3.3.4.1 MET2 gene analysis by RFLP 

The reference and commercial strains all yielded an amplicon of 580 bp (~600 bp) with no clear 

distinction (Fig. 3.7, lanes 1-5) Restriction enzyme analysis followed whereby these strains were 

cleaved with EcoRI and PstI (Fig. 3.7, lanes 6-10 and lanes 11-15, respectively). Restriction 

digest of EcoRI revealed two fragments for S. cerevisiae and only one for S. bayanus reference 

strains. Remarkably most of the commercial wine strains irrespective of oenological designation, 

resembled the S. cerevisiae profile proving that S. cerevisiae genomically dominates most 

commercial strains. However, two strains, AWRI Fusion (Fig. 3.7, lane 9) and Zymaflore X5 

(Fig. 3.7, lane 10), differed from the rest and showed three fragments (580 uncut fragment, 369 

bp and 211 bp). The restriction digest for these strains were repeated to eliminate the possibility 

of impurity or cross contamination of the culture was the reason for the patterns. EcoRi digests 

suggested that these two strains might be hybrids of S. cerevisiae and S. bayanus. The strain 

AWRI Fusion (Maurivin) is described as being a hybrid of S. cerevisiae and S. cariocanus, 

therefore confirming studies by Masneuf et al. (1998) which MET2 gene analysis could indicate 

the presence of natural hybrids. 

During PstI cleavage (Fig. 3.7, lane 11-15), the S. bayanus reference strain (lane 12) 

yielded two fragments (365 bp and 211 bp) and this coincides with the findings of Hansen and 

Kielland-Brandt (1994) and Naumov et al. (1993). All commercial strains, including the two 

hybrids AWRI Fusion and Zymaflore X5, as well as the S. cerevisiae reference strain yielded no 

cleaved products. 

This proved that the two strains mentioned above, were not hybrids of S. cerevisiae and 

S. bayanus. However, Masneuf et al. (1998) reported that the cider strain CID1 and wine 

producing strain SU6 yielded three fragments for both EcoRI and PstI. This was resolved by 

sequencing and results showed that the PstI-uncut MET2 alleles for these strains were identical 

matching that of S. cerevisiae as well. The EcoRI-uncut MET2 alleles for these strains were also 

identical and had an 82% homology to that of S. cerevisiae and 98% homology to that of  

S. bayanus. A similar reference of analysis should be done to confirm the status of AWRI 

Fusion and Zymaflore X5. Results show that MET2 gene analysis is a good method for the 

oenological designation of commercial wine yeast strains from the S. sensu stricto complex. 
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FIGURE 3.7 

MET2 gene amplifications (lanes 1 to 5) and restriction fragment length polymorphism (RFLP) products 

of EcoRI (lanes 6 to 10) and PstI (lanes 11 to 15) for selected yeast strains. Marker (M): Generuler 100 

bp Plus DNA. Lane 1, 6, 11: S. cerevisiae reference strain (CBS 1171); lane 2, 7, 12: S. bayanus 

reference strain (CBS 380); lane 3, 8, 13: VIN 13; lane 4, 9, 14- AWRI Fusion; lane 5, 10, 15: Zymaflore 

X5. 
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3.3.4.2 Evaluation of species-specific primers 

During this evaluation, four sets of primers (Table 3.2) were tested for the potential to 

differentiate between two of the seven species in the Saccharomyces sensu stricto complex, 

namely S. cerevisiae and S. bayanus. These primers were used to evaluate oenological 

designation of commercial wine yeast strains to support findings of MET2 RFLP analysis 

previously discussed. 

The SC (cerevisiae specific) and SB (bayanus specific) primers were tested separately 

on both reference and commercial wine yeast strains (Fig. 3.8a and b). The primer set SC1/SC2 

(Table 3.2) yielded single 1170 bp band for the S. cerevisiae reference strain (CBS 1171) and 

all commercial strains (Fig. 3.8a) as indicated by Josepa et al. (2000). A double amplification, 

700 bp and 350 bp, was generated in the S. bayanus reference strain (CBS 380). The SB1/SB2 

primer set yielded an 1170 bp amplicon in the S. bayanus reference strain and a number of 

commercial wine yeast strains, depicted in Fig. 3.8b, lanes 1-4. However, this primer set 

generated multiple amplicons or non-specific amplifications in the S. cerevisiae reference and 

other commercial wine yeast strains, depicted in Fig. 3.8b. Josepa et al. (2000) mentioned 

similar results in amplifications with SB1/SB2 primer set and that non-specificity disappeared 

when DNA concentration was lowered. However, when the DNA concentration was lowered 

inconsistent results were obtained. Amplification with the Torriani et al. (2004) YB1f/YB2r primer 

set generated a single 329 bp band for the S. bayanus reference strain (Fig. 3.8c, lane 1). No 

amplification was visible in the the S.cerevisiae reference strain or in any of the commercial 

wine yeast strains.  

The novel S. bayanus primer set, SPEOPT18SBAY-F2/R2 (Huang et al., 2008), 

generated a 799 bp amplicon (Fig. 3.9a and b) in the S. bayanus reference strain (CBS 380) 

and multiple bands were generated for the S. cerevisiae reference and commercial wine yeast 

strains (Fig. 3.9a). Amongst these amplicons, noticeably one band was intense and resembled 

the 1170 bp amplicon generated by the SC1/SC2 and SB1/SB2 primers. Further optimisation of 

DNA and primer concentrations reduced the multiple bands to none for S. cerevisiae reference 

strain (CBS 1171) and commercial wine yeast strains as indicated in Fig. 3.9b. However, these 

multiple amplifications or RAPDs, generated for the S. cerevisiae reference strain (CBS 1171) 

and commercial wine strains as in the case of N96 and EC 1118 could be used optionally to 

differentiate between these or other strains. The commercial strain, Enartis  

S. cerevisiae differed from the other strains and exhibited a second intense 500 bp band (Fig. 

3.9a, lane 7). All the species-specific primer sets used in this study showed potential for 

determining oenological designation of commercial wine yeast strains and supported MET2 

gene RFLP results.  
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FIGURE 3.8 

Species-specific amplications within commercial wine yeast strains in comparison to reference strains of S. 

cerevisiae and S. bayanus. (a) Amplification of strains using SC1/SC2 primers in both species (b) 

Amplification using SB1/SB2 primers in both species. Marker (M), lane 1: S. bayanus reference strain, lane 

2: N96, lane 3- EC 1118, lane 4: Enartis S. bayanus, lane 5: S. cerevisiae reference strain, lane 6: VIN 13, 

lane 7: Enartis S. cerevisiae, lane 8: Fermol Chardonnay. (c) Illustrates the amplification using the 

YB1f/YB2r S. bayanus specific primer set. 
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FIGURE 3.9 

Amplification reactions with the SPEOPT18Sbay-F2/R2 S. bayanus species-specific primers for 

Saccharomyces reference and commercial wine yeast strains. (a) over amplification using this specific 

primer set, Marker- λDNA EcoRI/HindIII, lane 1: S. bayanus reference strain, lane 2: N96, lane 3: EC 1118, 

lane 4: Enartis S. bayanus, lane 5: S. cerevisiae reference strain, lane 6: VIN 13, lane 7: Enartis S. 

cerevisiae, lane 8: Fermol Chardonnay. (b) Illustrates the the reduced DNA and primer concentrations with 

a single amplicon for the S. bayanus reference strain (lane 8). 
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3.3.5 Creation and evaluation of database 

Profiles generated by CHEF karyotyping and the interdelta PCR amplifications (delta1-2 and 

delta12-21) were used to create a molecular fingerprint database with FPQuest ™ software. A 

basic view of the yeast database containing CHEF and interdelta fingerprints are shown in  

Fig. 3.10. Optimisation of the database included, evaluation of different gel electrophoretic 

systems, agarose gel concentrations, as well as different correlation coefficients such as 

Pearson or Dice. The accuracy and efficiency was tested using the CHEF karyotyping, because 

it was the primary method and showed higher resolution amongst commercial wine yeast 

strains.  

Two commercial yeasts, NT 45 and EC 1118, were selected as test organisms (Table 

3.3) and were treated as unknown strains. The standard procedures were followed for CHEF 

karyotyping and the unknown strains were then compared to all 64 yeasts in the database. The 

test organism, Unknown 2, correctly clustered with NT 45 (Fig. 3.11). The test organism, 

Unknown 1, clustered with EC 1118 and Fermicru 4F9. In this case, the banding pattern was 

slightly different compared to the commercial EC 1118 strain that was already in the database. 

Small fluctuations in the agarose gel concentration due to water loss as a result of heating 

during preparation can alter structural composition of the agar. This could explain the difference 

in the spatial separation of the chromosomes. Cluster analysis is based on pairwise grouping of 

strains. The addition of more strains to the database affects the similarity and cophenetic 

correlation, as well as the clustering. Each new yeast entry will therefor affect the clustering of 

the yeast strains. However, clustering of test organisms with their respective commercial strains 

in Fig. 3.11 provides evidence that the database is fully functional and can be used for 

identification of unknown yeast strains and comparative studies.  

The functionality of the databse was furthermore tested in two independent case studies. 

In case study 1, seven commercial wine yeast strains was submitted as unknown isolates from 

the University of KwaZulu-Natal. Using the yeast database these isolates were successful 

identified (data not shown). In case study 2, commercial spoiled bag-in-boxed wine was 

investigated. This was a confidential service for a client. A yeast strain was isolated from the the 

spoiled wine and compared to commercial yeast strains used by the boxed wine producer. The 

isolated yeast differed from strains normally used by the producer (data not shown). The 

isolated yeast was also compared to the remainder of commercial yeast strains in the database 

(data not shown). The isolated yeast strain did not correspond to any of the strains in the 

database, which indicates that the spoilage is probably a natural isolate or commercial yeast 

that has not yet been included in the database.  

With a planned expansion of the database to include more commercial strains, future 

identification of unknown yeast isolates will be more successful. The database will also be 

valuable during future comparative studies. 
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FIGURE 3.10 

A basic view of the yeast database containing CHEF and interdelta fingerprints for identification and 

comparison of unknown yeasts as well as commercial wine yeast strains. 
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FIGURE 3.11 

Dendogram showing the clustering of test organsims (TO) 64 yeast strains obtained by numerical analysis of 

CHEF karyotypes. Cluster analysis was performed using the unweighted pair group method with arithmetic mean 

(UPGMA). Similarity (s) and cophenetic correlations (cc) between strains were calculated based on the Dice 

coefficient. 

s/cc  
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3.4 CONCLUDING REMARKS 

 

CHEF karyotyping is still widely used due to its powerful resolution of the Saccharomyces sensu 

stricto complex group, as well as strains within species. The potential of the methodology was 

confirmed during this investigation, as it was possible to differentiate between the 62 

commercial wine yeast strains. However, this technique is still time-consuming and relatively 

costly. The results in this study showed that (PCR) methods can alternatively be used and 

systematically applied as supportive tools to CHEF karyotyping. Interdelta PCR was very useful, 

but CHEF karyotyping proved to better for differention of wine yeast strains. However, interdelta 

amplification is less time-consuming and the results are obtained a lot faster. It was further 

showed that PCR methods aimed at identifying species can be useful in identifying unknown 

strains belonging to specific oenological species.  

MET2 gene RFLP and species-specific primers successfully designated commercial 

wine yeast as S. cerevisiae. MET2 gene RFLP showed great resolve with the identification of 

two strains, Zymaflore X5 and AWRI Fusion, as hybrid strains. During the evaluation of these 

typing techniques a database was created, containing molecular profiles for CHEF karyotyping 

and interdelta regions. Clustering of test organisms, NT 45 and EC 1118, with their respective 

commercial counterparts in the database as well as case studies provides evidence of the 

accuracy and functionality of the database. The database can therefore be used to type 

unknown isolates or test strain authenticity. The database will also allow for comparisons of 

numerous yeasts without running many agarose gels. Future work would include evaluating 

various others molecular methods and adding those worthy fingerprint types to the database. 

The expansion of the database will include the incorporation of non-Saccharomyces wine 

yeasts and molecular techniques that are useful in discriminating amongst these wild yeasts. 
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GENERAL DISCUSSION AND CONCLUSIONS 
 

4.1 DISCUSSION AND CONCLUSION 

 

In chapter 2, current and past technologies that has been useful for the identification, 

characterisation and in some cases classification of wine yeasts were discussed. When it 

comes to wine it is necessary to know which organisms play a crucial role during the 

fermentation process. The plating out of yeasts, Saccharomyces or non-Saccharomyces on 

differential media and the use of API systems are still general practise in modern day 

laboratories and are seen as the stepping stones of investigation. However, molecular 

techniques now provide us with the potential to identify yeasts not just at genus or species level, 

but have also given us resolution for strain specificity. Modern day molecular techniques also 

allow for the detection of previously non-culturable yeast species directly from the sample, 

whether it is wine or grape juice. In the past, these species would have gone undetected by 

previous screening methods. Molecular techniques present a faster method of analysis, which is 

very important when it comes to the wine industry with regard to time and financial losses.  

 Chapter 3 described the evaluation of molecular techniques and their ability to 

differentiate between 64 yeast strains. The use of CHEF karyotyping and PCR of interdelta 

regions to setup a wine yeast database was also discussed. These yeast cultures included two 

reference strains, S. cerevisiae (CBS 1171) and S. bayanus (CBS 380) and 62 commercially 

available wine yeast strains, designated either as S. cerevisiae or S. bayanus, as well as some 

hybrids. CHEF karyotyping was used as the platform technique, as it is often used for 

identification and characterisation of wine yeasts. CHEF has in shown great resolution when it 

comes to the differentiation of wine yeast strains because these strains show a high level of 

chromosome polymorphisms (Rachidi et al., 1999). Many authors have used CHEF to 

differentiate and also determine genetic relatedness amongst yeast species with in the 

Saccharomyces sensu stricto group. During this study, 64 strains were evaluated and all were 

successfully differentiated by CHEF karyotyping. The CHEF karyotypes of the commercial 

strains when compared to the reference strains confirmed their status as hybrids. Industrially 

these wine yeasts are cross bred amongst several species within the Saccharomyces sensu 

stricto group. It has been suggested that, that because they are aneuploidy or polyploidy, 

commercial strains are well adapted for anthropic environments such as wine fermentations 

(Salmon, 1997, Querol et al., 2003). A dendogrammic illustration for CHEF karyotypes could not 

provide any evidence of geographical relationships amongst strains. However, there are 

indications of phylogenetic correlations between commercial strains from some of the 

manufacturers. This is expected as some manufacturers have natural isolates that are used in 

breeding programmes.  
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 Alternatively to CHEF, three PCR methods, interdelta priming, micro- and minisatellites 

and species-specific priming, were used as these method showed promise during initial 

screenings. Optimisation of PCR conditions included evaluating different genetic source 

materials (Genomic DNA and colony-PCR), DNA concentrations and optimal hybridisation 

temperatures of primers. Genomic DNA provided more dependable results, whereas colony-

PCR was often inconsistent. These inconsistencies normally occur because of impurities that 

interfere with the PCR reaction. However, the two sources delivered relative similar results. 

Delta elements are subtelomeric repeated sequences and these sequences are 

described as being responsible for the chromosomal polymorphisms, which links this PCR 

method to CHEF karyotypes. However, the number and location of these sequences 

themselves are intraspecific which make them excellent fingerprinting mechanisms. 

Optimisation of delta amplifications is always critical, as too high DNA concentrations and low 

hybridisation temperatures generate ghost bandings patterns. During this study, delta primers 

combinations, 1-12 and 12-21 were used. For this PCR method, optimisation of PCR reaction 

was critical. Optimal conditions were found with 20 ng DNA and a primer hybridisation 

temperature of 48°C. These conditions varied considerably from what other studies had 

indicated. Reproducibility within labs may vary because of these factors. Compared to CHEF, 

only 59 and 62 distinct electrophoretic profiles were distinguished. The bands generated during 

amplification ranged from 100 to 3000 bp, considerably smaller in size compared to CHEF 

karyotyping. The delta12-21 primer combination generated more bands compared to delta1-2, 

as suggested by Legras and Karst, (2003). The two type strains, S. cerevisiae and S. bayanus, 

as with CHEF karyotyping, yielded distinct profiles using interdelta regions. However, it was 

evident that the profiles of the commercial strain had once again a hybrid nature. Distinct bands 

from both type strains were found in all commercial strains. These hybrid profiles also illustrated 

bands not found in the profiles of the type strains, which indicates genetic information from other 

Saccharomyces species. Compared to CHEF karyotyping interdelta regions provided a faster 

method of analysis, with a good resolution at strain level, however less than CHEF. Comparison 

of the techniques also suggested phylogenetic relatedness amongst commercial wine yeast 

strains. 

Amplification of micro- and minisatellite sequences, GTG5 and M13, were used in a 

multiplex-PCR reaction to maximise the possible potential to differentiate between the 64 yeast 

strains in this study. These primers are generally characterised as having high hybridisation 

temperatures (55-66°C). Multiplexing using these microsatellites primers did not have the same 

discriminatory power of CHEF karyotyping interdelta primers. The only noteworthy result was 

the amplification of a 730 bp amplicon. This amplicon in turn was used to align specific 

commercial strains with the S. cerevisiae type strain (CBS 1171) or S. bayanus type strain (CBS 

380). However, future work should investigate satellite primer sets. Currently, specific 

microsatellite loci, which are very hypervariable, are found in databases with the genotypes of 
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several yeast strains, include that of some commercial wine yeasts. The use of M13 

bacteriophage sequence has also led to other bacterial sequences such as, enterobacterial 

repetitive intergenic consensus elements and extagenic palindromic elements being explored in 

the identification and differentiation of yeasts strains. 

To determine oenological designation of commercial wine yeast strains, MET2 gene 

RFLP analysis and species-specific primers were investigated. MET2 gene analysis has in the 

past been used to determine or evaluate the oenological designation of Saccharomyces yeasts. 

This study showed that 60 of the commercial strains used, resemble the S. cerevisiae types 

strain. However, none of the commercial strains bore a resemblance to the S. bayanus profile. 

However, two strains did show a hybrid profile of both type strains when digested with EcoRI. 

These hybrids MET2 genes were also digested with PstI, but did not match the profile obtained 

for the S. bayanus type strain. This was an indication of their hybrid nature with other 

Saccharomyces species. To verify these findings, four sets of species-specific primers were 

used. The S. cerevisiae specific primers (SC1/SC2; Josepa et al., 2000) indicated that all 

commercial strains used during the study was S. cerevisiae of origin and were completely 

different to the S. bayanus type strain. Initially, mixed results were obtained with the S. bayanus 

specific primers (SB1/SB2; Josepa et al., 2000). Several commercial strains showed 

amplification similar to that of S. bayanus type strain. However, multiple amplifications were also 

visible for other strains, but with a reduction in DNA concentration these multiple bands 

disappeared.  

To confirm previous results, two S. bayanus specific primer pairs (YB1f/YB2r (Torriani et 

al., 2004); SPEOPT18 f2/SPEOPT18 r2 (Huang et al., 2008)) were investigated as well. As with 

the previous pair, multiple DNA concentrations were analysed. Single amplifications with both 

primer sets in the S. bayanus type strain confirmed that all of the commercial strains are S. 

cerevisiae in origin. However, species-specific priming also show that genetic material from both 

types strain maybe scattered throughout these commercial strains genomes. During initial 

amplifications multiple bands were obtained with a higher DNA concentration in all strains. This 

amplification also provided a possible application whereby it could be use for strain 

differentiation.  

The last part of chapter three discusses and analysis the establishment of a database 

with various molecular libraries using FPQuest™ software. CHEF karyotyping was used to 

create the first library and subsequently used as an example for testing and evaluating the 

database. To evaluate accuracy and effiency, commercial strains, EC 1118 (unknown 1) and  

NT 45 (unknown 2), were used as test organisms by setting up a UPGMA dendogram based on 

a Dice similarity coefficient. The Dice coefficient was selected based on past studies and 

literature on similar work. Other coefficients such Pearson was evaluated, but gave inconsistent 

results (data not shown). Clustering of test organisms with matching commercial yeast strains 

indicated that the database is accurate and functional. However, optimisation within the 
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software is still needed to find the optimal settings. Subsequently, two case studies were used 

to test functionality of the database. In case study 1, seven commercial wine yeast strains were 

received as unknown isolates from the University of KwaZulu-Natal and were successfully 

identified. Case study 2 presented a different assessment, whereby an unknown yeast strain 

was isolated from a spoiled boxed wine (confidential report). Results indicated that the isolate 

did not match any of the commercial strains used by the wine producer or strains within the 

database. The results of above mentioned studies showed great accuracy, but also highlighted 

concerns with regard to agarose gel concentration, the use of different electrophoretic 

separation equipment and the need to incorporate more commercial wine yeast strains in the 

database. These are aspects that in future will be addressed. 

 

4.2 INDUSTRIAL IMPORTANCE AND FUTURE PROSPECTS 

 

The establishment of a database containing CHEF and interdelta molecular profiles will serve as 

a tool for yeast profiling studies. The database will make it easier to compare and identify 

unidentified yeasts from vineyards and genebank culture collections. The database will also 

facilitate comparative studies on commercial wine yeasts and the spread of commercial strains 

to vineyards. Furthermore a quality control service will be available to yeast manufacturers 

and/or industrial companies, whereby genetic drift of commercial strains can be monitored as 

well as the detection of spoilage yeasts. 

 Future prospects include the expansion of the database, which will include sourcing 

more commercial wine yeast strains and newer technologies for differentiation of strains. A 

non-Saccharomyces yeast and bacteria database is also envisioned.  
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