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Abstract: The transcriptome analysis of tartary buckwheat identified a flavonol synthase gene FtFLSI. In
order to further understand its structure, function and diversity in tartary buckwheat genome, we identified 104
members of FLS gene family with 10 subgroups, in which FtFLSI was found in DF8 subgroup. Promoter
analysis revealed two MeJA response elements at the upstream of 1500 bp sequence. We analyzed the expression
of FtFLSI in different organs and its response to MeJA treatments. The transcriptional level of FtFLSI in stems
and leaves was comparable but higher in roots. Expression of FtFLSI also increased significantly with the
treatment of MeJA. We subsequently cloned the CDS sequence of FtFLSI, and then generated FzFLSI over-

expressed hairy root lines of tartary buckwheat and detected their flavonoid content. Over-expression
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transformants over accumulated the downstream products of FLS, which including kaempferol, quercetin and

rutin, while the contents of dihydrokaempferol and dihydroquercetin, the substrates of brass synthetase,

decreased significantly. Furthermore, we analyzed the diversity of FtFLSI gene in different populations of tartary

buckwheat, and found that Northern landraces, Southwestern landraces and Himalayan wild accessions present

obvious differentiation. The results are helpful for understanding the FtFLSI-mediated synthesis of flavonoids

and the domestication process of buckwheat.

Key words: tartary buckwheat; flavonol synthase; gene family ; hairy root; gene diversity
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www. arabidopsis. org/servlets/Search? type=
general&action=new_search) I ¥ & FLS, 15 3| 7 1>
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Table 1 Summary of primer sequence
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Zero TOPO-Blunt Simple V-7 % i e A F 451k
% DHSo KIGHFFREZ S P 3R FIFLS1
CDS 2K alZAA , fir 24 R T-FIFLS1

ElE R F19¥a(s -3") Fli
Primer name Primer sequence (5'-3') Function
T-FtFLSI-F ATGGAGGTTGAAAGAGTTCAA SN T
T-FtFLSI-R CTACTGTGGGAGCTTGTTAAT

FtFLSI-qPCR-F TATCCACCATGCCCACAACC qRT-PCR
FtFLSI-qPCR-R CAGCACCTCAATCTGATCTCCA

FtH3-qPCR-F GAAATTCGCAAGTACCAGAAGAG qRT-PCR N &4k
FtH3-qPCR-R CCAACAAGGTATGCCTCAGC

1307-FtFLSI-F gtatctagaactagtggatcc ATGGAGGTTGAAAGAGTTCAA P i e kA
1307-FtFLS1-R gtegacggtatcgataagcttCTGTGGGAGCTTGTTAATCTT

TLF ctcaagcaatcaagcattctac p1307 A5 4
1307-R tatctgggaactactcacacatta

KREFENIERFFH) , /NG T B Ry ddA )y 51

Uppercase letters are gene sequences and lowercase letters are vector sequences
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Y it PCR 11 52098 : LA FtH3 A Ry ¢
JtE 5t PCR BN S ALK, SR 2 i R IR 1Y
AT ik B, AR R FrH3 A FtFLST %) CDS [y 41 33

552 qPCR 514 FtH3-qPCR-F/R Hl FtFLS1-qPCR-
FIR(E 1)
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A S Tt PCRAY A I B PR SRkt , D 45 21 DA
AR A%t BEGHA TEHI 3 T VR IR . 96 1 PCR %4
{87 FH 45 ME %E qPCR 33457 £ (Taq Pro Universal SYBR
qPCR Master Mix) ; JZ W& 2 & 10 pL: 2x Taq Pro
Universal SYBR qPCR Master Mix 5.0 uL, gPCR IE
] 215 445 0.2 uL(10 pmol/L) , A4 cDNA 0.5 L,
ddH,0 4.1 L.

MeJA Lb BRI 23K 22 S 14 43 A - JC TR B 9% 1 i
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Fig.1 Phylogenetic analysis of FLS gene family in F tataricum
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A': Phylogenetic tree and ID of FLS gene family in Tartary buckwheat, and the classification of different subgroups was the same as Fig.1;
B: Analysis of conserved motifs (top) and conserved domains of proteins (bottom); C: Analysis of gene structure; FtFLSI with red spot
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Fig.2 Genetic structure analysis of tartary buckwheat FLS family
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Fig.3 The structure of FtFLSI promoter
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3.16 pg/g, Tt E Z i 11.37 pg/g 3 % 40.74 pg/g;
AUl R 8.38 pg/g BRI 1.85 ng/g, il
ZSTr Y & U 0.54 pg/g $ 55 % 3.57 pg/g (& 7B
C)o SXHRRA T Er A, i FRiAbk R BRAR P
SEEmZE616 ug/g(K7D) . WIHHIE 18 FtFLSI
o FIEBMRAR T, 1Y FeFLST G RE % 03 i et
Fil 5 BB AR M EA T, i 3 SRk 2 AU o anfi 2 6 Ll
IR A T S BOR R R IR
24 FFLSIERMSHEMED

R T HRGE FIFLST AE N[5 S5 AR 119 5[5 78 43
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P AT IE R 2R A0 BT o AEXF S FE A B 2 BT 1A
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Table 2 Cis-elements in FtFLS1 gene promoter sequence

[a] , AN AE e 9 40 A B 8265553 4533 1 4~ 5 FtFLSI
A2 1Y SNP i 5, 7 F FtFLST 2 0f % % 1 3%
879 bp &b (18 A) . FEI SNP 17 5 |, 200 37 57
Fh AR 3 R SE R A, 43591 « Hapl (G/G) 130
A~ Hap2(G/A) 54> .Hap3 (A/A) 164>, B HE A
RULE 3PP RER T 34 734 (2 3) o 3@ 2 XX 200 73
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The analysis of significant difference was the #-test, * means
significant difference at P<0.05 level; The same as below
4 AREHELAF FFLSI EFEMERRIE
Fig.4 Differential expression of FtFLSI gene
in different tissues

* % FORTEP < 0.01 K- |25 B3
* * means significant difference at P<0.01 level
5 AEREIMeJAEST FIFLS1 EEHE RRIE
Fig.5 Differential expression of FtFLS1 gene induced by
MeJA at different time
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FIBEIC P 5 1 0 1307-FFLS1 SR 3 2~3 S RIHERANE 1307-FFLST BRI Ad AHT B f QL RS IR BARKR ] 3 4~7 Sy FeFLST i 325 BIRAR
A': Diagram of hairy root infection, passage and shock culture; I: Sterile tartary buckwheat seedlings; II: Exophytes were incubated on MS
medium filter paper for 2 d after A4 dyeing; 11I: Exonites transfer to MC plate; IV: The exonites on the MC plate grow hairy roots that can be
transferred; V: The hairy roots on the MC plate grew normally for about 15 days; VI: Hairy roots oscillated in MS liquid medium;

B: The gel map of hairy root DNA PCR detection; 1 is the 1307-F¢FLS1 plasmid; 2-3 were hairy roots infected by A4 without 1307-FtFLS!
plasmid in the same batch; 4-7 were hairy roots with F¢FLS] overexpression
Bl6 iFRiL FiFLSI EFERRNIKS
Fig.6 Hairy roots of Tartary buckwheat overexpressing FtFLSI were obtained
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A: The metabolic pathway of flavonoids (FLS/ is indicated in the red box) ; B, C and D: Determination of flavonoids in hairy roots
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Fig.7 Determination of flavonoids in hairy roots and part of the metabolic pathway of flavonoids
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A': SNP location of FtFLSI gene, the orange box is the gene sequence of FtFLSI; B: Flavonoid content analysis; C: Distribution of three

genotypes of F¢FLS! in different Tartary buckwheat populations, in which HW was the Himalayan wild population, NL was the northern cultivated

population and SL was the southern cultivated population, the same as below
8 3IFEFREAM FFLSI ERR
Fig.8 Genotypes of FtFLS1 in three Tartary buckwheat populations
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Table 3 Diversity analysis of FtFLS1 gene
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