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Abstract
Protein aggregation is a hallmark of neurodegenerative diseases such as 
Alzheimer’s, Parkinson’s and polyglutamine diseases. Polyglutamine diseases 
are characterized by the abnormal expansion of CAG repeats in the disease-
causing gene. Consequently, when the gene is translated into a protein, the 
protein is unable to acquire its native conformation, so that it becomes misfolded 
and aggregation-prone. The aggregation-prone protein interacts aberrantly 
with other normal, functioning proteins in the cell, ultimately disrupting 
protein homeostasis. While most research into polyglutamine diseases has 
focused on the changes that take place after the aggregation-prone protein 
has been translated, less is known about changes at the transcriptional level. 
We therefore sought to identify the transcriptional changes that occur when a 
cell is exposed to aggregation-prone proteins such as polyglutamine expansion 
proteins. We took advantage of a C. elegans model for polyglutamine diseases – 
which recapitulates the protein misfolding and aggregation observed in human 
disease – and performed whole transcriptome analysis at two different stages 
of larval development in both wild type (N2) and polyglutamine-expressing 
animals.

Principal component analysis revealed that the major sources of expression 
variation were related to stage of development (L2/L3 versus L4) followed by 
the genetic background (wild type N2 versus the polyglutamine model). RNA 
sequencing-derived data was analyzed by combining standard differential 
expression analysis with gene ontology enrichment analysis to identify those 
genes whose expression was affected by aggregation-prone proteins. The 
genes thus identified were found to be related to the unfolded protein response, 
oxidative stress and immune response. We also found that aggregation-prone 
proteins slow down the rate of animal development. We propose that this 
combination of events may represent a coping strategy that the organism 
adopts to preserve its fitness as a response to the pathological presence of 
aggregation-prone proteins. 
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Introduction
Polyglutamine diseases are a class of neurodegenerative disorders that include 
Huntington’s disease, spinocerebellar ataxia (types 1, 2, 6, 7, 17), Machado–
Joseph disease and spinobulbar muscular atrophy [1, 2]. Due to a loss of 
neurons, affected patients commonly experience motor dysfunction as well as 
cognitive and behavioral abnormalities [3]. These diseases are characterized 
by an abnormal expansion of CAG repeats in the disease-causing genes. The 
resulting protein has an unusually long stretch of glutamines, which causes 
it to become misfolded and prone to aggregation, ultimately contributing to 
protein aggregation [4]. Despite our knowledge of the underlying causes of 
polyglutamine diseases, we are not yet able to explain why protein aggregation 
occurs in affected patients. If we can understand how the cell copes with protein 
aggregation, we can identify and characterize the cellular pathways implicated 
in pathogenesis and target these for disease-modifying treatments.

Polyglutamine aggregation has been recapitulated in several models in the 
nematode Caenorhabditis elegans [5-8]. In one of those models, an expanded 
polyglutamine stretch containing 40 CAG repeats is expressed in the body 
wall muscle cells, whereby the formation of aggregates is proteotoxic and 
progresses with age [6]. Here we used this model to find answers to the following 
questions: What transcriptional changes occur in the cell upon expression of 
polyglutamine expansion proteins? Which pathways are activated? Does this 
change during the course of worm development? To this end, we performed 
a global integrative analysis of the transcriptome of a C. elegans model of 
polyglutamine diseases, by employing principal component analysis and 
differential gene expression analysis. We aimed to identify the pathways that 
are activated upon pathological overexpression of polyglutamine expansion 
proteins in order to gain insight into the relevant cellular responses.
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Results 
Developmental stage and genetic background account for 
differences in transcriptome profiles 
In our analysis of the transcriptome of polyglutamine-expressing (Q40) animals, 
we selected larval stages two/three (L2/L3) and four (L4), in order to examine 
transcriptome changes during development. To search for the main sources of 
variance in our transcriptome profiling data, we employed principal component 
analysis (PCA). The first principal component yielded a clear distinction between 
L2/L3 and L4 animals, showing that the developmental stage had a strong 
effect in our expression data (Figure 1A, C). The following principal component 
explained the variance between our datasets based on the presence of the 
transgene (Figure 1B, C). Indeed, while the profile of polyglutamine-expressing 
animals was very similar to that of wild type N2 animals at the L2/L3 stage, 
these differences were more pronounced at developmental stage L4 (Figure 
1A-C). These results are consistent with the observation that – under our 
laboratory conditions – expression of polyglutamine expansion proteins 
slows down worm development (Figure 1D). We performed enrichment 
analysis based on gene ontology (GO) using the web-based toolset gProfiler  
(http://biit.cs.ut.ee/gprofiler/, Ensembl 79). This enabled us to learn more about 
the gene set comprising the first principal component, since this component 
explained most of the variance of the data (18.7%). GO term analysis of the first 
principal component revealed that the genes in the first principal component 
were related to developmental processes (Figure 1E). In all, our transcriptomic 
profiling data demonstrated that expression variation was determined firstly 
by developmental stage and secondly by genetic background.

Polyglutamine expansion proteins trigger the ER-associated 
unfolded protein response
We next used differential gene expression analysis to look for genes that 
were significantly up- or downregulated due to the presence of aggregation-
prone proteins. A false-discovery rate (FDR) cutoff of 0.1% was used to identify 
such differentially expressed genes. First, we excluded genes differentially 
expressed between the L2/L3 and L4 stages in the N2 genetic background, 
thus avoiding developmental effects (and therefore false positives) that might 
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Figure 1. Effect of aggregation-prone proteins on the C. elegans transcriptome. (A, B) PCA plots of the 
23 samples included in this study. Different colors indicate the different time points (L2/L3 or L4) and genetic 
backgrounds (Q40 or N2). PC, principal component. (C) Heat map showing the distribution of the 23 samples 
included in this study. The hierarchical clustering was generated using the average linkage cluster method 
with a Euclidean metric distance. (D) Approximate number of hours from egg hatching until L1 and between 
successive developmental stages until adulthood in C. elegans. (E) Gene ontology (GO) term enrichment 
analysis for gene set of the first principal component. (F) Results of differential gene expression analysis as 
measured by the fold change in expression between raw reads of wild type animals in L2/L3 and L4 stage (x 
axis) and N2 and Q40 animals in L4 stage (y axis).  (G) GO term enrichment analysis for genes differentially 
expressed in the presence of aggregation-prone proteins (blue data points from panel (F)), and the number 
of genes associated with each GO term.  (H) GO term enrichment analysis for genes differentially expressed 
in the presence of aggregation-prone proteins (green data points from panel (F)), and the number of genes 
associated with each term.
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mask the contribution of the polyglutamine expansion proteins to the cell’s 
transcriptome (Figure 1F, red). Then, to determine the specific contribution of 
polyglutamine expansion proteins to the cell’s transcriptome, we looked for 
genes that were differentially expressed between the Q40 and N2 animals 
at the L4 stage (Figure 1F, blue). GO term enrichment analysis of this cluster 
identified genes involved in three types of cellular functions, namely the 
unfolded protein response (UPR, 14 genes), the pathogen response (35 genes), 
and the redox process (54 genes) (Figure 1G). Further inspection of the genes 
involved in the UPR pathway revealed significant downregulation of the abu 
and pqn family of genes (Table 1). The abu (activated in blocked UPR) family 
of genes is expressed when the UPR is blocked and it has been suggested that 
their protein products may protect the cell against aberrantly folded proteins 
[9]. Both the pqn and abu genes encode proteins whose amino acid sequences 
contain glutamine/asparagine-rich (Q/N) domains, a common feature of prion-
like domains [10, 11]. This hints at the possibility that polyglutamine expansion 
proteins trigger the UPR to cope with misfolded proteins in the cell, thereby 
downregulating the abu/pqn genes since they are not necessary.

Parallel to this, in Q40 animals we detected upregulation of the cdr-4, gad-3 
and C14B9.2 genes (Table 1), all of which are regulated by xbp-1, a transcription 
factor required for the activation of the UPR [9, 12, 13]. While not much is known 
about cdr-4 and gad-3, C14B9.2 is known to encode a disulfide isomerase. 
Protein disulfide isomerases are important for the formation of native disulfide 
bonds in proteins transiting through the ER, a process known as oxidative 
protein folding (reviewed in [14]). We observed no activation of other canonical 
UPR components, such as the worm homologs of BiP/GRP78 (hsp-3 and hsp-4), 
an ER-associated molecular chaperone [15-17]. Overall, this set of differentially 
expressed genes is consistent with the cellular response pathways known to be 
triggered by misfolded, aggregation-prone proteins in the ER [18].

Curiously, GO term enrichment analysis also identified a cluster of 35 genes 
involved in the pathogen response, including lys-7, sdd-3 and cnc-6 (Table 
1). Aggregation-prone proteins – and in particular polyglutamine expansion 
proteins – are not known to trigger a pathogen defense response. Moreover, 
several genes within this cluster are expressed in the C. elegans gut, suggesting 
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that aggregation-prone proteins can also provoke cell non-autonomous 
effects. Finally, we identified upregulation of genes within the redox cluster, 
including genes known to be involved in oxidative stress (cst-2 and sod-3) 
and belonging to the cytochrome P450 family of monooxygenases, including 
kmo-1 (Table 1). The yeast homolog of kmo-1 – bna-4 – has been identified 
as a potent suppressor of polyglutamine-induced proteotoxicity [19]. Taken 
together, these results point to aggregation-prone proteins inducing cellular 
stress, resulting in activation of cellular stress response pathways.

Table 1. Genes expressed differentially between wild type and polyglutamine-expressing 
animals at the L4 stage (blue data points from Figure 1F).

Cellular 
process (no 
of genes)

Function
(no of genes)

Sequence 
name

Gene 
examples

Fold 
change Short description

Response to 
stress (53)

Unfolded protein 
response (14)

AC3.3 abu-1 -2,66

Transmembrane proteins with a glutamine/
asparagine-rich ("prion") domain

C03A7.7 abu-6 -2,35
C03A7.8 abu-7 -2,28
R09F10.2 abu-9 -2,70
F35A5.3 abu-10 -1,99
T01D1.6 abu-11 -2,16
C03A7.4 abu-15 -2,26
AC3.4 pqn-2 -2,70 Proteins with a glutamine/asparagine-rich 

("prion") domainR09F10.7 pqn-57 -3,15
C14B9.2 - 1,40 Protein disulfide isomerase

K01D12.11 cdr-4 1,79 Predicted transmembrane protein part of the 
cadmium responsive (CDR) family of proteins

B0222.9 gad-3 1,36 Ortholog of human xanthine dehydrogenase

Pathogen 
response (35)

C02A12.4 lys-7 2,00 Antimicrobial enzyme
T08A9.7 spp-3 1,17 Antimicrobial peptide
Y46E12A.1 cnc-6 7,42 Antimicrobial peptide

Metabolic 
process (91)

Redox process 
(54)

C24A8.4 cst-2 1,00 Protein kinase
C08A9.1 sod-3 2,54 Iron/manganese superoxide dismutase
R07B7.5 kmo-1 1,67 Mitochondrial enzyme
F02C12.5 cyp-13B1 5,75

Membrane-associated, heme-containing 
NADPH-dependent monooxygenases

K09A11.3 cyp-14A2 1,58
R04D3.1 cyp-14A4 3,24
T10B9.7 cyp-13A2 1,77
B0304.3 cyp-23A1 2,45

Polyglutamine expansion proteins affect C. elegans development
While performing differential expression analysis (also using an FDR cutoff of 
0.1%), we identified additional clusters of differentially expressed genes (Figure 
1F, magenta and green). These clusters of genes were significantly upregulated 
during development of wild type animals while slightly downregulated in Q40 
animals. Further inspection of this cluster identified two sub-groups: one sub-
group had more genes that were strongly downregulated (Figure 1F, magenta) 
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while the other had more genes that were clustered but less downregulated 
(Figure 1F, green). Since we suspected that this expression pattern may be due 
to developmental differences provoked by the expression of aggregation-
prone proteins, we performed GO term analysis of each cluster individually. 
For the sub-group with strongly downregulated genes, we could draw no 
conclusions regarding biological processes (Figure 1F, magenta). However, 
the clustered genes (Figure 1F, green) were enriched for development and 
maturation processes, muscle reorganization and lipid storage (Figure 1H). 
The fact that we observed downregulation of developmental genes as a 
response to the presence of aggregation-prone proteins is consistent with the 
aforementioned developmental delay observed in polyglutamine-expressing 
animals (Figure 1D), suggesting that aggregation-prone proteins can also affect 
animal development. In all, expression of aggregation-prone proteins alters the 
expression developmental genes, which slows down C. elegans development.

Discussion
Here we investigated the cellular responses that are elicited by the presence 
of aggregation-prone proteins using a C. elegans model of polyglutamine 
diseases. We used differential gene expression analysis to demonstrate that 
the presence of aggregation-prone proteins – in the form of polyglutamine 
expansion proteins – triggers the expression of ER-associated UPR genes. 
This observation is unexpected since polyglutamine expansion proteins 
do not usually enter the secretory pathway. We speculate that this cellular 
stress response is activated in an attempt to reduce overall protein synthesis 
of misfolded polyglutamine expansion proteins and perhaps that of other 
polyglutamine-rich proteins – thereby explaining the downregulation of abu/
pqn genes – as has been suggested by others [18]. 

The presence of polyglutamine expansion proteins is thought to induce the 
heat shock response (HSR), a cellular stress response that relies on molecular 
chaperones to prevent protein misfolding and aggregation [20, 21]. We did not, 
however, detect any differential expression of genes associated with the HSR. 
One possibility is that the animals in our experiment have undergone adaptive 
evolution, whereby over successive generations of growth in laboratory 
conditions the animals have developed the ability to cope with the constitutive 
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expression of polyglutamine expansion proteins, while maintaining the 
aggregation-associated phenotypes. Such adaptive evolution has for example 
occurred in the wild type strain N2, which after continuous maintenance 
in laboratory conditions has developed “laboratory-derived” alleles as an 
adaptation process ([22, 23] also reviewed in [24]). 

The fact that we saw upregulation of several genes involved in the innate 
immune response suggests that polyglutamine expansion proteins also affect 
immune response signaling pathways. The induction of a defense response has 
not been previously described in polyglutamine diseases. We propose that the 
presence of polyglutamine expansion proteins is perceived by the worms as 
an infection, thereby triggering the innate immune system. This was recently 
shown to be the case for the aggregation-prone proteins TDP-43 and FUS, which 
induce immune responses in C. elegans models of amyotrophic lateral sclerosis 
[25]. It is of interest to note that the UPR is also part of the cellular defense 
in C. elegans and is activated upon pathogen infection, further supporting the 
notion that polyglutamine expansion proteins induce effects in the organism 
similar to those induced by pathogens [26-28].

Our findings relating to the induction of cellular stress pathways are not entirely 
without precedent. Oxidative stress originates from the imbalance between the 
production and clearance of reactive oxygen species (ROS) and has been linked 
to Huntington’s disease [29, 30]. Here we identified several genes with redox 
functions, which points to another cellular stress response activated in the 
presence of polyglutamine expansion proteins. The fact that we observed the 
involvement of the UPR, the immune response and oxidative stress pathways 
suggests that aggregation-prone proteins have a systemic effect in the 
organism. It will be interesting to further address how these cellular pathways 
are functionally affected in mammalian neuronal cell or animal models and 
determine whether these pathways mediate neurodegeneration induced by 
polyglutamine expansion proteins in these systems.

Finally, we found larval development to be significantly affected in 
polyglutamine-expressing animals. Others have reported that expression of 
aggregation-prone proteins slows down the growth rate of yeast [18] and delays 
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development in another C. elegans model expressing polyglutamine expansion 
proteins in the body wall muscle cells [21]. Collectively, these findings point 
towards the tentative notion of a delay in organismal development as a result of 
cell non-autonomous signaling across tissues that is provoked by the presence 
of aggregation-prone proteins. 

In conclusion, we propose that the presence of aggregation-prone proteins 
activates a cellular stress response that – combined with a delay in development 
– may impose a fitness cost in this model. 

Methods

Strains and genetics
Standard methods were used for culturing C. elegans at 20ºC [31]. To 
synchronize animals, eggs were collected from gravid hermaphrodites by 
hypochlorite bleaching and hatched overnight in M9 buffer. The desired 
number of L1 animals were subsequently cultured on agar plates (#633185, 
Greiner Bio-One) containing nematode growth medium and seeded with OP50 
bacteria. The following strains were used or generated: N2 (wild type): AM141 
rmIs133[P(unc-54)Q40::YFP]X [6]; OW1004 rmIs133[P(unc-54)Q40::YFP]X; and 
OW1021 rmIs133[P(unc-54)Q40::YFP]X.

RNA sequencing
Worms were grown to larval stages two/three (L2/3) and four (L4) and total 
RNA was extracted using TRIzol Reagent (Life Technologies) according to the 
manufacturer’s instructions. For polyA RNA sequencing, sequencing libraries 
were prepared using the TruSeq Sample Preparation V2 Kit (Illumina) and 
subjected to high-throughput single-end sequencing (50 bp) in an Illumina 
HiSeq 2500 instrument.

Data analysis
Single-end reads obtained by Illumina sequencing were aligned to the  
C. elegans reference genome (Wormbase, version WB235) using Star Aligner [32]. 
Raw read counts were extracted from the alignments using the HTSeq package. 
The reads were fragment per million (FPM) normalized, log transformed and 
null averaged prior to Principal Component Analysis (PCA). Average clustering 
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was performed using Pearson correlation for the corrected RNA samples 
and complete clustering was performed with euclidean distances for the 
read distance, this was plotted with the heatmap2 function in R. Differential 
expression analysis was performed on the corrected raw reads using EdgeR 
[33], and gene ontology enrichment analysis was performed using the web-
based toolset gProfiler [34, 35].
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Supplemental  Information

Table S1. Top 100 genes upregulated in polyglutamine-expressing animals at the L4 stage 
(blue data points from Figure 1F).

Sequence name Gene False dicovery rate 
(FDR) Fold change

F01D4.8 4,90E-28 5,33
W02H5.6 srh-271 1,16E-24 6,41
C32C4.7 ugt-35 3,06E-22 9,80
F02C12.5 cyp-13B1 1,14E-21 5,75
Y9C9A.16 6,40E-20 5,80
C33H5.1 9,09E-19 8,87
B0303.14 9,23E-19 3,31
T02B11.4 8,19E-18 2,76
F10B5.3 4,24E-17 4,37
K03H6.2 4,24E-17 3,26
F15B9.1 far-3 4,19E-15 5,26
K09D9.9 4,77E-15 8,34
C52A10.2 1,16E-14 4,33
F49C12.2 2,60E-14 8,37
K08C7.5 fmo-2 3,08E-14 5,38
F26A1.8 3,15E-14 5,20
H22D14.1 nhr-267 7,95E-14 5,73
ZC373.7 col-176 1,29E-13 6,58
D2023.7 col-158 1,63E-13 5,45
F27C8.4 spp-18 4,80E-13 2,73
F49C12.4 5,03E-13 8,81
B0213.6 nlp-31 5,62E-13 2,73
C02A12.1 gst-33 6,50E-13 3,15
F25D1.5 8,49E-13 2,86
Y51A2D.5 hmit-1.2 1,16E-12 2,09
K07C6.4 cyp-35B1 1,31E-12 4,36
Y80D3A.7 ptr-22 3,43E-12 4,98
C33H5.2 4,67E-12 7,73
F48C1.9 4,68E-12 7,44
B0238.12 5,37E-12 2,99
Y38E10A.15 nspe-7 6,50E-12 3,85
K11G9.6 mtl-1 6,99E-12 8,32
Y45F10D.15 9,69E-12 7,29
F53A9.8 1,03E-11 2,66
C50B6.7 1,49E-11 2,12
B0238.1 1,56E-11 3,10
Y48E1B.10 gst-20 1,75E-11 2,85
T03F7.3 srh-46 1,81E-11 6,20
Y71G12B.6 1,86E-11 2,40
M162.5 1,97E-11 2,24
Y54G2A.37 3,26E-11 3,47
D1086.3 4,20E-11 3,58
F49C12.5 4,99E-11 7,28
T27D12.6 5,28E-11 4,83
F14A5.1 nhr-264 6,08E-11 5,49
B0511.1 fkb-7 8,99E-11 3,38
W06H12.1 ztf-6 1,09E-10 2,26
H41C03.1 1,15E-10 3,08
E02H1.7 nhr-19 1,65E-10 2,17
ZK1067.6 sym-2 2,49E-10 2,49
C40D2.1 math-19 3,32E-10 4,27
T22A3.8 lam-3 3,71E-10 2,48
K07C6.3 cyp-35B2 3,78E-10 6,92
M7.3 bcc-1 3,85E-10 2,28
F09C8.1 3,88E-10 3,29
F54F3.3 lipl-1 4,26E-10 3,17
Y49E10.18 4,87E-10 1,78
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Y67A10A.1 oac-56 5,07E-10 5,14
R151.5 dpy-31 5,74E-10 1,80
Y68A4B.1 clec-243 5,80E-10 4,76
T14B4.5 6,80E-10 2,97
R04D3.1 cyp-14A4 7,11E-10 3,24
C35A5.2 ugt-33 8,49E-10 4,19
F59A7.2 1,15E-09 2,37
C06A6.5 1,65E-09 2,31
T03F7.2 srh-45 2,11E-09 5,76
B0238.13 2,30E-09 3,37
R57.2 2,65E-09 3,56
F25D1.3 3,03E-09 4,53
F15B9.2 far-4 3,05E-09 6,33
H14E04.1 3,99E-09 3,35
ZK596.1 4,22E-09 1,85
F39E9.2 btb-16 4,83E-09 2,18
C33C12.3 gba-1 4,98E-09 2,39
F19H8.4 mltn-9 5,04E-09 3,61
C16C4.15 math-10 5,64E-09 4,83
C18D11.6 6,32E-09 7,05
C44B7.7 6,79E-09 1,62
Y57E12B.3 lipl-6 7,99E-09 3,46
F27D9.6 dhs-29 1,03E-08 2,03
Y110A2AL.9 1,27E-08 2,82
F11E6.4 1,68E-08 3,23
W04C9.3 cutl-13 1,91E-08 3,91
F44G3.2 2,10E-08 3,61
F59B10.5 2,21E-08 2,78
F59B10.1 pqn-47 2,21E-08 2,80
R09E10.7 pqn-55 2,28E-08 1,91
K12G11.3 sodh-1 2,41E-08 2,82
T17A3.7 fbxb-84 2,41E-08 6,83
C03G6.14 cyp-35A1 2,46E-08 3,87
F11E6.9 2,66E-08 3,76
Y39A3B.7 2,66E-08 7,09
F54D8.1 dpy-17 2,67E-08 3,68
AC3.5 3,23E-08 2,21
M88.6 pan-1 3,54E-08 2,22
C33A12.6 ugt-21 3,60E-08 2,55
C04F6.5 dhs-27 3,72E-08 2,51
C05E4.14 srh-2 3,75E-08 3,32
Y22D7AL.9 4,35E-08 2,25
K01A2.2 far-7 4,50E-08 1,96
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Table S2. Top 100 genes downregulated in polyglutamine-expressing animals at the L4 stage 
(blue data points from Figure 1F).

Sequence Name Gene False discovery rate 
(FDR) Fold change

F22F4.4 2,89E-87 -10,36
T09F5.9 clec-47 3,55E-73 -6,09
C30G12.2 6,85E-33 -4,66
F52F10.4 oac-32 1,03E-25 -4,18
F45D11.15 1,41E-21 -6,41
F45D11.14 2,76E-20 -5,64
F22F4.1 7,22E-20 -7,00
F45D11.16 2,32E-19 -5,78
C06G8.1 swt-3 9,43E-17 -2,57
R17.3 5,28E-14 -2,57
K02E2.8 3,62E-13 -4,82
T04C9.4 mlp-1 1,37E-12 -1,70
C04G6.2 2,29E-12 -5,43
Y26D4A.2 hpo-2 3,21E-12 -5,66
ZC581.3 3,99E-12 -2,12
T19A6.4 7,75E-12 -2,68
C41H7.7 clec-3 7,82E-12 -2,96
C18H9.5 7,95E-12 -4,05
T21E8.1 pgp-6 8,63E-12 -2,60
E01G4.3 8,70E-12 -1,70
H32K16.2 4,02E-11 -3,53
T02B11.3 5,28E-11 -1,54
C31C9.7 6,31E-11 -2,07
C35D10.14 clec-5 1,13E-10 -2,55
F23F1.6 1,35E-10 -3,15
W09G10.6 clec-125 1,89E-10 -3,78
R11D1.3 2,05E-10 -3,31
W10G11.3 2,23E-10 -4,74
F07C6.3 2,87E-10 -2,60
K02E11.7 3,88E-10 -2,95
F17C11.5 clec-221 3,88E-10 -3,27
H06H21.8 1,50E-09 -1,67
C29F3.5 clec-230 1,56E-09 -4,35
T07F10.1 7,22E-09 -1,97
C05D9.3 8,65E-09 -1,38
K01C8.3 tdc-1 2,12E-08 -1,65
C10H11.6 ugt-26 2,66E-08 -1,89
K02E2.2 grd-11 3,32E-08 -3,75
C23G10.6 5,55E-08 -2,23
D1025.2 gcsh-1 5,87E-08 -2,07
C12D5.9 7,17E-08 -2,42
Y43F8C.1 nlp-25 8,13E-08 -3,41
K09E2.3 8,69E-08 -1,24
C05E7.2 1,55E-07 -3,01
C28A5.3 nex-3 3,46E-07 -1,67
T14G12.3 tag-18 7,57E-07 -1,18
F14H8.1 obr-2 7,86E-07 -1,29
F56F3.2 ndg-4 8,43E-07 -1,25
C41G11.1 9,56E-07 -2,32
T13F3.6 9,62E-07 -3,11
K11G9.3 1,10E-06 -2,55
R07E3.4 1,10E-06 -1,44
F02D8.4 1,20E-06 -2,07
Y27F2A.3 sri-40 1,21E-06 -2,97
C04C11.1 1,50E-06 -2,79
F23A7.8 1,60E-06 -1,44
T22B7.3 1,70E-06 -2,74
AC7.1 tkr-3 1,97E-06 -2,44
H02K04.1 clec-229 2,98E-06 -4,05
ZK550.2 3,07E-06 -2,43
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Y39G10AR.6 ugt-31 3,13E-06 -1,91
T10B9.1 cyp-13A4 3,39E-06 -2,18
K05B2.3 ifa-4 3,45E-06 -1,47
F54B11.11 4,12E-06 -2,89
T09B9.1 5,15E-06 -2,64
Y38E10A.5 clec-4 5,37E-06 -2,29
C05E11.4 amt-1 5,58E-06 -3,77
T21E8.2 pgp-7 5,80E-06 -2,11
C05A9.1 pgp-5 7,05E-06 -2,02
F43C11.3 decr-1.1 7,05E-06 -4,01
C15F1.1 7,21E-06 -1,96
C01G6.9 8,34E-06 -2,34
Y67D8C.8 cpg-9 1,17E-05 -1,19
ZC266.1 1,25E-05 -2,20
R04B5.9 ugt-47 1,33E-05 -1,09
R09H10.7 1,65E-05 -1,80
C42D4.3 1,73E-05 -2,60
R09F10.7 pqn-57 1,82E-05 -3,15
T05B11.4 1,83E-05 -1,98
F09G8.5 1,92E-05 -1,71
F56D1.6 cex-1 1,96E-05 -1,86
T18H9.1 grd-6 2,07E-05 -2,63
AC3.4 pqn-2 2,22E-05 -2,70
C36B1.1 cle-1 2,96E-05 -0,98
D2096.4 sqv-1 3,18E-05 -1,11
T22B11.1 3,22E-05 -1,86
F07C3.7 aat-2 3,61E-05 -1,25
F38E11.1 hsp-12.3 3,73E-05 -1,90
T06E4.8 3,99E-05 -2,78
K07A1.13 4,07E-05 -1,62
T15B7.1 4,24E-05 -1,15
R05F9.5 gst-9 4,29E-05 -1,54
AC3.3 abu-1 4,35E-05 -2,66
ZC416.6 4,91E-05 -1,36
F53G12.5 mex-3 5,27E-05 -1,31
C11E4.1 gpx-5 5,87E-05 -1,50
C42C1.7 oac-59 6,35E-05 -1,70
H02I12.6 his-66 6,35E-05 -1,73
F15H10.2 col-13 6,46E-05 -2,38
C03A7.7 abu-6 7,17E-05 -2,35




