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HHFE FeFUL2 ERARNEES RIEST
KB, F o, BmE, dEE

( Ky R2= WZERERMAEBE, Wit RN 434025 )

W E. N THRERIMSE FUL FERER S 518 5800 & 8 IR0 55 FHLE 12 SCR FH RR 78 B 1 J7 vk TSR
( Fagopyrum esculentum ) R AEAE T MERS A K (Ipls) FFE R 1 MK 837 bp #Y FeFUL2 £ ( GenBank % 5%
5 MGT779493.1) , FAL K 690 bp 1Y 785 FF IR EAE , 65 1 A~ 229 N2 LR 5% FE AL AL 1) MADS-box %%
ST, B X FeFUL2 HEAT4r T R G0 A IR IR EE 19 X 5 7 5k TR 7 4544 43 A, 25 21 W /R FeFUL2 5 4% .00
BT HAEY) APL/FUL W 5% 5 FF 1Y euFUL #H4L 2T 1 A6 43 32, JB#it5% euFUL % MADS-box
BT, A 1A ST AR IR I K 10 = B PR SF I MADS 2543k . 1 4> 69 A& JE R 7% 3 K I IR AR ~F
() K SRR, e C oA Sty e SRl X AR P H G P A SR R L4l A 5 Hofth euFUL BUAL SR 722 R K A
{I3& 7 2 4~ euFUL B N 45 A B4R SF 50 : FUL motif #1 paleo AP1 motif, ] qPCR A8 5 K 634 (1 40
BURE S VE R  FeFUL2 BEINTERIFE Ipls 87K MMR 25 it AEwi v RS MES AR E 4 d IR IgH R
ik AP JLAE AR b Rk AR 3 R TR S A A 2R T R aE i (LSD, P<0.01) o LR sk T 4h
4 5 35 TR 4 SR AR S CHE N | FeFUL2 35 R 5 HAM ewFUL BISEH A BE VT BEAFAE— € 22 5%, HEE A B i fih
A RE F TS SEFEE A iR B R,
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Cloning and expression analysis of FeFUL2 gene
from buckwheat ( Fagopyrum esculentum )
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Abstract: In order to uncover the molecular mechanisms of FRUITFULL ( FUL) homologous genes involving in
regulating flower and fruit development in buckwheat, an 837 bp of FeFUL2 cDNA containing a 690 bp full ORF ( Open
Reading Frame) encoding 229 amino acids ( GenBank Accession Number MG779493.1) was isolated from a Fagopyrum
esculentum mutant line with long pistil and long stamen (/pls) through homologous cloning. Moreover, the FeFUL2 ¢cDNA
contains a 30 bp 5'UTR (untranslated region, UTR) and a 117 bp 3’UTR including poly-A. The results showed that the
buckwheat FeFUL2 was classified into the core eudicot euFUL lineages of AP1/FUL subfamily MADS-box transcription
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factors through phylogenetic, protein alignment and sequence analyses. In addition, FeFUL2 was classified transcription
contained a highly conservation MADS-box domain (1-57) with 57 amino acids (aa) , a secondary conserved K domain
(91-159) with 69 aa, as well as two conserved motifs; FUL motif and paleo AP1 motif lying variable C terminal
region. The highly conserved MADS domain was responsible for DNA binding, dimerization and nuclear localization of
MADS-domain transcription factors. The secondary conserved K domain was involved in the formation of amphipathic
helices and responsible for protein dimerization and multimeric complex formation protein-protein interactions. Finally,
the C domain was important for transcriptional activation and multimeric complex formation. Moreover, the C terminal
region of FeFUL2 was variable in sequence and length comparing with other euFUL-like transcriptors, which suggested
that FeFUL2 may play different roles regulating flower and fruit development with FUL-like homologs from other
species. qPCR revealed that FeFUL2 expression was detectable in all tissues including root, stem, leaf, tepal, stamen,
gynoecium and 4-day-old juvenile fruit. However, FeFUL2 expression level in tepal was significantly higher than those in
other organs (LSD, P<0.01). In addition, FeFUL2 expression level in stamen, gynoecium and 4-day-old juvenile fruit
displayed no significant differences ( LSD, P>0.05), but FeFUL2 expression level in stem and leaf was significantly
higher than root (LSD,P<0.05). However, FeFUL2 expression level in stem and leaf showed no significant differences
(LSD,P>0.05). Above all, our data suggest that the function of FeFUL2 may show a difference with other euFUL-like

41 %

gene, and FeFUL2 play a major role involving in perianth development.

Key words: buckwheat, flower development, FRUITFULL, MADS-box, gene expression

ﬁﬁ % ( Fagopyrum esculentum ) 7'?5 % ﬂ'
(Polygonaceae ) 5+ 22 Ji £ I FMRAE I UM EAEY)
HFPRL A 8 AR R B4 5 T M
feiE Y A AR & 1 8 FR A AR AR T K ( Quinet et
al., 2004; Li et al., 2017) ; /R 3780 () — RUAE AR
Yy, E5E HARBEA T thrum A (B HER) A1 pin
R (R AGAT FE A8 FEAE AR FE 1 ¢ 1 238, A AL AH
Tii] 16 SRR R ] 5200 AR 32 T, A0 S5 280 240 e ok i) A T 432
WA BEIE #4552, P AR, AR FIF R A5 B Fh T
1R R 293X — BB Do VEWIHE T I 9 R 35 ( L
et al., 2017) . F-FABEE & MMELF 0T H A R
@ DIOE: I E i B S AR A e ¢ A i S = R
PR R B X, FFE R A i 38 28 AR A
(long pistil and long stamen, Ipls) JE @2 M EITFF
P Jb A BER R TR IRAS 1Y H AR R IR R, ]
FLA MRS S R RAE R B2 R BB 25 5, B pin 7Y
I thrum BIHE R 2% 2t 8 Y R 3 A0 SR A J2JF
JRRITFE 2 2 B A AR OB (AR 1) o 5573 57
Ipls RAFMRRACIT KB TP AR R B S
PHPERLE A B F M LT R 22 58 TAE I R4
LR

BN FE W 5¢ B2 X A 4 B0 B IF ( Arabidopsis
thaliana) 1€ F1 A 1) & B A5 M E LS & B,
FRUITFULL( FUL) %&[H 4 5 MADS-box & K % ji%
APETAIAL (AP1)/FUL L 2555 R 1, HAE IR
IERMRAEST B G G 2R IR AL MERE RS At

A RIS, S 5L LT ALFWRE 55
b, Z 4 K AR R F (McCarthy et al.,
2015) , AFFIEENTE FUL [RIRIE R 9S54 DL FEAE
RS R B IRz e & ORSF , A W58 o [F] 5
SLRESY BIESE FUL [RVIR LR FeFUL2 , 1 43 B Ho 4
T S 745/ 1y 5l L, 456 qPCR Kz 3% 3 [
TERNSTE Ipls 5378 A AR vh 235 W 2 ZURE S5, AT
T2 FE R AE 2 5T Ipls 2278 PR FE AR AL AN &
Fa B ER S5T6e, EFE TR pls R
IR & BB TOR Y R B, BB A TT R SR e X H
FTAERIEER TR ET0R

1 #R57 %

1.1 LI+ #

2018 4F 8 IS, ¥4 HH 5% Ipls ZRABIRBR R+
FERP TV IR A AR 38t 1% B P AT 5 T 5 56 35 b )
YAMEAEZE (21 em X 14 ¢m x 20 em) |, B K A4S 3
T 9—10 HIFAE AR5 70 e AL B Il S e 2 7
5 1 RNAase-free BY2R W &% 1) BUEITSE Ipls
AR RIAEFF AEW T HESS MESEFIRE 4 d B4
B BT 2 mL RNAase-free [ EP &, 28 W A3 %,
-80 CIRFEFH . K i3 Ipls 58728 (R AE AR
AR 2R, PR ] W 7K 40 IR | 7K 43, SR J5 HT RNA
free [K)/NBY T BYICERTEARAS 4t A4 25 I a8
AL, AR T80 CIRAFA .
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A. Thrum BUFE (GEAEAERMESS) 5 B. Pin BB (RAEHEHER) 5 C. Ipls RAEMIE (KB RIMER) .

A. Thrum-like flower with short pistil and long stamen; B. Pin-like flower with long pistil and short stamen; C. lpls flower with long pistil and

long stamen.

R T

LiiEpl e Sitkia

Plate I Trimorphic flowers of Fagopyrum esculentum

1.2 L H*E

1.2.1 # FeFUL2 AW 5o FREC IR 8 P44
4% 100 mg, /] EASYspin /54 RNA P 42 Ht i 5
& (SR, Jba) il $E O B RNA,
BES R &0 B L R)F, Sk, %5
SREIEREE TR RNA 9 i i A2 B I, 2 R Li
et al. (2017) B J7 ¥ G U —5E cDNA MR 45 IR
B 4> B B FaeseuFUL 3& R ( Genbank & % 5 .
KM386626.1) i ¢cDNA ¥4, 51 A B il U137 15
BT 51 9, IWE FF Ipls 28 A8 1R S B FeFUL2 J
B, PCR 9735 09 | N UE51 0 43 % FeFUL2F F1
FeFUL2R. 5% (3 1) A MM DNA M7 ¥ 2464
TAY TAR (Bl ) Ay A R /58

x1 S|HMBAHREFT
Table 1

Primer names and sequences

SiMsER SIEs

Primer name Primer sequence (5'—3")

FeFUL2F  5'-TCTAGATTACACTTCTCAAAGATCTAGC-3’
FeFUL2R  5'-GAGCTCATTCTATACTCTACTTGTCTGCGTA-3’
qFeFUL2F  5'-GCCAAATCGATTCAGGATCAGAAC-3’
qFeFUL2R  5'-GGCATCTCTCTACCTATTTCCTC-3’

qFeactinF  5"-ACCTTGCTGGACGTGACCTTAC-3’

qFeactinR  5'-CCATCAGGAAGCTCATAGTTC-3’

122 BEGRRAFFIAE 5 F 2 RE &£ 54
Bt FeFUL2 HE[R 9% (9 58 (7 5176 NCBI d % o
AT Protein Blast [/ ¥ 48 & LX), 2 BOR I T A
[7) A 0 b B9 [R) R 51, MEGA 5.0 %K
4, #4825 ( neighbour joining, NJ) ¥ & 43 F R 4t
PEAE AT, Fr 22 4 221 000 YK 1) B J& # & ( bootstrap
replicate ) K 56 , B %€ FeFUL2 3 [H {4 4k 43 32, L
% 5 H A W F By FUL B & A0 Ak e &
(Tamura et al., 2011), [A B BioEdit 7.0.9 %X
1, 3% ClustalW F2JF X% FeFUL2 % 5% A 3£ 47 45 14
S3 i A RE T

1.2.3 FeFUL2 J& B & & ik 547 43 i) $2 BT 55
Ipls ZRASARAYM 25 o JERE R MERS MESS IR H
4 d 2R E RNA Rl T i 5 58 B JR B K
—45F cDNA, @ o 2052 6 E & PCR ( real-time
quantitative PCR, qPCR) £ ARG FeFUL2 3 N7
BFE Bk 7 R b R IR S R IR B 22
5o qPCR AN BT HI Y BE PRI B R W RS S 5 1)
390 qFeFUL2F fl qFeFUL2R (% 1) ; qPCR K
DU T A B % B 2 B PR SR 5 1 Feactin $&
( Genbank & 5 5. HQ398855.1) , K& I 435 5 1k 51
Y533 °N qFeactinF 1 qFeactinR( 3 1) . qPCR 7£
Line-Gene 9600 Plus Real-time PCR Detection
System FHHEAT  BEAAEM 3 MY SEOE
S R I AT PCR 4 AR UERR ST : 95 C TR
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P30 s, PCR W N 95 C 7221 10 s, 60 °C FEff
30 5,40 MEH, BHFEIML P 95 C 15 s, 60
C 60s, Fl195 C 15 s,

2 HERH A

2.1 #FF FeFUL2 EE £ K -DNA NFFIEHME
BER

i 3k (R R v B i, B NS Ipls AR AL
JPrh 3 B 3] FeFUL2 FE B cDNA 2K, J7 84544
Iy MR B B FF FeFUL2 ] cDNA JF 3 4 K
837 bp,f4E 30 bp ) 5'UTR (untranslated region) .
690 bp 1 52 % ORF ( Open Reading Frame) il 117
bp 9 3'UTR, 4 fih 229 2 FE PR FR FE A1 1 20k
i, H S5 IF P AFUL 3£H ( Genbank % 5%
5. NM_125484.4 ) R JR M5 &, fiv 44 N FeFUL2
( Fagopyrum esculentum FUL) , GenBank % 3% 5 &
MG779493.1,
2.2 #F FeFUL2 B REAFHEH TS5 &
ol

BRHETF I TFRERT SHFAWEE(E 1)
IR L ETSE FeFUL2 J& %0 W FMAE 4 AP1/FUL
W R S N T B euFUL BE4L R, 5 8.0 FL L
FIHEY) eaFUL BUEE SR F 3 F 1 Ak 32,
53 3% ( Spinacia oleracea) ] SpFUL 3 % & 2§
T [E 5 4L I Y euFUL AU %5 5% D4 1 19 2 KL iR
FE B ARAE 53K 54.55% , 315 1% 0 L XUF I R4
AP1/FUL W55 5% sk IR 1 v i AP1 #il AGL79
R R TF , 2 oy 2 2z v [R5 23R BT IR AR ) S
] i 1AL G R FE A A3 AR G s B (IR 1)
EARNEF ST (FE 2) R #FF FeFUL2 %% 5%
T8 14 57 A (1~57) & M6 5% 4 1 w5
PR5F MADS-box Z545 30, —~H 69 1~ (91~159)
FERFRFLAH B R AR ST 1) K 25 R 8k, I C oK b
B SEOE X 70 A (160 ~229 ) % 3 iR 5% 40 1
AR DX U A R R S i e A 2 L (]
iy euFUL Y% 5% - 22 S5 K AHX X 88 A5 A7
162 TR SE Y euFUL BL%E 5% P15 A5 110 ik
JG : FUL motif FI paleo AP1 motif ( Litt & Irish,2003;
Shan et al., 2007 ), i I3k &, FeFUL2 J& & 5
MADS-box §% 5% K ¥ Z 5 H 1Y) euFUL B 5% 5% H 1
FM K Il CDX G 235 ) 3 1) £ <1 P 0 BH 3% e SR
HF I FIR I L B DI & 20— I IRSF

PR SR 00 DX 9] K B R i 1R % 5 1) 4
S A H IR R B — 1k,
2.3 FeFUL2 ERE#MFHRRIEMALAFRY
qPCR ¥l FeFUL2 SERITERTFE 7 Fas B 3R
KRR SR I (B 3) L H#lSF Ipls RASRIGHE 25
M AR MR MERE T 4 d SR P EER
W 2] FeFUL2 3 B Y 5% St M5 5, #F — 40 i
FeFUL2 FERAEIX 7 B a8 B h 0y A XS 3k i & B,
AR b i R Gk it B v, AR B 3 Tz Sk A
TEH A 6 FP s B R E & (LSD, P<0.01) . &3
Hh, FeFUL2 LR TEIESE MESEFA T 4 d 4R 5%
AFEEE TR R A e 3 25 R (LSD, P>0.05) 5
HFEHFEAR  ZE A 358 FR 88 B, FeFUL2 FE
TEZE I o AR G 3 Gk i 2 i AR (LSD, P<
0.05) , H2ES5mH Mt irELE EEER
(LSD,P>0.05) .

3 W5 &%

FERE FAEY MADS-box st [ F i M X 32 58
7197 DNA JPHI ARSI 5 245 6 8 1 R ARE
HERNTEEMN K XKEESS5EH RBANZL
BRI R SEPELS B, C AR 2546 3ok 32 22 17 ¢ 4 S i
WS 5EAZRBEEEGWILA, X 3 K
SERYIRAE SRR SR IR R IEIE R AR &
FAE ] ( TheiBen et al., 2016) ., 5% I T H A4
Y euFUL BV S A 45 AH L, it 5E FeFUL2 85 H
B9 M XA K XFE & R 4 A7 91K B B i
S AEE C R i B S BT DX A 2 ik R Ak A 1) 4 A
TR FI B 1 5 B K AR S 4 3% s 5 R 7
TEPEAE R R S & B I RE & B B — & IR 5T
P R I 2s 52 30— 5 204k

AT 7E W 95 A X R 4 B RS OF N 4 fa
( Antirrhinum majus ) 46 5% 8 W & B, MADS-box &
DR ) e sk A o 5 T e W ) AR Sk 5 R, 7
HoAbRE Y b, T3 33 MADS-box JE ] f) 2 14 455 20k
T H 368 (Ma & dePamphilis, 2000) . 75542
(rosids) LK N A ,FUL R i % MADS-box
KD AP/ FUL b R IR 1, HAEEY
Iy JEEEIR I MERE ZERZE At h S R
ik, S5 T A8 ZFE 05 Ak ME S IR ER 1Y &
FEHIL, A iE S 5iEEET MRS EE
(McCarthy et al., 2015) ; A FGIFITZFIIMEE ( Brassica
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I: W %L Nicotiana obtusifolia NoFUL QBL14512.1
7 it Solanum lycopersicum SIFUL2 ART88618.1

Z i Solanum lycopersicum TDR4 AAM33098. 1
% 3E Spinacia oleracea SpFUL ACE75945.2
@ 71 3% Fagopyrum esculentum FeFUL2 QBB20107.1
1l %% Camellia japonica CJFUL1 AFW15783.1
¥ Malus domestica MAMADS2 AAC83170.1
Wk Prunus persica PpFUL CAJ28929.1
LB IF Arabidopsis thaliana AtFUL Q38876.1
X & R Passiflora edulis PeFULAQN67667.1
Ak I 28 Gerbera hybrid cultivar GFUL1 CAX65663.1
o) _|:—i§i{2 Chrysanthemum morifolium CDM8 AA022981.1
7 51 4E #1145 Gerbera hybrid cultivar GFUL2 CAX65664.1
WHE Coffea arabica CaFUL AHW58040.1
W24 Gerbera hybrid cultivar GSQUA1 CAA08805.2
51 Wik Coffea arabica CaAP1 AHW58038.1
| s 4 .5 Antirrhinum majus SQUA CAA45228.1 AP1
Bk Prunus persica PpAP1 ABU63953.1
35 UL B8 JF Arabidopsis thaliana AtAP1 CAA78909.1
67 39 E R Passiflora edulis PeAP1 AQN67666.1
4 55 Antirrhinum majus DEFH28 AAK72467.1

% 4L____— M % Gerbera hybrid cultivar GAGL79 CAX65661.1
100 %46 Chrysanthemum morifolium CDM41 AA022980.1

1 I+ Arabidopsis thaliana AtAGL79 AAN52802.1

euFUL

5

AGL79

—
005

533 ERBCT IR AT 1 000 I R ITEHAT Y R T 20 L b AR AR IR

Numbers represent the bootstrap percentage values calculated by 1 000 replicates; The scale bar represents genetic distance.

Bl 1 FeFUL2 5HAMAY AP1/FUL-like 25 M0 RS K400

Fig. 1 Phylogenetic analysis of FeFUL2 with other AP1/FUL-like proteins from different plants

napus) W FUL-like 55 A W B A 2 5 8 ¥ K # R IF
2015 ), & Ft

21 I B8 ( Peng et al.,

2017), 7F % 25 (asterids ) #H ¥ & 7 ( Solanum
lycopersicum) W', FUL-like 3£ X TDR4 7 38 Fl A 5

( Leguminosae ) #¥) H % ( Medicago truncatula) £ 3
A~ FUL-like B35 R | 7 50 A0 ALV &5 B9 MeFULa F1
MiFULb {235 37 A A 58 K & B B k2
TEFFACTHT R IA 2 i o, FE S 5L Y T 4k,
MtFULe fEFAEIG Rk i iy, F 82 5N
K& E (Jaudal et al., 2015) ; K 5. ( Glycine max) iy
FUL AR GmFULa fEAR 25 0 | 25 T s ﬁf%
/\\ﬁﬁﬂ%%qﬁ@ﬁ%{ﬁ B HAEAE B K3k

i, EES SRR 0 A ?F?”‘r*ﬂﬁi&(ha et

al. 2015) s X (Passiflora edulis) ) FUL-like %
K PeFUL AMYUAEFT A B B AR L b A Rk H
TEE A E h WA Rk HHAEY R PR RE &
e, FEZS 5 R YA K E MFE (Scorza et al.,

TG R B IR, HAE KR h iRk
B —A~ FUL-like 3£ R SIFUL2 {8 i G L 28 B H
SEH A RIS P 2 5 EIR S R E
# ( Bemer et al., 2012; Maheepala et al., 2019)
1E 1 %5 ( Camellia japonica ) ", FUL-like 3
GIAPL1 (GFULY) 7E T B AL 48 B 34 ik (HH
TEL R By Rk Ty, 22 52 #E T LR
SWRE, M HHEEERSMRILEI R ET
B, UL AT BB 2 5 AE W R 19 K & A (Sun
et al., 2014;Lyu et al., 2019) ., FRBIF LM, #%
D EXFMFEY) FUL-like F R Y 28 358 30 g
SRR 2R, SRR R IO E
XA A ) e K 2 A 346 43 3 (Zeng et al.,
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FeFUL2 (QBB20107.1)
TDR4 (AAM33098.1)
AtFUL (Q38876.1)
CDM8 (AA022981.1)
CjFUL1 (AFW15783.1)

FeFUL2 (QBB20107.1)
TDR4 (AAM33098.1)
AtFUL (Q38876.1)
CDM8 (AA022981.1)
CjFUL1 (AFW15783.1)

FeFUL2 (QBB20107.1)
TDR4 (AAM33098.1)
AtFUL (Q38876.1)

MGRGKVEMKRIENKINRQVTFSKRRTGLLKKAHEISVLCDAEVALLGFSPKGKLFQYSTDSCMERILERYDRYSYSNRQL 80

....R.HL................. S.isssssscnnsnnscss G.IV..T.....E.AN........... E...FAEK.. 80
sss oReQLicssassssvavnsnsnss Sissscsasessanvsusss IV..s..... EBscscocanmnnssnsipssss L..DK 80
vos o BT, o vuvemensonsonnns - D...IV..T....CE..... S.D...... E....AEM 80
.. RQLL L S, I..... I..IT..T..... EB.. it E...HAE. 80

GPSDLTTYGSWALEKAKLNARLEVLOKNLKHYDGEDLDTCSLKELQSLEQQLDSALKHIRSKRNOMMHQOSVTALQKRAKS 160

V.T.H.SPV..T..H...K.......R.Q...V.. . .ESL.M....N. .H........... RK..L..E.ISV...KDRA 160
VGR.VSQSEN.V. .H...K..V...E..KRNFM..... SL......... H...A.I.S...RK..A.FE.IS....KD.A 160
TSTHNESQ...T..H...K..I.L...SKR.ILM. .E..SLT..... G...... T....V.LRK..L.FE.IS....KD.D 160
IAT.TESQ...T..N...K......... QR.LM...I..LN..... N..H.......... TRK..L.YE.ISE...KD.A 160
170 180 190 200 210 220 230 240
wsen [wuan]ennsllasmn | oo lsaes Jowmm[ooon [mmae|momel]somalssnos [somoalenne|sesnl]asss]
IQDONNVLEKNVKEKEKE YLDATMSTLNIG--GSNVYEPRRGEEEIG-------- 217

L.E...Q.S.K...R...
L..H..S.L.KI..R..K

CDMS8 (AA022981.1) M.ER..I.S.QI..... D
CjFUL1 (AFW15783.1) L.E...L.T.

PSWMRPAED---| 229
..Q..LRHLNN--| 245
.A..LRPTTTNE| 242
. .P..VQHMSK--| 237
..P..ISHING--| 246

paleo AP1 motif

FeFUL2 (QBB20107.1) ===

TDR4 (AAM33098.1) ANNT
AtFUL (Q38876.1) -PNS
CDMS8 (AA022981.1) -PLT
CjFUL1 (AFW15783.1) -NNA

- ---CDAHQAGSDW.VEDIPRPAQ-- 222
..[.--..GA.QAAV.-DVE.APHQIQ-- 231

FUL motif

51 ANRIEE 2 AT 2R 43 B4R 2 MADS-box 45 #4380RT K £5 #4355 ; 774 N 1194351 4 FUL 1 paleo AP1 motif 25438 ; FeFUL2. 5%,

TDR4. %iifi; AtFUL. #{mJ+; CDMS. 4§; CjFuLl. IL7%,

The first and the second underlined regions represent the MADS-box and K domains, respectively; The FUL motif and paleo AP1 motif domains

in the boxes, respectively. FeFUL2. Fagopyrum esculentum; TDR4. Solanum lycopersicum; AtFUL. Arabidopsis thaliana; CDMS.

Chrysanthemum xmorifolium; CjFULL. Camellia japonica.

Kl 2 FeFUL2 55 A [FERF 51 ELXS FNEs#4 43 Hr

Fig. 2 Alignment and structural analysis of FesFUL2 with other homologous protein sequences

2014) HOR[AZERERYAE Y, 2 2 W] — B[R AE 4
() FUL-like 3E DY, 21545 22 By 51 4544 (9 22 A i
BN 2 HEE S5 H RN R RS 1A
GURH SITE, 1ERI5FT, FeFUL2 1875 37 45 B Al
AR B AR T XA ek, LR IR A T 4
KW SpFUL 325250 ( Sather & Golenberg, 2009) ,
(HHAEAEGOR TRy R K i ey, EI ISR FeFUL2
BT RE F S 5P R B I,
HIABESE & B, #% 0 B A ) ewl UL #Y
SR S A S 2K A (Y FUL-like SEPFE L 1 R £ 5
B3 R B & 5 774 (Shan et al., 2007) , ZEREE
BB FUL-like &R 8 3 B T )12 A FRIBREA
FEEREL XS A W) 88 K ( Platanus acerifolia ) 1)
FUL-like BN TEE TR a5 B M A S 450 vh ¥ 23k,
FE S 5 AL ALK T W (Zhang et al., 2019) ;

2 58 Bl ( Papaveraceae ) 1 ¥ 2 3 ( Papaver
somniferum ) J2 ¢ Ry I A A4 36 5B EOW - AR 9, H
FUL-like 55 H LT M A W) T eudP1 FI euF UL
RIZER T A oife, FE S 50 # 6 e AEH
ZURAPEDLE B AR 55 % B %5 (Pabon-Mora et
al., 2012) , W] W, FUL-like J& X 3 1 3 [ 8 42 5%
PEP= A 1Y ewF UL BRI RIAE A O BT AR ) &
AT A T g Ak, {HH 3 kA R ) e s
BERE AR B R G KB S A kA A8 (Lin &
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