HISAL R IR 241 2020, 21 (3): 695-705
Journal of Plant Genetic Resources DOI: 10.13430/j.cnki.jpgr.20190626002

/VEZ F-box/Kelch J:P Ta FKOR23 Wbt
FHRZRBE A S FafEA %

MAG HBAE EEG RS TAE T AT, BRA T 0 KB
(Tl R A AR 2R B /A A PRS0 T B E S SE 6 L ARE 071001 57 DU AL A AAMBHE R Al P2k 1 X AV EYids
A [ 57 R N S A BV AR 7121005 ° TIALA A EYE B E A MR A H AR BT R A E 071001)

HE: A4 T B F-box MK i 5 & My Aok A My if 356G R A M LR AR A AULH], RBER B DX Rt A E &
TeLrl5 W %% T F-box 3 B TuFKOR23, %A W % — A dy 421 R ILBR % AL 408 095 6 , N 38 LA F-box L #1%, F a) 5 A7
2 AN R 69 Kelch 2 #13%, /& T F-box/Kelch £ A KH, & %t o#r &, TaFKOR23 5.1 ¥ 3 ( degilops tauschii Coss. )
Fo = A2 42 4% 3£ ( Brachypodium distachyon (L. )P. Beauv. ) ¥ %) F-box/Kelch-repeat protein OR23 F] /& 1 35 & 5. #| A qRT-
PCR #4547 F o B AR FE Anv T 45 1 A Q3 AR A W BE M0 UG Telrls Ak P iz A B 69 R AR XBAT oM. FFRLEREN,
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Abstract: To understand the expression profile and molecular mechanism of F-box members in response to
biotic/abiotic stresses in wheat, TcLr/5-a near isogenic line against leaf rust pathogen, was used as the material
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to obtain a wheat F-box gene TuFFKOR23. The complete coding region encodes a polypeptide of 421 aa with 1
F-box domain at N-terminal and 2 typical Kelch domains in the middle, which means that the wheat TaFKOR23
belongs to F-box/Kelch subfamily. Phylogenetic tree showed that wheat TAFKOR23 had extremely high homology
with F-box/Kelch-repeat protein OR23 from Aegilops tauschii Coss. and Brachypodium distachyon ( L. ) P. Beauv.
Expression profiles of the gene in TcLr/5 plants after treatment with leaf rust pathogens, 3 hormones and abiotic
stresses were analyzed by qRT-PCR in the present study. 7aFKOR23 was slightly up-regulated by infection of
leaf rust pathogen, but no significant difference was observed for 7aFKOR23 transcripts accumulation between
compatible and incompatible combinations. 7aFKOR23 showed a trend of rise first, then fall, and the expression
peak reached at 12 h after treatment with 3 homones, and MeJA caused slightly expression of 7aFFKOR23 than
that of SA and ABA. TaFKOR23 transcript increased gradually after treatment with NaCl at all time course except
12 h, and the maximum expression occurred at 48 h. PEG had less effection on TaFKOR23. TaFKOR23
prominently expressed in flag leaves than in other parts of wheat. Target proteins interacting with TaFKOR23
were screened and identified by yeast two-hybrid, 11 kinds of target proteins were obtained by library screening,
and further results showed that TaFKOR23 can interact with TaSkpl, TaSLY 1 and TaChitinase 2. The research
results laid a solid foundation for further understanding the function and metabolic network of F-box/Kelch genes

in wheat, and broadened the functional knowledge of Kelch repeat-containing F-box genes in plant.
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Wy B R B2 e i 5] & 4 Ak S 5 pGEM
T-easy K ( Promega ) ##, # Wik E.coli
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25 AR, SRR BT IR I MERE SIS . B RER A
A RNA $2 B S 7% 5% )5 A i cDNA 55 1 4%, DA
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BEALIB/NE TeLrl5 i FRIEE
J B A IR % K SA(2 mmol/L ) ABA
( 100 pmol/L ) Fll MeJA ( 200 pmol/L ) '3 2 %+
INFE TeLrl5 %M TaFKOR23 3& R 42 15 9 5% 1
FE /N — I — 3 50 500 - i R e it AR
DL 0.1% 105K b 38 ) [R] 3 /N 22 4y ik Sk ol i T 15 i
J50.0.5.2.6.12.24 48 h Zr S IBUNE S 1 it
RNA 254 E S 43 H A 1.2,
1.5 TaFKOR23 ERFEEHM T EMBLE/NE
TeLrl5 PRIRIF#ER
AT AR A ¥ 35 55 6 TaFKOR23 JE R 36 31K 1Y
5 Wi, F Hoagland ' s #% 3% W8> 5% 35 TeLrl5 % 3
1, 43 ) 2% vk B 300 mmol/L NaCl1'?! F1 10%
PEG6000" ' &tk i /N MR, T AL P /S 0.0.5.2,
6.12.24 .48 h 43 I 59 WU Fr, DUIE 35 92 W 3% 7%

®1 HRBPAASIMFT

Table 1 Primers used in the present study

f FR] 3T SR X B RNA 45 US54 1 1 80 40 i
[/ 1.2,
1.6 c¢DNA X Effi£S TaFKOR23 BE{EREER
¥ TaFKOR23 3£ X ORF [X. 4= K & % #fi A
pGBKT7( BD ) i c-Myc Epitope tag | i, ¥ 51
AR, 5P 50 WL 1, I AR R PR Y187, %
BB EARD Y187 5 TeLrls /N2 470 W55 9 1 18
cDNA SCFEHFATAAE , F e BE XG5 T 1k i 16
5 TaFKOR23 HAERHLEE .
1.7 BEHWIE
S R P B AU 28 25 S R M, 32— 2D HEBR
B BHPE R T4, K45 B A 25 40 B i T 2 K m b, o8
¥ ORF X {5 pGADT7 ( AD ) # Ak 1%, # H AD-
Prey 384K, X5 [/ 1H 2 /& BD-TaFKOR23 it 17 3t
REISUE, IR B - 21 FLBH T BEASI B se kb, LA
INHE ARG,

GBS gl Fr BRI (bp) SR
Primer name Sequence Product size Usage of the primer
TaFKOR23-S 5" -TTCATCGGACGCACAAAGAC-3' 1459 S 1
TaFKOR23-AS 5" -CGGCTATCCACCGAAATCAT-3' B4
qRT-TaGAPDH-S 5 -CTGCCTTGCTCCTCTTGCTAA-3' 98 qRT-PCR
qRT-TaGAPDH-AS 5" -CTTGATGGAAGGACCAGCAAC-3' qRT-PCR
qRT-TaFKOR23-S 5" -TAACCCGCTGGCAAGGAAAT-3' 126 qRT-PCR
qRT-TaFKOR23-AS 5" -ACAGTAGATGACGAGCACCAGCAG-3' qRT-PCR
TaFKOR23-Nde I-S 5" -CGCATATGATGGCCTCGCCGTCGTCC-3' 1280 AN
TaFKOR23-EcoR I-AS 5" -GAATTCCTACAACTCAACTGTACAAAGAG-3' VHIH A 1

2 ERG5HM

2.1 TaFKOR23 EREMREREMEEEST
PUAEFR 05-19-43 @1 TeLrl5 /N7 4 cDNA
SRR, I TR 6 5 B 1 U vk AR AR — 1> 1459 bp 1Y
FEH, e g SN 1AL g X T e B L o dk
ORF X K J& 2 1266 bp, 4if—> 421 aa (1) 22 ikEE,
TCA5 S REEH, TS pl ly 8.77, JBINIEE 14 5 X 2K
HE N i B F-box Z5H49 5, hia)+ A 2 1> Kelch 4514
W (K 1C), J& T F-box/Kelch 25 %I K [H, BLAST 4%
RRW %75 5 LR ) F-box/Kelch-repeat
protein OR23 J¥ 51— 351 5 5 ( 95.08% ), /INAZ v i
A DL EE R 7 5 G, WOKs FoAi 44 TaFKOR23

(KY552661.1 ), K23 K] i 2 % 14 2 11 77 91 A T
BLASTp HeXiF, BEHUAS [R1 40 o [ Y5k 2 0 26 1
G Kl R g HE AR A . 43 BT R W], TaFKOR23 5
11 = BL ( Aegilops tauschii Coss ) ' Y F-box/Kelch-
repeat protein OR23 [A] I % fe =, FLIR Sy — 8 J A
¥ ( Brachypodium distachyon (L.)P. Beauv.) [
F-box/Kelch-repeat protein OR23, 5 [A] J& T R A £l
VEMIRYAERS ( Oryza sativa L. ) A58 455 ( Oryza
brachyantha A.Chev. & Roehr. ) {9 [6] Y 25 1 25 P ¢
ZWiE, 5 E K (Zea mays L. ). i3 % ( Sorghum
bicolor (L. )Moench ) . & T (Setaria italica(L.)
P. Beauv. ) 55 [ [a] I 25 111 3R Oy — K28, i 5 KUAL
( Ananas comosus ( L. ) Merr. ). £1 fit} 2= ( Dendrobium
catenatum lindl. ), 3% ( Nelumbo nucifera Gaerth. ) %5
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FLMR v 1) 55 40 1L 3 B ( Aegilops tauschii Coss. ) H
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N 95.08% , 5 TR ( Brachypodium distachyon
(L.)P. Beauv. ) #H Bl &y 84.54% , 55 # 75 ( Oryza
sativa L.) A1 L B 4 79.39%, 5 & 3 ( Sorghum
bicolor (L. )Moench ) i #H o & #% X, J 75.18%
(K2), H&MiZEH B F-box 45 4 1 i 38 /4>
(24~61 i ) 2 H R 5k 55 21 i, 3L b 29~60 17 &
BETR PR ~F VEA 3R, T S B PR SF 1Y Keleh 45 #4) 4k
Oy WAL T 119~176,203~241 43, 3 ik &b, 245 59
A G LR Bl HEAE T 3 B AR AR B W b o o 4 —
2y,

2000 bp

1000 bp

2.2 TaFKOR23 EENaR Y K JEEYEiEma i

I qRT-PCR J5 % % TaFKOR23 J [R5 /N A2
AR S 52 W AR G WX AN R S R4
WS WME JS ARIRE AT TR IABES . K0
A1) 6 DRI RO HEA 74 S PR R AR A I, & I
W s e i i TR, £ R At Rk Y
10 4%, A FRAL Y AR ZRIK , D 2L Pl b iy
Kihw K, ARZ M9 1/10(& 3 ), TaFKOR23
TR RGN m Rk Rk
MHATEEFG 0~12 h AR SXTRZER AR,
24 h R IEARER S, B G IR T, 2 96 h ik &
i, AR IR 1.7 A% ; AEE AL & e Eemnt
BETRIG 24 h P, F 5 RO IR 2 RG24 S X
MRy —25, 48 h ARG =X 1.3 5 A 4
% 48 h Ah, SEFZH A D TaFKOR23 JLFITESFN G &
B[R] 1 IR T AW TR SR RS (HAE SRR
R GRS R B 2R (K 4), FIH

100 @ AUO28756.1 F-box/kelch-repeat protein OR23
100 [ XP 020154076.1 F-box/kelch—repeat protein OR23
44 XP 003572925.1 F-box/kelch—repeat protein OR23

’_— XP 015623234.1 F-box/kelch—repeat protein OR23
100 100 L—XP 006647224.1 F-box/kelch-repeat protein OR23 isofom X1

98 RLN09567.1 F-box/kelch-repeat protein OR23-like
XP 004952352.1 F-box/kelch-repeat protein OR23
W|—|j_‘: NP 0011491511 kelch motif family protein
100/ XP 002453654.1 F-box/kelch—repeat protein OR23 isofom X2

XP 0020105248.1 F-box/kelch-repeat protein OR23

XP 020705377.1 F-box/kelch-repeat protein OR23
XP 020574321.1 F-box/kelch—-repeat protein OR23
XP 009407198.1 F-box/kelch—repeat protein OR23-like
XP 008788274.1 F-box/kelch—repeat protein OR23

XP 010907415.1 F-box/kelch-repeat protein OR23

100

KMZ73896.1Kelch repeat containing F-box protein family-like
XP 010274860.1 F-box/kelch-repeat protein OR23

XP 021612156.1 F-box/kelch—repeat protein OR23

XP 028061196.1 F-box/kelch-repeat protein OR23

XP 022898257.1 F-box/kelch-repeat protein OR23

XP 027095352.1 F-box/kelch-repeat protein OR23

0.05 1001 XP 027151376.1 F-box/kelch-repeat protein OR23

203 241 421

A: TaFKOR23 3L 144558 ; M: DNA Marker DL10000; 1: TuFKOR23 JEH 4 KAy 25 R ;
2: pGEM-TaFKOR23 HifiY) 250, ; B: TaFKOR23 T I RS K H I ; C: TaAFKOR23 R 14544 i = 5]
A': Amplification result of 7aFKOR23 gene, M: DNA Marker DL10000, 1: Amplification result of the full length of 7aFFKOR23 gene,
2: Digestion result of pPGEM-7aFFKOR23 with EcoR 1, B: Phylogenetic tree of TaFKOR23, C: Domain pattern of TaFKOR23
AUO028756.1: Triticum aestivum L. /NFZ , XP 020154076.1 : Aegilops tauschii Coss. #1177, XP 003572925.1: Brachypodium distachyon (L. ) P. Beauv.
THSERNED, XP 0156232341 Oryza sativa L. $8iFg , XP 006647224.1 ; Oryza brachyantha A. Chev. & Roehr. %6 £ 25874 F , RLN09567.1: Panicum

miliaceum L. 75 , XP 004952352.1; Setaria italica (L. ) P. Beauv. 25F, NP 001149151.1: Zea mays L. £, XP 002453654.1 : Sorghum bicolor ( L. ) Moench
e, XP 020105248.1: Ananas comosus (L. ) Merr. XA, XP 020705377.1: Dendrobium catenatum Lindl. 47§12~ , XP 020574321.1: Phalaenopsis equestris

(' Schauer ) Rchb. £ /N2 58I > XP 009407198.1: Musa acuminata subsp.malaccensis ( Ridl. ) N. W. Simmonds 5 P4 V#7454, XP 008788274.1:
Phoenix dactylifera L. {54, XP 010907415.1 : Elaeis guineensis Jacp. j#ME , KMZ73896.1: Zostera marina L. #%5, XP 010274860.1 : Nelumbo nucifera
Gaerth. 3%, XP 021612156.1: Manihot esculenta Crantz A%, XP 028061196.1; Camellia sinensis ( L. ) Kuntze K25, XP 022898257.1: Olea europaea var.

sylvestris (Mill. ) Lehr AEE#E, XP 027095352.1: Coffea arabica L. /NRMIME, XP 027151376.1: Coffea eugenioides S. Moore BX It J& HLEH i FmimE )

1 /NZ TeLrls W TaFKOR23 B E R ARG HL S
Fig.1 Amplification and phylogenetic analysis of 7 FKOR23 gene in wheat TcLr15
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LU028756.1_F-box/kelch-repeat protein OR23 IMASPSSPSE'
XP_020154076. l_F—bux/kelch—repeat_prutein_0R23
XP_003572925.1 F-box/kelch-repeat protein OR23
XP_015623234. l_F—box/ kelch-repeat_protein OR23
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The frames in the figure represent F-box domain and Kelch domain of TaFKOR23 protein, respectively, AUO28756.1: Triticum aestivum L. /N3 ;
XP_020154076.1: Aegilops tauschii Coss. HlLLIE5; XP_003572925.1: Brachypodium distachyon ( L. ) P. Beauv. SRR ; XP_015623234.1:
Oryza sativa L. Fifg ; XP_006647224.1: Oryza brachyantha A. Chev. & Roehr. %5 4£ 2874 FF ; RLN09567.1 : Panicum miliaceum L. %% ;
NP_001149151.1: Zea mays L. K ; XP_004952352.1: Setaria italica ( L. ) PBeauv. & ; XP_002453654.1 : Sorghum bicolor ( L.) Moench 5%
2 RAFEEYF F-box/Kelch-repeat protein OR23 S EE F 51l Lk X4

Fig.2 The diagram of amino acid sequence of F-box/Kelch-repeat protein OR23 in gramineous plants
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Fig.3 Expression profile of 7aFKOR23 gene in different Fig.4 Expression profiles of TaFKOR23 gene in wheat

tissues of wheat TeLrl5 TcLr15 inoculated with Puccinia triticina Erikss
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Fig.5 Expression profiles of 7aFKOR23 gene in wheat
TeLrl5 treated by different hormones
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Fig.6 Expression profiles of TaFKOR23 gene in wheat
TcLr15 treated with NaCl and PEG
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Bt ). SD/-Trp/-Leu ( -kt ), SD/-Trp/-Lew/-His ( =#it ),
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AR Y187 A 5 — BV, A H 2
WHEE, T =B B ALK, 8ok
PHARIARTC B B0E TE

(bp)
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M: DNA marker DL10000; 1: 7uFKOR23 ORF [X (1266 bp ) 4 H4%5 3 ;
2: pGEM-TaFKOR23 % Nde 1 fll EcoR 1 FiFUIZE 5 ; 3. BD 25 #{Kk;

4: MK BD-TaFKOR23 % Nde 1 Fl EcoR 1 [t 45
M: DNA marker DL10000, 1: Amplification result of 7aFFKOR23 gene

ORF, 2: pGEM-TaFFKOR23 digested with Nde I and EcoR 1,

3: BD vector, 4: The bait vector BD-TuFKOR23 digested
with Nde 1 and EcoR 1
7 TaFKOR23 EEFEBFHE
Fig.7 Bait vector construction of TaFKOR23 gene

A: &4 BD-TaFKOR23 AN Y187 (R IH] ) 7E—BRHi 3k I
AR DL s B 7E B SREE ARG ; C: AE =B AR K
B D« AE PR TR b AR KA I
A': Y187 containing BD-7aFKOR23 ( the same as below ) grew on SD/-
Trp medium, B: grew on SD/-Trp/-Leu medium, C: grew on SD/-Trp/-
Leu/-His medium, D: grew on SD/-Trp/-Leu/-His/-Ade medium
8 BD-TaFKOR23 FBHAH MK B MIEE MG
Fig.8 Detection of toxicity and self-activation activity of
bait vector BD-Ta FKOR23
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Table 2 Results of library screening with TaFKOR23

like protein. ADP-ribosylation factor 2-like isoform
X1 55 11 25 64 1~ & H AT AE5 TaFKOR23 77 7£ B4
(£2)

s By HEHAR FERERCH
Number Accession No. Protein name Number of clones
1 AEL00112.1 Ribulose-1, 5-bisphosphate carboxylase/oxygenase large subunit, partial 38
2 AAP79890.1 Skp1/ASK1-like protein 1
3 XP_015611313.1 ADP-ribosylation factor 2-like isoform X1 1
4 BAB82472.1 Chitinase 2 1
5 XP 0201683091 SEC1 family transport protein SLY 1 1
6 XP_020187773.1 NADH dehydrogenase [ ubiquinone | 1 beta subcomplex subunit 9 7
7 EMS66018.1 Glucan endo-1, 3-beta-glucosidase 14 3
8 XP_020183912.1 Protein DETOXIFICATION 44 1
9 XP_014754759.1 Leucine-rich repeat protein 1 ( LRR-8 Superfamily ) 1
10 PHT26166.1 Regulator of rDNA transcription protein 15 1
11 CAE45949.1 Hypothetical protein 9
24 —Xf—[EEIWIE F X g 55 1) 2 1 43 F 1 O 19.06 kD, FRLIS pl A

AR50 B o T R SC P 7 6 45 2R v 2
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14 5 1R 2 D R AT 4 0K g 0 IX e [, O i 2 A
it AD-Prey # 2H 51 KL, #4 3X 28 57RL 53 %l 5 BD-
TaFKOR23 St % A\ W B B AH109 H, HEAT — X —
HAE B 5iF (8 9), BD-TaFKOR23 5 AD-TaSLYI,
BD-TaFKOR23 5 AD-TaSkpl, BD-TaFKOR23 5
AD-TaChitinase2 3 % A\ AH109 % £ & )5, 3 7]
TE VA B AR RAF, B - - FUREH A I ) 3
AU G ¥ 2 B 4, AD-Rubisco, AD-ADP, AD-
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3-beta-glucosidase 14 4355 BD-TaFKOR23 4% A
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P B X 2 A8 52 5 45 SR 22 B, TaFKOR23 5 TaSkpl |
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EHS TN 45.34 kD, 8 pl K 5.60, B A Secl
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34.17 kD, H i pl H 6.30, U & JL T J 45 &
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Fig.9 Protein interactions by yeast two hybridization
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%3 TaSkpl. TaSLYI #0 TaChitinase2 EFE £ 415 BS54

Table 3 Bioinformatic analyses of 7uSkp1, TaSLYI and TaChitinase2 genes

A /NFE S- TR DGR /N SEC1 Kz SLY1 /N TLT TN 2
Items TaSkp1 TaSLY1 TaChitinase2

ORF [X /¥ (bp ) ORF length 528 1233 972

5512 (aa ) Amino acid 175 411 324
S5 4, Tsoelectric point 4.45 5.60 6.30

43F4 (kD ) Molecular weight 19.06 4534 34.17

2543, Domain Skpl Secl ChtBDI . Glyco hydro 19
4 72 {32 Subcellular localization A% T (!

5 K451 Signal peptide structure G g fa

3 itig
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ABA Fif5 5 R IR, RV E T8 iz kN 5
B R IR 5 IR IT SR G F-box
P AtFBST W EIREM R MeJA Fl ABA (55354211,
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AR o — 2 IT
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