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PP, ARE R, (A28 18 52 AR T 1 22D,
MNARTRE ARG ZE0 . AL BRI AE . o, REE
20 AP 2 i e e R e B I T R AR B S S B
AR Fif (Xanthomonas axonopodis pv. manihotis, Xam)
S, BB R E I RN E L —, XA
AT L 50% ~ 75% HR, R, A2 I ACE i
PEHUR R, 358 00 R AR EHOR f D, 2 A 2
iR ) T A

S T ARG B T A e, A G — R A
BB BE R BT (5 5 01 7 A 52 A i e B 10
SV, G, AR 4 ok 8 X ik & f 9% (pattern-
triggered immunity, PTI)" K500 fih /2 5295 (effector-
triggered immunity, ETD)™ ¢ 18 51 F1 X% 5t & 95 AL
i, PTI 2% fish & PR 3810 %5 25 19 15 1 %A (reactive
oxygen species, ROS) & &, i PTI A1 ETI f%) 3L [A]
P U 2 B IR FFZER) ROS 77 4EM, ROS MY
AT RIS R ) B4 i s, 38wl LME S 540

TR AT 5 T ) A0 L ) R P M SE T DA T B
)t/

DAWDLE(DDL ) /& —2& 5 A {7 A4S
¥4, (forkhead-associated domain, FHA) A4 1, 1%
KEHTEMY LB MBREh KE T EEEN.
Feng S50 1] FH 56 40 e 1 Hou 2 il 5 18 5 AR R 1) F
Bt DL K A A S0 T vk, 25 2 B R R I (Arabidopsis
thaliana) " DAWDLEZE H fig #% 18 1J £ R ADP-
¥ ¥k 1k (poly ADP-ribosylation, PARylation) & 1ffi
K g s T &AM 5 (Pseudomonas syringae pv.
tomato DC3000, Pst DC3000) [ fa 28 2 1, H 7E
DDL &7 A 55 fE 5 PR 2 58 PRI BT T AR 2>,
W] DDL T W 9] 52 SO o A Y. AR
Jt ' DAWDLE it % 45 45 DCL1(Dicer-like 1)
DCL3(Dicer-like 3) 5 #475 DCL BTG 1, M1
FIUE small RNA A= 1", A 858 & IR AE L ik
miR394(microRNAs) J5 L g I+ 25 XF K #1 #T 14
(Botrytis cinerea) YL TIN5y BNk, T AE AR YL K
JEAT BT miR394 1 Rk tk s DDL f9FAKF- 1
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TS MeDAWDLE FE IR ) 53 B A8 (A ShRE 36 IE 371

B TRRA, HAE LR IF 32 B R F A R AR G R
DDL 335K F- 0 32 2 ™. DAWDLE B 1
Z 5P e i ANE s A KRR, BT AW
55 & BUAE L FE ST o DAWDLE TE R R 25 19 432 2
AU 3RiK, DDL 8B IR S BURR K B IR% | 455908
B L AR R ) S R A5 2 AR A B B Y, 1t
Ab, 2022 4 Xiong %5 %) % Bl DAWDLE 7] L) 5
bud site selection protein 13 (BUDI3), growth
development and splicing 1 (GDS1)ZH A%, retention
and splicing (RES) & &K, i it 52 Hij {4 RNA 57
HZHEMEITRES R EE . A 5%V
DAWDLE 7E AR th AR 2 5 A Kk
B T AR, AR T HAE AR B BT DI REATS
ESCLIE

HERFE MeDAWDLE H H & % 2 5 AR EHUI
8 SN, A8 3 53 B 45 MeDAWDLE, F1%f
HHEAT 1A WR B o0, a2 R st K de
M3 E] T MeDAWDLE TE /R [R) 481 (1 2235 I
Xof A 200 R i 2 e SO TR i 1 AR O, T 58 A
MeDAWDLE-pET28a R M4 H4) # F1 28K 15 5 SR 43
RS UE, A AREYUR B 1248 L SO 0y T F
P At B FRIR JEA

1 MREIE

1.1 RIeHR AR IR bR A 5 A
“fEF§ 124 5 (South China 124, SC124), A T-7<
S A RS S . (AR A B 2xTaq
Master MIX(Dye Plus)(Cat P112-03, 775 M % 21 4
Bl % ). 2xChamQ Universal SYBR gPCR Master
Mix(Cat Q711-02, i MEREAE YR ) | P BE A Biifk
#1 (Cat 162135, Biowest) , i 7% DNA 4lifk [7]1i
A0 & (Cat DP214-03, RARA: LR ) . RNA $2HL
i 37 (Cat W0250, Solarbio) . [z %% 5855 & (Cat
K1622, %% 2k K ). p-#i #k i8 J5 57 (Cat M8210,
Solarbio) . 5 [N J&-B-D-i AR ik Mg > FLBE 1T (IPTG)
(Cat 18070-5g, Solarbio). Mt JIg 4% #; (Cat P0216-
300g, #2~ K ) | His-tag JiiA(Cat AH367, 3~ K) .,
AW E AR C /N 1gG(HAL) (Cat A0216, 4
z K ). DH5a(Cat DL1001S, ME H1 4= # ) Fl BL21
(DE3) &2 5400 (Cat ZC121-2, M A=) %5

12 AREEZRNARREMUERER HEEW
W 7 A S BRI R ORI S BB R )

FHl CTAB $2BUR HEHL RNA, F- i /2 5% 45 &
B H R FE S cDNA, LA —80 °C vKFE LR,

1.3 EETERE AR E LB A b A 1R,
7 % 3] MeDAWDLE(Phytozome % #& /& %% =5 -
Manes.03G127500) 11 4t 5 3 5] (coding sequence,
CDS), f# A PrimerS 1, X it & K 51 ¥
MeDAWDLE-F (5" -ATGGCCCCTTCCTTGCTCG-
3")Hl MeDAWDLE-R (5'-TCAGCCTGCTGAATTC
TCGTG-3")., Lk cDNA J#itl, #1T MeDAWDLE
FEEP (R D, P IEFEF HR: 95 °C 3 min; 34 4
PEFR, 95 € 30 s, 55 C30s, 72 °C 90 s; 72 C
10 min, K¢ H i v B it 47 8 M1 IF 5 pEASY-
T3 3% 4%, W5 @ 7% PCR YEATGIIE, e PR —
W2 B BA e R, EA TR LU, K 45 SR 5 E Y
FEPRF B AH [R] B4 TR AR DA 2140 °C VKA -

£1 PCRU&ZE
Tab. 1 The volume of PCR reaction
580 /UL
Reagent System/uLL
2xTaq Master MIX(Dye Plus) 25.00
dd H,0 20.00
MeDAWDLE-F 1.25
MeDAWDLE-R 1.25
cDNA 2.50

1.4 HEHUHWREBHLERSH M Phytozome
$edE % (https://phytozome.jgi.doe.gov/pz/portal.html)
3k #3 ) MeDAWDLE & [ ¥ 51l Al Fifi H A5
(Gossypium hirsutum) . BAFGIT . 7KHE (Oryza sativa)
FISE SR (Malus pumila) 15y [F) R4 1 28 FUF 91 e
XT, i85 MEGA 11.0 2 BB 22 i) i 58 5% 1Y 5
GRS . 7E ExPASy-ProtParam tool (https://web.
expasy.org/protparam/) 3 4 78 1 R /NI A L A
T ; F F NetPhos 3.1 ZEZE il il MeDAWDLE %5
FIRYBRER A 15 7 TMHMM 2.0 434 MeDAWDLE
T RS I 4544 78 Signal 5.0 % MeDAWDLE &
F A 5 BREA T 100 5 {8 B Phytozome 1 B 4%
S3 BT HAS IR

1.5 MeDAWDLE WIFREESH il s34 TCOD
gene search(https:/ngdc.cncb.ac.cn/tcod/genes? ) H?
AN A SRR A5 3 T MeDAWDLE 16 K AN
[F) 748 o7 1Y 2% 3k & 5l 7R 2k ) 3l (hitps://vigs.


https://phytozome.jgi.doe.gov/pz/portal.html
https://web.expasy.org/protparam/
https://web.expasy.org/protparam/
https://ngdc.cncb.ac.cn/tcod/genes
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solgenomics.net/) & B MeDAWDLE %% 5 ¥ %)), IF
M4 b 7 80 15 0T € = 51 9 qMeDAWDLE-F (5'-
TTCCTTGCTCGCTGAG-3) fl qMeDAWDLE-R(5-

ATGGGAGATTGTGAATGACT-3"), H Xam 1% 4%
2 MR B B R Y A 2, X BEBR T 5 10 mmol- L
MgCly, I T2 295 0. 1. 3, 6. 12, 24 h #f7rt
Fr RS, $2 B RNA I 081 1 B e 5% 1l 7] & (Cat
K1622, FEER ) S sk il cDNA, FH SIS 5 €
PCR(Quantitative Real-time PCR, RT-qPCR) (¢ 2)
IR EZ AR YL 7 MeDAWDLE W33k K281k,
BRI T 3 WER

R2 WHALHESE PCR REER
Tab.2 The volume of quantitative real-time PCR reaction

gEwil RFR /UL
Reagent System/uL

2xChamQ Universal SYBR qPCR Master MIX 7.5

dd H,0 6.4
qMeDAWDLE-F 0.3
qMeDAWDLE-R 0.3
cDNA 0.5

1.6 ERZREBEMNHERBSES Pkl
I MeDAWDLE-pEASY-T3 18 ¥ JFRLAE A5
#e, F PCR 9B (5[4 MeDAWDLE-pET28a-F (5'-
TTGGGGATGGGTCGCGGATCCATGGCCCCTT
CCTTGCTCG-3") fil MeDAWDLE-pET28a-R (5-AC
GGAGCTCGAATTCGGATCCGCCTGCTGAATT
CTCGTGCA-3")HM R B (R 1), ¥R F N
95 °C 3 min; 34 ¥R, 95 °C 30 s, 55 C 30 s,
72 °C 90 s; 72 °C 10 min. % JH [\ 5 3% 32 4%
MeDAWDLE F Bt i #: 3] pET28a #4k I, I 4T
KIGFF 44k, L 7% PCR B0 UE, DL S48 5
o, Bl DT3RS R R D Y 2R SRR A
DE3 B tkH, 37 C IR AT HE IR, 5 ODggo (H 15
| 0.6, ¥ BAAFL 1 2 1000 (4 F )M A 1 mol-L™
IPTG, JfF 0. 3. 6 h BfHURE A4S 2 mL, R
17, R REREIS 4 °C B0y, BT UEF 7 AG I

1.7 MeDAWDLE EHZEAMBIE ¥ 37 C 4
P75 5 0 TR AR P AR, 0 I I 100 pL,
] = 10 pL FREZE mh i IR HEIR 21, kK i
5minJ57, HENHEMER FHEREARL D,
SRIG TR HUK . FIKEE G, B b — S R

HATH S A, 5 — i & T PVDF
(polyvinylidene fluoride) I #1754, H 1xTBS
(tris buffered saline) % W I VEFEE, SefBI AR Wik 4T
WEHE &, A 10 mL % — 4T (His JTi&)MH 2 h
Ja, E B TR E | h, )5 H AL B B
(RIS Zia) e

1.8 ROS#M UK H—F iy AREE, 4351 30,
300 pg-mL ™" JiT i e B 1Y pET28a il MeDAWDLE-
pET28a & 1, JF i MR T 4355 0.5% 1 1H1 15 P
7 (Silwet L-77) Mg M3 it Ab BEAR ZE 0 f 3 d, B IS
i FHIFDEATFLAS O 8, I8 w0 5 0 e
FE/KTE b3 185 U H 5 [B 43531 ik 7 R 45, 96 FL
Bl b A P T B ST R [1% R Flg22+2% B4k
Wit2% [ HAR 1 % AL YTl (horseradish peroxidase,
HRP)]. B SN0 A A i R A A A i i e
A BEAR B A, Rl 45 Uk, RELET
[d] 30 min®”,

1.9 Xam BH SNEEOBHEARZEMN 345,
T 4 KX AREM 7 I TR L. el
S RAF R Xam WARTETCHT LB P-4 L JI4iE
1k, PREBUR BV N A B JEht LB Bi R i3, &=
ODg TH K 0.6 B 5.0, 4000 r-min', 10 min, FH
1 mol-L™"MgCl, H&, Il ODy, fE4 1.0 B, H§ 1 mL
FH AR AR R 2 AR F 5T .

110 BEESEIT  1E5C Xam RG4S, MAE
R ARG AT 0 d BURE, TR SR 4 42T
OB (L 1 em?), B RIRF L 75% 1 2
B 2% 5 min, Bl HH K KIS BEPR S, B0
FEAT S, R K HEAT 10 5% B B 6 B2 4 B,
FEAE S 2 B JEPT LB PR b, B 2D E
3. BHRJE T 28 C IR T8 B 55 5% 24 he
FEGETH TR T B AR O R i e R R T — 3K, J 4t
TG 4 d BURE, ikl L

2 HBREHH

21 MeDAWDLE M5 bg $2HURZE I RNA
IF Rk, it PCR ¢4 4k45 H iy 7 B (] 1-A) .
SR HE BN e B 4281 pEASY-T3 2k 5, #%
A DHS5a B #&H, TR UG Pk e 505 7% 2517 PCR K
UE, £330 7 7 A FHME s R (K] 1-B), 7 B HUTORL
JEIEIT
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A

2000 bp—

M: DL2000 DNA Marker; A: MeDAWDLE 3£ Fr BEf9 34, 1 ~ 5 i MeDAWDLE J Bt; B: S H: AL AL 5 10 FEME s e 2

%€, 1 ~7 N MeDAWDLE i#iZd PCR B UERT 7 A~ BHPE ek

M:DL2000 DNA Marker; A:Amplification of the MeDAWDLE gene fragment,1—5 are gene fragments of MeDAWDLE;
B:Positive clone identification after ligation and transformation,1-7 show 7 positive clones of MeDAWDLE validated by PCR .

E1

MeDAWDLE &

Fig.1 MeDAWDLE clone

22 HEYERESH

2.21 DAWDLE #tbAR 947 K iR 45
i A\ NCBI H1 X R ISR AR ZE 1Y DAWDLE,
CDS J¥%12 1359 bp, ¥ HFrE FFS# 7R blast

A ## Manes.03G127500
8 & Manes.15G074502

— sl
B MD11G1223400

A Gohir.A13G139300

A Gohir.D13G144100

Il MD03G1208700
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X, it MEGA 11.0 #9387 ARZE | Rk . 4
FIF . KR FRER T ) DAWDLE S, 455
AR DAWDLE SR ) DAWDLE #
[FIDEIERSRS, AR 76.3% (& 2-A).

AL Manihot esculenta

KB Manihot esculenta

SER Malus pumila Mill.

i HbAR Gossypium hirsutum L.
[tk Gossypium hirsutum L.

49 SER Malus pumila Mill.
| LOC 0s05g46780 /KA Oryza sativa L.
0 94 1 LoC 0s05g46860 /KA Oryza sativa L.
L @ AT3G20550 {UFEST Arabidopsis thaliana L.
$ AT2G24410 HURGTF Arabidopsis thaliana L.
0.1
B s ¢
5 S . 1.2¢
B 124 )ik Threonine " 1ok
ol B{f Threshold S sl
3 == V- .
o=t =2 06t #5 1% Trabsmemberane
2 =% oal JEEPY Inside
g2 B~ 0'2 L 54 Outside
2 . . . . . . 0 . . . . .
'E 0 200 400 600 800 1000 1200 200 400 600 800 1000 1200
J¥ 34 E Sequence position J¥%{31 E Sequence position
D E
0.8 ~ bR IAR 5 ik SP(Sec/SPI)
H o {5 S IKEUL L5 CS
8= WA {75 Ik OTHER 357aa 437 aa
B § 0.4r I 23 = o |
;‘\ E 1 aa 452 aa
0 i TEACAAETECACAGACAGEAATTOTCAATGEOGCETAATT

0 20 40 60
J¥%{3 E Sequence position

A: DAWDLE ZEAER 047 (H BHED 5 REHAR | R TT | KRS RISE SR BB 734 )5 B: BERR AL AL s B0; C: BEHRESH

BN D: 5 S BRI E: 8 RSP AT

A: The evolutionary tree analysis of DAWDLE( Evolutionary tree analysis of the target gene (in green) and those of

Gossypium hirsutum (in blue), Arabidopsis thaliana (in purple), Oryza sativa (in yellow), and Malus pumila (in red)); B:
Phosphorylation site prediction; C: Prediction of transmembrane domains; D: Signal peptide prediction; E: Analysis of conserved
protein domains.
B2 MeDAWDLE 4415 B2 5#7
Fig.2 Bioinformatics analysis ofMeDAWDLE
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222 MeDAWDLE % & £ #) 4 47 il i
ProParam 7L #iilll T MeDAWDLE F) 4K 4> 124
H Ca009He661N13590016478 259, H 7> i N 52
kDa, P45 H, 45 (isoelectric point, PI) Ay 5.04, &
FE RN 39.86, MEREE M, KBS ECH
0.831, XWiZHEAE TH/KEH . H NetPhos ¥
S TELR T, & B MeDAWDLE A4 %5 [ 1] RE A7 1E
BER LA S (F 2-B); i ] TMHMM 3k % 31, H
NTEAE 5 B S5 A 3 (8] 2—C); i 1t SignallP 7E 4%
W 3t 1510 G 45 5 Ik (€] 2-D); fdi Fi Phytozome
X HLgh A UEAT 43 A, & BRI R B AE 357 ~
437 aa fF7E FHA 258935 (& 2-E), FHA J& X kA

MeDAWDLE

iEPOE SN iy

Relative expression level

S\ SACSIIPAY N
X &e\ O AL %;0 - e
OB 3 W o %
3 B X
A h:

ZHZVHA Tissue

AR K-

Relative transcript levels

REER BN, HAE LN &5 2 R E R

2.3 MeDAWDLE WIFRiFESS R H534 TCOD
gene search H1 /2 M SR 2 R A9 81 HAE AR AN
BRI IR T LA S Xam 12 Y AR 5 BE R ) 3R %L
i, I MeDAWDLE TEAREARIHLUH B4 73 Af
(B 3-A); N T #KIE MeDAWDLE 78 A& 21 F 9k
Xam (2 Y45 Rk wIe 6 kA AR, 2 55 B Fp
Ja0.1,3,6,12, 24 h BARZENM -, i RT-qPCR
¥ MeDAWDLE (1) 3% ik i A8 b . 45 S R W
MeDAWDLE Wik FIH#as, Bl MeDAWDLE
ATREAEAR PR B b R —E MPER (K 3-B).

MeDAWDLE

fsJ 6] Time/h

A: MeDAWDLE {EAREARFMALAIRILEE; B: MeDAWDLE 15 Xam 125 N fiA 4
A: Expression levels of MeDAWDLE in different parts of cassava; B: Expression level of MeDAWDLE under Xam infection.
B3 MeDAWDLE HIRiZ#EX DT
Fig. 3 Expression levels of MeDAWDLE in different parts of cassava
RI)/INE R R 22 5 .3 (P<0.05, SPSS 26 A1y HLH HEHEAR L5 BBV 2041 .

Different letters indicate significant differences (P<0.05, SPSS 26 Duncan one-way multiple sample analysis of variance).

24 ERFREHEHE HEHERIWH
MeDAWDLE-pEASY-T3 B #k FURLAE A AR AR, 18 12
PCR 4" ¥44k15 H i i Br (] 4-A) o fdfi FH ) 6 4 2
¥ MeDAWDLE Jv Bt i 45 pET28a #/A I+, I
Je Pk BATE V5 54T PCR B (1] 4-B), Pk BH
TR R ] BamH 1 BT, 7ERGEI
MIF/N(1359 bp) L H 557, Hoh 4 A Fopedy
RELTH A B4 (] 4-C), 1531 4 NEARZ Rk 3k
B TERE .

25 MeDAWDLEE A ZE B FSBRIE K
MeDAWDLE-pET28a 4 JFiki 5% A% DE3 4 fifg )&k

ZARIFIATEASES . AR 37 CHFEEHE
ODgy fHAH] 0.6, SR JF 4 FARL 1 2 1000 1 L il
JA 1 mol-L™" IPTG, 37 C %, I #i% S 0. 3.
6 h A5 i & OB R, Horp—EB A T
Hr 52 i g 8 (8 5-A), 53 —#B4r FH T Western
blot 35 1iF (] 5-B) . Z5 5 MR, Bl 2 B[] ) 45
MeDAWDLE R4 1755t Ok 8, 76 6 h iR
1k N 2.2 mgmL™, R G % 5052 i e
(J&] 5—A) Fll Western blot([%] 5-B) &5 0T Ui 2K H
W), BRI R/ NN, SR, A F 484 -
G R ERR T 9, TR e L IH ARl 0 B A
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A C M 1 2 3 4

% 888 EP — 2000 bp—
750 bp — 1000 b
st e
250 bp — B
100 bp — 100 EE_
B

2000 bp —

1000 bp —
750 bp —
500 bp —
250 bp —
100 bp —

M: DL2000 DNA Marker; A: MeDAWDLE 434, 1 ~ 2 J& DL T #AE B AR ™44 (9 MeDAWDLE; B: [F) 5 % 241 J5 1 7%
PCR, 1 ~ 8 F&/18 PCR #6:8; C: [RJRF LS IILE, 1 ~ 4 F/REHT) 4 > MeDAWDLE-pET28a 3514
M:DL2000 DNA Marker; A:MeDAWDLE amplification, 1-2:MeDAWDLE amplified using T-carrier as a template; B:Colony
PCR after homologous recombination,1-8: PCR testing; C:Verification after homologous recombination,1-4: Enzyme digestion of
4 MeDAWDLE-pET28a vectors.
4 MeDAWDLE-pET28a #i{ktaz
Fig.4 Construction ofMeDAWDLE-pET28a vector

A M123456 B M123 456

117 kDa — it Si 2 117 kDa—

90 kDa—F~ | — MeDAWDLE 90 kDa— v v v — VeDAWDLE
49 kDa— % - 49 kDa— -

35 kDa—|+ 35 kDa—

26 kDa— 26 kDa—

19 kDa— 19 kDa—

M: TG 553 1 BT i AR (19 ~ 117 kDa); A: % E3rse i Y (i, 72 B4 KU X B A9 0. 3, 6 h 19 i
%, MeDAWDLE-pET28a 2 4 0. 3. 6 h i _E 3/ #i; B: Westren blot £ 4, M 72 F 47 KKk 4 B LAY 0. 3, 6 h Y B3,
MeDAWDLE-pET28a 21 0. 3. 6 h [1Y L3,

M:Pre-stained protein markers (19-117 kDa); A:Coomassie brilliant blue staining test, From left to right, the supernatants of
control protein at 0, 3, 6 h, and the supernatants and precipitation ofMeDAWDLE-pET28a protein at 0, 3, 6 h; B:Western blot
test, From left to right, the supernatants of control protein at 0, 3, 6 h, and the supernatants and precipitation of MeDAWDLE-
pET28a protein at 0, 3, 6 h.

5 MeDAWDLE EHiES %A
Fig.5 Induced expression of the MeDAWDLE protein

26 MeDAWDLEZE B INREIRIE b T M &AL HEA M ROSHE L KT B3 & T B
MeDAWDLE 5 [ DIRE, AW PR RS 30 pg-mL ™ AUALBRAL (& 6-A); LAk, 7658 UMK
B . 30 A1 300 ug'mL"' i) MeDAWDLE-pET28a, & FAMitiAb S, 7E AR B K EIR YL Xam, 1EXHR
Jn & pET28a & 11, Wifti R Z it J 3 dJg #E4T  Y4J5 0 d F1 4 d AR 7 40 R B4 T & o i & B,
ROS kil . 30 45 R B, SxF AR, Wit 5 X MU et jii MeDAWDLE-pET28a 5 [ /5 /Y
MeDAWDLE-pET28a % 1 )5, K Z Atk th flg22 AN $E >, H 300 ug-mL " A9 2E R E
%5 ROS M & B I F1, G 300 pgmL™" 30 pg'mL ™ AN FR S HURSCR H 47 (K 6-B), 45 F i
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30 ug'mL™! pET28a-mock
300 pg'mL!' pET28a-mock

« 30 ug'mL"' MeDAWDLE-mock
300 pg'mL™' MeDAWDLE-mock

A ~-30 ug'mL"" pET28a-flg22

w» 6000 =300 ug'mL™" pET28a-flg22

= 30 pg'mL™' MeDAWDLE-1g22
58 300 pg-mL~' MeDAWDLE-f1g22
A 5 4000
K3
”f%*&
5 3
= & 2000 ,
vz © b
,,\.8 .!9* ':'-‘"*i._—‘_.‘

~ 0 st T7i00e0e,

5 10 15 20 25 30 35

A5 1E] Time/min

M 30 ug'mL! pET28a

9 300 pg'mL™' pET28a
B30 pg-mL ' MeDAWDLE
3300 pg'mL™! MeDAWDLE

™

Nalo- a a.
~3 %-b c
£5 8f s
° %
5SS 6f

%5
2 4l d d d
fg,gé .

E= 5|

Q 0 1 n

2 0 4

i) Time/d

A: SN MeDAWDLE 25 X A ROS /KF-H520; B: 414K
A:The effect of exogenous MeDAWDLE protein sprayed on ROS levels; B:Bacterial count.

B 6

MeDAWDLE % A Ih8EI6E

Fig. 6 Functional validation ofMeDAWDLE protein

B MeDAWDLE 1 BEIE JE#5 T A S5 5 4 B At 25
et

3 1 it

DAWDLE & —2& & A {R5F FHA S58 51 8
F1, ZEAEY o FHA S5 F0 38 g — Rl B iR o 2
PR3, L5 1 2 11 30 e R Y 45 4 A B4R
B TR 40 A PN A 454 | 2 ) IR 4R A, B Ff 40 i
1 TE AR ST R RO A SRR (38 N g, 7E
AR T FHA 4549 5l 2R 1 e AH 5 88 B I 1
(kinase-associated protein phosphatase, KAPP)i#i i+f
FHA 45 ¥ 3 5 £ % 52 1K #£ 3 B (receptor-like
kinases, RLKs) # &.4E FH, 41: BRI1(brassinosteroid
insensitive 1), BAK1(BRI1-associated kinase 1)l
FLS2(Flagellin sens 2), fiff RLKs 75 #§ 2 1k, 53
RLKs 3 fiff 1) 37 P B AR5 5 0855, DA T 8 25 A
oy A R T 7 i e A A 22 5 53 s TR R T
# DDL #K 14 i 11 FHA 45 #4 3 45 & DCL1 #
DCL3 J5 9 19 W 2 I 35 14 ok 52 i 480 1 97 7 9 1Y
small RNA A= 1", 7 AR, i 2540 5 0 fr &
P MeDAWDLE 2 5E 1% F7 S 18 357 ~ 437 aa HYL
E L&A FHA &5t 5, H 55 R4 ) DAWDLE
& A FRIE N 76.3%, i dLHEN, FHA ] g4 3
DDL 5 HAME W EAE, AMNEA B HE &
B DAWDLE % 4 7] L5 AtBUDI13, GDS1 41
—A> RES A K, IR TR S IRm L& ;5 JF
HHEEANZ R ADP- LB RE S 15 U
FEXS Pst DC3000 G2, (HAEAE Hh DDL

ST FHA S540 3805 HoAt 3 A BAR DL RO
AU A 2 DhReie A it — 2P 5E

AW IE S 53 B %€ T MeDAWDLE W
T HAE Xam (24 T HRIEZE S o @t RELENE
TS BL R Y 22 S PR R GA, BT AT R S L R Y
FIR 25 0 T B LA 1 PR AR A Y 4
LK RIREER . AE A 21 CCEKRAR
M (glutaredoxins, GRXs) fEM i H Y Rk 3Z T 5
75, o MeGRXC3 3 i I 5 AL A
it P 35 Pl A R T S e 9 I H A AR
B5E T SR(arginine/serine-rich) 8 [ 7EAH W X} £h
938 B B S B JH, HOHE R MeRS40 Y44 5%
AKCEAEER o0 T B W R 5 2, BRI ZAb, AR
25| Xam 25, MebHLH149 £ {2 G R k 7K
VA L, S5 OCHE S U R T AR
X JELAA 1 S g J3 . B MeDAWDLE TE AR %5
% Xam 1RYL 5 245 05 R 5, RUIHA S
5 BIAREE I S a4 S vt A

A5 5 5 715 MeDAWDLE-pET28a 7% [,
IR HEE HIIREEATRI AP SRIIE, & Bl MeDAWDLE
AT AR IE A T AR SR A B A 220 Pk . ROS
SRR YOG S SN Y BT 5 T, FE/ NS
KRR T 25 A6 B (wheat yellow mosaicvirus,
WYMV) i VsiRNA (virus-derivedsmall interference
RNA )i i 4 4% ROS 15 5 W T Al 1) H 928 I 1oy 2
TE 0 R ST WF 98 & B PRR( pattern recognition
receptor) ¥ it {1 2 H ¥ B¥ BIK 1 (botrytis-induced
kinase 1)#1 MPK4(mitogen-activated protein kinase



TS MeDAWDLE FE IR ) 53 B A8 (A ShRE 36 IE 377

4) % i JF i DGKS (diacylglycerol kinase 5) Y 7
SR Ak I ) 975 W I8 R (phosphatidic acid, PA)
$ 2, AT 5 ROS Y7 A SEMAAR 1) S ie ™ AR
WF 5% % BLWE it MeDAWDLE 2K [ fiE 15 % ROS 14
%z, HETT 2 W] MeDAWDLE 7] % 15 #5 K
BT, /N SREE T (Puccinia striiformis f. sp.
tritici) %0 FK 1 Hasp98 REE 5 /N2 HUw 1E A 1%
-+ TaMAPK4(mitogen-activated protein kinase
4)HAE, FH TaMAPKS $6:, 25 60
PR T A5 B TR AR L OO AR B 9T e B R T I it
MeDAWDLE % 1 J5 FR 4 Xam WK%, AN
KWL AR TR IR, XU SN IR MeDAWDLE
MR TAREBURETE.

L5 bR, ARSI o A AR B A
PR IR AR e R A5 DL R Sy R E DR
B3, 4878 T MeDAWDLE 3 A1 A /K Ty
BT 10 e H 2 5 AR A it fe v,
REAS AR BB M B A SR AR LR i 2%

Sk

[1] LIN ZJ D, TAYLOR N J, BART R. Engineering disease-
resistant cassava[J]. Cold Spring Harbor Perspectives in
Biology, 2019, 11(11): a034595.

[2] ZARATE-CHAVES C A, DE LA CRUZ D G, VERDIER
V, et al. Cassava diseases caused by Xanthomonas
phaseoli pv. manihotis and Xanthomonas cassavaelJ].
Molecular Plant Pathology, 2021, 22(12): 1520 — 1537.

(3] Wi, Z5HE, IS, 3. b RS E T B 5 e
I BAEEYFAR, 2023, 44(12): 2355 — 2368.

[4] YOODEE S, KOBAYASHI Y, SONGNUAN W, et al.
Phytohormone priming elevates the accumulation of de-
fense-related gene transcripts and enhances bacterial
blight disease resistance in cassava[J]. Plant Physiology
and Biochemistry, 2018, 122: 65 — 77.

(5] 4T, BRITHE, BXHEET, &5 BURBI Z IR IR N Fe iz
K HAEAE ) S vh v AE L)L A 27412, 2020, 55(3):
329 —339.

[6] CHANG M, CHEN H, LIU F Q, et al. PTI and ETI: con-
vergent pathways with diverse elicitors[J]. Trends in Plant
Science, 2022, 27(2): 113 — 115.

[7] HERMANS D, VAN BEERS L, BROUX B. Nectin fam-
ily ligands trigger immune effector functions in health
and autoimmunity[J]. Biology, 2023, 12(3): 452.

[8] WANG D, YUAN M H, ZHUANG Y M, et al. DGK5-
mediated phosphatidic acid homeostasis interplays with
reactive oxygen species in plant immune signaling[J].
Journal of Integrative Plant Biology, 2024, 66(7): 1263 —
1265.

[9] YUX Q,NIU H Q, LIU C, et al. PTI-ETI synergistic sig-
nal mechanisms in plant immunity[J]. Plant Biotechno-
logy Journal, 2024, 22(8): 2113 — 2128.

[10] FENG B M, MA S S, CHEN S X, et al. PARylation of

the forkhead-associated domain protein DAWDLE regu-
lates plant immunity[J]. EMBO Reports, 2016, 17(12):
1799 — 1813.

[11] BIGEARD J, COLCOMBET J, HIRT H. Signaling
mechanisms in pattern-triggered immunity (PTI)[J]. Mo-
lecular Plant, 2015, 8(4): 521 — 539.

[12] ZHANG S X, DOU Y C, LI S J, et al. DAWDLE inter-
acts with DICER-LIKE proteins to mediate small RNA
biogenesis[J]. Plant Physiology, 2018, 177(3): 1142 —
1151.

[13] TIAN X, SONG L P, WANG Y, et al. miR394 Acts as a
negative regulator of Arabidopsis resistance to B.
cinerea infection by targeting LCR[J]. Frontiers in Plant
Science, 2018, 9: 903.

[14] MORRIS E R, CHEVALIER D, WALKER J C.
DAWDLE, a forkhead-associated domain gene, regu-
lates multiple aspects of plant development[J]. Plant
Physiology, 2006, 141(3): 932 — 941.

[15] XIONG F, REN J J, WANG Y Y, et al. An Arabidopsis
retention and splicing complex regulates root and em-
bryo development through pre-mRNA splicing[J]. Plant
Physiology, 2022, 190(1): 621 — 639.

[16] PARK S J, CHOI S W, KIM G M, et al. Light-stabil-
ized FHA2 suppresses miRNA biogenesis through inter-
actions with DCL1 and HYL1[J]. Molecular Plant, 2021,
14(4): 647 — 663.

[17] BROOKS III L, HEIMSATH E G, JR, LORING G L, et
al. FHA-RING ubiquitin ligases in cell division cycle
control[J]. Cellular and Molecular Life Sciences, 2008,
65(21): 3458 — 3466.

[18] WANG Q L. The role of forkhead-associated (FHA)-do-
main proteins in plant biology[J]. Plant Molecular Bio-
logy, 2023, 111(6): 455 — 472.

[19] Biezs, iz i, K2 MeCAMTA JEIH 1 o ke 5 5%
Fik ). /TR AT, 2020, 18(3): 744 — 750.

[20] HERB M, SCHRAMM M. Functions of ROS in macro-
phages and antimicrobial immunity[J]. Antioxidants,
2021, 10(2): 313.

[21] MACHIDA S, YUAN Y A. Crystal structure of Ara-
bidopsis thaliana dawdle forkhead-associated domain
reveals a conserved phospho-threonine recognition cleft
for dicer-like 1 binding[J]. Molecular Plant, 2013, 6(4):
1290 — 1300.

[22] NARAYANAN L A, MUKHERIJEE D, ZHANG S X, et
al. Mutational analyses of a fork head associated do-
main protein, DAWDLE, in Arabidopsis thaliana[J].
American Journal of Plant Sciences, 2014, 5(18):
2811 —2822.

[23] DING Z F, WANG H C, LIANG X Y, et al. Phosphop-


https://doi.org/10.1101/cshperspect.a034595
https://doi.org/10.1101/cshperspect.a034595
https://doi.org/10.1111/mpp.13094
https://doi.org/10.3969/j.issn.1000-2561.2023.12.001
https://doi.org/10.1016/j.plaphy.2017.11.016
https://doi.org/10.1016/j.plaphy.2017.11.016
https://doi.org/10.11983/CBB19139
https://doi.org/10.1016/j.tplants.2021.11.013
https://doi.org/10.1016/j.tplants.2021.11.013
https://doi.org/10.3390/biology12030452
https://doi.org/10.1111/jipb.13683
https://doi.org/10.1111/pbi.14332
https://doi.org/10.1111/pbi.14332
https://doi.org/10.1111/pbi.14332
https://doi.org/10.15252/embr.201642486
https://doi.org/10.1016/j.molp.2014.12.022
https://doi.org/10.1016/j.molp.2014.12.022
https://doi.org/10.1104/pp.18.00354
https://doi.org/10.3389/fpls.2018.00903
https://doi.org/10.3389/fpls.2018.00903
https://doi.org/10.1104/pp.106.076893
https://doi.org/10.1104/pp.106.076893
https://doi.org/10.1093/plphys/kiac256
https://doi.org/10.1093/plphys/kiac256
https://doi.org/10.1016/j.molp.2021.01.020
https://doi.org/10.1007/s00018-008-8220-1
https://doi.org/10.1007/s11103-023-01338-4
https://doi.org/10.1007/s11103-023-01338-4
https://doi.org/10.1007/s11103-023-01338-4
https://doi.org/10.13271/j.mpb.018.000744
https://doi.org/10.3390/antiox10020313
https://doi.org/10.1093/mp/sst007
https://doi.org/10.4236/ajps.2014.518297

378 o W

2R 2025 4F

rotein and phosphopeptide interactions with the FHA
domain from Arabidopsis kinase-associated protein
phosphatase[J]. Biochemistry, 2007, 46(10): 2684 —
2696.

[24] GUO X, YU XL, XU Z Y, et al. CC-type glutaredoxin,
MeGRXC3, associates with catalases and negatively
regulates drought tolerance in cassava (Manihot escu-
lenta Crantz)[J]. Plant Biotechnology Journal, 2022,
20(12): 2389 — 2405.

[25] MA X W, MA Q X, MA M Q, et al. Cassava MeRS40 is
required for the regulation of plant salt tolerance[J].
Journal of Integrative Agriculture, 2023, 22(5): 1396 —
1411.

[26] CUI M, AN F F, CHEN S B, et al. Expression pattern

[27] SIES H, BELOUSOV V V, CHANDEL N §, et al. De-
fining roles of specific reactive oxygen species (ROS) in
cell biology and physiology[J]. Nature Reviews Molecu-
lar Cell Biology, 2022, 23(7): 499 — 515.

[28] LIU P, ZHANG X X, ZHANG F, et al. A virus-derived
siRNA activates plant immunity by interfering with
ROS scavenging[J]. Molecular Plant, 2021, 14(7): 1088 —
1103.

[29] KONG L, MA X Y, ZHANG C, et al. Dual phos-
phorylation of DGK5-mediated PA burst regulates ROS
in plant immunity[J]. Cell, 2024, 187(3): 609 -
623.e21.

[30] WEI J, WANG X, HU Z, et al. The Puccinia striiformis

effector Hasp98 facilitates pathogenicity by blocking the
kinase activity of wheat TaMAPKA4[J]. Journal of Integ-
rative Plant Biology, 2022, 65(1): 249 — 264.

and functional analysis of MebHLHI49 genein re-
sponse to cassava bacterial blight[J]. Plants, 2024,
13(17): 2422.

Cloning and protein functional validation of MeDAWDLE gene

TAN Mengting”, XU Haoran, ZENG Honggiu’

(Key Laboratory of Biotechnology of Salt Tolerant Crops of Hainan Province; School of Tropical Agriculture and Forestry,
Hainan University, Haikou, Hainan 570228, China)

Abstract: In order to investigate the protein function of MeDAWDLE, Cassava SC 124 was used as a variety
of cassava to isolate and identify its MeDAWDLE through PCR amplification. The evolutionary tree revealed
that MeDAWDLE shares high homology with the DAWDLE protein in apples at a homology rate of 76.3%.
Analysis of the physicochemical properties of MeDAWDLE sequence revealed that the molecular weight of
MeDAWDLE is 52 kDa and that the theoretical isoelectric point of MeDAWDLE is 5.04. Expression analysis
showed that MeDAWDLE is distributed in different tissues and organs of cassava, and the transcript of
MeDAWDLE is upregulated under stress conditions. To explore the protein function of MeDAWDLE, the
expression vector was constructed and the protein was induced. Further protein function analysis revealed that
MeDAWDLE can significantly increase the reactive oxygen species (ROS) levels and the disease resistance of
cassava. All these results indicated that MeDAWDLEmight play an important role in cassava stress response.

Keywords: cassava (Manihot esculenta); DAWDLE protein; vector construction; prokaryotic expression

(FBFmE:E fE; [ERE:WNHEFE)


https://doi.org/10.1021/bi061763n
https://doi.org/10.1111/pbi.13920
https://doi.org/10.1016/j.jia.2023.04.003
https://doi.org/10.3390/plants13172422
https://doi.org/10.1038/s41580-022-00456-z
https://doi.org/10.1038/s41580-022-00456-z
https://doi.org/10.1038/s41580-022-00456-z
https://doi.org/10.1016/j.molp.2021.03.022
https://doi.org/10.1016/j.cell.2023.12.030
https://doi.org/10.1111/jipb.13374
https://doi.org/10.1111/jipb.13374
https://doi.org/10.1111/jipb.13374

	1 材料与方法
	1.1 试验材料
	1.2 木薯总RNA的提取以及反转录
	1.3 基因克隆
	1.4 构建进化树及理化性质分析
	1.5 MeDAWDLE的表达模式分析
	1.6 原核表达载体的构建及诱导蛋白
	1.7 MeDAWDLE重组蛋白的验证
	1.8 ROS检测
	1.9 Xam侵染
	1.10 菌落数统计

	2 结果与分析
	2.1 MeDAWDLE的克隆
	2.2 生物信息学分析
	2.2.1 DAWDLE进化树分析
	2.2.2 MeDAWDLE蛋白结构分析

	2.3 MeDAWDLE的表达模式分析
	2.4 原核表达载体构建
	2.5 MeDAWDLE重组蛋白诱导验证
	2.6 MeDAWDLE蛋白功能验证

	3 讨　论
	参考文献

