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why study potato color genes?

because tuber color is an economically
Important trait...

because anthocyanins are potent
antioxidants...

because much information is available
from model systems; tractable

Its fun!
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Four key loci influence tuber color

R - required for synthesis of red anthocyanin
In any tissue (chromosome 2)

P - required for synthesis of purple
anthocyanin in any tissue (chromosome 11)

D - (developer) required for red or purple
anthocyanins in tuber skin (chromosome 10)

- required for accumulation of yellow
carotenoids in tuber flesh (chromosome 3)












hypotheses

potato tomato
P = f3'5’h are = f3h
R = dfr a =13'5h

D = R2R3 myb



Purple






an allele of f3’5’h cosegregates with P






Functional basis for P versus p?

PFGXGRRXCX@roup A P450 signature motif
PFGAGRRICAGP from W5281.2
PRFMNAGRRICAG p from a red-skinned variety



Red



an allele of dfr cosegregates with R



Acid test: phenotype after transformation

TEV

35S “red” allele of dfr

Ideally, want to transform genotype D--- rrrr,
see If tubers change from white to red

We know of no such potato...






Indirect approach to transforming D--- rrrr

1. Transform “Prince Hairy”, which has genotype
dddd rrrr

2. Cross transgenic Prince Hairy with Chieftain,
which has genotype D--- Rrrr

3. Using markers, identify segregants with the
transgene in a D--- rrrr background

What color are these segregants?






when transgene = red allele of dfr

Genotype (+/- P)

predicted tuber color

D--- R--- T--- red or purple, no white
D--- rrrr T--- red or purple, no white
D--- R--- tttt red or purple, no white
D--- rrrr tttt white or purple, no red
dddd R--- T--- all white
dddd rrrr T--- all white
dddd R--- tttt all white
dddd rrrr tttt all white

observed
color



when transgene = empty vector

Genotype (+/- P)

predicted tuber color

D--- R--- T--- red or purple, no white
D--- rrrr T--- white or purple, no red
D--- R--- tttt red or purple, no white
D--- rrrr tttt white or purple, no red
dddd R--- T--- all white
dddd rrrr T--- all white
dddd R--- tttt all white
dddd rrrr tttt all white

observed
color



HPLC of tuber skin anthocyanins



What Is the
difference
between
alleles of

dfr?

Hypothesis:
the “red
allele” can
utilize DHK,
other alleles
cannot



Petunia W80
(lacks dfr)

Petunia W80 Petunia W80

with “not-red” with “red”
allele of allele of
potato dfr potato dfr

HPLC says: pelargonidin
and cyanidin






Mexico «—— S. andigena
160215

S. phureja
320369

S. phuregja
225665

S. goniocalyx

195188

S. andigena
230457

S. stenotomum
545980,
234008

share identical dfr
allele (1.7 kb
seguenced)



Measuring allele dosage in 4x potato
AAAA, AAAa, AAaa, Aaaa, aaaa

« dosage influences frequency of allele
transmission

* dosage sometimes also influences trait
expression






Developer - an R2R3 MYB gene?

R2 R3



A R2R3MYB gene expressed only
In colored tuber periderm



Prince Hairy Prince Hairy + MYB



Prince Hairy Prince Hairy + MYB



Prince
Haliry



Diploid with purple sprouts

Diploid with red sprouts






Desiree + myb
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PCR marker based on potato homolog of Petunia anl



Yellow



24/24 yellow, 0/27 white clones tested
possess same allele of bch



Yukon Gold: yellow allele >> white allele

white yellow






Many aspects of tuber color are not yet
understood (= research opportunities!)
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Color Genes, Revisited

color gene

red dfr
purple f3'5°h
bch

tuber skin R2R3 myb

basis for
variation

substrate
specificity

functional
enzyme

level of
expression

+/-expression

functional
alleles

just one?

likely many

just one?

2 Or more



DP









diversity of panl alleles in cultivated germplasm







f3'5’h expressed in colored but not white
tuber skin



haplotype 1
haplolyps 2
haplotype 3

haplolype 1
haplotype 2
heaplotype 3

haplolype 1

haplotype 2
haplolypea 3
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basis for dosage assay

* I~ probe specific for RED

RED ALLELE

. I~ probe specific for NOT-RED
NOT-RED ALLELE



testing tomato hypotheses: sequencing
NILs



