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Figure S4.  The dpy-28(s939) Mutation Increases the Number of Meiotic Double Strand Breaks 
(A-D) Shown are high resolution confocal images of pachytene nuclei from wild-type, dpy-28(s939), 
rad-54(RNAi), and dpy-28(s939); rad-54(RNAi) animals labeled with DAPI (red) and TUNEL 
reagents (green).  dpy-28(s939) animals have more TUNEL foci than wild-type animals, consistent 
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with an increase in DSBs in dpy-28(s939).  However, slowing the rate of DSB repair could explain 
the increase in TUNEL foci.  Because rad-54(RNAi) prevents repair of DSBs by homologous 
recombination (Figures 4 and 5), the number of TUNEL foci present in rad-54(RNAi) conditions 
should indicate the total number of DSBs formed, independent of DSB repair kinetics.  dpy-
28(s939);rad-54(RNAi) mutants have more TUNEL foci than rad-54(RNAi) animals.  Thus, the dpy-
28(s939) mutation increases the number of meiotic DSBs.  For all images, the genotype of the animal 
depicted is shown at the left.  Scale bar, 4 μm. 
(E) Shown are high resolution partial projections of pachytene nuclei from dpy-28(s939); rad-
54(RNAi) animals labeled with DAPI (gray), RAD-51 antibodies (red), and TUNEL reagents (green).  
Consistent with the quantification (Figure S5), all foci positive for RAD-51 are also positive for 
TUNEL staining, while some foci are only positive for TUNEL signal.  The conditions optimal for 
TUNEL staining are not optimal for RAD-51 staining, as show by comparison of Figures 4D, 4E, 
S5A-S5E, S5I, S5J, and S5K.  Nevertheless, the distribution of TUNEL and RAD-51 foci is the same 
in singly labeled germlines (Figures 4D and E).  Scale bar, 1 μm.
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Figure S5.  Co-localization of TUNEL and RAD-51 Foci and analysis of RAD-51 in dpy-27 Null 
Mutants 
(A, C, F-H) Histograms show quantification of foci positive for both RAD-51 and TUNEL signals 
(purple), TUNEL only (blue), and RAD-51 only (orange) in germlines of indicated genotypes stained 
for both.  The Y-axis shows the percentage of foci in each class.  The X-axis shows the position along 
the germline: pre-meiotic region (M), transition zone (TZ), the first third of pachytene (P1), the 
second third of pachytene (P2), and the last third of pachytene (P3).  (n) is the total number of foci in 
each stage.  
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(B) Histogram shows quantification of RAD-51 foci in wild-type germlines of panel A co-stained for 
TUNEL and RAD-51.   
 
(D,E) Histograms shows quantification of RAD-51 or TUNEL foci in rad-54(ok615) germlines of 
panel C co-stained for TUNEL and RAD-51.  
 
(I-L) Histograms show quantification of RAD-51 or TUNEL foci in germlines stained for RAD-51 or 
TUNEL only. 
 
(B, D, E, I-L) X-axis is as above, except that (n) is the number of nuclei scored, (avg) is the average 
number of foci, and (SEM) is the standard error of the mean for each stage.  Y-axis is the percent of 
nuclei in each class; the key is below the histograms.  
 
(A-E, I-K) In gonads from both wild-type and rad-54(ok615) animals, a significant fraction of foci in 
TZ, P1 and P2 stages are positive for both TUNEL and RAD-51, suggesting that RAD-51 is a good 
marker for DSBs.  As expected, most foci in the pre-meiotic region of germlines from both wild-type 
and rad-54(ok615) animals are only positive for TUNEL signal, likely resulting from nicks associated 
with replication.  In P3 of wild-type germlines, fewer foci are positive for both TUNEL and RAD-51 
than TUNEL alone, possibly the result of RAD-51 removal before  
ligation of nicked DNA.  Consistent with this conclusion, most foci in P3 of gonads from rad-
54(ok615) animals, in which RAD-51 removal is impaired, are positive for both TUNEL and RAD-51 
signals.  In budding yeast, mutations in rad54, the homolog of C. elegans rad-54, can cause an 
increase in RAD51 foci not associated with DSBs (Holzen et al., 2006). Were the same phenomenon 
to occur in C. elegans, it must occur at a low level, because in rad-54 mutants, there are always fewer 
foci that are only positive for RAD-51 signal than foci only positive for TUNEL signal or foci 
positive for both RAD-51 and TUNEL signal.  Surprisingly, P1 and P2 of germlines from both wild-
type animals and rad-54(ok615) have a significant fraction of foci that are only positive for TUNEL 
signal.  This was an unexpected result as there are similar numbers of TUNEL or RAD-51 foci in 
gonads independently labeled for either TUNEL or RAD-51 (Figure 4D-G, J, K).  The lower level of 
RAD-51 foci in co-stained germlines compared to RAD-51 singly stained germlines is due to the loss 
of the RAD-51 epitope, likely because of the harsh conditions used to facilitate TUNEL, as shown in 
the comparison of (B, D) to (I, J).  Importantly, co-staining for RAD-51 and TUNEL foci did not 
cause more TUNEL foci than in germlines stained for TUNEL only, as shown by comparison of (E) 
and (K). 
 
(F-H) The dpy-28(s939) mutation does not change the relative percentages of foci positive for 
TUNEL only, RAD-51 only, or TUNEL and RAD-51 compared to those in wild-type animals.  dpy-
28(s939) mutations could change the number of DSBs that are repaired through a RAD-51 
intermediate and thereby increase sites available for a CO.  If that were true, the relative percentage of 
foci in each of the three categories (TUNEL only, RAD-51 only, and TUNEL and RAD-51) would 
change in the dpy-28(s939) background.  However, it did not.  Furthermore, the relative percentage of 
foci in each category is the same in rad-54(RNAi) and dpy-28(s939); rad-54(RNAi) germlines, for 
which DSB repair via RAD-51 is inhibited. 
 
(I, L) The number of RAD-51 foci in mutants homozygous for a null mutation in the dosage 
compensation-specific gene dpy-27 is not higher than in wild-type germlines. 
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Figure S6. The X Axis of dpy-28(s939) Mutants Is Expanded Throughout Pachytene  
Shown are straightened and horizontally displayed X axes from wild-type and dpy-28(s939) animals. 
Nuclei from the first third and last third of pachytene were labeled with the axis component HTP-3 
(green) and the X-chromosome FISH probe at the right end (blue). Genotypes, pachytene stage, 
average total axis length, and standard error of the mean are shown below each axis. Scale bar, 1 μm. 
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Figure S7. The DSB Increase in Condensin I Mutants Requires the Axis Protein HIM-3  
(A-D) Histograms show quantification of RAD-51 foci in germlines of dpy-28(s939); him-3(e1256), 
him-3(e1256), rad-54(RNAi); dpy-28(s939), or rad-54(RNAi) animals. Each column color represents 
a class of nuclei with the indicated number of foci. The Y-axis shows the percentage of foci in each 
class. The X-axis shows the position along the germline: pre-meiotic (M), transition zone (TZ), the 
first third of pachytene (P1), the second third of pachytene (P2), and the last third of pachytene (P3).  
The number of nuclei (n), average number of foci (avg), and standard error of the mean (SEM), are 
shown beneath each stage.   
The axis-associated protein HIM-3 is required for homolog pairing and synapsis, and it biases meiotic 
CO recombination between homologs rather than sisters (Couteau et al., 2004).  In him-3 null 
mutants, homologs cannot pair or synapse; however, normal levels of RAD-51 foci appear and 
disappear with wild-type kinetics, suggesting that DSB initiation is normal, but DSB repair is carried 
out using sister chromatids as templates (Couteau et al., 2004).  The him-3 null mutation suppresses 
the increase in RAD-51 foci caused by dpy-28 mutations (Tsai et al., 2008).  Here we show a similar 
result with the him-3(e1256) missense, partial-loss-of-function mutation T24M.  This mutation, unlike 
the null mutation, causes a peak accumulation of RAD-51 foci comparable to that in rad-54(RNAi) 
animals (~12), which have severely compromised DSB repair.  However, unlike rad-54(RNAi) 
animals, him-3(e1256) mutants repair DSBs, albeit incompletely, at the end of pachytene (~ 5 RAD-
51 foci).  The levels of RAD-51 foci are equivalent in dpy-28(s939); him-3(e1256) and him-3(e1256) 
mutants, but lower than in rad-54(RNAi); dpy-28(s939) mutants, indicating that the him-3(e1256) 
mutation suppresses the increase in DSBs caused by dpy-28 mutations.  Thus, the effect of dpy-28 
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mutations on DSBs is dependent on an intact axis.  Figure 7 of the main text shows that the him-
3(e1256) mutation also suppresses the axis expansion caused by dpy-28 mutations, consistent with the 
view that chromosome structure imposed by condensin I likely plays a significant role in DSB 
distribution. 
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Figure S8. 
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Figure S8.  All Subunits of Condensin I and Condensin II are Enriched in Germline Nuclei, but 
Condensin IDC-specific Subunit DPY-27 Is Not. 
Shown are high resolution confocal images of germline nuclei from the pre-meiotic (A), transition 
zone (B), and pachytene (C) stages of the germline.  Nuclei are labeled with DAPI (red) and 
antibodies (green) to either DPY-28, DPY-26, or CAPG-1 subunits of both condensin I and condensin 
IDC complexes, SMC-4, a subunit of both condensin I and condensin II, MIX-1, a subunit of 
condensin I, condensin II, and condensin IDC HCP-6, a protein specific to condensin II, or DPY-27, a 
condensin IDC subunit.  Our previous work demonstrated that condensin II subunit HCP-6 is highly 
enriched on DNA at pachytene exit (Chan et al., 2004).  Here we show that, in every prior germline 
stage, all condensin I or condensin II subunits are enriched in nuclei, and partially overlap with DNA.  
In contrast, the condensin IDC-specific protein DPY-27 is absent in all three stages of the germline.  
For all images, the antibody used is shown at the left.  The arrow (B) points to a pre-meiotic nucleus, 
which highlights the finding that CAPG-1 is more abundant in pre-meiotic germ cells than in meiotic 
cells.  The lower abundance explains why the SMC-4 IP recovered less CAPG-1 than any other 
condensin I subunit.  Scale bar, 4 μm. 
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Table S1. Peptides Identified by MALDI-TOF Mass Spectrometry of Trypsanized Proteins Immuno-precipitated with DPY-26 Antibodies 
 

SMC-4 MIX-1 DPY-27 DPY-28 DPY-26 
Peptide 
Masses 

Differenc
e 

Residues Peptide 
Masses 

Differenc
e 

Residues Peptide 
Masses 

Differenc
e 

Residues Peptide 
Masses 

Differenc
e 

Residues Peptide 
Masses 

Differenc
e 

Residues 

884.4466 -0.0012 957-963 893.4869 0.0024 227-233 914.5466 0.0043 872-879 890.5748 0.0033 1293-1300 884.4972 0.0196 298-304 
897.5165 0.0007 1361-1368 895.4473 0.0199 79-85 914.5466 0.0043 873-880 917.4807 -0.0038 1099-1107 920.5785 -0.0036 221-228 
902.5073 0.0013 587-593 910.5642 -0.0084 869-877 926.4634 0.0037 399-405 941.4728 -0.0005 1211-1218 963.4876 -0.0024 207-214 
915.4692 -0.0030 302-309 915.5507 -0.0008 808-815 932.4927 -0.0027 392-398 948.4930 0.0027 519-525 1001.5390 -0.0030 525-533 
922.5055 -0.0017 310-317 916.4859 -0.0033 5-12 948.5311 -0.0108 108-115 978.5024 0.0015 300-308 1002.5068 0.0059 256-263 
924.4705 0.0053 1207-1213 1062.5579 -0.0005 199-207 1169.6262 0.0082 797-806 992.5337 0.0019 929-936 1060.5663 0.0024 369-378 
954.4631 0.0098 186-193 1065.5688 -0.0005 498-506 1174.6969 0.0021 1299-1308 1040.5452 0.0035 509-516 1101.5468 -0.0112 1068-1076 
1003.5295 0.0082 487-494 1105.5908 0.0015 268-276 1533.7498 -0.0051 433-445 1041.5834 -0.0223 638-646 1188.6608 0.0020 368-378 
1026.5804 -0.0031 625-634 1125.6128 -0.0001 700-708 1569.8647 -0.0034 129-142 1076.5518 0.0029 488-497 1194.6450 -0.0033 54-64 
1039.5905 0.0005 1197-1205 1132.5643 0.0004 851-859 1585.8615 -0.0127 611-624 1092.5432 0.0073 647-655 1306.6294 0.0015 871-881 
1052.5624 0.0023 1206-1213 1132.5643 0.0004 850-858 1599.7634 0.0123 184-196 1140.6127 0.0074 86-95 1322.7321 -0.0111 54-65 
1106.5791 -0.0055 1274-1283 1198.5804 -0.0012 1095-1105    1141.5836 0.0194 875-883 1350.7346 0.0003 341-351 
1108.5294 0.0084 1340-1348 1215.5752 0.0146 350-360    1142.5743 0.0036 1301-1310 1363.7063 0.0093 203-214 
1110.5487 -0.0057 222-230 1261.6714 -0.0231 526-536    1153.6742 0.0049 783-792 1365.6516 0.0077 1198-1207 
1131.6422 -0.0104 660-669 1266.6458 0.0016 375-384    1219.6847 0.0048 498-508 1382.6620 0.0028 534-545 
1157.6541 0.0011 563-572 1296.6434 0.0064 61-72    1220.6866 0.0002 342-351 1383.6696 -0.0001 785-795 
1162.6624 0.0040 1316-1325 1346.7128 -0.0039 986-996    1269.5590 0.0090 97-106 1423.6095 0.0118 16-27 
1167.6873 0.0023 1197-1206 1419.6937 -0.0071 1233-1244    1287.6638 0.0046 628-637 1511.7589 -0.0058 784-795 
1233.6561 -0.0217 1259-1269 1435.6724 -0.0021 967-979    1312.6637 0.0027 1017-1027 1525.7793 -0.0143 77-89 
1266.6564 0.0009 221-230 1456.7949 -0.0062 1199-1212    1320.6853 0.0053 684-695 1569.8647 -0.0027 40-53 
1298.6278 0.0050 532-542 1462.7648 -0.0006 746-758    1425.6605 0.0094 96-106 1599.7634 0.0019 134-147 
1314.6725 0.0071 432-443 1590.8085 -0.0002 931-944    1433.6897 0.0043 546-556 1610.8295 0.0018 484-497 
1368.7551 0.0024 174-185 1613.7726 -0.0020 1162-1175    1438.6890 0.0022 265-275 1714.8496 -0.0003 796-810 
1404.7915 0.0064 1328-1339       1453.7412 0.0013 389-401 1772.8141 0.0016 665-680 
1410.6971 0.0066 1248-1258          1796.8049 0.0110 554-568 
1472.7916 0.0054 687-700          1832.8606 -0.0074 750-765 
1491.8085 0.0026 647-659             
1510.7190 0.0012 1412-1424             
1553.7684 0.0044 1219-1231             

 
 

This table lists the masses in daltons of predicted tryptic peptides from  SMC-4, MIX-1, DPY-27, DPY-28, and DPY-26, which 
match the measured masses of tryptic peptides obtained from proteins precipitated with DPY-26 antibodies (Figure 1A).  Deviations 
from the predicted mass are provided (Difference) as well as peptide positions within the full length protein (Residues).  Peptide 
masses were matched against predicted open reading frames using the search program MS-fit. 
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Table S2.  Snip-SNP Markers on Chromosome III Used for Crossover Analysis 

snip-SNP cosmid map position primer sequence(5`-3`) restriction 
enzyme 

N2 restriction 
fragments (bp) 

CB4856 restriction 
fragments (bp) 

IIIA T17H7 -26 Forward: ctgcttatagtcttcctgtcg 
Reverse: gcaaccccaccttcaatgac SspI 910 580, 330 

IIIB H06I4 -10 Forward: aaaccacctgaaactggagc 
Reverse: ctcgagattctgcgtgaaac SpeI 438 268, 170 

IIIC F10E9 0.5 Forward: agcagatgaaagttccgacg 
Reverse: ccccgctgtggttattatac AccI 598, 255 854 

IIID T28D6 8.5 Forward: tttcgtgtacgaacgtctcc 
Reverse: catttctcccactcttgctg DraI 500 283, 217 

IIIE F54F12 20 Forward: ttgactcttctggagtagctgc 
Reverse: ggattccagggattgaagag RsaI 385,76, 11 207,178,76,11 

 
 
 
 
 
 
 
 
 
 
 

Table S3.   Fosmids Used to Create Chromosome I FISH Probes 
 

Probe Chromosome Fosmid Start position (bp) Stop position (bp) 
1 I WRM062bF03 2776181 2810622 
1 I WRM0617bF07 2788401 2820631 
1 I WRM0635aF10 2802243 2836479 
1 I WRM062dG04 2813818 2846292 
1 I WRM0621dG02 2952955 2985165 
2 I WRM067cF06 12562475 12595314 
2 I WRM0624dH02 12566438 12605809 
2 I WRM0612aE11 12592672 12625453 
2 I WRM066cD10 12615203 12649390 
2 I WRM0629bB02 12635816 12671885 

 




