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R 5 RS 5 1% S A DG BE R 3R R A SR AE T .
dahliae HiME", BT, & THAAEY AR 2 (Manihot
esculenta ) Aux/IAAs WAH A5 6 WL TA , 76 A ]
fn FR(¢SC124°, ‘FO1°, ‘16P°, ‘F9I’, ‘KUS0’Fl
‘Ca)H, E B TER L B R, mE. TR e
AL HRA T T Aux/TAAs W58, BRI g
Frift— R .

A2 (Manihot esculenta )2 E W EAVEY) I
ZTEVEYD, S T BT RN Py s X AT 10 42 N\
DIA A R, ol )32 Tl 2 | iE 404 k)
0 TAEAT I, 3R E A R SRR T ek 55
W E R R TR A, KRB A2 B
W2 REEE Y R R H 2. AR RS
‘SC124"Fh Fh 5e [ T MelAA19 J& X, i i = Wy 2
5 B4 HT B 120 6 7 AR 11 A 2= D fig
SIMT, W04 B T MelAA19 8 [ Th Rk, B iH
wmr.

1 #MR5IE

1.1 Rt R AE i FHSC124” (‘South
China 124°) 5 AR, FvRE 16 B K221 fa) A IX Pty
AV IR B KL H (20°03'N, 110°19'E) .
1.2 KREZ RNA WIRES Meld419 BEEHITEIE

HGE AR B R AT R AR, T A
MR, ] CTAB &P 4 B RNA, L #5 5%
cDNA J&, —80 C KiEAHE1E

H 95 Phytozome 4 J7E v AR 25 MeldA19 R

B AR B, Wit &K Y 1 51 ¥ MelAA19-F
(ATGGCGAGCGTGCTAGGAGGC) Fll MelAA19-
R(TCAGGTTCTGCTCTTGCATTT)., LIAZE cDNA
RN, P3G MeldA19 R Bt 7= 4 B I HH R I
H K R I 5 AT e L, JF 3% #: & pEASY-
T3 Bk, HAbfa 2T PCR R, Pt 554 i
— B BE A S B B o K I X s SR S H Y
BB R AR R A 25 H o
1.3 AKRE MelAAI9 £MEBRFST Wil ELR
A% ProtParam 73 HT MelAA 19 s 85 1 A FAL P
Ji o G FAEZ N3, InterPro 25 MelAA19 )T
BN AR SF S5/ 3k . 38 3 00 5 Phytozomel3 ¢
K MelAA19 78 H At ) F v i) [0 910, Jf-iz
DNAMAN #f43E 17 Xt
1.4 MelAAI9 ZEEWTMAE R A FHEEE

UniProt X} A2 MelAA 19 & [ #E4T IV 20 i 5 57 i
W A Y Rk AR pEGAD-MelAA19, 5755
#% pEGAD 7355 A\ GV3101 RITH 22, IFR
JulE st F 48 h 5, 38 2T OGS R AR R g
YL Ao

1.5 BERREBEHHERFSER RIEFEKE
WA TS Y, IR R S/l Flag 432, LU
Wy IE#7 MelAA19-T3 (4 Uk AR Y14 H /4 Fr
Bt, ¥4 % BamHI F EcoRI B MU ) pET32a
AR b, 20 PR VR 2E 1T PCR I il U] 56
WE o K 56 3F 5% 2 A9 R A DE3 K g B Rk R,
IESE M. B ODgy H-N 0.6 ZEA4T I, A
IPTG, JfH 0. 1. 3. 6 h /i, B0 a7 BiF, AP
WA . B (R £ 2% vPI (Phosphate Buffered
Saline, PBS) 51 2 A J5 EA A

1.6 MelAAIY EHERMIIE K 37 C &M
TS0, 1,3, 6 h i FAMEM, BOIFEE, 16
Hrpn A F EFEZE vp, W E 753, 1T SDS-
PAGE HLIKEEI . FRUKSERUS, 7 kA 725 5 B s
WEYL(A R WB KGN,

1.7 MelAA19 BEHINBEWIE XM 1.5 D 0R%E
HiASE MG, I E MelAA19-pET32a 1 pET32a
W, L 0.5 mg-mL " A9k B AT 5 e 1% it A
=t Fo 3 d e ORE DU T M AU B RNA G 5%
cDNA, 434t MePR1 fll MePR2 {/) ik .

1.8 Xam BHAAIE  FrH Xam EHEH LK E H
T B % o Xam WEREE fL 5 H EHT LB 7
28 C &M N HEFE 12 h)E, B BB B L AL
4 000 r-min!, B .0 10 min 15 2] & &, B B R
(100 mL ddH,O #' & 1 mL 1 mol-L™" ) MgCl,,
pHS5.7) FE B A5 A A R

2 HEREHH

21 MeldAAI9E R E£K=ZTE 5P X
MelAA19-F/R X A it F (1) cDNA #17 PCR 4"
1, AR12Y 750 bp K/hBYRE s (B 1), K H Y
Bk AT i alifb 5 7 3 pEASY-T3 #iikIF i1k
ZRHFFE . EHEE% PCR KHE, 15 8] 4444
KNS B R B— 800 B ok, I8 DL B v
FERE AL o DU 25 2R WoR ™1 P Bk
732 bp, JFH HXT I A 30H 5 AR S5 5 DR 20 i I v
) MelAA19 L FH]—5L
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XNTAEE: R MeAux/TAAI9 H R vE b [ D e V15 365

M 1 2 3

2000 bp
1 000 bp
750 bp
500 bp
250 bp
100 bp

M: DL2000 DNA Marker; 1 ~ 3: MelAA19 FYFER B,
M: DL2000 DNA Marker; 1-3: The fragments of
MelAAI9.
1 MelAA19 &3 18
Fig. 1 Amplification of full-length MeIAA19

2.2 MelAA19 RBEAWEMEEFEST [
12k T E ProtParam 23T MelAA19 4wt L
PR, 25 5 55 7R : MelAA19 ZRfi5 244 aa, 2501 5K
6.63, T 1153 T Ky 26.64 kDa, &I 250K 67.90,
FIKFZECH-0.515(<0), AFaE Rk 37.71(<40),
JETRRERKEAGE 1), [FE, {#H InterPro 7££&
I 3t 45 7 MelAA19 2 T80 N PR SFE5 R, &
P MeIAA19 EFI7EH: 16 ~ 234 aa &4 AUX/TAA
SE B, o, 125 ~ 225 aa Ab & 14 PBIARST
ghFER, 5 AUX/MAA FIGEREE—30(E 2) .

F1 MelAA19 HBEQMELMER
Tab. 1 The physical and chemical properties of MeIAA19

B #1457 /kDa S GRAVY Jig i Z % AEEESREL IR A
Gene Protein molecular weight/kD Isoelectric point ZE7K4F-14{H Aliphatic index Instability Index Number of amino acids
TIAA19 26.64 8.20 -0.515 67.90 37.71 244
125 aa 225 aa g2 5oy R B (E 5-A), i [R5 $ 8
_16[aa [ PBI ] 23]4'aa MelAA19 i #% 3| pET32a 8K I, F #F 17 W V%

B2 MelAA19 ERLEMHH
Fig. 2 Structural analysis of MelAA19 protein

23 MAAIYEBREBEFIISH N TR
MelAA19 25 [ FEA [FAE ) v 2 A5 B A 5 e Y 1A
T, B MelAA19 5 45 W (Populus deltoides)
KFE . BLEE S . K5 (Glycine max) . & # (Musa
acuminata) . T . HEYEN TAAs J¥ 5 17 R
FExt, % B TAAs 2 U 7EAS [F A ) h B B 1Y)
S5k, BHAE C o B A 8w ny PR sr 2 (1 3),
MelAA19 570 TAA 2 1A [R) IR =, TR
P 84.67%.

2.4 MelAAI9 EAMTAMBEMSHT N T
5% MelAA19 B [ 76 A P 1A P91 I 20 Jfd 5 o7, X
MelAA19 & 1 /Y & r #F 47 10, 25 S 3% B
MelAA19 25 & O T 4z (B 4-A) . [FIET,
R T 2 HE A, 38 A AT TR AR U R
LY K PN B2 pEGAD %5 28 78 21 it 2% Fn 4 ity
T4 53 A B R W SR A8 58 AR, Rl s Bk A
MelAA19-pEGAD H 7E 4 il 1% WL 52 3] 4 (5, 2¢O,
5 DAPT 4 (m25 R —34, Ui MelAA19 E HEN
THipZ T (5 4-B).

25 BERREFEHERBEAZEAMNFS R
I TE A i) MeIAA19-T3 B #k JFi ki, I3 i3 PCR

PCR $3iiE (¥l 5-B), it — 20 XUl U S0 1E R4S 4 4>
PH % v [ (4] 5—C), 2 B MelAA19-pET32a fil &
R L) o KA B U MelAA19-pET32a
(DE3) Wtk & F 37 C FFEA, 00 FifEREA
0. 1.3, 6 h PFUEHAMM

2.6 MelAAI9 BEAERWIUE KA [RIEF ] &5 A
H AR T AR B0, i D
{6, (8] 6-A) F1 Western blot([¥] 6-B) #7503, 4
BRI T LR YA S H &N, I HE
F5 TR ARG 0, AR ik B B 3

27 MelAAIO BB IEERIES T I TR
MelAAL9 & & 2 5 K Y 5% =, R
MelAA19-pET32a 1%} Bt pET32a £ 4 43 il W4 jife
FARZEM F |, &I MelAA19-pET32a 45
Je o HEIE PR AU R B S 3 in 55 0k B AR L (1] 7
A) . [RIF, SEIG 4 MePRI 36 1k 1 J& X HE 40
54% . MePR2 Fik i X AL 2 f5 (& 7-B), 22
SR, N2 1S SRS RO .

2.8 MeldA19 BEETE Xam B THIRIE D

T it — AR SY MelAA19 75 1 A v v iy oy
e, AT HAE Xam Mo b HF A 2R, & BldE
T Xam 5 MelAA19 W% 5 /KFAE 0 ~ 24 h (N Bl
(i) 3 I S AR AR A (1] 8), i —20 R W
MelAA19 T HEZS 5 ARE R FafiE I .
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Consensus dp kp kagvvguwppvr
MelAA19 IR TME RN SSEEGBRAS . . GNE . 177
Populus deltoides BT UMK NA SEEGEKASTEGSS . . 186

ryza sativa YMI.vcpDKCKDAPDGCGDESGAG[APAM S 213
Arabidopsis thaliana PR VEENCKGGEAEEAMSSGGET. . VE. . 163
Glycine max ¥ MME VRV SNEEVAEKTTSST I'NCGAM 173

usa acuminata Ef¥aN IB SVNSEKGSKEE . . .GERS . sr-mm MD 176
Solanum lycopersicum — EEEvMBGKsNTEESBRTT .. 169
Solanum tuberosum NS VMBCK SNTEESEKTT 175
Consensus rkn
MelAA19 HEE . . 248
Populus deltoides . . 257
Oryza sativa .. 283
Arabidopsis thaliana HEE . . 234
A(;jlycme max HEE. . 244

usa acuminata BsEr 249
Solanum lycopersicum  gg§. . 240
Solanum fuberosum B . YELK MEK 246
Consensus nnesk dlln seyvp yeckdgdhn’lvgcva miv sckrlr:urkgsea:l.glap amek k r

B3 MelAA19 5RE&EY HHEREEF 5t X
Fig.3 The multiple sequence alignment of MeIAA19 with homologous genes from different plants
A B GFP DAPI Merge Bright
y i |..
35S::GFP-MelAA19 AT
Bl 4 MelAA19 BYIE4H AR E L
Fig.4 Subcellular localization of MeIAA19
A: MeTAA19 4t 5 {37 T B: MelAA19 W.AHMESE N, DAPI Y (e B R4z 2, Hfil/=20 pm.

A: Prediction of the subcellular localization of MelAA19; B: Subcellular localization of MeIAA19, DAPI staining showing
the nuclei, scale bar =20 pm.

A M 1

2 3 4 B

M 1 MI1l 2 3 4M

2345 C
15 000 bp
5000 bp

2000 bp

2 000 bp 2 000 bp 2 500 bp

1000 bp 1 000 bp 1 000 bp 1 000 bp
750 bp 750 bp 750 bp
500 bp 500 bp 500 bp
250 bp 250 bp 250 bp 250 bp
100 bp 100 bp 100 bp

M: DL2000 DNA Marker; M1:

15 000 DNA Markero

M: DL2000 DNA Marker; M1: 15 000 DNA Marker.

5 MelAA19-pET32a F#%RiL S k&

A: MelAA19 ¥ 34,

Fig. 5 Construction of the prokaryotic expression vector MeIAA19-pET32a
1~ 4: L) MelAA19-pEASY-T3 Bt 1 1) MelAA19; B: W74 PCR BIIE, 1 ~ 5: AN vl C: XU

VISR TE PP ST, 1 ~ 40 AR [RIBH I ok
A: Amplification of MelAA19, 1-4: Amplification of MelAA19 using MelAA19-pEASY-T3 as template; B: PCR validation
of the colonies, 1-5: Different clones; C: Verification of the positive clones via dual enzyme digestion, 1—4: Different positive

clones.
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49 kDa — < MelAA19 49 kDa— S —— - MelAA19
35 kDa — 35 kDa—
26 kD2 — [ 26 kDa— ~ws «pET32a
19 kDa—

M Oh1h3h 6hOhlh3h 6h

pET32a

pET32a-MelIAA19

M Oh1h3h6hOhl1h3h6h
pET32a  pET32a-MelAA19

M: FiYLER A s FabrifE (19~117kDa) , fiiskFnx lME HIEH .
M: Pre-stained color protein Marker (19—117 kDa) and the arrows indicate the control and target protein.
Bl6 MelAAlY EAFESFRIE

Fig. 6 Induced expression of MeIAA19 protein

A: O W RS T0 . A ZE BRI X BEEE FTRY 04 1. 3 A1 6 h k£, MelAA19-pET32a 2511 0. 1. 3 #1 6 h AYFE
fifn; B: Westren blot #:55, MZEBIAT KU X BEE 1Y 0, 1, 3 F11 6 h i, MeIAA19-pET32a 2517 0. 1., 3 Al 6 h (Rl .

A: The test of coomassie brilliant blue staining, from left to right 0, 1, 3, and 6 h samples of control protein, and 0, 1, 3, and 6
h samples of MeIAA19-pET32a protein; B: The test of western blot, from left to right 0, 1, 3, and 6 h samples of control protein,

and 0, 1, 3, and 6 h samples of MelAA19-pET32a protein.
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7 MelAA19 EAINEESHT

Fig. 7 The function analysis of MeIAA19 protein
A: F1g22 3 G M8 &, B: MePRI Jt MePR2 %

IR IIHT o

A: Flg 22 induced the burst of reactive oxygen species,

B: The transcript level of MePRI and MePR2.

4 Xam

[\S} (O8]

HAXTFIAH Relative expression

0 6 9 12 24
Fsf ] Time/h

MelAA19 3P 0 h BFRIBRBIE N 1.00 I Bl =
AL AR, B A R TR 20 T
SRR %5 2250 (ANOVA) Fil ¢ K g 15, R IR] 83
/R P<0.05 (1B E xR,

The transcript level of MelAA19 at 0 h was set as 1.0. All
data contain at least three biological replicates, with about 20
leaves each replicate. The data were subjected to two factor
analysis of variance (ANOVA) and #-test. Different letters
indicate significant differences (P < 0.05) calculated by two-
way ANOVA and student’s #-test.

8 MelAA19 BETE Xam BR THRIESHT
Fig. 8 The expression level of MeIAA19

under Xam infection

HERFIVFIETA MY P RA TR, 25
PR R E R 0 S R
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AUXITAA TG A R R R 9 B,
ALY K R OV Y R AT R, S5
& RN R FAH BAE R D REE

A B 5T AR B B B T M 0 MelAA19 KETH,
Hgmt & 415 1) Phox and Bem1p(PB1)f#5F
GEMIBY, SR AL BE Aux/TAA I ARF 25 H A AH
HAER®P, #E MelAA19 A fE 5 ARF & (1 HAE,
HEMTE A TAA {5 5 A AR ) A K & 7 R R iy
RN, T — 2 R AR ST o 8 o JH I
EEALIES: MelAA19 B T . ok, SN
DNZEE T 0 351 5 AR S 1 P AU R R G B A
KHEH MePRs B3R5 . X 45 R B MelAA19
A RE I I 1 kU S MUK R (5 5 A T A
FERUI, 505N BB FT 45 I AR— 3, B
W A% R AR TR E A DI RE, 4R KT
¢ JE I, 2 — APt 5 L R T R A TR B R Y
e

WF5E R W, AUXIAA SR KK S 5 Y %
RN, 38 35 X AR i 5 R AT Xam [Phaa Ab B, & R
MelAA19 757 7K Bl Xam (24} 1] (34 i S 28
TH AR FEAURE T, AUXIN RESISTANT?
(AXR2) (4t TAAT H& ) F AUXIN RESISTANT3
(AXR3) (% f% TAALT 55 )N K IK B/ TE Fusarium
oxysporum A4 25 R, H AR T
Xt F.oxysporum WIPTHER HLAM, MAEIY) GhiAA43
L TR IR A ANE T AL A DG EE K (PAL
PAD4. NPRI. EDSI. PRI, PR2. PR3 #ll PR4)%
KA FHRAEXT V.dahliae UM, [RIRE, /K A% R
1 E 1AAT BRI S EITXT Pseudomonas
syringae pv. tomato DC3000 (PstDC3000) HHTH:,
D MelAA19 W REEM AN T2 MG SEES 5K
SN AN A PR AR S BB o RIS, kgl SR
TAAs |72 2 50 Y %8 40 v 1 Fn B B P
M BPE SN o WLk, BFE R MeldA19 FEEAER
[Fi] it P e 0 0 AR R A e ik, ELAGIRL . i L
5 361 A5 AR A= W e 6 Ak B ) L S Ak S, {56
MelAA19 W e 2 5 AR W MM & & M ERIE
Ao EZ, MelAA19 A5 2 /E I TE R R B HUR T
PR RE R . O IR SHRITEARE MelAA19 BLisify
TR HLEE B JERl, Ul B R MeldA 19 FE AR it
el B sl AR W AR R R TR (BRI S %

S 3Lk
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Cloning and preliminary functional analysis of MeIAA19in cassava

LIU Xiaoli'¥, WEI Yunxie'*

(1. School of Tropical Agriculture and Forestry/Key Laboratory of Biotechnology of Salt Tolerant Crops of Hainan Province, Hainan University, Haikou,
Hainan 570228, China; 2. Sanya Institute of Breeding and Multiplication, Hainan University, Sanya, Hainan 572025, China)

Abstract: Auxin is widely present in plants and plays an important role in mediating plant development and
disease resistance. The Aux/IAA family are widely involved in the early response of auxin and regulate the
entire process of auxin signal transduction. In order to study the characteristics of Aux/IAA and their roles in
reponse to stresses, this study cloned and identified the MelAA19 from cassava, which encodes 244 aa with a
typical PB1 conserved domain of Aux/IAA proteins. Additionally, MeIAA19 protein, expressed and purified
from DE3 strains, could significantly induced ROS burst and MePRI and MePR2 expression. Moreover, the
expression level of Mel4A19 significantly increased with time under Xam infection. These results will provide
a certain theoretical basis for exploring the function and mechanism of action of the MelAA419 in cassava.

Keywords: cassava; Aux/IAA proteins; prokaryotic expression; expression analysis; functional analysis
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