Fig. S1. A forward genetic screen identified Hoip as a novel regulator of mesoderm development. (A) Crossing scheme to
generate EMS mutants in a double GFP reporter background. Over 10,000 mutagenized genomes were screened. (B,C) MHC.tGFP,
Hand.n-GFP expression in St17 embryos. Compared with wild-type embryos (B), P{lacW}hoip*””! homozygous embryos (C) show
severe muscle defects and apparent segmentation defects (white arrowheads). (D-F) St16 embryos stained with the PNS marker
22C10. Micrographs show four dorsal neuron clusters. The organization of the dorsal clusters (white arrows) and the pathway of the
descending nerve (red arrows) are comparable among hoip’/Cyo (D), hoip' (E) and hoip'/P{lacW}hoip**’'% (F) embryos. (G) Crystal
structure of hANHP2L1 bound to U4 snRNA as reported previously (Vidovic et al., 2000), except the position of the 37th residue
(mutated in hoip’ embryos) is shown. (H) a-Flag western blot from COS cells transfected with empty pcDNA.Flag, pcDNA.Flag.Hoip
or pcDNA.Flag.Hoip'. (I) Alignment of Hoip and hNHP2L1 protein sequence. The two proteins are 79% identical and 89% similar.
hNHP2L1 amino acids required for RNA binding are indicated with an asterisk (Schultz et al., 2006). The red asterisk shows the
position of the hoip’ missense mutation. Scale bar: 20pm.



Fig. S2. Somatic muscles in 40ip embryos extend filapodia in the direction of polarization. Time-lapse images of rp298.
gal4>tGFP hoip’ somatic muscles beginning at late St12. Filapodia extend in the axis of myotube polarization (red arrowheads) and
then retract. Scale bar: 10 um.



Fig. S3. Muscle morphology and identity gene expression. (A,B) Nau expression in St12 embryos. The number of Nau+ nuclei

is comparable between control and 4oip’ embryos. (C,D) rp298.lacZ expression in St12 embryos. The number of lacZ* nuclei is
comparable between control and Aoip’ embryos. (E,F) St16 rp298.gal4>t.GFP, rp298.nlacZ embryos double-labeled for GFP (red)
and lacZ (green). hoip’ embryos showed a significant reduction in the number of lacZ™ nuclei (F) compared with wild type (E). (G,H)
Quantification of Nau® and rp298.1acZ* positive nuclei in the dorsal mesoderm. The number of segments quantified is given for each
genotype and time point. Unpaired ¢-tests were performed to establish significance. Error bars represent s.e.m. (I,J) MHC.tGFP, Hand.
nGFP expression in St16 embryos. (I) Wild-type and (J) MHC' embryos show similar somatic muscle morphology. In particular LL1/
DOS muscles have elongated and attached in all segments (red arrows). ns, not significant; ***P<0.001.



Fig. S4. hoip expression during embryonic development. (A-E) Wild-type embryos hybridized with RNA probes antisense (A,C-E)
or sense (B) to the 1oip mRNA. (A,B) Post-cellularization blastoderm embryos. Fluorescent intensity is comparable between the
antisense and sense probes. (C) St9 embryo co-labeled for hoip (green) and Mef2 (red). Weak hoip expression has initiated in the
endoderm and mesoderm. (D,E) St14 (D) and St16 (E) embryos co-labeled for hoip (green) and MHC (red). hoip is expressed at high
levels in the endoderm (en) and at lower levels in the somatic musculature (red arrowheads). (F) Genomic conservation 225 bp 5’

to the hoip transcriptional start site. The highly conserved E-box sequence and mutations in Hoip.-225.AEGFP are shown. Genomic
coordinates refer to base pair positions along chromosome 2L.



Fig. S5. Hoip localizes to both the nucleus and the cytoplasm. (A-D) Mef2>Hoip-HA embryos co-labeled for HA (green) and
Tropomyosin (red). (A,B) Hoip is largely localized to the nucleus in St12 embryos, although some cytoplasmic staining is present.
(C,D) Hoip is localized throughout the myofibers of St16 embryos. Enhanced localization is apparent in a subnuclear domain.



Fig. S6. rRNA processing and Mef2 expression are not affected in hoip’ embryos. (A,B) Screen shot from Integrative Genome
Viewer at the rDNA locus (A; CR41602) and the Mef2 locus (B) showing RNA-seq reads from wild-type and hoip’ embryos. Vertical
grey bars represent a single sequencing read. Horizontal blue lines indicate a sequencing read across an intron. The number and
positions of RNA-seq reads is comparable between genotypes at both loci.



Fig. S7. Method to quantify MHC expression by mean fluorescence intensity. (A-C) Z-stacks including only the somatic

muscles from St16 embryos stained for MHC. MHC expression was clearly restored in hoip’ embryos by MHC*"*; however, muscle
morphology was not (compare A with C). To quantify MHC expression in the somatic musculature (SM), we used the Zeiss LSM Zen
2011 software to trace the medial region of a segment using SBMs to define anterior-posterior position of each segment (white boxes).
The software then calculated mean fluorescent intensity (MFI) within each boxed region. We also measured fluorescent intensity in the

visceral musculature (VM). To normalize MHC expression, we divided SM MFI by VM MFI to obtain relative fluorescence for each
segment.



Fig. S8. nhp2l1b is a Hoip orthologue and the nhp2l1b ATG-MO efficiently blocks translation. (A) Alignment between Hoip and
zebrafish nhp211b protein sequences. Identical amino acids are shaded black; similar amino acids are shaded gray. (B) Alignment of
the nhp2l1a/b translational start sequences with the ATG-MO and 5’UTR-MO. Target nucleotides are red. The beginning of the ORF
is underlined. (C) Phylogenetic analysis of NHP2 and NHP2L1 proteins in worms (ce), flies (dm), zebrafish (dr) and humans (hs).
Bootstrap values are given. (D) Zebrafish embryos co-injected with Control-MO and an eGFP construct containing the nhp2/1b target
site in the 5'UTR show robust eGFP expression at 12 hpf. (E) Embryos co-injected with ATG-MO and the same eGFP construct as in
D show a significant reduction in eGFP expression. (F,G) Tg(a-actin: GFP) embryos injected with ATG-MO did not develop beyond
16 hpf.



Table S1. Muscle development in #0oip embryos

Muscle* DOI DO2 DA DO DO DO LTI- DT LO SBM VO VA
3 3 4 5 4 I I 1-3 1-2
hoip' 97 94 33 13 38 19 47 91 47 94 61 64
(36) (36) (36) (36) (36)  (36) (144) (36) (36)  (36) (90) (62)
hoip'/ Df(2L)ED690 77 100 38 16 54 32 41 93 41 67 52 77
(31) (31) (31) (31) Bl @3 (124) (31) Bl (31 (93) (62)
hoip'/P{lacW}hoip""" 100 100 53 14 44 41 33 76 50 91 71 75
(34) (34) (34) (34) (34)  (34) (136) (34) (34) (34 (66) (48)
P{lacW}hoip*""""* 86 78 9 0 18 18 4 36 4 59 16 23
(22) (22) (22) (22) (22)  (22) (88) (22) (22) (22 (66) (44)

*Muscles extending across the segment scored positive

Data are percentage of positive muscles (number of muscles scored)



Table S2. Differential gene expression in 6-10 hour koip’ embryos

Wild-type
Gene hoip value Fold change P value
value
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Downregulated transcripts are shaded red; upregulated transcripts are shaded green.
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Table S3. Differential isoform expression in 6-10hr hoipl embryos

Gene Wild-type hoip value Fold change P value Transcript defect
value
aub 56.48230 98.77100 1.74871 0.00793 Enhanced splicing
ptip 65.73160 118.55200 1.80357 0.00011 Enhanced splicing
sti 185.64600 353.55200 1.90444 0.00323 Enhanced splicing
CG8177 123.73700 243.66400 1.96922 0.00000 Enhanced splicing
CG42748 175.85800 90.52090 0.51474 0.00432 Exon inclusion
kee 89.84850 46.96120 0.52267 0.00085 Exon inclusion
Ser 84.99020 44.45880 0.52311 0.00064 Exon inclusion
Ppn 555.02200 306.51800 0.55226 0.00000 Exon inclusion
Ca-P60A 498.64100 275.82100 0.55315 0.00723 Exon inclusion
CG32000 480.65000 268.36300 0.55834 0.00024 Exon inclusion
hth 835.08400 505.59300 0.60544 0.00059 Exon inclusion
Mbs 167.98500 107.22400 0.63830 0.00395 Exon inclusion
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Su(var)2-
HP2

rig
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CG8290
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Atpalpha
dikar
CG1518

Su(var)2-
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for

246.19900

112.77000

58.32680

22.44770

73.74680

171.87700

311.99200

619.91700

85.61790

247.80100

322.94300

283.09700

39.00810

168.60200
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403.70600

207.51200

108.58200

43.12180

142.11800

342.32000

203.80600

429.29900

120.58700

384.90000

560.43400

505.11500

73.12260

330.36400

1.63976

1.84013

1.86161

1.92099

1.92711

1.99166

0.65324

0.69251

1.40843

1.55326

1.73540

1.78425

1.87455

1.95943

0.00001

0.00519

0.00732

0.00781

0.00721

0.00000

0.00047

0.00385

0.00286

0.00167

0.00000

0.00001

0.00308

0.00352

Exon inclusion

Exon inclusion

Exon inclusion
Exon inclusion
Exon inclusion
Exon inclusion
Exon skipping
Exon skipping
Exon skipping

Exon skipping

Exon skipping

Exon skipping
Exon skipping

Exon skipping



shot

mij

sano
CG34417
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sm

crol

fz2

if
VhaSFD

CG14425,
Sx1

CG14767
PNUTS

Pdpl

177.77600

201.01800

95.19750

31.43320

79.34430

266.06100

319.13200

300.78100

86.65180

325.35600

368.62100

311.92900

187.48500

154.50300
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112.71300

371.77900

52.42650

16.63610

42.20550

135.89400

169.49200

160.47500

48.43270

182.20800

209.39300

178.67400

107.55800

89.82400

0.63401

1.84948

0.55071

0.52925

0.53193

0.51076

0.53110

0.53353

0.55893

0.56003

0.56804

0.57280

0.57369

0.58137

0.00722

0.00130

0.00662

0.00058

0.00438

0.00830

0.00000

0.00062

0.00119

0.00003

0.00010

0.00070

0.00145

0.00835

Exon skipping/exon inclusion
Exon skipping/exon inclusion
Exon skipping/inclusion
No splicing
No splicing
Reduced splicing
Reduced splicing
Reduced splicing
Reduced splicing

Reduced splicing

Reduced splicing

Reduced splicing
Reduced splicing

Reduced splicing
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rictor
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203.49100

94.26300

83.02180

215.54700

438.24000

190.83200

212.19200

178.67900

197.96700

222.03000

1328.14000

149.02400

322.39300
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118.55600

56.17210

49.61840

130.30700

271.95700

124.93800

140.44800

123.00500

319.00700

391.25600

2396.17000

291.33300

630.75800

0.58261

0.59591

0.59766

0.60454

0.62057

0.65470

0.66189

0.68841

1.61142

1.76218

1.80415

1.95493

1.95649

0.00818

0.00489

0.00072

0.00083

0.00068

0.00019

0.00034

0.00292

0.00193

0.00346

0.00820

0.00133

0.00003

Reduced splicing
Reduced splicing
Reduced splicing
Reduced splicing
Reduced splicing

Reduced splicing

Reduced splicing

Reduced splicing
Reduced splicing
Reduced splicing

Reduced splicing

Reduced splicing

Reduced splicing



cpo

Pvr
Eip75B
1(3)82Fd
Imp

Dscam

180.11500

126.49100

341.18800

159.89400

551.30400

147.12600
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105.18600

75.74530

207.52200

100.41200

374.13400

112.67700

0.58399

0.59882

0.60823

0.62799

0.67863

0.76585

0.00013

0.00122

0.00418

0.00255

0.00303

0.00043

Reduced splicing/exon inclusion
Reduced splicing/exon inclusion
Reduced splicing/exon skipping
Reduced splicing/exon skipping
Reduced splicing/exon skipping

Reduced splicing/exon skipping
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Table S4. Muscle elongation, target recognition and attachment mRNA expression in hoip’ embryos

Muscle Fold change in Stage of muscle Reference

Gene function hoipl embryos* phenotype
Dynein  heavy chain Elongation NC Stage 15 (Folker et al., 2012)

64C
pavarotti Elongation NC Stage 16 (Guerin and Kramer, 2009)
tumbleweed Elongation 2.04 Stage 14/15 (Guerin and Kramer, 2009)
derailed Recognition NC Stage 14 (Callahan et al., 1996)
echinoid Recognition NC Stage 16 (Swan et al., 2006)
kon-tiki Recognition NC Stage 13 (Schnorrer et al., 2007)
MSP-300 Recognition 0.27 Stage 16 (Rosenberg-Hasson et al., 1996)
perdido Recognition NC Stage 13 (Estrada et al., 2007)
roundabout Recognition NC Stage 14 (Steigemann et al., 2004)
Stit Recognition 0.66 Stage 14 (Steigemann et al., 2004)
Stripe Recognition/ NC Stage 14 (Frommer et al., 1996)
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attachment
Glutamate Receptor Stage 13 (Estrada et al., 2007)
Attachment NC
Binding Protein
inflated Attachment 0.56 Stage 17 (Bloor and Brown, 1998)
Leucine-rich  tendon- Stage 16 (Wayburn and Volk, 2009)
Attachment NC
specific protein
mind bomb 2 Attachment NC Stage 15 (Carrasco-Rando and Ruiz-Gomez, 2008)
multiple edematous Stage 16 (Chanana et al., 2007)
Attachment NC
wings
myospheroid Attachment NC Stage 16 (Brown, 1994)
rhea Attachment NC Stage 16 (Brown et al., 2002)
slowdown Attachment NC Stage 16 (Gilsohn and Volk, 2010a)
Thrombospondin Attachment NC Stage 16 (Subramanian et al., 2007)
Tiggrin Attachment NC Stage 16/17 (Bunch et al., 1998)
vein Attachment NC Stage 16 (Yarnitzky et al., 1998)

*Fold change compared with wild-type embryos



33

Table S5. Possible muscle elongation regulators misexpressed in hoip’ embryos

Gene Molecular function Fold change in
hoip" embryos
Gelsolin Actin binding 0.32
Rab7 GTPase 0.13
Rabl8 GTPase 0.48
RhoGAP54D Rho GAP 2.30
RhoGAPI100F Rho GAP 0.41
Tetraspanin 42Ea Transmembrane protein 0.48
Unc-89 Rho GEF 0.07
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Table S6. Primer sequences

Primer Forward primer Reverse primer

Site-directed
mutagenesis

hoip’ ATCAACTGCGCAAGGAAGCCAACGAGGCCAC GTGGCCTCGTTGGCTTCCTTGCGCAGTTGAT
Hoip.-225.GFP* TCTAGAACTCGCGGATGCGC GGTACCAAGTGCTTTAAAATGCAACCTCTC
Hoip.-225AE.GFP TTTCTAACGCTAACGGAATTCTTTGAAAGCGATTTC GAAATCGCTTTCAAAGAATTCCGTTAGCGTTAGAAA
qPCR

if CGATCCTTCCCACGAGATTA GCAGTGGATTCTACGGCAAT

Mf TCCAAAGCAGGTTGTCATTG GCCACTCGGTATCTTTGAGC

MHC CTGTTCAAGTGGCTGGTGAA AATGGGTGTTGGTCAGCTTC

Mic2 CAGCAACTGGGTGAAGTTGA CAGCCAGAGATTCAGTGTGC

Tm2 CAGCTGACCAACCAGTTGAA AAATCGTCGCAGATTGCTTT

TpnC 47D TTTATTCAAGCCTCGGGTGT CAGTCGTTAGCGGTGATCG

TpnC 73F CAACAGCTTCGATCACCAGA AAGTGGGTGGTGTTTTCCAG

smyhc1 GAGGAACCAGCAGAGAGTGG CAGATTGTTGCGTCTCTCCA

smyhc3 TGGAGAGACGCAACAATCTG CTGCCTCCTCAACCTCAGTC



toma
tom2
Mef2a
Mef2d
notch1
GAPDH

Rpl32
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CCCGTAAGCTGGTGATTGTT

TGCAGATGCTCAAACTGGAC

GGCTCTCCAGGGCTCTCTAT

GAGAATGCTCAGCGGTTAGG

CGAGCCCTTGTCATTATGGT

GATACACGGAGCACCAGGTT

TTACTCGTTCTCTTGAGAACGC

ACGAGTCTCAGCCTCCTTCA

TTGAGCGCGATCTAACTCCT

CATCGTAGGAGGAGCAGGAG

TGTTGCCAAGTGGTCATGTT

TCGCAGACACACTCATAGCC

AACAGCAAAGGGGTCACATC

CTTCAAGATGACCATCCGC

*The PCR product was
digested with Kpn/EcoRIl to
generate the Hoip.-225 fragment



