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RERFE LIRS TS TERETHLE T FICHI, FAF3H, FADFR % 5 %35 A & 5 B AR £ 09 L B Ry 3, K, A
5 R F B A YA R C2H2 48 R G 3 B F kAR A2 R & T lTiR4E F T 6 m it RIUIRE . AFF A2 3 & FAC2H2-
ZFP % FZ A F 4T T AR MUK T o K 5, E %52 4 114 A~ FAC2H2-ZFPs, f£ 3T RNA-Seq 4438 547 &k b | i ik 5F
R CI2H2 H 35K G A B FAC2H2-2, %A B BA 3 /AR 69 C2H2 435 4 M), 55 30 & I~ AtTREE] . AtDAZ3 B R W45 & .
qRT-PCR 2 & FAC2H2-2 A W th £ iK B 5 % E A MBS WIb, T AKFIC2H2- 2 2K T E TA B2 55 TR AL 5 T
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R, AR AL GBI 2RE C2H2 18R a LA Ae s ae i 5t
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Analysis of C2H2-ZFP Family Genes and Functional
Characterization of FdC2H?2-2 in Rutin Synthesis and
Accumulation in Golden Buckwheat
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Abstract: C2H2 zinc finger protein transcription factor plays an important role in plant growth and
development, stress response and regulation of secondary metabolism synthesis. The previous study found that
the flavonoid content in the root of fagopybuckwheat was higher than that of Tartary buckwheat, which may be
due to the amplification of gene families related to flavonoid biosynthesis, such as FdCHI, FdF3H and FdDFR.
However, it has not been reported how the C2H2 zinc finger protein transcription factor family genes involved in

flavonoid biosynthesis regulate rutin synthesis in golden buckwheat. In this study, the whole genome of FAC2H2-
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ZFP transcription factor was identified and its expression profile was analyzed. A total of 114 FAC2H2-ZFPs were
identified. Based on the analysis of RNA-Seq data, the C2H2 zinc finger protein gene FdC2H2-2 was screened
and cloned. This gene has three typical C2H2 zinc finger structures, and has high homology with Arabidopsis
AtTREE] and AtDAZ3. qRT-PCR showed that the expression of FdAC2H?2-2 gene was significantly induced by
jasmonic acid. In addition, the content of rutin in the hairy roots of overexpressing FdC2H2-2 was significantly
higher than that of the control, and the transcriptional expression of flavonol synthetase (FLS) , phenylalanine
aminolyase (PAL) and flavonoid 3', 5'-hydroxylase (F3'5'H) , the key enzyme genes in the rutin synthesis
pathway were significantly increased. These results suggest that FdC2H2-2 gene may positively regulate the
accumulation of rutin by activating the expressions of the key enzymes in rutin biosynthesis, such as FLS, PAL
and F3'5'H. This study provides reference for the future analysis of C2H2 zinc finger protein gene function of
golden buckwheat.

Key words: golden buckwheat; C2H2 zinc finger protein; whole genome identification; system evolution;

gene cloning; rutin synthesis

PR R T R R Rk R R R Z —,
HR G AR ST (19 Cys A1 His HE 7 (0 508 A B mT 430
9 NG , 43 W2k C2H2 . C3H ., C3HC4 . C2HCS .
C4HC3,C2HC.,C4.,C6 f1 €8, Hirp  C2H2-ZFP
ERREARGET S ERFE AR &2,
H 4l C2H2-ZFP H 84 B F o A, v LR
MEM . EA SR E A LB T
C2H2-ZFP"!, C2H2-ZFP U #iE I H A i1 51 DNA |
S50 RNA ER PR ELAE F AN S LA R/ 22 Hifth
HEYIFEIIRER . 25 M1k, CAERIRE ST KA N
Az R AR Z R P vh s RS C2H2 BB
RN, IF HoE o % 5 R F oY 5 R 3R G 4 A
VI T2 EE . REDFR R,
CoH2 RIBHE E AR EEM P E K AT i ihia
M )0 R Y A= AR G B 428 S e R v A H A
BN, 78 F oK, C2H2-ZFP 3L 5 £ oKk iy
W VIME, S 5B ERNER LR . EF
A, SICZFP1 3 [H Al %5 5 COR (cold-regulated ) %,
¥4 M) 1] A X 35K DR A 8, 2 T 345 o 2 56 DXL 400 e A
IKFE AT FEPE N S FEXT A5 C2H2 BB H 1 B [
K YIRENT 5 & B, A JUFP C2H2-ZFPs 5 LAS
I ARG

435 % (Fagopyrum dibotrys) BZ R 5% |8 £
AEA AR, A R WIS BT o ) 2 i i
7)), RO AT 325 0 25 PR E M FE SR (A%
ZEH . Bl e 2Eyh o e b KES
52 A A BE AR B B3R IR, 40 C4H | CHS.
CHI .F3H .F3'HM F3'5'"H VI X% PAL .FLS .DFR .LAR
ANS . ANR FI UFGT 5", A, ik Lok 5 [H] 1 3%
ik 1632 R2R3-MYB . AP2/ERF . bHLH . bZIP 4 £ Fii

BT RS X AR R IR 22 1) L BE TR
2P KB, 4235 % R FACHI FdF3H ,FADFR %
S 5B A W B BE DR 5 DRI i, X S
(1) 2235 1] BB 3 B4 37 2 AR TR B I 2 Ak A& R
BT FEEMEE Y R, S5 R WS
) C2H2 B8 B 11 S TR T 16 4 37 22 Hh AR LA
i, R, KE A TR CoH2 AE48 7 A L N IR IR 5
FLAE ST A 0 A P B T RE AN 20 F- IR HLAf X
A I v B WA SR 22 Rl R A R

AMFFENS 42 TR T G724 C2H2-ZFP 5% 53¢ K 1
FIERHAT T WA % T RE KT T
LRy N (T Sl o PN el R R e e T N
i L 42 3737 FAC2H2-ZFPs 75 A [ 4l 4 i 3 5k
B, B T 1A RE S 3w Rk
C2H2 545 45 A 3L [ FdC2H2-2 (Fd07G003220) , %}
A TAWE B 2508, FILFH qRT-PCR 4 BT iz 2 [
FERFIRAHE T M RBA . IR RZIE AL
B AW A R B D) RE A R AT R TR
S8 LR B AR, IF SR A HPLC 32 46 i 2 35
FAC2H2-2 SR B MR B = T 5 5, [ iRz i = T
A WGEAR T C4H F3H .PAL .FLS R F3'5'H 54~ G4
fiff 35 R 9 223 , LA R A 5 9% 4 37 % C2H2-ZFP
FER S REFIAE Y A B E AL SRS %

1 MR ®

1.1 REH R

PRS2 I & IR ZUGEIAR pPCAMBIA1302
KA HF F DHS o 8832 385 A1 R AR A AT B A4 &2 A5 TR
k7 e v Ol B 22 BEAE PR 2 5 T 3R 42 BRI
TR R AR AT . T E MR &l FAb i s
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SAEYRHATIRAF

1.2 R HE

121 £FZEFIC2H2-ZFP R EERFAHWEEF R
BZEBOW MR TAK S 4 3532 i 532 3
DRI 21 B SR DR 7 P J000 285 S, $2 HI C2H2-ZFP % 5
, i 17 SMART (http://smart. embl-heidelberg. de/)
W 32k Xof BT AT R 11 0 EA T OR ST 5 A B B . R
MEGA 11 # 44 rh 4 Clustal W T H X 114 4554
A5 AN HU R IT A 93 AN 577 1) C2H2-ZFPs 2 L 1R )T
G EAT 22 A e, I FH 4R 432 (NT, neighbour-
joining) #4 & R 4 kK H W, K & 1000 X F &
(Bootstrap: 1000) . ¥ J7 i F iTOL 7E £k B /4 i 17
1k,

122 & FHEFIC2H2-ZFP R E R LR EFA
B4 #T {8 SMART Al InterPro (https : //www.ebi.
ac.uk/interpro/) P 338 X} 43 77 4 FAC2H2-ZFP JE K ¢
JRBL I B PRSF 25 A4 A 143 #r . 383k MEME (http://
meme-suite.org/tools/meme) M i #F 17 £ ~F It ¥
(Motif) 23T , KR 31 £ Motif B % & 4 10, FIH
TBtools Al AL A B /N & T 4544, JF 2 il KL PR 24
P ARSI P A

123 &FEZEFIC2H2-ZFP REEELEBESH
SEESH S M4 574 FAC2H2-ZFP F k5
0L B B, L & FAC2H2-ZFP KL A 4+ 01 %5 Fi
JE IR 20 43 A, 1 ] TBtools A 411k 3k R e € {43 A

AL LS i S IR ) SO Ka ] X
Bk Ks KL

124 £FZEFIC2H2-ZFP XEEEMWARE R
HRIE FIHEITEEARHLE (0 H R L
2K N G ) e s EE 18 TBtool #44:
221 FAC2H2-ZFP Z2 bk R g ik i A4

125 ®£FFZE FAC2H2-2 BEE M ER F 5 55 4
7 P RNA S IB00) G0 0 S sieaatn) & (R st ey
VIR A A PR A, B a0 $RIUE 5722 RNA JF
BEAT S s) o DA s A5 31 cDNA S sl , A1) ]
FERFESE S | 04T PCRY 4 (% 1), ¥ PCR4lifL
PR T HAR b, 4815 FAC2H2-2-T R 5k .
FAdC2H2-2 B[N 1 J3 3+ 2 ith 8 1 9 AR Jo, —
P25 DL T A1 E A T30 43 591 5% ] PlantCARE
(http : //bioinformatics. psb. ugent. be/webtools/plantcare/
html/) . ExPASy-ProtParam (https://web.expasy.org/
protparam/) , SOPMA (https://npsa-prabi.ibcp.fr/cgi-
bin/) DA f& Cell-PLoc2.0 (http://www.csbio.sjtu.edu.
cn/bioinf/Cell-PLoc-2/) 7E L& B A 56 1 ; 15 5 Bk A it
JisL 5 ke 35k 43 AT 43391 >R SignalP5.0 (http : //www.cbs.
dtu.dk/services/SignalP ) Fil TMHMM Serverv.2.0 (http://
www.cbs.dtu.dk/servicess TMHMM ) 5€ i ; [A] B, 18 13
NCBI (https : //www.ncbi.nlm.nih.gov ) 7££& & 3 #£1 1
[Fi) Y5 28 S 7 41 22 J LU X 23 A, I il 1k MEGAT1.0
K 484275 (Neighbor-Joining ) ) i 22 S5 gE LAY

*1 314575

Table 1 Primers sequence

IR E519F81(5'—3") BRI 5 1751 (5'—3") FHi&

Primer name Forward primer sequence (5'—3") Reverse primer sequence (5'—3") Function

C2H2-2-T ATGGATGAACCTCACAGCTCG CTAACATGGCGTCACTGCCA L e b

C2H2-2-1302 ACGGGGGACTCTTGACCATGGATGGATGAACCT AAGTTCTTCTCCTTTACTAGTCTAACATGG it ik Ay
CACAGCTCGG CGTCACTGCCA

Actin GAGTTATGAGCTTCCTGATG CCGCCACTCAACACAATGTT gRT-PCR NZ:

C2H2-2-Q CTCATGTGGCTATCCGGTGG CCGACCCGTTCTTGGGTATG qRT-PCR

C4H-Q GCGAAGAAGTACGGCGAGAT CCGACGCATCTTTCTCCAGT

PAL-Q AGGGTGGTGCTCTCCAAATG GGCGATGTAGGAGAGAGGGA

F3H-Q GACCAGGTGGACGGAAAGAG CACGATGAATCCGCCCTTCT

FLS-Q CACGGTGCTTCTTCAGGACT CTGGATGCGGACAACACAAC

F3'5S'"H-Q CGAAGCTACTTACGGCGGAT CGTCACCACGTTCATTGCTG

1.2.6 FdC2H2-2 EREFRFRFAELETHRIE
XA IR IS LS FE/M T, Bl
20 min J5 , 3 L PR, 19% SR BN A WO B
20 min; JCEZKIEVEZ IR, FIEANR T K 435 -5
WMS B, TR 23 °C G 16 h/8 h )i
FE 75%~80% M55 P 5 FE . B3 MR/ N—B0 A K
fEOH Y 14 d B IR O & TR MS i kb, =

7235 (120 t/min) SRS S 5% 24 ho 50 pmol/L
SRFTR TR (MeJA) 43 AL 3 0.1 .4 .12 h 5 HUFE, LA
T HJLE A (DMSO ) &b BT Ay xek BE HoAl 45 R 5 4%
F—3, WTFEA KA AR VRS AF T-80 CuK
A LORNATREU A 1.2.5,

127 SERFRFEEEPCR LIEFEE ActinfENN
S MR 4 552 FAC2H2-2 ¥ A% 196 % 8 ft
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51#1 (1) . FJH 7500 Real Time PCR System #l
Vazyme® Taq Pro Universal SYBR qPCR Master Mix
2t TN & (Fg mU v MERE AL R I A R
A, B A ) A TSI S i PCR, 3l i 27T A b
THAEARXN R A .

1.2.8 TRIEFIC2H2-2 EIRIRIBFERETE2
ME Mg FdC2H2-2 3 A Fy 51 Fl i 36 35 2 1A
pCAMBIA1302 K % % it 5] ¥ pCAMBIA1302-
FdC2H2-2-F/R(5% 1) LA FdC2H2-2-T Jivki Jy At ,
PEFT PCR P44 . DA Neol il Spel [iff U] 9 14 j= ¥y 55
pCAMBIA1302 #4A , E 8540 ) , #E47 B R PCR A
W55 0 e X, A5 31 1o 2% 38 2 & pCAMBIA1302-
FdC2H2-2, # & H M A B W i £ 5 #K
pCAMBIA1302-FAC2H2-2 i 1 A4 K ARLKAT A
e, U5 G BE D B R, B D BR [R5 Y
Trke Vh A4 RARFFI 25 2k pPCAMBIA1302 &
AR A X IR B AR R EAT PCR %A . FIFH R 80|

Bootstrap
-0
-0.25
-0.50
-0.75
«1.00

FH L% 75 (HPLC) R il 3 2238 FdC2H2-2 BRI
FET R, BRI kS e B A I O
A E 3 IRELR . B Pk C4H . PAL . F3H,
FLS J F3'5'H SN T A6 BLGE AR Hh i DG B il 5L
1T QRT-PCR K . qRT-PCR J59%[7] 1.2.7, 514
FEHILZ 1,

2 HRESH

EHREEFECQH2LZFPsEEARKHR R E
ERRZEXZEON

AWFFE ST NS4 Pl 52 vh 3 e 1144
93/~ C2H2-ZFPs. Nilt—L 4 F54 5554 fl
U IT C2H2-ZFP e st A F Ml i AL X R 8 T
RGEIALRT . HRE IR I+ C2H2-ZFPs 3 [ K% (1)
DA e IR TSR HE C2H2-ZFPs FIGIL N il B hy
SANIEZH  F RN T 2V A F #4740 25 (1) .
FAC2H2-ZFPs 1E 5 AN W40 b 394 204, Ferp i 26 T

2.1

At ARG IT s Ft: 999752 s Fd: 374 5 F [l s SNEA [RI R 2RI [RIBL R ST C2H2-ZFPs BE (R 44 Bk
At: Arabidopsis; Ft: Tartary buckwheat; Fd: Golden buckwheat; The same as below; Different tags in the outer ring represent different

Arabidopsis C2H2-ZFPs gene subfamily names
El1 @I EFMEFFZE C2H2-ZFP R ER B
Fig.1 Phylogenetic tree of C2ZH2-ZFP among Arabidopsis thaliana, Tartary Buckwheat and Golden buckwheat
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R BT E H de 2, OO ALV, 43 AL 34
28/ FAC2H2-ZFPs, W4 I f & pl i3 B e,
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QALGGH fH Y Fe x5 . A T & FHE
C2H2-ZFPs [N 45t Z ek, iE — 23 0 7 A7
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& 2C AT AT, 38 4~ (33.3%) FAC2H2-ZFPs A 1% N &
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A': Phylogenetic analysis of FAC2H2-ZFPs ; B: Conservative motif composition of FAC2H2-ZFPs; C: Exon/intron structure of FAC2H2-ZFPs
El2 FAC2H2-ZFPERE R E5HFIE AR
Fig.2 Gene structures and motif compositions of FAC2H2-ZFP genes

2.3 FdC2H2-ZFPs BN HhiBEREFIEH
HR A 4 77 22 56 PR A1 B e e pR e A, R
114 > FAC2H2-ZFPs KAl 7041 75 4: F7 547 8 AL o fAk

F(E3A), HEARRIG R F e iR E . H
th, 45y ik 1Y FAC2H2-ZFP B i £, A
200, ik 2 S e ek, 184 A, 1565
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A:FdC2H2-ZFPs (YL (. (k53411 s B: 425742 FAC2H2-ZFPs JLLL M 437
A': Chromosome distribution of FAC2H2-ZFPs; B: Collinearity analysis of FdC2H2-ZFPs in golden buckwheat
3 FdC2H2-ZFPsHIRBESHMEESHEH
Fig.3 Chromosome distribution and gene replication events in FAC2H2-ZFPs
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%2 FdC2H2-ZFP g X Z B Ka/Ks LL{E

Table 2 Ka/Ks ratios of the syntenic relationships between FAC2H2-ZFP

%5 Number FE[A 1 Gene 1 FE[K 2 Gene 2 A [E] L K Ka [a] LR Ks AR [R] SCBHICR / ] O I Ka/Ks
1 Fd01G004630 Fd01G037840 0.275133779 0.983226634 0.279827427
2 Fd01G004630 Fd06G003320 0.322453092 0.831799009 0.387657461
3 Fd01G006380 Fd06G002360 0.159733064 0 /

4 Fd01G037840 Fd06G003320 0.451736074 1.585382226 0.284938273
5 Fd02G031200 Fd02G046130 0.190653453 1.392645964 0.136900158
6 Fd02G029560 Fd02G042460 0.154055514 1.727878937 0.089158743
7 Fd02G032840 Fd02G048180 0.498155349 0.802441347 0.620799702
8 Fd02G033010 Fd02G048120 0.268108068 0.952888503 0.281363525
9 Fd02G010850 Fd02G017580 0.088415159 1.278635257 0.069148069
10 Fd02G048120 Fd04G045640 0.342715559 1.559188794 0.219803759
11 Fd02G048120 Fd08G039460 0.307626972 2.227041224 0.13813259
12 Fd02G010850 Fd08G019890 0.086824343 0.802997949 0.108125236
13 Fd02G052140 Fd08G022020 0.182895163 1.653298657 0.110624395
14 Fd02G017580 Fd08G019890 0.168990641 0.776958719 0.217502729
15 Fd04G004510 Fd05G013400 0.551763098 2.007042713 0.274913481
16 Fd04G008780 Fd06G003320 0.507432713 1.347630862 0.376536875
17 Fd04G002130 Fd08G022020 0.265917924 1.739031335 0.15291152
18 Fd04G001880 Fd08G021270 0.302859215 0.860288308 0.352043859
19 Fd05G005020 Fd05G044310 0.242930067 1.433879038 0.169421591
20 Fd05G045500 Fd07G035260 0.157575369 0.703821884 0.223885293
21 Fd05G044010 Fd07G029490 0.234869659 1.429027963 0.164356237
22 Fd05G049060 Fd07G022940 0.193082342 0.959745578 0.201180757
23 Fd05G040350 Fd08G011390 0.663973651 0 /

24 Fd06G028970 Fd08G011990 0.191389144 1.144208133 0.167267771

1371 R[] A3 R % AN ] SO e/ ) R

/ indicates that the non-synonymous replacement rate/synonymous replacement rate is not calculated because the synonymous replacement rate is zero

2.4 FAC2H2-ZFPs EFER KA AR IKER

[F 42 7 22 A ] 21 25 S 20 80 v 2L A6 ) )
104 /1> FAC2H2-ZFPs, | /i TBtools A L k. ix ££ 5L [A]
B IAREE . 455 & P 104 > FAC2H2-ZFPs & Hy
6N, Hid AP I E 17 AR, HAE 61
P FRIBIES AMIE . BIWAFE 14 MEEH
FEML N IR A ik . A, C . D . EFIF
WA BIAEZE AL CEM AR A AU KRR R
FdC2H2-2(Fd07G003220) HAE 4 3 42 AL ke Sk
FIk  HENLZ B T RES SIREAE A K AT (B14).
2.5 FdC2H2-2BEEWZESFIINH

5T FAC2H2-ZFPs 1£ 3 B il A= W) 5 s 1%
W ThEE, I VT Ul T FAC2H2-2 KN % 3L K 4

11056 bp, PCRY L5 R ILEI SA . Z A 3514~
BIERAN,, 57 F 2N ClrogHoessNso O30S 10, 2 143 F
Ji R4 39.29705 kD, G A L 5 A 8.63 ., HiJE TR
Bk 5413, g 5 48 %0 oh 53.56, AR MR B
45.03, A AFREE M o A0 AEE S TN N A R
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Blastp 4835 T #[A I 1741, i F MEGA 844
A . 45 R B OR £ 554 FAC2H2-2 S5l Iv
AITREE AtDAZ3 3% X 2500 (K 5B) . FAC2H2-2
B o MBEA 79 MMRIER , 5 22.51% ; TR 5 fh
225 N FERR , i 64.10%; ZE ik 34 NS KR, 5
9.69%; B &% i 13 E LR, 1 3.70% (& 5C) . % %R
A 34 C2H2 BB A5, 40 B T 31~53 112,90~
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A:FdC2H2-2 gene PCR amplification result; M: DL 2000 DNA marker; 1 : FdC2H2-2 gene ; B: Phylogenetic tree of FAC2H2-2 and other C2H2
zinc finger proteins; C: Secondary structure of FAC2H2-2 protein; Blue: a-helix; Green: B-folding; Pink: Random curling; Red: Extended
chain; D: FAC2H2-2 protein domain prediction; Blue: SAMRT domain; Pink: Low complexity region; E: Promoter analysis of FdC2H2-2 gene
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Fig.5 Cloning and sequence analysis of FdC2H2-2 gene in golden buckwheat
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FHE S Fig.6 Expression of FdC2H2-2 gene induced by MeJA
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Fig.7 Overexpression of FdC2H2-2 gene promotes the synthesis and accumulation of rutin
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