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De Novo Variants in CDKT9 Are Associated with
a Syndrome Involving Intellectual Disability and
Epileptic Encephalopathy
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We identified three unrelated individuals with de novo missense variants in CDK19, encoding a cyclin-dependent kinase protein family
member that predominantly regulates gene transcription. These individuals presented with hypotonia, global developmental delay,
epileptic encephalopathy, and dysmorphic features. CDK19 is conserved between vertebrate and invertebrate model organisms, but
currently abnormalities in CDK19 are not known to be associated with a human disorder. Loss of Cdk8, the fly homolog of CDK19, causes
larval lethality, which is suppressed by expression of human CDKI19 reference cDNA. In contrast, the CDK19 p.Tyr32His and
p-Thr196Ala variants identified in the affected individuals fail to rescue the loss of Cdk8 and behave as null alleles. Additionally, neuronal
RNAi-mediated knockdown of Cdk8 in flies results in semi-lethality. The few eclosing flies exhibit severe seizures and a reduced lifespan.
Both phenotypes are fully suppressed by moderate expression of the CDK19 reference cDNA but not by expression of the two variants.
Finally, loss of Cdk8 causes an obvious loss of boutons and synapses at larval neuromuscular junctions (NM]Js). Together, our findings
demonstrate that human CDK19 fully replaces the function of Cdk8 in the fly, the human disease-associated CDK19 variants behave

as strong loss-of-function variants, and deleterious CDK19 variants underlie a syndromic neurodevelopmental disorder.

Infantile spasms are caused by dysfunction of the devel-
oping nervous system and begin in the first 2 years of
life, most commonly between 4 and 8 months of age.'
Infantile spasms are a symptom of generalized brain
disturbance and can be caused by infection,” develop-
mental brain abnormalities,” or genetic disorders such as
Down syndrome (MIM: 190685), tuberous sclerosis
(MIM: 191100),* ARX-related disorders (MIM: 300419),
and CDKLS pathogenic variants (MIM: 300672).° Much
progress has been made in the past few years in the identi-
fication of genes responsible for infantile spasms, but for
many the overall prognosis is poor.®

Cyclin-dependent kinase 19 (CDK19 [MIM: 614720]) and
its paralog, CDK8 (MIM: 603184), are members of the tran-
scriptional CDKs. Unlike other CDKs, these transcriptional
CDKs are less involved in cell-cycle regulatory processes and
are more involved in transcription.” CDK19 and CDK8 both
interact with cyclin C (MIM: 123838) and mediators.
CDK19 forms a CDK module by interacting with MED12L
(MIM: 611318) and MED13L (MIM: 608771), whereas
CDKS does so by interacting with MED12 (MIM: 300188)
and MED13 (MIM: 603808).° Note that MED13L and
MED12 are known disease genes associated with intellec-
tual disability.”'’ This CDK module interacts with the

core mediators to regulate RNA polymerase II to control
transcriptional activity. CDK8 has been a focus of some
studies because it has been implicated in a number of
important pathways, including those involving WNT
signaling, KRAS, and Notch in cancers.'™”'? In contrast,
much less is known about CDK19.

Initially, CDK19 was thought to function similarly or
redundantly to CDKS8 given that they share 84% amino
acid sequence similarity and 97% identity in the kinase
domain."® However, significant functional differences
have been uncovered. Recently, in vitro studies have shown
that CDK19 and CDKS8 participate in mutually exclusive
complexes,'* and knockdown studies in cell lines of cervi-
cal cancer’ and colon cancer'* showed that they regulate
the expression of different genes. Overall, CDK19 appears
to have more specialized roles than CDKS. It is worth
noting that complete loss of Cdk8 is lethal in mice,”
whereas complete loss of Cdk19 is viable.'® However,
neurologic phenotypes have not yet been reported with
homozygous loss of Cdk19.

Through collaboration with the Undiagnosed Diseases
Network (UDN) and Xiangya Hospital in China, we identi-
fied three individuals who came from three independent
families and have de novo missense CDKI9 variants.
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’ Proband 1. de novo CDK19 ¢.586A>G p.Thr196Ala

¥

Figure 1. Clinical Features of Probands
(A) Front view of proband 1 at age 21 years.
Distinctive features include thin, sparse,
arched eyebrows; curly hair; mild hypote-
lorism; a prominent bulbous nose; a wide
mouth with wide spaced teeth; a thin up-
per lip; and a long smooth philtrum.

(B) Facial profile of proband 1 at age 23
years shows midface retrusion.

(C) Photograph of proband 1 from the
newborn period shows mild hypotelorism
and fleshy nose.

(D) Dysmorphic facial features, including

Proband 2. de novo CDK19 ¢.686A>G p.Thr196Ala

hypotelorism and a prominent nose with
a bulbous tip, were observed in proband 2.
(E and F) T1 (E) and T2 (F) brain MRI im-
ages for proband 2 show mild atrophy.
(G) Dysmorphic features, including ocular
hypertelorism; a prominent nose with a
bulbous tip,;U-shaped vermillion and
arched upper lip; and a large mouth were
observed in proband 3.

(H and I) T1 (H) and T2 (I) brain MRI
images for proband 3 show delayed
myelination.

Proband 1 was a participant in the UDN study at Baylor
College of Medicine. Probands 2 and 3 were each recruited
to the Xiangya hospital Epilepsy Cohort, which aims to
elucidate the genetic basis of epilepsy and epilepsy-related
neurodevelopmental disorders. Probands 2 and 3 were re-
cruited to the study during 2018 and 2019. Both of them
underwent detailed medical-history collection and phys-
ical examination by neurologists. Informed consent for
the diagnostic and research studies and publication
including photos was obtained for all subjects (see Supple-
mental Information). Proband 1 is currently a 25-year-old
female with a long-standing history of severe develop-
mental delay and intellectual disability. She was born after
a full-term pregnancy to non-consanguineous parents.
Dysmorphic facial features were noted at birth (Figure 1A
and Table 1). She presented at 4 months of age with poor
head growth and delayed developmental milestones. She
crawled and sat at 9 months and spoke three words by
12-15 months. At 15 months of age, she developed gener-
alized tonic-clonic seizures that were refractory to multiple
anti-epileptic medications and led to neurologic regression
with loss of speech. She walked at 5 years of age with the
help of orthotics. In addition, she has significant joint

laxity resulting in many joint disloca-
tions and a history of severe pica. Her
clinical features, including hypoto-
nia, ataxia, mouthing behaviors, con-
stipation, seizures, hand flapping,
and absent speech, were considered
to be similar to those of Angelman
syndrome (MIM: 105830), but ge-
netic testing for that syndrome was
negative. Her physical exam at 25
years old showed dysmorphic fea-
tures such as hypotelorism, straight eyebrows, a prominent
nose with a bulbous tip, midface hypoplasia, and a large
mouth with widely spaced teeth (Figures 1A-1C). Her
height was 159.5 cm (37™ percentile), her weight was
55.7 kg (30" percentile), and her head circumference was
52.5 cm (5% percentile). She has mild scoliosis. Her neuro-
logical exam was notable for acquired microcephaly, ab-
sent speech, diffuse hypotonia, symmetrically reduced re-
flexes, raking grasp, and a wide-based gait with an
inverted and inward-turned left foot. She continues to
have a generalized tonic-clonic seizure every 2-3 weeks,
weekly complex partial seizures described as episodes of
eye fluttering and eye dilation with altered consciousness,
and a few nocturnal seizures per week. Current antiepi-
leptic medications include daily valproic acid and clonaze-
pam as needed. Her seizures had previously responded well
to a ketogenic diet. Prior genetic testing included normal
chromosome analysis (46, XX); normal Angelman methyl-
ation studies; normal sequencing of UBE3A (MIM:
601623); FOXG1 (MIM: 164874), CDKL5, and MECP2
(MIM: 300005) sequencing including deletion and dupli-
cation studies; and a normal chromosomal microarray. A
repeat chromosomal microarray with SNP analysis
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Table 1.

Clinical Features of Affected Individuals with De Novo CDK19 Variants

Proband Proband 1

Proband 2 Proband 3

CDK19 variant de novo, c.586A>G (p.Thr196Ala)

Sex female

Age 25 years

Global developmental delay yes

Epilepsy yes

Hypotonia yes

Intellectual disability yes

Dysmorphic features yes

Scoliosis yes

Brain MRI borderline microcephaly
Other findings autism, ataxia,

short stature

de novo, c.586A > G (p.Thr196Ala) de novo, c.94T > C (p.Tyr32His)

male male
2 years 1 year
yes yes

yes/infantile spasms yes/infantile spasms

yes yes

not applicable not applicable

yes yes
no no
mild atrophy delayed myelination

not applicable small calculus at both kidneys

revealed a benign small duplication on 5p. In addition, she
had a clinical proband exome sequencing (ES) that re-
vealed only heterozygous variants of uncertain signifi-
cance in genes associated with autosomal disorders, which
were all inherited from an unaffected parent. Thus, she was
referred to the UDN for further evaluation and received trio
whole-genome sequencing (WGS). A de novo coding
variant was identified in CDK19 (Genbank: NM_015076.
4, exon 6, c.586A>G[ p.Thr196Ala]) and confirmed by
Sanger sequencing (Table 1).

Proband 2 is a 2-year-old male. He was born after a
normal 38-week gestation to non-consanguineous parents.
At 10 weeks of age, he developed episodes of cyanosis. At
6 months of age, he developed generalized tonic-clonic sei-
zures. 1 month later, the individual developed infantile
spasms occurring in clusters dozens of times per day. Elec-
troencephalogram (EEG) showed hypsarrhythmia with
burst suppression. Parenteral adrenocorticotropic hor-
mone (ACTH) injections and oral antiepileptic drugs,
including sodium valproate and topiramate, failed to con-
trol the seizures. A ketogenic diet was tried but did not help
to control seizures. At 16 months of age, levetiracetam was
added but was ineffective. Currently, a combination of so-
dium valproate, topiramate, and lamotrigine are being
used. The individual has delay in developmental mile-
stones. At present, he is able to lift his head, although
barely, but is unable to track objects, roll, sit, or crawl. He
does not babble. MRI brain findings showed mild brain at-
rophy (Figures 1E and 1F), and neurological examination
showed diffuse hypotonia. His dysmorphic facial features
include hypotelorism, a prominent nose with a bulbous
tip, and a large mouth with widely spaced teeth
(Figure 1D and Table 1). His height is 86 cm (28th percen-
tile), his weight is 11.5 kg (32th percentile), and his head
circumference is 47.5 cm (29th percentile). Clinical ES
and SNP array (for copy number variants) were performed,
but no pathogenic variants were identified (see Supple-

mental Information). A trio-ES identified a de novo coding
variant in CDK19 (GenBank: NM_015076.4, exon 6,
c.586A>G [p.Thr196Ala]). Sanger sequencing confirmed
the result.

Proband 3 is an 18-month-old male. He was born at
39 weeks’ gestation to non-consanguineous parents. No
abnormalities were identified at birth or at his 1 month
evaluation. Developmentally, he was unable to hold his
head at 6 months of age. He could sit without support at
12 months of age but could not crawl until the latest eval-
uation at 18 months old. His brain MRI showed delayed
myelination (Figures 1H and 1I), and a neurologic exam
was significant for diffuse hypotonia (Table 1). At 9 months
of age, he developed daily atonic seizures. EEG studies re-
vealed hypsarrhythmia. After he was given ACTH for
1 week, the drug was stopped because of a concomitant
infection and immunosuppression concerns. Since then,
various antiepileptic drugs have been used and have been
unable to control the seizures. Recent examination find-
ings were significant for dysmorphic features, including
ocular hypertelorism, a prominent nose with a bulbous
tip, a highly arched palate, U-shape vermillion of the upper
lip, a large mouth with widely spaced teeth, an arched up-
per lip, and a single transverse palmar crease in his right
hand (Figure 1G and Table 1). His height is 90 cm
(99.8th percentile), his weight is 15.5 kg (99.9th percen-
tile), and his head circumference 48 cm (67.9th percentile).
Target gene-panel analysis was performed, but no patho-
genic variants were found (Supplemental Information).
Trio-ES was performed, and a de novo variant was identified
(CDK19, GenBank: NM_015076.3, exon 1, c.94T>C
[p-Tyr32His]). Sanger sequencing validated the variant.

Neither CDK19 variant (neither p.Tyr32His identified in
proband 3 nor p.Thr196Ala identified in probands 1 and 2)
is present in control population databases such as gno-
mAD."” The pLI score of CDK19 is 1, which indicates a
high probability of intolerance to loss of function, and

The American Journal of Human Genetics 106, 717-725, May 7, 2020 719



Table 2. The Pathogenicity of Two De Novo CDK19 Variants

Genomic position

(hg19) 6:111136246 6:110953293

Variant (de novo) GenBank: GenBank:
NM_015076.3: NM_015076.3: ¢.94T>C
c.586A>G
Amino Acid p-Thr196Ala p.Tyr32His
change
CADD 26.6 27.8
SIFT 0.001 damaging 0.000 damaging
PolyPhen2 0.999 probably 1.000 probably damaging
HDIV damaging
PolyPhen2 0.995 probably 0.995 probably damaging
HVAR damaging
LRT 0.000 deleterious ~ 0.000 deleterious

Mutation Taster
PROVEAN

M-CAP

1 disease causing
—4.53 damaging

0.113 damaging

1 disease causing
—4.27 damaging

0.178 damaging

the missense Z score of CDK19 is 3.56, indicating that the
gene is also intolerant to missense variation. Furthermore,
variant pathogenicity prediction through several tools
strongly indicates that these variants are likely pathogenic
(Table 2).

The sole homolog of CDK19 in the fly is Cdk8. The hu-
man genome carries two homologs of Cdk8 (CDK8 and
CDK19). Overall, fly Cdk8 and CDK19 share 75% similarity
and 68% identity.'®'? The serine-threonine kinase domain
that phosphorylates the mediator complex to control tran-
scription'® is very well conserved, with 99% homology
(Figure 2A).

We first generated UAS-transgenic flies with the CDK19
variants p.Tyr32His and p.Thr196Ala, as well as the refer-
ence CDK19 cDNA. To examine whether there are any
functional differences between the reference CDKI19 and
variants, we ubiquitously overexpressed CDKI19 cDNAs
by using a strong ubiquitous driver, tubulin Gal4 (Tub-
Gal4), in a wild-type background. Expression of the refer-
ence CDKI19 does not affect viability, but the variants
caused a decrease in viability to 69% (CDK19, p.Tyr32His)
or 53% (CDK19, p.Thr196Ala). Hence, the variants func-
tion differently in vivo than does the reference, and our
data suggest that these variants are most likely dominant
mutations (Figure 2B).

To determine whether the reference CDK19 or variants
can replace the loss of function of Cdk8, we performed
rescue experiments with a Cdk8<'%5 null allele.”” Homozy-
gotes of Cdk8*'®* are third-instar-larval lethal. To avoid
confounds from potential autosomal-recessive second-
site mutations on the chromosome, we performed the
rescue experiments in Cdk8<'5 Cdk8 Df flies that are also
third-instar-larval lethal (Figure 2C). Using actin-Gal4 to
ubiquitously express fly Cdk8 or human CDK19 reference
cDNA fully rescued the lethality of Cdk8'%5/Df, whereas

expression of either CDK19 p.Tyr32His or p.Thr196Ala
failed to rescue the lethality. These findings suggest that
both CDK19 p.Tyr32His and CDK19 p.Thr196Ala are
loss-of-function mutations (Figure 2C). Hence, both alleles
correspond to dominant loss-of-function mutations.
CDK19 is known to be highly expressed in the nervous
system.'”?! We therefore performed a neuronal-specific
knockdown by using two independent RNAi transgenes
(Cdk8 RNAi-1 and Cdk8 RNAi-2).”” Both RNAis signifi-
cantly reduce the level of Cdk8 transcript to 5% (RNAi-1)
or 10% (RNAi-2) of wild-type controls, respectively
(Figure S1). All animals die as pupae by ubiquitous expres-
sion of Cdk8 RNAi-1. However, for RNAi-2, about 95% of
the animals die at the pupal stage, but 5% of the flies
eclose. These escapers can only live for ~5 days, but co-
expression of the reference human CDK19 fully rescued
the pupal lethality and lifespan decrease (Figure 3A). How-
ever, co-expression of either variant (CDK19 p.Tyr32His or
p.Thr196Ala) failed to rescue lethality (Figure 3A), again
showing that these variants are pathogenic. We next exam-
ined whether Cdk8 is required in neurons or glia. We
knocked down Cdk8 in neurons with the elav-Gal4 driver
and in glia with the pan-glial driver repo-Gal4. Neuronal
knockdown of Cdk8 causes lethality, and only 7%-10%
of flies eclose (Figure 3B), which is similar to the lethality
observed with ubiquitous expression of Cdk8 RNAi (da >
Cdk8 RNAi) (Figure 3A). However, glial knockdown of
Cdk8 via repo-gal4 does not cause lethality or other
obvious behavioral defects (climbing or longevity), sug-
gesting that Cdk8 is required in neurons. The lethality
observed upon neuronal knockdown is fully suppressed
by co-expression of the human CDK1I9 reference, but we
observed no rescue when the variants were co-expressed
(Figure 3B), suggesting that both Cdk8 and CDK19 share
conserved function in the nervous system across species.
Given that all three probands exhibit medically refrac-
tory epilepsy, we performed “bang sensitivity” assays in
flies. This assay can induce seizures in flies, as observed
in potassium-channel mutants (Shaker) that have severe
bang sensitivity and display seizure-like phenotypes.”***
Upon vortexing the flies for 10 s, normal flies right them-
selves within a few seconds, but flies that are sensitive to
mechanical stress show stereotypical cycles of shaking
and paralysis for many seconds and up to a minute.”
These uncoordinated movements resemble seizures and
have been documented to be suppressed by anti-convul-
sive drugs.”* We found that neuronal knockdown of
Cdk8 results in very severe bang sensitivity in young flies
(3 days old), and these flies need about ~45 s on average
to recover from the vortex paradigm, whereas control flies
recover in a few seconds (Figure 3C). Co-expression of the
human reference CDK19 fully suppressed the seizures, but
co-expression of CDK19 variants failed to rescue the bang-
sensitivity defects (Figure 3C). In summary, loss of either
Cdk8 or CDK19 is associated with severe seizures. Finally,
neuronal knockdown of Cdk8 (elav > Cdk8 RNAi; UAS-
lacZ) decreases the lifespan of the escapers to ~10 days,
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Figure 2. Cdk8 Is Functional Fly Homo-
log of Human CDK19

(A) The domain that includes the variants
is fully conserved from fly to human.

(B) Strong ubiquitous expression of
CDK19 reference is not toxic, but expres-
sion of the variants is toxic to flies.
Numbers indicate the ratio of observed/ex-
pected flies.

(C) Ubiquitous expression of reference
CDK19 rescued the larval lethality observed
in Cdk8%183/Cdk8 Df flies, whereas the
expression of variants CDKI19 failed to
rescue the larval lethality. Numbers indi-
cate the ratio of observed/expected flies.

sessed the loss-of-function pheno-

B Dominant assay

93% 69% 53%

MR (318/340) (223/324) (169/319)

types of Cdk8 at NM]Js by expressing
Cdk8 RNAi in neurons via the elav-
Gal4 driver. As shown in Figure 5,
we observed a significant decrease
(~30%) in the total number of bou-
tons, showing that loss of Cdk8 af-
fects synapse formation (Figures 5A
and 5B). However, the number of

C Loss of function assay

cdk84'%/cdk8 Df

branches is similar to the number in
controls (Figure 5C). In summary,

Larval

Larval
K185
caks lethal

lethal lethal WiEtsllz

Viable

# of viable flies/
# of expected flies

0/347 0/264 78/150

57/138

loss of Cdk8 affects synapse develop-
ment at NM]Js.

Although CDK8 and CDKI9 are
very similar, several studies have
documented that their functions are
not redundant.’**' CDKS is known
to be highly expressed in the bladder

lethal

and esophagus, whereas CDKI9 is

whereas control flies live ~75 days (elav > luciferase RNAi).
Again, this decrease in lifespan is fully restored by co-
expression of reference CDKI9 but not by co-expression
of CDK19 variants.

To determine whether the subcellular localization of
CDK19 is affected in the variants, we stained adult-fly
CNS expressing the human reference CDK19 or variants
in a background in which Cdk8 is knocked down by
RNAi. We find that both reference and variants are similarly
expressed and that they are all localized to the perinuclear
space and cytoplasm of most neurons in adult CNS (Figure 4
and Figure S2A). We also observed that both reference and
variants are similarly localized to the nucleus in a few neu-
rons in the adult CNS (Figures 4A-4B, white arrow), and
larval CNS (Figure S2B). In summary, the variants do not
affect the localization or abundance of CDK19, and the pro-
tein is localized to perinuclear cytoplasm.

Finally, to explore the consequences of the CDK19 vari-
ants at synapses, we investigated the loss-of-function phe-
notypes at the larval Drosophila NM]J, a well-established
model for synapse development and function.”®*’ We as-

highly expressed in the brain.'*
Recently, de novo variants in CDKS8
have been linked to a syndromic neurodevelopmental
disorder.**

Analyses of the Database of Genomic Variants (DGV)
show that many individuals in the control population carry
adeletion that encompasses the gene, indicating thatloss of
one copy of CDKI19 might not cause obvious clinical fea-
tures. However, Mukhopadhyay et al.>” reported a female
individual who had a translocation disrupting the gene
and who presented with bilateral congenital retinal folds,
microcephaly, and mild intellectual disability. Finally,
given that the pLIscore for CDK19in the gnomAD database
is 1, and the observed number of loss-of-function variants
over expected loss-of-function variants is very low
(observed versus expected, 0.03), CDK19 is severely con-
strained for loss-of-function variation. This can be recon-
ciled with our observations: ubiquitous overexpression of
the human reference ¢cDNA CDKI19 in a wild-type
Drosophila background is not toxic, but expression of vari-
ants significantly reduced viability (Figure 2B), suggesting
a dominant feature associated with the variants. We argue
that this is a dominant-negative function because the two
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Figure 3. Loss of Cdk8 Resulted in
Lethality, Seizure, and Lifespan Decrease
in Flies

(A) Ubiquitous expression of Cdk8 RNAi
caused lethality, and it can be rescued
by co-expression of human reference
CDK19, whereas it cannot be rescued by
co-expression of CDK19 variants (n = 8
crosses per each genotype). Statistical ana-
lyses were performed via one-way ANOVA
followed by a Tukey post-hoc test. Results
are means + SEM, ***p < 0.001.

(B) Neuronal expression of Cdk8 RNAi
caused severe lethality, but glial expres-

sion of Cdk8 RNAi did not cause any

lethality. Co-expression of human refer-

ence CDK19 rescued the lethality, whereas

co-expression of CDK19 variants failed to
+ rescue the lethality (n = 9 crosses per

each genotype). Statistical analyses were

performed via one-way ANOVA followed
by a Tukey post-hoc test. Results are means
+ SEM, ***p < 0.001; n.s., not significant.
(C) Flies that lost Cdk8 in neurons exhibit
strong bang sensitivity, which can be fully
rescued by expression of human reference
CDK19, whereas they fail to be rescued
by expression of the variants. Statistical
analyses were performed via one-way
ANOVA followed by a Tukey post-hoc
test. Results are means += SEM, ***p <
0.001; n.s., not significant.

(D) Lifespan of flies that co-express human
reference CDK19 or the variants with Cdk8
RNAi (n > 50 per each genotype).
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variants fail to rescue the lethality or neurologic pheno-
types observed in the flies that lost Cdk8 (Figures 2 and 3).
Given that CDK19 interacts with mediator complex pro-
teins, nonsynonymous variants in CDK19 might cause
dominant-negative effects.

In summary, we describe a syndrome associated with
global developmental delay, hypotonia, dysmorphic fea-
tures, and epilepsy in three individuals from three unrelated
families harboring de novo missense variants in CDK19. On
the basis of our experiments, we argue that CDK19 plays a
critical role in neurodevelopment and synapse formation
and function, supporting the observation that it causes a
neurodevelopmental syndrome with epilepsy in humans.
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Figure 5. Loss of Cdk8 Caused a Severe
Synapse Loss in Larval NMJs

(A) Representative images of larval NMJs of
each genotype (Control, elav > luciferase
RNAi [top]; Cdk8 loss, elav > Cdk8
RNAi;UAS-LacZ [middle]; and rescued flies,
elav > Cdk8 RNAi;UAS-CDK19 reference
[bottom]).

(B) Quantification of the number of total
boutons in NMJs (n = 14 [control], n =
23 [Cdk8 loss], n = 25 [rescued flies]).
Statistical analyses were performed via
one-way ANOVA followed by a Tukey
post-hoc test. Results are means + SEM,
***p < 0.001.

(C) Quantification of the length of bou-
tons of NMJs (n = 14 [control], n = 23
[Cdk8 loss], n = 25 [rescued flies]). Statisti-
cal analyses were performed via one-way
ANOVA followed by a Tukey post-hoc
test. Results are means = SEM, n.s., not
significant.
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