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MdMYB1
MdMYBA
MdMYB10b
MdMYB10
VVMYBA1
VVMYBA2
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ROSEA1
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LeANT1
PhAN2

GhMYB9

MdMYB1
MdMYBA
MdMYB10b
MdMYB10
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VVMYBA2
MrmyB1
ROSEA1
ROSEA2
AtMYB90
AtMYB75
LeANT1
PhAN2

GhMYB9

MdMYB1
MdMYBA
MdMYB10b
MdMYB10
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VVMYBA2
MrmyB1
ROSEA1
ROSEA2
AtMYB90
AtMYB75
LeANT1
PhAN2

GhMYB9

MdMYB1
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MdMYB10b
MdMYB10
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ROSEA1
ROSEA2
AtMYB90
AtMYB75
LeANT1
PhAN2
LAP4

———MEGYNENLSVRKGAWTREEDNLLRQCVEIHGEGKWNQVSYKAGLNRCRKSCé%RWLN
---MEGYNENLSVRKGAWTREEDNLLRQCVE IHGEGKWNQVSYKAGLNRCRKSCRQRWLN
---MEGYNENLSVRKGAWTREEDNLLRQCVE IHGEGKWNQVSYKAGLNRCRKSCRQRWLN
---MEGYNENLSVRKGAWTREEDNLLRQCVE IHGEGKWNQVSYKAGLNRCRKSCRLRWLN
—-—-ME----SLGVRKGAWIQEEDVLLRKCIEKYGEGKWHLVPLRAGLNRCRKSCRLRWLN
——-MK----SLGVRKGAWTQEEDVLLRKC I EKYGEGKWHLVPLRAGLNRCLKSCRLRWLN
---MEG---SLGVRKGAWTVEEDTLLKLY IEKYGEGKWHQVPPRAGLNRCRKSCRLRWLN
—---MEK--NCRGVRKGTWTKEEDTLLRQC I EEYGEGKWHQVPHRAGLNRCRKSCRLRWLN
—---MQK--NPRGVRKGTWTKEED I LLMEC I DKYGEGKWHQVPLKAGLNRCRKSCRLRWLN
—---MEG--SSKGLRKGAWTAEEDSLLRLCIDKYGEGKWHQVPLRAGLNRCRKSCRLRWLN
—---MEG--SSKGLRKGAWTTEEDSLLRQC INKYGEGKWHQVPVRAGLNRCRKSCRLRWLN
—————————————— KGSWTDEEDFLLRKCIDKYGEGKWHLVP IRAGLNRCRKSCRLRWLN
MSTSNA--SSSGVRKGAWTEEEDLLLRECIEKYGEGKWHLVPVRAGLNRCRKSCRLRWLN
--MEKC--KTRGVRKGAWTYEEDKLLKACMQKYGEGKWHLVPQRAGLNRCRKSCRLRWLN
-MGRRACCAKEGVKRGAWTSKEDDALAAYVKAHGEGKWREVPQKAGLRRCGKSCRLRWLN
-MGRRACCAKEGVKRGAWTAKEDDTLAAYVKAHGEGKWREVPQKAGLRRCGKSCRLRWLN
-MGRSPCCEKAHTNKGAWTKEEDDRL IAY IRAHGEGCWRSLPKAAGLLRCGKSCRLRWIN

-k -k -kk Kk - kKA K - Kkk Khhk hhkAk Kk -k

YLKPN IKRGDFKEDEVDL I IRLHRLLGNRWSL IARRLPGRTANAVKNYWNTRLR ID-=S—-
YLKPN IKRGDFKEDEVDL I IRLHRLLGNRWSL IARRLPGRTANAVKNYWNTRLR ID--S—
YLKPN IKRGDFKEDEVDL I IRLHRLLGNRWSL IARRLPGRTANAVKNYWNTRLRID--S-
YLKPN IKRGDFKEDEVDL I IRLHRLLGNRWSL IARRLPGRTANAVKNYWNTRLRID--S-
YLKPD IKRGEFALDEVDLMIRLHNLLGNRWSL IAGRLPGRTANDVKNYWHSHHFKKKVQ-
YLKPD IKRGEFALDEVDLMIRLHNLLGNRWSL IAGRLPGRTANDVKNYWHGHHLKKKVQ-
YLKPN IKRGEFKADEVDLMIRLHKLLGNRWSMIAGRLPGRTANDVKNYWNTHLRKNALS-
YLRPN IKRGRFSRDEVDL IVRLHKLLGNKWSL IAGR IPGRTANDVKNFWNTHVGKNLGE -
YLRPNIKRGCFSKDEVDL IVRLHKLLGNKWSL IAGR IPGRTANDVKNFWNTHVGKNLGV -
YLKPS IKRGRLSNDEVDLLLRLHKLLGNRWSL IAGRLPGRTANDVKNYWNTHLSKKHESS
YLKPSIKRGKLSSDEVDLLLRLHRLLGNRWSL IAGRLPGRTANDVKNYWNTHLSKKHEP-
YLRPHIKRGDFEQDEVDL ILRLHKLLGNRWSL IAGRLPGRTANDVKNYWNTNLLRKLNT -
YLRPHIKRGDFSLDEVDL ILRLHKLLGNRWSL IAGRLPGRTANDVKNYWNTHLRKKL 1A-
YLNPT INRESFSEDEVDMILRLHKLLGNRWSL IAARLPGRTANDVKNYWHTHLRKKMVS -
YLRPNIRRGNISYDEEDL I IRLHRLLGNRWSLIAGRLPGRTDNE IKNYWNSTLGRRAGA-
YLRPNIKRGNISYDEEDL IVRLHKLLGNRWSLTAGRLPGRTDNE IKNYWNSTLGRRA---
YLRPDLKRGNFTEEEDEL I IKLHSLLLGNKWSL IAGRLPGRTDNE IKNYWNTHIRRKLLS-
* -

*Kk Kk - ak mmma Kk kkkKk ek -hkhk k-kkkk Kk -kk-k-

——————— RMKTVKNKSQEMRKTNVIRPQPQKFNRSSYYLSSK----------EPILDHIQ
——————— RMKTVKNKSQEMRKTNV IRPQPQKFNRSSYYLSSK----------EPILDHIQ
——————— RMKTVKNKSQEMRETNV IRPQPQKFNRSSYYLSSK----------EPILDHIQ
——————— RMKTVKNKSQEMRETNVIRPQPQKFNRSSYYLSSK~~--------EPILDHIQ
——————— FQKEGRDKPQTHSKTKAIKPHPHKFSKALPRFELK-~--------TTAVDTFD
——————— FQEEGRKKPQTHSKTKA IKPHPHKFSKALPRFELK-~-~-------TTAVDTFD
——————— RIKDGGEKAQQTSKVNI IKPRPRTFAKNLTWFGGKP---------TIMAASFQ
—----DGERCRKNVMNTKT IKLTNIVRPRARTFTGLH--—====——————- VTWPREVGKT
—-—---DGERRKKNVMNTKNSKETNI IRPRARTFNGLH-——=——=——————- VTWPREHGKN

CCKSKMKKKN I TSPPTTPVQKIGVFKPRPRSFSVN--NGCSHLN--GLPEVDL IPSCLGL
CCKIKMKKRDITPIPTTPALKNNVYKPRPRSFTVN--NDCNHLN--APPKVDVNPPCLGL
—=TKIVPREKINNKCGEISTKIEI IKPQRRKYFSSTMKNVTNNN—-———-— VILDEEEHCK
- -PHDQKQE-SKNKAMKITEN-NI IKPRPRTFSRPAMNHVSCWNGKSCSKNT IDKNEGDT
——RKEEKKE--NEKPKESMQTHEV IKPQPRTFSSHSPWLNGKYNNFVTP IVTVSTNDGNV
GAGAGGSWVVVAPDTGSHATPAATSGACETGQNSAAHRADPDSAGT TTTSAAAVWAPKAV
—---GGSRVVFAPDTGSHATPAAGSREMTGGQKGAAPRADLGSP----ASAAVVWAPKAA
RGIDPATHRPLN-EASQDVTT ISFSGAKEEKEK INTNSNNNP IGF I TKDEKK 1PVQERCP

SAEDLST-PPQTSSSTKNGNDWWETLLEG-EDTFERAAYPSIELEEELFTSFWFDDRLSP
SAEDLST-PPQTSSSTKNGNDWWETLLEG-EDTFERAAYPSIELEEELFTSFWFDDRLSP
SAEDLST-PPQTSSSTKNGNDWWETLLEG-EDTFERAAYPSIELEEELFTSFWFDDRLSP
SAEDLST-PPQTSSSTKNGNDWWETLLEG-EDTFERAAYPSIELEEELFTSFWFDDRLSP
TQVSTSSKPSSASPQPNDG I IWVESLLAEHAQMDQETDFSASG--EVLIASL-WTEETAT
TQVSTSSKPSSTSPQPNDD I IWVESLLAEHAQMDQETDFSASG--EMLIASL-WTEETAT
PKDNV ISDLPPAPLPSENSVKWGENLFDDKEAGDE IGTYDVGGLNEEP IATFRWAEAAPA
DEFSNVRLT-TDEIPDCEKQTQFYNDVASPQDEVEDC IQWWSK—--——--— LLETTEDGEL
DAFSNVRITSTTENLDYEKQKPFHNNVASTPEEVDES IRWWSN-————-— LLETTED-EL
KKNNVCENS ITCNKD-DEKDDFVNNLMNGDNMWLENLLGENQE----ADAIVPEATTAEH
NINNVCDNS I 1'YNKD-KKKDQLVNNL IDGDNMWLEKFLEESQE----VDILVPEATTTEK
E11S---EKQTPDASMDNVDPWW INLLENCNDD IEEDEEVVINYEKTLTSLLHEEISPPL
E11KFSDEKQKPEES IDDGLQWWANLLANN---1EIEELVSYN----SPTLLHEETAPSV
AKDSEVDT ILP INGDGDSAAQPYLENPTLSSMWWESLLNVSNDKIGSCSLLLPEEYS-KL
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ZmMYBC1 RCTGGLFFFHRDTTPAHAGETATPMAGGGGGGGGEAGSSDDCSSAASVSLRVG-SHDEPC 237
ZmMYBPL RCTGGLFFHRRDTHTPHAGGTETPTPMMAGGGGGEARSSDDCSSAASVSPLVGSSQHDPC 228
GhMYB9 DLNLDLRISPPYYQQTQPESFKTGGRTLCF ICSLGVKNSKDCT-CSTITTAAGSSSSSSS 236
MdMYB1 RSCAN-———————— FPEGQSRS-———-————-- EFSFSTDLWNHSKEE-——————————— 243
MdMYBA RSCAN-———————— FPEGQSRS--—=-———=-- EFSFSTDLWNHSKEE-——————————— 243
MdMYB10b RSCAN-———————-— FPEGQSRS--——-————-- EFSFSTDLWNHSKEE-——————————— 243
MdMYB10 RSCAN-———————— FPEGHSRS--—=——————- EFSFSTDLWNHSKEE-——————————- 243
VVMYBA1 QKKG-—-—-- PMDGMIEQIQGGE————-———— GDFPFDVGFWDTPNTQVN-—-HLI-—-- 250
VVMYBA2 QKKGTHSKTKAIKPHPHKFSKAL - —=—————~— PRFELKTTAVDTFDTQVSTSSKLIHVTT 263
MrMYB1 ETVG-———- TPLDEFGPSFWA——————————— EFPSNLDVWDFLDPLDP-————————-— 250
ROSEAL GNLFE---—--- EAQQIG———————m oo Y 220
ROSEA2 ENLFE-—-———— DVQQTG——————————m o mmm ] —— 224
AtMYB90 GATLA-—————- FDVEQL-————=————=————ome WSLFDGETVELD-——=————=—- 249
ATMYB75 GDTLA-—————- FDVDQL-———————————m oo WSLFDGETVKFD——————————— 248
LeANT1 NIGEG------- NSMQQGQ I SHENWGEFSLNLPPMQQGVQNDDFSAE I D-LWNLL---—— 261
PhAN2 NAES--—————— SLTQG-————————mm e GSGLSDFSVDIDDIWDLLN---— 254
LAP4 NVEN-———————— FLAEGPSTVG-—-——————— DFSWDST ICEFDSLLDD ILN-—--—== 264
ZmMYBC1 FSGDG---—-—- DGDWMDDVR-— === === ———— ALASFLESDEDWLRCQTAGQLA-- 273
ZmMYBPL FSGDG---—-— DGDWMDDVR-—————————————— ALASFLESDEERLRCHTAEQLV-- 264
GhMYB9 HSNSN-—————- NSSGYDFLG-—————————————— LKSGILEYRSLEMK-—————==—— 264

Jsts SLMYB L5 1, MAMYBI10b glie 35k 56T MYB K5 slgns s, E MAMYBLOD welind 55 anslis - IS
Malus xdomestica, MAMYB1 Ll ;5 aef =es « GenBank L EMBL 5IMYB' cle5 M5 das oo 0L oo 50 3 K,
(DQ886414), MAMYB10 (DQ267896), MAMYBA (AB279598.1); Vitis venifera, VVMYBA1 (BAD18977),

VVMYBA2 (AB097924); Lycopersicon esculentum, LeANT1 (AAQS55181); Arabidopsis thaliana, AtMYB75
(ABB03879), AtMYB90 (NP176813); Gossypium hirsutum, GhMYB9 (AAQ55181); Zea mays, ZmMYBC1

(AF320614), ZmMYBPL (L19496); Antirrhinum majus, ROSEA1 (ABB83826), ROSEA2 (ABB83827); Morus

rubra, MrMYB1 (GQ340767); Medicago truncatula, LAP4(FJ199997); Petunia hibrida, PnAN2 (AAF66727)..
L neighbor-joining . 5l eslie.l sGenetics Analysis (MEGA4)Molecular Evolutionary ;i 53l ¢ 5 L 55 o5 il o
OLS 53 b gl oS o Jas MYB o 5355 sl 551 LMAMYB10b wel tel JI 5 aclie (& )+ bootstrap replicates

il o 3 MYB ol s @osline el sl sis OLES O Jome ool ol 4 i Clustal W asli ,, 3 eslizad L Ll 55 . Sos

‘;)l;- BE) Sl sdalie JJB 0 g0 C«.ﬂﬁ 9 C«.I:; ‘ij..v BE Qj QL:.: ngi.“ ux;z_? : MdMYBlObbj L)Lx WSS
Olse 4 Sl ) Ml ci S Glad S s oS =0y 2538 RT-PCR | eslinal b o cilises slgils
05 1 s el s Sheslill JuS 6 ol ol 0303 QLS Y K2 3 &S €8 Oles 2 5 )l 3
(Y S8 s salie L;ép@.a)s MdMYB10b Ol 53 05 el Ol Sy 56 53 B9 508 s
B.9 ol =
OSSNV T g cis DL Sy,

18s

D ¥ LY Saby RT-PCR 5l estinal L (bl ) b 5 (BL9) 30 3 o S 035 55 cilos (slgil ;s MYBIO0D oLy pJUT-Y s
f Salx) 35 sas 0 dyd Sl e oludlt (B, 5 s e 0L ) O L.l ,sB.9 rj)))gj})-:\.! W gy a8 53 05 Olo (el
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ol Nzl e (gl gl s 058U il 05 S
e85 S JIs Ko Gk gl edis 518 LS
H 3 eslizad b aS o Uy s b cpl 5 e
S5) o555 5l 4l S s a5 W S asie o5
05 ol 8 psisesS slsl s (MDCO13323.319
I bl 5 i Simes .ol MYB(10, ALl
ol (MDP0000259614) 4>l G s 50 s »
el #315 MDCO13323.319 S8 Oles 3 &S s 8
oS plie o b 65 sledls ol
36,5 sles Yanml 4 das o OLES oS 0 labis
<k oslssls 3575 o 0585 03 3 MYB G5 ol gl
o 03 on s A SSS B el s S
IMYBL0) (ol &) po 4 o 3550 o sS 3 (oo
Lo 23S Gl aan &S Jb s 3505 3555 (MYBI
sor @ (MYBI[A] /MYBI[A). &l jals
Seslizal b a3 SO Jse glei3 Byl 5 and s
ol e € Ol Jlaasl 4 &S uS e slgin 5 PCR
i 658 e S L (S sy S sen sl
bl s e 5 8 s 05 Sl e IS
(Malus xdomestica var. . oS JI 5 Lzl ol
ey b 4 OV YoNe =1l s Golden delicious)
s MYBL MYBI0 &5 das o Olis $55 dalsd ans
5ekd Bly eSS S s oS wmea LT MYBA
O S o IS e e LBl s ) e B 5

el 0k Ab (VF) Lo s 5 Tl slenig
siSUS 4l s edply VL Cplis sy L
343 S, cew MYBIO L5 LI MYBI0 s MYBI[A]
OLan 5 ol 553 0 oge S 5 S5 o
53 MYBI0 05 0ly i gl 45 Wsls Ol (Yeev)

VFY

(Ol ol o lme) (JsS0 50 5 Jsbo sletnssy alne
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S8 53 Jol 45 e sl im0 0B S
S o Jos 00 gy 53 503 05 53 5 S 5 g
ot WS K b T Bl 5 Spndse oS b
o) 05w l VL Cplin 4 a5 L s el el
Shestizal by > PCR wb & (ds)s QA
St g Ol o 2 Zg> LA Taq polymerase r‘.)j
Sl CLS 5 dan s STl e 255 00 65 )
22 og ekl b g5 Cpsls 5 it g 50 S
S plS a3 &S 58S 15 eslignl 556 PCR il
S eslizal b griter e L3S sdalin Jgams L]
sl s MYBIO 03 cDNA 5 ORF 5 ok i 4>l
sy QL ) cnl o ol 35 (555 2 OF S ) pen
&5 55k 4 (MDCO13323.319) Kals K g oS
slesl 53 s el YY kb K38 pl b sl cpline
G OYAYPOOYA aslSy 5D 4 eled palsesS
5 oplin b o s Kx8 g 2l OB (YAYAATRO
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Lou

S oS b 1y Ky g Ol 4 eSS S
Olge Cos 5 (gluldr RZRI-MYB o sis, 480
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Isolation and expression analysis of the variant MAMYB10b in the
red flesh apple genotype and study of allelism of the genes
responsible for red color in apple
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Abstract

MYB gene family as one of the largest transcription factors in plants has a wide range
of roles. One the most important functions of these genes is_to regulate the anthocyanin
level in different tissues. In apple (Malus xdomestica), three genes MdMYBI,
MdMYBA and MdMYBI10 are responsible for developing red color by controlling
anthocyanin level. In this study a variant of MdAMYB10, named MdMYBI10b, was
isolated from an Iranian domestic red flesh apple and its expression pattern in various
tissues was described. This gene was expressed in all red tissues of the plant including
leaves, seed, fruit skin and flesh while no expression was detected in the control
cultivar. These results coupled with bioinformatics examination of the genes which
regulate anthocyanin in apple suggested that three MYBs (10,1,A) are alleles of one
locus. Furthermore, a specific expression pattern was presented based on this model:
Alleles MdAMYB1land MdAMYBA are located in both red and white flesh genotypes and
function only in the skin while MAMYBI10 is located merely in red flesh genotype and
function in all tissues .

Key words: Anthocyanin, Allele, Gene expression, Red Flesh apple, Red color ,
MdMYB10
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