
Purpose Name Accession number 
of gene Sequence (5′-3′)

qRT-PCR

MdASN1 F MDP0000292272 CCATGAACATTGATCCAGA

MdASN1 R MDP0000292272 AACACCATCACTGAACTG

MdASN2 F MDP0000096208 AAGCACATTCTGTATAGGC

MdASN2 R MDP0000096208 TTCAGCATTCATCATCATCT

MdASN3 F MDP0000119630 TGGTAGGGCTATACTTGAA

MdASN3 R MDP0000119630 TTCATCTGAGGTACATTGTC

MdASN4 F MDP0000302187 TATAATAAGGAATAGACCAGAGTG

MdASN4 R MDP0000302187 CATGGCATAGAATTGAGGA

MdASN5 F MDP0000319314 CTTCTTGTTGGTTCAGGT

MdASN5 R MDP0000319314 CAATTTCATTTCATCGTTTAGTG

Appendix A. Primers used in this study
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Appendix B

Appendix B. The numbers and phylogenetic relationships of ASNs in 41 species via MEGA5
Phylogenetic tree indicating the presence or absence of ASN family members in the indicated species. ASN members 
showed higher similarity between apple and Prunus persica.
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Appendix C. Alignment of multiple MdASN and AtASN sequences  
MdASNs and AtASNs were performed with multiple sequence alignment by DNAMAN. Conserved sequence characteristics of 
ASNs are indicated with various colors. Black represents conserved amino acid residues and red indicates the relatively 
conserved amino acid residues.
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Appendix D

Appendix D. Sequences of the 10 conserved motifs in MdASN and AtASN proteins identified via MEME A WebLogo 
representation of the conservative property of the amino acids in various motifs.
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AtASN1
C-score = -0.60

Estimated TM-score = 0.64±0.13
Estimated RMSD = 9.0±4.6 Å 

MdASN5
C-score = -1.05 

Estimated TM-score = 0.58±0.14
Estimated RMSD = 10.4±4.6 Å 

AtASN2
C-score = -0.47 

Estimated TM-score = 0.65±0.13 
Estimated RMSD = 8.7±4.6 Å 

AtASN3
C-score = -0.47 

Estimated TM-score = 0.65±0.13 
Estimated RMSD = 8.7±4.6 Å 

AtASN4
C-score = -0.48

Estimated TM-score = 0.65±0.13 
Estimated RMSD = 8.9±4.6 Å 

MdASN1
C-score = -0.82 

Estimated TM-score = 0.61±0.14 
Estimated RMSD = 9.6±4.6 Å 

MdASN2
C-score = -0.73  

Estimated TM-score = 0.62±0.14 
Estimated RMSD = 9.4±4.6 Å 

MdASN3
C-score = -0.74  

Estimated TM-score = 0.62±0.14 
Estimated RMSD = 9.6±4.6 Å 

MdASN4
C-score = -1.11  

Estimated TM-score = 0.58±0.14 
Estimated RMSD = 11.5±4.5 Å 

Appendix E

Appendix E. Three-dimensional structures of MdASNs and AtASNs predicted by I-TASSER website



Appendix F. Gene ontology annotation of the AtASNs

Classification Gos Number Annotation

Molecular function

GO:0005488 3 binding

GO:0097159  3 organic cyclic compound binding

GO:0008144  3 drug binding

GO:0036094 3 small molecule binding

GO:0097367  3 carbohydrate derivative binding

GO:1901363 3  heterocyclic compound binding

GO:0043167  3 ion binding

GO:0005515  3 protein binding

GO:0003824  4 catalytic activity

GO:0016874  4 ligase activity

Cellular component

GO:0055044  1 symplast

GO:0009506  1  plasmodesma

GO:0030054  1 cell junction

GO:0005911  1 cell-cell junction

GO:0044464  3 cell part

GO:0044424 3 intracellular part

GO:0005622 3 intracellular

GO:0005623 3 cell

GO:0044464 3 cell part

Biological process

GO:0008152  4 metabolic process

GO:0044237  4 cellular metabolic process

GO:0071704  4 organic substance metabolic process

GO:0044281  4 small molecule metabolic process

GO:0006807  4 nitrogen compound metabolic process

GO:0009056  1 catabolic process

GO:0044238  4 primary metabolic process

GO:0009058  4 biosynthetic process

GO:0009987  4  cellular process

GO:0044237  4 cellular metabolic process

GO:0051716  1 cellular response to stimulus

GO:0007154  1 cell communication

GO:0050896  2  response to stimulus

GO:0051716  1 cellular response to stimulus

GO:0009605  1  response to external stimulus

GO:0006950  2 response to stress

GO:0009628  2 response to abiotic stimulus

GO:0042221  1 response to chemical



Appendix G. Gene ontology (GO) annotation of the MdASNs

Classification Gos Gens number Annotation

Molecular function

GO:0005488 1 binding

GO:0097159   1 organic cyclic compound binding

GO:1901363 1 heterocyclic compound binding

GO:0036094 1 small molecule binding

GO:0008144   1 drug binding

GO:0097367  1  carbohydrate derivative binding

GO:0043167   1 ion binding

GO:0003824  5 catalytic activity

GO:0016787   1 hydrolase activity

GO:0016874  5 ligase activity

Biological process

GO:0009987   5 cellular process

GO:0044237   5 cellular metabolic process

GO:0008152   5 metabolic process

GO:0044237  5 cellular metabolic process

GO:0006807  5 nitrogen compound metabolic process

GO:0044281  5 small molecule metabolic process

GO:0071704  5 organic substance metabolic process

GO:0009058  5 biosynthetic process

GO:0044238   5  primary metabolic process


