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Supplementary Tables 

Supplementary table 1: Primers used for Q-PCR 

Target Primer name Primer sequence 

myo-3 SG-2780 

SG-2781 

CTCTAAACACAAGTTCATCGG 

GAATCTATACAACACGCACAC 

lmn-1 SG-2797 

SG-2798 

CAAGAGAACAACAGACTCCAG 

TAATAAGACCACCGCATCAG 

unc-119 SG-2869 

SG-2870 

CCACACCACCTCTAATCTCC 

TCATTTCTCTGCGTCTTCCT 

AmpR SG-2776 

SG-2777 

ATCGTTGTCAGAAGTAAGTTGG 

GCCGCATACACTATTCTCAG 
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Supplementary table 2: Strains used in this study 

Strain 
name 

Genotype 
Arrays / 
transgenes 

Developmentally 
regulated 
promoters/genes  

  

N2 Wild type Bristol isolate    

GW76 gwIs4[myo-3::rfp baf-1::gfp-lacI let-858 3'UTR] Large array myo-3 This study 

GW81 gwIs4[myo3::rfp baf1::gfp-lacI let858 3'UTR] pxls6 [pha-4::gfp:h2b; rol-6(su1006)] Large arrays myo-3; [pha-4; rol-6] This study 

GW105 gwIs4[myo3::rfp baf1::gfp-lacI let858 3'UTR] gvIs[hsp-16.2::hlh-1 rol6(su1006)] Large arrays myo-3; [HS::hlh-1; rol-6] This study 

GW110 gwIs4[myo3::rfp baf1::gfp-lacI let858 3'UTR] cgc5395Is1[hsp-16.2::pha-4-rol6(su1006)] Large arrays myo-3; [HS::pha-4; rol-6] This study 

GW111 
gwIs4[myo-3::rfp baf-1::gfp lacI let-858]; ygIs[lmn-1::lmn-1::gfp::lmn-1 3'UTR, unc-119+]; unc-
119(?) 

Large array, 
small transgene 

myo-3; unc-119 This study 

GW171 
gwIs4[myo-3::rfp baf-1::gfp lacI let-858 3'UTR]; caIs[pha-4::lacZ; rol-6(su1006)] ; ygIs[lmn-
1::lmn-1::gfp::lmn-1 3'UTR, unc-119+] 

Large arrays myo-3; [pha-4; rol-6] This study 

GW304 gwIs28[myo-3::mCherry; 256xlacO; unc-119+]; unc-119(ed3) Small transgene  [myo-3; unc-119] This study 

GW318 
gwIs4[myo-3::rfp baf-1::gfp lacI let-858]; gwIs28[myo-3::mCherry; 256xlacO; unc-119+]; unc-
119(ed3) 

Large array, 
small transgene 

myo-3 ; [myo-3; unc-119] This study 

GW395 gwIs39[baf-1::gfp-lacI::let-858 3'UTR; vit-5::gfp]; unc-119(ed3) Large array vit-5 This study 

GW396 gwIs39[baf-1::gfp-lacI::let-858 3'UTR; vit-5::gfp]; Large array vit-5 This study 

GW397 
gwIs39[baf-1::gfp-lacI::let-858 3'UTR; vit-5::gfp]; gwIs28[myo-3::mCherry; 256xlacO; unc-
119+]; unc-119(ed3) 

Large array, 
small transgene 

vit-5; [myo-3; unc-119] This study 

GW398 
gwIs39[baf-1::gfp-lacI::let-858 3'UTR; vit-5::gfp]; gwIs34[myo-3::mCherry; 256xlacO; unc-
119+]; unc-119(ed3) 

Large array, 
small transgene 

vit-5; [myo-3; unc-119] This study 

GW401 gwIs39[baf-1::gfp-lacI::let-858 3'UTR; vit-5::gfp]; gwIs42[256xlacO; unc-119+]; unc-119(ed3) 
Large array, 
small transgene 

vit-5; unc-119 This study 

GW424 
gwIs39[baf-1::gfp-lacI::let-858 3'UTR; vit-5::gfp]; gwIs60[pha-4::mCherry::his-24; 256xlacO; 
unc-119+]; unc-119(ed3) 

Large array, 
small transgene 

vit-5; [pha-4; unc-119] This study 

GW427 wIs[sur-5::gfp] Large array sur-5 
This study, array 
from GR1403 
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GW429 
gwIs39[baf-1::gfp-lacI::let-858 3'UTR; vit-5::gfp]; gwIs59[pha-4::mCherry::his-24; 256xlacO; 
unc-119+]; unc-119(ed3) 

Large array, 
small transgene 

vit-5; [pha-4; unc-119] This study 

GW431 
gwIs39[baf-1::gfp-lacI::let-858 3'UTR; vit-5::gfp]; gwIs59[pha-4::mCherry::his-24; 256xlacO; 
unc-119+]; ygIs[lmn-1::lmn-1::gfp::lmn-1 3'UTR, unc-119+]; unc-119(?) 

Large array, 
small transgenes 

vit-5; [pha-4; unc-119]; 
unc-119 

This study 

GW447 
gwIs39[baf-1::gfp-lacI::let-858 3'UTR; vit-5::gfp]; gwIs42[256xlacO; unc-119+]; ygIs[lmn-
1::lmn-1::gfp::lmn-1 3'UTR, unc-119+]; unc-119(?) 

Large array, 
small transgenes 

vit-5; unc-119; unc-119 This study 

GW455 
gwIs39[baf-1::gfp-lacI::let-858 3'UTR; vit-5::gfp]; gwIs28[myo-3::mCherry; 256xlacO; unc-
119+]; ygIs[lmn-1::lmn-1::gfp::lmn-1 3'UTR, unc-119+]; unc-119(?) 

Large array, 
small transgenes 

vit-5; [myo-3; unc-119]; 
unc-119 

This study 

GW471 
gwIs39[baf-1::gfp-lacI::let-858 3'UTR; vit-5::gfp];  caIs[pha-4::lacZ; rol-6(su1006)] ; unc-
119(ed3) 

Large arrays vit-5; [pha-4; rol-6] This study 

GW575 
gwIs39[baf-1::gfp-lacI::let-858 3'UTR; vit-5::gfp]; gwIs34[myo-3::mCherry; 256xlacO; unc-
119+]; ygIs[lmn-1::lmn-1::gfp::lmn-1 3'UTR, unc-119+]; unc-119(ed3) 

Large array, 
small transgene 

vit-5; [myo-3; unc-119]; 
unc-119 

This study 

GW580 
gwIs39[baf-1::gfp-lacI::let-858 3'UTR; vit-5::gfp]/+; gwIs60[pha-4::mCherry::his-24; 256xlacO; 
unc-119+]; ygIs[lmn-1::lmn-1::gfp::lmn-1 3'UTR, unc-119+]; unc-119(?) 

Large array, 
small transgenes 

vit-5; [pha-4; unc-119]; 
unc-119 

This study 

GW583 
gwIs39[baf-1::gfp-lacI::let-858 3'UTR; vit-5::gfp];  caIs[pha-4::lacZ; rol-6(su1006)] ; ygIs[lmn-
1::lmn-1::gfp::lmn-1 3'UTR, unc-119+]; unc-119(ed3) 

Large arrays vit-5; [pha-4; rol-6] This study 

SM469 pxls6 [pha-4::gfp ::h2b; rol-6(su1006)] Large array [pha-4;rol-6] 
Portereiko et al. 
2001 

   
(in bold, contain lacO sites and make a visible 
spot when combined with GFP-LacI) 
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Supplementary table 3. Primers used for qPCR 

 

Target Primer name Primer sequence 

SG-3751 ACTACAAGAAGCTGTCCTTCC 
rfp 

SG-3752 ATGTTTAAACTTACCCTCCCAG 

SG-4707 CTATGTTCCAGCCAT CCTTCTTGG 
act-1 

SG-4708 TGATCTTGATCTTCATGGTTGATGG 

SG-4709 GCTCATTCTCGGTTGTACCA 
tbb-2 

SG-4710 TGGTGAGGGATACAAGATGG 

SG-4690 GGGTTGATATGGTTAAACTTGG 
rol-6 

SG-4691 GCATTGACATTGATTTCCTCC 

rol-6 cDNA SG-4724 CAACTTCAGAAGTCTCACTGAAG 

 

Supplementary figure legends 

Supplementary Figure 1. Quantification of small transgene array copy number 

and confirmation of expression in appropriate tissues 

A. Quantification by qPCR of copy number for plasmids present in the small 

transgenes. Data for GW304 is presented in Fig. 2B. Numbers are normalized to 

the endogenous single-copy gene (lmn-1). AmpR = bla. 

B. Expression pattern of the myo-3::mCherry small transgene in strain GW455. 

Red: mCherry signal; green: GFP signal (both from GFP-LMN-1 and GFP-LacI). 

Scale bar 2 m. 

C. Expression pattern of the pha-4::mCherry::his-24 small transgene in strain 

GW429. Red: mCherry signal; green GFP signal (GFP-LacI) and 

autofluorescence from cytoplasmic gut granules. Scale bar 2 m. 

 

Supplementary Figure 2. Scoring of small transgene subnuclear position 

A. Scoring of small transgene position in early stage embryos before mCherry is 

detectable using the method described in Fig. 1D. Strains used are myo-

3::mCherry (strain GW398) and pha-4::mCherry (strain GW424). n = number of 

foci counted. 2 test versus random p = 0.02 (GW398), 2·10-8 (GW424). 
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B. As A, except for nuclei in L1 larvae of the indicated cell types (intestinal cells: 

green bars, hypodermal and seam cells: blue bars) all of which have spherical 

nuclei. Strains used are myo-3::mCherry (strain GW575) and pha-4::mCherry 

(strain GW580). These 2 strains carry the same small transgenes as GW398 and 

GW424, respectively but also express a GFP-LMN-1 fusion from another 

transgene to identify the nuclear periphery. Cells were identified by their position; 

hypoderm and seam cell results were combined. 2 test versus random p < 2·10-5 

(intestine, GW557), < 2·10-16 (hypoderm and seam, GW557), < 3·10-5 (intestine, 

GW580), < 2·10-16 (hypoderm and seam, GW580). 2 test hypoderm and seam 

cell values versus intestine p < 2·10-16. 

C. Quantification of the small transgene array (myo-3::mCherry) in L1 larvae muscle 

(black bars), hypoderm and seam cells (combined, blue bars) and intestinal cells 

(green bars) in strain GW575, using the method described in Fig. 1G. Muscle 

cells are identified by mCherry expression. Random distribution of distances 

obtained from a simulation using similar nuclear shapes is shown as a red dotted 

line (Kolgomorov-Smirnov test between muscle and random distributions p < 10-

8, between muscle and intestinal distribution p = 0.003, between muscle and 

hypoderm p < 2·10-16). 

 

Supplementary Figure 3. 2D planar measurements of spot-periphery distances 

are a very good approximation of the 3D distances  

A. Method for quantification of the shortest radial distance between the an internal 

spot and the nuclear periphery in muscle cell nuclei. Measurements where done 

using semi-automated software (Qu for Matlab, available http:// 

sourceforge.net/projects/qum/). The workflow of the software is as follows : 1. 

Muscle nuclei are identified by cytoplasmic RFP staining (not shown) and higher 

GFP-lacI signal. 2. Outline of the nucleus is computed in all z slices. 3. Spot 

detection in 3D (yellow, out of focus; red, in-focus spot) 4. Computation of all the 

distances between spot and nucleus outlines in z for determination of the 

shortest radial distance to periphery. Spots located in the top and bottom 20% of 
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the nuclei in the z axis were discarded, as axial resolution is poor. Scale bar = 

2m. 

B. Quantification of the radial distance (nm) in strain GW111 of the [baf-1::gfp-lacI; 

myo-3::rfp] array to the periphery in muscle cells, calculated both on the focal 

plane (2D planar) or  as described in Supplementary Fig. 3A (labeled 3D). 

C. Performance of 2D versus 3D measurements. 12 muscle nuclei shapes were 

used to in silico simulate the position of 1000 spots per nucleus in a muscular 

nucleus shape.(these shapes were extracted from the worms used for Fig. 4E). 

Spot-periphery distances were then measured both and 2D and 3D. Correlation 

between 3D and 2D measurements is very high R2=0.9886, while the average 

error is 8%. 

 

Supplementary Figure 4. Quantitation of transgene expression from internalized 

large arrays showing compaction 

A. RT-PCR detection of nascent transcripts of the myo-3::rfp transgene. Primers 

amplify an exon-intron boundary, which is only present in the DNA and nascent 

RNA of the transgenic line (GW76) and not in wild-type (N2). Monitoring the 

intron-containing RNA reflects nascent transcripts level, hence transcription. 

These are detected both in asynchronous embryos (GW76 RNA embryos) and 

synchronized overnight hatched L1 larvae in the absence of food (GW76 RNA 

larvae). Control reaction without reverse transcriptase is shown (-RT). 

B. Transgenic rol-6 is expressed at similar levels as endogenous rol-6 per gene 

copy.  a. Schematic representation of the rol-6 locus. The su1006 mutation 

present in the transgenic copies disrupts a BsaHI site.  

b. Quantitative PCR on cDNA isolated from non-transgenic (GW396) and 

transgenic (GW471) embryos (E) and L1 larvae (L1). Control reaction without 

reverse transcriptase is shown on the right (-RT). PCR was performed with 

primers specific for rol-6 and for control genes (tbb-2 and act-1). The relative 

contribution of endogenous and transgenic rol-6 to the PCR is determined by 
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digestion with BsaHI that specifically cuts the endogenous sequence. The band 

corresponding to the endogenous product is shifted by approximately 70bp (*).  

c. 2- fold dilution series of rol-6 PCR product to estimate the relative difference of 

transgenic and endogenous rol-6 transcription.  

d. Quantification of rol-6 gene copy number by quantitative PCR. Error bars 

represent standard error of the mean (n = 2). 

 

Supplementary Figure 5. Early L1 larval gut cells all express pha-4 driven lacZ 

A. X-gal staining of L1 larvae expressing -galactosidase from caIs[pha-4::lacZ; rol-

6(su1006)] in strain GW583. Note the overlap between the 4 nuclei in the first 

intestinal ring (int1). Scale bar 2 m. 

B. Number of -galactosidase positive nuclei in L1 larvae from strain GW583. Note 

that L1 larvae have 20 intestinal cells.  

 

Supplementary Figure 6. The [baf-1::gfp-lacI; myo-3::rfp] array does not change 

shape or localization upon heat shock (HS)  

Embryos from strain GW76 were imaged before being heat-shocked for 10 minutes at 

34°C (left picture, before HS). Time-lapse images were then recorded (right pictures). 

Three successive time points for a single nucleus are shown on the right side. The array 

does not appear to change shape, although the overall fluorescence of the GFP 

increases, a thermal effect on the protein that was also observed on cytoplasmic GFP. 

Scale bar 2 m. 

 

Supplementary Figure 7. Effect of mes-2(bn11) mutation on array position and 

condensation. 

The mes-2(bn11) Ezh(2) homolog mutation does not change drastically array shape or 

localisation in embryos. GFP signal is shown for strain GW76 carrying the [baf-1::gfp-
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lacI; myo-3::rfp] array (left panel) and for strain GW468 that carries the loss of function 

mes-2 allele bn11 (Capowski et al. 1991). Embryonic progeny of a homozygous mutant 

animal is shown (right panel). Scale bar 2 m. 

 

Supplementary figures methods 

Quantitative PCR 

DNA was isolated using standard phenol/chloroform extraction. Serial dilutions were 

assayed by quantitative PCR using primers specific for the bla gene, the rol-6 gene, the 

unc-119 or the myo-3 promoter. Normalization was achieved using primers specific for 

the lmn-1 gene. For rol-6 the copy number was determined by normalizing the rol-6/lmn-

1 ratio measured for the transgenic strain (GW471) with the ratio measured for the non-

transgenic strain (GW396). Primer sequences are in Suppl. Table 1. qPCR was carried 

out using Invitrogen SyBr green Master Mix in an Abi7000 PCR machine using two 

steps amplification. 

RT-PCR of nascent transcripts 

RNA from bleached embryos and larvae hatched overnight on a non seeded plate were 

prepared by grinding using classical procedures (Portman 2006). RNA was then 

repurified using an RNAeasy column (Qiagen, Hilden, Germany) and DNA digested on-

column. Indicated amount of RNA was used for reverse transcription using primer SG-

3752 located in the synthetic intron of RFP. 2 l of the RT reaction were used for PCR 

using primers SG-3751 and SG-3752. Primer sequences are shown in Suppl. table 3. 

rol-6 transcript level estimation 

1μg of RNA was used for reverse transcription using oligo dT primers. 1/20th of the RT 

reaction was used for PCR using primers SG-4724 and SG-4691 (rol-6), SG-4709 and 

SG-4710 (tbb-2), and SG-4707 and SG-4708 (act-1). rol-6 PCR products were purified 

using a PCR purification column (Roche, Mannheim, Germany) and digested with the 

restriction enzyme BsaHI. Primer sequences are shown in Suppl. table 3. 
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