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Spalangia cameroni
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Sodalis -w nxx¥n 0'MTIZ 0"1072 .N'AN 2T DN L,DRIY DRIAT W 070 A7W DX
NN TINY7 nnvn 0'xan 010N 7w nonn LPY ,0'Rexxnn 80% -37 71 NI Navin
N'VIXONIRITO N'OIPONP'A NIYXYNANL NNT 'WY .AT 2T'N 7Y DIXD 12ynNn |20
X7 .nnan nvay 7w ninw nimii 0nn 7y (Fluorescence in situ Hybridization)
NLI?22 AT PT'N W D72ITA NIND2 1NN X L[N 7V IR 0'%'an A Sodalis -2 nnan
M7 Apm nyIxnw 0N oy M Sodalis -w nywn 11'7un [ |X0n .0NRN pwAl
,N10 NINT PITA7 T .NITNA INIX WIIN NYIXN 7NT JUNNAIL,L,NXAN D700 197 'RPTIION
NN T 7Y 17901INY 0'RPTAI97 Sodalis nixwin X7w niyax T 7y 1701w 0¥ 11N
NN D'019 21) A7R D'¥N INNSNNY NNAIAN NIYIXN AN L IRYAL INIX NIRYD DY
NIIX T 7V 170N 0¥ NNV — 190N 719'0a ,NRT Ny .Sodalis kw1 pr (27
NN D'0I9 2 7 - INIX NIRYI K7W NIVIY T 7V 179901Inw D'RpTI197 Sodalis nixwnw
['2 1IX79N 1AW 102 X L,VITN 'RN2 DA k¥m) Sodalis -w 'k ,qona .Sodalis 1xwa 24
,012'07 .01I'AN'0N 7Y N'NANX NNAYNYT NIFITY 1IRXNA X7 NI'RWI |1'KY NIQ717 D'RWI DNOT
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2w 10 1xwna Phlebotomus (Larroussius) orientalis 7w puxy Tiy'n

Leishmania donovani

22,20 Rk e hpoamivo ikt JTak a nex TRy TR S ToxT nniaT
1mown TIT oIk & Nwix R o yarmiT arkn 3pmar
Y20N NIYAZ NIRNAN TIWN 1% NIKNA NA'0N ,0MWA -120%D NIRNA Dmvn”
2N, 07U, N20N NANY TIWNN ,NNATAE 07T 9axS ;nnant
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7w oniopn? orawn (Diptera: Psychodidae) Phlebotomus ai07 oo win 7in aar
MY O'TRINY'Y? 7W NIVLYWONN 7Y NNOX] NNNNXKN DAY .[U'D D71V O'TRINYY
TIYUNNI NIKNAN TIYN .12y AYIT DNYD K7 IT 07NN 79 NN NNayn DN 0DNITRY
Dawa .72Iin T 7w o'nopnl oxax oo 2008 miwn o'mtpm nanon NaanYg
7¢ NMTIXK NN2AVD DYIT DN DN DRAIYY 20 WA ITRRNn DNPon NRIYWRIN
AT NIFOI7DIX 7V DM 0NN DMITRY? 12NN DMP0N NINNKN DY IV O'TRINY'Y
27 ' MIwR17 n7ann 2020-2021 nawn 2 1571w 002 .0M0N IX DYR7N I 7NN
DNITRNN D'019 149 1DoN 700 102 78w Phlebotomus orientalis Parrot 7inn
Cytb- n'9¥1n 'niN1E NAI7197IM NYTAN 7V 002NN |'AN DT .NQYNT AN YW 0nT
n1aona P. orientalis -> NTainw 0'019n 0'9X1 7w MXNwN '0A17'o nina- COI . 1ND1
(Nrmin 98.2%) niaa mT AXIN N9INNIE [TIO NIRFTAN D'D¥7 L,'NdNN J7Nna
Ap'wn Dan Leishmania donovani 7w nom 1iopl xin Phlebotomus orientalis
TR 1172 .np9KR NOmA (Visceral Leishmaniasis) n'm1on nnakn 7w 0TI,
ININQ 'MTIX NNAVN 7aun 7V D'YRAXNN DINNKD D'RYANN IRY TN ,NA'RTA 2210
D'YIT .NT 7'00n DTX 122 nXRI7Nn Mpnl L. donovani o'7om1i7 1'win 7'90 7w ITR
28w P. orientalis 7w n'maynl nfannn nXI9SNN DX YiIaP7 nan 7y 0's0n 0Mpnn

STYAL NN YYD NIRNA 7Y DRwRN [an 1wl
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,NYUR 'NPTAU9-2Y 2'Tn RN ,9"TA |70 (Spodoptera frugiperda) nwhion naTiman
,00'MN 7w 1rvvaln A7wa 0o 9"Tan 'pn 2018 nivwa xIwn MIWRY? nannw
NIN DT 2'TAN NOXIYW PTIN D'N770 NNXIFD 27w DAL, NN N'YYY7 X1an? 09217 NI
DN ,NN2TN N'WON TINA N2AIN7 NITNY NN 9"Ta D 071Y2 0'IoNSN YIT .DIXY
721 710" [9IX2 0'790N OV'NA '7TAN DIDY NINNY7 .ANN2TNY YINA D'YIIMN DMY'WONN
AT 2'TN2 DY TIVYD NN2TRN 'WON? NTIRNN NN A7 9% ayn nwwa X7 [*TY ,9"Tan
NN2TN M'WONY? 9"TA W NTIAIN NINNSNN TA1 PYNN XY NTPRNN 7NN NN
2'TAN NI'OIINT NRIYWN? wnwnw ,(NION"NNN) 0'02N N'OI72IX NNz IX? .oy
NI2YINE 2TYNN 2210 TR 9" T nrolIk 2021 Y712 nDoX1 ,MNoNN 0NN NITYUN
NNINN MIPY N7 'O .NNQTH N'WONA DY719'0 K77 ,NTY quiy 9"INa 0*721T"a Y TNY
IT N"OI72IXN 9™"TAN "INT NIAIAN DZIAN D'RIN] [IYXRIN 2A7WA 117T2) ,071WN DN'WONY
MXIN T¥ ,0"0NI'0 NNATA NNIN AT '™ T2 NNATAN DTN D721 DNY'WON 190Nn7
NNIY2 DTYIN 190N 7DTYUN NIFOIIINA NITMY NIXI DXN NPT Xan 27wl LBt
INX7 .0"NITAN O'{7AYal '2IYNn 2112 0N NITwn 9" '2nt 190X 2023-2022 y'yn
NANYT7 NXIYN NNYYI D'WONN 7W DY D'TIDM7 0'70TN 19WN] NTAYNI IT W 7212
Ny N7'NNN 9"TaN 'NATNA .0'0aN NTOI7IINT NTYUN NIFOIIIN |2 - NNATAN N'WONY
NN NRXN N2I0ZIRE VOIAIX '9I10'NA X ,DIIYN DI'WONT NITNAY NXXYNI X7 00NN
NNOSNNVY NT'NI .0"INK D'WON 7¢ DNI7'YA N7 0T DAL TIVY 1'WONYT NI NIty
7'TN TA1D DN WIN'Yn yan'n? nan 7y 0'71an7 hon' yTnn ,0'X7nmn 0Y'YION? NIty
NIZ'Y' DR YA7IW INK7 .ANXNND MIYN NNQTAN NImi ,0"X77Nn 0'Novwa At
NNQTN pwnn v y'mn% on ,ntuina n0xnmn 01'mM? oxNNA L0 NN NITYA DNY'YWINN
DNXNN] ,D'7'Y' X7 DN'WON] WIN'WN NIX YIN'l 0'719'00 19010 NIX N'NO'W ,"A'079KX
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113N 0'A N9 A1aT? (Bactrocera zonata) po1oxn 21T |2 N12'A 2 NINNN

M92 D'7NTA ' NIXPRIVI'X DINN DA [I'oX :(Ceratitis capitata)

2q0r' 2 780m ,Mar tvia ,Y2aann 'Rn
NIAINT ,NAM0I [IT NIRPNY NV7IPoN ,NA7MILIXKY np7nnn’

N2 1270 ,'R7PNN NN 70, nai7inivak? npnnin?

DN .00 0'XR77N D't N'77101 Mnan (Diptera: Tephritidae) nin'on faar nnown
DINN NX |NNKRN 1YY 12'NNNY N'OX NNTA -DINTA DIpnw  Bactroceraaionn nam
N"A71'22 2IWN 20N DUINN DINNSNNTE DTN 'ARWN 7V 1M 2 NNNN .'MY71Vn DNXION
2 NITTIMNN D710 NYAIT D'YWTN DAITRA NI00ANN ,ANY7 DY ,N7R DT 7¥ nw'79N
7V DUNINKN 0212211 |N2X ,NT 7NN N7 12 1190 INIKA D'ANSNAN DYAIPN DN
7019KXN 1171 YIX2 ooian |'n -(Ceratitis capitata) 11>'n 0'n NN'9N 2AT 2 NNNN
NYOSUN1 TPNNK 781w INXISN DINN DX 2'nnn w219 ' -(Bactrocera zonata)
X .7NTN 27w2 N AN DNNNN 7Y DIMNPMNLE 'RPTIdN L NRORIN ,NNI0V1I9N0N
D"otn 7w 17RNn omn DNITRA NNy X'T? JNN' PIYN Anina ANiv1sno D nywn
D"IYY 7NTN 7¢ N1A'0NAR NIANINN IX 'KPTIOL NNY'PAI NXAN D700 TVIN [INTH 90112
D'ANWYN 7¥1'1 TNY' DNXR DY7NT '9%D NNORIN A'XNI DTRIN Y7Ian N7 :T'{79N pnwy
JINNY DMWY DY DD DY, NN AN DNNNN 7V V'9Wn? MY 'KpTion DA iy
n'MN TNKR 72 DY YN DIMNP'MN LD D .01IY DM D'7NT NINNSNNA MIY 91X
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Evolutionary co-option of neural patterning networks to insect

segmentation

Nitzan Alon & Ariel D. Chipman
Department of Ecology, Evolution and Behavior, The Hebrew University of
Jerusalem

nitzan.alon@mail.huji.ac.il

Insect brains exhibit diverse morphology, matching the wide variety of the group.
However, the best studied species are holometabolous insects, with distinct larval
and adult brains, making the full developmental process of the embryonic to adult
brain relatively unexplored. This Our goal is to follow the formation of brain
structures in the hemimetabolous insect Oncopeltus fasciatus and to create a
developmental map. We used RNA in-situ hybridization staining of pro-neural and
neuron-specifying genes to identify neuroblasts and neurons in the developing
embryonic brain and combine these results with structural data from antibody
staining to show cell morphology. Because the brain of a hemimetabolous insect
does not change drastically during its life cycle, our results may provide deeper
insight into the formation process of an insect brain. Additionally, it may provide
insight into a potentially more ancestral mode of development than that of the
most common insect models which are mostly holometabolous, shedding light on
the evolution of the insect brain. Initial results show both a divergence in
developmental mechanisms and timelines between the segmented trunk and the
insect brain, as well as presenting a neuronal function for genes previously mostly

known for their function in body-plan development.
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Indole signalling and its evolutionary implications in insect olfaction

M.Arbel*, J.D Bohbot!
!Department of Entomology, The Hebrew University of Jerusalem, Israel
*Corresponding author: jonathan.bohbot@mail.huji.ac.il

Indoles, volatile organic compounds synthesized by Bacteria, Archaea, and
Eukaryotes, serve as ancient signaling agents across domains. They play a key
role in interkingdom communication, impacting plants, animals, and bacteria.
Mosquito Indolergic Odorant Receptors (indolORs), present in insects, evolved
around 145-226 million years ago. Their appearance in non-mosquito dipterans
highlights indole detection's significance, shaping dipteran evolution for
approximately 400 million years. While the role of indole and 3-methylindole
(skatole) in mosquito behavior remains unclear, varying receptor expressions and
developmental gene patterns suggest indolic compounds' influence. This
challenges the notion of insect olfaction being solely resource-driven, proposing
indole as a multifaceted behavioral cue. These findings could revolutionize
olfactory understanding, impacting significant organisms scientifically and
societally. Our research investigates indolORs in diverse insect species via
heterologous cell expression and a broad indole compound library, spanning

various insect groups.
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Unraveling the complexity of insect embryogenesis: insights from

blastoderm morphology and evolution

Ariel Bar-Lev Viterbo and Ariel D. Chipman
Department of Ecology Evolution and Behavior, The Hebrew University of
Jerusalem Campus Edmond J. Safra, Jerusalem

Ariel.Barlev@mail.huji.ac.il

Insect embryogenesis is a remarkably complex process that exhibits
considerable variation across different taxa. Nevertheless, like all arthropods
insects share a highly conserved developmental milestone known as the
arthropod phylotypic stage: the germband. This shared conservation is evident in
morphological characteristics and genetic traits, including conserved gene
regulatory networks governing segment polarity. While segmentation and
germband formation have garnered considerable attention, the earlier blastoderm
stage has remained relatively overlooked and poorly understood. The blastoderm
stage is influenced by temporal constraints from both ends of the developmental
process. The shape of the egg, determined by reproductive ecology, directly
impacts the characteristics of the blastoderm, thereby setting the “developmental
stage” for subsequent events. Ultimately, the blastoderm must execute the
segmentation cascade to culminate in the definitive germband morphology,
effectively engineering developmental events in reverse. Acting as a central
orchestrator, the blastoderm drives the intricate processes leading to the
emergence of the distinct germband structure, making it a pivotal stage in insect
embryogenesis. To address these inquiries, known blastoderm characters are
mapped onto a phylogenetic tree, enabling the tracing of their evolutionary history
and the identification of any emergent patterns. Understanding the complexities
and evolution of the blastoderm stage holds promise for advancing our
comprehension of insect embryogenesis and illuminating the broader context of
arthropod development. This exploration of blastoderm dynamics may open up
exciting avenues for further investigation into the hidden mechanisms underlying

the fascinating world of insect development.
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Comparative metabolic patterns in galls induced by different aphid-

species on Pistacia palaestina

Rachel Davidovich-Rikanatil"; Einat Barl; Shashank Sainil; Joelle Muhlemann?;

Yoram Shotland?, Natalia Dudareva?; Moshe Inbar#; Efraim Lewinsohn?

! Institute of Plant Sciences, Newe Ya'ar Research Center, Agricultural
Research Organization, The Volcani Center, Ramat Yishay, 3009500, Israel.
2 Department of Biochemistry, Purdue University, West Lafayette, IN 47907-

1165, USA. 2 Department of Chemical Engineering, Shamoon College of

Engineering, Beer Sheva, 84100, Israel. 4 Department of Evolutionary &

Environmental Biology, University of Haifa, Mount Carmel, Haifa, 31905, Israel.

davidovi@agri.gov.il

Gall formation represents one of the most sophisticated ways by which insects
manipulate plant hosts for their own benefit. Galling insects gain accessible
nutrition and protection from abiotic and biotic factors. The Mediterranean tree
Pistacia palaestina is a host for several aphid species (tribe Fordini), each forming
a morphologically distinct gall. We have previously shown that galls accumulate
high monoterpene levels as compared to non-colonized leaves and possess
enhanced metabolic ability to produce monoterpenes. To characterize dominant
biological processes and possible molecular and metabolic mechanisms involved
in gall chemical differentiation, we are investigating metabolic changes in the
aphid galls formed by different aphid species. Metabolomic and transcriptomic
data of these tissues is being compared to better understand the main plant
biosynthetic pathways recruited during aphid colonization and targeted to aphid's
defense. Untargeted metabolomic analyses of methanol extracts by LC-MS in
comparison with transcriptome analyses show that specialized metabolism
processes are differentially affected in galls induced by different aphids. Our
results contribute to our understanding of the molecular mechanisms behind the

processes of gall chemospecialization.
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Collective obstacle-clearing by the longhorn “crazy” ant

Ehud Fonio, Danielle Mersch & Ofer Feinerman
The department of Physics of Complex Systems, The Weizmann Institute of
Science, Israel

ehud.fonio@weizmann.ac.il

Ants tend to move stuff with their mandibles. Some carry food items, like seeds
or live prey, back to their nest. Others may move larvae around the nest, or even
carry other live nest-mates during nest relocation or dead ones as part of regular
nest sanitation. In all these occurrences, the connection between the behavior
and the function it serves is clear. However, there are other occasions in which
ant use their mandibles to carry stuff around in a less straightforward context.
Many ants clear soil during nest excavation. Some, as in the leaf-cutter ants
(Atta), are specialized in cutting and carrying pieces of leaves back to their nest
as the raw material for special compost on which these ants grow their food.
Others, like in the harvester ant (Messor), remove grass and other small
obstacles, creating clear trunk trails. Here we describe a novel type of secondary
clearing behavior performed by the longhorn “crazy” ants Paratrechina
longicornis. Surprisingly, although this behavior is being utilized by the same
mechanism of mass recruitment behavior, it is exclusively performed in the

context of cooperative transport of large loads when it is most needed.
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The colony environment and brood care interact to influence circadian

brain gene expression in Apis mellifera and Bombus terrestris

Tzvi S. Goldberg?, Ryan Oliver!, Muki Nagari!, Jacob Holland*?, Mira Cohen?,
Guy Bloch?

!Department of Ecology, Evolution and Behavior, The Hebrew University of

Jerusalem, Israel, 2Institute of Evolutionary Biology, University of Edinburgh,
Edinburgh, UK
tzvi.goldberg@mail.huji.ac.ll

Circadian rhythms are important for timing many biological processes. However,
some animals naturally switch between activity with or without circadian rhythms,
and the underlying mechanisms are unknown. Social insects provide an attractive
model system for studying natural plasticity in circadian rhythms because the
presence of circadian rhythms is influenced by task performance and the social
environment. We tested the influence of social contexts on brain circadian gene
expression in two highly social bee species with different levels of social
complexity, the honey bee Apis mellifera and the bumble bee Bombus terrestris.
Whole-brain mRNA was collected in time-series from four groups of bees:
foragers (colony, no brood care), nurses (colony and brood care), solitary bees
(no colony or brood care), and solitary bees with brood (brood care, no colony
environment) to isolate the effects of brood care and colony environment on
circadianly expressed genes (CEGS). As expected, we found significantly more
CEGs in foragers compared to the other groups, but surprisingly, the solitary with
brood group had the second highest number of CEGs in both species.
Additionally, in both species, we found significantly more CEGs in colony-reared
bees than in solitary bees. These trends, along with further differences in CEG
numbers and phases between groups suggest that the colony environment
increases circadian gene expression while caring for brood may decrease some

circadian processes, while increasing others in B. terrestris but not A. mellifera.
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Designing self-limiting Sex Ratio Distorters for population suppression of

the malaria vector Anopheles gambiae

Daniella An Haber@?, Yael Arien!, Lee Benjamin Lamdan?, Philippos Aris
Papathanos?
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Genetic manipulation is emerging as a promising solution for controlling harmful
insect populations, offering an eco-friendly, species-specific alternative to
traditional methods. Synthetic Y chromosome-linked Sex Ratio Distorters (SRDs)
that bias the population’s sex-ratio towards males stand out as a powerful genetic
control strategy, requiring fewer released insects for effective population
suppression compared with methods like the Sterile Insect Technique (SIT). The
X-poisoning SRD system, recently established in Drosophila melanogaster,
shows promise as a self-limiting control approach by inducing male bias through
female-specific mortality during development. In this study, we aimed to establish
the X-poisoning system in the primary malaria vector, Anopheles gambiae. For
proof-of-concept, autosomal CRISPR-Cas9 strains targeting three X-linked
haploinsufficient (HI) genes during meiotic stages of spermatogenesis were
designed, and the distortion mechanism was explored in strains displaying
notable sex-ratio distortion. In two of the strains, targeting the ribosomal protein
genes AGAP000952 or AGAP000739, a significant male bias in progeny was
observed (73% and 67%, respectively). Interestingly, results regarding the timing
of female lethality revealed that sex distortion originated from reduced successful
transmission of X-bearing sperm, rather than post-zygotic lethality of daughters.
These outcomes conflicted with both our expectations and the Drosophila model,
suggesting distinct biological mechanisms govern Anopheles and Drosophila
spermatogenesis. By acting at a pre-zygotic stage, Y-linked X-poisoning cannot
serve as the foundation for a self-limiting control strategy in An. gambiae;
however, it holds promise for future development as a self-sustaining meiotic

drive.
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Social evolution constitutes a major transition in evolution, yet the ultimate
pathway by which sociality evolved is still debatable. A hallmark of eusociality is
the reproductive division of labor, whereby workers forego reproduction in favor
of the queen. Prevailing evolutionary theories for explaining the primary drive for
eusociality are kin selection/inclusive fithess or group i.e., colony level selection.
The latter gained momentum recently, proposing that cooperative mutualistic
groups occurring in patchy populations had advantage over solitary populations,
and genetic relatedness (kin structure) simply accelerated the spread of eusocial
alleles. In effect, both processes ultimately act in concert to generate and
maintain eusociality.

Proximately, the reproductive ground plan hypothesis posits that queen and
worker phenotypes are the decoupling of the maternal phenotype, ovarian and
brood tending cycles of ancestral solitary species. Individuals with active
“reproductive genes” became queens while individuals with active “brood caring
genes” became workers. Recent genomic finding such as differential and
heterochronic gene expression in queens and workers support this hypothesis.
The regulatory mechanism that maintains reproductive division of labor is still
controversial. The “queen control” hypothesis posits that the queen via
pheromones coercively suppresses worker ovarian activation, while the “worker
control” hypothesis posits that workers forego reproduction as long as it increases
their own inclusive fitness. Although females of social Hymenoptera are totipotent
and can develop to either queens or workers, caste specificity of pheromone
composition is strictly regulated at the genomic biosynthesis levels. Workers also
exhibit pheromones that are associated with reproduction, but their function is
linked to the species social structure. For example, worker derived Dufour gland
pheromones in honeybees and bumble bees signal opposing messages, fertility
vis a vis sterility. Recent genomic data continuously shed light on some of these
controversies and may eventually solve the enigma, and Darwin’s dilemma, of

evolution of eusociality.
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In today's medical field, the issue of antibiotic resistance poses an enormous
threat. However, there is a new hope in the biomedical and pharmaceutical fields,
and it comes in the form of antimicrobial peptides (AMPs). These small, naturally
occurring molecules play a crucial role in the innate immune response of various
organisms, including insects. The black soldier fly (BSF) is of particular interest
in AMP research, as it encounters a diverse microbial environment during its life
cycle in decaying organic matter. Exploring the protective effects of AMPs
produced by the BSF against human pathogens holds the promise of valuable
insights for the development of novel antimicrobial strategies.

Through LC-MS proteomic analysis of the BSF hemolymph, we have discovered
21 antimicrobial AMPs expressed under standard conditions. Majority of the
identified AMPs were classified as type defensin and few as type lysozyme,
attacin, and cecropin. Earlier studies and our own preliminary work have
demonstrated the hemolymph's antimicrobial effects against bacteria. However,
until now, the potential impact of fungi on the expression of AMPs and the effects
of AMPs on different fungi have remained unexplored.

To address these knowledge gaps, our research employs advanced techniques
to detect and characterize AMPs produced by the BSF under normal conditions
and in the presence of fungi, both at the RNA and protein levels. Additionally, we
aim to assess the efficacy of these AMPs in preventing the growth and survival
of various bacteria and fungi. By undertaking this study, we anticipate to provide
valuable insights that could lead to potential applications in the medical and

pharmaceutical fields.
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Bee viruses may cause symptomatic infections in managed honeybees (Apis
mellifera) but their effects on wild bees are largely unknown. The aim of this study
is to characterize possible activity and behavioral differences associated with the
presence of black queen cell virus (BQCV), deformed wing virus (DWV), and the
newly discovered Andrena-associated bee virus-1 (AnBV1) in a sample of wild
Andrena bees, and to estimate potential implications for pollination and plant
reproduction. We observed 33 field-collected Andrena bees placed in individual
net cages with flowering plants (Diplotaxis erucoides), and recorded their activity
and foraging behavior. We also recorded fruit set and seed set of the model plants
as measures of plant reproductive success. We then screened each bee for
common bee viruses. Using GLMM model selection, we found that DWV was
associated with increased movement and grooming activity, BQCV was
associated with decreased movement, and AnBV1 was associated with a
decreasing trend in visitation frequency, and shorter diurnal activity. As bees
harbored more types of viruses, they spent less time visiting flowers and started
their activity later in the day. A reduction in seed set, observed only on the third
day of observations, was found in plants that were paired with bees harboring
AnBV1. In sum, we found sub-lethal effects on the activity and behavior of virus-
carrying Andrena bees, with implications for pollination performance and,

ultimately, plant reproduction.
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The black soldier fly (BSF), Hermetia illucens (Diptera, Stratiomyidae), is utilized
to convert diverse organic waste into nutrient-rich larval biomass, serving as an
alternative animal feed in the aquaculture industry. In Israel, rosemary
(Rosmarinus officinalis) is abundantly available, and gardeners often discard it as
waste while cleaning the garden. Apart from its medicinal value, rosemary
possesses insecticidal and repellent properties. This study aimed to evaluate the
survivability of BSF larvae, adult emergence, and metabolomics when
supplemented with varying percentages of rosemary leaves (4, 15, and 20%
according to 25 g of total Gainesville diet). The focus was on utilizing rosemary
waste to produce nutrient-enriched BSF larvae for animal feed and potential
medical applications. Surprisingly, we observed 95-99.6% larval survivability in
the rosemary treatment, similar to the control. The larval body weight was slightly
reduced at 4, 12, and 20%, with 2.19 + 0.1, 2.2 =+ 0.1, and 2.19 = 0.15,
respectively, as compared to the control (2.49 + 0.1) (average + stdev; p = 4.94E-
07). There was a significant difference in adult emergence at 10 days from the
day of larval addition (p = 0.002), but no difference after 16 days (p = 0.15). The
impact of rosemary leaf powder on the metabolomics of BSF larvae will be
discussed in detail. Consequently, the inclusion of rosemary waste in organic
waste compost slightly reduced the larval body weight but shortened the adult
development and improved the nutritional value of BSF larvae. However, further
molecular studies are necessary to comprehend BSF resistance and other

biochemical changes in the larvae resulting from rosemary inclusion in their diet.
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xenobiotics in Drosophila larvae associated with sour-rot disease in

grapes

Tial Len-Sung®?, Vered Tzin!, Michael Ben-Yosef?

1 French Associates Institute for Agriculture and Biotechnology of Drylands,
Jacob Blaustein Institutes for Desert Research, Ben-Gurion University of the
Negev, Midreshet Ben Gurion, Israel
2 Department of Entomology, Agricultural Research Organization, Gilat
Research Center, Israel

lensung@post.bgu.ac.il

Sour rot is a disease affecting grape berries and characterized by rot, pulp
liquefaction and smell of vinegar (acetic acid). The disease develops through an
interaction between grape berries, yeast and acetic acid bacteria (AAB) and
Drosophila flies. Infested grapes are often not harvested or are removed during
postharvest sorting because they are not suitable for fresh consumption or risk
producing wine with unacceptable levels of total and volatile acidity. Previous
studies have shown that sour rot does not occur in the absence of flies and their
associated yeast and bacteria. | study the interaction between Drosophila flies
and their microbiome in relation to fruit characteristics and the agricultural context.
| hypothesize that the microbiome has a significant impact on larval development
by affecting nutrition and possibly through detoxifying insecticides. By removing
the maternal microbiome from the eggs and comparing larval development
between apo-symbiotic (microbe-free) and symbiotic counterparts, | demonstrate
that fly development is microbiome-dependent. | examine the detoxification
potential of the microbiome during larval development specifically how the
microbiome contributes to larval tolerance to plant defense compounds and
insecticides. | expect to find that the symbiont microbes will help the larva to
overcome nutritional deficiency in the grape berries and possibly detoxify
xenobiotic compounds during their development and that this host-microbe
interaction may provide information useful for Drosophila pest control in the

vineyards.
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Nocturnal environments are being altered rapidly due to the introduction of
artificial light, a staple of human development surrounding urbanization, seen in
forms such as street lighting and vehicle headlights. However, daily cycles of light
and darkness serve as an important abiotic cue that acts as a source of
information for both plants and animals. Nocturnal blooming plants have evolved
to synchronize their floral advertisements with the activity patterns of nocturnal
pollinators, thus optimizing their reproductive success. However, the introduction
of artificial light at night (ALAN) poses a potential threat to these finely tuned
mechanisms. This study uses a common garden experiment with several
nocturnal flowering plant species to investigate the consequences of ALAN on
plant pollinator interactions, focusing on pollinator visitation and floral phenology,
including nectar production and sugar concentration. Our first results from Silene
palaestina show that plants exposed to ALAN had less pollination during the day
yet had a positive effect on nectar and seed production. ALAN also increased
stress responses of plants suggesting that it can have complex effects on plant
fithness. We currently repeat this experiment with Oenothera biennis (evening
primrose), monitoring nighttime pollination using infrared cameras. This study can
contribute to our understanding of the effect of light pollution on the interaction

between plants and their nocturnal pollinators.
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The mystery of disappearing widow spiders in the Negev desert

Yael Lubin
Blaustein Institutes for Desert Research, Ben-Gurion University, Sede Boger
Campus, Midreshet Ben-Gurion 8499000, Israel.
lubin@bgu.ac.il

Nests of adult female desert widow spiders, Latrodectus revivensis, are highly
visible in the desert shrubland and preserve a complete record of individual
productivity that can be monitored and compared over the years. During 1992-
2000, a yearly survey was conducted of L. revivensis nests in the Negev
highlands, Israel. We counted L. revivensis nests at the end of the reproductive
season (December or January) and recorded the number of egg-sacs present in
each. A subset of L revivensis nests was collected to analyze prey remains, and
egg-sacs were opened to count the contents (eggshells or young). The
abundance of L. revivensis declined sharply in 1994 and did not recover during
the following years. There was a weak positive relationship between rainfall in the
previous wet season and the number of nests and prey/nest in the following
reproductive season, and no significant relationship between previous-season
rainfall and the number of egg-sacs/nest. Spider abundance and productivity
were unrelated to the number of prey consumed. | propose that there was an
indirect effect of rainfall on spider abundance via habitat change and subsequent

predation risk.
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The majority of arthropod species are co-infected by multiple maternally-
transmitted endosymbionts that induce contrasting reproductive manipulations.
Mermessus fradeorum spiders are co-infected with five strains of endosymbionts:
Rickettsiella, Tisiphia, and three strains of Wolbachia. The emergent phenotypes
of the symbiotic consortium are reproductive manipulations, where Wolbachial
is necessary for feminization, and Rickettsiella induces cytoplasmic
incompatibility (Cl). We hypothesize that the extent of the reproductive
manipulation phenotype is mediated by Rickettsiella's need to rescue ClI, and this
is reflected by symbionts’ titer. To test this, we crossed feminized five-fold
infected females with either Rickettsiella-only infected males (R-treatment) or
uninfected males (C-treatment) for 15 generations and measured offspring sex
ratio, titer of all five symbionts and the ability to rescue CIl. The symbionts' titer
highly fluctuates across generations. In both treatments, Wolbachial has the
highest titer in the starting population (F0), though it rapidly decreases (7-fold)
with Tisiphia and two other Wolbachia strains and remains low in F3 and F5. In
F7, Wolbachial titer greatly increases (19-fold) but decreases in the following
generations. Rickettsiella titer, on the other hand, significantly increases (6-fold)
in F5 in R-treatment and decreases in the subsequent generations in both
treatments. In terms of symbiont abundance, in both mating treatments,
Wolbachial is the most abundant (> 40%) in FO, and it stays above 30% across
generations despite the fluctuation in titer, except for a drop in F5 in R-treatment.
Rickettsiella is the most abundant in F3 and F5 (> 40%) and decreases in the
following generations in both treatments. Cl was rescued in all generations in
both treatments regardless of titer and relative abundance fluctuations. However,
the overall percentage of female offspring decreased in C-treatment. The results
suggest that male infection status might influence the within-host bacterial
community dynamics and the strength of the reproductive manipulation
phenotype.
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Juvenile hormone (JH) is a gonadotropin regulating fertility and behavior in the
bumble bee Bombus terrestris. Our recent transcriptomic analysis suggests that
it mediates a physiological reproduction/maintenance tradeoff. JH upregulates
the expression of genes associated with high metabolic activity in the fat body,
whereas in the brain it down-regulates translation related processes, and up-
regulates lysosome biogenesis and autophagy. These patterns resemble those
found in stressed and aging brains. Given that long-term memories (LTM) require
protein biosynthesis, we hypothesized that bees with high JH levels and active
ovaries will show impaired long- but not short-term memory. In order to address
this hypothesis we first established and validated a new Y-maze based visual
learning and memory system. We will present our system as well as results

testing the influence of JH-III supplementation on long- and short-term memory.
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Hermetia illucens (Black soldier fly, BSF) has lately come into the spotlight owing
to their ecological and economic significance. Due to their proficiency as
decomposers, BSF larvae plays vital role in waste reduction and nutrient
recycling. Moreover, the high protein and fat content in these larvae makes them
a viable option for insect-based protein and as a sustainable livestock feed. BSF
ability as an efficient decomposer is significantly affected by their gut microbiota
that assists in digestion and breakdown of complex substrates, impacting the
efficiency of waste conversion, while the nutrients and energy generated during
the process aid in BSF growth and development, increasing insect biomass [2,3].
In this work, we analyzed the bacterial composition of BSF from three different
sites in Israel where they were raised in regulated conditions. By employing
several types of selective and enrichment medium, 145 unique bacterial strains
were recovered from BSF at various phases (egg, larvae, pre-pupae, pupae, and
adults) of development. Bacterial isolates were phylogenetically identified by 16S
rRNA gene sequencing. The bacterial isolates were distributed amongst 29
distinct species. Providencia rettgeri (g-Proteobacteria, Morganellaceae),
Enterococcus durans (Enterococcaceae), Bacillus cereus, and B. fungorum
(Bacillaceae) constituted majority of the bacterial isolates. There was a large
difference in bacterial composition across sampling locations and various life
stages. This points to the influence of diverse cultivation strategies on bacterial
composition and the possibility of continual change in the diversity and
composition of the microbiota at each developmental stage. It is expected that by
learning more about the BSF gut microbiota, we can better use them for their

ecological and economic advantages.
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The genus Hoplopodapion (Coleoptera: Brentidae: Apioninae) comprises 14
species throughout the Palaearctic Region, with at least three species recorded
from Israel. The host plants of Hoplopodapion are usually well-known and belong
to the Polygonaceae (e.g. Calligonum) and Tamaricaceae (e.g. Reamuria,
Tamarix), although for most of the species the juvenile stages have been never
found and there has been no data on their biology and ecology so far.
Hoplopodapion poupillieri (Wencker, 1864) is common on Tamarix spp.
throughout the arid parts of Israel (Jordan Valley, Judean Desert, Negev). We
found its larvae and pupae developing in the galls formed by mites of the genus
Eriophyes (Acariformes: Eriophydae) on the Tamarix sp. in the Northern and
Central Negev. The weevil develops in the gall as an inquiline. The dissecting of
the galls shows that the adult weevil creates a nest consisting of 6 cells inside
the gall, with eggs attached closely to the outer wall of the gall. After the
completion of development, the adult beetles drill holes through the wall of the
gall and emerge. The weevil shares the mite gall with an inquiline caterpillar of
the leafroller Coccothera spissana (Lepidoptera: Tortricidae) and two species of
parasitic wasps of the genera Eurytoma (Hymenoptera: Eurytomidae) and
Eupelmus (Hymenoptera: Eupelmidae), parasitizing on the weevil larvae. The

juvenile stages of Hoplopodapion are described for the first time.
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The sterile insect technique (SIT) is a method of biological insect control. SIT
involves releasing large numbers of sterile males, where they mate with wild
females but do not produce viable offspring.

While successfully used with the Mediterranean fruit fly (C. capitata), it has not
yet been used to control the peach fruit fly Bactrocera zonata, a serious invasive
pest. A major bottleneck for SIT's successful application is the need for stringent
sex separation prior to sterilization and release. Recently, the white-pupae and
temperature-sensitive lethal (tsl) enabling sex separation of the Vienna8 C.
capitata strain were identified.

This project aims to develop methods for genome editing using CRISPR in the
peach fruit fly (B. zonata) to enable the direct development of sexing strains in
this species. As a proof-of-concept, genes involved in eye phenotype are being
targeted. We have successfully generated transient GFP-expressing B. zonata
larvae. Additionally, the gRNA sequences and target genes were identified via
extensive bioinformatics work on newly acquired B. zonata genome assembly.
Genome editing, specifically for sex separation, offers a promising novel
approach for rapidly establishing SIT in invasive insect pests. Specifically, this
project may result in a novel and effective method for controlling the peach fruit

fly, a serious pest in Israel.
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Larvae of the invasive Asian tiger mosquito (Aedes albopictus) outcompetes the
yellow fever (Aedes aegypti) mosquito in aquatic environments. Aedes larvae are
detritivores that live in spatially- small and often temporary water bodies. The
potential role of the larval olfactory system in this interspecies competition has
not been explored. We compared olfactory gene expression patterns between
the larval antennae of Ae. aegypti and Ae. albopictus. Despite their 57 million
years of evolution, we show that 80% of expressed Ae. albopictus larval odorant
receptor genes are shared with Ae. aegypti. The remaining Ae. albopictus
odorant receptor genes are species-specific and may reflect their ecological
advantage. Among those receptors, indole-sensitive ORs are highly expressed
in Ae. albopictus larvae and exhibit identical functions as their Ae. aegypti
counterparts. Behavioral analyses indicate conserved roles of indoles in Aedes
larvae. The comparison of the olfactory gene repertoire of these two medically
significant mosquito species is fundamental step to unveil the genetic basis

driving the ecological dominance of Ae. albopictus.
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The black soldier fly Hermetia illucens has emerged as an insect of industrial
significance due to its larval stage's ability to process a variety of industrial waste
and produce animal feed. To fully leverage its potential, optimizing egg-laying to
increase larval biomass is paramount. Olfaction plays a dominant role in insect
behaviors, including the identification and selection of food and mates, and, in
this case, mediating oviposition site selection. However, the sensory ecology of
BSF is in its infancy, and our fundamental understanding of their olfactory system
remains fragmentary. To address this, | conducted a transcriptomic survey of the
BSF chemosensory appendages from males and females at different
reproductive stages. Our analysis reveals differential expression between tissues
and sexes, suggesting context-dependent functions, including oviposition site

selection.
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The two spotted spider mite Tetranychus urticae, known for its polyphagous
nature, causes substantial damage to a wide variety of fruit and vegetable
cultivations. Use of acaricidal compounds belonging to Mitochondrial Electron
Transport Inhibitors such as Pyridaben have been reported to control T. urticae.
However frequent use of these acaricides have led to the development of
resistance in T. urticae worldwide. Mutations in the target sites and increased
activity of metabolic enzymes are the major mechanisms involved in development
of pesticides resistance in general, as in the case of this class of pesticides too.
In the present study we tested samples of T. urticae collected from all over Israel
during 2022-2023 for Pyridaben resistance. In terms of mortality, all tested
populations displayed resistance to Pyridaben up to 16-fold concentration in
comparison to the commercially recommended one. We scanned Pyridaben's
target site gene for mutations previously published to be associated with
resistance. We discovered a new mutation in the target site gene while locating
none of the previously published ones.

We studied the fecundity, developmental time and longevity of five selected field
populations with different resistance levels to Pyridaben. We found an
association between decreased fitness and the frequency of the target site
mutation in the population, meaning more resistant populations had hampered
fitness. Despite this finding, we were unable to locate any field populations in
Israel still sensitive to Pyridaben. This indicates to the strong selective pressure
and thus evolutionary advantage Pyridaben resistance has these mites.

Our study is the first to look at T. urticae's Pyridaben resistance in Israel and the

first to monitor the fitness costs caused by the resistance.

67



The role of florivory and herbivory in maintaining flower color variation in

Anemone coronaria

N. Saabnah?, Y. Sapir?, T. Keasar?
1Tel Aviv University, School of Plant Sciences and Food Security
2University of Haifa - Oranim, Department Biology and the Environment
norahsaab1989@gmail.com

Anemone coronaria is a geophyte that shows a geographic flower color pattern
across Israel. We hypothesized that flower color variation can be explained by
differential biotic antagonistic interactions, such as differential feeding on leaves
(herbivory) or flowers (florivory) of plants with different flower colors. We
quantified herbivory and florivory in four populations, over two flowering seasons.
We estimated the fitness of the sampled plants by counting and weighing their
seeds. Red flowers received greater leaf and petal damage than non-red flowers,
yet both color morphs produced similar number of seeds of similar weight.
Moreover, seed weight and seed numbers did not decline with increasing
herbivory and florivory in red and non-red flowers in color-polymorphic
populations. We found no association between herbivory type, that is, leaf
damage by different groups of herbivores, and flower color. For florivory, on the
other hand, scratch marks on the petals, attributed to damage by beetles, were
more common in red flowers, while bite marks, assigned to damage by
caterpillars or grasshoppers, were more common in non-red flowers. Petals of
red flowers contained higher concentrations of the flavonoid pigment anthocyanin,
which repels some herbivores, than petals of non-red flowers. Given that beetles
are the major pollinators of red Anemone flowers, we suggest that they are not
deterred by anthocyanins, and that their service to red flowers as mutualists
(pollinators) outweighs their disservice as antagonists (florivores). We tested
experimentally the effect of florivory on pollinators’ attraction to flowers. Different
levels of petal damage did not influence the potential pollinators.

Since herbivory and florivory levels did not predict plant fitness in our study, we
suggest that other selection agents maintain flower color polymorphism in A.
coronaria. We predict that these selection agents favor red flowers in color-
polymorphic populations, compensating for the higher herbivory suffered by the
red morph.
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Whiteflies (Hemiptera: Sternorrhyncha: Aleyrodidae) are small herbivorous
insects that primarily feed on plant sap, which is rich in sugars but scarce in amino
acids and vitamins. Whiteflies harbor intracellular bacteria (endosymbionts) to
supply missing nutrients. Their reported microbiomes also include gut bacteria
(ectosymbionts) which might aid them in detoxifying plant compounds. Whiteflies
include notorious agricultural pests such as Bemisia tabaci and Trialeurodes
vaporariorum. Their economic impact arises from vectoring plant viruses rather
than direct damage. Indeed, only B. tabaci transmits 300+ viruses. Intriguingly,
different whitefly endosymbionts appear to interact with vectored viruses,
affecting transmission efficiency. My objectives were to unravel the multitrophic
interactions between whiteflies, symbionts, plant-viruses, and host-plants.
Metagenomics and genome-based metabolic analysis were used to assess the
biosynthetic potential of different endosymbionts and their interactions with their
hosts. Phylogenomics and molecular dating of obligatory endosymbionts were
used to determine the divergence history of whiteflies. Field-like assays tracked
B. tabaci performance across generations switching host-plants (suitable and
non-suitable). Active gut-associated microbiota during host-plant switching was
determined using 16S rRNA amplicons. Virus-vectoring capabilities of B. tabaci
lines with different endosymbionts were assessed Phenotypic measures and
molecular interactions (MRNA and small RNA Seq) were obtained to identify
interactions between all partners in vector-borne plant diseases.

Whiteflies rely on their obligatory endosymbiont Portiera aleyrodidarum for
obtaining amino acids missing in their diet. They also require B vitamins produced
by co-obligatory endosymbionts like Hamiltonella and Arsenophonus. Portiera's
co-divergence with whiteflies reflects their evolutionary history and the "genome
instability” of some Porteira lineages is tied to changes in whiteflies’
development. Whiteflies also possess a dynamic gut microbiota. The generalist
herbivore Bemisia tabaci acquires environmental bacteria capable of breaking
down plant defense compounds.

No effects on measured phenotypes were recorded despite reports of
endosymbionts affecting Tomato Yellow Leaf Curly Virus (TYLCV) transmission.
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Mosquito bites significantly threaten public health by transmitting various
pathogens to humans and livestock. Repellents such as the synthetic N,N-
Diethyl-meta-toluamide (DEET) or natural aromatic plant compounds provide
limited protection or suffer from negative customer perception. Recent findings
show that indole, a perfume component, and a self-assembled Cellulose
Nanocrystal (CNC) cream, each change host-seeking female behavior causing
human bite protection. The former is an odorant repellent while the latter provides
both chemical and physical barriers. By combining indole with CNCs, our study
aims to emphasize both traits in a topical cream to create long-lasting mosquito
protection. Through applying an object detection model on host-seeking Aedes
aegypti females in Arm-In-A-Cage and blood-feeding, our study explores the
potential of the indole+CNCs mixture as a candidate for reducing mosquito-borne

illnesses and improving public health.
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Moulting, the process by which an animal exuviates its exoskeleton to allow
growth, is a unifying trait for all ecdysozoans. Oncopeltus fasciatus, a
hemimetabolous insect, serves as a good model for investigating the molecular
intricacies underlying the moulting process in insects. O. fasciatus also serves as
a good starting point in evaluating the evolutionary changes that occurred in
moulting, including which elements are conserved, and which are variable.

In this preliminary study, | cloned four genes associated with moulting in O.
fasciatus: ecdysone receptor (EcR), shade, kruppel homolog-1 (krh-1) and
pigment-dispersing factor receptor (pdf-R). | performed RNA interference assays,
using dsRNA injections into O. fasciatus nymphs to investigate the function of
these genes in moulting. dsRNA for these genes was synthesised and injected
into O. fasciatus 5th-instar nymphs. Notably, interference with some of these
genes affects the moulting behaviour of O. fasciatus nymphs, while others did not
yield any phenotypical changes. This raises questions about the roles of these
genes in the moulting process and about their conservation and redundancy. This
study initiates a broader examination of moulting gene functionality in various

arthropods, such as spiders, insects, and isopods.
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Mosquitoes pose significant threats to human health as vectors of various
infectious diseases. Understanding the olfactory mechanisms underlying
mosquito behavior is crucial for the development of effective control strategies.
In this study, we functionally characterized the mosquito odorant receptor OR49
and its orthologs from four different mosquito species to elucidate their role in
olfactory coding. Our findings reveal that OR49 serves as a plant volatile organic
compound (pVOC) receptor, specifically tuned to detect the monoterpenoid (+)-
borneol. These findings provide important insights into the olfactory coding of
mosquito maxillary palps and have implications for the development of novel
mosquito control strategies. Harnessing the repellent properties of borneol opens
avenues for the development of natural and effective mosquito repellents that
can contribute to the mitigation of mosquito-borne diseases. In conclusion, this
study contributes to the understanding of mosquito olfaction by highlighting the

role of OR49 as a plant VOC receptor, specifically responsive to (+)-borneol.
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The black soldier fly (Hermetia illucens) has gained much attention in the past
decade due to its beneficial effects on agriculture, waste management and
protein production. BSF larvae are known for their voracious appetite and ability
to feed on most types of organic waste. After feeding and maturing, the prepupal
larvae and the pupae are used as a protein and lipid supplements to animal feed.
Terpenes are plant VOCs that mediate plant-plant and plant-insect interactions,
including the attraction of pollinators, attraction of predatory insects that hunt
phytophagous insects and repulsion of phytophagous insects. Beside the
potential benefits that BSF may bring to global sustainability, not much is known
about the olfactory cues that influence BSF behavior. This research focuses on
the terpene sensing capabilities of the black soldier fly and explores the impact
of specific terpenes on its feeding, mating, and oviposition behaviors. Our lab has

evidence that BSF antennae are sensitive to terpenes.

73



Transgenerational effects induced by plant’s anti-herbivory defenses

Moshe Zaguri? and Jennifer Thaler!

!Department of Entomology, Cornell University, Ithaca, NY, USA
2Department of Entomology, Agricultural Research Organization, The Volcani
Center, Newe Ya’ar, Israel
Mz376@cornell.edu

Transgenerational effects, wherein parental experiences shape offspring
phenotypes and responses, play a crucial role in facilitating adaptation to variable
environments. This phenomenon, driven by parental experiences, holds the
potential to enhance offspring fitness and facilitate adaptation to anticipated
challenges. Existing research on transgenerational effects predominantly
underscores the influence of abiotic and biotic factors. However, limited attention
has been directed toward exploring the impact of resource availability and quality
on parental fithess enhancement through transgenerational effects.

We investigate transgenerational effects in Colorado potato beetles (Leptinotarsa
decemlineata Say; CPB) stemming from induced anti-herbivory defenses in host
plants. First, we placed pairs of newly emerged CPB adults on induced and
control plants and assessed egg-laying differences and hatching success.
Additionally, we employed a three-way experimental design to evaluate broader
transgenerational effects, including the maternally induced intraclutch
cannibalism. We quantified leaf consumption, feeding efficiency, and growth of
CPB neonates on control and induced potato plants.

Our results indicate that females on induced plants laid fewer and smaller egg
clutches with higher rates of cannibalism. Larvae feeding on induced plants
exhibited reduced feeding efficiency and slower growth. Intraclutch cannibalism
contributed to larger initial larvae size and enhanced leaf consumption but did not
affect the overall growth rates. However, cannibals had better performance on
induced plants. Beyond cannibalism, larvae experiencing the same parental
environment displayed increased food consumption, improved efficiency, and
faster growth compared to those undergoing a shift in plant type.

Our study highlights the complex interplay between plant defenses, food quality,
herbivore behavior, and offspring fithess, underscoring the significance of
transgenerational effects in shaping animal responses to changing environments.
These findings contribute to a deeper understanding of the adaptive strategies
employed by herbivores and provide insights into the potential ecological
implications of transgenerational phenotypic plasticity.
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Throughout the life cycles of Bumblebee (Bombus terrestris) queens, their
behavior undergoes significant changes. These transformations involve
alternating increases and decreases in exposure to light, transitioning from
foraging in the field to residing in complete darkness within the colony. Despite
these observable changes, the exact adaptation of their nervous system to these
shifts remains unclear. To address this, we conducted MRI scanning on
bumblebee queens at two stages: before diapause and after diapause, using
diffusion tensor imaging (DTI) method to scan the bees. We show here for the
first time that brain areas, including the visual lobes and the mushroom bodies
undergo changes in their conductivity properties during the bumblebee queen life
cycle. These results, along with additional volumetric evidence from other
species, provide compelling evidence of the profound neurobiological changes
taking place in the insect brain throughout their life cycle. These adaptations are
likely pivotal in facilitating insects to efficiently adjust to diverse lifestyles at
different developmental stages.
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