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Abstract: ANK (ankyrin repeat) containing proteins comprise a large protein family, which play
important roles in plant growth, development, and signal transduction, no ANK genes have been reported
in apple. In this study, MdANK gene family, gene classification, chromosome location, sequence
alignment, conserved structure domains and expression profiles of MdANKSs were predicted and analyzed
with bioinformatics methods, alignment of amino acid sequences and phylogenetic analysis. The results
showed that MAANK family contained 351 genes, which was further divided into 16 types and the largest
group is the ANK-M type contains 143 proteins. Phylogenic analysis revealed that MJANK genes in apple
could be divided into 15 subfamilies(from A to O)according to the phylogenetic analysis tree by MEGA 5.
A total of 112 MdANK genes were mapped to 17 chromosomes, whereas 22 MdANK genes were not
mapped to any particular chromosome. For example, Chr 2 encompasses the largest number of 36 MAANK
genes, while the lowest number (Chr 6, 7 and 8) contained 6 MdANK genes. MJANK proteins contained
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from 72 to 2 429 amino acids and the isoelectric point is from 4.30 to 11.13. Expression analysis showed
that the expression levels of most MdANK genes were altered during the ripening process and
rootstock-scion interactions process. Our data will provide very useful information for cloning and
functional analysis of members of this gene family in apple.
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iR A HEE P4 (ankyrin repeat, ANK) JEAEYMA ZAAAEN—RE A5 . ANK S R AERER]
0 60 J4 S35 K7 Swi/Cde10 A AR WiAE 5 8 &K I (Breeden & Nasmyth, 1987), i 7t &
eI 24 ANEIERIR L) ANK 531 (Luxetal., 1990). M4 A #2551 i 33 N LR
BRAEA G, BEAE ANK FLTHRIBGERK, TEROK ANK 255, KH8 7 ANK S E DD fRe 5
M HAEAH S (Michaely & Bennett, 1992; Bork, 1993), J-7E A [a] D A 8 (1 4k & B (Mosavi et al.,
2004), (LB SR BEAH M JE S R 15 | e s 55 7 Th #1572 (1) £ (4 (Sedgwick & Smerdon, 1999).
e 3/ I (Arabidopsis) H1 28—/ AL ANK 5 1 4afid 2 R & AKR (Zhang et al., 1992),
ERNE T, AR RE KSR R BT IR BB R ANK 2R 1T RE
fkiE. LEIT ANK & H BOPI Z 5 HJEAER (Ha et al., 2004); 447+ EMB506 5 5 4>
ANK 25138, LAY AKPR S EAH AR, fER Gk & i fE e 45 S22 (016 ] (Albert et al., 1999);
PRSI XBAT32, iz iy, Wil L5532 SMRPER (Nodzon etal., 2004;
Lyzengaetal., 2012). %4k, ‘e ffAJEIE XBAT35 gifd (1t B A7 ZdEMEEIE S 5 O6E
SH:S%4% (Carvalho etal., 2012). #i4RiE, ANK & LIANK 75 S 468 I K AR & i Ak
Ko 2 ¢ E 2 /EH (Huang etal., 2006).

TR, B A S SR ALY FIAE AP a5 S MmN, Blan, BRI AKR2 25
Y A R R BUAEAR AR (Yanetal., 2002); ACDG6 fil NPR1 25 /K fi
SEG, S AEYINEE R EEAE ] (Caoetal.,, 1997; Luetal., 2003, 2005); /KF% XB3 25 XA21
- S S5 5 B (Wang et al., 2006 ; B CakR1 1] [w] sy 1 5 £F 47 i A0 3k A= 9 i i 2 Seong
etal., 2007).

HAr, HAMMIFRUKFES ) ANK R S50 % BRI T R AEDE B2 08, R
PGS S R R DAH DG F TR GE - 2010 4F ‘Gl SR AL KA1 7 58 i (Velasco et al., 2010),
R RING finger K% (Lietal., 2011). MdGLRs 2Kk (F1E 45, 2012). WRKY H#3% K75
W (UFERER 2%, 2012) M DREB (Zhaoetal., 2012) s 7 il id A=W B2 5 ik %8 Hiok,
HREAT T A FE DR 2 23 by R TR Dl e AR T, = SR 5 TR Dy e i o) S SR RIEEAT T 2 R e o 2

R 2%, 2012). 34k, ANK HEDRI S AL FE 7 FKRS Hh A 5T A #dE (Becerra et al., 2004;
Huang etal., 2009), XA iZFKIENI 5> K & IBem Mt T HR IR . RN ‘Gt FRATER
Mk, FIFHAEDGE RS G, SR ANK SRIER, 758 R g5 Rt O <3 i e L et
ORFR,  FFIE I o3 v JE DR e 1l ik th) 7 39 SR S S b iy SRR AR A B A i rh R IA A AN R R
AL MAANK JER, DU IETT ANK 7ESF AR KRB R AR A (04 F 352 — e I e At
fitlio

1 SCRREE RIS o0 A s Tk

5%, M GDR (Genome Database for Rosaceae) #i#ii/E T2k ‘&’ SR AKEKLF41 (Jung et
al., 2008), Hyz:AHh blast (Basic Local Alignment Search Tool) %i#i /%, LAUFIFFFI/KRE ANK 5
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FED A AT A blast (1e-003) 2% (Mount, 2007); #RJ&, IS5 R Thfie ik N 240 B e & 1
gl 2 1.5 CD (conserved donmain) #2544 ANK &6 #J4, (PF00023 Y, SM00248) (LA (5K
&%, 2012). & IF LIRPIEB SR, A perl RefyifiiL, LHERFH, Prdsai RAN PFAM
(Protein Family) A NCBI-CDD (Conserved Domains) T B #4178 (4 45 #) il (Mistry & Finn, 2007;
Marchler-Bauer et al., 2012), MERANE ANK 2545k if) 5K, [F] I F A EXPASY Proteomics Server
Chttp: //expasy.orgl) X1 ANK &K JE 1L Fr 4 HEAT 73 1+, A5 HLAS T (Artimo etal., 2012).

FIH PFAM 4822 ANK & (454, f#1] DOG2.0 (Domain Graph, version 2.0) #7445k %
il (Renetal., 2009).

M GDR $idfi 125 R 430 F I N 21475 S0 Cassembly gff3 file), FH] Perl FEJPREHL ANK JE [ ()
Pt A B AF B, FERFH MapDraw 27 347 B4t 44 i o7 A B GO )R FH 462 14, 2003) o i ik MUSCLE
HBEATFFFILLXT (Edgar, 2004), FEAH] MEGAS #yt kbt , dE0m 28 13RI 48 #23%: (Neighbor-
Joining, NJ), %2 % Bootstrap ¥4 1 000 X (Tamuraetal., 2011).

M EBI (The European Bioinformatics Institute) .t i 22 b F 8 R s & & o0 Bdls (E-MEXP-
2451) FURLEARFAR B AR R 405 (E-GEOD-4762) S AHMN f#REH /751 (A-GEOD-11164 FiI A-GEOD-
3715), 73R EERET P A I A blast $ctfs 1, FIFHSEIR ANK JER] CDS R A EAT HEXT, 584
VURCHRET AR 1% ANK JE[R (Kapushesky etal., 2010). ] Perl Mt #dis ik B R ANK LA
MERET Je ik it . KM Cluster3.0 HEAT.05 2R JE, Java Treeview A 5 v B K45 R IFAE K.

2 SEH ANK R FG R e Mo

FIHAED G R%T5iE, N G’ 3ERAIER A% e 3 351 A~ ANK FIEIER 1 (R 1),
A EFA PFAM J SMART Zi I8 2= 04T, 25 ANK Zitilek Chttp:  //www.applegene.org/
mdank.txt). 3H ANK LKL )& ALE 72 (MDP0000589579, J& T ANK-M WA &) ~ 2 429

(MDP0000163211, J& - ANK-BPA W5 05D M2 SERVGHI N, 55 HL si7E 4.30 (MDP0000218990,
J& T ANK-M W5 %) ~ 11.13 (MDP0000697244, J& T ANK-M W55 015) 2 [,

#£1 WEF. KBRIER ANK BEANSERKE

Table1 The classification and numbers of ANK in Arabidopsis, Oryza sativa and Malus x domestica

he) RIS ezl R 7K F EPNEERI
Number Subfamily Description Malus x domestica Oryza sativa Arabidopsis
1 ANK-M Proteins with only ankyrin repeats 143 73 18

2 ANK-TM Ankyrin-transmembrane proteins 83 37 40

3 ANK-TPR Protein with TPR or PPR repeats 4 22 1

4 ANK-RF Ring finger protein 8 9 5

5 ANK-ZF Zinc finger protein 15 7 6

6 ANK-BTB Proteins with BTB domain 8 6 7

7 ANK-IQ Calmodulin binding motif-containing protein 12 4 4

8 ANK-PK Protein kinases 18 4 7

9 ANK-BPA ARF GTPase-activating domain-containing protein 5 3 4

10 ANK-IT Potassium channels 10 0 1

11 ANK-SBP Protein with SBP doamins 5 0 0

12 ANK-GPCR Protein with GPCR_chapero_1 doamins 9 0 0

13 ANK-MS Protein with Motile_Sperm doamins 3 1 0

14 ANK-KinesinR Protein with Kinesin-relat doamins 7 0 0

15 ANK-UBN2 Protein with UBN2_3 doamins 5 0 0

16 ANK-O Proteins with other domains 26 10 13
SH Total 351 175 105
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Fig. 1 Structure of representative ANK protein from each subfamily
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iR . ANK-TM (51545 1) ANK-TPR (TPR/PPR 45l a5 11, fu45 ANK-TPR FII ANK-PPR).
ANK-RF (35 H, XiF—470 k) ANK-C3HC4. ANK-RING_2 } ANK-CCHC). ANK-ZF (§¢35
HFH, 4% ANK-CCCH #1 ANK-DHHC). ANK-BTB (BTB 458 ). ANK-IQ (M55 1454
F1). ANK-PK i, 178 ANK-PKT). ANK-BPA (GTP /KfifgiE vt E ). ANK-IT
(3 FlE & 1) ANK-SBP (SBP 5l 1) ANK-GPCR (GPCR 7r TR &5 Mk B 1)
ANK-MS (Motile_Sperm Z5#iE H). ANK-KinesinR (BX# 8 A e 45 M3 35 1) . ANK-UBN2
(UBN2_3 i3k 1) M ANK-O (JLAh 58938, fudG ANK-ACBP. ANK-Chromo. ANK-AAA.
ANK-SOC. ANK-MTF. ANK-UCH. ANK-ARFG. ANK-KNOX. ANK-Mistic. ANK-Pellino.
ANK-AdoptinN /% ANK-RCC). JLr3E B ANK-M W5 LR f: 22, 47 143 ANt H5KREEAL,

A 73 MNKFE ANK-M &, mdlm e 1A 18 4~ ANK-M & Ho®: ANK-TM, 345 83
AN, KRGS 37 AN, 40 MFETT ANK-TM 2R, 24 T A 0 B 2 11 W 5K e s
ANK-SBP. ANK-GPCR. ANK-KinesinR F1 ANK-UBN2 &3 B o A7 (R IE 53 % 1T ANK-IT 3¢ 5
10 MR, PR FH L ANER, KRR AR ANK-IT 21 SERFUKFE R34 3 4 F 1A
ANK-MS 211, LB R &I ANK-MS KRB AR (R .

3 SER ANK FEER G taqd e bt

RGOt T, o8 G FERIEFAMGEE, 5] 329 MR ANK [R5 0k @ 745
B (E2), 224 ANK EEREA KBGO phm s B 17 KZ Q1434 MJANK 734, g 2
SUttfkiZ, 136 MR HUOEE 17 (344 R 9. 15 4% (30 ) &GLtafk, 1Mz 6. 7.
8 Stk I A 64

4 SER ANK FER RGBT

T 7R ANK B T RAAE S EAEAT 23 A, 1 20 B e 2 (1) 351 A4 MAANK & B (1 1F
WRRIATIEA . WNRGERR PR, rE 3R ANK 26405 15 28 (A~ 0), H B 28 ANK
AR Z, A 84 NI Hkgg A RFIH 28, 4004 79 il 40 MR I RERmAD, Hf 24
ANK o1 (B 3),

5 IRSZSGAAMl A AR HAFI Y] MAANK 2 DA (158

A EBI Wb R0 B e, R T ERA R R B ANK BRI IA B IG Dl o
FE S SE BN R S e B 179 ANERIRIE (K 2, http: //www.applegene.org/mdank.txt), FiH
Cluster3.0 #fF, K2k ¥4V (Hierarchical Clustering Algorithms) #EAT5 582K, 45 A 4,
A FToR,  HZE 1A U I 2 3 SR s b Bk “Honey Crisp” (HC) i1 “Crispps Pink” (CP) 3
AT RS (week-0) FESZRCAHT 2 B (week-2) HESLECGHAT 4 F (week-4), HAEANHY
WIHRAT 4 IREE SR, KIJE GSMB18107-GSM618110. GSM618111-GSM618114. GSM618115-
GSM618118. GSM618119-GSM618122. GSM618123-GSM618126 A1 GSM618127- GSM618130. 7F
RS AGERES, SRR ANK JERIRIARAL, TTREZER. W ERIER AR RAE T
P, Brp 10 /MR A EH 5. (MDP0000167308 . MDP0000886234 . MDP0000842413.MDP0000183373.
MDP0000248694. MDP0000263295. MDP0000216106. MDP0000255080. ANK-IT. ANK-TM.
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Fig. 2 The chromosome location of the ANK gene in apple
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Fig. 3 The unrooted neighbor joining phylogenetic tree of ANK gene family in apple
The scale bar represents 0.1 substitutions per amino acid position.
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Fig. 4 The microarray analysis of the ANK genes in apple
A. Expression profile of MJANK during fruit development in apple; B. Expression profile of MdANK in apple during rootstock-scion interactions
process. The color of red, green and black represent down-regulation, up-regulation and no significant changes, respectively.
The various shades of red and green represent the different of expression signal values.
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