
 
 

 
 

Table S1. Abdomenal abnormalities reported in human upd(14)pat patients. 

The lower part of the column has a summary of the abdomenal abnormalities. 
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 Table S2. Thorax abnormalities reported in human upd(14)pat patients. 

The lower part of column has a summary of thorax abnormalities. Eleven of the 19 
patients exhibited a small, bell-shaped thorax including 9 cases of respiratory failure. 
Three of the 19 patients exhibited a narrow thorax, including 3 cases of respiratory failure. 
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 Table S3. Musculoskeletal abnormalities reported in human upd(14)mat patients. 

In the lower part of the column is a summary of the musculoskeletal abnormalities. 
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Fig. S1. Imprinted genes in the distal chromosome 12 in mice. 

There are three coding Pegs (blue) and four non-coding Megs (red). 
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Fig. S2. Construction of Rtl1 KO animals. 

(A) The miRNAs in AntiRtl1as degrade Rtl1 mRNA. (B) Construction of Rtl1 KO 

animals. (C) A schematic representation of the breeding strategies used to generate Pat-

Rtl1Δ and Mat-Rtl1Δ individuals. 
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Fig. S3. Rtl1 mRNA expression of in embryos, embryonal and neonatal muscles. 
RT-PCR of Rtl1 in the whole embryo (d8.5-12.5), Heart (H), diaphragm (D), limb 

muscles (hindlimb: L) in d16.5 and d18.5 embryos and neonates (P0, P3, P7 and P15). 

Rtl1 was expressed at least from d12.5 in embryos. Gapdh was used as the control. 

Results after 30 cycles of amplification were shown. 
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Fig. S4. Rtl1 mRNA expression of WT, Pat- and Mat-Rtl1Δ. 

(A) Quantitative PCR of Rtl1 in the diaphragm and hindlimb muscles in d16.5 embryo. 

WT (black, n=8) was adjusted as 1, Pat-Rtl1Δ (blue, n=4) and Mat-Rtl1Δ (red, n=4). ** p 

< 0.01. Two-tailed Student’s t-test was used for the statistical analysis. Error bars indicate 

stdev. (B) The PCR product of Pat-Rtl1Δ was cloned, sequenced and confirmed to be the 

Rtl1 sequence using Standard Nucleotide BLAST (blastn, NCBI nt database). 
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Fig. S5. Immunohistochemical staining of the RTL1 protein in d14.5 embryos. 
Immunohistochemical staining of a cross-section of the entire embryo (upper column) 

and a higher magnified view of the intercostal myofibers of the yellow boxes in the upper 

column (lower column). Pat-Rtl1Δ (left), WT (middle) and Mat-Rtl1Δ (right). Scale bars, 

1mm (upper column), 100 μm (lower column). 
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Fig. S6. RTL1 protein expression of WT, Pat- and Mat-Rtl1Δ. 

Western blotting for RTL1 in the diaphragm and hind limb muscles in d16.5 embryo. WT 

(left), Pat-Rtl1Δ (middle) and Mat-Rtl1Δ (right). 
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Fig. S7. Histological abnormalities in muscles of Pat- and Mat-Rtl1Δ. 

(A) Elastica van Gieson (EVG) staining in neonate intercostal muscle tissues of Pat-

Rtl1Δ (left), WT (middle) and Mat-Rtl1Δ (right). (B-D) HE staining in neonate 

intercostal muscle tissues of Pat-Rtl1Δ (left), WT (middle) and Mat-Rtl1Δ (right). (B) 
Diaphragm muscle (upper column) and a more highly magnified view of the yellow 

boxes in the upper column (lower column). (C) abdominal and (D) forelimb muscles. 

Scale bars, 50 μm. Neonates were fixed in SUPER FIX. (E) Distribution of the muscle 
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fiber size (cross-sectional area: CSA) in WT (black, n=4), Pat-Rtl1Δ (blue, n=3) and 

Mat-Rtl1Δ (red, n=3) neonates (non-fixed samples (upper) and fixed samples with 

SUPER FIX (lower)). (F) Proportion of muscle fibers with centrally-located nuclei 

(arrows in C and D) between WT (black, n=4), Pat-Rtl1Δ (blue, n=4) and Mat-Rtl1Δ (red, 

n=4) neonates. Neonates were fixed in SUPER FIX. * p < 0.05, ** p < 0.01. Two-tailed 

Student’s t-test was used for the statistical analysis. Error bars indicate stdev. 

  

Development: doi:10.1242/dev.185918: Supplementary information

D
ev

el
o

pm
en

t •
 S

up
pl

em
en

ta
ry

 in
fo

rm
at

io
n



 
 

 
 

 

Fig. S8. Expression of Rtl1 in the neonatal muscle.  

(A, B) Immunofluorescence staining of RTL1 protein in the neonatal abdominal muscles 

from Mat-Rtl1Δ mice. Long axis views (A) and cross-sectional views (B) of the muscle 

fibers of abdominal muscle. Co-immunostaining with RTL1 (red), α-ACTININ (green) 

and DAPI (blue), and their merged images. (C) Cross-sectional views of the muscle 

fibers of intercostal muscle. Co-immunostaining with RTL1 (red), DESMIN (green) and 

DAPI (blue), and their merged images. Scale bars, 20 μm. The neonates were not fixed 

before being embedded in OCT compound. 
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Fig. S9. Proportion of Pax7+ cells in neonate muscles.  
Proportion of Pax7-positive cells between WT (black, n=3), Pat-Rtl1Δ (blue, n=3) and 

Mat-Rtl1Δ (red, n=3) neonates (non-fixed samples). Two-tailed Student’s t-test was used 

for the statistical analysis. Error bars indicate stdev. 
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Fig. S10. Expression of imprinted genes in the distal chromosome 12 in mice fetal 
muscles.  

Expression level of the imprinted genes in the WT (black, n=8), Pat-Rtl1Δ (blue, n=4) 

and Mat-Rtl1Δ (red, n=4) muscle tissues from d16.5 fetuses as determined by qPCR. 

Gapdh was used as the control. Two-tailed Student’s t-test was used for the statistical 

analysis. Error bars indicate stdev. 
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Fig. S11. Expression of Rtl1 in muscle regeneration process in adult mice after 

cardiotoxin  (CTX) injury.  
Expression of Rtl1 and Pax7 in intact and regenerating tibialis anterior (TA) muscles. 

The animals were sacrificed on day 2 (n=2), 4 (n=4) and 7 (n=3) after CTX injection. 

Gapdh was used as the control. Results after 35 cycles of amplification were shown.  
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