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Abstract: In order to understand the molecular mechanism of tartary buckwheat against bacterial blight, we
isolated the transcription factor gene FtEIN3 in Chuanqgiao 1, a representative variety of tartary buckwheat. The
FtEIN3 contains the CDS sequence length of 1623 bp, encoding 540 amino acids. The secondary structure of
FtEIN3 protein was composed of a-helix (33.52%), extended chain (6.67%), B-fold (2.41%) and irregular coil
(57.41%). Phylogenetic tree indicated that FtEIN3 protein was closely related to GhEIN3 and DzEIN3 protein.
Five different EIN3 sequence haplotypes were detected in 108 tartary buckwheat germplasm, and out of them
Hap3 was an elite haplotype. qRT-PCR revealed that the expression of FtEIN3 gene in tartary buckwheat was
induced by Rhizoctonia solani. The FtEIN3 gene in tartary buckwheat was localized in the nucleus under
confocal laser microscopy. To further verify the function of FtEIN3 gene, FtEIN3 transgenic Arabidopsis
thaliana were constructed and their resistance to blip disease was analyzed. The results showed that
overexpression of FtEIN3 gene significantly improved the resistance of transgenic Arabidopsis thaliana to
bacterial blight compared with the wild type. These results proved that FtEIN3 gene was involved in the defense
process of tartary buckwheat against bacterial blight, and laid a foundation for further research on the molecular
mechanism of FtEIN3 regulation of tartary buckwheat resistance to blight.
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Table 1 Summary of primer sequences
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Primer name Primer sequence(5’-3") Function
FtEIN3-F ATGTCAGGGATGAACTTTTTCG LA v
FtEIN3-R TTAAATGAACCAAACAGAAGAATCC
FEIN3-qPCR-F TCGGCTTGGGTTTATC gRT-PCR
FtEIN3-qPCR-R TAAGGGAAGTGGTAGTTTG
FtH3-qPCR-F GAAATTCGCAAGTACCAGAAGAG qRT-PCR %57 NS HEA
FtH3-qPCR-R CCAACAAGGTATGCCTCAGC
1302-FtEIN3-F ACGGGGGACTCTTGACCATGGTAATGTCAGGGATGAACTTTTTCGA AR 240 it 7 48 AR
1302-FtEIN3-R AAGTTCTTCTCCTTTACTAGTAATGAACCAAACAGAAGAATCCT
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1307-FtEIN3-R CTTGATATCGAATTCCTGCAGTTAAATGAACCAAACAGAAGAATCCT
TLF CTCAAGCAATCAAGCATTCTAC 130738 15149
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Actin7-F TCCATGAAACAACTTACAACTCCATCA qRT-PCR G IF NS L
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Fig.1 CDS sequence amplification of FfEIN3
in tartary buckwheat
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A':Secondary structure of FtEIN3 protein; Blue: Alpha helix; Red: Extended chain; Green: Beta fold; Purple:

Random curl; B: Tertiary structure of FtEIN3 protein
2 FtEIN3 ZBHR MM = K&

Fig.2 Secondary structure and tertiary structure prediction of FtEIN3 protein
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Table 2  Cis-acting elements in FtEIN3 gene promoter sequence

JLit 4 FR 5]l #HE il
Cis-acting elements Sequence Number Function
TATA-box TATA 3 TATARE , e SR g A C 1
TACAAAA 1
ATTATA 1
TATAA 1
CAAT-box CAAT 17 CAAT HE, % sE3siootf
CCAAT 2
CAAAT 5
W-box TTGACC 1 I 5 PRI S e T A
LTR CCGAAA 2 AR TR R T A
CGTCA-motif CGTCA 1 MelJ A I i 13 e
ARE AAACCA 1 PRARCH e 1o G
MYC CATGTG 3 L B AE I ) T
CATTTG 2
TCTCTTA 2
MYB CAACCA 1 YA I e SO e
CAACAG 1
GARE-motif TCTGTTG 1 IRETE 2N Ry T
I-box CGATAAGGCG 1 Ot B i ST
TGACG-motif THACG 1 MeJA W i i G

2.2 FtEIN3 EHEREE X 5L R4 17

i 3:f NCBIFEZk 5 FEIN3 ZE 141 S5 AN ]
YRR HE X, 15 2 AR IT (Arabidopsis thaliana) |
H 7 i 7K 5 (Oryza sativa Japonica Group) i
(Gossypium hirsutum) J{ 5 (Nicotiana tabacum) K

% (Durio zibethinus) 7571 (Solanum lycopersicum) |

+ K (Zea mays) . K7 (Hordeum vulgare) . /N7
(Triticum aestivum) . K & (Manihot esculenta) . 4%
W ( Camellia sinensis ) B35 173 . | MEGA6.0
WA R (K 3) , 25 S R, 95 3%
FtEIN3 5 i /& GhEIN3 | ## 3 DzEIN3 7% % X %
L1
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GhEIN3 Gossypium hirsutum ( XP_016754801.2) §ii4E
DzEIN3 Durio zibethinmus (XP_022752827.1) Hi34
FtEIN3 Fagopvrum tataricum (FtPinG0707941400.01) 3¢
SIEIN3 Solanum lveopersicum (NP_001234546.1) &
MeEIN3 Manihot esculenta ( XP_021611396.1) A3
CsEIN3 Camellia sinensis (XP_028099472.1) #51#f
ALEIN3 Arabidopsis thaliana (NP_180273.1) L1 3+
NtEIN3 Nicotiana tabacum (NP_001312585.1) %L
HVEIN3 Hordeum vulgare (KAEST66308.1) A4
OsEIN3 Orvza sativa (XP_015629857.1) 7K &
ZmEIN3 Zea mays (ACG45492.1) A

TaEIN3 Triticum aestivim (XP_044369909.1) /&

3 FEIN3 RERREZEBNRGHELH
Fig.3 Phylogenetic tree of FtEIN3 and its homologous proteins
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K ] qQRT-PCR F4) )5 2 K6 FtEIN3 {87 A 22 4%
FEARY AT M A (F 4) . g5 IR L, 3537
FtEIN3 JLIH 32 ST A A2 A s S0k .
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Infestation time

*FRIRTE 0.05 RV B A VR S 3 ¥+ 0RTE 0.01 KT L
A RE2ER T
* indicates significant difference at the 0.05 level; ** indicates
significant difference at the 0.01 level; The same as below
B4 EFRELHLZEEREHT FEIN3BIEXNREE
Fig.4 Relative expression of FftEIN3 in tartary buckwheat
infected by Rhizoctonia solani
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H B, 3% FIEIN3 RS2 2 A i S 3R i6 . 7
— SE WAL N, FLEIN3 R 3k 1, Bl & ST A 22
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173 Merge

1302

1302-FIEIN3

2300 : ZH IR FRICEAA 5 1302 17 A0 E (128 A4 5 1302- FLEIN3 - A7 IJE DR (13007 40 1 72 (o7 il A 2k 1
p2300:Nuclear maker vector; 1302 : Subcellular localization of empty vectors; 1302- FtEIN3: Subcellular localization of

fusion vectors containing target gene
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5 FtEIN3 5 F 89 4856 7 {3z

Fig.5 Subcellular localization of FftEIN3 in Tartary buckwheat

2.5 FEIN3EEESHEES

FtEIN3 JERTE 53 7 5 e AR g i X A7 AE 5
A~ SNP i 5 45303553, 45303556, 45303724,
45303860.45303876 , Xf H: i 47 &7 B4 A , 45 A I
https://doi. org/10.13430/j. cnki. jpgr. 20230222002, [ff
£ 1,5 AL A 2 FE MR B 45303553 (T/A) |
45303556 (A/G) 45303724 (C/T) . 45303860 (A/G) .
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Fig.9 DAB staining verification of disease resistance in FtEIN3 transgenic Arabidopsis thaliana
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Bz 1 FtEIN3 EEBIZ RS
Table S1 Diversity analysis of FtEIN3 gene

FLEEAD IR R N fir 1
Haplotype Material number Group 45303553 45303556 45303724 45303860 45303876

Hapl USA527 675 A A/A G/G T/T G/G G/G
Hapl GS185 675 A A/A G/G T/T G/G G/G
Hapl AH379 675 A A/A G/G T/T G/G G/G
Hapl SC236 T A A/A G/G T/T G/G G/G
Hapl YN311 T A A/A G/G T/T G/G G/G
Hapl SC443 675 B A/A G/G T/T G/G G/G
Hapl HB389 675 A A/A G/G T/T G/G G/G
Hapl HB400 675 A A/A G/G T/T G/G G/G
Hapl HB395 675 A A/A G/G T/T G/G G/G
Hapl SC223 RN A/A G/G T/T G/G G/G
Hapl HB91 675 A A/A G/G T/T G/G G/G
Hapl HB68 675 B A/A G/G T/T G/G G/G
Hapl SC451 675 B A/A G/G T/T G/G G/G
Hapl HB65 675 B A/A G/G T/T G/G G/G
Hapl SX-28 675 B A/A G/G T/T G/G G/G
Hapl GS178 675 A A/A G/G T/T G/G G/G
Hapl GS346 675 A A/A G/G T/T G/G G/G
Hapl HB73 675 A A/A G/G T/T G/G G/G
Hapl SX-23 675 A A/A G/G T/T G/G G/G
Hapl XZ316 B R A A A/A G/G T/T G/G G/G
Hapl YN303 RN A/A G/G T/T G/G G/G
Hapl SX-30 675 A A/A G/G T/T G/G G/G
Hapl sx135 675 A A/A G/G T/T G/G G/G
Hapl sx140 675 A A/A G/G T/T G/G G/G
Hapl GZ266 RN A/A G/G T/T G/G G/G
Hapl JPN325 B R A A A/A G/G T/T G/G G/G
Hapl sx154 675 B A/A G/G T/T G/G G/G
Hapl sx144 675 A A/A G/G T/T G/G G/G
Hapl sx150 675 A A/A G/G T/T G/G G/G
Hapl YN420 T A A/A G/G T/T G/G G/G
Hapl HB396 675 A A/A G/G T/T G/G G/G
Hapl YN312 RN A/A G/G T/T G/G G/G
Hapl sx138 675 A A/A G/G T/T G/G G/G
Hapl SX-337 675 A A/A G/G T/T G/G G/G
Hapl SC242 T A A/A G/G T/T G/G G/G
Hapl NX6 675 A A/A G/G T/T G/G G/G
Hapl QH369 675 A A/A G/G T/T G/G G/G
Hapl SX-49 675 A A/A G/G T/T G/G G/G

Hapl HB63 675 A A/A G/G T/T G/G G/G
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