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Summary 
Therapeutic use of tiny extracellular vesicles (EVs) requires understanding cargo loading 
mechanisms. Here, we used a modular proximity label approach to identify EV cargo associated 
with the transient potential channel (TRP) polycystin PKD-2 of C. elegans. Polycystins are 
conserved receptor-TRP channel proteins affecting cilium function; dysfunction causes 
polycystic kidney disease in humans and mating deficits in C. elegans. Polycystin-2 EV 
localization is conserved from algae to humans, hinting at an ancient and unknown function. We 
discovered that polycystins associate with and direct specific cargo to EVs: channel-like PACL-
1, dorsal and ventral membrane C-type lectins PAMLs, and conserved tumor necrosis-
associated factor (TRAF) signaling adaptors TRF-1 and TRF-2. Loading of these components 
relied on polycystin-1 LOV-1. Our modular EV-TurboID approach can be applied in both cell- 
and tissue-specific manners to define the composition of distinct EV subtypes, addressing a 
major challenge of the EV field.  

Introduction 
Studying extracellular vesicles (EVs) presents significant challenges due to their diverse types, 
sizes, and compositions. This heterogeneity complicates isolation, characterization, and 
analysis. Addressing the challenge of cargo composition of individual EV subtypes in the face of 
EV diversity, however, is crucial for advancing EV-based diagnostic, therapeutic, and biomedical 
research. 

Here we introduce a methodology to identify the cargo of individual EV subtypes via proximity 
labeling in living C. elegans. We took this approach to pinpoint the cargo carried by specific 
ciliary EV subtypes carrying the transient receptor potential (TRP) polycystin channel PKD-2. 
Human PKD2 and PKD1 are mutated in autosomal dominant polycystic kidney disease, the 
most common inherited cause of renal failure1. PKD2 and PKD1 encode a TRP polycystin 
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channel and receptor complex that function in the primary cilia of kidney tubules and are cargo 
of urinary EVs2. 

Polycystins are highly conserved and function in vertebrate development and homeostasis, with 
roles ranging from kidney tubule function, spinal cord morphogenesis to establishing left–right 
axis patterning. In the morphogenesis of the spinal cord, PKD2L1 functions in CSF-contacting 
neurons that are critical for precise posture control3–5. During gastrulation, polycystin-2 and 
PKD1L1 (polycystic kidney disease 1 – like 1) establish laterality, possibly via EV-like particles 6.  

In C. elegans, the polycystins LOV-1 and PKD-2 co-localize in cilia of male-specific sensory 
neurons and are required for multiple aspects of male sexual behaviors7–11. LOV-1 and PKD-2 
also colocalize on ciliary EVs released from male-specific ciliated neurons and are shed from 
the cilium's tip into the environment 12. These polycystin-carrying EVs are transferred from the 
male to the hermaphrodite during mating and may facilitate inter-animal communication 13,14. 
Polycystin EV localization is conserved from algae15 to C. elegans to humans, hinting at an 
ancient but, as of yet, unknown function. 

Akin to other systems, C. elegans EVs share similar size and density, despite diverse 
biogenesis routes and cell sources. We recently isolated C. elegans EVs in density gradients 
guided by the presence of fluorescence-labeled polycystin-2 PKD-2::GFP and showed that 
many other EV subtypes co-isolate with polycystin-carrying EVs 16. Herein, we developed a 
system for precise identification of cargo of individual EV subtypes and applied this EV-TurboID 
methodology to identify and validate PKD-2 interactors in cilia and ciliary EVs of C. elegans. 

Results 
Identification of polycystin proximity interactors within EVs 
A critical objective in deciphering in vivo EV functions is defining EV subtypes and identifying 
their cargo. Thus, we sought to exploit features of the C. elegans model for protein identification. 
We engineered proximity labeling enzyme TurboID17 to be targeted to a GFP-labeled ciliary EV 
cargo PKD-2::GFP via a GFP-binding nanobody domain18. Between the GFP-binding nanobody 
and TurboID domains, we added a fluorescent mScarlet domain that would enable us to track 
TurboID in living animals and environmentally released EVs through super-resolution live 
imaging (Fig. 1a-c). We observed anti-GFP-nanobody::mScarlet::TurboID and PKD-2::GFP 
colocalization in male-specific neuronal cell bodies, cilia, and environmentally released ciliary 
EVs (Fig. 1c, Extended Data Fig. 1a-b). 

To identify EV cargo proteins in the proximity of the targeted polycystin, we pulled down 
biotinylated proteins for mass spectrometry analysis from a density gradient fraction enriched in 
PKD-2::GFP EVs (Fig. 1a, d, Table S1). Proximity interactors included two known cargo of PKD-
2::GFP: LOV-17–9 and the ciliary EV biogenesis protein CIL-714,19, confirming the efficacy of our 
EV-TurboID approach. We also identified and validated six novel cargo: two homologs of human 
TNF receptor-associated factors (TRAFs) TRF-1 and TRF-2, three transmembrane lectins 
(PAML-1, PAML-2, CWP-5), and a novel transmembrane protein resembling an ion channel 
(PACL-1) (Fig. 1d; for the complete list of identified proteins, refer to Table S1). trf-1, trf-2, and 
cwp-5 mutants are defective in polycystin-mediated mating behaviors20–22. trf-1, trf-2, paml-2, 
and cwp-5 are co-expressed with pkd-220,21. further demonstration of the efficacy of EV-TurboID. 
The latter experiments were performed through overexpression of transgenes from 
extrachromosomal arrays, and their protein localization in the cilium and/or EVs had not been 
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determined due to limitations in epifluorescence microscopy used at the time. In this study, we 
took an unbiased validation approach by generating endogenous reporters for all top candidates 
and PKD-2 using CRISPR/Cas9-mediated genome editing. We used super-resolution 
microscopy to analyze candidate co-localization with PKD-2 within cilia and ciliary EVs (Fig. 2a). 

Polycystin EVs carry homologs of human TRAFs - TRFs 
The TNF receptor-associated factor (TRAFs) family comprises adapter-type proteins that act 
downstream of receptors and mediate the assembly of cytoplasmic signaling components23. We 
discovered that endogenous trf-1 and trf-2 genes are expressed at high levels in polycystin-
expressing sensory neurons of males important for male sexual behaviors and mating 
processes (cephalic male CEMs, tail Ray B neurons 1-5, 7-9, and hook sensillum B neuron 
HOB). In these neurons, TRF-1 and TRF-2 colocalized with PKD-2 in cilia and EVs (Fig. 2b - c', 
Extended Data Fig. 2a-c), consistent with TRAFs acting as adaptors for the polycystin complex 
and with polycystin EVs serving as carriers for TRAFs to engage target tissues. 

Polycystins load TRFs to ciliary EVs 
To test whether polycystins associate with TRAFs in vivo, we analyzed TRAF subcellular 
localization in the background of disrupted polycystins. LOV-1 has an extensive N-terminal 
domain that might act as a receptor for the polycystin complex. We previously showed that 
PKD-2 is essential to bring LOV-1 to the cilium and EVs, while lov-1 is not required for PKD-2 
ciliary and EV localization9. Therefore, we examined the localization of the TRAFs and other EV 
cargo candidates in the absence of lov-1. In the lov-1 mutant, TRF-1 and TRF-2 remained in the 
ciliary shaft, failed to reach the ciliary tip, and were not loaded and released in ciliary EVs (Fig. 
2d-f, Extended Data Fig. 2a-c). These data indicate that LOV-1 is required for loading TRF-1 
and TRF-2 to ciliary EVs, but is not required for their localization to the cilium shaft.  

Mutations in polycystins lead to a failure in C. elegans male mating14,19. Similar behavioral 
deficiencies are exhibited by trf-1 and trf-2 mutants, indicating that TRAF and polycystins act in 
the same genetic pathway 20. Despite this, disrupting trf-1 and trf-2 genes did not affect PKD-2 
and LOV-1 co-localization in cilia or their release in EVs (Extended Data Fig. 4a-b), indicating 
that TRF-1 and TRF-2 are non-essential for PKD-2 and LOV-1 ciliary and EV localization. Taken 
together these data suggest that TRF-1 and TRF-2 may act as signaling adaptors for the 
polycystins in the cilium to regulate male mating behavior.  

TRFs require each other for their loading to ciliary EVs 
We next investigated the relationship between TRF-1 and TRF-2 in cilia and EVs. In the trf-2 
mutant, TRF-1::mScarlet remained confined to the ciliary shaft and failed to locate to ciliary EVs 
(Fig. 3a-a', Extended Data Fig. 4a-b). Conversely, disruption of trf-1 resulted in the absence of 
TRF-2::GFP in the ciliary shaft altogether (Fig. 3b-b'), indicating that TRF-1 is required for the 
entry of TRF-2 into the cilium. Additionally, TRF-2::GFP abundance was reduced in dendrites 
and accompanied by a three-fold reduction in cytoplasm, suggesting that TRF-1 might stabilize 
TRF-2 or shield it from degradation (Fig. 3c-c', Extended Data Fig. 4c).  

Evolutionary conservation of TRAF domain assemblies suggests that the function of human and 
C. elegans TRAFs might likewise be conserved. Both human and C. elegans TRAF families 
comprise two types of domain organizations: RING domain-containing TRAFs (TRF-1 in C. 
elegans and TRAF2-6 in humans) and RING-less TRAFs (TRF-2 in C. elegans and TRAF1 in 
humans) (Fig. 3d). The RING domain confers ubiquitin ligase activity to human TRAF624,25, 
promoting the assembly of multimeric signaling networks presumably comprised of trimer 
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dimers26. In Dictyostelium discoideum, the RING domain recruits TRAF to sites of membrane 
damage27. However, the specific role of RING-less TRAFs in the context of TRAF cascades 
remains unclear. This study shows that TRAFs act in the cilium (Fig. 3e). Specifically, our work 
highlights the role of TRF-1 (a RING-containing TRAF, likely functioning as a ubiquitin ligase) in 
ensuring the stability of TRF-2 and facilitating its entry into the cilium. Conversely, TRF-2 is 
essential for recruiting TRF-1 to ciliary EVs.  

Polycystin complex associates with and recruits a channel-like protein PACL-1 to 
cilia and EVs 
Our proximity labeling studies also identified a novel four-pass transmembrane protein, 
T13F3.7, which we named PACL-1 (Polycystin-Associated Channel-like protein) (Extended Data 
Fig. 5). To investigate whether PACL-1 functions with polycystins, we generated an endogenous 
fluorescently tagged reporter of PACL-1 in which GFP was linked to the intracellular C-terminus. 
The pacl-1 gene was expressed specifically in all polycystin-expressing neurons. PACL-1::GFP 
colocalized with PKD-2::mScarlet in cilia and EVs (Fig. 4a, Extended Data Fig. 6a-b). This 
subcellular localization of PACL-1::GFP was disrupted by the lov-1 mutation (Fig. 4b). In lov-1 
mutant males, PACL-1::GFP remained in neuronal cell bodies and was not localized to cilia or 
environmentally released EVs, indicating that LOV-1 recruits the PACL-1 channel-like protein to 
cilia and EVs (Fig. 4c). 

We then tested whether PACL-1 functions within the polycystin pathway by assessing behaviors 
regulated by polycystins in male-specific ciliated neurons - initiation of mating (response to 
hermaphrodite contact). The pacl-1 mutant males were deficient in the response behavior (Fig. 
4d), consistent with PACL-1 and the polycystins acting in the same sensory pathway. These 
data also suggest that the polycystin pathway uses an auxiliary ion channel associated with cilia 
and EVs to influence behavior.  

The polycystin complex associates with distinct transmembrane C-type lectins 
that specify dorsal and ventral populations of cilia and EVs 
Our proximity labeling studies also identified novel multi-pass transmembrane Y70G10A.2 and 
F25D7.5 candidates, which possessed N-terminal extracellular EGF and C-type lectin domains 
(Fig. 1d). On the basis of these domains, we named these candidates Polycystin-Associated 
Membrane Lectins PAML-1 and PAML-2, respectively. 

We generated endogenous reporters of PAML-1 and PAML-2. The paml-1::gfp expression was 
limited to a ventral subset of pkd-2-expressing neurons, specifically those in which cilia protrude 
to the ventral side of the mail tail – HOB, R2B, R3B, R4B, and R8B neurons. These ventrally 
located neurons mediate vulva location behavior and ventral contact-based response28. Within 
these ventral tail neurons, PAML-1::GFP colocalized with PKD-2::mScarlet in both cilia and EVs 
(Fig. 5a, Extended Data 7a-b).  

In contrast to paml-1, paml-2 was expressed in all polycystin-expressing neurons, including 
HOB, Ray B neurons 1-5, 7-9 in the tail, and CEM neurons in the head (Extended Data Fig. 7c-
d). However, PAML-2::mScarlet localized to cilia and EVs solely in the dorsal rays of the male 
tail (R1B, R5B, R7B, and R9B) (Fig. 5a-b, Extended Data 7c-d) and was absent from the PAML-
1-carrying ventral ray cilia and EVs. Dorsally located ray neurons mediate dorsal contact-based 
response28. 
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The presence of PAML-1 and PAML-2 in cilia depended on LOV-1. In lov-1 mutants, both 
PAMLs remained confined to the cell body and did not localize to dendrites, cilia, or ciliary EVs 
(Fig. 5c-d, Extended Data Fig. 8a-b). This suggests that LOV-1 recruits PAMLs to ciliary EVs 
and that this recruitment takes place in the cell body of the neuron. Here LOV-1 acts as a pivotal 
scaffold protein recruiting transmembrane components of dorso-ventral specialization to the 
cilium and polycystin-carrying EVs.  

To uncover mechanisms behind the selective presence of PAML-2 solely in dorsal cilia (Fig. 5e), 
we examined the localization of PAML-2::mScarlet in paml-1 mutant animals. In the absence of 
ventral paml-1 expression, PAML-2::mScarlet ectopically localized to the cilia of ventral ray 
neurons (Fig. 5f). The PAML-2 total abundance in ventral cilia of paml-1 mutants constituted 25-
60% of the levels observed in dorsal neurons (Extended Data Fig. 8c). The ciliary presence of 
dorsal lectin PAML-2::mScarlet in ventral neurons of paml-1 mutants was accompanied by a 2-
4-fold increase in PAML-2::mScarlet abundance in the cell bodies of ventral neurons (Extended 
Data Fig. 8c’), suggesting compensatory expression mechanism that boosts production of 
PAML-2 in ventral neurons in the absence of the PAML-1 ventral lectin.  

We then tested whether PAMLs are involved in the polycystin-mediated male mating behavior. 
The paml-1; paml-2 double null mutant exhibited reduced response to hermaphrodite contact 
compared to wild-type animals (Fig. 5g). The paml-1; paml-2 mutant response defect was not as 
severe as of the pkd-2 mutant. The paml-1; paml-2 double mutants also displayed defects in 
vulva location behavior (Fig. 5h). Taken together, our data suggest that PAML-1 and PAML-2 are 
recruited by polycystins to cilia and EVs in a specific dorsal-ventral pattern and act in sensory 
pathways (response and vulva location behaviors) mediated by polycystins. 

Polycystin complex is not required for shedding of ciliary EVs as evidenced by 
tracking cargo CWP-5 
The final validated candidate interactor of PKD-2 was CWP-5 (Coexpressed With Polycystins 
5), a single-pass transmembrane protein21 that functions in the polycystin-mediated male mating 
response to the hermaphrodite22. We generated the endogenous reporter CWP-5::GFP and 
found cwp-5::gfp expression in all pkd-2-expressing neuronal cell bodies except R2B (Extended 
Data Fig. 9a-b). The abundant ciliary localization of CWP-5::GFP was observed in all but R2B 
and R8B neurons (Fig. 6a, Extended Data Fig. 9c-c’, 10a-b).  

Unlike PACL-1 and PAMLs, CWP-5 did not exhibit complete colocalization with PKD-2 within the 
cilium. Specifically, CWP-5::GFP was enriched in the transition zone and the neck compartment 
proximal to the ciliary tip, two exclusion areas for PKD-2 reporters (Fig. 6a-a’, Extended Data 
Fig. 9b). The ciliary localization of CWP-5::GFP was independent of LOV-1 and PKD-2 (Fig. 6b-
c), indicating that CWP-5::GFP is transported to the cilium and loaded to polycystin-carrying 
EVs independently from the polycystin complex (Fig. 6d). 

Discussion 
In this study, we used TurboID labeling to discover cargo associated with PKD-2 within ciliary 
EVs of C. elegans. We took a modular approach generating TurboID with an anti-GFP 
nanobody domain tethering the proximity labeling enzyme to a GFP-labeled cargo of interest. 
This EV-TurboID approach has many implications for the future of the EV field as opposed to 
direct fusions. Expression of the nanobody::TurboID under cell- or tissue-specific promoters in 
strains with endogenously GFP-tagged proteins enabled us to address EV cargo composition in 
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a cell-specific manner. Our previous work shows that EVs with shared cargo can be generated 
via distinct routes and thus might differ drastically in content 16. The application of modular 
proximity labeling in cell- and tissue-specific manner is a robust strategy for dissecting the 
composition of EV subtypes and individual EVs with unprecedented resolution. 

Our work shows the regulated loading of cargo onto ciliary EVs at a single-cell, single-EV level 
in C. elegans. We discovered a hierarchical assembly of signaling components on ciliary EVs, 
demonstrating how LOV-1 recruits partners and cargo to cilia and ciliary EVs. An association 
with LOV-1 was essential and a pre-requisite for EV cargo loading. LOV-1 assembled with 
transmembrane partners (PACL-1, PAML-1, PAML-2) in the cell body and TRAFs TRF-1 and 
TRF-2 within the ciliary shaft. Conversely, CWP-5 ciliary and EV localization was polycystin-
independent and via an unidentified mechanism. This level of precision in analyzing individual 
EV components and EV cargo loading in vivo remains unattainable in vertebrate models so far.  

We propose a groundbreaking concept: a single genetic change (like a polycystin-1 mutation) 
significantly alters EV content and potential signaling properties (Figure 7). EVs have been 
implicated in the pathogenesis of ADPKD29. Clinical observations of polycystin-1 mutations 
causing more severe polycystic kidney disease than the polycystin-2 patients30 align with our 
findings, suggesting distinct EV content in different polycystin mutation patients, potentially 
impacting disease progression. Intriguingly, soluble fragments of the PC1 C-type lectin 
ectodomain act as a ligand and activate the polycystin complex in cultured mammalian cells31, 
suggesting that polycystins may signal between cells using EVs. Ward and colleagues proposed 
using human urinary EVs as a source for proteins that interact with the polycystin complex32. 
Our work highlights the importance of understanding polycystin function in EVs and the potential 
application of single EV analysis for non-invasive early diagnosis of ADPKD. 

To our knowledge, this work is the first evidence of the physical presence of TRAF homologs 
(TRFs) within the cilium. Specifically, TRF-1 (an adaptor with a ubiquitin-ligase-like RING 
domain) is required for cytoplasmic abundance of TRF-2 (a TRAF without RING) and its 
entrance to the ciliary shaft. In contrast, TRF-1 can enter the cilium independently of TRF-2 but 
depends on it for its mutual loading to polycystin EVs. Neither TRF-1 nor TRF-2 is required to 
release the polycystin complex in the form of ciliary EVs, supporting the hypothesis that cargo 
loading into ciliary EVs is hierarchical.  

Given the high conservation of the TRAF family and the polycystins between humans and C. 
elegans, their functional interactions might likewise be conserved. This hypothesis is supported 
by the fact that Traf6 knock-out mice phenocopy skeletal ciliopathies, including exencephaly, 
problems with neural tube closure, shortening of long bones and tooth agenesis in neonates, 
focal alopecia, delayed pigmentation, and underdevelopment of skin glands, including sweat 
and sebaceous glands 33–36. These phenotypes mimic ciliopathies of human, such as NEK1, 
DYNC2H1, and IHH mutations (shortening of long bones), tooth agenesis in patients with 
BBSome variants, sparse hair and focal alopecia of EDA patients 37–42. Our work and the 
literature suggest that human TRAFs might act in the cilium, possibly in tandem with 
polycystins. Consistent with this idea, TRAF7 mutation causes skull-base meningiomas and 
congenital heart disease in humans, and is important for intraflagellar transport and ciliogenesis 
in Xenopus43. 

Additionally, our study establishes the link between the polycystins and a channel-like PACL-1. 
Polycystin dysfunction in ADPKD patients is associated with deregulated monovalent ion 
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transport that directly contributes to cyst enlargement 44. This association suggests that 
disrupted polycystins in human might cause mislocalization of ion channels, resulting in 
deregulated ion homeostasis and abnormal fluid accumulation. 

Polycystins' connection with transmembrane C-type lectins of dorso-ventral specialization hints 
at conserved involvement of polycystins in the sensation of spatial orientation as observed in 
cerebrospinal fluid-contacting neurons (CSF-cNs) of zebrafish 3–5, and in the left-right organizer 
of the early mouse embryo 6. In C. elegans, polycystin-associated PAMLs' might signal the male 
during mating regarding the vulva's location based on their differential affinities to hermaphrodite 
cuticle glycans along the body45. This aspect of polycystin biology warrants further investigation. 

In summary, our study presents a new application of proximity labeling for EV subtyping that we 
used to precipitate bona fide cargo of polycystin EVs of C. elegans. We established a 
connection between polycystins and three classes of proteins (channel, C-type lectin 
transmembrane, and TRAFs). Our study offers a blueprint for further exploration of EV biology.  

Limitations of study 

Teasing out the biological activity of EV subtypes and determining the functions of individual EV 
cargo components are extremely challenging but critical questions to tackle. We previously 
demonstrated that a heterogenous mixture of isolated EVs triggers changes in male locomotory 
tail-chasing behavior and that EVs isolated from a cargo sorting/shedding mutant fail to elicit a 
behavioral response. We are currently developing methods to specifically isolate polycystin-
carrying EV subtypes, which can then be genetically depleted for individual cargo components 
and assayed for bioactivity. We are also focused on identifying the EV target cells and specific 
bioactivities.  
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Figure Titles and Legends 
Fig. 1. Proximity labeling within PKD-2 EVs identified candidate interactors.  
a, Scheme of EV harvest and enrichment, followed by pulldown of candidate interactors 
biotinylated by TurboID targeted to PKD-2 EVs. b, Scheme of male tail anatomical structures 
that release PKD-2 EVs. Each sensory ray of the male tail harbors a ciliated dendritic ending 
protruding into the environment and releasing PKD-2 EVs from the tip of its sensory cilium. c, 
Visualization of PKD-2::GFP EVs carrying TurboID. d, Identified top candidate interactors. 
 

Fig. 2. LOV-1 is required for loading TRFs to ciliary PKD-2 EVs.  
a, Scheme of fluorescent profiling along cilia. b-e, Flattened z-stacks show the ciliary presence 
of endogenous FP-tagged PKD-2 with TRF-1::mScarlet (b) and TRF-2::GFP (c) in the wild-type 
cilium and lov-1 mutant (d, e). Representative average fluorescent profiles for each case are 
shown (b’, c’, d’, e’). Fluorescence values are normalized to the average of minimum and 
maximum values for each cilium. f-f’, Scheme of the molecular mechanism for loading TRFs to 
ciliary EVs. In the lov-1 mutant, cilia produce EVs without TRFs (f), whereas in the pkd-2 
mutant, ciliary EVs contain neither polycystins nor TRFs (f’). 
 

Fig. 3. TRFs require each other for their loading to ciliary EVs.  
a, Flattened z-stack shows that disruption of trf-2 abrogates loading of TRF-1::mScarlet to PKD-
2::GFP EVs. TRF-1::mScarlet stays in the cilium and does not reach the ciliary tip, as shown by 
fluorescent profiling (a’). Fluorescence values are normalized to the average of minimum and 
maximum values for each cilium. b, Flattened z-stack shows that disruption of trf-1 abrogates 
ciliary localization of TRF-2::GFP, and thus, no TRF-2::GFP is loaded to PKD-2::mScarlet EVs. 
b’, Quantification of total fluorescence within the cilium shows that TRF-2::GFP ciliary levels in 
the trf-1 mutant are reduced tenfold compared to WT cilia, whereas PKD-2::mScarlet total levels 
are not affected (WT n = 17 animals and 73 cilia, trf-1 null n = 36 animals and 112 cilia).. c, 
Flattened z-stack through cell bodies of RnB neurons showing reduced cytoplasmic levels of 
TRF-2::GFP, with quantification shown on panel c’ (WT n = 11 animals and 96 cilia, trf-1 null n = 
15 animals and 147 cilia). d, Homology of C. elegans TRFs to human TRAFs. e, Scheme of the 
molecular mechanism for loading TRFs to ciliary EVs. In the trf-2 mutant, cilia produce EVs 
without TRF-1, whereas the trf-1 mutation causes reduced levels of TRF-2 and abrogates TRF-
2 ciliary localization. *Mann-Whitney U Test p < .00001. 

Fig. 4. The polycystin complex associates with and recruits a channel-like protein PACL-
1 and to cilia and EVs.  
a-b, Flattened z-stacks showing colocalization of PKD-2::mScarlet with PACL-1::GFP in WT (a) 
and lov-1 mutant (b) animals. c, Scheme of molecular mechanism showing that loading of 
PACL-1::GFP to ciliary EVs requires LOV-1. d, Assessment of male mating behavior shows that 
the pacl-1 mutant is deficient in responding to hermaphrodite contact. *Student's t test p<0.05. 
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Fig. 5. The polycystin complex associates with transmembrane C-type lectins that 
specify dorsal and ventral populations of polycystin cilia and EVs.  
a-b, Flattened z-stacks showing colocalization of PKD-2 reporters with PAML-1::GFP (a) and 
PAML-2::mScarlet (b) in WT. c-d, Disruption of lov-1 abrogates ciliary localization of PAML-
1::GFP (c) and PAML-2::mScarlet (d). e, Scheme of PAML-1::GFP and PAML-2::mScarlet 
localization in RnB neuronal cell bodies and cilia. f, Flattened z-stack showing that disruption of 
pacl-1 results in PAML-2::mScarlet ciliary localization in ventral neurons. g-h, Assessment of 
male mating behavior shows that the paml-1; paml-2 double mutant is deficient in responding to 
hermaphrodite contact (g), and location of vulva (h).* *Student's t test p<0.05. 
 

Fig. 6. The polycystin complex is not required for shedding of ciliary EVs as evidenced 
by tracking cargo CWP-5.  
a, Flattened z-stacks showing colocalization of PKD-2::mScarlet with CWP-5::GFP with a 
zoomed-in inset. a’, Representative average fluorescent profile of CWP-5::GFP and PKD-
2::mScarlet along the cilium. Note the prominent presence of CWP-5::GFP in the areas 
depleted of PKD-2::mScarlet – in the transition zone (TZ) and the neck of the cilium, b-c, 
Flattened z-stacks showing that disruption of lov-1 (b) and pkd-2 (c) does not alter CWP-5::GFP 
ciliary and EV localization. d, Scheme of molecular mechanism showing that loading CWP-
5::GFP to cilia and ciliary EVs is independent of the polycystins. 
 

Fig. 7. Summary of cargo loading to polycystin ciliary EVs of C. elegans. A single genetic 
perturbation leads to a drastic change in EV cargo composition. Compare WT polycystin EVs 
(a) with EVs of the lov-1 and pkd-2 mutants (b). 
 

Extended Data Fig. 1. Targeting TurboID module to PKD-2::GFP (related to Fig. 1).  
a, anti-GFP nanobody::mScarlet::TurboID is uniformly abundant in cell bodies, neurites, and 
cilia in an untargeted state in the absence of any GFP-labeled protein. b, Coexpression of the 
anti-GFP nanobody::mScarlet::TurboID and pkd-2::GFP results in specific targeting of the 
TurboID module to PKD-2::GFP subcellular locations, including cilia and ciliary EVs. Male tails 
in panels a and b are oriented in different positions (dorsal on a, ventral on b), so cell bodies are 
not captured in panel b. 

Extended Data Fig. 2. LOV-1 is required for loading TRFs to ciliary PKD-2 EVs (related to 
Fig. 2).  
a-b, Average fluorescence profiles through cilia of RnB neurons of WT and lov-1 null males for 
the pair of PKD-2::GFP and TRF-1::mScarlet (a) and for PKD-2::mScarlet and TRF-2::GFP (b). 
c, Scheme of molecular mechanism loading TRFs to polycystin EVs. Summary of findings.  
 

Extended Data Fig. 3. TRFs are not required for polycystin EV release.  
a, Flattened z-stacks showing colocalization of PKD-2::GFP and LOV-1::mScarlet in the cilium 
and on EVs in WT, trf-1 null, and trf-2 null animals. a’, Average fluorescence profiles through 
cilia of RnB neurons. b, Summary of findings. 
 

Extended Data Fig. 4. TRFs require each other for their loading to ciliary EVs.  
a, Flattened z-stacks showing average fluorescence profiles of PKD-2::GFP and TRF-
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1::mScarlet along the cilium of trf-2 null animals. TRF-1 is depleted form the ciliary tip and is not 
loaded to PKD-2::GFP EVs. b, Summary of findings. c, Flattened z-stacks (uniformly adjusted) 
showing representative images of TRF-2::GFP and PKD-2::mScarlet levels in the cell bodies of 
RnB neurons. In the trf-1 null mutant, TRF-2::GFP levels are reduced three times.  
 

Extended Data Fig. 5. PACL-1 predicted 3D structure exhibits channel-like properties.  
a, Alignment of PCAL-1 homologs within the Caenorhabditis genus. Regions of the high 
similarity are boxed and numbered. b, Diagram of PACL-1 amino acid sequence, regions of the 
highest similarity from panel a are shown as blue-shaded amino acid stretches. c, Surface 
hydrophobicity of PACL-1 (arrow points to the predicted hydrophilic tunnel) and charge 
distribution (positively-charged cluster on the cytoplasmic part is in blue).d, Structure overlay of 
the bacterial sodium channel (four subunits, blue) and PACL-1 AlphaFold predicted structure (a 
single subunit, yellow).  

Our search in the Protein Data Bank for structural folds akin to the AlphaFold-predicted 
structural model of PACL-1 yielded a bacterial sodium channel (PDB ID: 4lto) as a candidate (a, 
c). The structural similarity of PACL-1 and the bacterial sodium channel is confined to 
transmembrane helices 3 and 4, connected by an extracellular loop (a, c); all are regions less 
conserved among Caenorhabditis species (b, c). These helices potentially might stabilize the 
conserved amphipathic helix. Thus, specific amino acid composition within these regions may 
be less critical for protein function.  

Examination of the evolutionary conservation of PACL-1 across Caenorhabditis species 
revealed almost invariable conservation within specific segments, notably an amphipathic helix 
(a putative pore – region 5 on panels a and b forms hydrophilic tunnel on panel c) and a 
positively charged cluster located on the cytoplasmic side of the predicted pore entrance (region 
7 and 10 on panels a and b, blue cluster on panel c) that might serve as an "anion sink."  

Among the sequence homologs of PACL-1 outside of the Caenorhabditis genus were a four-
pass transmembrane protein A0A016SLD6_9BILA (Acey_s0209.g2096 gene) of Ancylostoma 
ceylanicum (intestinal hookworm) that distantly resembles TWiK potassium channels (Tandem 
of P-domains in a Weakly Inward rectifying K+ channel).  

Taken together, these observations suggest a role for PACL-1 as a channel. Whether PACL-1 
functions as an anion or cation channel necessitates experimental validation beyond the scope 
of this study. 
 

Extended Data Fig. 6. PACL-1::GFP colocalizes with PKD-2::mScarlet in cilia and EVs. 
a, Fluorescence profiles through cilia of RnB neurons. a’, Colocalization plots show a high level 
of correlation between the PACL-1:GFP and PKD-2::mScarlet fluorescence intensities in the 
ciliary shaft (blue) and ciliary tip (yellow). b, Summary of molecular mechanism. PACL-1 
associates with the polycystin complex and is released in EVs. 
 

Extended Data Fig. 7. PAML-1 and PAML-2 are polycystin-interacting transmembrane C-
type lectins with dorso-ventral specialization.  
a, Fluorescence profiles through cilia of RnB neurons for PAML-1::GFP. a’, Colocalization plots 
showing a correlation between the PAML-1::GFP and PKD-2::mScarlet fluorescence intensities 
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in ciliary shaft (blue) and ciliary tip (yellow). b, Summary cartoon for PAML-1 presence in cilia 
and EVs. c, Fluorescence profiles through cilia of RnB neurons for PAML-2::mScarlet. c’, 
Colocalization plots showing a correlation between the PAML-2::mScarlet and PKD-2::GFP 
fluorescence intensities in ciliary shaft (blue) and ciliary tip (yellow). d, Summary cartoon for 
PAML-2 presence in cilia and EVs.  
Fluorescence values are normalized to the average of minimum and maximum values for each 
cilium.  
 

Extended Data Fig. 8. Cell-specific expression of PAML-1 in ventral rays 2, 3, 4, and 8 
inhibits expression of PAML-2, resulting in PAML-2 ciliary localization only in dorsal rays 
1, 5, 7, and 9.  
a, All PKD-2::GFP-expressing neurons express PAML-2::mScarlet. Image taken at the L4 molt 
stage (the last molting stage at which most genes required for sexual maturity start their 
expression). b, Expression patterns of PAML-1::GFP and PAML-2::mScarlet at the L4 molt 
stage. While PAML-2 is present in all neurons, PAML-1 expression is restricted to a ventral 
subset of the neurons. At this stage, ray 2, 4, and HOB cell bodies are PAML-1-positive. c, The 
paml-1 null mutation results in ectopic ciliary localization of PAML-2 in ventral rays 2, 3, 4, 8 
(upper left panel). The ciliary presence coincides with increased paml-2::mScarlet presence in 
cell bodies of those neurons (upper right panel). We measured the cell bodies of neurons 2 and 
8 because they are easily identifiable by location; the proximity of neuronal cell bodies 2 and 4 
to neurons 5 and 7 made their identification ambiguous, and thus, we did not take these 
measurements. In dorsal neurons (lower panels), levels of PAML-2 in cilia and cell bodies were 
unaffected by the paml-1 null mutation. *Mann-Whitney U Test p < .00001 

We propose that the mechanism of selective transport of PAML-1 to the cilium of ventral 
neurons stems from the different affinities of PAML-1 and PAML-2 for the polycystin complex. In 
ventral neurons that express both paml-1 and paml-2, only PAML-1 is recruited to the cilium, 
presumably due to its strong binding to the polycystin complex. Conversely, PAML-2 likely has 
lower affinity to polycystins and thus binds the polycystin complex solely in the absence of 
PAML-1, as observed in dorsal neurons. This mechanism produces two distinct types of 
polycystin-carrying ciliary EVs, originating from dorsal and ventral neurons, carrying either 
PAML-1 or PAML-2 cell-specific markers. 
 

Extended Data Fig. 9. CWP-5 expression pattern in PKD-2 expressing neurons displays 
ray-specificity.  
a, Flattened z-stack showing PKD-2::mScarlet and CWP-5::GFP expression. Note the absence 
of CWP-5::GFP in the cell body of ray 2. b, CWP-5::GFP summarized expression pattern. c, 
Normalized fluorescence profiles through cilia of RnB neurons for CWP-5::GFP and PKD-
2::mScarlet. Note the shouldering effect of CWP::GFP profile compared to PKD-2::mScarlet in 
the transition zone and the area proximal to the ciliary tip. c’, Colocalization plots show less 
correlation between PKD-2::mScaret and CWP-5::GFP compared to PACL-1::GFP (Extended 
Data Fig.5a’), suggesting that CWP-5 has ciliary functions independent of the polycystins. 
 

Extended Data Fig. 10. CWP-5::GFP ciliary localization in ray 2 and 8 is observed in 50% 
cases. a, Representative image showing CWP-5::GFP presence in cilia or R2B and R8B 
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neurons (circled). b, Summary of PKD-2 interactor expression patterns. 
 

Within the R2B and R8B neurons, CWP-5::GFP showed weak and inconsistent ciliary presence 
(observed at low levels in 50% cases: 19 out of 26 R2B cilia were CWP-5::GFP positive despite 
no detectable fluorescence in the R2B cell body, and 28 out of 50 R8B cilia were weakly CWP-
5::GFP-positive despite high levels of CWP-5::GFP in the R8B cell body). These results suggest 
the existence of molecular mechanisms inhibiting transport of CWP-5 from the R8B cell body to 
the cilium. The source of CWP-5::GFP in the R2B cilium was unclear because CWP-5::GFP 
was not present in the R2B cell body. 

We propose three explanations for the absence of CWP-5 in the cell body and its presence in 
the cilium of the R2B neuron. First, R2B might express CWP-5 at exceedingly low levels, 
evading detection by our imaging technique. However, CWP-5 relocation to the cilium might be 
so efficient that even minute amounts in the cell body would lead to detectable accumulation 
within the cilium. Second, synthesis of the CWP-5 protein might occur exclusively at the ciliary 
base of R2B, resulting in its exclusive presence in the cilium and not the cell body. Third, the 
accumulation of ciliary CWP-5 in R2B cilia might arise from the fusion of CWP-5-carrying 
environmental EVs with the cilium of the R2B neuron. The latter scenario suggests that the R2B 
neuron might function as a recipient cell for EVs released from other rays of the same or 
different animal. 

 

Tables with titles and legends 
Extended data Table 1. .xls file with mass spectrometry results of protein identification followed 
by the pulldown of the biotin-labeled EV cargo. 
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Extended data - Materials and Methods 
Strains and culture conditions 
Animals were cultured at 20oC using the OP50 E.-coli strain as a food source. For culturing 
animals for EV isolation, see sections below. 

Table S2. List of strains used in the study 
Strain 
name  Genotype  
PT3528  pha-1 (e2123ts) III, myIs4 [Ppkd-2::pkd-2::gfp+Punc-122::gfp] him-5 (e1490) V, myEx940 

[Pklp6::mScarlet::TurboID::let-858 3'UTR 5ng/ul + pBx1 100ng/ul]  
PT3552  pha-1 (e2123ts) III; him-5 (e1490) V; myEx940[Pklp-

6::antiGFPnanobody::mScarlet::TurboID::let-858 3'UTR 5 ng/ul + pBx1 100 ng/ul]  
PT3879  trf-1 (my133[trf-1::mScarlet]) III; pkd-2 (my121[pkd-2::gfp]) IV;  him-5 (e1490) V  
PT3908  lov-1 (sy582) II; trf-1 (my133[trf-1::mScarlet]) III; pkd-2 (my121[pkd-2::gfp]) IV; him-5 (e1490) 

V  
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PT3864  trf-2 (my138[trf-2::GFP]) I; pkd-2 (my122[pkd-2::mScarlet]) IV; him-5 (e1490) V  
PT3944  trf-2 (my138[trf-2::GFP]) I; lov-1 (sy582) II; pkd-2 (my122[pkd-2::mScarlet]) IV; him-5 (e1490) 

V  
PT3975  trf-2 (my138[trf-2::GFP]) I; trf-1 (nr2014)III; pkd-2 (my122[pkd-2::mScarlet]) IV; him-5 (e1490) 

V  
PT3976  trf-2 (tm5167) I; trf-1(my133[trf-1::mScarlet]) III; pkd-2 (my121[pkd-2::gfp]) IV; him-5 (e1490) V  
PT4002  trf-2 (tm5167) I; lov-1(my87[ov-1::mScarlet]) II; pkd-2 (my121[pkd-2::gfp]) IV; him-5 (e1490) V 

PT4003  lov-1 (my87[ov-1::mScarlet]) II; trf-1 (nr2014) III; pkd-2 (my121[pkd-2::gfp]) IV; him-5 (e1490) 
V  

PT3845  pacl-1 (my130[pacl-1::gfp]) V; pkd-2 (my122[pkd-2::mScarlet]) IV; him-5 (e1490) V  
PT3912  lov-1 (sy582) II; pkd-2 (my122[pkd-2::mScarlet]) IV; pacl-1 (my130[pacl-1::gfp]) V; him-5 

(e1490) V  
PT3822  pacl-1 (tm12580) V; him-5 (e1490) V  
PT9  pkd-2 (sy606) IV; him-5 (e1490) V  
PT3821  paml-1 (my128[paml-1::gfp]) III; pkd-2 (my122[pkd-2::mScarlet]) IV; him -5 (e1490) V  
PT3909  lov-1 (sy582) II; paml-1 (my128[paml-1::sfGFP]) III; pkd-2 (my122[pkd-2::mScarlet]) IV; him-5 

(e1490) V  
PT3829  paml-2 (my129[paml-2::mScarlet]) I; pkd-2 (my121[pkd-2::gfp]) IV; him-5 (e1490) V  
PT3923  paml-2 (my129[paml-2::mScarlet]) I; lov-1 (sy582) II; pkd-2 (my121[pkd-2::gfp]) IV; him-5 

(e1490) V  
PT3927  paml-2 (my129[paml-2::mScarlet]) I; paml-1 (tm12527) III; pkd-2 (my121[pkd-2::gfp]) IV; him-5 

(e1490) V  
PT4133  paml-2 (my155[323early stop]) I; paml-1 (tm12527) III; him-5 (e1490) V  
PT3862  paml-2 (my129[paml-2::mScarlet]) I; paml-1 (my128[paml-1::sfGFP]) III; him-5 (e1490) V  
PT4039  pkd-2 (my122[pkd-2::mScarlet]) IV; him -5 (e1490) V; cwp-5 (my124[cwp-5::GFP]) X  
PT3911  lov-1 (sy582) II; cwp-5 (my124[cwp-5::GFP]) X; pkd-2 (my122[pkd-2::mScarlet]) IV; him-5 

(e1490) V  
PT3863  pkd-2 (sy606) IV; him -5 (e1490) V; cwp-5 (my124[cwp-5::GFP]) X  
 

TurboID-based enzymatic labeling of neuronal ciliary EVs in C. elegans 
The overall scheme of the experiment included the isolation of EVs from two strains. The control 
strain carried TurboID under the klp-6 promoter driving expression in IL2, CEMs, RnBs, and 
HOB neurons. Thus, in the control strain, TurboID was not targeted at any specific cell location, 
its localization looked uniform throughout the neurons, including cell bodies, nuclei, axons, 
dendrites, and cilia (Extended Data Fig. 1a). The sample strain carried TurboID under the klp-6 
promoter and the Ppkd-2::pkd-2::gfp transgene expressed in the pkd-2-specific CEMs, RnBs, 
and HOB neurons. In this sample strain, TurboID followed the subcellular localization of PKD-
2::GFP in cell bodies, cilia, and was specifically loaded and enriched in PKD-2::GFP carrying 
EVs (Fig. 1c, Extended Data Fig. 1b). 

To initiate the culture, 240 hermaphrodites at the larval stage 4 were transferred to 40 6-cm 
normal growth medium (NGM) plates (6 animals per plate) and grown for two generations. On 
day 6, each plate was chunked into quarters. The chunks were transferred into 15-cm plates 
with high growth medium (HGM) (3 g of NaCl, 2.5 g of peptone, and 20 g of agar per 1 L 
supplemented with 4 mL of cholesterol stock (5 mg/mL of ethanol), 1 mL 1 M CaCl2, 1 mL 1 M 
MgSO4, and 25 mL 1M potassium phosphate buffer pH 6.0) seeded with a full lawn of E. coli 
OP50 (1.8 mL/plate). Animals were allowed to propagate for two more generations at 22oC until 
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they consumed most of the bacteria and yet were not starved. In total, about 4 million of adult 
worms were used to isolate EVs for each replicate. 

Harvesting EVs of C. elegans 
On the day of EV harvest, we washed C. elegans off the HGM plates with the M9 buffer (3 g 
KH2PO4, 6 g Na2HPO4, 5 g NaCl, 1 mL of 1 M MgSO4 per 1 L) into 15 mL conical tubes. We 
centrifuged the collected animal suspension at 3,000 g for 15 min to pellet the worms and 
collect the EV-containing supernatant. To increase EV yields, we resuspended animals in fresh 
M9 buffer and repeated the centrifugation step (15 min at 3,000 g) twice, collecting the 
supernatant with released EVs each time.  

To clear the EV-containing supernatant of residual bacteria and large debris, we centrifuged it at 
10,000g (8,000 rpm in SW28 swinging bucket rotor, Beckman Coulter) for 30 minutes at 4oC. 
We repeated this step 3 times, collecting the more clarified supernatant. After the final 
clarification step, we pelleted EVs from the cleared supernatant onto the 36% iodixanol cushion 
at 100,000g (28,000 rpm in SW28 swinging bucket rotor, Beckman Coulter) for 2 hours at 4oC. 
The cushion was prepared by mixing three parts of 60% iodixanol (OptiPrep, Sigma #D1556) 
and two parts of 8% sucrose to achieve the final density of 1.2 g/L.  

To concentrate pelleted EVs into a smaller volume for further loading onto density gradients, we 
resuspended the collected EVs in the M9 buffer. We pelleted the EV suspension again in a 
smaller volume tube at 100,000g (30,000 rpm SW41 swinging bucket rotor, Beckman Coulter) 
onto the 36% iodixanol cushion.  

Before loading the concentrated EV suspension onto density gradients, we ensured the density 
of the suspension was less than 1.1 g/mL by diluting it with M9 buffer (typically, that meant 
adding 2 mL of fresh M9 buffer to 1 mL of concentrated EV suspension). Using a thin glass 
Pasteur pipette, we loaded the diluted EV suspension onto a top of density gradients (1.1 -1.2 
g/mL), prepared by a freeze-thaw method described in Nikonorova et al. 2022 16. To drive 
TurboID-labeled EVs to their respected density within the tube, we conducted isopycnic 
centrifugation at 100,000g (30,000 rpm, 16 hours, at 4oC).  

To collect TurboID-containing EVs, we fractionated the equilibrated gradients on the BioComp 
Piston Gradient Fractionator into 30 fractions of 375 mL each. To examine fractions for PKD-
2::GFP and anti-GFP nanobody::mScarlet::TurboID EVs using a super-resolution microscope 
(Zeiss LSM880 with Airyscan). We layered an array of representative droplets from each 
fraction onto a glass slide. We used double-adhesive stickers to form chambers for the droplets 
(SecureSeal spacers by Electron Microscopy Sciences, Cat# 70327-9S). Once the most 
enriched fractions were identified, we proceeded to the extraction of biotinylated proteins.  

Extraction of biotinylated proteins from C. elegans EVs 
We closely followed the protocol of Branon et al.17. Specifically, EVs were lysed with RIPA buffer 
and then incubated with streptavidin-conjugated beads (Pierce Streptavidin Magnetic beads, 
ThermoFisher #88816; 25 μl of the bead suspension per 300 μg of total protein). Afterward, 
beads were washed twice with the RIPA buffer, once with 1 M KCl, once with 0.1 M Na2CO3, 
once with 2 M urea in 10 mM Tris-HCl (pH 8.0), and five times with 50 mM NH4HCO3. We 
transferred the beads to a fresh tube during the final wash. The beads were then submitted to 
the Rutgers Proteomics facility for on-bead trypsin digestion and protein identification. 

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted April 18, 2024. ; https://doi.org/10.1101/2024.04.17.588758doi: bioRxiv preprint 

https://doi.org/10.1101/2024.04.17.588758
http://creativecommons.org/licenses/by-nc-nd/4.0/


19 
 

Generation of endogenously labeled strains 
To validate mass spectrometry findings, we generated endogenous reporters using 
CRISPR/Cas9-mediated genome editing as described in Dokshin et al. 201847. All generated 
strains were verified by Sanger sequencing and are reported below. 

Super-resolution fluorescence imaging and analysis 
For in vivo imaging, we anesthetized C. elegans males with 10 mM levamisole solution in the 
M9 buffer and mounted animals onto thin 10% agarose pads. Animals were imaged within 30 
minutes of their mounting. Super-resolution imaging was performed on a Zeiss LSM880 
confocal system equipped with Airyscan Super-Resolution Detector, Single Photon Lasers (488 
nm for GFP and 561 nm for mScarlet), motorized XY Stage with Z-Piezo and T-PMT. For 
analysis of fluorescence profiles through cilia of RnB neurons, fluorescence values were 
normalized to the average of minimum and maximum values for each cilium. 

Assessment of male mating behavior 
For mating assays, we used fresh OP50 lawns of 10 μl each, seeded 2 hours before the assay, 
dried at 37oC incubator, and prechilled to the room temperature. We then populated the mating 
spots with ten 1-day old hermaphrodites bearing unc-31 null mutation that reduces movement, 
making hermaphrodites easy mating targets for males. After a 30-minute acclimation period, we 
placed a male on the mating spot with the hermaphrodites and observed male behavior for five 
minutes. The mating behavior scoring included recording the time stamp of the male’s response 
to hermaphrodite contact, the number of vulva passes during scanning, and the location of vulva 
event. We assessed male mating behavior in a blind-to-genotypes manner in three-to-five 
biological replicates (20 animals per genotype in each replicate). Statistical analysis was 
conducted using Kruskal-Wallis test. 

Genotyping of alleles used in the study  
One-to-four adult hermaphrodites were lysed in 10 μl of the lysis buffer of the following 
composition: 10 mM Tris pH 8.3, 50 mM KCl, 2.5 mM MgCl2, 0.45% NP40, 0.01% w/v gelatin, 
proteinase K New England Biolabs #P8107 2.5 units/mL (1::300 diluted). Lysis was conducted 
for 1 hour at 65oC, followed by inactivation of proteinase K at 95oC for 15 min. Final lysates 
were diluted with water up to 100 μl of total volume, and 4 μl of the diluted lysate was used in a 
genotyping PCR reaction. Genotyping was performed using Taq polymerase (New England 
Biolabs #M0273) according to the manufacturer directions with the following PCR cycling 
parameters: Step1 - 95oC - 2 min, Step2 – 95oC – 20 sec, Step 3 – tannealing – 20 sec, Step 4 - 
telongation – 1 min/kb. For specific allele PCR conditions, refer to the table below. 

 

Table S3: Genotyping parameters 
Allele Primers PCR cycling 

parameters 
Expected products 

pkd-2(my121[pkd::gfp]) IV Outer: 
IN507 & IN490  
Inner:  
IN507 & IN048 

54oC – 30 sec 
68oC – 2.5 min 

Outer:  
wt-1585 bp, my121-2494 bp 
Inner:  
wt-none, my121-1748 bp 

pkd-2(my122[pkd::mScarlet]) IV Outer:  
IN507 & IN490  
Inner:   
IN507 & IN105 

54oC – 30 sec  
68oC – 2.5 min  

Outer:  
wt-1585 bp, my122-2323 bp 
Inner:  
wt–none, my122-1951 bp 
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trf-1(my133[trf-1::mScarlet]) III Outer:  
IN596 & IN597 
Inner: IN596 & 
IN105 

57oC -30 sec 
68oC – 1.5 min 

Outer:  
wt-142 bp, my133-880 bp 
Inner:  
wt–none, my133-493 bp 

trf-2(my138[trf-2::gfp]) I Outer:  
IN610 & IN611 
Inner:  
IN610 & IN416 

59oC -30 sec 
68oC – 1.5 min 

Outer:  
wt-340 bp, my138-1078 bp 
Inner:  
wt-none, my138-212 bp 

pacl-1(my130[pacl-1::gfp]) Outer:  
IN554 & IN555 
Inner: 
IN554 & IN048 

58oC -30 sec 
68oC – 1.5 min 

Outer:  
wt-621 bp, my138-1530 bp 
Inner:  
wt-none, my138-786 bp 

paml-1(my128[paml-1::gfp]) III Outer: 
IN564 & IN565  
Inner:  
IN564 & IN048 

55oC – 30 sec  
68oC – 1.5 min  

Outer:  
wt-785 bp, my128-1694 bp 
Inner:  
wt-none, my128-895 bp 

paml-2(my129[paml-2::mScarlet]) I Outer:  
IN594 & IN540 
Inner:  
IN594 & IN105  

58oC – 30 sec  
68oC – 1 min  

Outer:  
wt-203 bp, my129-941 bp 
Inner:  
wt-none, my129-506 bp 

cwp-5(my124[cwp-5::gfp]) Outer:  
IN598 & IN599 
Inner:  
IN598 & IN048 

60oC – 30 sec  
68oC – 1 min  

Outer:  
wt-191 bp, my129-1100 bp 
Inner:  
wt-none, my129-317 bp 

pkd-2(sy606) IV Outer:  
IN644 & IN645 
Inner:  
IN644 & IN646 

Outer: 
68oC – 30 sec  
68oC – 3 min  
Inner: 
60oC – 30 sec  
68oC – 1 min  

Outer:  
wt-3057 bp, sy606-650 bp 
Inner:  
wt-691 bp, sy606-none 

lov-1(sy582) II Outer:  
IN626 & IN651 
Inner:  
IN626 & IN628 

58oC – 30 sec  
68oC – 2 min  

Outer:  
wt-1682 bp; sy582-626 bp 
Inner:  
wt-746 bp, sy582-none 

trf-1(nr2014) III Outer:  
IN678 & IN679 
Inner:  
IN678 & IN680 

60oC – 30 sec  
68oC – 1.5 min  

Outer:  
wt-1366 bp; nr2014-470 bp 
Inner:  
wt-646 bp; nr2014-none 

trf-2(tm5167) I Outer:  
IN681 & IN682 
Inner:  
IN681 & IN683 

54oC – 30 sec 
68oC – 1 min 

Outer:  
wt-751 bp, tm5167-312 bp 
Inner:  
wt-383 bp, tm5167-none 

paml-1(tm12527) III Outer:  
IN582 & IN583 
Inner:  
IN582 & IN584 

59oC – 30 sec  
68oC – 1 min  

Outer:  
wt-568 bp, tm12527-472 bp 
Inner:  
wt-433 bp, tm12527-none 

paml-2 (my155[323early stop]) I Outer:  
IN588 & IN589 
Inner:  
IN588 & IN590 

59oC – 30 sec 
68oC – 1 min 

Outer:  
wt-962 bp, my155-828 bp 
Inner:  
wt-469 bp, my155-none 

 

Table S4: Genotyping primers 
Name Sequence 
IN048 5'- CATGGAACAGGTAGTTTTCCAGTAGTG -3' 
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IN105 5'- AGCTTGACCTTGTAGATGAGGGT -3' 
IN416 5'- AGATCCACCTCCTCCAGAG -3' 
IN490 5'- GAAAAAATTCCCCGGTCAAAATGCACCAAAAAAAC -3' 
IN507 5'- GAGTTTTACGGAAAATTGTGATGTTTCAGCTAG -3' 
IN540 5'- CAGGAATTCCGAAATATTCTGCCTGCCAAC -3' 
IN554 5'- GTAGGCATGGTGTCCATCTAGATAGATAGGCAAG -3' 
IN555 5'- CAAATAGCTTCATTAGCTGAATTCCAGATCACATCAC -3' 
IN564 5'- GATGAAGTGCGTGAACATTATGCAACTC -3' 
IN565 5'- CTTCTGGGATGCACTTTTGGGTC -3' 
IN588 5'- GAAGATTGACTGTTTGGCAGTAAGAAAGAGCTG -3' 
IN589 5'- CAACATCCACTATTGGTGATTTGAACACAAC -3' 
IN590 5'- CACCGACATCATCAAGTACTGCAATACAG -3' 
IN582 5'- CTTCTGGAGTACAGGGATTTGATGCTC -3' 
IN583 5'- GTTAGTTCTCCTATTTCGGTGACTGTTG -3' 
IN584 5'- CTACTGAATGTGATGTGGAGAAGATCTTTCTTG -3' 
IN594 5'- CTTTATGAATTCGGCCATCAAATTCAAG -3' 
IN596 5'- GTGCAAAGACTCCAGATGTTC -3' 
IN597 5'- TATGCCAGAAGGTAAATATTTCCGAG -3' 
IN598 5'- CTCATACCCCTAATCTTGTTCTTTTTACAG -3' 
IN599 5'- GACATTTAACTAGCAATTACGAAAATCCATC -3' 
IN610 5'- CAGAACTTTCTTCCGTTGGCAAAAGTAAC -3' 
IN611 5'- GTGCAGCTTGTCAATCTTCGGCAATG -3' 
IN626 5'- GATAATTCGATTATCAGTGATTCGAAGAGTG -3' 
IN628 5'- CATCTAAATCTATGTGCATTAAAGTCTACCTC -3' 
IN644 5'- AGCAATGCGGCATCTCCAAGAG -3' 
IN645 5'- CTCTTTTGCCGTGGCGTAGATG -3' 
IN646 5'- GTCCGGTGGTGTTAAAATCGGAC -3' 
IN651 5'- CAAGTCCATGAAGTTCCATGGTGAG -3' 
IN678 5'- CAAATGTTGACAACGTGTGCCCATTTG -3' 
IN679 5'- GAACTCTCCTTTGAGCAACAACACGTAC -3' 
IN680 5'- GTAAATCGACACAAGTGCTACAGTAGTCTATTAAAG -3' 
IN681 5'- CTTTCTAGGTAGTACTCTCTCTCTTTCTCTCTC -3' 
IN682 5'- CAAGCTCAATGGCCTATCCTGAATACAGAAC -3' 
IN683 5'- CTATTGAGCCGGTTATTTCGCGTAGTATAG -3' 

 

Table S5: gRNAs for Cas9-mediated genome editing 
Name Sequence 
PKD-2 C-terminal tag (two gRNAs 
were used to make two cuts) 

5’ – CAGTGTTCAGCATTGTGGAT – 3’ and  
5’ – TTATTGAGGTCACAGAAACA – 3’ 

TRF-1 C-terminal tag 5’ – CACCAGTCAATCCAGCTCTG – 3’ 
TRF-2 C-terminal tag 5’ – GAGTGTCAGTCCGAGATGGT – 3’ 
PAML-1 C-terminal tag 5’ – GTACAACATTATTTCCATAG – 3’ 
PAML-2 C-terminal tag 5’ – AAAAGATGACTTCTAAATGA – 3’ 
CWP-5 C-terminal tag 5’ – GGCTGGAAACCTTGGGCAAA – 3’ 
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T13F3.7 C-terminal tag 5’ – CCAGCCAATGGGAGAGAAGG – 3’ 
 

Sequences of endogenous reporters generated in the study 
Yellow and orange shading indicate alternating exons. 
Grey shading of capital letters indicates encoded flexible linker (GGGGSx4). 
Green and magenta shading indicate encoded GFP and mScarlet, respectively. 
>pkd-2(my121[pkd-2::gfp]) IV 
ATGAACTACGGCGCTGCGGACGAGCGATGGGCTAATCCACCGCAGCCGGTCGCCGCTGCGGAGCATGGCCCCTCGTTTGAC
CATTCTATGGTCAGTGAGGAGTATGAGCACGATAAGAAGAAGAATCCGGCTCAAAAAGAGGGAATCTCGTTTTCTCAAGCCTTG
CTGGCATCCGGACACGAGAAATCGGATGGAAAGATCAAGCTGACTGCCCGTTCGTTTATGGAAGTTGGTGGATACGCTGTGTT
CTTGATTGTGCTGGTTTATGgtaagtttgttggtcaaattaatgtacaaatagttctcgactttgtaactgctatgaagcatacgctacaaatttcatattttgtgtaccaactacatag
taagacttctagaaataaaccacatcattttttgtgacaagcttatttcccaaaatctaacgtatcagatatttaatttctgtatgaaagtaagtatgacgtcattactttcaaatagggctgtacaaa
tcggcgtccggtcgtccgattttaacaccaccggacgcactgcgtccggttttggggtaggtttccacggcggccgacaatttccgagtttcgccactcactatacttaatcagcaattttatagt
gagtggcgaaactacacacgacgaatcgattttcactttatttttacaaattatatggcatgtatgaaacagccgaagtttttttttagcaaatttcttaaaattcaagtttgtgaaaaaaaagatttg
gcagggatttgtaactatcaactgcaaaatattcatttcgtgttttataatttttcaaaaatgtttcaactggcattcgaaaaatttattgtgagcatcataaaaaccacactttgttggaaacactatg
accaaagtagttactaatcttccaatttatgttgttactttaatgcagtacgggaaaaaatgttgtttggaaaattgtttaattttctaatttttataaataggttttgaaaagtggaaaaacttatatttga
attttgcaaataaacacaaaagaaacgtttagaatcatacatttttcaaagtaatctctaaattcataatttttgattaaatggcttccaattagttaaatttttctcttttgaaaactgtccattgcaggc
tgaatcctccgaatactatttaagacaaacgcgtacaacatttgttacaacggtggaacagtttttttttaaatttttattttttttcctcaacacgtttagtgagtttgagcatttcaactgaaattttacg
agtacaactttgttaatggggttaatcaagtaatgtagcaaaatgtatttaaatacatttgtgacgtcacaaatgtattaaaatacatgtttttatgtattttaatacagttgtgacgtaatttttctacact
ttttaattttccgacactacttgaataacctcatgaaacgttcacatactatttttacctataatttgttaggtttacttagtaagcaaaacagcagaatttttgtaacaaaacattttcaaatttccaatat
ttatttttgcgtttacaacttaaaaatacaattaatgttaacaaatgtttgtattttcgaaaatcattttcttgtaaaattttcatctagtgtttcgcgcgacacctcgcaggtagtcgggctaatcctgtga
tatatcgagcacgcccagttagcacccgacacttcacgggttttttttttctaaattcaaaaatttacagTTGCGTTCGCCCAAAACAGCATCCAATCTTACTACTACT
CCAAAGTAATGAGCGACCTGTTTGTGGCGAGCACCGGTGCCTCCGGAGCTCCAGCATTTGGATCTTGTACCTCAATGGATAATA
TTTGGGATgtaagtttcctcaatttttaaatgaaaaccttcaaatcaaactttcagTGGCTGTCACAAGTCCTAATACCTGGCATATATTGGACGGAAACT
TCCAATTCGACGGATAACGAGAATATGATCTACTATGAGAATCGTTTGCTTGGGGAACCTCGGATCAGAATGTTGAAAGTGACA
AATGACTCGTGTACTGTGATGAAAAGTTTCCAGCGGGAGATTAAGGAATGTTTTGCAAATTATGAGGAAAAGCTCGAGGATAAG
ACGATGGTCGGTGATGGAAGTGTTGATGCgtgagtgacgtcaattttgtaaattcggccaagtttggtcgttgaatcagcagcttctagtaccttttgaattctgctgaccaat
cggcgattggtgaaaggcggagctaacgttgtttcatggcatttatggggttttttcatggagaaccaatttttactattatttcttattgtgatgcaaacttgatcataatgtgaaacagtaaattttatt
gcaaaacttgacttatttgcggaaaatacttagttttattttaaaaatatttagaattttatggactattgagaaaaccccaatttctttttaacaatattatgaaactgtatttgaaagaatgttacgaa
atttgcatgaaaatacaattttatgttccaagaaattatcagttatatctgtttatgtgtttttgcaaaagcttcaatacacaaatgcaaaatttagcttatatattaactacctgaaagagtattcttatt
aaaaaacgttgaaaaaaatgtaaagtttgtgaaaagtacctcgaaaattgaaatattctaactaatattcgtaatgtttcatgctcctttttttaaattttagaacattatggttgtcatgcaattttcatt
taattgttagtcttagatagttattgtcaacatataattcctataaaaaacagtctcaccaatcctttttttaaataaaatattatattcagATTCATCTACGCCACGGCAAAAGAGC
TTGAAAACCTGAAAACCGTGGGCACCATTGCTTCATATGGAGGTGGTGGATTTGTTCAACGCCTTCCAGTAGCTGGCTCAACTG
AAGCTCAATCTGCAATTGCCACGTTAAAGGCTAATCGCTGGATCGACAGAGGATCACGTGCAATTATTGTGGACTTTGCTCTGT
ACAATGCGAATATTAATCTGTTTTGTGTGGTGAAgtgagttctatcatgtttggtggaatggtgtctcgtttttgactaaaattttacaatgtttgtgaaactgtaattataagta
tttcaacaagagtaaacgttcattcaaaaatttcgaaattcgagtggcatttgactgatatgcatggtccgacgttttccgagtttcgcgccgcactagctttgccttgcaatgggccacaccgaa
aactatgaatccacagtaacccgaaaaatgtcgggccatacatatcagtcacccggccaactgtgagggtgtctatggaaatgaaaacaagtataaatcttgtctagtttcaagagtactga
aattttacatagtttttttaaactggatttttaaactttagttacgtcaacaaatttattataaatatttgcattccaatcaatgtcgatcagataataattttcaaataagtgcgccaattttatgataaag
ctgaagcagcgagttaaatttttttcgaaatttcccatttcagACTCCTATTTGAGCTCCCTGCATCTGGCGGTGTTATCACAACTCCAAAGCTTATGAC
TTACGATCTTCTGACCTATCAAACATCTGGAGGCACCCGAATGATGATTTTTGAAGGAATCTTCTGTGGATTCATACTATACTTCA
TTTTCGAGGAGCTTTTTGCTATCGGCCGTCACCGTCTCCACTATCTCACCCAGTTCTGGAATTTGGTAGACGTTGTGCTGCTAG
GATTTTCAGTAGCCACAATAATTCTGTCAGTGAATCGCACAAAAACCGGAGTAAATCGTGTCAACTCTGTCATTGAGAACGGATT
GACAAATGCACCATTCGATGACGTCACTTCTTCCGAGAACTCTTATCTGAACATCAAAGCATGTGTGGTATTTGTTGCTTGGGTG
AAAGTGTTCAAGTTCATCTCAGTTAACAAGACCATGTCACAGTTGTCCTCTACGTTGACCAGATCTGCAAAGGATATTGGAGGAT
TTGCAGTGATGTTCGCTGTTTTCTTTTTTGCATTCGCACAGTTTGGATATTTGTGCTTTGGGACACAGgtaacttaatctttaagatctttgttttat
tcgtggagtttagaatagttggggtactgtaacgttttatattgctgtgaaatttaaaaaatataaaattagaaaaaaatcgcagtttcaccaattttatatgaaaaacatttatttttactaccattcg
aatgcattcttaggtacaatgacattttgattcatttccatctcataaagtttacgaaacgggaaattcgcagcaattattttagcacccgacatctgcctggtgtttttttttcatttttaaatattatcaa
gcttaccttgaaccaagaacccggcagatgtcggatgcgttttacattcatgcatccgacatctgcctggttctgcctacaccgagcccgccagatgtctgatccattacaacattcatttccttta
ttttgacgtacccaaatatcaacacagctattttaacaatcttaaatacgcttcaccgcagcgggatcttccaattacttatataacttgaatgaaacagtaaattttcttttaacaaaaatggtggtt
atctgactgagtgataccaagtatcctaatcggcatgttacattcttgcatccgacatcttccgggttttgcctacacaaaacccggtaaatgtcgggcgcttcacatttttctaagATCGCCG
ACTACTCCAACCTCTACAACTCTGCGTTCGCCCTGCTCCGTCTCATTCTCGGTGACTTTAACTTCTCGGCTCTAGAATCCTGCAA
TCGATTCTTCGGACCCGCCTTCTTCATTGCCTACGTCTTCTTCGTCTCGTTCATCCTATTGAACATGTTCTTGGCTATCATCAATG
ATTCCTACGTTGAAGTGAAAGCAGAGCTGGCTAGAAAGAAAGATGGAGAGGGGATTTTGGATTGGTTTATGAATgtaagttacttggtgt
acctaaactagcgtcggacattttctgggtttgtgttgaaacctggaatatgtcgggtgcttcagggttcatcaacgccccatattctaagagttcccgaaatacgtcgggcgcttggctaaaac
cacaaaatacctcattccagAAAGTTCGAGGACTCACAAAACGTGGAAAACGCCCGGATGCCCCTGGAGAGGATGCCACGTATGAAGAC
TACAAACTGATGCTCTACCGTGCCGGATACGCTGAAAAAGACATCAATGAAGCATTCACTCGATTCAATGTAACATCAATGACTG
AGCATGTTCCGGAGAAAGTGGCTGAAGATATTGCTGATGAGGTGGCTAGAATGACGGAACAGAAAAGAAATTATATGGAGAATC
ACAGGGATTACGCAAAgtgagttttacggaaaattgtgatgtttcagctagtttttagaattattttctttttgtttttcattcaattcgataataaccgaaggttcgcatttcaattttcaaatga
ttatattttaaagaattaatattttattgtgtacacaactttaaatggtcaaattgttaggcctgcctacctgcgggcctacatgccactggaaaattacaaaaatcatgtttacctgaaacgtaggc
aaatgtgctggcccgcagccgtcaagacaggcaaacattttttatatcacagaaaaaaaatatttactctttcataaccacctgaacttccgctgtgctgcgtacaacaaaaaaaaacatgta
gagaattttgacaaaaaatgttctgcaaatttctcatcgtagatttcctttttcccaaacagaccacaggtaacattttgtgaaaacattctcagttttcataactgaaaaagtaatacttttattttcct
catgggataccccttgagtaccgaaacagctatttttaaatactgtttcactgttaccataataaccttaattatataataaccgtcagttcccacagcagttttgatcaaataatgtttcaccgtcac
catacaaatataaacgttctgaaaatttgttaacagaagacttgaaaaaggtaaacttttggagggaaacgtttttttttcacggtatcacaattagatttttgactggttcaatgttttcataaattga
ttaagtttaacttttgttattcgattttcatatatcttacaaaaaaaactttatgcttttttgacgataatattatttatcgattaaaaaattagtattctagaataaaacccatagtttttcgtgttccagtttat
acgtgtgaagactggaattttcaaataatgaaaaccatgagaaaattgtattttttcacaattccgaagaatagaaacaaaaattggtaacttttactgtatcagctctatcataaatgatcataa
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acattacgtaaatcatttcagTTTGAACCGCCGTGTAGATCAAATGCAAGAATCAGTGTTCAGCATTGTCGACCGGATTGAAGGAGTCAAT
GCAACACTCCAGACAATCGAAAAACAAAGAGTTCAACAACAAGATGGAGGAAATTTGATGGATTTGAGTgtgagttgaaaattgtaactaat
gcaattatagtgttacttcttttggaaagtaattgaaacatgaaaaattgtatttatctagtgaaatttttagagaaaaactttcgtagttttagacaaattagacaaaacaaaattagaaaatttttta
ttctggcaataagaattaatgaaaacttacaatttttactatttagtaaattaaacaacaaaatacaaataattttgctgttactgctaaatatctaaatttccaataaatattttacttgtccagGCC
CTCCTCACCAACCAAGTCCGTAACCGTGAATCTGCCGCTCGTCGTCCAACAATCACCTCGATTGCTGACAAAAAAGAAGAAGGA
GGTGGCGGATCTGGAGGTGGAGGCTCTGGAGGAGGTGGATCTAGTAAAGGAGAAGAACTTTTCACTGGAGTTGTCCCAATTCT
TGTTGAATTAGATGGTGATGTTAATGGGCACAAATTTTCTGTCAGTGGAGAGGGTGAAGGTGATGCAACATACGGAAAACTTAC
CCTTAAATTTATTTGCACTACTGGAAAACTACCTGTTCCATGGGTAAGTTTAAACATATATATACTAACTAACCCTGATTATTTAAA
TTTTCAGCCAACACTTGTCACTACTTTCTGTTATGGTGTTCAATGCTTCTCGAGATACCCAGATCATATGAAACGGCATGACTTTT
TCAAGAGTGCCATGCCCGAAGGTTATGTACAGGAAAGAACTATATTTTTCAAAGATGACGGGAACTACAAGACACGTAAGTTTAA
ACAGTTCGGTACTAACTAACCATACATATTTAAATTTTCAGGTGCTGAAGTCAAGTTTGAAGGTGATACCCTTGTTAATAGAATCG
AGTTAAAAGGTATTGATTTTAAAGAAGATGGAAACATTCTTGGACACAAATTGGAATACAACTATAACTCACACAATGTATACATC
ATGGCAGACAAACAAAAGAATGGAATCAAAGTTGTAAGTTTAAACATGATTTTACTAACTAACTAATCTGATTTAAATTTTCAGAA
CTTCAAAATTAGACACAACATTGAAGATGGAAGCGTTCAACTAGCAGACCATTATCAACAAAATACTCCAATTGGCGATGGCCCT
GTCCTTTTACCAGACAACCATTACCTGTCCACACAATCTGCCCTTTCGAAAGATCCCAACGAAAAGAGAGACCACATGGTCCTT
CTTGAGTTTGTAACAGCTGCTGGGATTACACATGGCATGGATGAACTATACAAATGAttccaaattagtttttttggtgcattttgaccggggaattttttcc
gaaaataggttttcaaaactaattttaccattcaaaaattaccttgtttctgtgacctcaataaagctaatttcctgttaaaaactgtttatttttgttgagcgatgtaaaacgaaaatcaaaaatatta
aaaatcataagttttaacataggtagtcttgttgaaacagtcaaaattagtctaatgacatatactcgaatccactacaacttttgaaa  
 
>pkd-2(my122[pkd-2::wrmScarlet]) IV 
ATGAACTACGGCGCTGCGGACGAGCGATGGGCTAATCCACCGCAGCCGGTCGCCGCTGCGGAGCATGGCCCCTCGTTTGAC
CATTCTATGGTCAGTGAGGAGTATGAGCACGATAAGAAGAAGAATCCGGCTCAAAAAGAGGGAATCTCGTTTTCTCAAGCCTTG
CTGGCATCCGGACACGAGAAATCGGATGGAAAGATCAAGCTGACTGCCCGTTCGTTTATGGAAGTTGGTGGATACGCTGTGTT
CTTGATTGTGCTGGTTTATGgtaagtttgttggtcaaattaatgtacaaatagttctcgactttgtaactgctatgaagcatacgctacaaatttcatattttgtgtaccaactacatag
taagacttctagaaataaaccacatcattttttgtgacaagcttatttcccaaaatctaacgtatcagatatttaatttctgtatgaaagtaagtatgacgtcattactttcaaatagggctgtacaaa
tcggcgtccggtcgtccgattttaacaccaccggacgcactgcgtccggttttggggtaggtttccacggcggccgacaatttccgagtttcgccactcactatacttaatcagcaattttatagt
gagtggcgaaactacacacgacgaatcgattttcactttatttttacaaattatatggcatgtatgaaacagccgaagtttttttttagcaaatttcttaaaattcaagtttgtgaaaaaaaagatttg
gcagggatttgtaactatcaactgcaaaatattcatttcgtgttttataatttttcaaaaatgtttcaactggcattcgaaaaatttattgtgagcatcataaaaaccacactttgttggaaacactatg
accaaagtagttactaatcttccaatttatgttgttactttaatgcagtacgggaaaaaatgttgtttggaaaattgtttaattttctaatttttataaataggttttgaaaagtggaaaaacttatatttga
attttgcaaataaacacaaaagaaacgtttagaatcatacatttttcaaagtaatctctaaattcataatttttgattaaatggcttccaattagttaaatttttctcttttgaaaactgtccattgcaggc
tgaatcctccgaatactatttaagacaaacgcgtacaacatttgttacaacggtggaacagtttttttttaaatttttattttttttcctcaacacgtttagtgagtttgagcatttcaactgaaattttacg
agtacaactttgttaatggggttaatcaagtaatgtagcaaaatgtatttaaatacatttgtgacgtcacaaatgtattaaaatacatgtttttatgtattttaatacagttgtgacgtaatttttctacact
ttttaattttccgacactacttgaataacctcatgaaacgttcacatactatttttacctataatttgttaggtttacttagtaagcaaaacagcagaatttttgtaacaaaacattttcaaatttccaatat
ttatttttgcgtttacaacttaaaaatacaattaatgttaacaaatgtttgtattttcgaaaatcattttcttgtaaaattttcatctagtgtttcgcgcgacacctcgcaggtagtcgggctaatcctgtga
tatatcgagcacgcccagttagcacccgacacttcacgggttttttttttctaaattcaaaaatttacagTTGCGTTCGCCCAAAACAGCATCCAATCTTACTACTACT
CCAAAGTAATGAGCGACCTGTTTGTGGCGAGCACCGGTGCCTCCGGAGCTCCAGCATTTGGATCTTGTACCTCAATGGATAATA
TTTGGGATgtaagtttcctcaatttttaaatgaaaaccttcaaatcaaactttcagTGGCTGTCACAAGTCCTAATACCTGGCATATATTGGACGGAAACT
TCCAATTCGACGGATAACGAGAATATGATCTACTATGAGAATCGTTTGCTTGGGGAACCTCGGATCAGAATGTTGAAAGTGACA
AATGACTCGTGTACTGTGATGAAAAGTTTCCAGCGGGAGATTAAGGAATGTTTTGCAAATTATGAGGAAAAGCTCGAGGATAAG
ACGATGGTCGGTGATGGAAGTGTTGATGCgtgagtgacgtcaattttgtaaattcggccaagtttggtcgttgaatcagcagcttctagtaccttttgaattctgctgaccaat
cggcgattggtgaaaggcggagctaacgttgtttcatggcatttatggggttttttcatggagaaccaatttttactattatttcttattgtgatgcaaacttgatcataatgtgaaacagtaaattttatt
gcaaaacttgacttatttgcggaaaatacttagttttattttaaaaatatttagaattttatggactattgagaaaaccccaatttctttttaacaatattatgaaactgtatttgaaagaatgttacgaa
atttgcatgaaaatacaattttatgttccaagaaattatcagttatatctgtttatgtgtttttgcaaaagcttcaatacacaaatgcaaaatttagcttatatattaactacctgaaagagtattcttatt
aaaaaacgttgaaaaaaatgtaaagtttgtgaaaagtacctcgaaaattgaaatattctaactaatattcgtaatgtttcatgctcctttttttaaattttagaacattatggttgtcatgcaattttcatt
taattgttagtcttagatagttattgtcaacatataattcctataaaaaacagtctcaccaatcctttttttaaataaaatattatattcagATTCATCTACGCCACGGCAAAAGAGC
TTGAAAACCTGAAAACCGTGGGCACCATTGCTTCATATGGAGGTGGTGGATTTGTTCAACGCCTTCCAGTAGCTGGCTCAACTG
AAGCTCAATCTGCAATTGCCACGTTAAAGGCTAATCGCTGGATCGACAGAGGATCACGTGCAATTATTGTGGACTTTGCTCTGT
ACAATGCGAATATTAATCTGTTTTGTGTGGTGAAgtgagttctatcatgtttggtggaatggtgtctcgtttttgactaaaattttacaatgtttgtgaaactgtaattataagta
tttcaacaagagtaaacgttcattcaaaaatttcgaaattcgagtggcatttgactgatatgcatggtccgacgttttccgagtttcgcgccgcactagctttgccttgcaatgggccacaccgaa
aactatgaatccacagtaacccgaaaaatgtcgggccatacatatcagtcacccggccaactgtgagggtgtctatggaaatgaaaacaagtataaatcttgtctagtttcaagagtactga
aattttacatagtttttttaaactggatttttaaactttagttacgtcaacaaatttattataaatatttgcattccaatcaatgtcgatcagataataattttcaaataagtgcgccaattttatgataaag
ctgaagcagcgagttaaatttttttcgaaatttcccatttcagACTCCTATTTGAGCTCCCTGCATCTGGCGGTGTTATCACAACTCCAAAGCTTATGAC
TTACGATCTTCTGACCTATCAAACATCTGGAGGCACCCGAATGATGATTTTTGAAGGAATCTTCTGTGGATTCATACTATACTTCA
TTTTCGAGGAGCTTTTTGCTATCGGCCGTCACCGTCTCCACTATCTCACCCAGTTCTGGAATTTGGTAGACGTTGTGCTGCTAG
GATTTTCAGTAGCCACAATAATTCTGTCAGTGAATCGCACAAAAACCGGAGTAAATCGTGTCAACTCTGTCATTGAGAACGGATT
GACAAATGCACCATTCGATGACGTCACTTCTTCCGAGAACTCTTATCTGAACATCAAAGCATGTGTGGTATTTGTTGCTTGGGTG
AAAGTGTTCAAGTTCATCTCAGTTAACAAGACCATGTCACAGTTGTCCTCTACGTTGACCAGATCTGCAAAGGATATTGGAGGAT
TTGCAGTGATGTTCGCTGTTTTCTTTTTTGCATTCGCACAGTTTGGATATTTGTGCTTTGGGACACAGgtaacttaatctttaagatctttgttttat
tcgtggagtttagaatagttggggtactgtaacgttttatattgctgtgaaatttaaaaaatataaaattagaaaaaaatcgcagtttcaccaattttatatgaaaaacatttatttttactaccattcg
aatgcattcttaggtacaatgacattttgattcatttccatctcataaagtttacgaaacgggaaattcgcagcaattattttagcacccgacatctgcctggtgtttttttttcatttttaaatattatcaa
gcttaccttgaaccaagaacccggcagatgtcggatgcgttttacattcatgcatccgacatctgcctggttctgcctacaccgagcccgccagatgtctgatccattacaacattcatttccttta
ttttgacgtacccaaatatcaacacagctattttaacaatcttaaatacgcttcaccgcagcgggatcttccaattacttatataacttgaatgaaacagtaaattttcttttaacaaaaatggtggtt
atctgactgagtgataccaagtatcctaatcggcatgttacattcttgcatccgacatcttccgggttttgcctacacaaaacccggtaaatgtcgggcgcttcacatttttctaagATCGCCG
ACTACTCCAACCTCTACAACTCTGCGTTCGCCCTGCTCCGTCTCATTCTCGGTGACTTTAACTTCTCGGCTCTAGAATCCTGCAA
TCGATTCTTCGGACCCGCCTTCTTCATTGCCTACGTCTTCTTCGTCTCGTTCATCCTATTGAACATGTTCTTGGCTATCATCAATG
ATTCCTACGTTGAAGTGAAAGCAGAGCTGGCTAGAAAGAAAGATGGAGAGGGGATTTTGGATTGGTTTATGAATgtaagttacttggtgt
acctaaactagcgtcggacattttctgggtttgtgttgaaacctggaatatgtcgggtgcttcagggttcatcaacgccccatattctaagagttcccgaaatacgtcgggcgcttggctaaaac
cacaaaatacctcattccagAAAGTTCGAGGACTCACAAAACGTGGAAAACGCCCGGATGCCCCTGGAGAGGATGCCACGTATGAAGAC
TACAAACTGATGCTCTACCGTGCCGGATACGCTGAAAAAGACATCAATGAAGCATTCACTCGATTCAATGTAACATCAATGACTG
AGCATGTTCCGGAGAAAGTGGCTGAAGATATTGCTGATGAGGTGGCTAGAATGACGGAACAGAAAAGAAATTATATGGAGAATC
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ACAGGGATTACGCAAAgtgagttttacggaaaattgtgatgtttcagctagtttttagaattattttctttttgtttttcattcaattcgataataaccgaaggttcgcatttcaattttcaaatga
ttatattttaaagaattaatattttattgtgtacacaactttaaatggtcaaattgttaggcctgcctacctgcgggcctacatgccactggaaaattacaaaaatcatgtttacctgaaacgtaggc
aaatgtgctggcccgcagccgtcaagacaggcaaacattttttatatcacagaaaaaaaatatttactctttcataaccacctgaacttccgctgtgctgcgtacaacaaaaaaaaacatgta
gagaattttgacaaaaaatgttctgcaaatttctcatcgtagatttcctttttcccaaacagaccacaggtaacattttgtgaaaacattctcagttttcataactgaaaaagtaatacttttattttcct
catgggataccccttgagtaccgaaacagctatttttaaatactgtttcactgttaccataataaccttaattatataataaccgtcagttcccacagcagttttgatcaaataatgtttcaccgtcac
catacaaatataaacgttctgaaaatttgttaacagaagacttgaaaaaggtaaacttttggagggaaacgtttttttttcacggtatcacaattagatttttgactggttcaatgttttcataaattga
ttaagtttaacttttgttattcgattttcatatatcttacaaaaaaaactttatgcttttttgacgataatattatttatcgattaaaaaattagtattctagaataaaacccatagtttttcgtgttccagtttat
acgtgtgaagactggaattttcaaataatgaaaaccatgagaaaattgtattttttcacaattccgaagaatagaaacaaaaattggtaacttttactgtatcagctctatcataaatgatcataa
acattacgtaaatcatttcagTTTGAACCGCCGTGTAGATCAAATGCAAGAATCAGTGTTCAGCATTGTCGACCGGATTGAAGGAGTCAAT
GCAACACTCCAGACAATCGAAAAACAAAGAGTTCAACAACAAGATGGAGGAAATTTGATGGATTTGAGTgtgagttgaaaattgtaactaat
gcaattatagtgttacttcttttggaaagtaattgaaacatgaaaaattgtatttatctagtgaaatttttagagaaaaactttcgtagttttagacaaattagacaaaacaaaattagaaaatttttta
ttctggcaataagaattaatgaaaacttacaatttttactatttagtaaattaaacaacaaaatacaaataattttgctgttactgctaaatatctaaatttccaataaatattttacttgtccagGCC
CTCCTCACCAACCAAGTCCGTAACCGTGAATCTGCCGCTCGTCGTCCAACAATCACCTCGATTGCTGACAAAAAAGAAGAAGGA
GGTGGCGGATCTGGAGGTGGAGGCTCTGGAGGAGGTGGATCTGTCAGCAAGGGAGAGGCAGTTATCAAGGAGTTCATGCGTT
TCAAGGTCCACATGGAGGGATCCATGAACGGACACGAGTTCGAGATCGAGGGAGAGGGAGAGGGACGTCCATACGAGGGAAC
CCAAACCGCCAAGCTCAAGGTCACCAAGGGAGGACCACTCCCATTCTCCTGGGACATCCTCTCCCCACAATTCATGTACGGAT
CCCGTGCCTTCATCAAGCACCCAGCCGACATCCCAGACTACTACAAGCAATCCTTCCCAGAGGGATTCAAGTGGGAGCGTGTC
ATGAACTTCGAGGACGGAGGAGCCGTCACCGTCACCCAAGACACCTCCCTCGAGGACGGAACCCTCATCTACAAGGTCAAGCT
CCGTGGAACCAACTTCCCACCAGACGGACCAGTCATGCAAAAGAAGACCATGGGATGGGAGGCCTCCACCGAGCGTCTCTAC
CCAGAGGACGGAGTCCTCAAGGGAGACATCAAGATGGCCCTCCGTCTCAAGGACGGAGGACGTTACCTCGCCGACTTCAAGA
CCACCTACAAGGCCAAGAAGCCAGTCCAAATGCCAGGAGCCTACAACGTCGACCGTAAGCTCGACATCACCTCCCACAACGAG
GACTACACCGTCGTCGAGCAATACGAGCGTTCCGAGGGACGTCACTCCACCGGAGGAATGGACGAGCTCTACAAGTGAttccaaa
ttagtttttttggtgcattttgaccggggaattttttccgaaaataggttttcaaaactaattttaccattcaaaaattaccttgtttctgtgacctcaataaagctaatttcctgttaaaaactgtttatttttgt
tgagcgatgtaaaacgaaaatcaaaaatattaaaaatcataagttttaacataggtagtcttgttgaaacagtcaaaattagtctaatgacatatactcgaatccactacaacttttgaaa  
 
>trf-1(my133[trf-1::wrmScarlet]) III 
ATGACTTCTCAATCGGTAATGTTCAAAGGTGGATTACCAGCGGACTGTACTTGTCCAATATGTGAGCAAGCACTTCGCGATCCGAT
CAAGCTGAACTGTGATCATCACTATTGCCGTCAATGCTTTGAGAATGAAAATCGgtaatcttaaaacacatttttttacttttaccgtaatcatattacaataac
cttgaattaaacttgtgttttcctcagaattttgaaaataaaatacaaattctacaaaagcactactatagtaacagtaacccaaaagttttccgacattgatggttatttcgttatctatggtaattat
gccaacagtaataccaatcataccataagtctacttttttttagcatgccgggtgtttttcagAACTCCAGGATGCGCGGCATGCCAAACGATCATCCAACCGGAG
CTGTGTCAACATGATCGGGCAAAGCAGAAGCAAgtgagtctatgacgtcatcgattcgaatttttgggagaaccgttttaatcaattgctctactttcagATTTTGGC
TCTTCCAGTCGTTTGCACTTTTGAGTCTTCGGGTTGTCCCTGGGACGGACAACTTGGAACACTTCATGATCATTTATCGGAGTGT
ACATTCAAATCATCGTTGAAATGCGAAAAGTGTGGACGACAATTCGCAAAGAACGATTTGGAGAAACATCGAGCGAAGTGTGAAC
TGAATCGAGCTGTCTGCTCATTTTGTAACAAGACCATCCGAGATAGTGACCGTGAGAGGCATCCAAAGgtttccagttaaaacaaaatatttca
aaattgtaaagttttcagACCTGTCCTCAAGTTATCATCAGCTGCCCATTCCAGTGCGGTCTCACCGACCGCCCACGTCTCGAGgtacagtaat
ccgagtttctaaaggcaattaatgattttcaatttccagATCGAAGCTCATTGTCCCAGCTGTCCAAATGTTGACAACGTGTGCCCATTTGTACCATAT
GGATGCACGTTTGCAGgtgatctataatttactgatttattgattagaaagtagttttttttttcattttcagGAGGAAAAGAGTCAATTCAACAACATCTGAGCGA
CGAACCAGTTCGACATTTGATGTACCTCTGTGACGAAATTACGGATTTGAAGgtttttaacaaactaaaacgggggtgaagccatttactttcagGGAA
CCTATGAGTTGATGGAGAGGGATATGGGATCCTTCAATGATCGTCAGACCAGGATTTTATCAGCTgtaagtttgagatttttcggccaatagtttaa
atacacaattgaaaattttcagGCTGAGACATGCACCGAGATGTTCGGTCCTCAACTGATATGGAAAATCGATAAGCTTCAACAAAGAACTAA
TGAGGCGAAGgtaggagattgaactgaagaataatcaaggaatttgaaatttctacagcttatagatcagcattatgactcattcgcgcttagttaaacgagctattactggaacacat
aattctggatatgtgtaccgcgcaacttatttgacgcgccaaacatctcgtacagaaattctttaatagactactgtagcacttgtgtcgatttacagaaattatttattaatcggtaaaatgtttcttct
taacaccgtaaattaatttataatttttaaatttatattacgggatcatgagatcatgagaatgcctatttactggcgcgaaaatattggcaggccgcggcggcgagagagcatgtggcgaaga
gagacggaggtcccttcgctacgagatatttgccgccagaaaagtaggcattctcatgatctcaaggttccgtaataaattgacacaagcgccacagtagtcatttaaagaattactgtagttt
tcgctacgagatattttgcgcgtcaaatatgatgtgtaacacgcattctagataaatagataatattcattaaaatgcgcttttcgtgacttttctaagaagaagttgaaaatgggttggcgtgccat
ggcagtcatattattgagagtaaacaagaaactggtatagtactcctacagtacccctgccgtgccagacagaattctaaatttacagTCCGGAGCCGACACGACCATTTTC
TCGGTGCCCTTCATGTCTCATCGATTTGGTTATAAGATGATGGCTTGTGCATGTCTTTTCGGTGATGGATCAAgtaagaactaattaaccac
tcggttaaaaaagtaacacatttagGCGCTGGAAAGTCAATCTCCTTGTACGTGTTGTTGCTCAAAGGAGAGTTCGATCCAACACTCGAATG
GCCATTTCATCGAGCAATCAAGATATCTCTGTTGGATCAGgtaatcagtttaggctctatacaattcgagaaaatattacagAACCCGCGTCCCGAAGA
TCGTGTAAACATCACTTATGTCATTGATCCTCGAAAACTGAAAGCCAATGAGAAGTTCTTGGCTCGTCCACGTGGTGAACGTAATG
CTGCTTTTGGATCTCAGTCCTTCTGCTCATTGGCTATATTGCAGAATTATGTGAAGgtattgggatagattttaaaatcaattaataattatttt 
cgatttttgaatttcagGACGACAAAATCTACGTTCAAATCGACGTGGATCGCTGTGAGACCCTTCCAGTTCAGCTTAAGAGTCGTGATGC
AAAAGAACGAAAGCAAATGCTCGATGCAATGCGTGCAAAGACTCCAGATGTTCGCCTTCATCAAGTTCGTCCAGTCACCAGTCAA
TCCAGCTCCGCAGAGCTCAGAGTTGGAGGTGGCGGATCTGGAGGTGGAGGCTCTGGAGGAGGTGGATCTGTCAGCAAGGGA
GAGGCAGTTATCAAGGAGTTCATGCGTTTCAAGGTCCACATGGAGGGATCCATGAACGGACACGAGTTCGAGATCGAGGGAGA
GGGAGAGGGACGTCCATACGAGGGAACCCAAACCGCCAAGCTCAAGGTCACCAAGGGAGGACCACTCCCATTCTCCTGGGAC
ATCCTCTCCCCACAATTCATGTACGGATCCCGTGCCTTCATCAAGCACCCAGCCGACATCCCAGACTACTACAAGCAATCCTTCC
CAGAGGGATTCAAGTGGGAGCGTGTCATGAACTTCGAGGACGGAGGAGCCGTCACCGTCACCCAAGACACCTCCCTCGAGGA
CGGAACCCTCATCTACAAGGTCAAGCTCCGTGGAACCAACTTCCCACCAGACGGACCAGTCATGCAAAAGAAGACCATGGGAT
GGGAGGCCTCCACCGAGCGTCTCTACCCAGAGGACGGAGTCCTCAAGGGAGACATCAAGATGGCCCTCCGTCTCAAGGACGG
AGGACGTTACCTCGCCGACTTCAAGACCACCTACAAGGCCAAGAAGCCAGTCCAAATGCCAGGAGCCTACAACGTCGACCGTA
AGCTCGACATCACCTCCCACAACGAGGACTACACCGTCGTCGAGCAATACGAGCGTTCCGAGGGACGTCACTCCACCGGAGGA
ATGGACGAGCTCTACAAGTGAatcattcattcaaacatttgttaataaaaaattcttctcggaaatatttaccttctggcatatttacatttatttacaatacaattttcatgatcatataat
aaaataaaattgagaagtaggggagaaaaggcgccaatcatcatcgactttcgactcgtttctgaatcctatccatcatt 
 
>trf-2(my138[trf-2::GFP]) I 
ATGGAAACACCAATTATGCAAGAAGGGGTGGAAAAAGAAATAACTCCAAGACCAATAATGGTTCAACCAATGGGAGGGATGAAGC
CAATCAAATCCGCTTCTAATCCCCCAACTCCATTGGATAGTCCTTTTATGGCTGGAGCTATCAATCGTCCAAgtaagatttatattaaccaata
aaattatttaaaaatgttgatcctatcgcctgaaaatgtagcctaaatactatactacgcgaaataaccggctcaatagggaataatttaaatatttttccagattattcctaaaatgctggcaaa
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attggagttgttagctaaattaaccttcattcttttgattctattagattttaaaaatatttgaaaaaatgcgtactcttataagacttaataaaaagcggcaaaattttccagGAACTTCAACT
CGATCTGTGGGCGTTTCAATTCCAATCCACGTGGAAGGCGAGGAGCCAACTGCTCCTAAATCCATTGTGCCGGATAATTGGATTG
ATTGTCCGTTTAAAGAACATGGATGTCATAAAAAAGGCGAAAACTCTGAAGTTAAAAGACACGTGAGAGATGATAGgtatgttctgtattca
ggataggccattgagcttgaaaactcgtgtgccttgaatttaaagtgaaatagcgcttatgaggattttgtcaagcggtgaaaataattaaataaacgaaacaccttaaatattttagaattata
aaatttttaggcgaaaattttggacgaattgccaaatttccaaaaaaaaaactcgcagttttgagatatttagagaattccggcctaatgccaatttatagaattagataccgtatttcttctattagt
atggcctccctattagacttgcactccctattagtattgcccctcggagaccttccgaaaattagtatgacactccctattagtcttgcactccctgttagtattgcaagcgagaagaccatcgaa
aaatagtattgcagccatattaatataagaaatacggtaataggaatttcatttaaaacccatagattttttgttaggagatgtacactaaaattagtaatgtgatgcatgttaaagcaaaaaaa
aatgctcaaaatttccagAAATCTCCATTTGGTTCTTTTGTGCCAGTCACTCAATCCAATTCGTACCAAAATCAACATCCAACAATCTGCCTA
TGTTGATAAATACGTGGGAATGCTTCAATACATGAGCATTGCAGAATCGGCATTCGAGAAATATGGAAGCCAACATACATTCCGTAT
TCCAAAAATTGGATTGACTGTCGTAAAAGCGACAAAGAACAAATCTCATCGATCGATTTATAGTCAACCATTTTATTCTCATGGTTAT
GGGTATAAAATGATGGCTGTTGCTGCACCATATGGTGATGGACTCGgtttgttcacaattatttcagcggagcaactaccgtatttcctctattagtcttgcatgca
aggttgcaagactaattttagaagatccaatagctttgtaaaatggaccgtttattgtcaaaaacttgacttgaaacagtctaaatcataaaaaaatacatacttttctattattttatccattatttga
acaatttaaaatttaatttggcaaaaaaatggcgaaattgttgaagttttcataaaatactgctggcctggcaggaagaggggagactattaggaacttcaatactaatagaagctgcaaga
ctaattttcgattggtccgtggggatgcaatactaatagagtaaatacggtatatttttcgtcattcttaggcccatttattccaaaagcttttttgtagattaaaaaaaaaagtacggtattccggtgg
attctttgccgtttgagcagagtaaccgtaaatatagagctagtagaaaataagtaaaaataaatgctgtattgttctaaattttgttcaagaaacccactttgtactatgaatttgacatttataaat
tgcaaggctttttgttcgaaaaaaaaaaatttacaagtatgtatgttactaaatattcaccaaaactttcactagatttaaatcaaacaattgtttatctacaaaaatttggagattttaattttttggac
tattatcggtttttcgtaagtgtccgtagtggaaaaacattttggaaactttttcatttttattttttcggaaaagtcttacttttttaatactacctaagattttagaaaactgttttaccttcaatttacaaatgt
ttagcacttaaaatcccaaagatcgttgcgggacccagcctgtgcctttaaagtcacctctcacacgttttgaaaatagttatcgaatttccagCATTTCGCGAGTATTTCTCTGT
GTTTGTTTGTCTCATGAAAGGCGAATGGGATGATATTCTCGAGTGGCCATTTCGTTGTGACGTCACGTTTTCGATTCTTTCGGATG
ACAAGAAGGAATTGTgtatgtttaaagtgaaaatcaatatgtaaaaattttaaaaaataatttagcttcaaaatacacaacattgactgaattcggaaaaccctggatggaaaatcg
aagatgaacagagaaagaatgaaaaatccaattttaaaacgagtttctgttaaaattttaactatatgtggatagttaaaaattgtttgaatttcttccaaaatgtgaactgcacgaccaatcag
caattcgctccgcccattttccagccaatcagacgaagtgggcggagttcgaagatgctgattggtctagcagttattaacagaatagccaaaattgaaaagtatagttttaaaaatgggattt
ttcgtttttcctttgtagcattacgaatttctggatttccgacaattaagggtattttattttaaagcaaaaaccccattctacctcgaaagaaataaaatgaaaaatacgaaaattacagTGACA
AAGACAATCTATGTGAACGAAATGCCCGAGATTCAGGAATTTCTTGAAAGACCTGAAGGACTACGGAATGGAACTTTTGGTTTTCA
Ggtattactgattggtgaagttttgcgcgttttttccctacagtacccgctctcgtcacacgcaaaacggtgtgcgcctttaagatctacagtaacttaattcataatattatgatcgggtttttaaaa
actatttttgttgaaaaaagataacctagaaagcaatattttggtaaaaaataaaataataaacttcaaaataacaaaatgggtactgtactatttaaaggcgcactccttttcgcgtggccctc
gatttaaaaatgtgctacttcacagtctcctccagtggaaatcggtccgttggcgcacttctcgtgcatcgcgtggaaaattgagaaattaccaaaactttcaatttactgtttttctttatattttttata
acataggcttgggtggaagattacttttcaaataaacatcaatttctactagaaaaatgatgataaatatacaaaatatgagaaaaactcaatttttagttgtttttactttttatatcagcgcttttattt
ttgaaccaaaatcaaaaatctttttttctcctcctttcccccaattagctttacaattgatacctaatttcaaaatatgaaatcgattttaaacccacaaaaaccgaaggaaatcatttttcagtggta
aaattttccaacgctcacgagaaacgcgcaagcccccttgttgggtcatttccacgtgaggaggctgtgtacttcagAACTTTCTTCCGTTGGCAAAAGTAACCGAATT
CGCTGCTGATGGTGACATCTTTATCCAAATAAAGGTCTTATTGAGCAAGGAGAAACAAAAAACCCAAGCTAAAGAAGTCGATTCGT
CTGAGTGTCAGTCTGAAATGGTCGGATCATCGAAAGCGAAAAGTGAAGGAGGTGGCGGATCTGGAGGTGGAGGCTCTGGAGG
AGGTGGATCTAGTAAAGGAGAAGAACTTTTCACTGGAGTTGTCCCAATTCTTGTTGAATTAGATGGTGATGTTAATGGGCACAAA
TTTTCTGTCAGTGGAGAGGGTGAAGGTGATGCAACATACGGAAAACTTACCCTTAAATTTATTTGCACTACTGGAAAACTACCTG
TTCCATGGGTAAGTTTAAACATATATATACTAACTAACCCTGATTATTTAAATTTTCAGCCAACACTTGTCACTACTTTCTGTTATG
GTGTTCAATGCTTCTCGAGATACCCAGATCATATGAAACGGCATGACTTTTTCAAGAGTGCCATGCCCGAAGGTTATGTACAGG
AAAGAACTATATTTTTCAAAGATGACGGGAACTACAAGACACGTAAGTTTAAACAGTTCGGTACTAACTAACCATACATATTTAAA
TTTTCAGGTGCTGAAGTCAAGTTTGAAGGTGATACCCTTGTTAATAGAATCGAGTTAAAAGGTATTGATTTTAAAGAAGATGGAA
ACATTCTTGGACACAAATTGGAATACAACTATAACTCACACAATGTATACATCATGGCAGACAAACAAAAGAATGGAATCAAAGT
TGTAAGTTTAAACATGATTTTACTAACTAACTAATCTGATTTAAATTTTCAGAACTTCAAAATTAGACACAACATTGAAGATGGAAG
CGTTCAACTAGCAGACCATTATCAACAAAATACTCCAATTGGCGATGGCCCTGTCCTTTTACCAGACAACCATTACCTGTCCACA
CAATCTGCCCTTTCGAAAGATCCCAACGAAAAGAGAGACCACATGGTCCTTCTTGAGTTTGTAACAGCTGCTGGGATTACACAT
GGCATGGATGAACTATACAAATGAagttttccagtgaataaatgattccaattgttagatgcagtttggattttaaaattttattgtctccgggagaccataacaaaagcattacat
gctcaacttaacaaaacaacaatggctataacctatgaacgacttgtaatcattgccgaagattgacaagctgcacgtaggatgagccagaacaatggggaac 
 

>pacl-1(my130[pacl-1::gfp]) V 
ATGCCCAAAATATCCGATGGTCGTCGGCTATTGCGGAGTACACTTGGACCAGTAGTACTATTAATTTGTGTTGCGGCATTTTATGCAGTACTGATTT
ATGGTTTTTCCCTgtaagcttcttttttttttgtttttgaaatgcctgagacacgtttttaacagATTCGAGTACAACAGTGAATGGAAAGCAGAGC
AGAAGAATTTCGAGAAAATCGCCGCTGACGTGGAATTCGAAAAACAGCGACTTCAAACCTCATCAGCCTCGGCTCAAATCTACAGCTCCAAGTATTC
ATTGGCTTCAAGTGATGTCTACGGTATCATATCTGGATTCCTGAACAAAACTCTTCTGGTCGAGCCTGCGTATACATTCATGTGGTCCAAGTGTTCC
ACgtaggcttatatctataaatgtttaagaagatccaaaaatgtttagCTTCATCCGAATGTACCAGCATGCTCTCCAGCTCAACGACGATCACACG
CTTGTCTTCTACAAGCCGTCTACTAAAATTATCGATACAGTTTTTCGATCGATTTTTCCCATTTCCACAACATTTGCAGTCGGTTGTAGTGTCTCTG
CGCTTCACTCAATCGTCACCAATATCCTGAAAATATGCATTCGGCAGAAAAAATACGAAGCGTGGACTGTTGGGAGGAATAAGATGTTGAGAGTTAA
TGTGATCGCTTCACTGATTGTGGCTTGCGCCTACTTTGTGCTGAGCTTCTTTTTAAgtgagttggaagattgtgatttccaggaagaaataatatga
aactaccagccgactggcaaaatttgacatgtttgacacataaatcatcaattgatcctacaaaagtatctcatggaaaaaggtgaaaatcttcact
ttttgaacactaaataggattcccgccaaaatgttttcaaaaaattaatatttgaattcccgccaaaatttttcactgcgatgggtctcaccacgaa
aggtctcaccacgaagggtctcaccacgatgggtctcaccacgattggtctcaccacgaaaggtctcaccacgacgggtctcaccacgaaaggtctc
accacgatgggtctcaccacgatgggtctcaccacgaagggtctcaccacgatgggtctcaccacgaaaggtctcaccacaatgggtctcgccacga
agggtctcaccacgatgggtctcaccacgaagggtctcaccacgaagggtctcatcacgaagggtctcaccacgaagggtctcaccacgatgggtct
caccatgaaaggtctcaccacaatgggtctcaccacgatgggtctcaccacaatgggtctcaccacgatgggtctcgccacgaagggtctcaccacg
acgggtctcaccacgaaaggcctcaccacgatgggtctcaccacgaaaggtctcaccacgacgggtctcaccacgaatggtcgctttttttcgaatt
ttccagaaggttctggaacattccagaataatgttttcaaaaaattaaaatttgaattcccgccaaatgttttcaaaaaaattccaatttgaattcc
cgccaaaatgttttcaaaaattaaaatttgaattcccgccaaaattttttcaaaaattaaaatttgaattcccgccaaaatgttttcaaaaattgaa
atttgaattcccgccaaaatgttttcaaaaattaaaatttgaattcccatcaagatgtttttgaaaagtgttgagtggtttatcgcgtacctcgatc
gatgtcgggtgcgtattcatcataagtagcctcaaaattttctaaaataatttccagcgctgaatgttgtgacgtcatttgtgacgtcagagacata
cggaatagcgctttatatatagtaatgattttcagCTACCATCTCCGCCTCACGCTGGCAAGACGTCTCGTTTACCGATGGAATCAAGATCACACTG
AATTTGATTGCAACCGTACCACCAAGTGTTCAATTGgtacgattatagagcaagatttgtatttggttttttagggtgagaatgaggcaggcagagg
gcgtaggcatcaaaacctgatgcgaccttgtaagtaggcatggtgtccatctagatagataggcaagtgcaggcaggtaacaaatagtattttcaaa
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cacagcctacctgtacgagtgcgtacccctgctttacaactgtctaactacgtgcttgcgttatgtctacctgcctacctgtgtatcaacatcataa
cattctaccgactttcgaacctttaaatgctcacgtacgcacatgcctgcctacctaccatgcctgcctgcctacctacaattgtgcatacccatgc
cacattatacctgtccattgattgttttgagcctacctgcttacctatcatcatgcttgcctatctattttgtttccagAAATTGATAACAGACGCG
CACACCCTGACAGCCTTCTGCTTTGTAATTCACACCGCCACCGCCTACGTCATCTTCGCCCTCATCCAATTCATCAAGACGTGGAGAATTTCCGAAT
TCGCGATTCCCCTTATCTCGGACATTGATCAAGCGGATCAAGTGGACAAGGATATGCAAGTACAGTACAGATCGAAAAATGAGCTTTTCAAGAACAA
CCAGCCAATGGGAGAGAAAGCAGAAGGAGGTGGCGGATCTGGAGGTGGAGGCTCTGGAGGAGGTGGATCTAGTAAAGGAGAAGAACTTTTCACTGGAGTTG
TCCCAATTCTTGTTGAATTAGATGGTGATGTTAATGGGCACAAATTTTCTGTCAGTGGAGAGGGTGAAGGTGATGCAACATACGGAAAACTTACCCTTAAATTTATTT
GCACTACTGGAAAACTACCTGTTCCATGGGTAAGTTTAAACATATATATACTAACTAACCCTGATTATTTAAATTTTCAGCCAACACTTGTCACTACTTTCTGTTATGGTG
TTCAATGCTTCTCGAGATACCCAGATCATATGAAACGGCATGACTTTTTCAAGAGTGCCATGCCCGAAGGTTATGTACAGGAAAGAACTATATTTTTCAAAGATGACG
GGAACTACAAGACACGTAAGTTTAAACAGTTCGGTACTAACTAACCATACATATTTAAATTTTCAGGTGCTGAAGTCAAGTTTGAAGGTGATACCCTTGTTAATAGAA
TCGAGTTAAAAGGTATTGATTTTAAAGAAGATGGAAACATTCTTGGACACAAATTGGAATACAACTATAACTCACACAATGTATACATCATGGCAGACAAACAAAAG
AATGGAATCAAAGTTGTAAGTTTAAACATGATTTTACTAACTAACTAATCTGATTTAAATTTTCAGAACTTCAAAATTAGACACAACATTGAAGATGGAAGCGTTCAAC
TAGCAGACCATTATCAACAAAATACTCCAATTGGCGATGGCCCTGTCCTTTTACCAGACAACCATTACCTGTCCACACAATCTGCCCTTTCGAAAGATCCCAACGAAA
AGAGAGACCACATGGTCCTTCTTGAGTTTGTAACAGCTGCTGGGATTACACATGGCATGGATGAACTATACAAATAActtttttgtgatgtgatctggaattca
gctaatgaagctatttgttaatatatttatcttggactgtacatagtt 

>paml-1(my128[paml-1::gfp]) III 
ATGCGGCCACCGCTGTTTTTCATAGGCTTTTTAATTCTGGTAGTACTGCAACAAAGATATGCTTATGCTGATGCAAgtaagtctaaaactttt
gaaatggaaattgaaaagtgatcaagtatcaattttaagACAACGGGTGTAATAGAGGGAAAAACAATAGAGGAGATTCCTTCTCAGAAGAAACTCC
GGGATGTAATGATGAATCACAATCTACAAAAAATCAGATAAACTCAACAGgtaagctttggatctgcgaaaacaggaaaaagtgggaaaattcatttggatt
gctccataacctctctcggcatattgccgaattttccaaaatattatttttaactttacccagttttagcaacttttgatatttctaaagctgtttaatttggatgagaagttgtgtgaaattgccaagctaa
gaacggatgtatcgctatatctggttttccaaatcccatgtatacataaaaatctggaaagaaatctacttctcccgtgttataaaaaagacagtttttgcaaaataggcttaaagttaaacagtg
atattctaagtttgtaaatcttaatcatgctttcagAGACTACAACAACTTCGCCACACTCAAACGAAACGACTTCTGCAAAAGACTCAACCACGTCT
ACCAAGGAGACAACTTCATCCAGCTCTACCCTAGCAACAAGTACTTCAACTGAACCTCCAACAACAACTTTTCCAATTTGGGAAA
ATATTCCTCCAGGGGTGACTGTAGAAATAGCTGGTGTGACTATATATTCCTGCCCTGACTATGACACTACTACCGTCTCAACATCCA
CACCGAGTTCTACTTCCCAATCAACAAGAACAGCATCAACAACCACTGCACTGGAGACATCAGCTTCTACAACGAGCACTTCTTC
CTCATCTTCCACGAGTTTTGCAACATCTACTACATCCAAGACAACCGGTTCTACTCCTACGACTTCTTCTGAAGACTTGACTCGCA
GTACATCAACATCTGGTAGTATTCAATCAACTGGTTCATCTTCGAAGACTTCCACTGATAAATCGACATTGACTGAAAACACAACAT
CTTCCATTTCAAAATCATCAAGTGGATCGTCTCAAATGTCAAAACCTTCTTCCACTACAACAGCCAGCACTGCAGTATTGAGCACG
ATCTCACACTCAAGCACTCCTCCATCTGAAACACCGACTTCTTCTCCGACAACCGATTTATCTAAATCAACAACCAGTGGCTCTAC
AGTGTCTTCCACAAGCTCGTCGGGATCAAGCCGTTCTTCTACACTGAGTTCGGATACTTCACCAAGGATTACTTCCCCGTTTACA
CAGGCAACTTCTCAGAAATCTTCCACTACTACCACATTAGGCTCTTCAAAATCTTTGCCGACAAACTCCTCATCCAATTCGAAGAC
GAGAACTACTACTACTACTACTACTCAGTCTACGTCTGCTTCAAGTGGTGCGACGGATTCAAGTTCAAAATCAACAGGTTCTACAA
GTTCTTCGGGGTCTTCAGGAACATCTGGAAGAACTTCCTCCTCCGTGACTGAAACTTCTACAACAAAACAAACAACGATAAAAGT
CTCAACGAAAGTTTCACCTCAAACATCCCAACGATCTTCTTCTGATAAAACAAGCATCTCACCCTCTACCCTGACAGGCTCTACAT
CATCCACAACAATCATACCAGTCACAGATCTCAGCACAGCACAATCCAGTTCATCTACTTCAGCCTCTACGAAACTATCAAGCTTC
TCATCCACTCAAAGAGCAACACACTCAATAAGCAGTTCAACAACTGGCATAACTGAAACTTCATCTGAAACGTCAGAGACTTCCA
AATCAACCACAAGAAGCTCAAAACCTAGTACATCAGGATTGCCAGGTTATGAAATCTTTCCACCAGATGATGTGTTCACAAGGTCT
TCTGAGCCACCTGGAACTACAAAAACTACAGAGAGTACCATGACAACTACAGgtcagtgttttttttgagttttgggcataaaataggcaatttgtaataataa
aatttacaagtaattattgaccaccccctctccacaaggttaaattacagCGGAGACGTCTGGTGACACAACCACTTTCAAATCAAATGAGAATTCTGCGA
CTAACACCAGATCTTCCACAGAATCCACTGAACCAGTTACCAAACCTAACACTGAGAAATCTAGTTCTACATCAGTTCTGCCGTCG
GATAAGACCACTTCAATCCCAGATACCACAGAAAATAGCAAAAGCTCTAAAACTAGTTCAACAACTACAACGACACTTCCATCTGG
ATCCACTAGTGACGTGAAACCATCATGGCCAGCAACTTCTAAATTGTCTACACAAGGATCTACTTCACCAGCGTCTATTCCAACAA
TAAGTCTAGATCAACCATCTTCTTCTCAAATAGCTGTATCCACTACTCCGATTTTAACCGCTATTCCAACTGCATCTTCTCAAAAATC
TTCCACTTCTGGCAATACCTCTCCAGCAACAGAATCCTCGTCCTCTTCTTCCACAAGTACTTCTCAAAGCACATCCACAACAACG
GAAGATCCTGCATGCAAGGTTCAGTGTCCATCTGGATACCTTATCGGAACATCTTCTTGCTTCCTTTTAGTCCCAGCTTCTTCAAA
AATCAATTCATATCAATCAGCTTTATCATATTGCAAAACTACCGACAAACAATCCCTGGCTTCTCTTGATAAGATCCGTGATAATGCT
GATATTCGGTTGATCCAGGAAAGTGCAGGATTACGGAATATTGATTGGATTTATGCGAATGGAATTGGAGGGAAGAAGGAAAGATT
TGATAAAATGGCTGATGTCTACAGTATTTTCAATCAAACATTAGTTAGTTCTCCTATTTCGGTGACTGTTGGAATCTCGGAGATATTT
GAGAACATTTCAGCCCTCTGTGTTCTTCCTCgtgagtttttcttttccatacttattactccatttgaaacctttcagAATACTGTAACTCTACTGAATGTGATG
TGGAGAAGATCTTTCTTGCATACGACTATTTCACAAGCTTCAAAGAATATGCTGGAACTCTTCAGCCAAGAAGATCTGGAAGTGTA
GCTTGTCTCTACGGAAATCGAAAGACTTTCACAGTCACTTGTAACGAATTGGGAGCAATATATCCGAATCCGAGTAATATTGATTGT
GGAGAGTCAGTACAAGAACGGAAGATTCGGGACACGACAAATGAAATGGTGTCGAGTTGTAAAGTTTGTTTTGGAAGAGGAACA
AAAGAGTGTCAACCAGTTACAAATTCTGATGGAGTGGTTCAAGGATACAAATGTGTATGTAAAGAACCTTTTAAGgtaagtatcctaattatt
agatcttctgatcatatcaattcagATGGCAACTTGTTGGAGAGCATCAAATCCCTGTACTCCAGAAGCTTGTGGAAAGAATGGTGTATGTACA
AGTGAATTGGCAGAGGTTAGTTGTAAATGCAACTGGGGATATGCAGGTGATAGATGTGAAAAGGAGAAAAGTAAAGAATACAAAG
GAGATCTTGGATATTCATCTGTTGTCGGTGCAACAATCACACTTGGTGGATTCTTGCTTAAGCTCGGAAAACTGGCCGTATTAGGA
TTCGGTGTTAGTTCGGAACAAGGAGACgtaagtgaactgctgtgttgtaaaaacaattaccgtatattctctatttgagcggcgtatctaatagtacggcgtatctattagagc
ggcaccctaactggctcttcgaaaattagagcggcagtctctattacccctgcggcaccccttttttttgggtgcgagagccatctcaatttttcgatttcttcgaagatatttttgttcattcttgaatg
aatttataaattttcatttaaatattgaattttagtgtctttgtgaggcaaaattacacaattttcatgaatttttccataaaacatgaggttttataaggaaattttgaggttactactcccaaaagtagta
acttcaatatgaaaattagttattgaaaattagtgcggcagtatccagtagaacggcagtctctaatagagcgcacgtcacgaagggcccggaaattagtgcggcatgccgctctaataga
gaatatacggtattccatttcagGATCCTCAAGACACCCATCAACGTCTCCGATCCTATAGCATGACTGCCGCCGGAATTATAATGTGCTTGTA
CAGTAACCCCACAGTATTCGCCATTACTCAAGCAGCATGTCGTTTTTATTTCATTGCTATACACTTTTGTTATGTTCTGGgtaggcaattgt
ccacagcctatttgtctatttaaatgtttaaattgaatttgcagCAATGATACAATGGGTAATGGAATCATGGAATGTGAATCAAATACTTCGAGCAGTACAT
TTAAATGAATGGGAACGAGATTGGAATAATGAAAGATCATGGGGTGTTCGTATTGTACCAAGAATGGTATTATCAGTTGGAATGTTG
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GCTGCTTTTCTGCTAATAATTTTTCAAACTGGTTGGAATAAATTAGCTGCTACATGGACTTGTGTTGGTGTCATCTGTCAGGATACT
ATATCCATTTGGTTTCCACTTTTCTTTGGAGTCTTCATAATGGTTAACTATGCAGCTGCAATTTATGAATCTAGTAGATTAATTAAATG
gtttgtatcgaattgaagtgttgagatatattttaatataatcaagaaatttcagCCGTCGCCCTCTTCTTGCCTACCGAATTGACATGAGAATCGAAAGAGAA
CTTGGATTTATTGAGGGTCGTCGTGTTGAAAAGTGTCGGGATAACGAACTTCTTAGTTTTATTGGTCTGCTTCTTTTGATTGCTCAA
TGGATTTCTGTGATTGTTTCGTCTGATCATAGAGATGAGCCAATTTATGGAATgtatgtttttcagcagtgaagttaccattataaagatctattccagATTT
ACTGTGGTAATTGCTGGCATCTACTCAATGTTCTGTTCGTATCAAGAAATGGTCACATGCCCAGAGgttagtttaagattcaattgaatccattttta
aattaaacaactaaaaactctcattttagGATCGTGCTAAATTCGTCCAACTGGTACAGCGTTTTTTCCCCAATCGTTTTGCTCCAGAGTATAATC
CGGAAACAATGTGGACATTTGATGAAGTGCGTGAACATTATGCAACTCCGAAAGCTGAAAGAGAAGAGAAATATGAAGGATTCTT
GTCGAGAAATCAACAATTACTTTTGCATCATAGATGGGATATTCGTTTGAATGCTCATTTGACAGAAGGAAAAAAGAATTTGAGTAT
TGATGACGCTCTTGTGAAAGTTTTTGTTGAAGAAATGCACCGACTTCAGGAAAATCGAGGAACCATCAAACAGAAAGAGGCGATC
AAgtgagttgttcatcttgttatttctttttaataatttctcgattccctatatgttcagGAAATGCTACGCGGAATACATGAACACAGTCCCTCACAAAGATCCTCGT
GACATTGGAAAACTGAACGGACGTCTTGAACTTGTTACATTGGCTGCTGAAGATCCCCTTAACGGGATTAAGCTTGCGAAATTCT
TCATAGTTCCAAAATTTCATATTTTCGAGCCAGAACATGCTAGCAAATTGGAGGAAGATCCGGTGAAAAAGACTGCCACACGGCG
ACTCCACGAAGAAATGGAAAAGgttagatgttcttgttttgtcaatttaaatcatatagtgatacttacagGATATCTACGAATTGACCCGTGATGAGGCGCA
TGCTCAAACCAATTTCATGAACTCCATTATTTTATTCTCTCATTACGGAAATAATGTTGTACGAGGAGGTGGCGGATCTGGAGGTG
GAGGCTCTGGAGGAGGTGGATCTAGTAAAGGAGAAGAACTTTTCACTGGAGTTGTCCCAATTCTTGTTGAATTAGATGGTGATG
TTAATGGGCACAAATTTTCTGTCAGTGGAGAGGGTGAAGGTGATGCAACATACGGAAAACTTACCCTTAAATTTATTTGCACTAC
TGGAAAACTACCTGTTCCATGGGTAAGTTTAAACATATATATACTAACTAACCCTGATTATTTAAATTTTCAGCCAACACTTGTCA
CTACTTTCTGTTATGGTGTTCAATGCTTCTCGAGATACCCAGATCATATGAAACGGCATGACTTTTTCAAGAGTGCCATGCCCGA
AGGTTATGTACAGGAAAGAACTATATTTTTCAAAGATGACGGGAACTACAAGACACGTAAGTTTAAACAGTTCGGTACTAACTAA
CCATACATATTTAAATTTTCAGGTGCTGAAGTCAAGTTTGAAGGTGATACCCTTGTTAATAGAATCGAGTTAAAAGGTATTGATTT
TAAAGAAGATGGAAACATTCTTGGACACAAATTGGAATACAACTATAACTCACACAATGTATACATCATGGCAGACAAACAAAAG
AATGGAATCAAAGTTGTAAGTTTAAACATGATTTTACTAACTAACTAATCTGATTTAAATTTTCAGAACTTCAAAATTAGACACAAC
ATTGAAGATGGAAGCGTTCAACTAGCAGACCATTATCAACAAAATACTCCAATTGGCGATGGCCCTGTCCTTTTACCAGACAACC
ATTACCTGTCCACACAATCTGCCCTTTCGAAAGATCCCAACGAAAAGAGAGACCACATGGTCCTTCTTGAGTTTGTAACAGCTG
CTGGGATTACACATGGCATGGATGAACTATACAAATAAtttttttcggaactcgaatgaatgttgttaataagttaattttatttctgctttcagacgttagggctaaccccg
ggacccaaaagtgcatcccagaagtttatcacatgatgcgaatatttttatgattcatgaaaaccttcagaactttggagtcatattatacacgtgataataaaatattcttttgaagaagattttga
ctttgtatggta 

>paml-2(my129[paml-2::wrmScarlet]) I 
ATGCGGAACAAATATATTTTCTCCATGTTTCCTATTATTTTGCTGGTTTTCTTTGGAAAACTAGAAAGTACTGATCGAATGTCAACGA
ATACGATTCCAATTGAACCTTCTACTCCTACAACAACACCTTCTGATATTGTGCTCCgtaagttgtcttagagcaaatattttttcaatacttcaatgttataat
ttaagtttaaaaaaatcggacaatacggctaaacatacatgtaatcttttatctagcagttcctaaaatacaattttttttcctcccaactttcacaagtgtttcagCAGAAAACACTACTAT
GTCCGATATATTAAAAAATACTAAAAGCGGGCAATGTGAAACATTGGAAGAAGTTCTGTGTGGATGTTCGACATGTTCAACATCATG
TCTTGGAACGTCAACGACAGTAGGATCTTCCAAGCGGAGTTCAATTTCCACTGTGACCAAAAATGAAACGTCCACTAGATCATCG
TCATCTACTTCGCAGAGCTTACCAACAAGCAAAAGTTTGGTTTCGAGCACCACATCCAACAAAGATCTTGAAACAACTTCTGCTAC
GATTACGGTCTCATCTAGCTCCATCACCAGCTCCACCAAAGAAATCTCAAGTAGAACAACTGGAAACTCATCTGGAACTTCTGAA
GTCACTTCAACTTTCTCTAAGGTGCCACTGGCTACACAATCCTCTCACTCTACATCCTTGCCGTCAACCCCATCTACTTCAACTCA
ACCAAGTTCAACATCTGCCAAAGGCTCCACAACATCCACTATTGGTGATTTGAACACAACTCGGACATCGACGATTTCAAGCACA
GAAAAgtaatgccaattcagactgaaagctttatgatccagaaattaaatctctgaaattgtagATCTAGCTCAATGTCCCCAACAATCAAAAGCTCATCTCCCT
CCTCACCACCTATGACACCCACAATTAAGATTTCAACACAGAAAGGATTATCTTCTAGCACAGTCAGgtagtgctactgtacactaaacattattt
gagctactgaaacgacagaaaaattgctcgctgaaatttgcgatgccgcaattcaggggtttcagagatttattttccattaattttttcttatgttctcttttattttcagTTTTCCGAGATGTT
TCGTTTTCTATCAAAAATCAACCTACATTTCAACAAGAACTGAGTCAACCACCGTATCACCGACATCATCAAGTACTGCAATACAGG
ATAATACAACATTCTCCACAGCAAAATCCACTGCAACTTCAAGCCAAACTCCAATTCATTCGACTTCAGCAACCCTCGCAAGCAGT
ACCGTAAAATCTTCATCTCCTGCTTCATCAGGATCTACTAGTTCCAGCTCCACCTCACAGCCTTCGACATCGTCAAAAAACACAGA
TTCGTCAACTGCACCTTGGACTGAGCACGCAAAAGCTGAAGATATAATTTCAAGTACTACTACTTCTAAAATAAGTTCATCTTTGTC
ATCTACCCAGTCTACAGCTTCAACTTCAAGCACTCCATATTCCACCTCGTCTTCAGAAACTCCAGATTCTTCTACCACCACGACTG
TGATATCCACCACTAGAGATCCATCTTGTTCGGTGCAATGTCCTGATGGATATGTTGCAGGTGAAACAATGTGCTACTACTTTGCC
GAACTATCTGACATCAAGTCCTATCAATCAGCTCTTTCTTACTGCCAAACAGTCAATCTTCGGAACCTGATCTTTCTTGAGAATCTT
CGAGATCTCAATGATCTTCAAACTCTTCGCTCAAAAAGTTCATCAATTCAATCCACGTCGTTCTATTTTGCAAACGGAGGAGGATC
TGTGCAAGAGCGGCTCAACAAAAAAGCTCAAGTACTTGATATTACCCAATTAACAGCCATGACATCTCCAATTGCAATGACAGTGG
GGATATCTGACACTACGACGAATGTTTCAGCGATATGTGTTCTTCCACgtgggtttctagaaaatttcaacattaacagctgtacctaggtatgtgtttaataatt
gagaaaatttcagAATACTGTAACATATCCAAATGCTACGTGGAAACTGCTCTAAACATCCTCGAACTCAACTCAATTCTCTCTTCATCAA
AAGAAACAATTGATACTACTTCCACTGCAAGgtttaattttatcaaaaattattttataaaaaacaaatttttaaaccaaacattttcagCCTAACATGCTCCTACA
CAAAATCAATTACAACTGTCTCATGTGGAACACGTGGAAATATAATGCCAAGTCCAACAACTATCAGTTGTGCAGgtgaacacaccgagt
gagcatatcacacaattctagtacattttgcagCAGAAGGTGTTGCTCAGAAGCTTGCAAATACAACGTCTGATTTTGTCTCTAGTTGCGCTATGT
GTTTTACTCGTGGAACTGACTTCTGTGAGACAACAGTTGATGCAGATGGAAATTATGCCTATCAATGTCATTGCAAGCCTAAATATT
CTgtaagttatacgtgtactttgcattttttttgtcttgcaaattttctgtggttcaaaaaaaccaaaagtattatacatacatatcagttttttgggttttggagatttttcaaaagtttagaataactaata
agtgttgcaaaaatcgtcaacagataaatcgttaaccataaatgtttctaaatttttccagtttacaaataattacctgctccgtttcaaaaaaaaaaggtggagcggctgacatgttacgagct
aatttttgacgatttctcttgaaacggtccagtgacaaaactgaacccgcaagacgtcagccgctccaactttttccggagtggaggcgataaccatttgataactgcaaaaatataggcaaa
gttttgagcaatagtttgttagttgaagcctttttgcaaaatttattagtttttgagttacgttcaattgaaaagtgtgacaccaaaacgcatttactattggcagacactgtagctgttgttttcaaagttt
aacgaattacatcaactatttagtattttcaagataaaaaagaagctatttttggtaactgttcaatgtttcagATGAGCACCTGCTGGTACACTCCTGATGCTTGCACT
CCAACTACATGTAATGGTCATGGAAAGTGTTATGATTACGTAGAAGATGTGAAATGTGACTGTTACTGGGGATACGAGGGCGAACA
TTGTGAAGTGAATAAGGATCGAGTCACAAATACAACTGACTCATTTTTCACTCGTTTTGGAAATTATATTTTCGATTCTCCGACTATC
AATTCTCTCGTGTCCTGTTCTTCGACAGTGCTCCTGATCGGTGTTAAATCTGTTGGAAAAATTTACTTGTCGAATGGAGAAGATgtat
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gggataatttaatctatgttattttaccaagactaagttcagGATCCACAAGAAACTCATCAAACGGCTCGATCATTTTTATTGACTCTCGGCACATCCTG
CGTACTCTTTTTCAACGATCCGTATATGTTCAAAATCTCACAAGCCACGTGTCGGATGTTCTTTATCGTTATACATTTTTGTTTCATT
GGAGgtaacttttcttgtgaaggttggaggtgtactgtgggattactgtacagggtgcggtaaaagttcataatgatatttcgatgaaatattgatgggtcgaagattctgtttttttcctgaaaatc
gaaaaatctattcatttttttcaaattattttcaaaaagtaatagaaaatgttttgtttgttgtttgttgactttacaaattttttatttttgaaaaattttggagcaattatttttgtaaatttttctcttgtgattttcg
aaaaaaatctaaaatttcatttttttttttcggaaacgtttcaattttgaaaaatttccaatttttttttcggtgttctacgaaacctaacaaaaaaccacaaaaaattccagCAATGATCCAGT
GGATGCTAGAAGGATATAATGCAAATCAAGTGGTTCGATGTGTTCATCTAAATGAATGGGAACGAGATTTTGAATGTAGAAGAGCA
TGGGGTATAATGGTTGCTCCACGAATGGTTGTACCATTGCTTTTATTGGCAGTAGCACTGGGTGTCCTTTTTCAATCAAgtaagattttta
gaggctttctccaaatttcaataattgataacagACTGGAATCAACTTCCTTCAACATGGACATGCGTTGGTGTGATTTGCAATGAAACAACTTCAG
TTTGGTTATCAGCAATATGGATTGTTCTTTGTATTGTTGTCTCTACGGCAACATTTGCAGAATCCAGTGTTTTAATCAAAAAgtaaaaaa
aaagtgaactatattaatgcacctagaactttaacaaacacagttattgttgccgttggctttatgtgaaatgtttggttgaatacggtgaaataaattagaaaatcatatttatagctaaacaatat
ctcggtttggcttctagttttatcaaaaattggtatctgaaacttgtttgaagctgaaaaaataatcctaattttcggcgaaaaattggaagctttgatatgaaatttcacatatgaaagcatggaca
accatatataatttcagTCGCCGTCCCTTGTACAATCTGAAAATTCGACAACGAATCGAACATAAGGAGGGAGTCATTGATGGTTGGGTTG
CCGAAAAGTGCCGAAGAAATACAGTTTTATGTTTTATTGGAGTTTCTCTTCTGTCTGCAACGTGGCTCCTGACCATTCTAGCCGCG
GATAAACGGAGCAAAGGAATTTATGGATGgtgaggttccaatgaattcaattctcaaaagtcaatatttcagGGTTCTCACACTCGTGGGAATCATTTAT
GGAGTATTCAGTTTTGTCCAAGGACTCTACACGGATCCAAATgtaagttgttccagactcttttgtctctacactcaggtttgagtcgccttgaaggtgtaggtaggc
aagtaggcatgctcaggtcacctagaatgtaagcaggaagaccggcgtaggtcgtgttagcaaacaaagatagatcgcctggaaggcatatttgcgcaaaacggcattgatcgccttgta
ggcaggcgtaccttgtaggcaggcgtagtacatacgtcgagtagaacatagtcatgaaatccctaaatgatactataccattatttagTGTTGGTCCTCTATTCTATGGCTCG
CGATGAAAAAGTTTCCTGCTCGATTTGCTCCATCCTATGATCCGATTTCCATGTGGACTCGTGAGGAAGTGAAAGAAATTCAAAAG
CTTCCAAAAGAACAACAAGAAATAATGAAACAACAAATGCTTCCATTGAATAAAAGATTATTCCTACATCACAAATGGGATTTGATTC
TCAATCAGAAATTGGAAGCAGGACTGGATGTCTCTGCTGGTTTACTGGAAATTCTGCGAACTGAGATAAAGAAGCATCATGATTTG
GCTGGAACTCAATTTCAAAAAGAACAACTCCAAGAAACATTTGCGGAATTTGTGAAATCAGTCGCTGAACGACCACCAAGAAATG
ATTTATTGGGAACCAATGCAAAGAGTGAAGTTGTGACTCTATGTGCAGAAAAAGAGGATGGAACTGCAAGAGTGACCAAATTTAT
GCTAGTCCCCGGAATCGATGTTTTCAAACCAGAAGAGTACTATGATGATGCTGATGATATTGACAGAAAGAGATTTAATAATGAAAT
TGATAAGgtattatattttcgtagcctgaagggtatttcctttgaagctagagttttgaaaagaaacccagtactttcaattttgaaaagtcaatcagaataattttaggtcatatttccatcaaaa
tgtattattgtaaaattgacgagtctcaaattaaaactaaacaataccaaaacgaaaacaaattttagGAAACCTACAAAATTGCAAGAGAAGAAGCAACGTCTCA
AAACAACTTTATGAATTCGGCCATCAAATTCAAgtaaacttactcttaaattaaaactttaatacatcttttagGTACTACGGAAAAATCAAAAGAGGAGG
TGGCGGATCTGGAGGTGGAGGCTCTGGAGGAGGTGGATCTGTCAGCAAGGGAGAGGCAGTTATCAAGGAGTTCATGCGTTTCA
AGGTCCACATGGAGGGATCCATGAACGGACACGAGTTCGAGATCGAGGGAGAGGGAGAGGGACGTCCATACGAGGGAACCCA
AACCGCCAAGCTCAAGGTCACCAAGGGAGGACCACTCCCATTCTCCTGGGACATCCTCTCCCCACAATTCATGTACGGATCCCG
TGCCTTCATCAAGCACCCAGCCGACATCCCAGACTACTACAAGCAATCCTTCCCAGAGGGATTCAAGTGGGAGCGTGTCATGAA
CTTCGAGGACGGAGGAGCCGTCACCGTCACCCAAGACACCTCCCTCGAGGACGGAACCCTCATCTACAAGGTCAAGCTCCGT
GGAACCAACTTCCCACCAGACGGACCAGTCATGCAAAAGAAGACCATGGGATGGGAGGCCTCCACCGAGCGTCTCTACCCAGA
GGACGGAGTCCTCAAGGGAGACATCAAGATGGCCCTCCGTCTCAAGGACGGAGGACGTTACCTCGCCGACTTCAAGACCACCT
ACAAGGCCAAGAAGCCAGTCCAAATGCCAGGAGCCTACAACGTCGACCGTAAGCTCGACATCACCTCCCACAACGAGGACTAC
ACCGTCGTCGAGCAATACGAGCGTTCCGAGGGACGTCACTCCACCGGAGGAATGGACGAGCTCTACAAGTGActtctaagtcatggatt
aattgtgatctttatttgaaacatgaaatgaagcatcttgttaacataacatagtattattttgttggcaggcagaatatttcggaattcctgaaaaatctgttttttgtagactattgcggataagaga
attttgatcccttgttaaatgtactttcctccaatctgaaactagcgatattcttatacatataaaactttcgtacgccttcgtttagaatatggagcagtagtgttttctcttccaaaatcaattgatgaa
aaatcgaaatatcatggaacgtaatgaacagaagcgaaataattgacaacatcgatattatcggaatgatgactaagtgtattttaaaagattttgattttttggagcactacaagactcaaac
ctaatctaaaaataaccag 

>cwp-5(my124[cwp-5::gfp]) X 
ATGCGAATTTCGATGCTCTCCTTGTTTTTGCTCACTTTTAAAGgttagtttaaacatttcagtaactatttaaaaaatcacttcaaagttttagagt
gtgtttctgttcatagatacagtaaacctaaagtacagtgtttaaaatatattttagaaaaccctacaatttccatcagttcaaaaaaataatgaaa
ctttattctgattgtggttgaaactttacatcaagtgagaaagtgacatgcttttagtgaaatttagtaggactatcatttgtcggactatactatt
ttacggtactcaaccgtacttcagaatataaaacaaaaagtatgaaaagttcagaacgtacgcatagtaattgagatatacgtgcagtaattccttc
taccgtattgtttaaatagacaatacgttttcttcgactacatctttactagaacttctcactatgttgctgtttccttgtatacttagttatcgca
aaattattctgcagcttgctttaaaaccttttttattagacgttagtgtctaaacttatcagttcactatttcaaaattcattcaagccgtgtctga
tctaatcgtattttttctcacataggcatgtgttttgtagcgtataatatatcttattgtaatttgtattccaataagctacaactcaccgattttc
gacaattttgtttgctctcaattgtcgattttagcagtttgaagatgaaaaatgagaaaagactagcgttggacacaccattgctaattgaaaaacg
gagtttcgggtaaaggcgcgaaactctgataaggggggaggtggagactttcgaaggcaataactagagtaaatgtacacatgtggactcgccaaat
acataataacgtgaatatgaagaatgtcaataaatgtaaacgcgaaaattacagtaagatttactttatagaagggtcaaagtctaaccactaaact
atgtaaatttttgaaaaccgttttccataatatgaattttaaaaggaggtatagtcgcggctagtcacaagtagggtgctgagctagtgggaattct
gtcgaaatatactaaaaatgagtaaaaactgttttgccttttttagcatgttgccaagttttgaaatttttcaaactttaagctattttactacaaa
agtagaatttttcaattaattttaataattatacgataaaacatttcttgttcaaaaaaactgaaaattaattaaaattcagaacaattcaatttca
tgagttaatcaatgttattttaaaatttctttccggaaatttgtatatttttgtgacaataatattttaagtaatgaaaaaaaaccttgcaaaacct
tagtgattttatttttgctttgtttctttttagtacggatattttgaaaactagaaagtaatcaataatgatatctttgctcgaaaagcgttcacct
ttttccaatggacacctgcttttaggcgctttctaaaacgagcacatgccaccatggactggaaagaaagcgaggtaaaaatttcatgcgattaagc
tattcggagccatacattttgtaagactaatgacgtaccactcaaaatgtatttcatttaatattttaaattcaaacagcagcttgaaaatgtttta
tgcctattatgaaaacaatccaagttgtttcaatctcagttagacaataatatgtatttaaatttaattcacgcaaatatttgaaaaattatgttta
tgtaagtagaacagaaatgataacatacatttttaaaactaatggcgcaaaaaatttagcataaatctttcaaatgagaaaagtttaaaacaaaacg
ttattttacttaatgtatttcgatttttatgcagtttttcacgttattctattttcttgcaaattacttaatcaaacaccaactagtaaaaaagttt
tctctataattaaacaatcttacggtattatcagtgccttttttgttacaaaagttgcgtgtctttaacacgactggttaccgtagtaccttggcac
gaaaatctatcggaaataccaaaaactaataaaatataagtattaactattaggaaatcacgtgatgacaagtgaaaaacttggaatactgacatca
agttttgcattccacataaggaagtgaaaacgatattgatggggttagggtacatatcactaaaatgagtatgctgtaaaatgttagttcaaaaaat
tttaaaatatggaacaagttaaactaggcacagatgcattctagacaatgcgagaagcagaaagcgactgccagaagtcgaaaaatcggtttttctc

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted April 18, 2024. ; https://doi.org/10.1101/2024.04.17.588758doi: bioRxiv preprint 

https://doi.org/10.1101/2024.04.17.588758
http://creativecommons.org/licenses/by-nc-nd/4.0/


29 
 

cacgcggtagtatttaatcaagaaaaagcttggcatgcttcagaatcagagaaaaaggcgaagaaaaatgagaaaaaaaaacgaaaagcagagagaa
attaaagtcaggtgccccaaatcctggttggaggtggcgagggtggaggtgggagtggtttttgtgtccaatttcataatttttcgagcaattttct
tttgatatggcctactctattttatatctatttgctctcatttttgtgtcagctgttgttatgagaattaccctggaaaaaatatattaaaaagtta
aaaagatcgtgggaaattgaggtaaatgtgaaagctttattgggtcgttgaatgtttttctaaggcttttcaaaattttgatctgaaaagaaataat
tatcattgattttaaaatggcttttgattccctgagttattaattttttttggaaatagaatgaggatcttatgtgcattcccaatacaagagggtg
tgtgaaaaataatgtgatttgaggttgaaaattgtgctttcacacaaatttctgaaaatgtgcgattaaaaaatgtgagttgttactactcttcaac
attcaaattgagtttcgaaatacgtgtttcataaattttgccggaaaaaatgcatacattgtaacttacatagaacaaaaacttggaaatttagaaa
gttcaatgtgcatgtatgtaagtttgtaaaaccagtttcgtacgctgagtgttacgtactttaaaaacaatatttcacgttgcaaaattttaagtct
ctgcacactttacgaccaatactattttgagaaaagtaattgacaaggtgcttgtgttttacaacttctctttttgaaaatagattaaacgcaaaca
aataatttataaatgctttaatataggttcaaataaaaataggtattttcctaaacttgatagttctggaatgattatcacgtttctaattaaagat
aaaatgttaattcaaaatgtaggctgattttctttacgtattacaatctttattgaacattgaacatgctatatttgcttctgatttcaaaaaactc
attcaataattataaattataaaaattagcacaaaactttgtctagacaacgttgcaaaattgacaactttgttcaagaacactttcaatcaatttc
ctagtaaaaggacagctgttcatcacatcgaaaatcaaatttgcagCGGCTGGAGCAACTTGTCCGTGCTCCGGAATAACAGTTAACGGAACTGATC
AGGAGCACTGCTGGCAAATCCAATCGAGATCTGAAGCCACTTGGGGATCTGCCGATGACGCCTGTGTGGCTGTTGGCGGACATCTTGGACATCCATT
GGATATCAACTACGAAGAAATTTTGAACTATGTTCAAAAACAATCAAGTTTGCCTGTTCTAACCGGAATTGTGGCTGGAAATACAGAGATACCTATA
TATGGAGCAATTTGTCAGAGCAACAATTTTTATGAGGTCGTCGCCAATACAACAGGGTTTTCCAATgtaaggacaagttgttgaaaattcaacaaaa
acaacttcaaaacatatgtttatttaattttagggattattatgttttaaaaaccaaaaaatctaatatggtatacaaaatttcaagtagcaacacc
aaacttttagataatgtttctatgtacgcgggggaagaacattaaccgttcgaatttaattcttaaaattcacaattccgatttctagatttttttg
ccaaaaataaaactaacaagtcgatttgattatgaaaatacacaagctccaggtgttttaccctctgtaaacacttgcaacaaaccagaacatcatg
tgactttgtttcgatttttctcaaaattcaatcaaacttctattccaattttggtttaacatctctcaaagttttgttgctactatggtgaagaatt
tgctttctgtcaggcctgcgcaatttaatatttaatgtgaaaaagacatggtactttcatatgttttctttattcgttatgaagctgttgcagACGC
CAACTTCAACTACTACCTGTGCGTACATCAAAACTTCTTCCAGCGGCCTTGTTTTCGATTCTTGCTCTATCGATGCTAATGTTCTTTGTGATAGACg
taagacaatttaattttttcaaactgactctttataaaaaagataattatttacagCACTGCAAAAACAGGATTACTGTAGCATCATCGCCAACTGC
TCTAGCACAACAACTTTCCTATCCACCACCACTCCAGTCTCTTCAACAACTTCTAACATTTCATTAACGTCATCATCAACGCAATCCTATTCGTCAT
CAACTGCAGGTGCAACTTCTTCACTTTTCACCATAAAAGTTACTCAATCAACCACAGCCGCAGGCAATGGACAAGGGGGATCTGGTTCCGGATCGGC
AACAACTACTTGCAAGTGTTCAGCAGGTGATGTATCCGCCACTACAGCGGCTAGTGCTTGCTCCGAGAAGTCTGGATGCTTGAAGAATCAATGGAAG
ATCTTTGGAATGTGCGTCGATTGGAGAGCCATGCTGGCTTTGTTGCTCATCGGACTTCTCCTGTTTTTGTGCTGCTGTATTTGTCACTGTTGTATGC
ATGCATGTATGTTCTGCACTCCCGGTAAACGCGAGAAAGAgtaagtacagatgatgccatgaaaaaatacccgaaaaaattatctgaaaaaaaaaat
gtaattgtaaaactaactttttaaatacacacagggaccatgaaatggtactaattttttattgtttcatAATACGCGATCCCATTCTTCCAAACCG
TTCTGTTGTTGCTCCAATCCCTATTGTGGCTCCTGGAAAAATGGACTACGATGTTGAGAAATCAGAGGCCGTAATTCTTCCACCACCGGCAATTCAG
CCAGAACCAGgtgaattagtttcagaatttttttttaatcttcaacaatttggcattttcataaaatagtatactaactgatttcctgtactgtagc
agagtttacactctgtgttaaaaagaaaatactaaacttaacaatttcagTGTACATAACTGTGCCAGAGAAGCACGAATCGGTTTATGGATTCCAT
ACAAAGGAGATCATCCACGTCATGCCAGAAAAACCAACCACTCGTGAAATAGgtagtttgggaaaaaaataaataaacattacagtcttatgcactt
ttctgagttccgttagttattctccatatcagatatcagtatccatatcagaagtcgttagggctaccatcttcactttatttcagtatagtgataa
tttttgcatttcagttattcagatctacaataaaaaaatatttgatttttagGAACCATGACCGATCCTATGGATACTGAGCTTTCGACTATTATGC
CGGTCCCGGTTGCGGCCCCAGTGATGAAACGCAAGAAGGTTGTCAAAAAACCAAAAAAGATGTTCATCCCAGCTACTGAGGATCCAATCGAGGAAGA
TCTTGCTGCCGATATCCCGATTGAAATGCCAGAGAGCCCTGGCGCACGCTCTGTTGCTCCCCTAGGTGACGTCGTTGAGCCAGCTCCTATGATCCCT
CTAAATTTCTCTCGAAATCCGAAGCCAATGATGCCGGAGCCACAATCGCATGATGACATTCCGTTGCCAGTCAACAAAAGCCGAAACACTGTGCCTC
CTCCAGTAATGCAGCAGAAGCCGAACAATGCTTCGAATAATGAGGAGTTTGATCCATCTGGATTAAGgttcgttaatgatattcttatagtttgaag
aagccctgtgataatcttgaacacttaaagATCACCACCAATCCCAGCTGGAAAACCAAATAATGGAACCCCAAAAAGAATGACgtgagacacacta
atttgtgtttaacaattctgacatttttttgacccttgtgttgtttccttgcagATTCTCCCCAATTGCTGATGAGTCTGAGGAAGAAAATGGAGCA
CGGATTCCGTCACCACCGCGTGAGCGAAGAGCGTCGGGTGGAAGgtattttgaattctgacgacaattgtagaatttaattttttagACCAGGAAAC
AATGACGGACCGAATCTGTCTCCAAATGCAGCTTTAGATCCTCATCCAACATTGAAGAATCAgtatgtcattgaacaattctttaacacaagactag
gaaccgtcaaaaataaaacttccagACGGCTCAACGAAATGCCATCGCCAACCCCTGCGAATGCACCTGTTCCTTCAAAATCTCCGGTTTCTGGGGC
ATCGAACAATCCTTTTGCAAACCTTGGGGGGCCGTCTCCTGCTCCAGCAGCTGATGGTGCTGGAAGAGCTCCACAAGATGATGTTGGAATGAGAGCT
GCCAGGGGAAGACTTGGAGGGgtacgagatatgagttgacttgaatgccaaagtgtttgcaaatttttttatttctggttaacggaggactatcggc
ttctggtactttgaaaagataaacttaaaataagattgaacaaaggcattttgtaacatcttttaaggaaacttcaagacctgaaattagcagtctg
aatatataaattcgatgttttttttaaagcacacgacaatgtagatcattcaattcaacaaaaacgcatcggttgttgaaaattgtacagtaccagg
ctatcaaatctcaaacaaccgagaatcgctcattagccaaaaaaatagtaggaagcttttaaacacatataatttattttactgctagaaagttttt
gctattgttttttttagcatttttttaacgacaaaaatttgtctttgtagtagcaataatgatggcataatcataaagctaaaaactctttcaaaaa
tttattctatgatattgaccatttttgcactgttaatttaattgtgcgcattgcttttaatagccctgctcaatttttaagctcacctgaatacgct
gaaataaattttaatacaacacattttcattatgccatttaatagagcacaaatatgtatgtgacttatccatttttttaaaatcaccctaattggt
gtcttatcgacttttacgtctcatacccctaatcttgttctttttacagGCGGTCCGTGGCGGTGGAGGTGGTGGTGAAGCTCCAAACGGCTGGAAA
CCGTGGGCTAAGGGTGGCGCGCGTCGTGGAGGTGGCGGATCTGGAGGTGGAGGCTCTGGAGGAGGTGGATCTAGTAAAGGAGAAGAACTTTTCACTGGAGT
TGTCCCAATTCTTGTTGAATTAGATGGTGATGTTAATGGGCACAAATTTTCTGTCAGTGGAGAGGGTGAAGGTGATGCAACATACGGAAAACTTACCCTTAAATTTAT
TTGCACTACTGGAAAACTACCTGTTCCATGGGTAAGTTTAAACATATATATACTAACTAACCCTGATTATTTAAATTTTCAGCCAACACTTGTCACTACTTTCTGTTATGG
TGTTCAATGCTTCTCGAGATACCCAGATCATATGAAACGGCATGACTTTTTCAAGAGTGCCATGCCCGAAGGTTATGTACAGGAAAGAACTATATTTTTCAAAGATGA
CGGGAACTACAAGACACGTAAGTTTAAACAGTTCGGTACTAACTAACCATACATATTTAAATTTTCAGGTGCTGAAGTCAAGTTTGAAGGTGATACCCTTGTTAATAG
AATCGAGTTAAAAGGTATTGATTTTAAAGAAGATGGAAACATTCTTGGACACAAATTGGAATACAACTATAACTCACACAATGTATACATCATGGCAGACAAACAAAA
GAATGGAATCAAAGTTGTAAGTTTAAACATGATTTTACTAACTAACTAATCTGATTTAAATTTTCAGAACTTCAAAATTAGACACAACATTGAAGATGGAAGCGTTCA
ACTAGCAGACCATTATCAACAAAATACTCCAATTGGCGATGGCCCTGTCCTTTTACCAGACAACCATTACCTGTCCACACAATCTGCCCTTTCGAAAGATCCCAACGA
AAAGAGAGACCACATGGTCCTTCTTGAGTTTGTAACAGCTGCTGGGATTACACATGGCATGGATGAACTATACAAATAAgccgaaactatttctgttactttct
gggaatctgtatgggattagcatttgggatggattttcgtaattgctagttaaatgtctttttttatttcaaccttctatacaactttctaatattc
tagaaatattctctgcttaatcttgtaatattaatcttcatctttacaattttacattctgttcaaatgatgcattgaaccttagaattctttgctg
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catatgttgcctagggacacggctttttttttggtcggtttcgcagaaactcgctaatctgcaatacaaccaatcccttttcatctcaccctttaaa
gtttttatgcgaataaagactttttgttaacaa 

>paml-2 (my155[323early stop]) I (blue is a complex subs/tu/on that introduces a frameshi6) 
ATGCGGAACAAATATATTTTCTCCATGTTTCCTATTATTTTGCTGGTTTTCTTTGGAAAACTAGAAAGTACTGATCGAATGTCAACGAATACGATTC
CAATTGAACCTTCTACTCCTACAACAACACCTTCTGATATTGTGCTCCgtaagttgtcttagagcaaatattttttcaatacttcaatgttataatt
taagtttaaaaaaatcggacaatacggctaaacatacatgtaatcttttatctagcagttcctaaaatacaattttttttcctcccaactttcacaa
gtgtttcagCAGAAAACACTACTATGTCCGATATATTAAAAAATACTAAAAGCGGGCAATGTGAAACATTGGAAGAAGTTCTGTGTGGATGTTCGAC
ATGTTCAACATCATGTCTTGGAACGTCAACGACAGTAGGATCTTCCAAGCGGAGTTCAATTTCCACTGTGACCAAAAATGAAACGTCCACTAGATCA
TCGTCATCTACTTCGCAGAGCTTACCAACAAGCAAAAGTTTGGTTTCGAGCACCACATCCAACAAAGATCTTGAAACAACTTCTGCTACGATTACGG
TCTCATCTAGCTCCATCACCAGCTCCACCAAAGAAATCTCAAGTAGAACAACTGGAAACTCATCTGGAACTTCTGAAGTCACTTCAACTTTCTCTAA
GGTGCCACTGGCTACACAATCCTCTCACTCTACATCCTTGCCGTCAACCCCATCTACTTCAACTCAACCAAGTTCAACATCTGCCAAAGGCTCCACA
ACATCCACTATTGGTGATTTGAACACAACTCGGACATCGACGATTTCAAGCACAGAAAAgtaatgccaattcagactgaaagctttatgatccagaa
attaaatctctgaaattgtagATCTAGCTCAATGTCCCCAACAATCAAAAGCTCATCTCCCTCCTCACCACCTATGACACCCACAATTAAGATTTCA
ACACAGAAAGGATTATCTTCTAGCACAGTCAGgtagtgctactgtacactaaacattatttgagctactgaaacgacagaaaaattgctcgctgaaa
tttgcgatgccgcaattcaggggtttcagagatttattttccattaattttttcttatgttctcttttattttcagTTTTCCGAGATGTTTCGTTTT
CTATCAAAAATCAACCTACATTTCAACAAGAACTGAGTCAACCACCGTATCACCGACATCATCAAGTACTGCAATACAGGATAATACAACATTCTCC
ACAGCAAAATCCACTGCAACTTCAAGCCAAACTCCAATTCATTCGACTTCAGCAACCCTCGAACGATCGAGGATCTACTTTGTCATCTACCCAGTCTA
CAGCTTCAACTTCAAGCACTCCATATTCCACCTCGTCTTCAGAAACTCCAGATTCTTCTACCACCACGACTGTGATATCCACCACTAGAGATCCATC
TTGTTCGGTGCAATGTCCTGATGGATATGTTGCAGGTGAAACAATGTGCTACTACTTTGCCGAACTATCTGACATCAAGTCCTATCAATCAGCTCTT
TCTTACTGCCAAACAGTCAATCTTCGGAACCTGATCTTTCTTGAGAATCTTCGAGATCTCAATGATCTTCAAACTCTTCGCTCAAAAAGTTCATCAA
TTCAATCCACGTCGTTCTATTTTGCAAACGGAGGAGGATCTGTGCAAGAGCGGCTCAACAAAAAAGCTCAAGTACTTGATATTACCCAATTAACAGC
CATGACATCTCCAATTGCAATGACAGTGGGGATATCTGACACTACGACGAATGTTTCAGCGATATGTGTTCTTCCACgtgggtttctagaaaatttc
aacattaacagctgtacctaggtatgtgtttaataattgagaaaatttcagAATACTGTAACATATCCAAATGCTACGTGGAAACTGCTCTAAACAT
CCTCGAACTCAACTCAATTCTCTCTTCATCAAAAGAAACAATTGATACTACTTCCACTGCAAGgtttaattttatcaaaaattattttataaaaaac
aaatttttaaaccaaacattttcagCCTAACATGCTCCTACACAAAATCAATTACAACTGTCTCATGTGGAACACGTGGAAATATAATGCCAAGTCC
AACAACTATCAGTTGTGCAGgtgaacacaccgagtgagcatatcacacaattctagtacattttgcagCAGAAGGTGTTGCTCAGAAGCTTGCAAAT
ACAACGTCTGATTTTGTCTCTAGTTGCGCTATGTGTTTTACTCGTGGAACTGACTTCTGTGAGACAACAGTTGATGCAGATGGAAATTATGCCTATC
AATGTCATTGCAAGCCTAAATATTCTgtaagttatacgtgtactttgcattttttttgtcttgcaaattttctgtggttcaaaaaaaccaaaagtat
tatacatacatatcagttttttgggttttggagatttttcaaaagtttagaataactaataagtgttgcaaaaatcgtcaacagataaatcgttaac
cataaatgtttctaaatttttccagtttacaaataattacctgctccgtttcaaaaaaaaaaggtggagcggctgacatgttacgagctaatttttg
acgatttctcttgaaacggtccagtgacaaaactgaacccgcaagacgtcagccgctccaactttttccggagtggaggcgataaccatttgataac
tgcaaaaatataggcaaagttttgagcaatagtttgttagttgaagcctttttgcaaaatttattagtttttgagttacgttcaattgaaaagtgtg
acaccaaaacgcatttactattggcagacactgtagctgttgttttcaaagtttaacgaattacatcaactatttagtattttcaagataaaaaaga
agctatttttggtaactgttcaatgtttcagATGAGCACCTGCTGGTACACTCCTGATGCTTGCACTCCAACTACATGTAATGGTCATGGAAAGTGT
TATGATTACGTAGAAGATGTGAAATGTGACTGTTACTGGGGATACGAGGGCGAACATTGTGAAGTGAATAAGGATCGAGTCACAAATACAACTGACT
CATTTTTCACTCGTTTTGGAAATTATATTTTCGATTCTCCGACTATCAATTCTCTCGTGTCCTGTTCTTCGACAGTGCTCCTGATCGGTGTTAAATC
TGTTGGAAAAATTTACTTGTCGAATGGAGAAGATgtatgggataatttaatctatgttattttaccaagactaagttcagGATCCACAAGAAACTCA
TCAAACGGCTCGATCATTTTTATTGACTCTCGGCACATCCTGCGTACTCTTTTTCAACGATCCGTATATGTTCAAAATCTCACAAGCCACGTGTCGG
ATGTTCTTTATCGTTATACATTTTTGTTTCATTGGAGgtaacttttcttgtgaaggttggaggtgtactgtgggattactgtacagggtgcggtaaa
agttcataatgatatttcgatgaaatattgatgggtcgaagattctgtttttttcctgaaaatcgaaaaatctattcatttttttcaaattattttc
aaaaagtaatagaaaatgttttgtttgttgtttgttgactttacaaattttttatttttgaaaaattttggagcaattatttttgtaaatttttctc
ttgtgattttcgaaaaaaatctaaaatttcatttttttttttcggaaacgtttcaattttgaaaaatttccaatttttttttcggtgttctacgaaa
cctaacaaaaaaccacaaaaaattccagCAATGATCCAGTGGATGCTAGAAGGATATAATGCAAATCAAGTGGTTCGATGTGTTCATCTAAATGAAT
GGGAACGAGATTTTGAATGTAGAAGAGCATGGGGTATAATGGTTGCTCCACGAATGGTTGTACCATTGCTTTTATTGGCAGTAGCACTGGGTGTCCT
TTTTCAATCAAgtaagatttttagaggctttctccaaatttcaataattgataacagACTGGAATCAACTTCCTTCAACATGGACATGCGTTGGTGT
GATTTGCAATGAAACAACTTCAGTTTGGTTATCAGCAATATGGATTGTTCTTTGTATTGTTGTCTCTACGGCAACATTTGCAGAATCCAGTGTTTTA
ATCAAAAAgtaaaaaaaaagtgaactatattaatgcacctagaactttaacaaacacagttattgttgccgttggctttatgtgaaatgtttggttg
aatacggtgaaataaattagaaaatcatatttatagctaaacaatatctcggtttggcttctagttttatcaaaaattggtatctgaaacttgtttg
aagctgaaaaaataatcctaattttcggcgaaaaattggaagctttgatatgaaatttcacatatgaaagcatggacaaccatatataatttcagTC
GCCGTCCCTTGTACAATCTGAAAATTCGACAACGAATCGAACATAAGGAGGGAGTCATTGATGGTTGGGTTGCCGAAAAGTGCCGAAGAAATACAGT
TTTATGTTTTATTGGAGTTTCTCTTCTGTCTGCAACGTGGCTCCTGACCATTCTAGCCGCGGATAAACGGAGCAAAGGAATTTATGGATGgtgaggt
tccaatgaattcaattctcaaaagtcaatatttcagGGTTCTCACACTCGTGGGAATCATTTATGGAGTATTCAGTTTTGTCCAAGGACTCTACACG
GATCCAAATgtaagttgttccagactcttttgtctctacactcaggtttgagtcgccttgaaggtgtaggtaggcaagtaggcatgctcaggtcacc
tagaatgtaagcaggaagaccggcgtaggtcgtgttagcaaacaaagatagatcgcctggaaggcatatttgcgcaaaacggcattgatcgccttgt
aggcaggcgtaccttgtaggcaggcgtagtacatacgtcgagtagaacatagtcatgaaatccctaaatgatactataccattatttagTGTTGGTC
CTCTATTCTATGGCTCGCGATGAAAAAGTTTCCTGCTCGATTTGCTCCATCCTATGATCCGATTTCCATGTGGACTCGTGAGGAAGTGAAAGAAATT
CAAAAGCTTCCAAAAGAACAACAAGAAATAATGAAACAACAAATGCTTCCATTGAATAAAAGATTATTCCTACATCACAAATGGGATTTGATTCTCA
ATCAGAAATTGGAAGCAGGACTGGATGTCTCTGCTGGTTTACTGGAAATTCTGCGAACTGAGATAAAGAAGCATCATGATTTGGCTGGAACTCAATT
TCAAAAAGAACAACTCCAAGAAACATTTGCGGAATTTGTGAAATCAGTCGCTGAACGACCACCAAGAAATGATTTATTGGGAACCAATGCAAAGAGT
GAAGTTGTGACTCTATGTGCAGAAAAAGAGGATGGAACTGCAAGAGTGACCAAATTTATGCTAGTCCCCGGAATCGATGTTTTCAAACCAGAAGAGT
ACTATGATGATGCTGATGATATTGACAGAAAGAGATTTAATAATGAAATTGATAAGgtattatattttcgtagcctgaagggtatttcctttgaagc
tagagttttgaaaagaaacccagtactttcaattttgaaaagtcaatcagaataattttaggtcatatttccatcaaaatgtattattgtaaaattg
acgagtctcaaattaaaactaaacaataccaaaacgaaaacaaattttagGAAACCTACAAAATTGCAAGAGAAGAAGCAACGTCTCAAAACAACTT
TATGAATTCGGCCATCAAATTCAAgtaaacttactcttaaattaaaactttaatacatcttttagGTACTACGGAAAAATCAAAAGATGA 

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted April 18, 2024. ; https://doi.org/10.1101/2024.04.17.588758doi: bioRxiv preprint 

https://doi.org/10.1101/2024.04.17.588758
http://creativecommons.org/licenses/by-nc-nd/4.0/


31 
 

 

>anAGFPnanobody::wrmScarlet::TurboID 
ATGGTGCAGCTCGTAGAGAGTGGAGGAGCGCTTGTGCAACCGGGCGGTTCCCTCAGATTGTCATGCGCCGCCAGTGGATTCCC
GGTCAACAGATACTCTATGCGATGGTACCGTCAGGCCCCTGGCAAGGAGCGAGAGTGGGTGGCCGGAATGTCATCCGCAGGAG
ACCGTTCAAGTTACGAAGATTCTGTCAAGGGAAGATTCACAATAAGTCGTGACGACGCAAGAAACACAGTGTATCTGCAAATGAA
CTCTCTTAAACCTGAAGACACTGCCGTTTATTACTGCAACGTGAACGTTGGTTTTGAATACTGGGGTCAGGGAACGCAAGTAACC
GTATCGAGCGGCGGTGGCGGATCAGGAGGCGGAGGCTCTGGAGGCGGTGGATCAGTCAGCAAGGGAGAGGCAGTTATCAAG
GAGTTCATGCGTTTCAAGGTCCACATGGAGGGATCCATGAACGGACACGAGTTCGAGATCGAGGGAGAGGGAGAGGGACGTC
CATACGAGGGAACCCAAACCGCCAAGCTCAAGGTCACCAAGGGAGGACCACTCCCATTCTCCTGGGACATCCTCTCCCCACAA
TTCATGTACGGATCCCGTGCCTTCATCAAGCACCCAGCCGACATCCCAGACTACTACAAGCAATCCTTCCCAGAGGGATTCAAGT
GGGAGCGTGTCATGAACTTCGAGGACGGAGGAGCCGTCACCGTCACCCAAGACACCTCCCTCGAGGACGGAACCCTCATCTA
CAAGGTCAAGCTCCGTGGAACCAACTTCCCACCAGACGGACCAGTCATGCAAAAGAAGACCATGGGATGGGAGGCCTCCACCG
AGCGTCTCTACCCAGAGGACGGAGTCCTCAAGGGAGACATCAAGATGGCCCTCCGTCTCAAGGACGGAGGACGTTACCTCGCC
GACTTCAAGACCACCTACAAGGCCAAGAAGCCAGTCCAAATGCCAGGAGCCTACAACGTCGACCGTAAGCTCGACATCACCTCC
CACAACGAGGACTACACCGTCGTCGAGCAATACGAGCGTTCCGAGGGACGTCACTCCACCGGAGGAATGGACGAGCTCTACAA
GGGTGGCGGAGGCTCTGGAGGCGGTGGCTCAGGAGGCGGAGGTTCCAAGGATAACACCGTCCCACTTAAGCTTATCGCCCTT
CTTGCTAACGGAGAATTCCACTCTGGAGAGCAACTTGGAGAGACTCTTGGAATGTCCCGTGCTGCTATCAACAAGCATATCCAAA
CTCTTCGTGATTGGGGAGTTGATGTTTTCACTGTTCCAGgtaagtttaaacatatatatactaactaaccctgattatttaaattttcagGAAAGGGATACTC
TCTTCCAGAGCCAATCCCACTTCTTAACGCTAAGCAAATCCTTGGACAACTTGATGGAGGATCCGTCGCTGTCCTTCCAGTTGTT
GATTCCACCAACCAATACCTTCTTGATCGTATCGGAGAGCTTAAGTCTGGAGACGCTTGCATCGCTGAATACCAGCAGGCTGGTA
GAGgtaagtttaaacagttcggtactaactaaccatacatatttaaattttcagGAAGTCGTGGCCGTAAATGGTTTAGTCCTTTCGGCGCCAACCTCTACC
TTAGTATGTTTTGGCGTCTGAAAAGAGGACCTGCGGCGATAGGCTTGGGTCCAGTGATCGGTATTGTTATGGCCGAGGCGCTGC
GAAAGCTGGGAGCTGATAAGGTTCGTGTTAAGTGGCCAAACGATCTTTACCTTCAAGACCGTAAGCTTGCTGGAATCCTTGTCGA
GCTTGCTGGAATCACCGGAGACGCTGCTCAAATCGTTATCGGAGCTGGAATCAACGTTGCTATGCGTCGTGTTGAGgtaagtttaaac
atgattttactaactaactaatctgatttaaattttcagGAGTCTGTTGTTAACCAAGGATGGATCACTCTTCAAGAGGCTGGAATCAACCTTGATCGTA
ACACCCTTGCTGCCACCCTTATCCGTGAGCTTCGTGCTGCCCTTGAACTTTTCGAGCAAGAGGGACTTGCTCCATACCTTCCAC
GTTGGGAGAAGCTTGATAACTTCATCAACCGCCCAGTTAAGCTTATCATCGGAGATAAGGAAATCTTCGGAATCTCTCGCGGAAT
CGATAAGCAAGGAGCTCTTCTTCTTGAGCAAGATGGAGTTATTAAACCATGGATGGGAGGAGAAATTTCCCTTCGTTCCGCCGAG
AAGTAA 

>an/GFPnanobody::wrmScarlet::TurboID_amino_acid_sequence 
MVQLVESGGALVQPGGSLRLSCAASGFPVNRYSMRWYRQAPGKEREWVAGMSSAGDRSSYEDSVKGRFTISRDDARNTVYLQMN
SLKPEDTAVYYCNVNVGFEYWGQGTQVTVSSGGGGSGGGGSGGGGSVSKGEAVIKEFMRFKVHMEGSMNGHEFEIEGEGEGRPY
EGTQTAKLKVTKGGPLPFSWDILSPQFMYGSRAFIKHPADIPDYYKQSFPEGFKWERVMNFEDGGAVTVTQDTSLEDGTLIYKVKLRG
TNFPPDGPVMQKKTMGWEASTERLYPEDGVLKGDIKMALRLKDGGRYLADFKTTYKAKKPVQMPGAYNVDRKLDITSHNEDYTVVE
QYERSEGRHSTGGMDELYKGGGGSGGGGSGGGGSKDNTVPLKLIALLANGEFHSGEQLGETLGMSRAAINKHIQTLRDWGVDVFT
VPGKGYSLPEPIPLLNAKQILGQLDGGSVAVLPVVDSTNQYLLDRIGELKSGDACIAEYQQAGRGSRGRKWFSPFGANLYLSMFWRL
KRGPAAIGLGPVIGIVMAEALRKLGADKVRVKWPNDLYLQDRKLAGILVELAGITGDAAQIVIGAGINVAMRRVEESVVNQGWITLQEAG
INLDRNTLAATLIRELRAALELFEQEGLAPYLPRWEKLDNFINRPVKLIIGDKEIFGISRGIDKQGALLLEQDGVIKPWMGGEISLRSAEK 
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Expression patterns of polycystin-associated cargo
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