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Abstract

Flower color plays an important role in pollinator discrimination and speciation.
Understanding the genetic contributions to flower color differences between two closely related
speciesMimulus cardinalisandMimulus parishij can improve understanding ledw they
developed differenpollinationsyndromes and diverged from a recemtmonancestorM.
cardinalisis hummingbirdpollinated and has large, bright red flowers wiMleparishiiis self
pollinated and has small, pale pink flowers F2hybrid pgulation between these two species
was created to establish a platform for analysis of the genetic architecture controlling the
differences in anthocyanin pigmentation. Statistical amabyfsanthocyanin concentration
distributionin the hybrid populatiomdicated that two major loci control anthocyanin variation
betweerM. cardinalisandM. parishii. Geneticmapping in conjunction withthe development of
nearisogenic lines through serial backcrossiogated one of the major loci 807506kb region
onchromosome four. | have algenerate@ neafisogenic lingo isolake the othermajorlocus
Together, my thesis wonlepreserg substantial progregewards identifying the specific genes
underlying the dramatic fleer color variation between afmmningbirdpollinated and a self

pollinatedMimulusspecies.



Introduction

Mimulus parishiiandMimulus cardinalisare two genetically similar plants with extreme
variation in floral trait{Figure 1A) This study aims to discover the genes controlling the
differences in flower anthocyanin concentrations between the two spdeiaslus parishiiis a
selfing plantproducingsmadl, pale pink flowers, in starkontrast to the large, bright red flowers
of M. cardinalis(Figure 1A) and provides @atform for genetic study of flower color
difference. Despite being dramatily different in color, shapand size, and never hybridizing in
the wild, M. cardinalisandM. parishiiare genetically very similar arwn be readily crossed by
manual pollination.

The genetic similarity between the two is due to the divergenkk périshiiandM.
cardinalisfrom a common ancest recent evolutionary past (Beardsley et al. 2003). WMile
cardinalisevolved to be ammingbirdpollinated,M. parishiievolved to be selpollinated. This
divergence in pollination modeetween the speciésstrongly correlateavith the divergence in
flower colorgenerated by distinct concentratiafdwo classes of pigments: anthocyaand
carotenoids. Anthocyanins are a pink pigment thataneentrateéh M. cardinalisflowers but
are virtually lackingn M. parishiiflowers. This difference in anthocyanin production is a key
factor in the reproductive isolation of these two spe@s increased concentrations of
anthocyanins have proven to attract hummingbirds to flowers (Schemske and Bradshaw, 1999).
The lack of anthocyanin accumulationNh parishiimay be a consequence of a shift to-self
pollination, since allocation to syn#ieing these pigments would have no fitness benefit, as no
pollinator is being recruited.

These characteristics M. cardinalisandM. parishiiprovide a unique foundation for

understanding the evolution of floral trait variation and speciation. Investigation of the genetic



architecture controllingnthocyanin pigmentatian thesewo specieprovides insight intdhe
genetic modifications linketo the divergence in pollination mechanismMlirparishiiandM.
cardinalis This study aims to discover the genes controlling the high anthocyanin concentrations
in M. cardinalisversus the low anthocyanin concentrationslimparishiithrough genetic
mapping of chromosomedn order to accomplish this investigation into the genetic control of
anthocyanin production, an F2 hybrid populatioofparishiiandM. cardinaliswas created as
a platform for genetic analysis (Figure 1B).

The monkeyflower gars Mimulusserves as a model system fimderstanding
developmental genetics and speciatioflowering plantslts species hava short generation
time and high fecundity, which greatly facilitate genetic analysis. Many genomic resources have
developedor these specighttp://mimubase.or)/ anda variety of tools have been optimized
for functional experimentatiom monkeyflowers (Yuan et al. 2013, Ding and Yuan, 2016).

The genuMimulusis also uniquely suited for genetic analysis as it harbors a great
amount of phenotypidiversityamongspecies while maintaining a high level of genetic
similarity. This has led to many studies exploring the genetic and molecular basis of speciation
and eolution through investigation of two closely related monkeyflower spadiesulus
lewisii andMimulus cardinaligYuan et al. 2013Bradshaw et al. 1995). Oséudy explored the
effects of flower color on pollinator preference between the two spesikk lewisiiis
pollinated by bumblebees aMl cardinalisis pollinated by hummingbird¢Bradshaw and
Schemske, 2003). The study identifielbeuscalled YELLOW UPPER (YUR)which controls
the presence or absence of yelloavotenoidhigmentsbetweenM. cardinalisandM. lewisii.
TheM. cardinalisYUP alleleenableghe production of carotenoids, while thie lewisii YUP

allele disables caroterbproduction.Theseallelesdetermine the presence or absence of yellow



pigments in the petals and thereby daiees the polllinator; thbright redflowers ofM.
cardinalisare pollinated by hummingbirdsd thdight pink flowers ofM. lewisii are pollinated

by bumblebeedNearisogenic lines (NILsyvere created by inserting the alternative YUP allele
in the genome dfA. cardinalis andM. lewisii, resulting inM. cardinalisplants with pink flowers
containing no yellow pigments amdl lewisii plants with orange flowers containing yellow
pigments. Expsure to pollinators revealed that hummingbirds preferentially visit flowers
characterized by the presence of carotenoids and bumblebees those lacking carotenoids.
Hummingbirdpollination of theM. lewisii NIL flowers increased 6®&ld, and the bumblebee
padllination of theM. cardinalisNIL flowers increased Hold (Bradshaw and Schemske, 2003).
The evolution of the two YUP alleles clearly plays a role in the two distinct pollination modes
and provides insight into thmechanism of divergenad the two speies and in particular how
flower traitdifferentiationleads to pollinator discrimination, and therefore, reproductive
isolation Thus,the genetic architecture underlyingrl trait variation is useful innderstanding
the genetics of speciation andetsification of the >300,000 flowering plant speciésvas

these studies that inspired this project, because while much re$eartieen condtted into the
genetic basis dfower colordifferencein M. cardinalisandM. lewisii (Bradshaw and

Schemske, 2003; Yuan et al. 2013; Bradshaw et al. 1995), there are many other species in the
genus that provide a strong foundation for investigatieggenetic causes thbral trait

variation such adM. parishii.



Figure 1.Flower phenotype4A) An inbred line ofMimulus cardinaligleft) was crossed with an inbred line of
Mimulus parishii(right) to produce an Fhybrid (middle). (B)Representative flowers from an F2 population
derived from selfing a single F1 individual.



