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Figure 15) Sequencing Summary: The C/T point mutation changes the translated 

amino acid from a Glutamine to a Stop. The arrows mark the position on the gene as well 

as the precise amino acid where the truncation occurs on the protein sequence. The 

protein sequence above is color coded to show each exon in alternating colors. The exon 

on the far right of the gene diagram corresponds to the top red sequence of amino acids. 

The region colored white is the sequence used to generate the SPE-7 antibody. 

Importantly, the antibody will still bind even after the truncation because of the location 

before the nonsense mutation.    
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RNAi  

RNAi allows researchers to silence the expression of a particular gene in a living 

organism, essentially turning off the function of a specific protein product. Turning off a 

gene in a living worm should produce a recognizable phenocopy of the corresponding 

mutant phenotype in a previously healthy worm. We performed RNAi to determine if we 

could reproduce the spe7 phenotype by knocking down the F32A11.3 phenotype, thus 

providing an in vivo confirmation of our candidate gene. We observed signs characteristic 

of a spe7 loss of function phenotype in wildtype worms treated with the F32A11.3 double 

stranded RNA complex (Figure 16). Through DIC/Hoechst microscopy, we saw the 

characteristic Anaphase I arrest, including some of the tell-tale aberrant chromatin 

morphology (marked with arrows) detailed in Figure 4. The RNAi experiment provided a 

confirmation of the sequencing data that F32A11.3 is the molecular identity of spe-7.  In 

addition, since RNAi knockdowns invariably represent loss-of-function phenotypes, this 

result indicates that the truncation of spe-7 in the mn252 allele represents a loss-of-

function rather than a neomorphic function.  

      

 

 

 

 

 

 

 Figure 16) RNAi. A) F32A11.3 RNAi, and B) is spe7. The two are nearly identical. 
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Transgenics 

 Another way to confirm the identity of gene is to perform a rescue experiment 

through transgenically introducing a healthy copy of a gene into a mutant worm and 

seeing if the gene rescues the mutant phenotype. In collaboration with the Singson lab, 

who did the transgenic injections, we attempted to rescue spe-7 with genomic (cosmid) 

clones containing F32A11.3, but did not find any successful rescue, despite analyzing 

several independent lines.   

 

 

Localization of SPE7  

 
 Towards the goal of analyzing the cellular localization pattern of SPE-7, we 

ordered production of polyclonal anti-peptide antibodies from Yenzyme Custom 

Antibody Service. After pre-screening eight rabbits for non-specific nematode antigens, 

two rabbits were selected for immunization against a peptide fragment (Figure 15) that 

was predicted to be both antigenic and on the protein surface. Yenzyme ultimately sent us 

both sera and affinity-purified antibody. We examined methanol-fixed male him8 gonads 

initially incubated with the polyclonal SPE-7 antibody followed by incubation with a 

FITC-conjugated secondary antibody and counterstained with the DNA dye DAPI to 

characterize the expression pattern of SPE-7 in wildtype spermatogenesis.  

SPE-7 exhibits a dynamic localization pattern. SPE- 7 could first be detected in 

late pachytene spermatocytes, consistent with the expression pattern of other 

spermatogenesis-specific proteins (Figure 17, A-C). The SPE-7 labeling becomes more 

pronounced in diplotene and karyosome stage spermatocytes, localizing in speckled, 

punctate formations outside the nucleus. The punctate formations reach peak intensity at  
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 Figure 17) anti-SPE-7 localization in wildtype. A) anti-SPE-7. B) DAPI. C) 

Merge. Individual cut outs show the change in localization at metaphase I and the lack of 

signal in the spermatid  
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the karyosome stage. Intriguingly, the localization pattern exhibits a dramatic shift from 

the punctate formations to a diffuse localization during Metaphase I (Figure 17). SPE7 

returns to a punctate pattern in Anaphase I, but the signal is less intense than in the 

karyosome spermatocytes. The antibody continues to label punctuate structures through 

Metaphase II, Anaphase II, the budding division, and stains spermatids immediately after 

the budding division. The SPE-7 signal was then rapidly lost after the budding division 

such that most spermatids have no detectable SPE-7 labeling. Though we suspect signal 

fades in the late spermatid because of proteolysis, various post-translational 

modifications could also explain the loss of signal. A phosphorylation/glycosylation 

event near the antigenic site could inhibit binding of the antibody, or cause a 

conformational change that excludes the antibody all-together. However, the peptide 

region used to generate the SPE-7 antigen contains no predicted phosphorylation or 

methylation sites and it lacks either an N-terminal signal sequence or a transmembrane 

domain that would expose it to glycosylation enzymes (data not shown).  

 

SPE7 dynamically localizes with the Membranous Organelle  

Previous ultrastructural studies identify only four structures that are not 

partitioned to the residual body and remain within the spermatid after the budding 

division: the condensed, haploid chromatin mass, the associated centriole, mitochondria, 

and a unique structure called the Membranous Organelle (Chatterjee et al, 2005). The 

Membranous Organelle (MO) is a Golgi-derived organelle that, among other functions, 

carries proteins vital for the transformation of a spermatid into a functioning 

spermatozoon through the various cytokinesis events in spermatogenesis. The 
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membranous organelle therefore functions as one of the few organelles present from early 

spermatogenesis all the way through to the mature spermatozoa.  

Proteins associating with organelles often exhibit a similar type of punctate 

pattern as seen with the SPE7 staining under immunofluorescence. SPE7’s presence in 

the spermatid narrows the likely associated organelle to the mitochondria or the MO. To 

determine the specific cellular localization of SPE7, we co-stained the anti-SPE7 

antibody with the monoclonal 1CB4, which, within nematode sperm marks the 

Membranous Organelle (Figure 18). We show a convincing co-localization between the 

two antibodies, implying an association of SPE7 with the Membranous Organelle. 

However, the diffuse SPE7 pattern observed in Metaphase I primaries specifically does 

not co-localize with the 1CB4 pattern (Figure 18), suggesting that during Metaphase I the 

SPE7 protein disassociates from the MO and diffuses throughout the cytosol before 

reassociating with the MO in Anaphase I. Given the close proximity of the SPE7 

trafficking to the arrest point in the loss-of-function mutant, we propose that SPE7 

becomes active once released into the cytosol, while otherwise remaining sequestered in 

a nonfunctional form on the MO.    
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Figure 18) Strong co-localization between the MO and SPE-7. The pattern is most 

striking when observing that the spaces with no staining are identical in each panel, 

except in Metaphase I, where the SPE-7 covers the entire cell, unlike the 1CB4, which 

remains more punctate. This result supports the co-localization with 1CB4, except for in 

metaphase I.    
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SPE-7 signal fades in mutant background 

 

 To further understand the loss of function seen in spe7 mutants, we stained male 

gonads with the anti-SPE-7 antibody to determine how the pattern differs in mutants from 

the previously characterized wildtype pattern. The nonsense mutation produces a 

truncated protein in the mutant spermatocytes. Missing domains of proteins can interfere 

with general function or localization, as well as targeting the existing fragment for 

degradation. Antibody patterns in mutant gonads can look similar to wildtype, implying a 

loss of general function without degradation, localized to the wrong spot in the cell, 

implying a mislocolization, or show a lack of signal, implying degradation. Because the 

piece of SPE-7 that is untranslated due to the premature stop codon is highly conserved, 

we expected that the mutant pattern would not result in a general loss of function, but 

instead are mis-localized within the cell or degraded entirely. 

 We found that anti-SPE7 signal fades almost entirely in a mutant background 

(Figure 19). Though some samples exhibited weak antibody binding around the 

chromatin, the general brightness does not score above the general glow produced by the 

background of extraneous secondary antibodies. Though this result could suggest the 

absence of the highly conserved 3’ prime region of SPE-7 results in misfolding and 

subsequent degradation of the protein, the mutant protein could fold in such a manner as 

to exclude the antibody. A western blot is needed to confirm whether the decrease in 

antibody binding corresponds to a decrease in protein levels.  
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 Figure 19) SPE-7 signal fades in mutant background. All shots were taken at 

2000mmsecs exposure, with maximal intensity (MI) measured through IPlab (scale of 0-

4095) A) Wildtype staining, MI=3740. B) Secondary antibody only (control), MI=424. 

C) spe-7, MI=642. spe-7 stains about as brightly as the expected secondary antibody 

background.     
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Discussion 

 

Summary 

We have shown that spe-7 is a recessive, sperm-specific mutation that causes an 

Anaphase I arrest in diploid spermatocytes. The defect responds to temperature, with a 

slight increase in fertility at higher temperatures, indicating a cold sensitivity. The arrest 

point is variable at different temperatures as well, and though no spermatids were 

observed, mutants do produce a small number of functioning spermatozoa at 20
o
 and 

25
o
C. Otherwise, mutants fail to successfully perform either the actin-myosin based 

division that gives rise to secondary spermatocytes or the specialized budding division 

that gives rise to sperm; especially at 16
o
C, under which conditions spermatids are never 

seen.  

Primary spermatocytes continue to bud off the rachis for the entire lifetime of the 

mutant worm. As mutant males age, their gonads accumulate cellular debris unbound by 

a membrane, which we presume originates from older arrested primaries that lysed. 

Arrested primaries do not undergo apoptosis.  

Microtubule organization proceeds normally through the initial stages of 

organization, though some defects are detected as early as metaphase I. After the 

anaphase I arrest, the spindles disassemble and reorganize into network pattern similar to 

that of G2 spermatocytes. The cell cycle regulator Polo-like Kinase-1 (PLK-1) also 

exhibits normal localization through the anaphase I arrest, after which it improperly 

jumps off the centrosomes and assumes a punctate pattern. We are currently unsure 

whether this pattern more closely resembles that in residual bodies or in G2 

spermatocytes. 
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Despite the interphase-like patterns observed by microtubule and polo-like 

kinase-1, the arrested primaries are not dropping out of the cell cycle. Cyclin B levels 

remain high in the arrested spermatocytes indicating that they are not exiting the cell 

cycle. On the other hand, cells with high concentrations of Cyclin B can be inhibited for 

CDK activity as in G2 spermatocytes. Since the C. elegans spermatogenesis program 

includes the unusual feature of never returning to interphase after anaphase II, elevated 

Cyclin B would also be consistent with a continuation of the normal developmental 

pathway despite the anaphase I arrest. Importantly, the nuclear envelope also shows no 

signs of reformation in the arrested primaries.  

The APC/spe-7 double mutant exhibits the “worst of both” phenotype. Primary 

spermatocytes arrested at metaphase I but subsequently disassembled their spindle and 

failed to complete any budding division. 

SNP-mapping narrowed the potential genetic position of spe-7 between 14.49 

map units to 16.99. Microarray data and lists of potential interactors listed on the 

bioinformatics website Wormbase allowed us to select the most likely candidate for 

sequencing from the candidate list produced from our SNP-mapping. Sequencing of the 

gene F32A11.3 confirmed a point mutation at the start of the final of four exons. The 

nucleotide substitution caused nonsense mutation, which would prematurely halt 

translation to produce a protein without the C-terminal domain that is highly conserved 

across the Caenorhabditis clade. Further study of the F32A11.3 sequence revealed the 

closest homology was another C. elegans gene, which appears to have arisen from a gene 

duplication event within C. elegans.  
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Though we were unable to show a viable rescue with transgenics, we produced a 

function pheno-copy of the spe-7 phenotype using RNAi of F32A11.3. The RNAi 

experiment revealed the full spectrum of previously observed spe-7 phenotypes including 

arrest at anaphase I, between metaphase I and anaphase I, post anaphase I, and cell 

lysing. Elucidating the molecular identity of spe-7 allowed us to produce a polyclonal 

antibody, and thus study of the in vivo localization of the protein. We found that SPE-7 is 

first detectable in late pachytene spermatocytes and co-localizes with the Membranous 

Organelle (MO) until metaphase I, when SPE-7 appears to detach from the MO before 

reattaching in anaphase I. SPE-7 levels intensify until peaking in karyosome 

spermatocytes, then taper off in metaphase II, anaphase II, and the budding division until 

the signal finally disappears in early spermatids. We cannot conclusively claim whether 

or not SPE-7 levels fade during metaphase I, as the differential patterns make comparison 

difficult, but when the punctate pattern reemerges in anaphase I, the levels are noticeably 

dimmer. The antigenic region contains no likely phosphorylation, glycosylation, or 

predicated methylation site. Thus, we hypothesize that the fading signal is due to 

degradation. In metaphase arrested cells, SPE-7 locks into metaphase I configuration. 

However, in these APC mutants a subset of primaries with metaphase I chromatin 

configurations contained SPE-7 localization more similar to a karyosome cell. These 

results suggest that cytoplasmic SPE-7 may not be required for the process of getting to 

metaphase I and that the relocalization of SPE-7 is facilitating a function for SPE-7 at the 

onset of the metaphase to anaphase transition. Despite this, SPE-7 is not targeted for 

destruction by the Anaphase Promoting Complex, and fades in metaphase arrested APC 

spermatocytes. Though the metaphase arrest obstructs SPE-7 trafficking back to the MO, 
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the components responsible for the fading SPE-7 pathway still function despite the cell 

cycle arrest.  

In a spe-7 background, SPE-7 signal is nearly undetectable. The truncated protein 

product likely is likely targeted to the proteosome, indicating a total loss of function for 

the mn252 allele of spe-7. However, it remains possible that the truncation event causes 

abnormal folding that excludes the antibody. 

 

Shifting arrest points or slowed progression? 

 

 spe-7’s precise arrest point remains one of the more puzzling components of the 

mutant phenotype. Though the anaphase I arrest is present at all three temperatures we 

studied, many of the observed arrested primaries lacked lagging X chromosome 

characteristic of a classic anaphase I configuration. For simplicity, we classified these 

cells as anaphase I arrested, but the lagging X “catching up” with the rest of the 

chromatid block may mean spe7 primaries progress as far as possible toward metaphase 

II without actually forming a metaphase II plate. The anti-α−tubulin experiment supports 

the former claim; though we noted spindle formations that may indicate partial 

centrosome separation after anaphase I (Figure 7 at 25
o
C, Figure 11), we never observed 

proper metaphase II spindle assembly (Figure 11, Figure 8). More importantly, PLK-1 

never relocalized the chromatin after anaphase I to mark a metaphase II plate. The 

consensus arrest point may require a more subtle classification as between a true 

anaphase I and metaphase II to reconcile these data points, perhaps as a “late anaphase I” 

arrest.  
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 Though we never saw a true metaphase II plate, our data shows aberrant 

chromatin configurations that likely denote partial separation of the sister chromatids 

after the anaphase I arrest (Figure 4F). Because no metaphase II plate forms, the 

separation is likely not tubulin-driven movement and more likely a passive drifting. 

Though this observation is most striking at 25
o
 and 20

o
C, the partial separation phenotype 

remains present at 16
 o 

C, just with fewer cells per field exhibiting the separation. Mutant 

males grown at 16
 o 

C show an additional phenotype with close chromatin masses that 

resembles an intermediate between metaphase I and anaphase I (Figure 4C). Our fertility 

data shows 16
 o 

C as the most severe phenotype, yet it shows the greatest range of arrest 

points before and after late anaphase I (Figure 4E). Our RNAi data supports the more 

severe phenotype should show just this, since a knockdown of SPE-7 produce all the 

observed chromatin morphologies (Figure 16).  

Additionally, one of the aberrant chromatin separation phenotypes with the small 

chromatin dots (Figure 4F) frequently seen at 25
o
 and 20

o 
C, stained with PLK-1 at 16

 o 
C. 

The small chromatin dot phenotype is potentially an arrested metaphase I “pentagonal” 

array that continued to separate abnormally. Though this is a relatively rare morphology, 

the staining with PLK-1 is evidence for shifted arrest point more toward metaphase I at 

16
o
C, and is likely a distinct form of aberrant chromatin separation that results from an 

earlier arrest than the sister chromatid drifting. However, at the higher temperature, the 

chromatin dots were invariably PLK-minus, indicative of an anaphase state whether they 

appears to arrest in a metaphase I-like configuration or, more commonly, separate 

subsequent to anaphase I.  This result may suggest that the most severe phenotype may 

trigger an incomplete metaphase checkpoint, were the cell cycle largely stops, but with 


