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Understanding how generalist herbivorous
insects can infest so many host plants

Role of adaptive phenotypic plasticity?

Transient specialization to different host plants ?

Speed of adaptation?

è New agroecological approaches relying on maladaptive
phenotypic plasticity or maladaptation to important crop plants



Understanding how generalist herbivorous
insects can infest so many host plants

>17 plant families

Drosophila suzukii



Spatial heterogeneity

Temporal heterogeneity
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Understanding how generalist herbivorous
insects can infest so many host plants

èRelative role of local adaptation and adaptive phenotypic plasticity?

~4 generations~4 generations



Adaptation of D. suzukii to its host plant
(Laure Olazcuaga’s PhD 2016-2019)
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Blackberry

Populations from:

Olazcuaga et al. 2022 Evol. Letters



Reciprocal transplant experiment



Offspring performance
(egg-to-adult survival)

Reciprocal transplant experiment

Oviposition preference

common garden
(2 generations)



RAPID LOCAL ADAPTATION IN DROSOPHILA SUZUKII
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Figure 4. Relationship between original and alternative fruits for (A, B) oviposition preference (number of eggs laid by 20 females in 24
hours in the original or alternative fruit media, in a choice environment), (C, D) fecundity (number of eggs laid by 20 females in 24 hours in
the original or alternative fruit media, in a no-choice environment), and (E, F) offspring performance (egg-to-adult survival) in generations
G0 or G1 (left panels) and G2 or G3 (right panels). The term “original” in the x-axis legend indicates that the trait is measured in the same
fruit from which populations were collected, whereas the term “alternative” in the y-axis legend indicates measurements on other fruits.
The mean of each population in each test fruit is represented by a symbol whose shape depends on the test fruit (fruit medium) and color
depends upon the fruit from which the population was collected in natura. For each population, the two means measured in the two
alternative fruits are associated with the same and unique mean in the original fruit. Local adaptation corresponds to the cases where
the means measured in the two alternative fruits are both located below the line of symmetry, due to a higher mean trait value in the
original fruit. Error bars represent the standard error of mean estimates. Results (F-statistics and P-values) from the SA method detailed
in Blanquart et al. (2013), as well as the weighted Pearson’s correlation coef!cient (ρ) with their 95% con!dence interval, are given above
each panel.
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è Strong variation among populations
è Pattern of local adaptation 
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è Strong variation among populations
è Weak pattern of local adaptation 



R
es

id
ua

lo
vi

po
si

tio
n

pr
ef

er
en

ce

Residual offspring performance

Correlation between performance
and oviposition preference

Cherry

Strawberry

Blackberry

Populations from:

𝜌 = 0.19 [0.02; 0.35]

è Weak correlation



Two main hypotheses

Variation among populations and pattern of local adaptation:

• H1: local adaptation of D. suzukii genotypes (G and G x E)
• H2: microbiota-induced adaptive phenotypic plasticity (C and C x E)



Importance of microbiota in D. suzukii

FIG 5 Multiple microbes provide protein for D. suzukii to finish development on a strawberry diet. (A and B) Time to emergence (A) and body weights (B) of
flies associated with bacteria (blue) and fungi (green). APE, A. persici; APO, A. pomorum; ATR, A. tropicalis; DA, D. acidovorans; DT, D. tsuruhatensis; EF, E. faecalis;
LB, L. brevis; LP, L. plantarum; LL, L. lactis; LM, L. mesenteroides; STE, S. epidermidis; HU, H. uvarum; PK, P. kudriavzevii; RM, R. mucilaginosa; SA, Saccharomycetes
sp.; SC, S. cerevisiae. (C and D) Time to emergence (C) and body weights (D) of flies associated with different doses of live (black) and heat-killed (red) A. persici
and S. cerevisiae. (E and F) Time to emergence (E) and body weights (F) of flies on a strawberry diet supplemented with protein (gray) or with lipid or sugar
or with a mixture of lipid and sugar (dark gray). Data were analyzed using Student’s t test or ANOVA followed by Tukey post hoc tests or the Wilcoxon rank
sum test or Kruskal-Wallis test followed by Dunn’s test with Bonferroni correction depending on the results of a Shapiro-Wilk normality test. Different capital
letters indicate significant statistical difference at a P value of !0.01. "Dead" indicates that no adult fly survived that treatment. Values equaling zero were
excluded from statistical analysis. (The total numbers of the replicates are shown in Table S2.) (G) Relative levels of gene expression of InR in CR (red) and GF

(Continued on next page)
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stage. Under these conditions, GF larvae were ~1/5 the size of CR larvae collected at the
same time after egg deposition (Fig. 4D and H). GF flies were able to emerge as adults
on raspberry, but their emergence time was significantly delayed (~3-day lag behind CR
flies) (Fig. 4I), and the merged adults were much smaller (Fig. 4J to L). The development
of GF larvae was rescued to levels similar to or higher than those seen with CR larvae
when we reintroduced the microbiota of CR flies to the GF fruit-based diet (Fig. 4A, E,
and I), demonstrating the key role of the gut microbiota in fly development. Reintro-
duction of microbes led to the emergence of flies with body size and wing length
comparable to those of CR adult flies (Fig. 4B and C, F and G, and J and K). Our results
demonstrate that the D. suzukii microbiota is required for fly development on a
fruit-based diet. We next wondered whether this was specific to D. suzukii or whether

FIG 4 Microbes are beneficial to D. suzukii on a nutrient-poor diet. (A, E, and I) Developmental time of CR, GF, and GF! Micro (microbiota-associated) flies on
strawberry (A), blueberry (E), and raspberry (I). The cumulative percentage of the adult emergence time is shown over time. Data represent means " SEM. (B,
F, and J) Body weights of newly emerged CR, GF, and GF! Micro adult flies on strawberry (B), blueberry (F), and raspberry (J). (C, G, and K) Wing lengths of
newly emerged CR, GF, and GF! Micro adult flies on strawberry (C), blueberry (G), and raspberry (K). (D, H, and L) The sizes of larvae at 5 days of development
after egg deposition on strawberry (D), blueberry (H), and raspberry (L). Spaces between two adjacent black lines on the ruler represent 1 mm. Developmental
curves were analyzed with the Cox proportional-hazards model test. Data were analyzed using Student’s t test or ANOVA followed by Tukey post hoc tests or
the Wilcoxon rank sum test or Kruskal-Wallis test followed by Dunn’s test with Bonferroni correction depending on the results of a Shapiro-Wilk normality test.
Different capital letters indicate significant statistical difference at a P value of #0.01. $Dead$ indicates that no adult fly survived that treatment. Values equaling
zero were excluded from statistical analysis. (The total numbers of the replicates are shown in Table S2.)
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FIG 5 Multiple microbes provide protein for D. suzukii to finish development on a strawberry diet. (A and B) Time to emergence (A) and body weights (B) of
flies associated with bacteria (blue) and fungi (green). APE, A. persici; APO, A. pomorum; ATR, A. tropicalis; DA, D. acidovorans; DT, D. tsuruhatensis; EF, E. faecalis;
LB, L. brevis; LP, L. plantarum; LL, L. lactis; LM, L. mesenteroides; STE, S. epidermidis; HU, H. uvarum; PK, P. kudriavzevii; RM, R. mucilaginosa; SA, Saccharomycetes
sp.; SC, S. cerevisiae. (C and D) Time to emergence (C) and body weights (D) of flies associated with different doses of live (black) and heat-killed (red) A. persici
and S. cerevisiae. (E and F) Time to emergence (E) and body weights (F) of flies on a strawberry diet supplemented with protein (gray) or with lipid or sugar
or with a mixture of lipid and sugar (dark gray). Data were analyzed using Student’s t test or ANOVA followed by Tukey post hoc tests or the Wilcoxon rank
sum test or Kruskal-Wallis test followed by Dunn’s test with Bonferroni correction depending on the results of a Shapiro-Wilk normality test. Different capital
letters indicate significant statistical difference at a P value of !0.01. "Dead" indicates that no adult fly survived that treatment. Values equaling zero were
excluded from statistical analysis. (The total numbers of the replicates are shown in Table S2.) (G) Relative levels of gene expression of InR in CR (red) and GF
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sum test or Kruskal-Wallis test followed by Dunn’s test with Bonferroni correction depending on the results of a Shapiro-Wilk normality test. Different capital
letters indicate significant statistical difference at a P value of !0.01. "Dead" indicates that no adult fly survived that treatment. Values equaling zero were
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FIG 5 Multiple microbes provide protein for D. suzukii to finish development on a strawberry diet. (A and B) Time to emergence (A) and body weights (B) of
flies associated with bacteria (blue) and fungi (green). APE, A. persici; APO, A. pomorum; ATR, A. tropicalis; DA, D. acidovorans; DT, D. tsuruhatensis; EF, E. faecalis;
LB, L. brevis; LP, L. plantarum; LL, L. lactis; LM, L. mesenteroides; STE, S. epidermidis; HU, H. uvarum; PK, P. kudriavzevii; RM, R. mucilaginosa; SA, Saccharomycetes
sp.; SC, S. cerevisiae. (C and D) Time to emergence (C) and body weights (D) of flies associated with different doses of live (black) and heat-killed (red) A. persici
and S. cerevisiae. (E and F) Time to emergence (E) and body weights (F) of flies on a strawberry diet supplemented with protein (gray) or with lipid or sugar
or with a mixture of lipid and sugar (dark gray). Data were analyzed using Student’s t test or ANOVA followed by Tukey post hoc tests or the Wilcoxon rank
sum test or Kruskal-Wallis test followed by Dunn’s test with Bonferroni correction depending on the results of a Shapiro-Wilk normality test. Different capital
letters indicate significant statistical difference at a P value of !0.01. "Dead" indicates that no adult fly survived that treatment. Values equaling zero were
excluded from statistical analysis. (The total numbers of the replicates are shown in Table S2.) (G) Relative levels of gene expression of InR in CR (red) and GF

(Continued on next page)

Roles of Microbes in D. suzukii ®

March/April 2018 Volume 9 Issue 2 e02199-17 mbio.asm.org 9

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.a

sm
.o

rg
/jo

ur
na

l/m
bi

o 
on

 3
1 

A
ug

us
t 2

02
1 

by
 1

47
.1

00
.1

79
.2

33
.

Conventionally reared

Bacteria

Fungi

Bing et al 2018 mBio

+



Importance of microbiota in D. suzukii

FIG 5 Multiple microbes provide protein for D. suzukii to finish development on a strawberry diet. (A and B) Time to emergence (A) and body weights (B) of
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sp.; SC, S. cerevisiae. (C and D) Time to emergence (C) and body weights (D) of flies associated with different doses of live (black) and heat-killed (red) A. persici
and S. cerevisiae. (E and F) Time to emergence (E) and body weights (F) of flies on a strawberry diet supplemented with protein (gray) or with lipid or sugar
or with a mixture of lipid and sugar (dark gray). Data were analyzed using Student’s t test or ANOVA followed by Tukey post hoc tests or the Wilcoxon rank
sum test or Kruskal-Wallis test followed by Dunn’s test with Bonferroni correction depending on the results of a Shapiro-Wilk normality test. Different capital
letters indicate significant statistical difference at a P value of !0.01. "Dead" indicates that no adult fly survived that treatment. Values equaling zero were
excluded from statistical analysis. (The total numbers of the replicates are shown in Table S2.) (G) Relative levels of gene expression of InR in CR (red) and GF
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FIG 5 Multiple microbes provide protein for D. suzukii to finish development on a strawberry diet. (A and B) Time to emergence (A) and body weights (B) of
flies associated with bacteria (blue) and fungi (green). APE, A. persici; APO, A. pomorum; ATR, A. tropicalis; DA, D. acidovorans; DT, D. tsuruhatensis; EF, E. faecalis;
LB, L. brevis; LP, L. plantarum; LL, L. lactis; LM, L. mesenteroides; STE, S. epidermidis; HU, H. uvarum; PK, P. kudriavzevii; RM, R. mucilaginosa; SA, Saccharomycetes
sp.; SC, S. cerevisiae. (C and D) Time to emergence (C) and body weights (D) of flies associated with different doses of live (black) and heat-killed (red) A. persici
and S. cerevisiae. (E and F) Time to emergence (E) and body weights (F) of flies on a strawberry diet supplemented with protein (gray) or with lipid or sugar
or with a mixture of lipid and sugar (dark gray). Data were analyzed using Student’s t test or ANOVA followed by Tukey post hoc tests or the Wilcoxon rank
sum test or Kruskal-Wallis test followed by Dunn’s test with Bonferroni correction depending on the results of a Shapiro-Wilk normality test. Different capital
letters indicate significant statistical difference at a P value of !0.01. "Dead" indicates that no adult fly survived that treatment. Values equaling zero were
excluded from statistical analysis. (The total numbers of the replicates are shown in Table S2.) (G) Relative levels of gene expression of InR in CR (red) and GF

(Continued on next page)

Roles of Microbes in D. suzukii ®

March/April 2018 Volume 9 Issue 2 e02199-17 mbio.asm.org 9

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.a

sm
.o

rg
/jo

ur
na

l/m
bi

o 
on

 3
1 

A
ug

us
t 2

02
1 

by
 1

47
.1

00
.1

79
.2

33
.

Conventionally reared

Bing et al 2018 mBio



H2: Microbiota-induced adaptive phenotypic plasticity



H2: Microbiota-induced adaptive phenotypic plasticity



H2: Microbiota-induced adaptive phenotypic plasticity



H2: Microbiota-induced adaptive phenotypic plasticity
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Two main hypotheses

Variation among populations and pattern of local adaptation:

• H1: local adaptation of D. suzukii genotypes (G and G x E)
• H2: microbiota-induced adaptive phenotypic plasticity (C and C x E)

è Structure of the microbial community among populations and 
among fruits?
è Microbiota-induced phenotypic variation in D. suzukii?



Cherry

Strawberry

Blackberry

Populations from:

Structure of the bacterial community
using 16S metabarcoding



Structure of the bacterial community
using 16S metabarcoding

Cherry

Strawberry

Blackberry

Populations from:

è Strong structure of communities
è Microbiota the most variable on blackberry



Microbiota-induced phenotypic variation

Natural population

Lab population



Microbiota-induced variation in performance
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è Main effect of bacterial community (C) R2=17%
è Interaction between bacterial community and fruit (C x E) R2=5%



Microbiota-induced variation in preference
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è Main effect of bacterial community (C) R2=16%
è Interaction between bacterial community and fruit (C x E) R2=5%



Conclusion and perspectives

• Strong variation among populations and pattern of local adaptation 
after two generations of common garden

• H1: local adaptation of D. suzukii genotypes (G and G x E)
èUnderlying genetic architecture?

• H2: microbiota-induced adaptive phenotypic plasticity (C and C x E)
èTransmission of microbiota between parents and offspring?
è Identification of taxa with general or fruit-specific effects

• New agroecological approaches relying on maladaptive phenotypic
plasticity or maladaptation to important crop plants



Merci !


