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TEHES: 1674 — 7054(2026)02 — 0223 — 10
FRFN, R, BB, S KT RLKI R B AR ATk LS BSK BAERIBELEIRUEL]. Py £
i (FHE0), 2026, 17(2): 223-232. DOIL: 10.15886/j.cnki.rdswxb.20240187 CSTR: 32425.14.].

JNE , Al B 28 52 I 2 fR 99 D 0 A OG- B =T
5 R WA G 28 SN, 33K 2 A X g A T
A RS fil A A S RN R EMEAR 510, R
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FEAYRN, R R Y D, A I E 2R /E
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M1, HEA — A T A T 8232 SRR 5 1
LRR Z5#a3, — M A5 5161 T H A B 45 1
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(TR ZE R 3, A58 A BN A Ry A R, S

f&EIHHE: 2025-03-11

EETR: WmEHE T H (Hnky2024-10); 1 4 AFF8 4 BT 480 H (Qhyb2023-77)
*E—EE : AW (2000—), J, ET KA R MEERE 2023 BB, E-mail: zzzzzzy0628@163.com
EEIEE BEM(1994—), 2, P, AR5 YEMEE B . E-mail: 996427@hainanu.cdu.cn


https://doi.org/10.15886/j.cnki.rdswxb.20240187
https://cstr.cn/32425.14.j.cnki.rdswxb.20240187
https://cstr.cn/32425.14.j.cnki.rdswxb.20240187
mailto:zzzzzzy0628@163.com
mailto:996427@hainanu.edu.cn

224 M EYER ( REIL) J. Trop. Biol.

2026 4F

HIHEEAERKET . RSP T e,
TEHARGTT (Arabidopsis thaliana) F A6 #3600 M%
FKEH, KA Z ARG 5 55570 7456 R
175 B PR TRty 25 4 3, 3 o ol R LA KA 1 i
9N, AT — RV RN, Az ik
A O AT AR R AP R 4548 22 503 21N
il G, Horp, & S S0 AR W 2K 32 AR 1 e
(Leucine-rich repeat receptor-like protein kinases,
LRR-RLKs )& U #g I 7 e K H AF 5T e IR A B9
RLK WM, FZ R 1 T LA 2 5 R
(7] 248 1Y 1) B 988 B o7, 5 H A 598 2H 43 (A 3 A2 44K
B ARV 11 55 ) A BAE TR BUE G, X R EAEAY
BT P SN Y 5 B VR S, SR AR ) fig
il TR Vb AN [ S 3 4 i B

J W U3 ) B 4K E 1S B RLK KR Y
MeRLKI, KIMHZ 5K EHw . 75 ALY T
RLKI Al LLiE it 5 A EAERZS 5ESE T &
P25 SN A R, APl R T 2 S R 1 R (Wall-
associated receptor-like kinase 4, WAKL4)5 Cd ¥4
iz % H (Natural resistance-associated macrophage
protein 1, NRAMP1) A1 5.AE I Bk iR fk, F3
NRAMP1 1)z AT AR B3 A 1 5, DA T
FEAIR Cd $E, fH MeRLKI #E A RN I TAE
W28 ANTETE . N T IRTFRENS S MeRLKI H A P
(7] 8 42 A B0 1) AH DG 1, AS 98 R e B 3L
FRAZHR, Tii e MeRLK 1 W45 % B AE 8 H 425
I ESE AR H S MeRLKI WHIEAEH, BFE
vt — AR AR RLKT IREFNVE ML, A
B BEE B A

1 #MBR5AEE

1.1 SEIHRl 4ER§ 124 SoRERE T EA
T £ 5 4 26 ) B R i R S 5 R i i (Cat
K1622) . BR il P Y] B BamH 1 (Cat FD0055) .
EcoR 1 (Cat FD0275) H Thermo Fisher 2\ #] ;
DNA %4 B (Cat P112-03)1 [ Vazyme A &) ; Jii
R EGA 7 & (Cat DP103-03) . DNA 4lifkif ] &
(Cat DP214-03) 4 [ RARAE AL w5 Sl i U 15 7 JE
(Cat PM2220 PM2110) 114 [ Jb 5T ik R A [R
N T KB E DHSa (Cat DL1001S) I | i
A W8 ) IR AR 38 3R R pGBKT7,

pGADT7 it e 4 i b VR ) AR W) BOR R 2 0 8
A -

1.2 MeRLKIFRiZi&E4S# A8 Tropical Crops
Omics Database 1 #& /% (https://ngdc.cncb.ac.cn/
tcod/) ' MeRLKI [y CDS J3 51l {5 HU%, 43 51l £ if)
X7 T MeRLKI At A B AN ] 41 410 437 vp S i
F B o BE R SN T R B3R RS SO A b
(Xanthomonas axonopodis pv. manihotis, Xam) )5
1.3.5d MRk,

1.3 MeRLK1 B#iE#Y 1 pGBKT7-MeRLK]
1 pGADT7 kit RS AH109 FERE T, TR Al
T 5 (SD-T-L) Fil PO fift (SD-T-L-H-A) 5 77 2k, £5;
I MeRLK 1 £ 2 A7 7E H I

14 MeRLKIZEBHRZEEMEZEAMMIE H*
pGBKT7-MeRLK1 [ 5 ki 5 A ZE AD S ook 3
e A AH109 Hv, FF45 74 5050 TR AR — SRR Y e ik
Bk Rk R E T 28 °C B FRM IR 4 d, PRBUR
7% T BRI TR P R 2 do SRR BT
#i, FH AD il 51947 PCR 971, IS HEERL
HL UK 5 VD IBCE — 2y afi Ak [l i, Tk A8 R 28 W)
¥, M ¥ 45 3R 5 Phytozome v13 (https://phytozome-
next.jgi.doe.gov/) " Y AR FEHEATIF 81 L X, T ik
t MeRLKI W] fig B/ERY & X Hgk AT iR i
FE A0 o T K2 B2 3 #r . il Tropical
Crops Omics Database Z4 & 4341 24 /M ik H.AE
e AEAS [ 2H 2R B vt e b Xam J5 19 3R 3K
1, I Tbtools HAH /2 5 TR B ARG 53
P&l

1.5 MeBSK EEEE LIER 4 FRARE NP
#}, >k ] CTAB(cetyltrimethylammonium bromide)
% 52 BUSL RNA, 0058 5% il % ¢cDNA. Ll cDNA
A AR K, R 3 Phytozome v13 % 45 J&E o MeBSK
(brassinolide-signaling kinase) CDS ¥ ¥ 1% i T4F 5+
PEGIW) . A cDNA 9745 Hy MeBSK 41 It 247
J5 1l Wi, 5 ) 2% K pEASY-T3 3% #2, # A
DH5o Ja fEZR B REE ERR 12 h, 21T RIVE
PCR 55 01E, Pkide W52 B — (Y B s R 6 0 1, L0 X6
FPas RO B 7 91 IERf 1 T

1.6 pGBKT7-MeBSK #ikg9tazE LI IE#
) JBORL A AR 3 MeBSK v B, ffi | BamH 1 #il
EcoR 14} 44K pGADT7 it 17 WL 1] i He £k 1 1k,
AL BEY) =) 5 5 MeBSK R BEEAT [R5 20,


https://ngdc.cncb.ac.cn/tcod/
https://ngdc.cncb.ac.cn/tcod/
https://phytozome-next.jgi.doe.gov/
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22T PCR B E 5 3 R /N IE 6 9 TR VR i
WD) BRI

1.7 MeRLKI1 5 MeBSK BAEFNZL3 MHEINE  #
pGBKT7-MeRLKI 1 pGADT7-MeBSK : %5 A
AH109 BRI AZ 25 v, i 36 1 BH A S R B BT R,
A3 BIFFH MeRLKI 1 MeBSK 4> K- 73| ¥y %o} 1 £ J
BUEAT PCR I3 o 5 00 TE B A T ok B o) AL T ek
F2 107, 1072, 1073, 107 FEATHAEER BE, 4301 5 ik
F B PSS IR b, A KA B .

2 FHRE5HM

2.1 MeRLK1 RiEESD#H  HHE Tropical Crops

Relative expression level

Omics Database (4 JE 07 T~ MeRLK1 1 K Zvh
LR AR M EE L 2K RO L TR L IR
R B A8, AP IR & AR S5 | T oAk 40
A1 RRA L ZUE 11 A R g SR AY JE
Rk, SR LI, MeRLK] TERKER ¥ G A
A S5 R I R 3R e, HEUOR T 43 A 41 8L
Wi ZE LM ZE, AR IRIG R A SR L AR mrh
Jik ) 2R B AR, FE AR . ARA A4 Y i
Kikm K (E 1-A) . [FEHE & B, KM R 7E
Befp Xam 1) 1. 3.5 d J§ MeRLKI WHIXT ik i
Ak i 2%, T MeRLKI v VLW N, Xam H 1% e
(B 1-B).

Xam/Mock
2.0 ¢ =1 MeRLKI

Relative expression level

1 3 5
A ] Time/d

A RENRFAL MeRLK] Feiktit; B. R P Xam WbFLJF MeRLK1 ik k.
A. Expression levels of MeRLK1 in different tissues of cassava; B.Transcript level of MeRLK] after Xam

infection in cassava.

B 1 MeRLKI RiLEig5#r
Fig. 1 Expression levels of MeRLK1
T ARYNG FRERIR 22 5915 8 %K F-(P<0.05)

Note: Different lowercaseletters indicate significant difference level (P < 0.05).

2.2 MeRLK1 B#iEWIE I pGBKT7-MeRLK]
M pGADT7 75 # M55 AH109 HEAT A 3075 A .
SLHG L I R I, S 5 A B RE TR AR s SR
149 A A 0 2 W JBORE B ) e A T B 4 R, (ELAE DY
BRI R IE R AR K (E 2-AL K 2-B), £ B
MeRLKI EFIRNEA A¥GEETE, 7THTREXA
¥ cDNA SCPEHF Tk AR R ik .

23 BEXEIZFIE MeRLKI ZEEEER
¥ pGADT7 Fihi %5 pGBKT7-MeRLK1 ittt
& A AH109 ', il PCR %5E, 455 @R, PCR 7
Wy H, Tk S5 R Z27E 500 ~ 2 000 bp = [a] (& 3),

A

SD-T-L-H-A

A. FEREFESD-T-LEF JR A E K K5 B. B REESD-T-L-H-A
e s N

A. Growth diagram of yeast in SD-T-L medium; B. Growth
diagram of yeast in SD-T-L-H-A medium.

SD-T-L

2 MeRLKI B¥iERIE
Fig. 2 Verification of MeRLK]1 auto-activation
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WIS D i B 2] 224~ T e 5 MeRLKI BAEMIEE . A5 B FLHEATVERE, I8 a7 40 2 4o T 00 o] a2t
T 0 J5 4 0 PR 45 S 5 Phytozome v13 BUHEEE XS,  (https:/wolfpsort.hge jp/) X 46 15 H.AE 25 11 V. 41 Jfd
FRR RIS, WIS 24 N5 MeRLKI HAE  EMisEfrHim (% 1),

RO B AR, H9E Phytozome v13 (dg ZE iy

2000 bp
1 000 bp
750 bp
500 bp

\\//

2000 bp
1 000 bp
750 bp
500 bp

\\//

2000 bp
1000 bp —
750 bp —
500bp

B3 BEEWELIFE MeRLK1 ZiEEIEER

Fig. 3 Y2H screening for MeRLKI-interacting proteins
T A (A FURL AV PCR. M, DL2000 DNA Marker; 1~ 48, Bk 5of

Note: PCR of the bacterial liquid containing the recombinant plasmid of candidate proteins. M, DL2000 DNA Marker; 1-48, Positive colonies.

®1 MeRLKIZEEEERIER
Tab. 1 Annotation of candidate interacting proteins of MeRLK1

5 RS HHA FEITERE R Y VR AL
Number  Gene identifier Protein Gene annotation Subcellular localization prediction
1 Manes.03G062300  AQP Aquaporin transported Cell membrane
2 Manes.03G046900 NDUFS7 NADH dehydrogenase (ubiquinone) Fe-S protein 7 Mitochondrial matrix
3 Manes.04G003400 CBR2P" NADH-cytochrome b5 reductase Chloroplast stroma
4 Manes.05G143400 TRX Thioredoxin Nucleus/Cytoplasm
5 Manes.05G145400 E-Syts®" Extended synaptotagmin-related Cytoplasm/Endoplasmic reticulum
6  Manes.05G155266 CREB®Y  cAMP-response element binding prorein related Nucleus
7 Manes.06G134700  Hsp Heat shock protein, mitochondrial-ralated Mitochondrial/Chloroplast
8 Manes.06G151900 PTK Protein tyrosine kinase Chloroplast
9 Manes.07G088100  PPR2 Pentatricopeptide repeat 2 Cytoplasm
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Zi%k 1 Tab. 1 Continued

5 BEH S FEH# BB V2 A5 T

Number  Gene identifier Protein Gene annotation Subcellular localization prediction

10  Manes.09G153400 GME™ GDP-D-mannose 3', 5'-epimerase Cytoplasm

11 Manes.07G104200 UBE2C™ Ubiquitin-conjugating enzyme E2C Nucleus

12 Manes.08G079293 MT Metallothionein Chloroplast

13 Manes.14G112768 TM9SF* Transmembrane 9 superfamily member Cell membrane

14 Manes.05G135400 BSK™ BR-signaling kinase Chloroplast

15  Manes.12G158700 uUSsP Universal stress proteins Chloroplast

16  Manes.09G171400  DAP Dormancy/auxin associated protein Nucleus

17  Manes.13G061700  FLA2 Fasciclin-like arabnogalactan protein 2 Cell membrane

18  Manes.12G098200 UBE2MP® Ubiquitin-conjugating enzyme E2M Nucleus/Cytoplasm

19  Manes.14G132521  XPRI1 Xenotropic and polytropic reterovirus receptor 1 Cytoplasm

20  Manes.15G149500 ARF1 ADP-ribosylation factor 1 Peroxisome

21 Manes.09G060608  ENO Enolase Cytoplasm

22 Manes.18G096100 NEDDS8 Ubiquitin-like protein Nucleus/Cytoplasm

23 Manes.16G049900 COX11 Cytochrome c oxidase assembly protein subunit 11 Mitochondrial/Chloroplast

24  Manes.16G078300 SHMT?® Glycine hydroxymethyltransferase Chloroplast

1 FEH5 M Phytozome v13%H 2 h A5
Note: The gene ID was obtained from Phytozome v13 database.

IR I BEXT MeRLK i RS 0 B AEME AR TR, 8.3% SAKEFHK, 16.7% SHEH K
Ve AT (K 4), R BN, BAEGEER SRS G, 8.3% SHRME, 4.2% S 5
EHTA 50% SAAEHE, 12.5% 2 5E R SESEWMERNERE 548 BSK.

HR T ORI R AR AR G WMRIF SR
Protein synthesis and degradation related Hormone signaling related

16.7% IW 4.2%
A KR H ARG
Cell development and growth related
8.3% (IS
Metabolism related
50%

|| ||||"|I""|II|.
W
Transcription related

8.3%

L b
Energy related
12.5%

4 EEEEREBDERESTE

Fig. 4 Functional clustering analysis diagram of candidate interacting proteins

HR4E Tropical Crops Omics Database £ 53 BEFEPIAROCH: Mk &L, 25 R 2 8, 5S4 KA
i T 24 D EAEGRIERFAEARZE D 11 ARRIHE  FHE D) MEFSEFHCA) . eEi
PO EE R Fe ik i MR 450 Xam JGERE 5641 DLRARIIAR DG (11 4>) 1y 2 R Ef e e it rh
it ] Tbtools #AFHHE T MeRLKI S HARAR k. WHAR . MIZE. 25 AR . D00 432k 4 4Urb iy
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JEF k(K 5-A), HeAh, it % MeRLKI 5 HAh 24 GME. COX11, SHMT, PPR2., BSK. NEDDS % H|
AR FGA BT THOCHE T, KIS HSP. X FRBEE (R>0.7) (K] 5-B), R W] MeRLK1 v g
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@\@’%@)@%ﬁ@%ﬁ%&\& BN ?\b X c;é\ b‘B'\Q kq, R S

ROV RARRE D (IS o\e S ARSI
L ﬂ)@@;@‘ esj 50@ %'Q%B @°~’ v()@% a% 0% C’B b‘ 5 Q C> 0 0
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A, BRI R B, HARME S HE D SRR E ST
A. Heat map of candidate genes; B. Analysis of correlation of candidate gene.
B 5 MeRLKI1 5E{ERIEERERIEHERXEDN T
Fig. 5 Analysis of correlation between MeRLK and candidate-interaction protein gene
TE: R, HOCHREL

Note: R, Correlation coefficient.
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Eas 1D e 3rs B iR e e ERE L FN G K AW 37
1, (BB BT Z e R A SR b A fr itk — 0
W5

24 MeBSK HEMEESEERIE MAYMEHR
WA F RS iR RS 5 Y 04 BN, 1E
T A Kk R o R vk 3 B A R AR L T
BSK N AR A h— N S YR 15
SHXMEN, 2 5% BR 55l L SR,
PRk, e BSK i 6 25 1 0E— 20 B e AH LA .
ARWTFELL AR 124" R E R cDNA S, A
& Phytozome v13 H' MeBSK [ CDS 751, & it4F
S MG WY MeBSK 11 4 K 51 Jf #
pGADT7-MeBSK % ik 2 & . F I MeRLKI

A

15000bp Ml
N

10 000 bp
7500 bp

pGADT7/pGBKT7

AD-+BK [
AD+GFP-BK [
AD+MeRLKI-BK [

MeBSK-AD+BK

MeBSK-AD+GFP-BK
MeAHL17-AD+MeZFP67-BK |

(Positive control)

MeBSK-AD+MeRLK[-BK (S RETRER- .
1010210710

SD-T-L

MeBSK 2K 51 xS 5 i W) R 4T PCR
YSIE, 25 5 R T R T LAST B8 MeRLK
Fl MeBSK 4= Fr Be R/IMHANY Fr B (B 6-A) o ¥4
XL Rk A BE R Bk A 107, 1072, 1073, 107 kAT
BREERRRE, 43 i T A s SR AL |, R
AR 0 & B, S 4H AN G R 21 A9 TR TR AR 3 T
PUAE P B b AR K T A D B B A
S 2 pGBKT7-MeRLK 1+pGADT7-MeBSK F) T4
AT LI # AR K (B 6-B) o 38 3 i BE XU 2% 38 Xt
MeRLK1 1 MeBSK 1) T AE R AT S50, (HAL B
Bl SO SR T HERR R PR 2 BAR G R, IS
SR T B — AR R N IR SME T BiFC, Pull down
G HAELIHAEAERR

MeRLKI MeBSK

2 3 4 M

SD-T-L-H-A

10102 107 10*

A. BEREJFORE PCR B50IE 5 B. BEREXUARSE RIX AT 90 0E MeRLK Fl MeBSK HAF: .
A. PCR validation of yeast plasmid; B. Point-to-point verification the interaction between MeRLK and MeBSK using

yeast two-hybrid.

B BEFWZIIIE
Fig. 6 Yeast two hybrid validation
E: 1 ~ 4, LI MeRLKI-BK+MeBSK-AD BEEEFUR MY 11 74
Note: 1-4, Amplification product using the yeast plasmid MeRLK[-BK+MeBSK-ADas template.

3 i 8

R AR R — e ) AR T Bk
B R A, B BN E S (U E | R A
W), RN E R AR, R a2, 1k

FIEF B E 2, RLKs i 2 59 (1 G 2 B
PO ISR TR AR SR S . e Ah, AR LU
ShPFAPLH IS S R pTE, fEARE Y a
T ERE) BTG HOR SR I,

AT 50 T B L% 52 2 A 2% 4 B ke o 5
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24 A~ MeRLKI W H ARG 11, AT AHOC RECR
B, MeRLK1 ‘551356 SE PR AE AR 23 338 1 TR 257 o
WEESEAY P REZCTREER, e
8230155 W2 BIMJR AR 0 A KRG Y RE D
I, AT ARYE I R 5 T B e T 14> BR S
S AR R Ui B G B AZ IR BB BSK, 43 HT )R &
I, ZFH 5 MeRLKI 17765 = B AR S, -8 1
PR ) WU sG] S — 2 HIE T MeBSK 5 MeRLK1
M HEAER R IR S ERVE i h iR i
P55 A 5 TR RN R IR, 3 1ot L A/ v ok S AR
BB (AN Z2 K . 32 SO A 2600, AR
DAL R Tt 5 ) 35k 5 T Ui B P BB B LR R 485, LA I
TR LT | RPER IR, Filn, 28
ZARTE 1148 FERONIA 5 RALF IK{5 5 B ARG
AT DA 45 B 3 T Y Ca? R B T R, BT
Ca W I B e, 1 AT IR Ak 22 A QI AH DG 1)
it , 102 5 00 e R — R TR0 A 1) R I 42 i o
PRI, Ak, 28 (A TMKL 5 K H-
ATP FAHEAEH, /v 3wk i, 580k sMAeR
T P R AR 0 A R B0 BT STk S AR
YT EAS 31 CREB. GME 2587 [, #EIll MeRLK]
Al RgE T 5 2R ATP B (405l H-ATP i, Zoh:
& ATP B2 ) AHELAE L, 8 ¥ Hou iR AL IR 25 57
PE, T S2 0 ATP B9 & 85 K il # . JR el
MeRLK ] iAW GEiE i W5 (55 0 F (IS 85+, 1
PEAECAE) B A% 3, [) 2 ) 4 A A AH G %, I
ZZ WA AR KR B RGSEE N o {H MeRLK1
S LGN 4 R (R Rz R s A A 1) R A il i R
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Screening of the candidate interacting protein of RLK1 and

validation of its interacting relationship with BSK by

yeast two-hybrid in cassava

Zheng Yu'*, Cheng Xiao'?, Cheng Ke'?, Zhao Huiping"**
(1. School of Tropical Agriculture and Forestry, Hainan University, Danzhou, Hainan 571737, China; 2. Sanya Institute of

Breeding and Multiplication, Hainan University/Hainan Key Laboratory of Biotechnology of Salt Tolerant Crops, Sanya, Hainan
572025, China)

Abstract: In order to screen proteins in cassava (Manihot esculenta) that jointly regulate cassava disease resistance with MeRLK1,

24 candidate interacting proteins of the MeRLK1 protein including heat shock protein (Hsp), ADP-ribosylation factor 1 (ARF1),

aquaporin transported protein (AQP), etc were selected through screening from the yeast two-hybrid library. Further analysis of

the spatiotemporal expression correlation between MeRLKI and 24 candidate interacting genes revealed that genes including
Pentatricopeptide repeat 2 (PPR2) and BR-signaling kinase (BSK) exhibited high correlations (R>0.7) with MeRLKI expression

across diverse tissues and under stress conditions. Based on the screening, the full-length sequence vector of MeBSK, a protein

related to the brassinosteroid (BR) signaling pathway was constructed. Through the yeast two-hybrid experiment, it was found

that there might be an interaction between MeRLKI and MeBSK. Subsequently, bimolecular fluorescence complementation

(BiFC) will be needed to further verify internal interactions.

Keywords: Manihot esculenta; MeRLK; yeast two-hybrid; interaction protein
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