
The objective of the study was to classifiy alleles of the gene

complementary sex determiner, csd into complementation

groups according to their interallelic relationships. This

information was anticipated to provide clues on molecular

mechanisms of csd-mediated sex determination and perhaps

facilitate allele-assisted breeding.
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In the honeybee, Apis mellifera, females develop from fertilized,

diploid eggs, whereas parthenogenesis results in the development

of males from unfertilized eggs. The single gene complementary

sex determiner, csd directs development into either males or

females. A heterozygous composition of csd alleles is

indispensable for female development, while a hemizygous

(haploid) or homozygous (diploid) composition leads to male

development1. To date, more than 225 alleles, differing in the

coding sequence of csd, have been discovered, displaying a truly

impressive diversity. Because of the great heterogeneity observed,

especially in the hypervariable region of csd, we hypothesized

that not all alleles are mutually complementary, a situation which

is similar to other complementation systems2-8, and that grouping

of alleles in complementation groups might provide clues towards

the molecular mechanisms of complementary sex determination

in Apis mellifera.

• 96 worker larvae from 43 populations

• csd from 4508 workers Individually barcoded

• Pooled and sequenced on the 454 FLX Titanium platform

• Demultiplexed in Amplicon Variant Analyzer software (Roche)

• Assembled and translated in Codoncode Analyzed

The study led to the identification of 75 novel alleles, in addition

to 237 combinations of complementary alleles. The complete

absence of interallelic non-complementation of alleles for which

we have sufficient coverage imply a possible novel mechanism

underlying the sex determination mechanism of CSD and impede

an overall classification of alleles.
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Figure 1. Illustrates the relationship of csd-alleles represented by

two families of the study, after analysis at the family level (solid

lines) and global level (dashed lines). Some combinations of

alleles missing within a single family were observed in other

families demonstrating all versus all complementation of alleles

for which we have sufficient coverage.


