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NS 22 28 [ B ads 42 08 Y oK A i ARk, F i
EHDEERRMA YR, 5h, miR167d-ARF
AT LU 12 4 A T M Sk RN, GhARF2
TE AR AL 27 4 A K i 7 AT B 1Y 3R A AR 5,
GhARF2b 1 335 ] LI H 47 4E A ), ARF
BN 225 TAHEY AR LB, ARF &
Z 5 TV INE . fEKFE T, OsARFI7 1E
X5 AN (] 2 BRAR Wy i 1) g ) P b 2 28 DG i
AR FH, 32 26955 25 ) FH 2 ~7 a0 4 14 9 25 2 1 R
] A KRG 5% T 093X — S B 43, I ik )k
QLU ARF 62 55 R W56 IS A R 458 1k i AT 2
Y 9, TR I it %38 microRNA167, 14
FEHHL S ARF6 F ARFS, JETTRE KA IR I 5 4k,
DT 488 538 X6 T A B 50 B ( Pseudomonas syringae
pv. tomato DC3000, Pst DC3000) i B |1t b 4h,
ZmARF4 1)1k 235 ] {838 AR 1] 1y ) - 5
By Rz, T R T K A A T A2
TERE W, ARF16 1% Myelocytomatosis protein2
(MYC2), it i " 14 I 20 114 A ) 5 IR e AR Tt
R,

TEARBEFE T, B BAERAT T 14> MedARF %A
(Manes.18G015400.1), I3 iZZ AT T A W15
B0, DLURSRIE T AR AR A F 22U 5y AH
KRk, [F BT L T MeARF fAH G B AR &
H, B TERE— @M MeARF () REFAEFIHLEE
BEE FRe BEA

1 #MR5FE

1.1 ZEHRIRIEFESE AU ARES
PR AERE 124, 5350 R AR, [BARRE SR h i
AFEFRL 3 L HBTR A SR, 2 ~ 34
TR ZZERT I AR AR SRS i g, B
M G, SRR E N 28 C, 1B R 80%.
1.2 RNA B9REN  H(Z 0.3 g BIARZEMI 25T
AR B ER v R 7T TR AR | 55 FF B - A
fifi 11 CTAB 24 40 A i 77 v5 S B RNA G it ]
Jolg EP 45, TEvK TS50, Z 5 F Aot Tt
72 RNA BV B, B 159 /) RNA JiIUE T-80 C
TRAE

1.3 R#EFR (IR 550 & (YEASEN,
11151ES10/11151ES60)¥ RNA 2 % 5% & ¢cDNA,
Ao B R SR R (6 1T 1.5 mL R 04, 76

37 C KB &M F W 5 min F T cDNA & 1 M
eDNA F Ak, 5 J5 75 85 °C /K ¥ 1y 44 T i &
30 s, F R 2 0k N, B BT A R W CE T
—80 C fiA7-

®1 REFREZR

Tab. 1 The reverse transcription system
A5y PRFY/UL
Component Volume /uL
RNase-free Water 12
4xHifair® AdvanceFast One-Step RT SuperMix 5
gDNA Remover Mix 1
mRNA 2

1.4 EFETE EBEWEE Phytozome (https:/
phytozome-next.jgi.doe.gov/) A $& K 25 MeARF 1Y
HHXAFEL, K MeARF 1] CDS XK JEH 2 861 bp;
T MeARF 2Kt K, A58 L cDNA ARG
MeARF #47 T 43 B s BE IR T IS, S i Kok
/Ny 2 861 bp /9 H 1 Fr B, Jfi% - pEASY-Blunt3
# /A& (Transgen, CB301-01), #XJ5 LA Blunt3-MeARF
AR T B 3 . PCR ROWARZR 20 uL, 2
% Mix(Vazyme, P112-03) 10 uL, ddH,O 8 uL, 1E [
5197 0.5 pL, [ 17 5149 0.5 uL, #4R 1 pL(PCR X
AR 2 R ) .

®2 PCR RNEFIRE
Tab.2 Setup of PCR reaction program

P MR/ C it E]/min
Name Temperature/ C Time /min
Fi A5 (Initial denaturation) 95 3.0
7P (Degeneration ) 95 0.5
i /k (Annealing) 55 0.5
FE{#1 (Extension) 72 3.0
PEFR AL (Number of cycles) 36
IR 21 (Final extension) 72 5.0

1.5 HURIHE  E TR Phytozome £
AR  MeARF 1) & 3 12 J5 51, K 1% Fr ) i A7
Blast HLXF, 75 2 A [ ) 5 MeARF [R] 442
1 IR SERR T 9, F X B 51 i A MEGAT1 #iff
2 AR

1.6 ZEEBEEMHH i Uniprot 78 £k B 4
J% (https://www.uniprot.org/id-mapping/) 1 SWISS-


https://phytozome-next.jgi.doe.gov/
https://phytozome-next.jgi.doe.gov/
https://phytozome-next.jgi.doe.gov/
https://phytozome-next.jgi.doe.gov/
https://www.uniprot.org/id-mapping/
https://www.uniprot.org/id-mapping/
https://www.uniprot.org/id-mapping/
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MODEL ¥ ¥} (https:/swissmodel.expasy.org/) i 1T
MeARF & 145 F4 i F0 43477 -

1.7 TEHEZE PCR I Primer5 F /i 17E &
SR, & TR 514 QMeARF-F A5 bifi
1% QMeARF-R, LA cDNA(KZZ)ZE | 45, it
By A ZERNZIAR ) A, FHZE e it PCR AXFTT
P14, PCR B3 N3 3 i . VAR R N: ddH,0
6.5 uL, cDNA 0.2 L, BisRES 19 0.4 uL, J5 k5|9
0.4 pL, SYBR Z&)t 4kt (Vazyme, Q111-02)7.5 pL.
1.8 FIEHERHBE i (https:/crm.vazyme.
com/cetool/singlefragment.html) ¥ 3% 15 i1 47 5 P
51 ¥ MeARF-AD-F/R, [ U fii & 3% £ Nde 1
EcoR 1, VL Blunt3-MeARF [ %i Jy & # , ¥ 17
PCR ¥4, [l H (% 1 B, B#Y) pGADT7 Bk T it
A I 1T, 368 o [R) Y 34 422 04 7 YA A T E R A
LRPE R Y B, B A K R B2 S AN i
DHS5a(Zomanbio, ZK206), 752 Uik i) B A 5s 5%
LRGSR 10 h, PREUR T, JT AR B 75 R AR AR

R3 WHEEPCRERF

Tab. 3 The fluorescence quantitative fluorescence

PCR procedure

#FR B/ B /s

Name Temperature/ C Time/s
548 4 (Initial denaturation) 95 30
5P£ (Degeneration) 95 15
iH Jk (Annealing ) 55 15
#LA# (Extension) 72 20
PEFR AL (Number of cycles) 45

AT PCR Bk, K45 21 1 BH 1 v B X6 1 A9 TR1 0 m
AZANFER AR LB, B TR Th Uk T3 55
(37 °C, 150 r'min™"), $2BUFKL, I HEFT UG D) 5
UE, 2, B 7 (/) 45 5 5 Phytozome W3k I 114
MeARF JFHNHATRON, 5 B 8 5 B e 91 —2,
S UM G L R SRk AR i . ABFRE S 1A AL
BI AR EER AR e (R 4)

&4 SIUHEERT]

Tab. 4 Primer base sequences

5|44 %K Primer

Bl 751 (5'-3") Base sequence(5'—3")

QMeARF-F ATGATGATGGGTTCTGTTG

QMeARF-R GCTCCGAGTTTATTGTCTT

MeARF-AD-F GTACCAGATTACGCTCATATGATGCATTTTAAACAGAAGCACATGA
MeARF-AD-R ATGCCCACCCGGGTGGAATTCTCAAGCACGGCTACCTTCTGT
pGBKT7-F GTAATACGACTCACTATAGGGCGA

pGBKT7-R TTTTCGTTTTAAAACCTAAGAGTC

19 BEBEZIEMMEMFEIE 80 CIHAAN
AH109 Bk, RIZ6T YPDA [EAFHR I, BT 28 C
Big% 2 ~ 3 d; YRR AR K AR R, B
F 5mL Y YPDA A, 28 °C FERE:SE 8 ~ 10 h;
W B — 5 F ) AH109 W, & T 50 mL A9 YPDA
S P TRE B, VAT RIER ODggo fH M 0.2 ~ 0.3,
ZJEE T 28 C g% 3 ~ 5h, i ODgy, i FN3X 0.6
FeATs B RS 24 AE 50 mL B0, 4 000 romin !,
fIREE 3 B0 10 min, & FE; B4 WA 20 mL 1
ddH,0 H &, 4 000 r-min!, {IKF% 0> 10 min, 23
3% I 2 mL B9 IxTE/LIAC ik, 58 i R
Z AL o

110 EEEEE{L K ssDNA, K2 pGBKT7
kL, pGADT7-MeARF FAi4¢ 10 uL ¥4 T 2 mL

BUDE R, 8 ~ 10 4l BEMA 200 pL (R
JAZ S AN in 600 pL ) PEG/LIAC, I T HifEliR
A1, 7E 28 CHE K F 3 1 hy A 70 uL ) DMSO
(Solarbio, D8370-100), 42 °C /K % i 30 min;
12 000 r-min”' 0> 30 s, & F3&; YLIEH 300 uL
B I1xTE & & J5 ¥& /5 T SD-Trp-Leu(Coolaber,
PM2220) fl SD-Trp-Leu-Ade-His(Coolaber, PM2110)
AR FR 55 b E T 28 C Wy FRAE v kAT
L

111 BREZEANRE BERAEWELE
28 C R FEA 5 9% 3 d, PRHLAE SD-Trp-Leu-Ade-
His [& 485 325 AR K W BERE & 75 T 5 mL 1)
SD-Trp-Leu-Ade-His AR KG IR 56, £ 28 C HY$E
IR P RE %5 3 dJE, 38 BUEE B ok, 4 51 46


https://swissmodel.expasy.org/
https://crm.vazyme.com/cetool/singlefragment.html
https://crm.vazyme.com/cetool/singlefragment.html
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MeARF-AD-F/R Hil pGBKT7-F/R 5| ¥y %} i kA 7
P18, B BHME SR N A B B BT R, 8 ]
Wiy Bk o {8 FH I BCE R 1 Phytozome X
D PP 45 R EAT LU 2307, 4531 5 MeARF AH
HAERRBEE A

2 HBRESH
21 FIFBREEEEE §I MedRF 7 B,

M

15 000 bp
5000 bp
2500 bp

1 000 bp

1 2 3 4

o/ o/ o/ o/ W o o o

[F] K pGADTT #4450k Nde 1 1 EcoR 1 3t
TTHY), FVK SR RN B SRR 45 R (B 1-A);
PRHUCRA T VR DR 4T B 76 PCR, HLIK S R AR 4%
T BT R — R B SR (] 1-B) 5 S USR58
fitF U 98 0IE, U4V A5 26 #% Nde T F1 EcoR 1, %%
M, BEDI R A 45 KN 2 800 bp, 754 H Y
F BB R /INE 1-C) o B TR e 81 AR i 445 S
— 3, F e SR AR R A

5 6 7 8 9 10 11 12

B C

M. DL 15 000 DNA Marker; A. pGADT7 # KB EE] (1 ~ 2), MeARF F:H A 14 (3 ~ 4); B. 7% PCR BIE(1 ~

12); C. pGADT7-MeARF SUEFIRAFLE R (1 ~ 2).

M. DL 15 000 DNA Marker; A. Digestion of the pGADT7 vector (1-2), amplification of the MeARF gene (3—4); B.
Verification of colony PCR(1-12); C. The enzyme-digested product of pPGADT7-MeARF (1-2).
B 1 MeARF REH B RMEEREFRILZE pGADT7-MeARF
Fig.1 Amplification of the MeARF fragments and constructing the expression vector of pGADT7-MeARF

22 EYERZESH

2.21 ## MeARF & & &34 1EHL 26 4~
ANFEPIFIS MeARF [R5 55 & () B IER 751, #
X L 7 51 5 MeARF 1 44 5 iR )7 51 — it 4 A 2]
MEGA 4 b2l et A (] 2) . 45530, K
HREMG A & 1A% B H ) HDARF 5 MeARF 1)
B R, Fl DNAMAN #4: He i — 3% i 44,
HEIRFH, BRI R 86.73%.

2.22 MeARF A LMH4H N T M MeARF
TR, ABF5E 1 60T T MeARF WY (4544
&I MeARF 19 25 44 386 & — A7 F N i 156~
258 aa f) B3 4% #4 3 (B3 DNA binding domain,
B3), %X 1 5454 s AuxRE(Auxin-responsive
element, AuxRE)f &, ZEMHMW Cu A —1
i F 839 ~ 923 aa &b (%) PB1 %5 4 i (Phox and
Bemlp, PB1), fgf% 5 Aux/IAA(Auxin/indoleacetic
acid, Aux/IAA) HAE, € ARF B9 —RIAIFHEEH:
454 DNA(K 3)

2.2.3 MeARF EANEBHRAEINT NT
IYHT MeARF TEAE AR R4 L1 i 2815 L, AT
TR LBIGL K 4-A, 458 L, MeARF
FEAT AL E ) RG22 4 RV 25 1) 2 3k 3 5
I FLAH AT 26 B A= 4 R nl DL AR IR IG 19 &

B IR ZF i 0 ),k sl
T MeARF 5K RZIAINIEER .

H T B AE MeARF 75 AR SRR 40 () 3k
TEOL, AWFFTIME T MeARF TEARZZE | AR, A,
M ZE AR () FR ik i, 455 K I MeARF 1EAR A
IR IR B I, TEARE M )Rk R, XA~
e SELBIEE NS R, T
MeARF TE AR ARl L ZLE A7 A 35 (8] 4-B) o
2.3 pGADT7-MeARF FRiEH A THi£EAKRE pGBKT7
XE  FIRDT pGBKT7-MeARF AT W RE R4 AL
i1 pGADT7 SCIE MY FTReME, A9 & Jeiff AT T
pGBKT7-MeARF 1) H % S5, it 4¢ pGBKT7
5 pGBKT7-MeARF W5 Flt 4 & 43 % #£ SD-Trp Al
SD-Trp-Ade-His [f] {4 15 37 & 4 A= 4475 B0 2k 4] e
pPGBKT7-MeARF & A H G S . L5k H]
T AR BERS EERM BRI SR b SRS
2B, pGBKT7 5 pGBKT7-MeARF WiFhZH & 1E
SD-Trp [ f$5 F2 5E b AE K MiAE SD-Trp-Ade-His
[ AR 3538 b, HA pGBKT7-MeARF #H 4 1 b
AR E S XML UL T pGBKT7-MeARF 17
TEHBOE G, 7T LA T I ) 3R05 .

H T pGBKT7-MeARF f#1F A BIE B G, AR5
55 R FH pGADT7-MeARF 1E R i 0 8 1 X6 A ZE (1)

PE— Ui
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5 ) = S oy S
2 2 = & 3 S
z, % % = 5 & &
A < 3 3 S N
‘[11 4 {?0 o = y& §q6%3
- N
}?P(«]’p 5 g Z & 2 < ng
%; S 23
2&543 Os \QQ %5 %5 ‘_,6
e4 A
D %) ‘&
ARp 7 S g O
Xp gy 2750, % Qo S a2
4
o4 P2 1045124.1)
99 F(XP_O1
Pe AR
Cf ARF(GAV67848.1
) 100, 100
68 P PLARF(QAA77830.5)
pIARFARC? P,
N Arp
. 2.0
O & » 21
& 4 /?p(
N\ P 44
R\ B 2 J66
& % c 2 %
S Vv &) =) 73 6
S o < 75 Y
3 & 3 3 %
& $ N = = - %, %
Qg W S ) o . @ Yo
& S & g 2 7z o
W & g & 2 5 % 2
S S g = 2 2
ol 2 g 2 2 %
N & S b % °
& & ] @ Z
5 < S 2
S J N o)
< = =
&
LB Ak, FIRER L,

e PR R | ARIBR . BERR ., ZRbE T —AFAEILEE SRR . B, W
LNRE e INAA - A N0 N S 0N AN [N (o A4 2N/ RN BN 2 LY N N N o 0 A TN 2 NN

AR R
Populus deltoids, Populus tomentosa, Populus euphratica, Populus nigra, Populus alba, Turnera subulata, Salix suchowensis,
Salix udensis, Salix koriyanagi, Salix brachista, Salix dunnii, Salix purpurea, Herrania umbratica, Corchorus capsularis,

The selected species were Jatropha curcas, Hevea brasiliensis, Ricinus communis, Euphorbia lathyris, Mercurialis annua,
Theobroma cacao, Euphorbia peplus, Dimocarpus longan, Erythroxylum novogranatense, Corchorus olitorius, Cephalotus

follicularis, Durio zibethinus.
2 #3 ARF @t
Fig. 2 Construction of the evolutionary tree of ARF
- ’ )\
B . I s 5’
B3 PB1 ( g e
e —THa. =

/‘ s acomedt B \

839 aa 923 aa 953 aa /

7

1 aa 156 aa 258 aa
A

A. MeARF {578 F 45T B. MeARF E H =ZEA5 4 Tt .
A. Domain analysis of MeARF conserved protein; B.Predicting the 3D structure of MeARF protein.

B3 MeARF EA%MSH
Fig.3 Structural analysis of the MeARF protein

pGBKT7 SCEHEATfi vk, K BUAE SD-Trp-Leu flfk  FUKEEFERE [ —FLA55] T 12 vk, fBikse o
7% 7E SD-Trp-Leu-Ade-His [El1A 5% 35 5L | Rl 2k 14

Figedk A MR R K, 78 SD-Trp-Leu-Ade-His
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A HA RN K A 45H

g CO R R AN E

g 2000 A e g 4r B . iz

% a 4 ik % S

£ 150t M) be . 23

5 c (= +$p‘j 5 /it
. 2 b e

% 100l " % 5 =2

3 - < . A

] 50 d = 2R iz 1 c

d . l*‘ RS

55: ol S e o S Ml= 2R E ;E 0 d d

§ ZH 21 Tissues § 24 21 Tissues

A. TCOD expression fEZEHE FE T, MeARF 758 ARG K AL 450 . RIS AL, it f L ik, A, EF, 25
JR . Sy RN PE A GV 2RI A 2 S PP ik s B. MeARF 7EARSEZE | AR, I | (0 ZE FIATURR v i Bk 15 1 s 3/\

AR ER, RRINFRFRR B EF (P <0.05).

A. TCOD expression Online database for the relative expression of MeARF in organized embryogenic structures, root apical
meristem, leaf, midvein, petiole, lateral bud, stem, fibrous root, friable embryogenic callus and shoot apical meristem; B. The
relative expression of MeARF in stem, petiole, leaf, lateral bud and fibrous root. The figure shows three biological replicates; and

different letters indicate significant differences (P < 0.05).

B4 MeARFEREZEARRALNRILE
Fig. 4 Expression profiling of MeARF in different tissues of cassava

SD-Trp SD-Trp-Ade-His

1 10'10210° 1 1010210

pGBKT7 i
pGBKT7-MeARF @

pGBKT7 5 pGBKT7-MeARF Wifh 4 & B RETE SD-
Trp il SD-Trp-Ade-His [Al /&5 F B (9 A= K AF L, 52360 %
T AR (1, 107,107, 107) KRB THIRE

The growth of yeast strains pGBKT7 and pGBKT7
MeARF in SD-Trp and SD-Trp-Ade-His solid media at four
concentration gradients (1, 107, 1072, 107) for dilution was
observed.

BE5 pGBKT7-MeARF B#iERIE
Fig. 5 The self-activation validation of pGBKT7-MeARF
£, RIH AT LATE SD-Trp-Leu-Ade-His [ {4 35 3%
B FIEWARK(E 6-A) . BEPUX LR, F5 W,
Y& HURE B R, i ] MeARF-AD-F/R 5| ¥) 317
PCR "4, BUIE Wi 35 ¢ rit Uk 4 SRR WA AE 6 4> FH

SD-Trp-Leu

15 000 bp
7500 bp
2500 bp
1 000 bp

250 bp

SD-Trp-Leu-Ade-His

A

PEsERE (1 6-B); 73 4, fii H pGBKT7-F/R 5| Pyt
TIRVEIEATY 3, Je/9 5 8 A~ — 2% (FLIA 3 &%
H 34— S (K] 6-C) . YRR A B Y 5671
ATV (A, 4 [ R BEak Y .

24 TRELR  XTIF LR IET T, &
BT 7TAME R (3R 5), A il e 2 kLA AH
FH NADH A &l [ 12 -2k 25 H 8-a(Manes.
15G163400.1) . HH4H 9 85 1R £h 5% 12 28 11 (Manes.
14G035900.1) . £ %z & 4(Manes.14G035900.1) ,
GTP il # 7% 5 11 REN1(Manes.02G146100.1) , &K
A KN A E 1 IAA8(Manes.05G187100.1) .

R AR % 35(Manes.17G049400.1) . & & 5%,
iz i) A2, — 285 7F F-box Y4 H i (Manes.
05G050000.1) . i H&IH e % E (R0 & (5 R
S Bl HE X 4 SR G T b, 4 SRR X 7 AN e b

SD-Trp-Leu-Ade-His
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2000 bp

1 000 bp
750 bp
500 bp
250 bp

M,. DL 2 000 DNA Marker; M. DL 15 000 DNA Marker; A. BH}7E SD-Trp-Leu Hl SD-Trp-Leu-Ade-His [E {35353 I
AR O, LLECKE SD-Trp-Leu-Ade-His ARG SR 1A= KA AR TE A TRILARAT; B, il B2 IO RE S p& V& (14 BOkL, JF LA
WEREFOR MR, 1] MeARF BRSPS 14 S5 B 0 BH IR 7ebe; C. ) pGBKT7 38 FI5 114 #9415 2 e e FAR R i 4575

M,. DL 2 000 DNA Marker; M. DL 15 000 DNA Marker; A. Yeast growth on SD-Trp-Leu and SD-Trp-Leu-Ade-His solid
media, and single colonies grown on SD-Trp-Leu-Ade-His solid medium; B. Positive clone amplified by MeARF specific primers

using the yeast plasmid as a template; C. Bands of candidate interacting genes with pGBKT7 universal primers.
B 6 pGADT7-MeARF Tk /KRE pGBKT7 X &
Fig. 6 Screening of the cassava pGBKT?7 library by using pGADT7-MeARF

R5 FILEWTER

Tab. 5 Results of the sequence alignment

22 [T /0

SEHID SRS p R

. Confidence

Gene ID Gene annotation E value
level/%
NADH DEHYDROGENASE [UBIQUINONE] IRON-SULFUR PROTEIN

Manes.15G163400.1 8-A, MITOCHONDRIAL-RELATED 99.77
Manes.14G035900.1 SODIUM-DEPENDENT PHOSPHATE TRANSPORTERS 1.01E-20 100.00
Manes.04G111000.1 POLYUBIQUITIN 4 0 98.23
Manes.02G146100.1 RHO GTPASE-ACTIVATING PROTEIN REN1 2.64E-01 96.00
Manes.05G187100.1 AUXIN-RESPONSIVE PROTEIN IAAS8 0 99.54
Manes.17G049400.1 SOLUTE CARRIER FAMILY 35 0 100.00
Manes.05G050000.1 LEUCINE RICH REPEAT PROTEINS, SOME PROTEINS CONTAIN 2 65E-00 93.00
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Cloning of MeARF and screening of interacting proteins in cassava

WU Jingyuan’, TANG Luzhi, ZHU Binbin, ZHAO Huiping"

(School of Tropical Agriculture and Forestry, Hainan University/Hainan Key Biotechnology Laboratory fro Salt-tolerant Crops,
Haikou, Hainan 570228, China)

Abstract: An attempt was made to analyze the function and mechanism of auxin response factor (ARF) in
cassava. A MeARF gene was cloned from different tissues of cassava and analyzed by using bioinformatics,
and an evolutionary tree was constructed to illustrate its homologous relationship. The analysis of the protein
structure of MeARF found that the protein contained the conserved B3 domain (B3 DNA binding domain, B3)
and PB1 domain (Phox and Bemlp, PB1). The analysis of the expression levels of Me4ARF in different tissues
showed that the expression level of MeARF was relatively high in the lateral buds of cassava. Furthermore, the
gene expression vector of pPGADT7-MeARF was constructed, and the cDNA library of cassava was screened
by yeast two-hybrid experiments. The candidate proteins related to plant growth, development and immunity
were screened. The results indicate that MeARF might be involved in growth, development and immunity of
cassava.

Keywords: auxin response factor; cassava; protein structure; yeast two-hybrid; candidate protein
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