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Supplementary Table 1. Landmarks for Micro CT analysis

Number Side Descriptions
1 M nasale
2 M nasion
3 M bregma
4 M intersection of parietal and interparietal bone
5 M intersection of interparietal and occipital bones at the midline
6 M Opistion
7 M Basion
8 M Sphenobasion
9 L anterior-most point at intersection of premaxillae and nasal bones
10 R anterior-most point at intersection of premaxillae and nasal bones
11 L center of alveolar ridge over maxillary incisor
12 R center of alveolar ridge over maxillary incisor
13 L most inferior point on premaxilla-maxilla suture
14 R most inferior point on premaxilla-maxilla suture
15 L anterior notch on frontal process lateral to infraorbital fissure
16 R anterior notch on frontal process lateral to infraorbital fissure
17 L intersection of frontal process of maxilla with frontal and lacrimal bones
18 R intersection of frontal process of maxilla with frontal and lacrimal bones
19 L frontal-squasmosal intersection at temporal crest
20 R frontal -squasmosal intersection at temporal crest
21 L intersection of maxilla and palatine on inferior alveolar ridge
22 R intersection of maxilla and palatine on inferior alveolar ridge
23 L joining of squasmosal body to zygomatic process of squasmosal
24 R joining of squasmosal body to zygomatic process of squasmosal
25 L intersection of parietal, temporal and occipital bones
26 R intersection of parietal, temporal and occipital bones
27 L most inferior point on tympanic bulla
28 R most inferior point on tympanic bulla



Supplementary Table 2. Growing condition of CSGalNAcT1 mutant pups

Genotype
viable inviable χ2 p viable inviable χ2 p

T1 (+/+) 50 (28.1%) 0 14 (26.9%) 0
T1 (+/-) 86 (48.3%) 0 26 (50.0%) 0
T1 (-/-) 42 (23.6%) 0 10 (19.2%) 2
 Total 178 (100%) 0 50 (96.1%) 2 (3.9%)

T2 (+/+) 29 (25.9%) 0 10 (23.8%) 0
T2 (+/-) 52 (46.4%) 0 21 (50.0%) 0
T2 (-/-) 31 (27.7%) 0 11 (26.2%) 0
Total 112 (100%) 0 42 (100%) 0

T1 (-/-):T2 (+/-) x T1 (-/-):T2 (+/-)

T1 （-/-) : T2 (+/+) 28 (24.6%) 0 15 (23.8%) 0
T1 (-/-)  : T2 (+/-) 55 (48.2%) 0 28 (44.4%) 0
T1 (-/-)  : T2 (-/-) 0 (0%) 31 0 (0%) 20

Total 83 (72.8%) 31 (27.2%) 43 (68.2%) 20 (31.8%)

Genotype
Average litter

size (n)
Growth
rate (%)

Total (n)

WT x WT 6.8 70.5 72
T1 (+/-) x T1 (+/-) 6.5 68.8 99
T1 (-/-) x T1 (-/-) 4.2 49.3 82
T2 (+/-) x T2 (+/-) 6.4 70.7 38
T2 (-/-) x T2 (-/-) 6.2 69.8 42

T1 (-/-):T2 (+/-) x T1 (-/-):T2 (+/-) 4.4 42.9 50

B. Growth rates until the weaning period.

0.921 0.631

27.675 0.000

(+/+) wild type mice:  (+/-): heterozygous mice,  (-/-): null mice

0.643 0.7251 0.048 0.976

14.395 0.001

0.154 0.926

A. The viable ratio of mutant embryos.

E14.5E12.5



Supplementary Table 3. Compositions of CS disaccharides
(%)

Type 0S 4S 6S SE SB SD total
Skin WT 12.6 71.7 6.8 1.3 7.1 0.5 100

T1KO (mal -) 15.7 68.3 5.5 1.2 9 0.3 100
T1KO (mal +) 6.7 73.1 5.5 1.4 13 0.3 100

Muscle/ WT 34.2 52.1 1 12.6 0.1 0 100
Tendon T1KO (mal -) 41.9 48.8 1 0.5 7.8 0 100

T1KO (mal +) 29.6 56.5 1.6 0.6 11.7 0 100
Bone/ WT 13.8 75.6 7.6 1.2 1.5 0.3 100
Joint T1KO (mal -) 5.9 85.5 2.5 4.2 1.8 0.1 100

T1KO (mal +) 9.7 79.1 4 3.3 3.6 0.3 100



Supplementary Table 4. Antibodies used in the immunodetection 

 
Antibody Supplier Species Dilution 

for IHC 
Dilution for  
WB/Dot blot 

CS-A (2H6) Seikagaku Co. Mouse Monoclonal IgM 1:200  
Versican  Abcam Rabbit Monoclonal  1:100  
Aggrecan Abcam  Rabbit Polyclonal 1:200 1:500 
Collagen type I Abcam Rabbit Polyclonal 1:250 1:1000 
Collagen type II Abcam Rabbit Polyclonal 1:200  
FGF2 Santa Cruz Biotechnology Rabbit Polyclonal 1:500 1:1000 
Wnt3a Bioss Rabbit Polyclonal 1:500 1:1000 
β-catenin Santa Cruz Biotechnology Rabbit Polyclonal 1:100 1:1000 
Osteopontin Santa Cruz Biotechnology Mouse Monoclonal 1:100  
Ki67 Dako Rat Monoclonal 1:100  
α-tubulin  MBL Rabbit Polyclonal  1:1000 
CSGalNacT1 Our group28 Rabbit Polyclonal  1:500 

 



Supplementary Table 5.  The oligonucleotide primers used for Real-time PCR analysis 
Molecule Primer sequence Genebank 

accession number 
β-actin  NM_007393 
      Forward 5'-TGGAATCCTGTGGCATCCATGAAAC-3'  
      Reverse 5'-TAAAACGCAGCTCAGTAACAGTCCG-3'  
Collagen 1  NM_007742 
     Forward 5'-CACCCTCAAGAGCCTGAGTC-3'  
     Reverse 5'-GTTCGGGCTGATGTACCAGT-3'  
Mmp13  NM_008607 
      Forward 5'-AAGTGTGACCCAGCCCTATC-3'  
      Reverse 5'-GGGAAGTTCTGGCCAAAAGG-3'  
Wnt3a  NM_009522 
     Forward 5'-TTCTTACTTGAGGGCGGAGA-3'  
     Reverse 5'-CTGTCGGGTCAAGAGAGGAG-3'  
Fgf2  NM_008006 
      Forward 5'-CCAACCGGTACCTTGCTATG-3'  
      Reverse 5'-TATGGCCTTCTGTCCAGGTC-3'  
Cyclin D1  NM_007631 
     Forward 5'-GCGTACCCTGACACCAATCT-3'  
     Reverse 5'-CACAACTTCTCGGCAGTCAA-3'  
Versican  BC096495 
     Forward 5'-GCTGTGGATGGTGTTGTGTT-3'  
     Reverse 5'-CCCTTCCTTCCCCATCATGT-3'  
NG2  NM_139001 
     Forward 5'-CGTCAAGAGTCTCAACAGCG-3'  
     Reverse 5'-GTGGCCACAAACGGGATATC-3'  
Aggrecan  NM_007424 
     Forward 5'-AGGTTGCTATGGTGACAAGG-3'  
     Reverse 5'-TGGAAGGTGAATTTCTCTGGG-3'  
Csgalnact1   NM_172753 
     Forward 5'-GAAAGGGACTGGATGTTGGAG-3'  
     Reverse 5'-AAATACCTTCTTCCCTGGCTG-3'  
β-catenin  NM_007614 
     Forward 5'- ATGGAGCCGGACAGAAAAGC -3'  
     Reverse 5'- TGGGAGGTGTCAACATCTTCTT -3'  

 



 

 

Supplementary Table 6.	 List of the siRNAs  
        siRNA target   Target sequence 

Csgalnact1	 (Chondroitin sulfate-N-acytyl 

–galactosaminyltransferase1) 

Csgalnact1	 T1-KD#a GCAAUCAAAGGCUAUGAAUGA 
(2179-2199) 

 
 

Csgalnact1	 T1-KD#b GGUUCUGUUCAGUCAGUAUAA 
(1849-1869) 

Csgalnact2	 (Chondroitin sulfate-N-acytyl 

–galactosaminyltransferase2) 

Csgalnact2	 T2-KD#a 
        (T2-KD) 

GCAGAGCCAGUAUCUCCUUUG 
(3411-3431) 

Csgalnact1	      control sequence 
 

Csgalnact1	 T1-KD#a  control GCUAUCUAUGGCAUUGAUUGA 

 Csgalnact1	 T1-KD#b  control 
 

GGUACUGUACUGUCAGAAUAA 
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