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1. Supplementary methods

Strain References

LGI: nsIs105 (hlh-17::GFP); LGIV: nsIs136 (ptr-10::myrRFP), hlh-17 (ns204, ok487 (McMiller and Johnson 2005)), hlh-31 (ns217), hlh-32 (ns223), sDf23 (Ferguson and Horvitz 1985); LGV: oyIs17 (gcy-8::GFP) (Satterlee et al., 2001), oyIs44 (odr-1::RFP) (Lanjuin et al., 2003), oyIs51 (T08G3.3::RFP) (Lanjuin et al., 2006), nsIs145 (ttx-1::RFP), otIs45 (unc-119::GFP) (Altun-Gultekin et al., 2001); LGX: mls-2 (ns156, ns158, ns159, cc615 (Jiang et al., 2005)); vab-3 (ns157, e648 (Hodgkin 1983), e1796 (Hedgecock et al., 1987), ju468, sy281, k109, k143 (Cinar and Chisholm 2004), bx23 (Baird et al., 1991)); nsIs108 (ptr-10::myrRFP).  egIs1 (dat-1::GFP) (Nass et al; 2002), nIs60 (vab-3 promoter::GFP, gift from Andrew Chisholm), zuIs178 (his-72::H3.3-GFP) (Ooi et al., 2006), and ruIs32 (pie-1::H2B-GFP) (Praitis et al., 2001) insertions are unmapped.  nT1 qIs51 IV; V (Siegfried et al., 2004) was used as a balancer for hlh-17 (ok487) and sDf23.

The following extrachromosomal arrays were used: nsEx646 [hlh-17::myrGFP + lin15(+)], nsEx725 [hlh-31 promoter::RFP + lin15(+)], nsEx729 [hlh-32 promoter::RFP + lin15(+)], nsEx1420 [C39E6 + rol-6 (su1006)], nsEx1419 [mls-2 promoter::mls-2 + rol-6 (su1006)], nsEx1404 [F14F3 + rol-6 (su1006)], nsEx1463 [heat-shock promoter::mls-2 + rol-6 (su1006)], nsEx1464 [heat-shock promoter::vab-3 + rol-6 (su1006)], nsEx1577 [mls-2 promoter::vab-3::mls-2::mls-2 3’ UTR + rol-6 (su1006)], nsEx1717 [C39E6 + nhr-38::GFP + elt-2::GFP].

Isolation of deletion mutants

Deletion alleles were isolated using the methods of Jansen et al., (1997) and Hess et al., (2004).  The following primer pairs were used for screening: hlh-17: poison primer, 5’GCATGACTTAAACGAGGCACTTGACG3’; outer primers, 5’ATGGGGTCCCTGGGGACTC3’, 5’CCGATTTCCGCTTCAACTGGGAG3’; inner primers, 5’TCCCTGGGGACTCTCCTCG3’, 5’CGATTTTTGCTGCTAATGGGCAACAC3’.  hlh-31: poison primer, 5’GCATGACTTAAACGAGGCACTTGACG3’; outer primers, 5’CAGTCCGGATGGAATGAACAAAAGGG3’, 5’CTACATGGTCGCTTGATGGCTTCAC3’; inner primers, 5’TTGCAGCCAACTCAAAGTTGGGTC3’, 5’GGGAGACCAATACACTGAGCTCC3’.  hlh-32: poison primer, 5’GCATGACTTAAACGAGGCACTTGACG3’; outer primers, 5’GCCTCTGGTAGTCTACGGC3’, 5’CTAATCTCCTTCGGATGGTGTTGACACGG3’; inner primers, 5’GCTTCCGTTTTTGGGAAACAAGAG3’, 5’CTTAGCTCTTCGATTGCTTTTGCCTG3’.
cDNA isolation

cDNAs for hlh-17, hlh-31, hlh-32, mls-2 and vab-3 were isolated by amplification using PCR of a plasmid-based cDNA library (Schumacher et al., 2002) using primers in the vector and within the genes.

Mosaic analyses
C39E6, nhr-38::GFP, and elt-2::GFP were co-injected at concentrations of 1 ng/ul, 50 ng/ul, and 20 ng/ul, respectively, into a strain of genotype nsIs105 (hlh-17::GFP); nsIs145 (ttx-1::RFP); mls-2(ns156).  Animals harboring the extrachromosomal array were selected using elt-2::gfp expression under a fluorescence dissecting microscope, mounted for observation on a compound microscope in M9 medium, and assessed for appearance of hlh-17::GFP and nhr-38::GFP expression in the ventral CEPsh glia and AFD neurons, respectively.  Similar studies were performed for vab-3 mosaic studies, except that the vab-3 cosmid, F14F3 was injected together with ptr-10::myrRFP into vab-3(ns157) mutants carrying an integrated hlh-17::GFP reporter, and animals lacking hlh-17::GFP expression in subsets of CEPsh glia examined.


For the unc-6 mosaic studies we used an elt-2::GFP reporter (Fukushige et al., 1998) to follow transgenic animals.

Analysis of hlh-17(ok487)

A previous study suggested that a mutation, ok487, deleting portions of both hlh-17 and hlh-31, caused early larval arrest (McMiller and Johnson 2005), suggesting a possible essential developmental role for hlh-17.  To reconcile these observations with ours, we first attempted to rescue the larval lethal phenotype of hlh-17(ok487) mutants.  We found that neither the cosmid containing hlh-17 and hlh-31, nor a 9 kb subclone of this cosmid containing both genes, was able to rescue the larval lethality (data not shown).  Next, we examined animals heterozygous for the ok487 allele and a deficiency, sDf23, which deletes the hlh-17/hlh-31 locus (data not shown).  We found that these animals were viable, suggesting that ok487 is unlikely to be a loss-of-function mutation in hlh-17.  Finally, by sequencing the hlh-17/hlh-31 locus from ok487 animals, we showed that the ok487 lesion was not a deletion of the region, but rather an insertion of a portion of the hlh-31 gene into hlh-17.  This insertion leaves hlh-31 intact, and may also allow hlh-17 to be produced correctly (see Supplementary Fig. 5B for details).  Taken together, these results suggest that the larval lethality in the ok487 strain is not due to an hlh-17 lesion, but is likely due to an unrelated linked lethal mutation.

Microscopy
Animals were examined by epifluorescence using either a fluorescence dissecting microscope (Leica), an Axioplan II compound microscope (Zeiss), or a spinning disc confocal microscope (Zeiss) equipped with a Perkin-Elmer UltraView spinning disk confocal head.  For the compound microscope, images were captured using an AxioCam CCD camera (Zeiss) and analyzed using the Axiovision software (Zeiss).  For the spinning disk confocal microscope, images were captured using an EMCCD (C9100-12) gain camera (Hamamatsu) and analyzed using the MetaMorph software (UIC).  Electron microscopy was carried out on serial sections as previously described (Perens and Shaham 2005).
Heat-shock studies
Heat-shock constructs were injected at a concentration of 20 ng/ul with pRF4 (40 ng/ul) as the transformation marker.  Animals were placed at 34˚C for 30 min, allowed to recover at 20˚C, and scored for induction of reporters of interest 60-150 min later.
Southern hybridizations

Preparation of genomic DNA, agarose gel electrophoresis, and Southern blotting were performed using standard techniques (Ausubel et al., 1989).  Probes were prepared from hlh-17 cDNA using PCR.
Lineage analysis

Lineage tracing was performed essentially as described by Murray et al., (2006).  3D time-lapse image series were collected for wild-type (n=2), mls-2(ns156) (n=4) and vab-3(ns157) (n=4) embryos carrying a nuclearly localized his-72::H3.3-GFP reporter using a Zeiss LSM510 confocal microscope.  We used the program StarryNite (Bao et al., 2006) to automatically trace the lineage from the images, and the program AceTree (Boyle et al., 2006) to identify and edit errors in the StarryNite annotations.  Lineages were followed through the 350-cell stage and selectively traced the CEPsh-producing lineages (ABarpa, ABplpaa, ABprpaa) through the birth of the CEPsh glia.  Because StarryNite makes significantly more errors at and beyond the 350-cell stage than it does in earlier stages, we followed each cell by eye in each lineage throughout its lifespan and corrected all errors.  Tree displays and 3D projections were generated in AceTree.

2. Supplementary figure legends

Supplementary Fig. 1.  Expression patterns of hlh-17::GFP and ptr-10::myrRFP reporter transgenes.  (A, C) DIC images and (B, D) fluorescence images of an L1-stage animal expressing hlh-17::GFP.  Expression in the head (A, B) and tail (C, D) is shown.  Arrowheads in (B) indicate expression of GFP in some IL, OL, and OLQ sheath and/or socket glia.  (E) DIC image and (F) fluorescence image of an L3-stage animal expressing hlh-17::myrGFP.  Arrowheads indicate the expression of myrGFP in motor neuron commissures.  (G, I, K) Merged DIC and fluorescence images and (H, J, L) fluorescence images of an adult animal expressing ptr-10::myrRFP.  Expression in the head (G and H), vulva (I and J), and rectum (K and L) is shown.  Arrowheads in (H) indicate the expression in sheath and socket glia of IL, OL (blue), and OLQ (yellow) sensilla, as well as in CEPsh glia (white).
Supplementary Fig. 2.  AWC and AFD neurons contact CEPsh glia in the nerve ring and ventral ganglion.  (A) Left lateral cross section of the nerve ring.  Image reproduced from White et al., 1986.  Green, CEPshVL glia process.  Blue, AWCL neuron.  Purple, AFDL neuron.  Red, ADFL neuron.  (B) Same as (A) except that a right lateral cross section is shown.  Green, CEPshVR glia process.  Blue, AWCR neuron.  Purple, AFDR neuron.  Red, ADFR neuron.  (C) Transverse section through the anterior region of the ventral ganglion.  Image reproduced from White et al., 1986.  Green, CEPshVL/R glia process.  Blue, AWCL/R neurons.  Purple, AFDL/R neurons.  Red, ADFL/R neurons.

Supplementary Fig. 3.  Cell lineage is not altered in mls-2(ns156) and vab-3(ns157) mutant embryos.  (A) Fluorescence images of embryos of the indicated genotype containing pie-1::H2B::GFP and his-72::H3.3-GFP, labeling all nuclei.  The red, blue, magenta, and pink circles indicate the nuclei of CEPshDR, CEPshDL, CEPshVL, and CEPshVR glia, respectively, immediately after their births.  (B) Representative lineage trees constructed from tracing the divisions executed by the ABarpa, ABplpaa, and ABprpaa precursor cells and their progeny in wild-type (i, iv, and vii, respectively), mls-2(ns156) (ii, v, and viii, respectively), and vab-3(ns157) (iii, vi, and ix, respectively) animals.  Note that all three genotypes give rise to essentially identical lineage trees.
Supplementary Fig. 4.  mls-2(ns156) mutants lack ventral CEPsh glia processes.  (A) Right, electron micrograph of a section of a wild-type adult showing the ventral ganglion leading into the nerve ring.  Left, magnification of the boxed region indicated in the right panel.  Arrows demarcate the CEPsh glial process.  (B) Same as (A) except that an mls-2(ns156) mutant is shown.  Arrows point to the border of the ventral ganglion showing the absence of a CEPsh glial process.  Note the disorganization of the ventral ganglion (right) as compared with the bilaterally symmetric structure of the wild type (A).

Supplementary Fig. 5. Isolation of hlh-17, hlh-32, and hlh-31 deletion alleles.  (A) Alignment of the bHLH domains of the HLH-17, HLH-32, and HLH-31 proteins.  Pink indicates identity among all three proteins.  Blue indicates identity in two of three proteins.  (B) Diagrams depicting the wild-type hlh-17/hlh-31 locus (top) and the alterations in the ok487 strain (bottom).  Boxes, exons. -shaped lines, introns.  The boxed red sequences in hlh-31 (colored red) were duplicated and inserted into exon 2 of hlh-17.  (C and D)  Genomic organization of hlh-32, hlh-17, and hlh-31.  (C) Boxes, exons. -shaped lines, introns.  Locations of deletion alleles are indicated by red bars, with numbers indicating the precise deletion positions relative to the ATG in the genomic sequences of each gene.  Blue areas encode the bHLH domains in each gene.  The NdeI restriction enzyme was used to digest genomic DNA for the Southern blot shown in (D).  The sizes of predicted NdeI digestion fragments are indicated with red, blue, or green numbers.  Arrows in D indicate the sizes of each band.  Each deletion deletes one NdeI site, yielding only three bands in the triple knockout strain (D, third lane).  The blot in D was probed with 32P-labeled hlh-17 cDNA, which can detect all the fragments depicted in the panel.  The 1959 NdeI fragment of hlh-31 and 2016 NdeI fragment of hlh-32 are overlapping.  (E) GFP, myrGFP, and myrRFP reporter constructs used in this study.

Supplementary Fig. 6. hlh-17(ns204) mutants do not show defects in CEPsh development.  (A) Expression of hlh-17 and ptr-10 in dorsal CEPsh glia of hlh-17(ns204) mutants.  (B) Same as A except ventral CEPsh glia examined.  (C) Axon guidance defects of AWC and ADF neurons in hlh-17(ns204) mutants.

Supplementary Fig. 7. A triple mutant of hlh-17, hlh-31, and hlh-32 has no defects in ptr-10 reporter expression or CEP dendrite extension.  Triple allele, hlh-32(ns223) hlh-17(ns204) hlh-31(ns217). n, number of animals observed.  (A, B) ptr-10 expression in dorsal or ventral CEPsh glia, respectively, in the indicated mutant backgrounds.  (C, D) hlh-17 and ptr-10 reporter expression in dorsal and ventral CEPsh glia, respectively, in wild-type or hlh triple mutant animals.  (E) CEP neuron dendrite defects in animals of the indicated genotypes.
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