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1. Genetics of petal pigmentation patterning in

gracilis ssp. sonomensis (Onagraceae)

1.1 Introduction
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1.2 Materials and Methods

1.2.1 Study system
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1.2.3 Pigment identification
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1.2.4 Transcriptome sequencing
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1.2.5 Bioinformatic analyses
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1.2.6 Cloning of full-length coding sequences
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1.2.7 Quantification of gene expression
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1.2.8 Genotyping F , plants at CgsMYB12
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1.2.9 Semi-quantitative assessment of gene expressi  on across
flower-bud developmental stages
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1.2.10 Overexpression of C. g. ssp. sonomensis petal R2ZR3-MYB
genes in Arabidopsis
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1.3 Results

1.3.1 Cup color is controlled by a single locus
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1.3.2 Different color regions contain different typ es of anthocyanins
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1.3.3 Anthocyanin enzyme-coding genes are downregul

ated in white
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1.3.4 Three R2R3-MYB genes are acting differently in petal
pigmentation
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1.3.5 Cup color cosegregates with CgsMYB12
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1.3.6 These petal R2R3-MYB genes activate anthocyanin production
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1.4 Discussion

1.4.1 A functional mutation in
cup formation
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1.4.3 Petal pigmentation of Clarkia gracilis ssp. sonomensis requires

multiple R2R3-MYB genes
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2. The evolution of petal pigmentation patterning i n
Clarkia gracilis
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2.2.2 Cloning of the R2R3-MYB genes
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2.2.4 Semi-quantitative assessment of gene expressi  on across
flower-bud developmental stages
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2.3 Results

2.3.1 The R2R3-MYB genes evolved before polyploidization of  C.
gracilis
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2.3.2 The expression domains of these R2R3-MYB genes are
conserved between species
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2.4 Discussion

2.4.1 The petal R2R3-MYB genes evolved through ancient
duplications prior to polyploidization of Clarkia gracilis
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2.4.2 Model for the evolution of color patterns in C. gracilis
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3. Downregulation of anthocyanin genes contributes to
an anther-color polymorphism in two trout lilies
(Erythronium )

3.1 Introduction
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3.2 Materials and Methods
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3.2.3 Characterization of anthocyanidins in anthers
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3.2.4 Transcriptome sequencing
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3.2.5 Bioinformatic analyses
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3.2.6 Cloning of full-length coding sequences
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3.2.7 Quantification of gene expression in anthers
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3.2.8 Semi-quantification of gene expression in lea  ves and anthers
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3.2.9 Likelihood estimation of  cis -regulatory mutations causing triple
downregulation
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3.2.10 Construction of EuMYB3 gene tree
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3.3 Results

3.3.1 Cyanidin-derived anthocyanins occur in purple anthers only
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3.3.2 Identification of anthocyanin genes
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3.3.3 Three enzyme-coding genes are downregulated s  imultaneously
in the yellow anthers
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3.3.4 Cis-regulatory mutations in the enzyme-coding genes ar e not
likely responsible for triple downregulation
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3.3.6 A single set of transcription factors is like ly responsible for
triple downregulation
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3.3.7 Multiple copies of EuMYBS3
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3.4 Discussion

3.4.1 Downregulation of transcription factors expla

anthocyanins in yellow anthers

L
%
3 3 9
&% ? 3 9
6
, 6
9
3 /
$%
* '3 3
&% 6 %
6 3 ' 6
> 8F? *

ins absence of

> $%

$%

82@



% 6

$% &% 3 3
" ' 3
I # 3 82
3 6
' 3 3
3 3 9
+,+ I3 3 > 8F' 12'
1<? /
6 3
6 .
6 3
3 3 % 3 I3
3 ' 3 #>87? > ?
3 J >1?
* 3
+,+ ' 3

82B



%

3
% &/ 6
3
' &/
bol<é&= "0 ++1
"% ++D +
3 1<é&= .. >
6 .2 /
% ++D &/ 6>
1<&= "%GA" 0 6
>* 1222? 7 % '
% : 6
1282'128A? .3 ' 9 +,+
> 122A? +
3
6
3 +,+

82C

3
9
3
7
% %8
122B? ,
>% ++ 87
122A'122B? 7 (
++ ' %G8
1 3 &B &=81
, +t >=
1<&=
3 +,+
+
3 '3
3 &/



+,+ 3 6 '
3
6 9
7 ' 3 3
# > ? > 7
>& 8FF8J (
128@7? + 3 1<
&= L 7 '
'>& 8FF8J
E 8FFDJ * K 122F J= 128A7?
; >+ 8FFD? ' '
9 % > , ?
> ! 9 ?
>  8FD<J 1281? .3 3
$ ' # W' 3
>) 128@7 3
7 ;
6 $%' &% '

82D



8FF<? |

*

>

122B?

12827 /

82F

$%'

&%

>E



>*

%

122B?

882

>) 8FFAJ & 8FFDJ

> '*3 122BJ



3 I
( >E 8FFF?' 9
>* 3 122B?' / >/ 122B?'
>* K 122F J * 128< ? +
6 3 1<&=
>* K 12887 , 3 '
'3 3
+,+ 7
3
* 3 3
6 * ! 6 3 +,+
3 ;
+,+ + 3

888



3.4.2 Similar downregulation observed in ~ E. americanum and E.
umbilicatum
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cd /dscrhome/rl124/trinityrnaseq-Trinity-v2.4.0/tri
0.36/

/./dscrhome/rl124/jdk1.8.0_92/bin/java java -Xmx2g

RCL4_S16_L008_R1_001.fastq RCL4_S16_L008_R2_001.fas

-baseout RCL4trimmed171018.fq ILLUMINACLIP:NebNext.

TRAILING:20 SLIDINGWINDOW:4:20 MINLEN:80

+

export PATH=/dscrhome/rl124/bowtie2-2.3.0-
legacy/:/dscrhome/rl124/jdk1.8.0_92/bin:$PATH
[./dscrhome/rl124/trinityrnaseq-Trinity-v2.4.0/Trin
RCLA4trimmed171018_1P.fq --right RCL4trimmed171018_2

max_memory 23G --CPU 10 --output /work/rl124/Assemb

%*+

export PATH=/dscrhome/rl124/ncbi-blast-2.6.0+/bin:$
makeblastdb -in /work/rl124/Blasting/TrinityRCL4[Cg
input_type fasta -dbtype nucl -logfile dbTOP.log
tblastx -query AtPg.txt -db TrinityRCL4[CgsTop].171
sseqid slen length evalue bitscore" -evalue 0.001 -

tblastxRCL4.AtPg.171019.out

* &

/dscrhome/rl124/trinityrnaseq-Trinity-

v2.4.0/util/align_and_estimate_abundance.pl --trans

88F

nity-plugins/Trimmomatic-

-jar trimmomatic-0.36.jar PE
tq -trimlog TrimLogRCLA4.log
fa:2:40:15 LEADING:20

ity --seqType fq --left
P.fq --SS_lib_type RF --
ling/TrinityRCL4-20171018

PATH
sTop].171018.fasta -

018.fa -outfmt "7 gseqid

out

cripts



TrinityRCL4[CgsTop].171018.fa --est_method RSEM --a

trinity_mode --prep_reference

/dscrhome/rl124/trinityrnaseq-Trinity-
v2.4.0/util/align_and_estimate_abundance.pl --trans
TrinityRCL4[CgsTop].171018.fa --left RCL4trimmed171
RCL4trimmed171018_2P.fq --seqType fq --SS_lib_type

aln_method bowtie2 --trinity_mode --output_dir rsem

/dscrhome/rl124/trinityrnaseq-Trinity-
v2.4.0/util/align_and_estimate_abundance.pl --trans
TrinityRCL4[CgsTop].171018.fa --left RCL5trimmed171
RCL5trimmed171018_2P.fq --seqType fq --SS_lib_type

aln_method bowtie2 --trinity_mode --output_dir rsem

/dscrhome/rl124/trinityrnaseq-Trinity-

v2.4.0/util/abundance_estimates_to_matrix.pl --est_

rsemTOP4/RSEM.TOP4isoforms.results rsemTOP5/RSEM.TO

out_prefix TOPisoforms

/dscrhome/rl124/trinityrnaseq-Trinity-
v2.4.0/Analysis/DifferentialExpression/run_DE_analy
TOPisoforms.counts.matrix --method edgeR --min_reps

0.1 --output edgeR.TOPisoforms

cut -f 1,3,4 rsemTOP4/RSEM.TOP4isoforms.results > T

/dscrhome/rl124/trinityrnaseq-Trinity-

v2.4.0/Analysis/DifferentialExpression/run_TMM_norm

pl --matrix TOPisoforms.counts.matrix --lengths TOP

812

In_method bowtie2 --

cripts

018_1P.fq --right

RF --est_method RSEM --
TOP4

cripts

018_1P.fq --right

RF --est_method RSEM --
TOP5

method RSEM

P5isoforms.results --

sis.pl --matrix

_min_cpm 1,1 --dispersion

OPisoforms.transLengths

alization_write_ FPKM_matrix.

isoforms.transLengths
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+

cd /dscrhome/rl124/trinityrnaseq-Trinity-v2.4.0/tri

/./dscrhome/rl124/jdk1.8.0_92/bin/java java -Xmx2g

RCL1_S13 L008 R1_001.fastq RCL1_S13 _L008_R2_001.fas

baseout RCL1trimmed171017.fq ILLUMINACLIP:NebNext.f

SLIDINGWINDOW:4:20 MINLEN:80

+

export PATH=/dscrhome/rl124/bowtie2-2.3.0-
legacy/:/dscrhome/rl124/jdk1.8.0_92/bin:$PATH
/./dscrhome/rl124/trinityrnaseq-Trinity-v2.4.0/Trin
RCL1trimmed171017_1P.fq --right RCL1trimmed171017_2

max_memory 23G --CPU 10 --output /work/rl124/Assemb

%+

export PATH=/dscrhome/rl124/ncbi-blast-2.6.0+/bin:$
makeblastdb -in /work/rl124/Blasting/PurpleTranscri
dbtype nucl -logfile dbPurple.log

tblastx -query AtLily.txt -db PurpleTranscriptome.f

slen length evalue bitscore" -evalue 0.001 -out tbl

8AB

nity-plugins/Trimmomatic-0.36/

-jar trimmomatic-0.36.jar PE
tq -trimlog TrimLogEaR.log -

a:2:40:15 LEADING:20 TRAILING:20

ity --seqType fq --left
P.fq --SS_lib_type RF --

ling/TrinityRCL1-20171018

PATH

ptome.fasta -input_type fasta -

asta -outfmt "7 gseqid sseqid

astxEuP.AtLily.170516.out



*&

/dscrhome/rl124/trinityrnaseq-Trinity-v2.4.0/util/a
transcripts PurpleTranscriptome.fasta --est_method

trinity_mode --prep_reference

/dscrhome/rl124/trinityrnaseq-Trinity-v2.4.0/util/a
transcripts PurpleTranscriptome.fasta --lefts_7_1_
s_7_2 sequence_P.txt --seqType fq --SS_lib_type RF

bowtie2 --trinity_mode --output_dir rsemPP

/dscrhome/rl124/trinityrnaseq-Trinity-v2.4.0/util/a
transcripts PurpleTranscriptome.fasta --lefts_7_1_
s_7_2 sequence_Y.txt --seqType fq --SS_lib_type RF

bowtie2 --trinity_mode --output_dir rsemPY

/dscrhome/rl124/trinityrnaseq-Trinity-v2.4.0/util/a

-est_method RSEM rsemPP/RSEM.PPisoforms.results rse

out_prefix Pisoforms

/dscrhome/rl124/trinityrnaseq-Trinity-
v2.4.0/Analysis/DifferentialExpression/run_DE_analy
Pisoforms.counts.matrix --method edgeR --min_reps_m

output edgeR.Pisoforms

cut -f 1,3,4 rsemPP/RSEM.PPisoforms.results > Piso

lign_and_estimate_abundance.pl --

RSEM --aln_method bowtie2 --

lign_and_estimate_abundance.pl --
sequence_P.txt --right

--est_method RSEM --aln_method

lign_and_estimate_abundance.pl --
sequence_Y.txt --right

--est_method RSEM --aln_method

bundance_estimates_to_matrix.pl -

mPY/RSEM.PYisoforms.results --

sis.pl --matrix

in_cpm 1,1 --dispersion 0.1 --

forms.transLengths



/dscrhome/rl124/trinityrnaseq-Trinity-
v2.4.0/Analysis/DifferentialExpression/run_TMM_norm alization_write_ FPKM_matrix.pl --

matrix Pisoforms.counts.matrix --lengths Pisoforms. transLengths

8AD
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