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1 | INTRODUCTION

In the year 1660, 13-year-old Maria Sibylla Merian roamed the
gardens and countryside of Germany taking detailed notes about
caterpillars, moths, butterflies and their interactions with host
plants, accompanying her notes were elaborate multimedia depic-
tions of insect and plant life cycles (Figure 1). Merian's efforts in
documenting interspecies relationships are regarded as early contri-
butions to modern natural history and ecology, although the term
‘ecology’ was coined approximately two centuries later
(Etheridge, 2011a, 2011b; Pieters & W.inthagen, 1999). Her
influence can be seen in the work of naturalists such as John
James Audubon (Etheridge, 2015; Palmeri, 2017). Merian's success
in part stems from her ability to use art to bolster her science and
vice versa.

Merian is one of many scientists and artists who blended the arts
and sciences over the centuries. In fact, scientist-artist polymaths like
Aristotle and Leonardo da Vinci were more commonplace in part
because of the common goal science and art share: interpreting and
representing the natural world. The ‘great divide’ of the arts and
sciences in Western cultures is thought to have started in the 19th
century, coinciding with the term ‘scientist’ being coined (Braund &
Reiss, 2019; Sumner, 1959; Zhu & Goyal, 2019). The division became
reinforced. Schools for arts and sciences were separated as
unfounded claims about brain differentiation formulated (Zhu &
Goyal, 2019). For example, the right and left brain hemispheres were
thought to be individually responsible for arts and science learning,
respectively (Sperry, 1968). However, evidence from cognitive
scientists favours a holistic view of the brain wherein a wide range of
stimulation (e.g., arts and sciences) improves broad brain function and
critical thinking skills (Braund & Reiss, 2019; Howes, Kaneva,
Swanson, & Williams, 2013).

Today, the benefits of a holistic view of the arts and the sciences
have been recognized by numerous institutions. For example, Science,
Technology, Engineering, Arts and Mathematics (STEAM) inspired
curriculum is used to help students build skills for broad problem
solving in K-12 schools (Kim & Park, 2012; Peppler, 2013; Sochacka,
Guyotte, & Walther, 2016). In higher education, artists, designers,
researchers and inventors have formed forward-thinking coalitions
such as the Center for Art, Science & Technology at Massachusetts
Institute of Technology (https://arts.mit.edu/cast/) and ArtLab at
Vanderbilt University (https://artlabvanderbilt.com/) to reunite the
arts and sciences. These initiatives and many others have used the
arts as an effective form of communication between scientists and
the broader community (lllingworth, 2017), ultimately helping
disseminate major scientific findings across society.

Perhaps one of the most important and recent scientific findings
in the field of biological sciences is our understanding of the cellular
life cycle. Seminal discoveries that unraveled the controls of the life
budding
Pringle, &

cycle were made studying the model unipolar

(Hartwell, Culotti,
Reid, 1974). Comparative studies of S. cerevisiae, the fission yeast

yeast Saccharomyces cerevisiae

(Schizosaccharomyces pombe) and animals revealed striking similarities
suggesting the life cycle is evolutionarily stable (Breeden &
Nasmyth, 1987). Exploiting these similarities has enabled yeasts to be
powerful models for cancer biology research and the development of
anticancer therapeutics (Gao, Chen, & Huang, 2014; Guaragnella
et al., 2014; Schwartz & Dickson, 2009). However, examination of
non-conventional yeasts and their life cycles can provide novel
insights important to the fields of cell biology, evolutionary biology
and more. For example, species of the budding yeast genus
Hanseniaspora have lost numerous cell cycle control genes, including
MAD1, MAD2 and RAD9, and components of the Anaphase Promoting
Complex and display atypical bipolar budding patterns (Steenwyk
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FIGURE 1 A watercolor depiction of a caterpillar, chrysalis and
butterfly on an Indian pepper plant from ‘Merian's Metaphorphosis
insectorum surinamensium.’ Image is available from the Wikimedia
Commons as part of the public domain [Colour figure can be viewed
at wileyonlinelibrary.com]

FIGURE 2 Andy Warhol-like portrait of budding yeasts by Jacob
L. Steenwyk (https://jlsteenwyk.com/arts.html)

et al., 2019). These observations call into question the evolutionary
stability of the yeast life cycle and suggest a treasure trove of
novelties await discovery.

This special issue of Yeast, ‘Exploring the yeast life cycles,
features original research and review articles detailing insights from
studying the diversity of yeast life cycles. However, this issue goes
beyond science. Similar to Merian's use of science and art to depict
insect life cycles using visual art, this issue incorporates art to
celebrate the yeast life cycle. Specifically, the cover image is of an
Andy Warhol-like portrait of budding yeasts, which feature different
budding patterns and shapes (Figure 2) and acts as a bridge between
artists, scientists and the broader community. More specifically,
scientists learn about the pop art movement of the mid-1990s and
the work of Andy Warhol, while artists learn about how yeasts have
served as models for numerous keystone discoveries (Royster, 2020).
Efforts that combine the arts and sciences, such as this special issue,
demonstrate that the totality of the arts and sciences offers an
enriching experience that is greater than the sum of its parts. Future
collaborations between the arts and sciences will likely benefit each

field as well as foster broader community engagement.

FUNDING INFORMATION

J.L.S. was supported by the Howard Hughes Medical Institute
through the James H. Gilliam Fellowships for Advanced Study
programme and the Curb Center ArtLab fellowship through
Vanderbilt University.

ACKNOWLEDGEMENTS

| thank my advisor, Antonis Rokas, for always supporting my
efforts as a scientist and artist, as well as providing helpful com-
ments and suggestions. | thank the leaders and members of the
Y1000+ Project (http://y1000plus.org) including Chris Todd
Hittinger, Antonis Rokas, Cletus Kurtzman, Dana Opulente,
Xing-Xing Shen, Abigail L. LaBella, Jacek Kominek, Xiaofan Zhou
and many others for their contributions to our understanding of
budding yeasts, which served as motivation for the budding yeast
portrait. | thank the Genetics Society of America and members of
the Early Career Scientist Communications and Outreach Subcom-
mittee including Angel Fernando Cisneros Caballero and Jessica

Vélez for their support and feedback.

ORCID

Jacob L. Steenwyk " https://orcid.org/0000-0002-8436-595X

REFERENCES

Braund, M., & Reiss, M. J. (2019). The ‘Great Divide": How the arts contrib-
ute to science and science education. Canadian Journal of Science,
Mathematics, and Technology Education, 19, 219-236. https://doi.org/
10.1007/s42330-019-00057-7

Breeden, L., & Nasmyth, K. (1987). Similarity between cell-cycle genes of
budding yeast and fission yeast and the Notch gene of Drosophila.
Nature, 329, 651-654. https://doi.org/10.1038/329651a0

Etheridge, K. (2011a). Maria Sibylla Merian: The first ecologist? Women
Sci. Fig. Represent. - 17th century to Present.


http://y1000plus.org
https://orcid.org/0000-0002-8436-595X
https://orcid.org/0000-0002-8436-595X
https://doi.org/10.1007/s42330-019-00057-7
https://doi.org/10.1007/s42330-019-00057-7
https://doi.org/10.1038/329651a0
http://wileyonlinelibrary.com
https://jlsteenwyk.com/arts.html

STEENWYK

Yeast_wiLey =

Etheridge, K. (2011b). Maria Sibylla Merian and the metamorphosis of
natural history. Endeavour, 35, 16-22. https://doi.org/10.1016/j.
endeavour.2010.10.002

Etheridge, K. (2015). The history and influence of maria sibylla merian's
bird-eating tarantula: Circulating images and the production of natural
knowledge. Science as It could have been: Discussing the Contingency-
Inevitability Problem.

Gao, G., Chen, L., & Huang, C. (2014). Anti-cancer drug discovery: Update
and comparisons in yeast, Drosophila, and zebrafish. Current Molecular
Pharmacology, 7, 44-51.

Guaragnella, N., Palermo, V. Galli, A, Moro, L, Mazzoni, C, &
Giannattasio, S. (2014). The expanding role of yeast in cancer research
and diagnosis: insights into the function of the oncosuppressors p53
and BRCA1/2. FEMS Yeast Research, 14, 2-16. https://doi.org/10.
1111/1567-1364.12094

Hartwell, L. H., Culotti, J., Pringle, J. R., & Reid, B. J. (1974). Genetic control
of the cell division cycle in yeast: A model to account for the order of
cell cycle events is deduced from the phenotypes of yeast mutants.
Science (80-.), 183, 46-51.

Howes, A., Kaneva, D., Swanson, D., & Williams, J. (2013). Re-envisioning
STEM education: curriculum, assessment and integrated, interdisciplin-
ary studies. Manchester. 1824

lllingworth, S. (2017). Delivering effective science communication: Advice
from a professional science communicator. Seminars in Cell & Develop-
mental Biology, 70, 10-16. https://doi.org/10.1016/j.semcdb.2017.
04.002

Kim, Y., & Park, N. (2012). The effect of STEAM education on elementary
school student's creativity improvement. 115-121.

Palmeri, F. (2017). Maria Merian's Butterflies. Early Mod. Women, 11,
173-178. https://doi.org/10.1353/emw.2017.0017

Peppler, K. (2013). STEAM-powered computing education: Using E-
textiles to integrate the arts and STEM. Computer (Long. Beach. Calif).,
46, 38-43.

Pieters, F. F., & Winthagen, D. (1999). Maria Sibylla Merian, Naturalist and
Artist (1647-1717): A Commemoration on the Occasion of the 350th
Anniversary of Her Birth. Hist: Arch. Nat.

Royster, K. (2020). Biological sciences Ph.D. student finds creative outlet
in science-themed art. Profiles. https://as.vanderbilt.edu/news/2020/
06/30/biological-sciences-phd-student-science-themed-art/

Schwartz, G. K., & Dickson, M. (2009). Development of cell cycle inhibitors
for cancer therapy. Current Oncology, 16, 36-43. https://doi.org/10.
3747/co.v16i2.428

Sochacka, N. W., Guyotte, K. W., & Walther, J. (2016). Learning together:
A collaborative autoethnographic exploration of STEAM (STEM + the
Arts) education. Journal of Engineering Education, 105, 15-42. https://
doi.org/10.1002/jee.20112

Sperry, R. W. (1968). Hemisphere deconnection and unity in conscious
awareness. The American Psychologist, 23, 723-733. https://doi.org/
10.1037/h0026839

Steenwyk, J. L., et al. (2019). Extensive loss of cell-cycle and DNA repair
genes in an ancient lineage of bipolar budding yeasts Kamoun S. (ed).
PLOS Biol., 17, e3000255.

Sumner, W. L. (1959). The two cultures and the scientific revolution.
Nature, 184, 411-412. https://doi.org/10.1038/184411a0

Zhu, L., & Goyal, Y. (2019). Art and science. EMBO Reports, 20. https://doi.
org/10.15252/embr.201847061

How to cite this article: Steenwyk JL. A portrait of budding
yeasts: A symbol of the arts, sciences and a whole greater
than the sum of its parts. Yeast. 2020;1-3. https://doi.org/10.
1002/yea.3518


https://doi.org/10.1016/j.endeavour.2010.10.002
https://doi.org/10.1016/j.endeavour.2010.10.002
https://doi.org/10.1111/1567-1364.12094
https://doi.org/10.1111/1567-1364.12094
https://doi.org/10.1016/j.semcdb.2017.04.002
https://doi.org/10.1016/j.semcdb.2017.04.002
https://doi.org/10.1353/emw.2017.0017
https://as.vanderbilt.edu/news/2020/06/30/biological-sciences-phd-student-science-themed-art/
https://as.vanderbilt.edu/news/2020/06/30/biological-sciences-phd-student-science-themed-art/
https://doi.org/10.3747/co.v16i2.428
https://doi.org/10.3747/co.v16i2.428
https://doi.org/10.1002/jee.20112
https://doi.org/10.1002/jee.20112
https://doi.org/10.1037/h0026839
https://doi.org/10.1037/h0026839
https://doi.org/10.1038/184411a0
https://doi.org/10.15252/embr.201847061
https://doi.org/10.15252/embr.201847061
https://doi.org/10.1002/yea.3518
https://doi.org/10.1002/yea.3518

	A portrait of budding yeasts: A symbol of the arts, sciences and a whole greater than the sum of its parts
	  INTRODUCTION
	  FUNDING INFORMATION
	ACKNOWLEDGEMENTS
	REFERENCES



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


