Appendix A.

Primers used in this study

Accession number

Purpose Name of gene Sequence (5'-3")
MdASN1 F MDP0000292272 CCATGAACATTGATCCAGA
MdASN1 R MDP0000292272 AACACCATCACTGAACTG
MdASN2 F MDP0000096208 AAGCACATTCTGTATAGGC
MdASN2 R MDP0000096208 TTCAGCATTCATCATCATCT
MdASN3 F MDP0000119630 TGGTAGGGCTATACTTGAA

gRT-PCR
MdASN3 R MDP0000119630 TTCATCTGAGGTACATTGTC
MdASN4 F MDP0000302187 TATAATAAGGAATAGACCAGAGTG
MdASN4 R MDP0000302187 CATGGCATAGAATTGAGGA
MdASNS5 F MDP0000319314 CTTCTTGTTGGTTCAGGT
MdASN5 R MDP0000319314 CAATTTCATTTCATCGTTTAGTG
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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.



Appendix C

AtASN1  BESILAVLGCSDDSQRKRVRVLELSR . . . v v v e e eeteteeeeeenneeeeeeeeeeee e 76
AtASN3 i1 AVLGCVDNSQAKRSRIIELSR. . . HCYEDCYLAHERLAIVDPTSGDQPLYNEDKTIAVIVNG /6
AtASN2 BT AVLGCTDNSQAKRSRITELSR . 4 e v e veeeveeeeeeeteteteaanenenennananas HCYEDCYLAHERLAIIDPTSGDQPLYNEDKTVAVTIVNG 76
MAASN1T eI AVFGCTDNSQRKRSRITELSR . . v v e vvvte e vtteeetee e tee e eeeeeaeeaanns €L.HCHGNCYLAHORLATVDPASGDQPLYNEDKTVVVIVNG /6
MdJASN2 BT AVLGCSDDSQAKRVRHLHTSR . + v e vveveteteteteteenenenennenenenenenens YQHGDCFLAHORLAI IDPASGDQPLYNEDKSIVVIVNG /6
MdJASN3 el AVLGCSDDSQAKRVRVLELSRRQVPNFFQFFIFFVEFKVIILNY LVDREGDLNARREXFKY TWMQ iSie. YOHGDCFLAHORLAL I DPASGDOPLYNEDRSIvVTVNG 120
MdASN4 M LIICGIRFHLSSLFLNSTLPVLNSDQLTDFVG . TEQLAFDIDDLRE NS T €S TKILLHSPTLNRLPLRGVSPVVQRLIDSARN. . ..... 93
MdASN5 B LT TG IRFDLSSLLLNPTPPLENSD . « v vt veveeeeveereennnnns QLAFAIDDLRK. TKLLLHSAVSNRLPVREIVSSIEGVVKEEAGXEGDEGK 91
AtASN4 U2 TVVCGVRTELSTLSSSLSETETPFER . 4 v v v v e vevveeveannennennns LQVSVEDVKA €EKTIHLRPNCGQESATLSVVETSEGTYKLEETTSLGELE 91
MCGI
AtASN1  EIYNHEELR KRLKNHKFRTG. SCERTARLYERYGY . . . . DFVDMLDRIFSFVLLDTRDNSFMVARBATEvTsHyIGc. 190
AtASN3  EIYNHKALR ENLKSHQFRTG. SBCEWIARLYEEHGE . . . . EFVDMLDEMFAFVLLDTRDKSFIAARMATEITEMyYIGHG. 150
AtASN2  EIYNHKILR EKLKSHQFRTG. UTAHLYEEHGE. . . . EFIDMLDEMFAFVLLDTRDKSFIAARDAIEITPMYIGHG. 150
MdJASN1  EIyNHKOLR ENLKSHQFRTG. SBCENIAHLYEEHGE . . . . EFVDMLDEMFSEVLLDTRDOSFIARRMATETTEMYMGHG. 150
MdASN2  EIYNHEELR SXLPNHKFRTG . SWCDYIAHLYEEYGE.. . . . NFVDMLDEMFSFVLLDTRDNSFIVA] rrsiyics. 190
MJASN3  EIYNHEELR SRLPNHKFRTG. SBCDYIABLYEEYGE. . . . NFVDMLDEMFSFVLLDTRONSFIVARBATEITSHYIGHS. 194
MdASN4 YL 1ONLGECCSGS I PGVLSRIKEPWAT I YWQE SAKTLWFAI RrsLvEiPT 170

MAASNS  CESLENXRTPHLHTHFSTVPSSSAELHFLGATLQLRGMVDIEFGFFVKGEIFGGIDIGRDENBGEGLLOLLVOCCSGSVPDVLSRIKEPHAT IYHQESSKTLWFAR RroilLvEer 211

AtASN4  FIGSTLOLRGTSPIRQPLYDSSGNILAYN. ..\ ennnnss GEVFGGIELNSYDNTELLKSLEKAKS.LVPDVLSMI PWAHYWQESSRTLWFGKDP GRRSLVHSPT 191
AtASN1 HFYSSKLGGRKQWYNPPHENESVPSTPYEPLATRRAFENAVIRRIMT . DvPFGHLLSGAllDsLvAS ITARKLA . . cTRARKQWGPOEHSEC 266
AtASN3 €11 1YSSKQGGLRRWYNPPHESEVVPSTPYDPLUVRNTFEXAVIKRIMT . DVPFGYLLSGAIDSELVASVALRHLE . . KSEAACQWGSKLATEC 266
AtASN2 H1YSSKOGGLRRWYNPPHYNEQVPSTPYDPLYLRNAFEKAVIKRIMT . DVPFGYLLSGGMDSELVAAVALRHLE . . KSEARRQWGSQLHTEC 266
MdASN1 11 1Y SSKQGELRRWYNPPHFLEQTPSASYDPIVYLRKAFEKAVVKRMMT . DVPFGYLLSGGDSELVAAVACRYLA . . DSEAACQHGSQLATFC 266
MdASN2 H1YSSKEGELKRWYNPTHESET I PSXPYDPLVLRRAFE TAVIKRIMT . DVPEGVLLSGGDSELVAS ITARHLA . . GTKAAKQWGAQLHSFC 266
MdASN3 HLYSSKEGALKRWYNPTHESET I PSGPYDPLYLRRAFEAAVIKRINT . DVPFGYLLSGGMDSELVASITARHLA . . GTKARKQWGAQLESFC 310
MdASN4 €T TKLNFWEELRCGIYSTSMDAPDYDGVLYGEVKKHDWTNPYLEEMIKWERTYVE PKPE SLTGKHDTRLVNSDIV 280
MdASN5 § TTKLNFWEELRCGIYSISMNAPGLDGI LVGEVQKEEWTNGYLEEMIKWERTYVEXK PEDMH T TLTGKRDMHSVN. ... 317
AtASN4 NSLHRYWEELPCGVYSISFGVSELC..IHGEVTKHEWRNTIWKE IEWERKLVVPRPEDWSTESLSGVQEDKSVSTSLGFRQTVLVVIKESY 307
L L

AtASN1  VGLEGSPDLKAG. . KEJ
AtASN3  IGLKGSPDLKAG. .RE
AtASN2  IGLQGSPDLKAG. .RE

MHVETYDMUTTIRASTIEMFLMSRKIKSLGVKMVLSG. . . .. .. EGADEIFGGYLYFHKAPNKKEFHQIMNCRKIKALHK 377
DYLGTRHHELHFTVQDGIDAIEEVIMHVETYDWTT IRAST|EMFLMSRKIKSLGVKMVLSG. . . . ... EGSDEIFGGYLYFHKAPNKKEFHESNCRKIKALHQ 377
DYLGTRHHEFQFTVQDGIDAIEEVINM TIRAST|SMFLMSRKIKSLGVKMVLSG. ...... EGSDEILGGYLYFHKAPNKKEFHEMNCRKIKALHQ 377

MAJASN1  IGLEKSPDLKAA. .REQAEYLGTRHHEFHFTVQEGIDALEEVIMHTETFDYTTIRASTIEMFLMSRKIKSLGVKMVLSG. . .EGSDEIFGGYLYFHKAPNKEEFHORMCOKIKALAL 377

MdASN2 VGLEGSPDLKAA. . KEADYLGTVHHEFHFTVQDGIDATEDVIMHIETY DT T IRASTIEMFLMSRK IKSLGVKMVISG. . . . . . . EGSDEIFGGYLYFHKAPNKEEFHRIMCRKIKALEM 377

MdASN3  VGLEGSPDLKAG. . KEJADYLGTVHHEFHFXVQDGIDAIEEVIMHIETY DT TIRASTIMFLMSRKIKSLGVKMVISG. . . . . . . EGSDEIFGGYLYFHKAPNKEEFHREMCRKIKALHY 421

MJASN4  PIKSGRLDMRK. . .EIfPVAVLFSGGLDSMIIAALLHQCLDPSMDIDLLNSFDGRSARDRI SARAG. . VNELRRIAP. .\ v v av.s . SRKWKLVEINAELSTLIFEMKEVMSLING 382

MdJASNS5 .. .SGREDMEQ. . .EFPVAVLFSGGLDSMI TAALLHECLDPSMDIDLINSFDGRSAEDRI SARAGLWIKVLDGLT PFLMLMVELTLCXWXCRWKLVE I DAELSTLTFiMIKHVMSLIND 431

AtASN4  RRRTSLHSIYQGDKEAJPVAVLFSGGLDSMILAALLHQCLDPKMEVDLLNSFDGPNADRISAKAG. . IKELKKIAP. .\ vv'vv.t . FRRWKLVEIDADLSKLGFENKRVMSLIND 412
Y Y Y P ET

AtASN1  vD. CLRABKSTSAFGLEARVPFLDKDFINTAMSLDPESKMIKPEEGRIEKWVLRRAFMDEERPMLPKHILMROKE . . . . . . . . OFSDGVGYSWIDGLKDHAAQNVNDKMMSNAGHIFPEN 377
AtASN3  vD. CLRANKSTSANGVEARVPFLDKEF INVAMS IDPEWKMIRPDLGRIEKWVLRNAFMDEKNPMLPKHI LMROKE . . . . . . . . OFSDGVGYSWIDGLKDHANKHVSETMLMNASFVEPDN 377
AtASN2  FD.CLRANKSTSAWGVEARVPFLDKEFLNVAMS IDPEWKLIKPDLGRIEKWYVLRNAFWDEERPYLPKHILMROKE . . . . . . .. QFSDGVGYSWIDGLKDHANKHVSDTMLSNASFVEPDN 377
MAJASN1  vp. CLRANKSTSANGVEARVPFLDKEFINIAMNIDPEWKMIRP . . GRIEKWLLRNAFBDDOKPHLPKHILIGOKE . . . . . . . .QFSDGVGYSWIDGLKDHANSQVTDSMLSNASFVYPEN 377
MdASN2  vp.CLRANKSTSAWGLEARVPFLDKDFIKVAMDIDPEFKMIKKDOGRIEKWYVLRKAFBDEEQPYLPKHILMROKE . . . . . ... OFSDGVGYSWIDGLKSHAALHVTDKMMMNAERIFPHN 377
MAJASN3 v .CLRANKSTSANGLEARVPFLDKDFINVAMDIDPEFKMIKKDOGRIEKHVLRKAFMDEEK PLPKHILMNOKE . . . . . . . . QFSDGVGYSWIDGLKAHAELHVTDKMMLNAERIFPEN 421
MdASN4  ANTYMDINIGIALHLAAGGDGHVYEENTN . YNDEDCRCIKYKS . . . KARILLVGSGANEQCAGHGRHRTRMBNG . . . .\ vvvvvvnss SWLALNEEMKLDMORIWKRNLGRDDRCIADH 382
MJASNS  ANTYMDLWIGIALWLAAGGDGHVYEENTN . YNDEDCQCVKYKS. . . KARILLVGSGAMEQCAGHGRER TKMSGGYE TKLOGCRVLY VFSHRALNDEMKLDMORIWKRNLGRDDRCIADN 431
AtASN4  ApTYMDIIGTALNLAARGDGWIHEDNGNPSVEENNORVKYKS . . . DARILLVGAGAREQCAGHGRERTKMGNG . . . .o 'vve. ... SWVALDOEMKLDMORIWKRNLGRDDRCIADN 412
N D

AtASN1 TPNTKEAYYYRMIFERFFPQ. . .NSARLT
AtASN3 TPLTKEAYYYRTIFEKFFPK. ..SAARAT
AtASN2 TPLTKEAYYYRTIFEKFFPK. . .SAARAT
MJASN1  TPTTKEAYYYRTIFEKFFPK. . .NAARST
MAJASN2 TPNTKEAYYYRMIFERFFPQ. . .NSARNTVIGEPSVACSTATAVANDAEWSKNLD§SGRAT FEVHQQAYDKQGAPLTSGIPEI IDNVPQMKASTVGVAIRS

MJASN3 TPYTKEAYYYRMIFERFFPQ. . .NSARNT SVACSTATAVAWDAEWSKNLDESGRAILEVHQQAY DKQGAPVTSGIPEI IDNVPQMKASTVGLATHS

MJASN4 GKEARFPFLDEDVIRILLGFPLWEVTNLDQ GDKKILREVAELLGLHEAASLJZKRATQMESHRSSSLSSSMXNGNXXKEQWRAEDATAGNAEDLMSSQRTHRLPSPLLSSSPKARS) 603

MdASNS5S GKEARFPFLDEDVIRILLGFPLWEVANLDQIZX{€IGDKKILRGVAELLGLYEAASLIEKRATQFGSRIARESNRKNYGSNRAANQASAGSAVIHKRLD . 4 vt v e veeevneenneens 643

AtASN4  GKEGRFPFLDEDVIKTLLDIPLWEIADLEQES|§TGDKKILRQVASLLGVHEVAKMEKRATQFGSRIARE SNRKNFGSNRAANQASAGSVRELAPSH . . v\t vevevvevneneranans 610
PG P

Appendix C. Alignment of multiple MdASN and AtASN sequences

MdASNSs 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 E

AtASN1 AtASN2 AtASN3
C-score = -0.60 C-score = -0.47 C-score = -0.47
Estimated TM-score = 0.64+0.13 Estimated TM-score = 0.65+0.13 Estimated TM-score = 0.65+0.13
Estimated RMSD =9.0+4.6 A Estimated RMSD =8.7+4.6 A Estimated RMSD =8.7+4.6 A

AtASN4 MdASN1 MdASN2
C-score =-0.48 C-score = -0.82 C-score =-0.73
Estimated TM-score = 0.65+0.13 Estimated TM-score = 0.61+0.14 Estimated TM-score = 0.62+0.14
Estimated RMSD =8.9+4.6 A Estimated RMSD =9.6+4.6 A Estimated RMSD =9.4+4.6 A

MdASN3 MdASN4 MdASN5
C-score =-0.74 C-score = -1.11 C-score =-1.05
Estimated TM-score = 0.62+0.14 Estimated TM-score = 0.58+0.14 Estimated TM-score = 0.58+0.14
Estimated RMSD =9.6+4.6 A Estimated RMSD = 11.5+4.5A Estimated RMSD = 10.4+4.6 A

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



Appendix F. Gene ontology annotation of the AtASNs

Classification Gos Number Annotation

G0:0005488 3 binding
G0:0097159 3 organic cyclic compound binding
G0:0008144 3 drug binding
G0:0036094 3 small molecule binding

Molecular function GO0:0097367 3 carbohydrate derivative binding
G0:1901363 3 heterocyclic compound binding
G0:0043167 3 ion binding
G0:0005515 3 protein binding
G0:0003824 4 catalytic activity
G0:0016874 4 ligase activity
G0:0055044 1 symplast
G0:0009506 1 plasmodesma
G0:0030054 1 cell junction
G0:0005911 1 cell-cell junction

Cellular component G0:0044464 3 cell part
G0:0044424 3 intracellular part
G0:0005622 3 intracellular
G0:0005623 3 cell
G0:0044464 3 cell part
G0:0008152 4 metabolic process
G0:0044237 4 cellular metabolic process
GO0:0071704 4 organic substance metabolic process
G0:0044281 4 small molecule metabolic process
G0:0006807 4 nitrogen compound metabolic process
GO0:0009056 1 catabolic process
G0:0044238 4 primary metabolic process
G0:0009058 4 biosynthetic process

Biological process G0:0009987 4 cellular process
G0:0044237 4 cellular metabolic process
G0:0051716 1 cellular response to stimulus
GO0:0007154 1 cell communication
G0:0050896 2 response to stimulus
G0:0051716 1 cellular response to stimulus
G0:0009605 1 response to external stimulus
G0:0006950 2 response to stress
G0:0009628 2 response to abiotic stimulus
G0:0042221 1 response to chemical




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

Classification Gos Gens number Annotation

G0:0005488 1 binding
GO0:0097159 1 organic cyclic compound binding
G0:1901363 1 heterocyclic compound binding
G0:0036094 1 small molecule binding
G0:0008144 1 drug binding

Molecular function
G0:0097367 1 carbohydrate derivative binding
GO0:0043167 1 ion binding
G0:0003824 5 catalytic activity
G0:0016787 1 hydrolase activity
G0:0016874 5 ligase activity
G0:0009987 5 cellular process
G0:0044237 5 cellular metabolic process
G0:0008152 5 metabolic process
G0:0044237 5 cellular metabolic process

Biological process G0:0006807 5 nitrogen compound metabolic process
G0:0044281 5 small molecule metabolic process
G0:0071704 5 organic substance metabolic process
G0:0009058 5 biosynthetic process
G0:0044238 5 primary metabolic process




