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BT EBITGRAMmER (4heCS) MRIEARE
EriEBRPRENHEX M
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(" RIGHERFER LB, T4 HIT 524088 )

O OE: [BR) WP EERAEEIER (Artocarpus heterophyllus citrate synthase, AheCS) W EW2AIhEE, WF5
KR & 5 AheCS R AR 2635 5 MM ek, IIRIT AheCS KR TE W B % ( Artocarpus heterophylius Lam. , Ahe )
SA YR T AT REE RS2, (%] DGR 25D BRI MEL, %ﬁHOSmg-L" 1-%%%?@% (1-
Methyleyclopropene,1-MCP ) #1 1000 mg-L™ 4h ¥ Z 4 F| (ethrel , ETH ) (40%) 4b ¥ , #f 5% % i (22+1) <.
AH VR BE 90% 2% #F T 0k B R S A G R R AT B IR Y sh A AR AL, SRR 3N T E CS%W ( AheCS1
AheCS2 Fll AheCS3), X HHATHEYE B 450171, RN A3HT 3 4 AheCS BRTERRIRG AT (BAMB . SMNEL
I BVRT 1-MCP I8 22 2 ) M AH X B E N R S mR S & AH M, (SR BEE S B AR50 8RR,
IR SRR FTHE RS LS SNE ETH ACBANE TR R0 A nd R, SRR 1 WM H BRIt El ;. 1-MCP
b BT R AT R A R R R, MR T e Bl AEYE BT R, AheCS1/2/3 3L A HYTT L
BEHE (ORF) ¥ 1422~ 1827 bp, % 5 2 1 #8 & A 17 15 BR & W {& ~F 45 19 3 WPNVDAHS, J& T B R & MK
W B o AheCS1/2/3 7& 1 & 3k W2 T 3 43 W 5 M 4% ( Citrus reticulata Blanco. ) CsCS (MH_048698.1) . JIl & ( Morus
notabilis C. K. Schneid.) MnCs ( XP010087965.1) . 41 % (Anthurium andraeanum Linden.) 4aCS (JAT55223.1)
FLG KRG, HAIES A B 86.49%. 97.00%. 86.00%, qRT-PCR 55BN AheCS1/2/3 3 H 1 F 92 F 98 A
(CK) HiARKBTEAL, WifEHIRB TR SME ETH AR AT T 4heCS 1 R IBWEE I H], BRI E T 4heCS 2/3 1
%%L%. 1M 1-MCP AbBRHEIR T AheCS1/2/3 FERVE(E H B[R], S4INT AheCS1/2/3 AR AR A& . AP HT R 3L,

WP ER TN FE P EIR & it 5 AheCS1/2/3 FERFIBE @M, Hi 5 AheCS2 AR, [£5iE] 4heCS2
%ﬁﬁlﬁ?ﬁﬁﬂ}ﬁiﬁiﬂﬁﬁrﬁﬁi‘%ﬁ&i\%H’*J‘Féﬁ%., AR A HE— 2058 I 2 45 AheCS 3 IR Y T il B 5 4% 4 L A i
PEHEMA
KR B E; FERR; AheCS FR; TilE; FERIFK
FESES: S667.8 XEARERS: A XEHRS: 1008-0384 (2024 ) 02-0154-11

Expression and Function of Citrate Synthase Gene in Jackfruit
LI Sitong, LI Zhenqgin, LIN Wantong, WANG Junning '
(Coastal Agricultural College, Guangdong Ocean University, Zhanjiang, Guangdong 524088, China)
Abstract: [Objective]l The biological function of AheCS gene and the correlation between citric acid content and relative
expression of 4heCS gene were analyzed, and the possible role of AheCS gene in the metabolism of organic acids in jackfruit
was discussed. [ Method) — A4heCS1, AheCS2, and AheCS3 from fruits of A. heterophyllus Haida 2 were cloned for a
bioinformatic analysis. At room temperature(22+1°C) and 90% RH, changes on the gene expression and citric acid content in
the fruits under natural ripening process or exposed to either 0.5 mgLfl of 1-MCP or 1,000 mg-Lfl of 40% ethylene (ETH)
were determined. [Result] The citric acid content in a naturally ripening jackfruit gradually rose and declined subsequently.

It increased at an accelerated rate when exposed to ETH, but the rate was slowed down by the 1-MCP treatment. The ORFs of
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the three genes ranged from 1 422 bp to 1 827 bp containing conserved WPNVDAHS domain and belonging to the CS family.

The amino acid sequences were phylogenetically closely related to those of CsCS (MH_048698.1) in citrus with a similarity of
86.49%, MnCS (XP010087965.1) in mulberry with a similarity of 97%, and 4aCS (JAT55223.1) in anthurium with a similarity

of 86%. The expressions of these genes were low in the early stage and raised subsequently during natural ripening (CK).

However, the exogenous ETH hastened the increasing rate of AheCS1 expression and elevated the levels of 4kheCS2 and

AheCS3 expressions, while 1-MCP delayed the rise but heightened the expression levels of the three genes at the stage near

fruit maturity. The citric acid content of the ripening fruits generally positively correlated with the gene expressions. The

correlation with 4heCS2 reached a statistically significant level. [ Conclusion] AheCS?2 is a potential gene involved in the

regulation of citric acid accumulation during the ripening process of jackfruit, and it can be a candidate gene for further study

of the function and genetic improvement of the A4eCS gene in jackfruit .

Key words: Jackfruit; citrate acid; A4heCS; cloning; gene expression

0 7l

[ 5% 2 Y A7 LR J2 S 52 P 78 o o1 i) 3 2 4
Ay, R R s r RN 7R SR SR IR Y 1o
B, APLRRAE M EERCEIIR Yy, 23Rl A VR fig
AU AL B >, TR BOR S R, RS
SRR, EREALEMAMMEY. R RIoh
EAIIRZ —, TG BEE T LRIk =R
TEIN, iR s Tt P D R 2 % b I fe A 2 B B B 2
M2, HEAFTERRIEIS, FEE LR A L BT A 455
AR, TR A iE Y. S5 i R
fgA AT IR I A . PR . IR A N R R
F¥r IR 5B ( Citrate synthase, CS ) %, EA[RIFPZE
MRS, XS A AR A A, A R
Tt 38 2 s it oA T T2 2 R 0 A A TR 5 i ) O
it , T2 Sk TR il R S e A TR I S il ) £ 3% 418 1 A A
R, AR A i = SRR IR h AT R 15
M) CHERR B i 2 — , FLAE R S BEAh Bl A R ot
CTRMEACSR & R AT IR TR, TR AT A5 TR 45 i 1 33 1
XA iR AR 0 o A R, cS BA %
Fim T, = S5ZbiRae i, i 2 fhEa
S AR R R A AR U A B A P R, AT
S NERAR CS (mtCS) . & P R 1 ¥R 4K CS (gCS)
Fit E AL A CS (pCS) ™, ENULFAEAE T A
(AR rh L A R A B o Rl LR
PRFvEmRANE (mtCS ) ¥, WEHE (Artocarpusheterophyllus
Lam.), XA AR | R, E—fA %00
IR, BRI B AR G LR (A4heCS)
WF5E, el 2 2 S 5 G A rhob e A R v AR Ak A HCAH
KB FIR ARk, X T i e B L S KUK L Y T
WAL A EEE L., (AT AR ] 5k
B, CSEMNE—-NZREMREFER, 5B
( Ricinus communis L.) " /> 83155, H AT C A
& "V M T [Citrus maxima (Burm) Merr.]"” . i %%
( Fragaria Xananassa Duch.) "' 3 2§ ( Camellia
oleifera  Abel.) "FI Ft & [Citrus sinensis (L.)

nu\4

Osbeck]"™ . W ¥ ( Citrus X aurantium Engl.) "®. i
3% ( Brassica napus L.) " 25 Z Ry b sa e 3 CS JE
K, ER CS BT Z A TR, JF R E
MR s E TR A A, WY EE TE
Wi AL B ST, AE RS0 i A AR T e b I A
HARE LB RORE S R RS, R ST XU AR
IR IAel e G A o A =l SN R A
£ DIENEL TS oA SRR 1N 733 i
PERLATHAINRERERER, WARKR. 4R
C. PSR, Hoh g g FENARZ
— U R TR R A AR S R G S 2
IR R A OC . TR Y AR AT R, TR
ZIFAWIRET, I S K 14 2475 e g A0 P R A 2
AU 2, R T AR Rk R S R g e 2P,
CIGAHE TN 1-FF 337945 (1-Methylcyclopropene,
1-MCP ) T 7 % 8 s e A2 1k, IF HA R
EGE T W B EEY, BN ESEY. [ARB
WARY HEC TP ERICR G CS HH I RILE
ARRAMG . [P py SR Y LUK 2 %5
BB IR AR, X AheCS1/2/3 FE AT 1
FAYE B 220, [ XA ) 2b B R SR S0 hr i iR
T CS B A X R IAE AT AT, AR %
BIRIAERA AL S CS FEH F R A, N
A HLER T R HLER A B 58 F g 28 R s R fif B it —
EMNSF%,

1 #MH5 7%
1.1 R R EAE

TR VE RS BB IR M (110°19'7.21"E,
21°09'18.47"N ) R MM BHE K 2 5 T4 7k %
WA RS AR RS\ S USRI, BRISR G T
Rz IS0, s nl B AR/ — B0, JoiR R
552, L1000 mg'L ' ETH (40% ) YA WE A 0.5
mg' L' 1-MCP B A0 H, HEFH 17 h kbR, HAK
S EER TS I, DURZ AR AR N
TR (CK ). ACFRJEHE 3 AMRIE (22+1) <C.
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90% FIbFH X {88 B 25 14 T I, 7 A [R] 1) o i (] £ B
FE: CKIEWE)S 0. 2. 4. 6. 8, 10, 12dHuke, 4b
JR ETH AbBEAEICES 0. 2, 4. 6. 8dHUFE, 1-MCP
AEFRAEN S 0. 2. 4. 6. 8, 10, 12, 14, 16, 18d
BRE . BIRI3~5 AR, BUHRATFII N, B
A)Ja R RGER , AFE—-80 °C IR VKA 45 .
1.2 PRERNE REE RIS

1.2.1 AF4FBR 69 2

SRE RS Tk RICERREA 1.0g F
ek, 2 mL ke (MIRAEY, ThE L) B
A1, BB 10 mL B0, B 4K i BEpF R T e
2% 10mL, %iE 12000 rmin ' #5.0 15 min, B 1mL
VT 0.22 pm PR IS EAL AT R ERER
1260 Infinity IT # 5 S0RA @RI, @iEkN Cg, i
AR 0.2% IWBERR , FHEWE K 1 mL-min ', A=K
35°C, diFEE 10 pL, HAIRPRER 3 . ARFER Y
152 ( TMstandard, £H ).

1.2.2 % RNA #9542 Bfer cDNA % —4£ 69 & A&

{di P A Plant RNA Kit #8 PR A ) RNA $2 5L
WA G (e, EIEE ). IS 8 A 50l
R IBOE RNA, 1X 26 5 RNA BE G o R e R, @
i ff F PrimeScript™ IV 1st strand ¢cDNA Synthesis
Mix i 7] & (TaKaRa, HEKZE ) #17RE%, &
B —%% cDNA,

1.2.3 PCR 3| 4%k it & & A

W 0 4 4 R DR A BOHE e h 4R B 3 A Ky CS
(NCBI %355 : PRINAT788174 ), fir44 K AheCSI .
AheCS2 Fll AheCS3. {#i F Primer Premier 5.0 #k {4, %t
X4 KB QRT-PCR 51 ¥t 413, IFZAT L
ATAY TERARAFRBHITER (£1),

#F 1 AheCS1. AheCS2 70 AheCS3 ERFE 2K 5IHFF
Table 1 Sequences of 4heCS1, AheCS2, and AheCS3 primers

ElEV B

Primer names

SIMIFE (530

Primer sequences

AheCSI-F 5-ATGGCCACCGGACAGCTATTCTCGCG-3'
AheCSI-R 5'-TCACTTGGTGTAAAGAACGTCCTCCCATG-3'
AheCS2-F 5-ATGGTGTTCTTCAGGGGCGTGTCTGTGC-3’
AheCS2-R 5-TCAAGACGAAGCCGCTTTCTTGCAGTAA-3'
AheCS3-F 5-ATGGAATTGCCAGTCACGGCACGAGC-3'
AheCS3-R 5-TTAAATGCCAGAACCCGCCAGCCGG-3'

124 B&RR kL LK 547

DLV R 25 % % % L 92 cDNA Sy Bt , 38 i
PCRY MG AR, Mgk HE B, *MHEB B
Mg, EHEAE, MR 2 e TAY T
A PR A B AT AT, 458 B N2 K7

x2 EETCLEESIFT
Table 2 Sequences of quantitative qRT-PCR primers

ElEvEL

Primer names

SR (5-37)

Primer sequences

AheCS1-F 5-AGAATCAAGCACTAAGGGACG-3'
AheCSI-R 5-TTCAGGAATTTGTGGAGGC-3'
AheCS2-F 5-GCCTCCCATCCTAACAGAAA-3’
AheCS2-R 5-CGCTCGGTCCCATACTAACT-3'
AheCS3-F 5'- CCAACCGAGTTCTTCCCTG-3'
AheCS3-R 5'- GATAATGCCGCAACCAAAC-3'
GAPDH-F 5'- TTGAAGGGTGGNGCNAARAARG -3’
GAPDH-R 5'- ATAACCCCAYTCRTTRTCRTAC-3’

9. ¥ GAPDH NNBHEN, JFHET AheCS1/2/3 F
MR BOHPOERTIY (£2). PCRY I
JFUTR: 94 °C 3min; 94 °C 30s, 55°C 30s, 72°C 90s, 35
AEER s SRJE 72 °C HEAH 10 min, 16 C fR4F. HEH
FHXF AR 270 T M AT

125 KR AEMF RS AT

FIIFH DNAMAN A T8 7 51 34T, BIERad

R F 5 . Al H EXPASY (http://web.expasy.org/
protparam/ ) #F 47 2 B R J¥ 51 43 #t . >R ] ProtParam
tool ( https://web.expasy.org/protparam/ ) il ll 4heCS1/
2/3 G A R R AR B A B s R R 2 TR
DictyOGlyc 1.1 Server 1 NetPhos 3.1 Server %I 4heCS1/
2/3 G G 2 OB L AL AR R Ak 7 S80I ;A Plant-
mPLocserver-SJTU ( http://www.csbio.sjtu.edu.cn/bioinf/
plant-multi/ ) Xt AheCS1/2/3 & [ J5i 147 W 41 g 2 137
T . F) FH Protscale ( http://web.expasy.org/protscale/ )
Dk B R4 T 2R K AT 3BT B SOPMA hitps:/
npsa-prabi.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_
sopma.html ) T 4heCS1/2/3 2 % 2 H ) — e 5% 5
f# FH Phyre2 (http://www.sbg.bio.ic.ac.uk/phyre2/html/
page ) 14 £ H AheCS1/2/3 B 111 = R A5 BERL; F
JH SMART ( http://smart.embl-heidelberg.de/ ) F& K i
(0 28 HE TR 10 45 K SR 47 23 M 5 AheCS1/2/3 3 4R
22 #l| Pfam 34.0 (http://pfam.xfam.org/ ) F1 NCBI-CDD

( https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi )
BOHE 2 X FLOR 7 45 0 X B BEAT 46 UE . 72 NCBI-Blast
5 AheCS1/2/3 & JE B2 5 5 AL 0 ) b 15 51) B 7 40
TFBUPE 2 TAIR  (https://www.arabidopsis.org/ ) T #
AR T CS EE A4 K ¥4 ; ffi H Phytozome 13 i #s /4

( https://phytozome-next. jgi. doe.gov ) T 7% H At #) Fb
ff) CS #HJFH; M Clustalx il GENEDOC #E{7 A
[ Fh CS Z AL 1R £ B ILHC /34 s 7E4KF MEGA11.0
FAf FHAR#E ¥ ( Neighbor-Joining ) #4 7 2 45 7 AL 44
fdi i} iTOL ( https:/itol.embl.de/upload.cgi ) %} i 1k #f
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AT €1k s 5 AheCS1/2/3 7K 1 Jii #2 &2 #] MEME

(https://meme-suite.org/meme/doc/meme.html ) [ 3 X
PRSP ILT AT 0T, PRAF xml SCHRFF A Thtools %K
PEXT S5 SR AT PR 537 o
1.3 #EGeit

& F Excel 2007, SPSS25.0 # 17 Duncan's J5

253 B LA S Pearson AH SCHE 43 B o &I 3R AR EA4
Origin Lab Origin 2021,

2 ZRE55H

21 AEIERTERIITERSENEL
X A BRI A Ab R S SR AE A R B, oAb PR

W B ST (CK) LG A2 b i e 7 i 2 2 B Tt
J5 RS AR, T4 10 KIIIEM, H (243+
0.06) mg'g ', FL7E 8~ 12 d ik i3 & T 0~6 d 197
it ETHACBINEE 7P &R A& M, T4 4 Rl
Wefl (2.324028) mgg ' J5 FFe, 16458 KA I
b, A RHSERE R T (CK) (P<0.05).
1-MCP A 3 1) #7525 0 78 Ak 45 B < — /N — K XU
AR, 3T 4 KA 16 K H BL— /Mg —
Ko, WEME 4N R (0.732£0.04) mg'g | R (1.88=+
029) mgg ', EHA 16 K55 0 KM & & B ER
mT817% (KE 1),

23 %40 "0
EENE g 7" [ ETH . g [ 1-mcp
= a < =
EZ.S- = EZS T a EZ.S- .
g 20} . a 820 g 20f
= 2 =
g1s 215t 215t
= £ b = b
S LoT b S 10 S MOr b b be
cac

I i i cde
ﬂ 05¢F ¢ |—'?'—||i| ij[ 0.5F pe c Qﬂ 0.5+ de |d:e_| R
g L0 g LM g O [

ol LU LELELE LI LG oLl LI LI L1 LI LE ol LLLELL L LT L L L) L
= 02 4 6 81012 = 0o 2 4 6 8 = 0 2 4 6 8 10 12 14 16 18

58 K 4L Storage days/d

P25 R4 Storage days/d

e R #L Storage days/d

ARATFRERZEREE (P<0.05) .
Data with different letters indicate significant difference at (P<0.05).

E1 AELESITEHRER S SN

Fig. 1

2.2 BBE AheCSI. AheCS2 ¥l AheCS3 HE =g
DL % S ) cDNA /R il , PCRY G, &
1% I HE B GRS AL UK AE I (181 2), AheCST HEPRHK JEE
TE 2000 bp £ 47, AheCS2 Fl AheCS3 % [H Y K B
FE 1500 bp 24, ZeadInlife . #E4E B AR AN T A
W, FZRBENM 2K cDNA T, KE 5518
1827, 1422, 1539 bp, 5%dis & o #l g 1)+ B2 A4 -

M CS1 CS2 CS3

M: DL2 000 DNA Marker: CS1/2/3: i %' % H ({1 3£ A
M: DL2 000 DNA marker; CS1/2/3: jackfruit genes.
2 AheCS1, AheCS2, AheCS3 £ FE KI5 f&
Fig. 2 Cloning of AheCS1, AheCS2, and AheCS3

Effect of various treatments on citric acid in jackfruit

23 ETE AheCS EEMEMERED

{# Ff] ProtParam tool £ £& 71 illl 4% {4 X} AheCS1/2/3
AR R BT R B, &SR R 2 i S 608
473 FI 513 ANEHERR, /rF it 151.18 | 52.89. 56.42
kDa; 7E AheCS1/2/3 fE H A FE R A M h, B 2R
(Try) SfEfem, HKEHEAR (Glu), 22
(Ser) &itffit; AheCS1/2/3 4% 7E )% T A e E
PERBRPE R A, RIS KR (£ 3).

F) Fil SoftBerry ProtComp 9.0 #k {4 X} % & %
AheCS1/2/3 F& [ HEAT W 20 it 2 43 0 & 8L, AheCS1
SE N TE AN T 9 43 Bk 8.815 i AheCS2 AV E L ki
TR rp E AL 1S40 1k 6.94, HLIE ALY ik A &
AR, Bk 5915 AheCS3 4 A 78 it S84k 4y il 4
EAB RS 941 (221077 ). BB AheCS1 H
ATREE N T 40T [, AheCS2 % 11 7] fiE & i T2 ki
AR s T AheCS3 & 2 (i e it Ak
VB R (9.41). AWM ANZE (033). M /R HEK
(0.14), Mhggfk (0.12) AL, A HEFE
K, UEBIE AT RETE LR SEHAI A0 (£ 4).
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3 AheCS1/2/3 EAMBH MR
Table 3 Physiochemical properties of AheCS1, AheCS2, and AheCS3 proteins

A L . e . Sk . [
B[ 44 R AIETRH TR SR Ji 7 Z % e #5 Gran:a\j;ra o of SRR N 3 MEER
Gene name  Number of amino acids ~ Molecular weight/kD pl Aliphatic index  Instability index .g' Top 3 amino acids/%
hydropathicity
Ala25.3
AheCS1 608 151.18 4.96 25.29 45.73 0.698 Gly25.7
Thr27.5
Gly24.6
AheCS2 473 52.89 7.20 26.37 40.34 0.652 Ala26.4
Thr29.7
Ala25.0
AheCS3 513 56.42 8.15 25.02 47.61 0.748 Gly25.4
Thr26.3

F 4 AheCS1/2/3 & H Y I 20 B ZE i T
Table 4 Predicted subcellular localization of AheCS1, AheCS2,

and AheCS3 proteins

FEA Location AheCS1 AheCS2 AheCS3
ZMHiA% Nuclear 0.04 0.03 0.00
J5i i Plasma membrane 0.02 0.12 0.00
flu4h Extra-cellular 0.00 0.00 0.00
41 i J5i Cytoplasmic 8.81 0.00 0.00
£& ki & Mitochondria 0.07 6.94 0.00
4T J5% P JZ Endoplasm retic 0.08 0.00 0.33
LS AL Pl fA Peroxisomal 0.00 5.91 9.41
R H:ARGolgi 0.00 0.01 0.14
4344 Chloroplast 0.66 0.00 0.12
i Vacuolar 0.31 0.00 0.00

# F DictyOGlyc 1.1 Server X} i % % AheCS1/2/3
B HEATRESAL A S W & B, AheCS1 A 14
22818 (Ser) WIWEIEALAL S, T AheCS1/2/3 L
WAL 2. SRR AL S B B . Hoh AheCS1 2
15 59 N2 E R (Ser) . 55 AR (Thr) Fil 24 /%
MR (Tyr) 3 FBERRALALAT; M AheCS2  H R 1L
PLSALA 36 15 AheCS3 2B 15 A 48 I HEAR L7 5
(£ 5), Hrh, Wi 22 2 %00 s 5 H 78

AheCS1/2/3 ¥4 Jy e 2, T 1 20 TR 40 198 2 A 199 o7 4
Bt

fdi 1] PHD 7E L 8K F X AheCS 1/2/3 8 (A #E47 Fi
B, BRIZEAH N o8 . LKL B-F A
TCRLIN A M 25 F 2 g, o AheCS 1/2/3 (1 2240 43
¥R a-BRUE, o E A S 40.95% . 53.70% . 47.85%
(F25) . [F] B IC R0 A6 ity R EE G 2 25 0 o o B 4512
K, E—m A H =445 B3 TEDE (K3).

¥ AheCS1/2/3 B 2 B8 ¥ 5 7 NCBI it 47 )7
X, % Bl AheCS1 & 3 R ¥ 41 5 M 4% (MH_
048698.1) . H® (EF 571302.1) #HIMER S, 43510
86.49%. 85.95%. AheCS2 5 )I| % (XP010087965.1)
FARUE R, 4 97.00%; 5K (XP012092602.1)
AH L EE A 91.00%. AheCS3 4 K& /iR J¥ 41 &5 41 %
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&5 AheCS1/2/3 EEME U FBERUN AR _REMES
Table 5 Phosphorylation and glycosylation sites and secondary structure components of AheCS1, AheCS2, and AheCS3 proteins

R AL AL % TRAER ALY
SRR S R number of phosphorylation sites/{ secondary structure component/%
s R (SR e
fgl A , g s AR, . ) - ;
Gene name - Number of glycosy/ wHEm R e a-bie K B TG
Ser Thr Tyr a-helix Extend chain B-turn Random coil
AheCS1 1 59 55 24 40.95 16.78 9.54 32.73
AheCS2 0 17 10 9 53.70 8.88 7.82 29.60
AheCS3 0 28 9 11 47.85 9.96 5.08 37.11
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Fig.3 Predicted tertiary structure of protein encoded by
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Prunus sibirica L.; Mb: Malus baccata (L.) Borkh.; Cu: Cucurbita cv.; Aa: Anthurium andraeanum.; Pm: Armeniaca mume Sieb.; Pas: Paeonia X

suffruticosa Andr.; Ahe: Artocarpus heterophyllus Lam.; Cs: Citrus reticulata Blanco.; Gu: Glycyrrhiza uralensis Fisch.; AT: Arabidopsis thaliana.
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Fig. 4 Alignment of amino acid sequences of AheCS1, AheCS2, and AheCS3 proteins
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Fig. 6 Phylogenetic tree of CSs in various species
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Table 6 Correlation between organic acids and AheCS1,

AheCS2, and AheCS3
;iti Cifa%iéiid AheCS1 AheCS2 AheCS3
Fri 1
AheCS1 0.450 1
AheCS2 0.887* 0.088 1
AheCS3 0.766 0.339 0.521 1

*7E0.05 445 (2D, HHRMERZE.

* indicates significant correlation at 0.05 level (two-tailed).
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