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FaesCAL & A1E R R AEH: 52 b i 4638 o Br

LEL,ETFA, N E
CRITK ¥ LA WM 131025)

H OE ONBHITEBK AR LT A 0 FLE N E K A R SR R B AR E 1 A 4K 984 bp
B CAL P E cDNA F¥, 64~ FaesCAL ., FaesCAL JEP AL &K 726 bp 958 5 TF i ) B2 4HE L 4 15 1 4>
i 241 S BERR AR HE 4 LW MADS-box # 5AIF . BT HI LW B R K B 53 M 45 R £ W] : FaesCAL
J& T MADS-box #% A ¥ i) CAL #FAL R ELE 1 AN 57 /> 203 12 5% B 20 780 19 & BE DR <1 1 MADS 25 #9 1
1A 68 A IR FR 21 B IR R AR S IK I K 50 . 85 52 380l E 8 (QRT-PCR) A5 il FaesCAL
R AE [F) B K A A T S B 4 2R R R S P R FaesCAL P E AR HER AW A 5 d SRSt rh ik,
FE S v Bk AR ZEZE R B OR 3k, I FLZE ME S R AR A o i R GA ik B E m T A ZU(LSD,
P<0.0D), #f—2ifid qRT-PCR il FaesCAL R FEFH TR ZE /0 1k 5 DR E S B2 sh AL D

7 s FaesCAL H R A 3 325 1 AE TT 26 T A 550 i 320 e 38 ok ke o o 70 M 5 A6 22 0 U B A 4 R0 AE 9 I S 2 1) o B
I35 Y R Kt LR, MR IR S5 T SIS B0 IRAERE 78 R e ME S5 LU B AW R i R B P R AR .
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FRAGSHRED HE SREW . 20 20
PR AT A AT PR W 45 L 3T AR A D — B BB TR B
FIER AR A T RE & 5 32 56T SR, B 3%
P AL AT S B0 S B F SR SE R, [ SR AF AR
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1s 103w, A 5 B A0 0] BAH 28 A BE IE 45 52,
[ B AL 7 A8 AN 2R, 72 B, 2 58 B Fl RME S
293 — EEL TR R RS, G4
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FALH R TAE AR Y AR AR .
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A6y A AL SURE VRt s FAE JRUIE B . R
9% CAL [a] Y5 5 KU #5546 AR 52 & & W4 v iy
IRe e & PR 57 AW 5T AE 4 B3 Al 5% CAL [a) 5
FaesCAL 35l I . 454 qRT-PCR FlA 5 U] A
o I 2 5 PR 7E [R) B4 AR A Bl 5 rh SRR I 28Uk S
PEFNAE 25 5310 G B I 3 3 3k o 1 2l 25 A2 1k . AT
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HGYT1 53 A R AE#R (=3) ERER ZE it A,
MESS HESS BB LR E 5 d R BT
2 mL BT SRR IR S AF 0T — 80 C ik
M A . AR R SR AR Y KT RIAE 2 A 3

SRR AS ) & 8 B A6 2E /N BY T B R B
WA 2F 20 B 2 0y — 0 G W R T R 5 AE T
—80 CrkA 4 H . o5 — 3 [ £ FAALV (H
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A. Thram B8 GEAEFEAR MERD 3 B. Pin BIAE R AEAE R MERD 5 C. 7] B AE A B8 R AEAE K MESD

A. Thrum flower with short pistil and long stamen; B. Pin flower with long pistil and short stamen; C. Long-homostyle flower with

long pistil and long stamen

B1 #FE 3 MR

Fig. 1 Three flower types of Fagopyrum esculentum

1.2 REHE
1.2.1 RAKLAEMIK CAL FIRARE G L%
R 4 28 3 DR A AT R SR A ZE R 5 3 ARG Sk e
W 45 B (BioProject ID: PRINA517031) $f 4 4k
HEFE CAL TR % R 5 41, AR P8 3'- Full Race
Core Set Ver. 2. 0 i3l & (TaKaRa) 5 B 45 L 49
Sl IE N, R Oligo 7. 0 Bk 16 5" 6§ %
X BT 5L 4 S 1 51 4 GSPFaesCAL., L[] B K
AEAEEISE B9 AL 2F & RNA A, R A 3'- Full

Race Core Set Ver. 2. 0 i5f] & (TaKaRa) 2 ¥4 5%
KA & A Al 3R 4L 2F 3" RACE 28 1 4% ¢DNA,
PCR #3843k 453 W B AEAE Fit 5% FaesCAL AR )7
SR 2K P8, PCR ¥R P R 94 °C 148 #
5 min, 94 “CAFM: 30 5,58 “CiB & 30 5,72 “C LA
1 min; 3£ 30 NMEH, &5 72 C Zff 10 min,
PR PR 2 R 6 AR T AR 4w
VO AR 1S i FE FaesCAL [ U5 56 P 4 4 K 7 91
RIS 1.

®1 SWFIREAE

Table 1

Primer sequences and application

EIR/EA S S FEHIC5 >3 iR
Primer Primer sequence Application
GspFaesCAL ACACAATAGAAGGGAGGAAGA 3'RACE
qFaesCALF GGTCGCGCAAAAATCAGGTCA qRT-PCR

qFaesCALR
qFaesActinF

qFaesActinR

ACCTTGCTGGACGTGACCTTAC

CTTCAGCTATGTCCTTCTCCC

M2 Internal reference

CCATCAGGAAGCTCATAGTTC

1.2.2 BEARRBFINLTE ST E2ELE M

B[R] B K AEAE B 97 FaesCAL [R] V5 3 IR A JF il
%] 352 HE (open reading frame, ORF) % ith it &2 £ g
J¥ 51 fE NCBI % #i& J% Chttps://blast. Nebi.
Nlm. Nih. gov/Blast. Cgi) H1 #1T7 BlastP [\ ¥ It
48R S BURR X (Jatropha curcas L.) B
(Ricinus communis L.) KL (Gossy pium hir-

sutum LO)ZEMY ) CAL REES . R H MEGA
7.0 BA% Y A8 $2 B (Neighbor-Joining, NJ) g g
EATFIMNDTREREW . R EEECS A~ F
{4 [7) 2 11, % F Bioedit7. 0 # {4 (9 ClustalW
FEF , XF FaesCAL ¥ 5 K 1 B &5 /0 015 50 7

1.2.3 FaesCAL AR ER A KM R T
FABX oA BRI ZE A HERS MERE AR



11 # RIS . FaesCAL FE PR 7 [R) 84 A0 R 57 b (1 2838 o i . 1801 -
B .5 d RELRHLIH RS 100 mg, R EASY 21 —0. 1% [E ep Ye 0 5 & B R A7 . i 48 10 8l 37 48

spin T S RNA S U0 & o3 5l 52 W | 3 & Fh

21 RNA, £ ik K %% 9Fﬁfﬁ)ﬁﬁ1‘f’l‘"@]
RNA ¥ B J 5t 85, R H HiScriptH 1st
Strand ¢cDNA Synthesis Kit (I 3E F 55 5 i 248 5
AR A IR WD R & SR kA A 1 B
cDNA, JES UL A5, 7E FaesCAL 31 3
st % 1 B R Ui 51 ¥ qFaesCALF Fl gFaes-
CALR, L& FF Faesactin (HQ398855. 1) & A Hy

M2, ffi i§ ChamQ SYBR qPCRMaster Mix (g
SE TR P A R A BR A wDD R & R AT
JHF P e i PCR R, K& FaesCAL 3 7E

[ B AEAE I S h Rk L 8URe bk, §P R R
S PCR 27 Z BRULIA 5 5F 17 , 55 R A9 A X 3R 58 1
RHL 22 Dk, SR SPSS 22. 0 AT
Geit o s R /D i 3 1k 25 5 1% (Least signifi-
cant difference, LSD)Xf &l 3% FaesCAL &K ()3
P 7 e b= s T

22 IR A A O 1k AR [ B K AR AR RS
[] BF 0946 25 1 A 5 U0 R 2 B 7R FAA b 8 47 1Y
WZFL K GEV] R CHE M Z )5, R Lei-
ca RM2235 7 15 U] 7 HLAF £ B A 7 155 1) A4 1)
WRE R 8 pm WIEZY . VIAMH 1% %

ZFY] B A Caikon RCK-40C 2% 85 T WLEL 40 i )
TE A5 25K 40 IR, 38 8 240 i T2 285 R A 1 8 A8 28 &
BRYEE ., JFEEE 5 AN G R R F R A8 3, 4
R B S RNA L qRT-PCR K FaesCAL
FERTEFFRAL 2 5010 5 A CHERT I R B M 3h &
A,

2 HEXRGAM

EHFF FaesCAL EE £ K DNA &
it 3" RACE $£ AR M [F] #9448 H: & 55 b 43
B3 CAL 2B cDNA 2K, CAL #y[a] J5 £ A
cDNA 2K 984 bp. % 14~ 28 bp # 3'UTR,
726 bp HIZE®E ORF.230 bp A9 5'UTR., 4@t 241
ANEIETRIR I 1 DN T, S54953 Br & B
ZHE A MADS-box 3 K Kk 1) CAL #k & .
% N FaesCAL ( Genbank & F# 5. OMO056
742),
2.2 EARSMEMNESFREEEETSW
%Eﬁﬁ%thx#ﬁ*ﬁét%ﬁﬂ?(@ 2):Faes-
CAL ¥ 5 AT N Ui & A — A m B SF Ll 57
AN EHERR (1-57) 5RH 2 iU MADS-box 45 14 3k,
2 45 0E 1 5 DNASE G P45 T i ik R R

2.1

10 20 30 40 50 60 70
FaesCAL MGRGRVQLKRIENKINRQVTFSKRRGGLVKKAHEISVLCDAEVALIVFSNRGKLFEYSTDSCMEKILERY 70
FaesdPl S econimas T Y o e Chviii iiiiin He: S o Ts 5 8 ¢ 70
JeCAL % %0 shniotend B0 5 5 DG SEleins db & S Al s & 5 50 8 Gl & TR . Soitoeiontig 418 & 6 % & acanegd 70
BoCAL < v v EM. o o+ = =5 seisimes o s > ol Ry ol eessens o S..... HK. ...... SE..... V..H. 70
PAAPIL = srasentmnusic i i Snnavnh i 5 5L 8 4 Y, TKs ¢ comirss o 3 8% & 4 s D 70
GhCAL % 2 pdrdins OE 5 & 2 5 o 0.0 @ B o D G 31 3 2 o foidumstinss & 05 HEK o htadioies 08 T 2 G o Grondiesd 70
80 9 100 110 120 130 140
i s icgpsesslssas uennreiglesnm it e s sangnssssssen)acs s sha € 52
FaesCAL ERYSYAERQLSSHDT- -DSQAHWTFEYAKLKSKVELLQANHRHYMGQELGTLSMKELQSLEQQLD TALKH 138
FieahPl oo s o4 ANy 5 ==MLES s ; s 5Die 5 oo R lr s Bl o oNose s D DRM v lies 62 2 & M. 8:.. I®
JCAL .. IAN.--LN..EN..L..NR..A..... ER..... L.ED.DS..L. Nevonnn T.... 138
BOCAE  « 5o wiinse K..KVP.SHVNA.TN.SV..SR..A.I...ER.Q...L.ED.ESI.I....N...... TS... 140
PsAPI 0w 3 mea VE-EP--G..GN.SL..S..RA.L....R.Q.RF..ED.DS..P.D..NM..... VS..N 137
GhCAL  .......... VATEP--E..GN.SMD.NR..A...... R s E..ES..L cNeoawssn T...L 138
150 160 170 180 190 200 210
I 154551548 I I L I YRR I I
FaesCAL IRSRKI\Q\IHFSISDIQKKFK\\IQEQ\H\II\KKIKERFI\DI\FF\IQ\’\QTQI\QQSSHEPDSSTFII§I’ 205
FaesAP1 R |, P T . T MLVN....K-.SR.Q...LRN----- P.DDP..S...F.--- 19
JeCAL A.N..LM.....EY..... ATEA..SML..Q...K..AV-AQOQALWE.QNRNT.MSPFLYPQQ- - - - - 202
BoCAL ....LM...LNH..R...EIL.E.SML..Q.R...SILRTHQNQSE.QNR.H.VAPQPQPQ.N.YMA 210
PAPL  ....... DMYt 2 5 s B linmnRAL: 5 2 & § LL..Q...K..TM-AQQAQWEH- - -QI .HGPNASAY.LS-PH 202
GhCAL .. .K...LMY. E..R...Al....TML..Q...... TV-4QQ.Q.QPQWGQQDHGLNTSSF.L--PQ 205
20 230 40 250
| Base i & PR B I [Essie %
FaesCAL TI»\%I]\I(‘(‘T\Q(‘D VS - GEVRTSELALYPCHLGCFET - - -~ - - - - 241
FaesAP1 P.P...T.SSS. -ARRMS .LELTLEPI.S.QR. (.\(llR\le 25
JeCAL P.PC. ... EE\\IE\RRI\QLDLTLFPI L 243
BoCAL SSPF..M..M...EYPTAVRRNRLDLTLEPI.N.N..Y. AA ........ 251
PsAP1 E.TT..M..N...E-PTEMRRN.LDLTLEPI.T...... G 2142
GhCAL PPPC........ EE-ATEMRRN.LDLTLEPI.S...... AA-- - - 25

MR RILEFm MADS Z5# 38, B0 R QIR 7R K S M3k, 23 3 7m A 7] A 20 JE 1R

The double black underline represents the MADS domain, the single black underlines the K domain,dots represent the same amino

acid

B 2 FaesCAL ERFI LT S5L&EH A

Fig.2 Alignment of putative amino acid sequences of FaesCAL with other homologous protein sequence
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BRI A — A 68 N E LR R I
(94-161) ZH B IR G AR <7 19 K 2540 Jal, G C oK o
el SR VTG S AR P 90 K B R R R 2 ol 5 A ] D
EAZERBK. 7 TRELE SR EE B R
(El 3) . Bt 57 FaesCAL %% 5% [+ 5 HAth X 1
Y CAL-like # 5% FR T 1 D iifbsr 32, H 5%
BHEY)ZE A (Chenopodium quinoa) 1) CqCAL 3
%k F A LR R B AN 4 3 & gy
22 v [A] 52 1 T R A ) i TR Y E AR OC R L TR
B A5 DUAR Gl 52 30
2.3 FaesCAL ERERBEKEE#MFPHRIE
XS

FaesCAL 3 [H 1 3% 35 4 21 5F 5 4 53 Hr 3= W
(F 4-A) : FaesCAL & H F=BLE [F] B AL A FH 57
AR HESR IR EE 5 d RS RIN L TE
O rP (SR A I 3] A 59 1 e SR AR S FEZE AN
hARERE, NHRIAENEZERRE, HERER
() 9238 it A e, W 35 v T A A 2 2 3R Gk
i (LSD , P<<0. 01) ; 7EAE B 7 v 9 4 3k i LR

B % m THAAR MR UL LT 5 dRLh
M £ iAH (LSD ,P<<0.01),

HE— 25 53 B i 3k TR 76 R R e A T 3R AL 25
b 5 A S HET B ek 5 sh A AL & B (] 4-B.
4-C) .« Wt 25 [A] 78 A6 A B SR O 8 R 3 A9 s B
(L1, FaesCAL KR 7546 ZF o A B 0 19 3R 3k (&
AB-L1.C-L1) ; Fifi % i 35 48 22 (%) 30 2 fift 4 70 78 1
B LAY I (L2) , FaesCAL HE R 1 6 1k 7K S i
b0 I | DN (DR R 00 e | N (Rt
SR TE U (1L3) #B 4t 4 78 58 i /K - s B B A6 9
Ji B AL R 24 o B S S /N (LD
FaesCAL BN R A2 INEE M T K £ IF 4k
T - B A6 28 M eSS R A (L5) R R Y 3 ik
T IR IA B, WIERRIA BN ZE R
EVERFE A BT (L5) FaesCAL PR B AH %t
Pk, 5 L2 I L AR A s G
WEZEF EREGTHAE LLLL3 L4 3k 3 4
A3 B A 6 2 3R (LSD . P<<0. 05) ; fE AL 22 Pk
HHRK T AE B Fr D5 3L I I FaesCAL $: H Y 2635

= KU % Epimedium sagittatum (Sieb. et Zuce.) Maxim. EsSFUL AEX58637.1

Y1 A Euptelea pleiosperma Hook. f. et Thoms. EuplFL1 ABG49518.1

b Nigella damascena L. NDFL1 ALM95510.1

Wi 76 #% 3| S Aquilegia coerulea Pall. AcFUL AGX01552.1

40145k Euptelea pleiosperma Hook. f. et Thoms. EuplFUL2 ABG49519.1
S Nigella damascena L. NDFL2 ALM95511.1
W Cercidiphyllum japonicum Sieb. Et Zuce.CejaFUL ASY97766.1
% Vitis vinifera LVFUL AAT07448.1

9 SRS Vaccinium myrtillus L. VmTDR4 ACR19996.1

%4 8 Antirrhinum majus L.DEFH28 AAK72467.1

100

48

3% Gerbera hybrid cultivar Bolus GSQUA2 CAX635661.1

@ it % Fagopyrum esculentum moench. FaesCAL OM056742
?{ #7% Chenopodium quinoa Willd.CqCAL XP 021756492.1
i % Nicotiana tabacum L. NtCAL NP 001311638.1
#=*f-Ipomoea nil (Linnaeus) Roth. InCAL XP 019180614.1
JFk XU Jatropha curcas L.JcCAL XP 012067821.1
EE R Ricinus communis L. ReCAL XP 002512051.2
H4EGossypium hirsutum L. GhRCAL NP 001313746.1

 — HURI T Arabidopsis thaliana L. AtCAL NP 564243.1

100 . I ¥ Brassica oleracea L. BoCAL XP 013613940.1

E3

FaesCAL EE S HMEYREEO S FREHE LK

Fig.3 Phylogenetic analysis of FaesCAL with other proteins
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Y
A. FaesCAL FEPTE R B AEAEF TR A R H S0P 9 Rk k5 P ONE 5B ROR A R 21 812 ] 19 22 53 1 35 15 B, FaesCAL JER e [A]
RURAEKEFIFEAE ZF 004k 5 AN QRIS 0 9 F2 35 0 ¢ L1, Ml U506 1 B0 5 L2, Al 385 A 22 DR A 1 6 4 1 J5E 5 0 B0 5 L3, /0N 460 4 200 i vl 4 4%
2N VUSRI 8 LA BRI T I AERR P 5 LS. T AL T A 85 24 B U AL 2 s AR EARVNE SR RN AE AT
B0 2 1] B 22 S 2 S C R RLIAERE TSR AE 28 234K 5 A SCHE T T B0 4 8590 7 18 5 L iR . 100 pum

A. Expression of FaesCAL in different organs of long-homostyle flower buckwheat; lowercase letters indicate significant differences

4o

between different organizations;B. Expression of FaesCAL gene at different developmental stages of flower buds of long-homostyle flower
buckwheat; 1. stamen primodium emergence; L.2. Stamen filament rapid elongating. tepal primodium emergence; 1.3. Microspore moth-
er cells meiosis and formation of microspores tetrads; 1.4. Mononuclear microspore at Periphery,tepal enclosing; L5. Full maturity flow-
er buds with mature pollen and embryo sac before anthesis; the lowercase letters indicate the significant differences between different de-
velopmental stages flower buds;C. Cytomorphological section of long-homostyle flower buckwheat flower buds at different development
stages;scale bar;100 pm

Bl 4 FaesCAL EEERBKEHBMFRHRESH
Fig. 4 Expression of FaesCAL in long-homostyle flower buckwheat
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i API BN Z 5 AL &K F , IF 4L 3E 7
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var. capitata L.) W) CAL-like 3EH BoCAL %
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KiK. ZJG AT ML Z )5 Rk B E TR,
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CAL FEARZEIR ZE Mt bR R b A
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i AR AL M3 35 A K B A i R K i B AL R
R (Jatropha curcas L.) W) CAL-like 3 Jc-
CAL A TeHEAL /N5 B 40 1P iU 1Y 2635 5 W
E T AR B S A DU A3 R I SO R R R
it ) JHE AT R 7 M AL /) 6L B 20 B A T WA & i
R RAEE AT DL B g 45 R 0 B i
Y CAL-like B[N 9 R A X 5 H U REA B
AR PE

AT 3T BT FaesCAL &R FE S 57 0 )
PR RFE TR FaesCAL FE R 7 R B K 4
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Expression Analysis of FaesCAL Gene in
Long-homostyle Flower Common Buckwheat

MA Zhiyuan, WANG Zixiang and LLIU Zhixiong

(College of Horticulture and Gardening, Yangtze University,Jingzhou Hubei 434025, China)

Abstract In order to explore the molecular mechanism of developmental regulation of long-homostyle
flower common buckwheat, we isolated a 984 bp CAL homologous gene from long-homostyle flower
common buckwheat and designated FaesCAL. The gene contained a 726 bp open reading frame
(ORF) encoding 241 amino acids. Protein sequence alignment and phylogenetic analysis grouped the
FaesCAL protein into the CAL linage of MADS-box transcription factors. FaesCAL contained a high-
ly conservation MADS domain with 57 amino acids,a secondary conserved K-domain with 68 amino
acids. Quantitative real-time polymerase chain reaction (qRT-PCR) was used to detect the FaesCAL
gene expression in seven organs of long-homostyle flower common buckwheat. FaesCAL was mainly
expressed in root,stamen,tepal and 5 d fruit,but was not expressed in stem and leaves. In addition,
weak expression of FaesCAL was observed in gynoecium. Moreover,the expression value of FaesCAL
gene in stamen and tepal was significantly higher than that of other tissues. The FaesCAL gene ex-
pression were detected in five key stages of the flower bud differentiation during long-homostyle flow-
er development using qRT-PCR. The expression level of FaesCAL gene was the highest in the full
maturity flower buds with mature pollen and embryo,and then the period of stamen filament rapid e-
longating and tepal primodium emergence. The data suggest that FaesCAL gene may participate in
the flowering transition,and is involved in regulating the development of stamens and tepals in long-
homostyle flower common buckwheat.

Key words Fagopyrum esculentum moench; FaesCAL gene; Flower development; Expression analy-

sis; Style
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