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Life cycle and biological rhythms of Nasonia vitripennis. (a) Schematic representation of the life cycle in Nasonia vitripennis. (b) Seasonal rhythm 
(diapause). Nasonia females switch from producing normal developing offspring (green) to diapausing offspring (red) that stall their development  
under short photoperiod. (c) Circadian rhythm (locomotor activity). Double plotted actogram represents the activity level during night (grey 
bars), during the day (orange bars) and during constant darkness (DD, grey shade). Zeitgeber Time (ZT) is given in hours on the x-axis where 
ZT=0 represents light on. (d) Ultradian rhythm (male courtship). The rhythmic display movements include repeated series of head noddings 
and pauses in cycles. Vertical lines represent separate head-nods. The interval between the first nod of two consecutive series is used as a 
measure of cycle duration. Figure on d is adapted from Van den Assem & Beukeboom (2004). Wasp symbols are from Clark et al. (2010). 
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My Ph.D. research was part of the EU-fun-
ded Marie Curie Initial Training Network 
‘INsecTIME’, a consortium of academic 
institutes and Small and Medium Enter-
prises spanning seven EU countries. Its 
aim was to study the molecular genetic 
basis of insect biological timing. The fo-
cus of my thesis was to study the genetic 
variation in the architecture of biological 
rhythms in Nasonia vitripennis (daily, 
seasonal and ultradian), with particular 
focus on the role of clock genes in photo-
periodic diapause response (seasonal 
response) (see figure).

I used southern and northern popu-
lations of N. vitripennis wasps, that carry 
different period (per) clock gene alleles 
associated to different diapause phe-
notypes (seasonal response). I used a 
combination of behavioral assays, gene 
expression analysis and functional test 
(RNAi and CRISPR/CAS9) to investigate 
the geographical variation in biological 
rhythms.

In my study, I described several pro-

perties of the circadian (daily) activity 
pattern that differ between southern 
and northern wasps. Northern wasps 
were mainly active at the end of the day, 
whereas the southern ones showed a 
preferential morning activity. These dif-
ferent activity patterns reflect the pace of 
their endogenous circadian clocks, with 
southern wasps harboring a faster clock 

compared to northern ones. I then stu-
died the daily expression pattern of can-
didate clock genes. Circadian expression 
of these genes was strongly affected by 
photoperiodic conditions in the northern 
wasps, whereas slight effects were seen 
in the southern wasps. Finally, I functio-
nally tested the role of the clock gene per 
in the timing mechanism of N. vitripennis 
by knocking-down per-expression via 
RNAi. The knock-down of per affected 
the circadian expression of the whole 
circadian clock and induced several be-
havioral changes. It increased the pace of 
the circadian clock, advanced the activity 
pattern and delayed the induction of dia-
pause (seasonal response). The ultradian 
rhythm (fast rhythms <20h) that is part 
of the male courtship behavior was also 
affected.

The work contributed to the under-
standing of the genetics underlying bio-
logical timing in N. vitripennis and it sup-
ports the hypothesis of an evolutionary 
link between the circadian clock and the 
seasonal photoperiodic response. Future 
research should focus on post-transcrip-
tional and post-translational regulation 
of per and other clock genes to better un-
derstand how geographical variation in 
rhythms comes about.


