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Broccoli and cauliflower are different botanical varieties of Brassica oleracea. Mutant alleles at the loci BoCAL and BoAP1 can cause 
arrest at curding that is characteristic of cauliflower. These genes control early floral differentiation, necessary for the progression 
from a cauliflower-like inflorescence to the flower buds of broccoli. To what extent is the cauliflower-to-broccoli variation within the 
USDA-PGRU collection determined by mutant alleles of these genes? We surveyed the broccoli collection to examine the correlation 
between genotype and phenotype. Earlier work showed that BoCAL alone was not an effective predictor of cauliflower phenotype in 
this collection. The redundant function of BoCAL and AP1 in determining inflorescence arrest raises the possibility that the combined 
genotype can explain the phenotypic variation. We found that not to be the case. Two accessions varied in phenotype and segregated 
at both loci, but the combined genotypes were not associated with the expected phenotypes. Two additional accessions varied in 
phenotype and segregated at one locus, but with no association between genotype and phenotype. One line varying widely in 
phenotype was fixed for both loci. One line that was a stable intermediate phenotype segregated for BoCAL. A commercial broccoli 
cultivar had the cauliflower allele at both loci. The genetic basis of the cauliflower phenotype in the USDA B. oleracea collection is 
due more to alleles of genes affecting the expression of BoAP1 and BoCAL than to variation in these alleles of the genes themselves. 
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B
roccoli and cauliflow

er are different botanical varieties of the sam
e

species (B
rassica oleracea), w

ith different phenotypes. C
om

m
only found

m
utant alleles at the loci B

oC
A

L
-a and B

oA
P

1-a have been im
plicated in

causing 
arrest 

at 
curding 

that 
is 

characteristic 
of 

the 
cauliflow

er
phenotype 

(Sm
ith 

and 
K

ing, 
2000). 

T
hese 

genes 
cause 

early 
floral

differentiation, necessary for the progression from
 a cauliflow

er-like
inflorescence to the flow

er buds of broccoli. A
ccessions w

ithin the
U

SD
A

 PG
R

U
 broccoli collection exhibit phenotypic variation ranging

from
 cauliflow

er to broccoli. W
e surveyed this broccoli collection to test

the correlation betw
een B

oC
A

L
-a and B

oA
P1-a genotype and curding

phenotype.
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1.D
eterm

ine w
hether the genotype at C

A
U

L
IFL

O
W

E
R

 (B
oC

A
L-a) and

A
P

E
T

A
L

A
1 (B
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1-a) are diagnostic for the cauliflow
er and broccoli

form
s of B

rassica oleracea.
2.D
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ine 
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hether 

variation 
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ong 
and 

variation 
w

ithin 
lines 

is
affected by alleles at the B
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he ability to predict the phenotype of an
accession from

 a sim
ple D

N
A

 assay w
ould be useful for classifying the

collection. 
T

he 
predictive 

pow
er 

w
as 

assessed 
by 

com
paring 

the
accessions previously designated as broccoli in the collection.

Four 
different 

genetic 
m

odels 
for 

control 
of 

the 
phenotype 

w
ere

considered, and the correlation betw
een the prediction and the actual

phenotype calculated (T
able 1.) T

he additive allele m
odel w

as strongest
(P =

 0.03%
 in 2001, P =

 1.6%
 in 2002), but only the B

oC
A

L-alone m
odel

w
as rejected (P

 =
 30.9%

 in 2002).

N
o m

odel has a strong enough correlation to be useful for classifying
germ

plasm
. E

ven though the correlations are highly significant, the
predictive value is low

. A
 Pearson r of 0.26 m

eans that the genetic
m

odel explains about 7%
 of the variation in phenotype am

ong these
accessions.

D
iscrim

inant analysis using all four m
odels at once show

s a posterior
probability 

of 
a 

correct 
determ

ination 
as 

50%
. 
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procedure) 
M

any 
broccoli 

are 
predicted 

to 
be 

cauliflow
er 

or
interm

ediate. For the purpose of classifying germ
plasm

, w
e require a

value over 95%
, preferably 99%

.
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ithin one m
apping population,

the genotype at B
oC

A
L

-a and A
P

1-a consistently predicts broccoli,
cauliflow

er and interm
ediate phenotypes (Sm

ith and K
ing, 2000).

W
e exam

ined w
hether that w

as true in tw
o accessions that varied

both in genotype for these genes and phenotype (T
able 3.) N

either
accession exhibited such an association. In addition tw

o accessions
that varied in phenotype segregated at one of the tw

o loci, but there
w

as no association (T
able 3 a and b). Segregation at B

oC
A

L-a m
ay

not 
affect 

the 
phenotype 

(H
R

I 
5295). 

C
onversely, 

phenotypic
variation w

as great in one line (G
reen H

arm
ony) that w

as fixed for
both loci.

T
he observed phenotypic variation that is not explained by these

genes is likely to have three sources. First, there m
ay be other

segregating 
genes 

that 
directly 

influence 
inflorescence 

arrest.
Second, environm

ental conditions, principally tem
perature, affect

develop-m
ental 

arrest. 
T

hird, 
other 

segregating 
genes 

m
ay

influence the degree of environm
ental sensitivity.
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W
hile the m

utant bocal-a and boap1-a alleles are know
n to be able

to cause a cauliflow
er phenotype, other genes appear to have

substantial 
control 

over 
the 

sam
e 

process 
in 

other 
genetic

backgrounds. A
lthough there is a highly significant effect of these

genes on the phenotype, it is so sm
all that these genes alone do not

have utility in classifying germ
plasm

.
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e surveyed the U
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 collection of broccoli to test the correlation
betw

een the B
oC

A
L

-a and B
oA

P
1-a genotypes and phenotype (Fig. 1)

in 19 accessions and 8 F1 hybrids of B
. oleracea. A

ll the accessions
w

ere 
scored 

for 
phenotype 

in 
2001, 

10 
variable 

or 
non-flow

ering
accessions w

ere rescored for phenotype in 2002. T
he genotype w
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determ

ined by am
plifying a region of the B
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-a gene containing the

m
utation sequencing the am
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hether the variable
nucleotide w

as a G
 (w

t) or a T
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utant), or by am
plifying a variable
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orphism

 that distinguishes alleles of B
oA
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1-a. A

ll the
lines 
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ere 

planted 
in 

the 
field 

and 
evaluated 

for 
the 

stage 
of

inflorescence arrest at harvest m
aturity.
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lassification of appearance used in scoring phenotype.

T
able 1. C

orrelation betw
een predicted phenotype and actual phenotype

under four genetic m
odels. T

he 2001 data set consisted of all lines in the
broccoli collection, the 2002 data set w

ere those that segregated w
ithin

accession.
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T
able 3. S
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e lines had varying phenotypes and segregating genotypes,
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ithin a lim
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G

enotypic and phenotypic variation w
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eakly related.
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Fixed genotype, despite varying phenotype.
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reen H
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Fixed for ap1 and cal. V
aries from

 cauliflow
er to broccoli.

T
his accession is illustrated in Figure 1.

T
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he specific predictions of each m
odel in T
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ber

of plants fitting each outcom
e. C

orrect predictions (g
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) are in the

diagonal from
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