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T E: BXEBHH ARF FEEN, FoHELLE BT PRRETE, MRABER ARF R H L K E HHLH 2
FERERN, NP EZ T PR BAY AWML g5 R ANA R SR SRR . DRI R N S, TS
WP, sl 11 ADNEAA ASARF SR, @ FIESE 0T AT, WANMEE . qRT-PCR FH AR,
WIADHT T AsARF FIEEF LY 0iie . S P45 R 8", AsARF EE LM HN 5 4. AsARF BITHIIIEA
S FRETE 73.85~112.51 kDa Z[i], %5 S0 M6 T 5.42~7.63 2], T AsARF H A& H 1 4 DNA G54 450 1
ASrpE] KSR EE 3, Bk AsARF3a. AsARF6a fll AsARF6b #b, HAE HBAAE 1 A C-Kum RIS, R TEAD
Ji) DX 3% P 42 B R B A2 1 UL, #ETN AsARF5a. AsARFSb. AsARF6c. AsARF6d. AsARF7 Fll AsARF16 i% 6 % [ 7] fig
HESEIE T, M AsARF2. AsARF3a, AsARF3b. AsARF6a Fll AsARF6b iX 5 4N F il 5 St 7. KE58 3 4
CTD Z5H it 25 1) ARF FE[H : AsARF3a. AsARF6a fll AsARF6b, T 1TT e A & M4 i 2L Wy 2f hfik . 10 40 M 52 or T 45
SRR, AsARF 811 F20E MR MIAZ o WA S A 00 45 R W x, AsARF2. AsARF3a Fl AsARF6a 5 & i T4
Mit%, ] AsARF &1 B A5 A 7R E M EHE, qRT-PCR Z5 8 78, AsARF3a, AsARF3b, AsARF5a. AsARF5h.
AsARF6a il ASARF7 7EAE 2F W e ik ik f 1 . ASARF2 Fll AsARF6b Y 3% ik it 7EAE 75 Wikt =h . ASARF2, AsARF3a, AsARF5a,
AsARF5b ., AsARF6b . AsARF6C I ASARF16 3t K 75 1E # /£ H I 2 Bl %6 15, 1 ASARF3b, AsARF6a., AsARF6d 1 AsARF7
MRS TEAE 3R 5 5 . AsARF6b. AsARF6C fE IE# LRI | 5 . 1 AsARF6a. AsARF6d 7+ B JE AL A B &,
UL AT IE R BB s T EEAEM,
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Transcriptome-wide | dentification of the ARF Gene Family in Sugar
Apple (Annona squamosa L.) and Expression Analysis During Flower
Development

ZHOU Yan, MO Yuxing, LIU Shuyi, LI Weijin, LI Haili, LIU Kaidong"

Life Science and Technology School, Lingnan Normal University, Zhanjiang, Guangdong 524048, China

Abstract: In order to reveal the mechanism of flower development and provide a theoretical basis for solving the prob-
lems of flowering in the sugar apple industry, the Auxin Response Factor (ARF) family genes were identified and the
expression patterns were analyzed. Based on transcriptome sequencing, 11 ASARF genes were selected and identified.
The biological functions of AsARF family genes were preliminarily analyzed by homologous evolution analysis, protein
domain analysis, subcellular localization, qRT-PCR, and other techniques. The AsARFs were divided into five classes
based on phylogenetic analysis. The proteins had molecular weight varying from 73.85 to 112.51 kDa and isoelectric
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point from 5.42 to 7.63. All the AsARFs contained two domains of DBD and MR, and, except for AsARF3a, 6a and 6b,
they also all contained a CTD domain. Subcellular location prediction results showed that the ASARF members were
mainly located in the nucleus. Based on amino acid enrichment in the intermediate region of the protein, AsARF5a,
AsARF5b, AsARF6c, AsARF6d, AsARF7 and AsARF16 were speculated to be transcriptional activators, while
AsARF2, AsARF3a, AsARF3b, AsARF6a and AsARF6b were presumed to be transcriptional repressors. Three CTD
domain-deleted ARF genes were identified and they may have unique biological functions. The results of subcellular
location experiments showed that ASARF2, AsARF3a and AsARF6a were localized in the cell nucleus. Real-time quan-
titative PCR results showed that ASARF3a, AsARF3b, AsARF5a, AsARF5b, AsARF6a and AsARF7 genes were expressed
more in the inflorescent meristem. ASARF2 and AsSARF6b genes were highly expressed in flower buds. ASARF2,
AsARF3a, AsARF5a, AsARF5b, AsARF6b, AsARF6C and ASARF16 genes were predominantly expressed in normal
flowers, while the expression of ASARF3b, AsARF6a, ASARF6d and ASARF7 genes in malformed flowers was greater
than that in normal flowers. These results suggest that AsARF may play key roles in regulating the flower development
in sugar apple. The high expression of ASARF6b and ASARF6C in normal flowers and AsARF6a and ASARF6d in abnor-

mal flowers indicate that they play important roles in the normal development of flowers.

Keywords: Annona squamosa L.; ARF; bioinformatics analysis; flower development; expression analysis
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F 75 4% ( Annona squamosa L. ), Lk ksin
R, BERDEFHEY), 2P TG HL X%
PR, TR TV TR M. sM
e TR B MHARI IR G T 2E, BT R
AT, 2RI TG & P e A 1 A6 B A M I
S HMESS e AR, B IR BRI T e R
AL S, FEC “AEMAL”, AR,
T BR ] 1 e A el i 2z J 01

A K Z i i K F (auxin response factor, ARF )
NTFARKRGESEBREREPIZONE, RERIE
HREAKRES, DAEA KRN %R
ik, WAy 4 K & 77, ARF 3K —fi
DIRERZEIE e, @A 3 NaimEn
PRSFLZERT Y . DNA 255458938 (DBD ), Hiajgh
Bk (MR) il C A —RikgiH (cTD) P,
ARF 3 33 PR I HL45 67 F A 1 2w 1 5 R s 3l
TRy A K R e AuxREs ( TGTCTC ), 1)
T B T e R R R 26k, 9F H. ARF REWS
H 5 AUX/TAA BRI, 520 ARF &5
AR AR, ARk, MOk Z 1 ARF #iik
B RS S THWANET . Fii JARFL,
SAARF9. SARF11. SARF15 fil SARF16 £ 5
ER, BfE kT IR TRIE, H JARF16
TEAEZE bR R Fi SARF2 fEAEH T
BARBRERER, HENEWEERER, 3
MErh PmARFLL S5 R i 35 DR AR 5 g A v A
FARIRK, H W ERmE RS %R
3Rk, R DL PMARFLL J R 76 A6

Fad & R AR, BN CsARF10b A
CSARF10c 7r M 46 H A I 35 3R 3k, TEMEAE Th kK
S, i CsARF10b Fl CSARF10c 4 X figfig
P AL & B AE T AN CpARFL, CpARF2,
CpARF4, CpARF5 il CpARF10 3 [RI7E ALK F 1Y
R sk, MW R T, 1 CpARF6
0 22 35 W BB 25 46 2 B O BERR AN EH . BOR T
75 R 1 4 R PR AL e o T ARGE , (HRE TR SR
T FE AR B PRk & B MBS A ARF JER
EEEE T RIFTF 6.

AU A TN/ EAE KT 4 AT
THESEHI Y, 3R 71 948 2% unigenes JF5IME &,
P 825.4 bp, ¥4ARTHHY unigenes ¥
CHVBCHE R AT LT, AT 24 911 2% unigenes #
VERRIUY ) AR T R, 7ERE R4
R A B2 X B 75 b ARF 5053 R A
AT YEE , ST/ 25 KL ARF ZRHE A W R Geit
b, BALTERT . AR e . R REE A,
It qQRT-PCR M & 75K ARF F IR 7EAE
KB AR BRI RIS, N RHEH
ARF G W e e FThRERT T, WA R R B
B ARF Z5 3 R A6 & & O ALHI 2958 3L a0, A
BT ok T e =k B B “AEmIARSL” 4551
RAR A R,

1 MRIEFE
1.1 ##
74K ( Annona squamosa L. ) i T+ g ifi



55 4 3]

Jil o HAE . SE TR B A5 B ARF SN ZER S M AR AE R i ik o i 663

T e ey R, R R R, T 2018
M 7—8 Hanl Rz (1, 1 mm<fbZF
<2mm), EFEY (11, 5 mm<fEFE<6 mm), JF{E
B (I, AR GORTT ). JTAE (1V, FEHEsK
TF) 4 N BEAE . T 2019 4F 7—8 H 4R
IEHBYAETE (NF) FIRER4ETRE (MF ), A[FEAE
MRS 3 Wk, BUREJS 37 RITI R R J5 DR AT
T-80 CUKAEArA ]
1.2 FiE
1.2.1 RNA #2355 4FmnF 1 1.5mL B
EHCE VK EHS, 40 A 1 mL TRNzol W, #%
SR IR/ 5 R -G 200 pL | Sk L1
8 uL, MHHEARIR (AEZFW . EAW . FFAERT
W FFAEI AERE D45 100 mg A iR E.OE T
KrRREGIRA, 78 4CT, 12000xg &0
10 min, B TET 750 pL, n A S AR A K 4 A
/AT, RIS, 7E4 °CF, 12 000xg
B0 10min, B FRBIR 2 W, BEER
650 L, MIASERFSFNEE, 65 pL BAFRHIA R ,
B F-20 °C, UUIE 30 min, JKIBJGIIFEA, 7£ 4 C
T, 12 000xg &.> 20 min, & FI#, iTA 500 uL
T5% 0%, PESUTIE, B0 10 min, JFEL 2,
VERIEIREA, T 2mE, AARETERA.

HEPE I RNA 7B 205 9% DNA, kT
JA 42 uL RNA-free ) DNA fiff, 15 & 2B o
16 37 C/KHWAL 30 min J5, FHIA 550 uL 1y
RNA-free 7K % 600 pL, 7E A KR A/ 5/ 5
REEIUVE, BOFE B, HE FIRUERD R,
RNA FEorH IR, Mkt 10 15, JE4T 1%B0 et gt
R TK, Al RNA J5i s o

T RAL K F AR B (62, B75 . THiE
HI . AR ) A Sre A B vy Bk aeh B A ) 8 )
PP ARAT, 52870 Hr 1 il e 45 R
122 %% ARF 89 2%t FIA Gene
Structure Display Server ( http://gsds.cbi.pku.edu.cn/
index. Php ) TELARMXT BRI G5 FEA 7504 o AR T
ARF 3 [H 77 51 )N A= W) {5 B BT U8 W o TAIR
( https://www. arabidopsis.org/ ) H 3% T # . 1
MEGA7.0 ( https://www.megasoftware.net/mega5 ).
TreeView1.6 ( http://www.brc.dcs.gla.ac.uk/ser-vices/ )
TELBA N 45 F L, JFmd s, KRz
% (bootstrap ) BEE N 1000, FJFE RGN, ff
A ClustalW ( http://www.ebi.ac.uk/Tools/msa/clustalw
2/) %f ARF @SR T2 HIFH T .

123 &HH ARF A B FZAENMTAE G L
Mot FIHELBAE Prot Param ( http:/web.
expasy.org/protparam/ ) 43 #7 Tl # 75 % ARF & [
FeAl . el ARERE. IRDiEE
FGE K P S5 B A B SRR T o R FAE SR Prabi
( NPS@:SOPMA secondary structure prediction,
https://npsa- prabi.ibcp.fr/cgi-bin /npsa_automat.pl?
page=npsa_sopma.html ) ¥ ARF £ [ i ¥ 51T
5K o-MRE . SEMPEE . B-FE AR . JCRLINAE
HEATHUN o A FH 2R 41k SWISS-MODEL ( https:/
swissmodel. expasy.org/ ) X} ARF % [ it ¥ 5 it 47
=REER AT . FIHITELF AT NCBI [ CD-search
(' https://www.ncbi.nlm.nih.gov/Structure/cdd/wrps
b.cgi) /M &7, ARF R H RSP A5, )
F MEGA 7.0 #4438t ARF R Z54418 (MR )
1) 8 LR A A o

124 &#HH ARF ZawZmpiiint F
H 7 2 B F SoftBerry ( http://linux1.softberry.
com/berry.phtml?topic=protcomppl&group=prgram
s&subgroup=proloc ) X} ARF & [ #4741 i 52 iz
Gy Bt o [al I 4 75 20 B AsARF2 . AsARF3a il
AsARF6a 4 K J 41| 4i ih X CDS )7 41 7e ¢ |
pCAMBIA1302-35S-GFP  # &k | . ffi A
pCAMBIA1302- 35S-GFP %5 # 1A h [T HE . K
P 58 B8 R 2R AR R GFP &8 4R #% A R AT 1A
GV3101 Bz A4, PRI sEFE TR V% , #EAT PCR
Loal| S SRR 17 - e N Dl Gl 2 1 D =
AR TRV TE S AS T i R o LRGSR 48 h Js O A
F I R AR IR N 2 L FEBUR OGS 488 nm Al
RN 625~725 nm AYSME T DL R
g AT C Al N B Y (== A1 PP UK - ale SN ES S i)
PENCAENHFEZR K A0 M N 1) 2 A T L

125 &#HH ARF RAARERLF FoI kA
ahr SRR EER T 4 DB BUERE |
IERAE L) R ETTE AL 5L RNA, 5% 58 cDNA,
PASEI L PCR FoARKEI ASARF X5k A
3235 . R SYBR® Premix Ex Taq™ #:4E, LA
AsActin JJNZEEN, TEPOLE # PCR AL E#EAT
PCR #°H%, KL sRA R . 5% 96 C
1 min, 95°C 155, 55°C30s, 72 °C 45s, 40
AR . BAFEMESR 3 K. REEH G 2Tk
JClE AR M Ze A fr i 2k o AHXE o3RI L
B Ctik, HEIER BRI R KK N 2784, A
RS IfE B 1.
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Primers used in this study

Tab. 1

5|9 % FX Primer name

E 5[4 (5'-3") Forward primer (5'-3")

S 514 (5'-3") Reverse primer (5'-3")

AACTCAGATGGGCTCGTCC
TATGAAGCCGCACTTTTAAGC
TCTCCACTTTGAACCAGGCCA
TTCGGCATGTTTTCCCGTC
TTCGGCATGTTTTCCCGTC
AATGTTGCGAGTGGCTCGA
CAACCTTGACAGAACGCCA
GGCATCACAGTTTGTGGTCGA
GGAAACATGGCACCTCAGG
CACGTAGGAAGCGGATTGTG

AsARF2 ATGGTGAGCTCCGTGTTGG
AsARF3a GTTGCTAGGGACTTGCATGG
AsARF3b ACTACAACCCAAGGGCGAGTC
AsARF5a GGCCACATTCAAAGTGGAGGA
AsARF5b GGCCACATTCAAAGTGGAGGA
AsARF6a GTTTCTGTTGGCATGCGTT
AsARF6b TACAACCCACGGGCTAGTC
AsARF6c GCTTATAGCGAGGGACTTGC
AsARF6d TCTAGATCCTGTTCGCTGG
AsARF7 CATGCAGCAGAAACCTCAG
AsARF16 GTCTTTCGCCAAGACGCTG
AsActin GACACCATCCCCAGAATCC

TCTGATTCACGAAGGTGCTCC
CCCCAGAAGAACACCCTGT

1.3 #HIEAIE
fifiH SPSS 17.0 AR E A A T AR R T 2257
Hr ( ANOVA ) Fliz=5% B % MK ( Duncan’s 725 ),

2 ZEREHH
21 EFZW ARF XBREEAMNEER RS
ST

e F T 75 A A KT R A B B sk 4Ll iy 8
##, 7 NR. NT. Swiss-Prot fl PFAM 4 43 2
HEATUE RS, WA TERER] 18 D ARF H5t H 740 %

A

21

JEIA, i@id NCBI Blast f1 SMART #f4:- it , 2
bR 2P 9 ROTUR TG SRS , 443 8] 11 1~ ARF
AT

R TR 11 4 ARF EARE L
KR 588, FIFH MEGA7.0 8k % 7% KoF
UG IT ARF 2 1505 0 R Gt A, AR oAb g
2 R ARF G E A T R4, 20
J5 A (E 1A ). X TFRBECRUL, 5 1 HaHE
1 1~ AsARF JEH GGG (AsARF2), HEERIAK
T B 9.09% 5 55 2 414045 2 > ASARF 3%
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ZI40 . DNA Z5AL5ME; ¥, i KIg M, W, C-ANm RIgm,
Red: DNA-binding domain (DBD); Yellow: Middle region domain (MR); Blue: C-terminal dimerization domain (CTD).

1 ELHARF RS (A) EAZWE (B) 4

Fig. 1

Analysis of phylogenesis (A) and protein domains (B) of ARF in sugar apple
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HZ N0t ( AsARF3a, AsARF3b), fidk[NF ik
TG B 18.18%; 4f 3 4H4uFE 3 > AsARF 3t
% it ( ASARF5a, AsARF5b. AsARF7), 5
LR F R R BB 27.27%; 85 4 HAdE 4 A
AsARF & Z 5 L i1 ( AsARF6a, AsARF6b .
AsARF6C . AsARF6d ), fj 5t R 52 Al 51 5 B0
36.36%; 5 5 41fL4E 1 4> AsARF &R Kk 7
(ASARF7), 5 %l o S 9.09%
E—2 AT B, K4 AsARF % 3 M4
M ZE R, B2 DNA 45545118, (DBD ),

] XS ZE R 3 (MR ) FIl C-AR o — R Ak 25 44 4
(CTD )., AsARF3a. AsARF6a fl AsARF6b H &
H DNA &5 & 45 Hy5 A p e KR S5k, R&H
C-A s — RALZE#8k, Foflh AsARF #4154 3 4~5¢
s gEF (1B ).
WL ClustalW A4 HEAT HEXT, WKl 2 iR,

AT LIS H B 7 ARF 8 A R RAL & 3 AN AR
SFLEHER, B DNA 2544585 (DBD ), i [X
WAL (MR), C-ARum —RAkz5#L (CTD ),
WESE R 8 (17 51 5 A W e 1P S AR AL

. P.:';'T' e e '.

2 EHB ARF EAFKIKKF 5L X
Fig.2 Sequence alignment of ARF protein family in sugar apple

22 EZHH ARFEEREELERSH

N 2 fion, T ARF FE 8 0 BIE 2 1
HAE 73.85~112.51 kDa 2 [], & W 5 & 78
677~1007 aa Z[H], 55 HL ST 7E 5.42~7.63 Z ],

11 4~ ARF &AW TVHER SR 628, A 8 &
FH A% ARF 2 2B E, 3 NI ARF 25 14 565
P F00FE FR P A0 R BT, K 4> T 7 A ARF
EAA SRR, 11 AFBB ARF E ARG



666

o AE M F AR 544 %

1l R B /INE 62.66~77.1 Z 4] ; FF5 4% ARF E
K BB/ NE-0.648~0.351 ], J& TE/KPE
HH; A ARF IAFRE RIS KRT 40, T
T ARF AN ATREE A,

F AR ARF ZREH a5, a-12 g A

®2 BEHN ARFEERKRER
Tab. 2 The information of ARF genes family in sugar apple

oA B o Ee A LR, BT o A AR )N
HEF . JCHLNAG > - B8 e > A fif 5% > -7 A o SR
SWISS-MODEL X} % 7% 8¢ ARF & [1 = H &5 /17
M, GERFIF AL ARF 55 14 8 A
M. o-BRAE . B-Fe AR =g dit (& 3),

S TR EER Secondary structure
in- - Kty L &5 ozl -
G Gene 1> Ay U0 ORI W YOS Aty AP Lo o
i pl ity index index lix/% strand/% turn/ dom
acids % coil/%
ASARF2 gor‘ligg?‘l” 279-361 153-254 712-805 856 9483825 630 61.21 62.66 -0.640 18.11 14.84 421 62.85
ASARF3a gorgiggg; 266-347  140-241 745 82021.18 7.63 56.87 73.32 -0.438 1570 14.90 4.43 64.97
ASARF3D &‘;gg?g 266-347 140-241 723-791 830 91501.58 6.06 5271 7343 -0.489 17.59 1530 3.73 63.37
ASARFSa ([)J()I‘Z‘gggg 255-332 123-225 841-913 948 10521338 5.65 56.18 77.10 -0.429 27.53 1456 570 5222
ASARFSD gonli;éggg 277-354  145-247 863-935 970 107483.85 5.57 5651 7626 -0.434 27.84 1423 557 5237
ASARF6a ([)Jonziggrfef 266-343  134-236 806 8920834 7.1 6672 72.00 -0.459 27.79 14.76 5.71 51.74
ASARF6D gonzllgggg 259-336  127-229 731 81128.12 621 57.61 7413 -0.438 2599 13.54 328 57.18
ASARF6e gonzigggf 259-336  127-229 681-776 776 86515.03 5.60 62.52 7259 -0.464 25.13 14.69 3.61 56.57
ASARF6d (I)J()“z‘fgzg 176-253  44-146  610-697 730 81676.67 542 60.61 73.70 —-0.447 27.40 1356 3.97 55.07
ASARFY gonlifgg; 202-278  70-172  896-968 1007 112510.14 630 73.07 7575 -0.648 30.78 14.40 6.65 48.16
ASARF16 gg_fg‘;g 288-371 120-221 595-676 677 7385345 720 5270 7158 -0351 17.73 1595 4.73 61.60
AsARF2 AsARF3b AsARF3d
AsARF5a AsARF5b AsARF6a AsARF6d

B3 F#HH ARFEAN=REN
Fig. 3 Tertiary structure of ARF protein in sugar apple
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23 EHHARFEANIERARE S E

F 75 e AsARF 25 [ & LR AL n K] 4A
N, ER . AEBN . MAR . AR, TR
PR 55 7F AsARF 25 1 1 i3 1m0 o AR A v ] X 45,
g (MR ) AR FERR 4 AU HAFAE C-A Ui
T RAEEEL (CTD ), FTRAE 11 4> ASARF 432H
=2K( K 4B ). 5B 1 244045 DNA 4544544 DBD )
Ml CTD #5#48, MR Z5F938C R %L (AD ) 1)
AsARF #E 1, fl#F AsARFS5a. AsARF5b .
AsARF6¢c. AsARF6d. AsARF7 Fll AsARF16; %

= Lys
= iy
-

y
= Phe
= Glu
= Asp
= Cys
= Ala

30
20

A
=T
100 [ - Tip
90 = Val
= Thr
80 = Ser
a\c " Ar
g 70 = Glo
Mg 60 = Pro
4t 38 = Asn
ﬁ o) 50 = Il\l/let
#®3 40 g S
L

2 HJi Protein

A: T ARF B MR 25438000 B LR & i

2 2540 f% DBD Z5F Al CTD £ #3a , MR 25 4 3
Sy (RD) ) AsARF & [4, {135 AsARF2
Fl AsARF3b; % 3 Z5{14% DBD 45#45k, MR 45
¥ A RD ik, Hik = CTD 254493k AsARF
HEH, U5 AsARF3a. AsARF6a fil AsARF6b,
24 TZRPAERL

B S 738 o 5 3 R R 8l T s AR 2
G, WTHOER PR RS, A T AR
o, Sl LRI SoftBerry 43 KT 40 ML AE 7, 45
Rk 3 o, 11 MHE#HE ARF HHABNBTE

| MR GL-rich RD |

B: 75k ARF H 450 .

A: Amino-acid content of MR domains; B: The protein structure of ASARF proteins in sugar apple.
B4 E#HH ARF SERAMMEBEHIN

Fig. 4 Analysis of amino acid content and classification of ARF proteins in sugar apple

K3 BEHHE ARFEERGEEATMAME R

Tab. 3 Subcellular localization of ARF genes family protein in sugar apple
1)) 21 4 S 5 B ’A . -4
Plasma Extra  Cytoplas- Mitochon- Endoplasmic Perox- . Chloro-
Gene Gene ID  Nuclear - - . . Golgi Vacuolar
membrane cellular mic drial reticulum isomal plast

ASARF2 (I)Jonllggﬁ 9.55 0.00 037 0.00 0.00 0.00 0.03 0.05 0.00 0.00
AsARF3a Unigene

0036962 9.39 0.03 0.47 0.02 0.00 0.00 0.04 0.05 0.00 0.00
AsARF3b Unigene

0020910 9.46 0.02 0.43 0.00 0.00 0.00 0.04 0.06 0.00 0.00
AsARF5a Unigene

0022590 9.28 0.08 0.50 0.07 0.00 0.00 0.04 0.04 0.00 0.00
AsARF5b Unigene

0015502 9.26 0.10 0.48 0.09 0.00 0.00 0.04 0.03 0.00 0.00
AsARF6a Unigene

0029811 9.29 0.00 0.05 0.00 0.00 0.00 0.04 0.12 0.03 0.00
AsARF6b Unigene

0021539 9.36 0.00 0.48 0.00 0.00 0.00 0.05 0.09 0.03 0.00
AsARF6C Unigene

0029821 9.44 0.00 0.41 0.00 0.00 0.00 0.05 0.09 0.01 0.00
AsARF6d Unigene

0021540 9.42 0.00 0.47 0.00 0.00 0.00 0.07 0.04 0.00 0.00
AsARF7 Unigene

0012522 9.34 0.00 0.05 0.00 0.00 0.00 0.04 0.08 0.00 0.00
ASARFLE Unigene g 46 0.00  0.44 0.00 0.00 0.00 0.05 0.05 0.00 0.00

0033933
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() 4 A 2 A . BEALIEER ASARF2, AsARF3a
F1 ASARF6a H4) 1 7 4 i o 0 A, FFHARFT B A
S AR R IA AR R, RSO R
£ T X e e {ES (GFP) #E17E% .
45N, AsARF2. AsARF3a il AsARF6a % [
FoEMEA A (B 5), X—a5 R,
K ¥ AsARF & 4 HA 40 A% 5 7 B RFAE o
25 EHH ARF BEEFRKERLZEAREME
KR IE S

i T QRT-PCR AR ST | ASARF JE I TEAE &
B 4B B R R AR, 45 R R AsARF3a,
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Fig. 6 Expression of ARF gene family expression during different flower developmental stages in sugar apple
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Fig. 7 Expression of ARF gene expression between normal and malformation flowers in sugar apple
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