FIE YR IHAR 2025, 26 (2):342-355
Journal of Plant Genetic Resources DOI: 10.13430/j.cnki.jpgr.20240410001

w7 hE N FtAPDSLXT W)yl B ALHir i Dy sr B

WER ", B0, e RmELE OB ERRE RERN ALY %
CWIRTRHEA 2 AR S B AL 4112015 2o A IRV AERISEBRIEIR I 1000815 SHERIAFL I, =T 572000)

WE : ¥ 3% (Fagopyrum tataricum) % B A3 & b 09 —SF A KM, R — A AR FERGGRFAEY . FEIHBOLES
EHAERAHGES 5L, AFRTEABRR KRR SO ERBITHZUAIN, AARLEABREOHAR
FtAPDSLX] %9 F 3k BE X % B KA BR AR BT H 5o SRR S K-FE R P 69 FIAPDSLX] 335 oM &R LT, A 44
BARMMH P FIAPDSLX] 9 2 X B 2 X 5 T I 2ZHH H BMH, AFFREAK RN F—F5 A4, LB
FtAPDSLX] % B, %915 8 F oW 45 R 27, FIAPDSLX]1 2 B 5 CDS /3 7] ¥ 1.4 1143 A sk st , %5 7% 380 A & 8% My Ak 89 &
G A B BT AR $ A5 FmAn MR XA, % FIAPDSLX] # % A X 34T 5 B I, 3 57 4h 3 + 49 FIAPDSLX] %
REE TSI IARALERIZENEF, LEA RSB R, 34 FIAPDSLX] & B I0E 4k A AT RABE R oM, &R
F W FIAPDSLX1 4% 3 T # A W 3y I 0 SAE L2 A Uik, Bl B % 1) Wit T 45 K B S da 3 F FrAPDSLXT ¢ %35 8 R H 4R &, 5
H FtAPDSLX] # % T 4 A B i dg ok A8 BAC M H AL B i BB e B E e, A EE R B R, B RT3 SR LB HIZ LN,
FtAPDSLX] TRl T 3¢ 54k L2 T4 09 B B Ul . FLAPDSLX] %9 2 #6361 B AR R AT 0 4 R 47 A6 L2 45 1 69 5 F AUl A AT
BB IRFE T F R0 he w7 AR B

K4 : FIAPDSLX] ; X 45 B E G By S A 2418 s 1 R0 ok

Cloning of the FtAPDSLXI Gene in Tartary Buckwheat and
Analysis of Its Anti-Rhizoctonia solaniand Function
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Abstract: Tartary buckwheat (Fagopyrum tataricum), a member of the Fagopyrum genus of the
Polygonaceae family, is an annual herbaceous plant known for its medicine and edible qualities. The occurrence
of Fagopyrum damping-off has seriously affected the promotion and development of tartary buckwheat
cultivation. This study conducted transcriptome analysis on tartary buckwheat treated with jasmonic acid or
salicylic acid, revealing that the transcription of the aspartic protease gene FtAPDSLXI was inducible. Through
analyzing gene expression in genotypes showing levels of resistance, significantly higher transcripts of
FtAPDSLX1 were detected in resistant line if compared to susceptible ones. Using the representative variety
Chuangiao No. 1 as material, the FtAPDSLXI gene was cloned with the full-length coding sequence of 1143 base
pairs. This gene encodes 380 amino acids, and its promoter contains multiple cis-elements associating with
disease resistance. FtAPDSLX] was up-regulated in the seedlings upon Rhizoctonia solaniand invasion and its

expression exhibited significant tissue specificity. Disease resistance analysis of Arabidopsis plants
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overexpressing FtAPDSLXI indicated that FtAPDSLX]I led to enhanced resistance against Rhizoctonia solaniand.
Overexpressing FtAPDSLXI resulted in elevated enzymatic activities of SOD and POD. These results suggest

that FtAPDSLXI may participate in the defense against Rhizoctonia solaniin in tartary buckwheat. The functional

validation of FtAPDSLXI and related studies provided a foundation for unraveling the molecular mechanisms

underlying Fagopyrum tataricum's resistance to Rhizoctonia solaniand for screening disease-resistant germplasm

resources.
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FtAPDSLXI-F ATGGCGGAGGCAATCACGA FEIH TR
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FtH3-qPCR-R CCAACAAGGTATGCCTCAGC

Actin7-qPCR-F TCCATGAAACAACTTACAACTCCATCA qRT-PCR RTINS HE A
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uniprotkb/) ¥ FtAPDSLX1 & [ /3 51| 5 A [7] 4 F i
A7 et 3-8 F MEGALL BT R K B
22211

1.5 7 FtAPDSLX1 EREHIRIEHHT

1.5.1 ARIHEKEEFMHRFR FtAPDSLX] EH
HIRIZE  EHES XA 22 % W HA P bR
NPL324,GS181.,GZ269 ,HB93 , SX122 L) z 5 {43 %}
M 22 ¥ T 3R B R B 1 MOk SX96 . HB384
YN306.QH361,GS194 £ % i ok 28°C AR JE Ny
75%~80% JEHE 16 h/ERIS 8 h (FREE i — A,
B IR S IE B AR 4 1 R T RNA S B DL K s



2 W s . 3R I R FrAPDSLXT 1Y v e K Ho S Mg ThRE 4B 345

o FH SnapGene #4F 5T g 1k 3L K FtAPDSLX1
19 6 2 & 51 W) % qQPCR-FtAPDSLXI-F/R (£ 1) .
DL R b BHR) cDNA MR 4T FtAPDSLXT 1EA
G008 S5 G SR T i A 1 43 . R Taq Pro
Universal SYBR qPCR Master Mix %< Y i& 12 i ¥l £
(i MEBE AR R AG BR A |, 7 5% ) 1 7500 Real
Time PCR System {4 A & qRT-PCR 757 4 5 3k [H
5% 5 qPCR-FtAPDSLX1 5| ¥ 3#: 4T qRT-PCR 46 ]
AT (1) o ANk b3l 20 3k
AR ZR : TE S 51 %) 4% 1 pL, cDNA Bifiz 1 pL
(200 ng/uL),SYBR10 pL, fill A 7 uL ddH,0 #h 75 &
20 L. U A5 16 95 °C FASYE 5 min; T S #EA
TEARY BEB B : 94°C 30 's,55°C 30's,72C 60 s, G FF
35 ¥ ;72°C 10 min.
1.5.2 E5 FtAPDSLX1 BEEMRESH b
YRR B 3 G KA R AT bR i A2
JNFE VS TR, ok 44, B4l 38k, T 28 CHE
THEFEOh 6 h 12 h .24 h 5/ xf i 25 AR TH
B, HHEPUS RNA, LU AE FtAPDSLXT FER 13757
AR H A AR R A &, kA 15,1,

¥4 FtAPDSLX1 % FE I I I+ 4k & (OE1 . OE2
OE3) Flf A= BRI g T (WT) 7E Z R R 28°C A X
JiE K 75%~80% SGHE 16 WER Y 8 h 3RS T 1595 3
& o TRl —AE 5 R AT 4 BR LR IT A — 4L, 435N
OEI .OE2 .OE3 WT, Ll 12 75 48 ki o A7
Wi 22 R RAZ S DL BT 4 s o ik R B, 4393
TE0 h.6 h.12 h.24 h PUASAS [m] i (] B JBORE | 45 It
S I3 F, RISk 3R AR AR . K AR I
FE b IEFT RNA $2EOIE R T 5 % 56159 81 cDNA, Rl
qRT-PCR J7 % AN [R5 L B[] B T ) B A 76 400 g
% (WT)F FtAPDSLX1 ' 3L R R T 1k 2R B AR X 3
KR, IRl 151
1.53 SR HEESEPCR HJH SnapeGene # 4
W8 FtAPDSLXT HE R AR PRAT IX ], B9 it
S ¥%; FtAPDSLX1-qPCR-F/R , 57 2% 41 i 18 2 ik Jit
FtH3 VE RS (R 1), RAPOEE s il &
IS B 2% S 7 B PCR AN #8 #E 17 qRT-PCR Az il A1
G307
1.6 TAMEMREHRENEE

) FH IV 40 it 5E 5 51 4 1305-FTAPDSLXI1-F/R,
DU B AR B 11 57 —5 cDNA AR (R 1R 5
F S 25 A UL 1.4) #0240 B S 67 Bl 4 A
pCAMBIA1305-FtAPDSLX1-GFP, DA 1305-GFP %5
MR AR PR A 1% 38 3 v G LR B e 55 4k

FIA PR BT TR R0 BRI 40 o A il
# 1& pCAMBIA1305-FtAPDSLX 1-GFP it i) $L4% 1k,
FA [ Fr 35 1A e 4 g 20 5 %) B4
RTINS A B ENL S (NLS, nuclear localization
signal) B AT 1 TR WA 9 4% marker, #EG 137 12 h
Ja, BTIEW &AM IR 48 he (HABOEILRAER
TS TSR
1.7 #EYEREBENERIUEIFTHEEEL
1.7.1 pCAMBIA1307-FtAPDSLX1 i 3% £k 1Y
Mg FHW P LT IE 8 1Y FrA PDSLXT Te R 4
H 1 5k, 4K J5 pCAMBIA1307 833 F1 il U] 407 f5
BamH VR Kpn 1315149 1307-FtAPDSLX1-F/R(F 1)
AT PCR R34 , R 1% 35 A8 W5 A% I 6 e Xof
PCR 7 W #EA 74 I, 2 B IE ) 4545 I 1A 7 i el i
55 2 53 ARGV Y 111 pCAMBIA1307 HEA 7 [] 6 5
4, AL K AT I DHSo 82 S 40, 22 55 57 I ik
B D YR EA TR 9% A9 B0 RS 8 1307 38 5 14
(£ 1) JE 47 PCR % 52 LA K i 5 b 5 )5 45 21 /Y
FtAPDSLX1-1307 i Fik #AR R B , F H T -80C
UKFE P RAE 45 . PCRIK R TIFE TR 1.4,
1.7.2 #LKRFE GVII01 BREEMEITFT  =-I
pCAMBIA1307-FtAPDSLX] J5URT , 3 FHAG I 45 A%
) B 4 TR A% AL AR KT TR GV3101 S 2841 , 2t
R Fe I AT % 5 5 15 3] FItAPDSLXT PRV A AT B T
W o R BAPELAT B B A AR T A= e TR,
el FH e A6 10 0 it 2 1 B A R ADL R I 1 AR 7 A TR
Y R 5 15 3] FrtAPDSLXT % 3: LR % TO AL #h
T, AT R W S 1 2] TR LR R IT . ik
BT AR it VRS A il 647 2 X 2 DNA 42
W, X5 3 A FE N 2H DNA #E17 %58 , Kol J5 3R 15
FtAPDSLX1 ¥ 5L Atk OE1 .OE2 \OE3.
1.8 FAPDSLX1 BE BRI EFHREBLE I
¥4 FtAPDSLX1 % L Atk & OE1 . OE2 . OE3 Ff
TR A ARG B WT R 200K LB TR 1
SIHCEMS B ARE TR L. KA 3 RS KK R
W (1%) FIAPDSLXT 5% 3L PR = 0 WT B 4l B4 T
A IR 22 C AXHEEEN 75%~80% .16 h 't
HE/8 h SRS PR EE B AT 5%, 153 FtAPDSLX1 %%
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B RABR/KGEAIRFE T FIAPDSLXI R
Fig. 1 Transcriptome analysis of F£APDSLX1 in tartary buckwheat after JA/SA treatment
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Fig. 3 Electrophoresis results of PCR products of
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A, B are the secondary structures of FtAPDSLX, FD07G01375 proteins, respectively ; C, D are the tertiary structures of FtAPDSLX,
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Fig. 4 Structural alignment of FtAPDSLX1 homologous proteins
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Fig. 5 The structure of FtAPDSLXI promoter
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R2 FAPDSLX]1 EFEBEhFIRXEATH
Table 2 Cis-elements in F£APDSLX]1 gene promoter

PR AR fLRiIRE DL
Site name Function of site Quantity of element
MYB Anti stress related 6
TGA-element Auxin-responsive element 1
ABRE A cis-acting element involved in the abscisic acid responsiveness 7
02-site Cis-acting regulatory element involved in zein metabolism regulation 5
P-box Gibberellin-responsive element 1

Spl Light responsive element 5
MYB-binding site Anti stress related 3
ARE Regulatory element essential for the anaerobic induction 2
GC-motif Element involved in anoxic specific inducibility 2
G-box A cis-acting regulatory element involved in light responsiveness 3
Box 4 A part of a conserved DNA module involved in light responsiveness 1

N T i FIAPDSLX1 & FEMF PR CR

i 1 UNIPROT 7 £k ¥ 3 K % FtAPDSLX 1 & H ¥
Y, % BL/INKL W HE (Coffea arabica) . K 5. (Glycine
soja) . In] H %% (Helianthus annuus) . $ #k (Juglans
regia) . % B (Lactuca sativa) 37 & F ) 11 € T
(Malus baccata) . 3% (Nelumbo nucifera) . 1 #
(Phoenix dactylifera) . %% (Pyrus ussuriensis x Pyrus
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50

14 100

communis) .2 K (Sesamum indicum) 3% ¢ (Spinacia
oleracea) VA "3 (Zingiber officinale) % IFh ) &
741 5 FtAPDSLX1 & [P HA — 5 i[RI, F
FREAT MEGA L1 AT FEXT 437, 22 1 3R Ge itk Ak v
(K 6), 45 5% FtAPDSLX1 5 /F 2 (AOASISFNQ
4 ZINOF) 8 P d fe it

AOA2GIGEL6 9LAMI AL XEAR Handroanthus impetiginosus
AOA8MS8VIAT SESIN Z Wk Sesamum indicum

AOA9K3IWW?7 HELAN [u] H 3% Helianthus annuus

100

43

100

100

AOA9RIWIQS8 _LACSA B Lactuca sativa

AOA9ROIJWXI SPIOL 33 Spinacia oleracea

AOA2I4EMQO_JUGRE Wik Juglans regia

AOASBSZIV9 PHODC % Phoenix dactylifera

AOATUSB7T6_NELNU 3% Nelumbo nucifera

16 AOA6P6VH31_COFAR /INEIMINE Coffea arabica

AOAS540KGA6 MALBA LJ%E T Malus baccata

AOASNSFT77 9ROSA %L Pyrus ussuriensis x Pyrus communis
A0A4451L20 GLYSO K& Glycine soja
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FtAPDSLX1 355+ Fagopyrum tataricum
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Fig. 6 Analysis of homologous proteins of FtAPDSLX1 in different species
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Fig. 7 Subcellular localization signal of FtAPDSLX1
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Fig. 8 Expression of FtAPDSLX] in different tissues and at different time points in Fagopyrum tataricum
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Fig. 9 Phenotype analysis of transgenic Arabidopsis thaliana after treated with Rhizoctonia solani
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Fig. 10 Analysis of expression level of transgenic
Arabidopsis thaliana line FtAPDSLXI under Rhizoctonia

solani infection
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Fig. 11 Detection of physiological indicators related to disease resistance of transgenic Arabidopsis thaliana
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