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tH1% 4CL R FE SRR R L ThEE D4R
PRE, TEW. B B BB, RET, REA

CP B R A B P R A S R R, [ S TSR A D R b0, BEK 400712

W B MYPRIRERRAR RSN R R, 4 - O W A BB (4CL) 117 25 4 5
BRAEERER . kA i B AT W B8 (Citrus elementing) E@?ﬂﬂﬁﬁ'hﬁlﬁﬂj%?%ﬁlﬁ
ACL ZERIMT . 5B A QAT A0, KRB 3 42 A4 P 4CL KRR AR,
R G RE W MG CirdCLI HEF| Class | , CitdCL2 F CitdCL3 BE Class |1 R 523t £ & PCR(qPCR)
MPAETAT AR B R R BRIE T RE CirCL B kT 5047, RIVE AT R GEARHES,
Ko CitdCLI ok 5 5 4 2 B 25 TF 2, AR X R S M e A A S B
fEM . CitdCL2 T CitCL3 I RE SH BN S BHEH AR E, HEEK R AR R R R R &
BONERMMARMIBANK, RIVKEADEERGAT 24 W WM 3 AU SR

REEF: HHE: 4CL: HMEES00, HW. ARZ, Rk
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Characterization of 4-coumarate: CoA Ligase (4CL) Gene Family in Citrus

SHEN Wanxia, WANG Zhibin, XUE Yang, ZHAO Wantong, ZHU Shiping, and ZHAO Xiaochun"

(Citrus Research Institute, Chinese Academy of Agricultural Sciences/Southwest University, National Citrus Engineering
Research Center, Chongging 400712, China)

Abstract: 4-coumarate co-enzyme A ligase (4CL) gene is a gene family in the plants. It is responsible
for biosynthesis of flavonoides and lignin, A group of 4CL-like genes have been discovered from the
genomic database of Cifrus clementina. Analysis of their protein structures indicated that only three genes
possessed typical characters of 4C7, family. Phylogenetic relationship analysis divided those three citrus
Cit4CL genes into two groups: Class [ and Class Il . Gene expression profiles in Meyer lemon[C. fimon

(L.} Burm. f.] demonstrated a tissue-specific and temporal-specific fashion. The expression of Cit4CL1
was highly positively correlated with the concentration of flavonoids, indicating that this gene is important
in the biosynthesis of flavonoids. However, the expression of the Cit4CL2 and Cit4CL3 genes did not relate
to the flavonoids contents, but showed strong relationship with the tissues where the lignin biosynthesis
occur red. This suggested that those two genes could be involved in the lignification. This study provided
the basic information on function of 4CL family genes in citrus.
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FUER YR R EEN Z MR AR, BARANEYEE, EREIEFRAE,
YRR R EEA A EEERH (Sunetal., 2013a; Golawskaetal., 2014). 4 - HEHER:
Tl A EER 4CL) BRENE. RAZRAEWSHRAXEE2 —, TR RN RFR,
AL B B P A G B L 1 ok g R e B AT AR D A A B A5 A T, KB AR 4CL M (a) =425 43 3l
# AL E W I SR R SR A AT A A S B AT R AR BB A A P m AL
ACL {208 & DA N 2 e sUFAE, b 2 ~ 5 Fh[E) LA (Lindermayr et al., 2002; Gui et al., 2011;
Sunetal., 2013b). MRIRATHILTE HRITHAE, 4CL FET LA AFiH: Class | 1 Class1l, Hrh Class [
HARBEAMAAR, Classl[ 25X EYEM (Guietal, 2011),

HTFARRENEEEYZHEMNEFNE, MACL RREEYERFHNEEEHOEE T
IR (I %, 2010; Lietal, 2013; Hueetal, 2016), MIt{EHE T 3B 4CL HF
AR B 1987 FEK T (Petroselinum hortense) T 5 [Z13 255 1 4~ 4CL FF (Douglas et al., 1987),
HErC & i L Hia b m g i T 4CL 2 E (NCBIEHE). S5 RM, 4CL MEBRFHHEAE
JIMBRFRIZIRFES, HhEAF5] Box I (SSGTTGLPKGV)Y #1 Box Il (GEICIRG) JLF 584 %
<f (Schneider etal., 2003). 4CL BT IEEE, W HFXR WM AIEH, 4CL BE MRS FEF
YR E M52 (Osakabe etal., 2009), FEHEPARKEFH R ARHATHREAGFEER (Lois &
Hahlbrock, 1992; Huetal., 1998; Ehltingetal., 1999; Guietal., 2011).

4CL WIIHReAE SR TS ERIE. SBIITH A4CLL. A4CL2. At4CL3 1 A14CLS (V% 30k
FARFRN AdCL) 25 4 D ImIGHA EALTEESR DK 4CL 2 (Costa et al., 2005); 1, AMCL3
WA IF SRR A, TEAE, WA B FEIE (Soltani etal., 2006). AHCL3 ZHFHSR,
ERAEE S RIE, AT PRSI S, RIMHAFERVEREMREEL REd,
2009, i FEbh R AR R I, Ar¢CL3 31T ST I FTFEIT 0] %5t 5 48 3 2 0 15 0B A (AR, 2009).
ML K FE (Oryza sativa) 1 5 ¥ 4CL SEH AT 2047, BE Os4CL2 25 /KIERFEHRMEYE L (Sun
etal, 2013b). Os4CL2 FEKFEPRFEFHL L, AL T RIERERS (Sunetal, 2013b).
K& (Glycine max) W5 EAENE AR EE GmdCL3 T Gm4CL4 TERRAN FARH  §y R iE 5
#im (Lindermayr et al., 2002). AR (Populus tremuloides) ™55 440 A AR IS P4CL2 T
M ANZE 3 SR IE (Harding etal., 2002). ZEZHRZERBIIZEE (Ruta graveolens 1) T
Hm P & N Rg4CLI FEAATRIE R B &, HIRRMEZET, MiHEAR R & BRI RgsCL2 IFRE
FEAFRTH, AEHHPEEZF2E (Endleretal., 2008).

WG E &2 AN, AP RIEE RIS (Durand-Hulak et al., 2015). fifHE
ATEHDH 2000 2, HAEBAMEMNEERMSEEVMEX GELNE, 2012), tiifEmi
SRR . B HSEAAR A S8R E AP, NS aRmRKTFREER. AR
LT — R, ANESERE, W FEAS TR E AR (Sergeev etal., 2007; Akachi
ctal., 2010; Du & Chen, 2010; Leeetal., 2011; Asikinetal, 2012). H#, 4CL FHER R EEME
Rt K E BRI R R ARSI R R, AR AENEERMT, NRRETIE

(Citrus clementing) I EUE E IR R A0 ACL BEWFH], ITEEILFETERS pRENIT 540,
DL W R R A BB AR THAE, B L R 5 FH A 21 PR R AR A B BRI B2 BRI

|
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1 HEEFIE

1.1 #E

Ree Ak G E R R AR GER) MG . SR B SEE 10 AR KRR B ET IR LT
BEC limon (L) Bum. £ HiSCHEA (Poncirus trifoliata Raf. x C. paradis Macfad) . HE® (C
ichangensis Swingle)~ B} 4G (C. sinensis (L) Osbeck]. U E Eidl (C paradis Macfad ).
FEFAMLC. grandis (L.) Osbeck] 4511, KB EFAE (C. mangshanensis S. W. He) WG HE ST (C. reticulata
Blanco). | FER AT (C limonia Osbeck). DR (C. aurantium L.) .

Sl BTk R BT A A B (AP RIE2014 5 A 23 HL 6 A19H,7H240. 8A
29 Ei. 9 B 29 HF0 10 A 27 HRHE B R AR e R K R SRR 0L

201445 37 H, ERSFEHAZET, AL B K R R, ARG 4 AP
ERMEMERES, TEEBHN. 4. SR R BLSERE S, SLEPE FRA R, T -80 C
FRAE, BT RETR GRS ERIEKTR .

1.2 (EHEEHN

R A R AR B BRI Rk O CRBO HRW, DLE AT (Briocitin) T
(Rutin). HFHIK# (Ruenaringin). HiEH (Naringin). 8 B # (Hesperidin), HH LH
( Neohesperidin)~ & MK H (Didymin). Wi % (Narirutin) . fEE% (Hesperitin) kel
(Sinensetin)« JILEZ#F (Nobiletin). #&# I (Tangeretin) s 12 RG2S WA bRl AL, SR UPLC
S (%, 2013) KB SOR A B R 4 SR LA AL R R R
i gt NY/T2010-201 1/ 3547 MV ATHE 0 7 AT A

1.3 A aCL BEENERSRIENH

4CL EEFFH . MmIBXFF. IEYufa AR |- B4 A B 255 BB Phytozome HyzEE (hitps: //
phytozome.jgi.doe.gov/pz/portal html#) HiB %8 (Goodstein et al., 2012). &M T H (http: //
www.bioinformatics.org/sms2/ident_sim.htmi) X Cit4CLs S R I RO BEAT 00T FURES T
H Chttp: //web.expasy.org/ptotparam/) AWEE A 88 SignalP 4.1 Server Chttp: IIWww.
cbs.dtu.dk/services/SignalP/) THME 5 Mk: RA CELLO (http: Jcello.life.nctu.edu.tw/cgi/main.cgi) i
47 IF 4L E Lo

F Tdent and Sim Chttp: Jfwww.bioinformatics.org/sms2/ident_sim.html) b i R S R T P R AR

it MEME Chttp: //meme.nber.net/meme/) %3 BB (Motif) (Bailey etal., 2006,

i GSDS Chttp: //gsds.cbipku.educn/) ELBIA Phytozome ¥4 P P IR 781) ¢cDNA #1 gDNA J7
5, MEEAE TS THEMABBET T (Huetal, 2014).

F Tnvitrogen AlignX %3¢ S B 1 & A AT 7 Xt 43t -

{# ] MEGAG6.0 S 1403 (Neighborjoining) ol R, EEE (Bootstrap) WEA
1 000 (Tamura etal., 2011).

Fl NCBI 7E& ¥t Primer-BLAST Chitps: /iwww.nebi.nhm.nih.gov/tools/primer-blast/index.cgi?
LINK_LOC=BlastHome) #&it CitdCL F itk S RS (E 1), B SYBR Green RGHHFHE

(Bio-RAD) #HT#J65E& PCR KR, LA f-actin Jg1h BT AT X Bk P4 Al SPSS20 3K




BEMEE, FEW. B, B, R, BokE
HHE 4CL FE R S50 B 6 #4 B Tk 74k
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fF (CARE - Pearson i) Xl 3 R 3274 K S 5 208 8 AR 2 52 18) fOAH 261 34T 40 M o

#1 SERNR
Table 1 The list of primers

B H B K] F iR B e EiR B SRS (5037
Genbank ID Amplicon length Primer Primer sequence
Ciclev10025866m 101 fl-actin F CCAAGCAGCATGAAGATCAA
B-actin R ATCTGCTGGAAGGTGCTGAG
Ciclevi0019532m 128 4CL QF2 CAAACGGAGACGTTGTGCTG
4CL QR2 CAGCGCCCCTATCTCAAACT
Ciclev10007733mm 137 4CL QF3 CCAATACTCAAAACCAACTCAGGG
4CL QR3 GGTGATCTIGTTTGGCCTCCA
Ciclev10025280m 86 4CL QF4 TGGGCAGGGATATGGAATGAC
4CL QR4 CCGCTTTAATCTCAAATGGCTCC

2 R 50

2.1 S 4CL BERENZRAFEEHED

F3r 7T (Adrabidopsis thaliana) 4CL #[E (GenBank ID: BABO01715.1) FISk H2&F# 2%
(Ruta graveolens) B~ 4CL Z[F (GenBank ID: ABYS81910.1 M ABYS81911.1) K& IR FFI7E
Phytozome $(E R3S 5n B8 T4 (C. clementing) ZERIZLHEAT BLASTP 40#, ST 103 KHIHH
(Expected value) /T~ 1E-3 FIfREFFS, Hrf 3 ZFHEH 4CL EEFRAE T BOX 1
1 BOXILFF, B4 A Ciclevi0019532m. Ciclev10025280m F1 Ciclev10007733m, #74H4
CitdCLI1 CitdCL2 1 CitdCL3 . X 3 NMEFRD AN MER B S THERAMNE 3. 7/ 1 Sifdkl,
FIR & R 5 347 R 48 75, CitdCL1. CitdCL2 1 CidCL3 4 5 5 SH6 b W i 3%
(Herrania umbratica) =% (Ruta graveolens) FIEFHIRHE (Hevea brasiliensis) W] 4CL |7 JE M &
m (R 2). BEBMALESITERHE, CidCLl 5 CiuCL2 BIFF S E, N 75.92%, HikH
Cit4CL2 M CitdCL3, FFHI—E(HE R 74.02%, CitdCLI 5 CitdCL3 Z [ 5 — 51 68.82%.

F2 T ACL REHERMAR

Table 2 Infornmation of 4CL family genes in citrus

IR IGI Eits RefaffE L St o R A A o Faks — it
Gene JGI-locus Chromosome No. Highest homolog Accession No. Identity
Cit4CL!  Ciclevion19532m 3 BHE LR Herrania wmbratica XP_021282810.1 83
CitdCL2  Ciclev10025280m 7 =3 Ruta graveolens ABY81911.1 85
Cit#CL3  Ciclev10007733m 1 BP0 Hevea brasiliensis XP 021655378.1 85

3 AR ACL BEE T, CidCLI Bl Cit4CL2 3958 5 MR, CitdCLIH 6 MrRF (B 1,
A ENINAN S TR SR SEY DRI CiCL MR AONEERTIHNEE 3 METERF
(Motif), Fr* Motif 1 & 4CL BRI FRERFRFEHIEE Box Il (GEICIRG), Motif 2 H1%4 Box [
I EEEH S “SGTTGLPKGV”, Motif 3 HH AMP &4 1088 (B 1, B).
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HIERA Xﬂ.uﬁ Position
B HHE 4CL RENETFHMASTEN (A) MEDEERFTIN I MRTERF (B)

Fig. 1 Gene structure of citrus 4CL genes (A), the structures of intron and exon of citrus 4CL. (B),

three conserved motifs of citrus 4CL proteins

3 AMHEHE 4CL HEH HARTE Box 1 [ (SSGTTGLPKGV) A AMP 25 & X 3K]Hl Box I [ (GEICIRG)
ﬂj@ﬁ%’f{.u}k] (Hamberger & Hahlbrock, 2004) [X X 35 [0 46 JIK 5 9 b e AR S, AE (SR IR K B R
o B L Hy EAEE W1 B 25 5. CR4CLLL CitdCL2 I CitdCL3 A FIFEAIHK [ 451y 560 567 A1
635 N %ﬁ%‘%ﬁt i AN 5.68 5.96 A 7.62. FKMFHSRE (GRAVY) &KW, Citd4CLI
B k&, CitdCL2 il CitdCL3 AT RENFKIEERH. X 3 4 ACL A B BA1F 5 IKLL) o EA
Wi R TN S LR, X 3 AN AL T AT (R 3D,

3 HHE 4CL BARISE

Table 3 The characteristics of citrus 4CL proteins

e AR ?U{?Ela:‘a rf8/KD ms FKETHER P R R AN 5 5 HT\. A 5 fir
priieia Length of amino acid Mo.lecu]ar ol GRAVY Trans»membran(.: domain Subc,ellullar
sequence weight and signal peptide localization
Cit4CL1 560 60.57 5.68 0.135 & No M Cytoplasm
Cit4CL2 567 62.22 5.96 -0.015 % No “HJFE Cytoplasm
CitdCL3 635 70.11 7.62 -0.032 i No Al Cytoplasm

2.2 Cit4CLs BIFFIELEC o 4F

LU PtACL (GenBank ID: AAL02144.1) HIDEMMFHI AS %, 4 AlignX N2 THILLX,
HHE CitdCL1 . CitdCL2 R CitdCL3 51%5 % 7 51| AR A 43T A 63.67%-80.15%041 74.34% . CitdCLI
CitdCL2 71 CitdCL3 #5745 3 AMESFIOEALREE (IR T 8 2 o PACL MIMLEL, ARG =MIEERD,
Lys-523 J& 2Rl 46 5B (Adenylation half reaction) HfA 5Bty (Nakatsu et al., 20065 Hu et al.,
2010), Lys-438 il GIn-443 J&HiliE & MM (thioester-forming partial reaction) AL G (Hu et al.,
2010). 55 EEAnE: 4 1 IX B AL T Box 1 A1 Box 11X A~ AMP 45 & s ] o /5 AR A b 157 1) K303
R, {E CitdCL1 1 CitdCL3 4y Bl 1323 il M331 HAX.
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Section 1
) 85
P4CL ) e e e e e o e e e e e e e e e e e e e m oo

CitdCL1

CitdCL2 (1) HMFIKKASYRNHFHHTH |
CitdCL3 (1) MRCRLVQNDRLIITPRRVKVRTCHARITGHSHPPHLIIGGLQSKLMT FTHHSLS PSTEPSHGSKNNQTLTIPFASQNFSLSHFSHI
Consensus (1) SM SHASK W L$§I
Section 2
(86) 88 300 110 120 130 140 150 160 170
P4CL (1) --------- HMHPQEEFIFRSKLEDIYIPKNLPLHAYVLENLSHESSKPCLIHGANGDVYTYADVELTARRVASGLNKIGIQQGDY

CitdCL] (16) SSPAPPAPSNEKIATHIFKSKLPDI?ISNHLPLHTYCFQBR--L8DDPCLIVGLTGKTYAYAETHLICRKTARGLENLGTKKGDY
Cit4CL2 (23) ETOTQTOTQTKQQEEI IFRSKLPDIYI PRALPLHSYCFENTSKVASRPCLINGSTGDVYTY GEVELTARKIASGLNKLGI GERDY
CitdC[L1 (86) HILFAKMEAKQDHOEFIFRSKLPDIY IPNHLPLHTYCFENISGFADRPCT INGPTGDYYTYADVELTSRKFAAGLERLGYQKGDY

Consensus (88} $ A N QEEFIFRSKELPDIYEIPNHLPLHSYCFENISNLASRPCLINGATGDVYTYADVELTARKIAAGLSKLGIQQGDV
Section 3
(171) 171 180 190 200 210 220 230 240 255

Pt4CL (77) IMLFLPSSPEFVLAFLGASHRGAIITAANPFSTPAELAKHAKASRAKLLI TQACYYEKVKDFARESDVKVHCVDSAPDGCLHFSE
CitdCL1 (99) INILLONCAEFVFSFMGASMIGAVTTHANPFYTSAEILKQFRTSGAKLIITHSQYVDRLPKTUX --DETVITIDAPPENCLHETY
CitdCL2 (108) INLLLPNVPEFVFSFLGAS YRGATATAANPFFTPAETCKQAKASGAKLI I TRASYVDKVKDL: - --EVKIMCIDSPPDGCLHFSE
CitdCL3 (171} IMLLLQNCPQFVFAFLGASY IGATSTTANPFYTPAEIAKQAIASKAKITIITQAVYNDKVROLSEHHGAREVIIDPPPENCLHFSE

Consensus {171} IMLLEQNCPEEVFAFLGASYRGALISTTANPFYTPAEIAKQAKASGAKLIITQA YVDKVKDLEK DVKIMTIDSPPDNCLHFSE
Saction 4
{256) 258 270 280 290 300 Ao 320 330 0

PtdCL, {162} LT-QADENEAPQVDISFDDVVALPYSSGTTGLPKGVHLTHKGLITSVAQOVIGDNPNLYFHSEDVILCVLPEFHIYALNS IMLCG
Cit4CL1 (182} L8 -EADEDQIPEVAIEPDEPVALPFSSGTTGLPKGVVLTHKSLITSVAQQVDGENPNLY LTRGOVVLCYLPLFHIYSLNSVLLCS
CitdCL2 {190) LT-QADEKDLPHVDILPDDVYALPYSSGTTGLPEGVMLTHRGLYTSVAGQVDGENPNLY FPREDATLCVLPLFHIYALNSIMLCG
Citd(CT.3 {256) LITOADENET PAVKIREDDVVALPYSSGTTGLPKGVHLTRRGLYTSVARQVDGENPNLY LRKEDVILCVLPLFHT YSLUSYLLCA

Coansensus (256} LT QADENEIP VDI PDDVVALPYSSGTTGLPKGVMLTHKGLITSVAQOVDGENPNLYLTKEDVILCYLPLFHIYALNSILLCG
Bazl Section §
(341) M1 350 360 1) 380 390 400 410 425

Pt4CL (246) LRVGABILINEKFEIGBLLGLIEKYKVSIAPVVPPVHMS1AKS PDLDKHDOLSSLRMIKSGONPLGXELEDTVRAKFPQARLGOGY
Cit4CL1 (266) LRAGAGVLLMQKFEIGALLELIQRARVEVAAVY PELVLALAKNPMYADY DLSSIRYVLSGAAPLGKELEDALRBRVEQAILGQGY
CitdCL,2 (274) LRAGART LIMQKFEINSLLQLEERYKVEVAPVVPPIVLATAKSPRTERYDLSS IR LKSGAAPLGRELE DAVRIKLPNATLGOGY
CitdCT.3 (1) LRVGARILIMQKFEIVK LKELVQKYKVYVAPFVEPIVLAVAKSGDVDKYDNSSTRTVMSGAA PMGKELE DAVRAKLEPHAKLGOGY

Consensas (31) LRYGAAILIMOKFEIGSLLELIOKYKVSVAPYVEPIVLAIAKSPOVDKYDLSSIRIVKSGARPLGKELEDAVRAKLPOAI LGOGY
BoxHl Section &
(426) 426 A40 450 A0 A70 480 490 500 510

Pt4CL (331) GHTEAGPYLANCLAFAKEPFDIKPGACGTVVRNAEMKIVDPETGASL PRNQPGEICIRGDO IMKGY LNDPEATSRTIDKEGWLHT
CitdCL1 (351) GMTEAGEVLSMCLGFAKQPFPTKSGSCGTVVRNAELKYIDPEIGASLPHNOPGEICIRGPQIMKGY LNDPEATAATIDVEGWLAT
CitdCL2 (359) CHTEAGPYLAMCLEFAKEPFEIKAGACGTVVRNAEMKIVDPETGASLPTNKPGEICTRGDOQIMTGYLNDPEATKSTIDKEGWLAT
Citd4CL3 (426} GMTEAGPVLEHMCLAFAKE P FEIKSGACGTVVRNAEMKIVHPDTGISLPRNQAGEICIRGAQIMKGYLNOREATETTIDKEGWLET

Cansensus (426) GMTEAGPYLAMCLAFAKEPFEIKSGACGTVVRNAEMKIVDPETGASLPRNQPGEICIRGDQIMKGY LNDPEATASTIDEEGWLHT
Section 7
(511) §11 520 530 540 550 580 570 580 595

Pt4CL (416) G0rGYIDDDDELFIVDRLKELIKYKGFQVAPAELEALLIAHPEISDAAVVGLKDEDAGEVPVAFVVKSEKSOATEDETKQY TSKO
Cit4CL1 (436) GDIGYVDDDDEVFIVDRVKET IKEKGFQVPPAEYEALLESHPSIGDAAYVPQRDEVAGEYPVAFVVRSHGFELTEEAIKEY IAKQ
Citd4CL?2 (444) GDIGYIDDRDELFIVDRLKELTKYKGFQVAPAELEALLESHSNITDAAVVPMKDDAAGEYPVAFVVKSNDSQITEDETKQFISKO
CitdCL3 (511} 6DIGYIDDEOELFIVDRLKELIKFKGFQVAPAELEAMLIARPNISDAAVVPMKDEAAGEVPVAFVVRSNGSKITEDETKQYISKQ

Consensus (511) GDIGYIDDDDELFIVDRLKELIKFKGFQVAPAELEALLIAHPNISDAAVVPMKDEARGEVPVAFVVKSNGSQITEDEIKQYISKQ
Section 8

596) 596 810 520 835
PtdCL, (5013 VIFYKRIKRVFFTEAIPKAPSGKILRKNLKEKLAGT ----
Cit4CL1 (521} VVFYKRLHRIYFVHAIPKEPSGKILRKDLRAKLASSHPLN
CitdCL2 (529} VVFYKRINRVFEIDAI PKAPSGKILRKELRAKLAADYQN = FIA ‘L
CildCL3 (596) YVEYKRINRVFFTDSTPKAPSGKILRKDLRTKLAAGDLRN A LA Catalytic sites
Consensus (596) VVFYKRINRVEFIDATPKAESGKILRKDLRAKLAA N

M2 HIESER 4CL BRFFIBE SR
Fig. 2 Alignment of Pt4CL and Cit4CLs

2.3 CidCL KR
R T RMHE 4CL FRRR R R, BT &R R BB T 7 H R T RSSO,

[EI B TR TT (Arabidopsis thalianad 2 FERZX% (Picea sitchensis) B ¥ (Pinus radiata).
T E4s (Pinus massoniana). —FERARE (Brachypodium distachvon). 357 (Brassica rapa). B

(Eucalypius grandis) KX Glycine max)~ EXK(Zea mays) . #i% (Vitis vinifera ) BB H 78 ( Medicago
truncatula) IKFG (Oryza sativa) T2 % (Solanum tuberosum). ERM (Populus trichocarpa). /)
STHIEE (Physcomitrella patens). 54 (Ruta graveolens). YL#HEH (Selaginella moellendorffii) i
B (Sorghum bicolor) % 18 MIEMFEEZN A4CL F A5 B (FFHIHEKH Phytozome 10, https: //
phytozome jgi.doe.gov/pz/portal.html, VEHH{E LA 3). BALER (B 3) 878 CidCLl (BFEH
Bt A 5 HALSRIE ) ACL BN Class 1T, 5 H 36 RBUA 1 Red4CL1 2 5EFLEI LW & K; CitdCL2
N Cit4CL3 FHAMIFHF 4CL BN Class [, A5 CitdCL2 X RRIAM RegdCL2 BEEH/ R RE
¥4 % (Endleretal, 2008).
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Fig. 3 Phylogenetic relationships of 4CLs in Citrues and other plants

The bootstrap values are indicated by the number at each node.
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Fig. 4 Relative expression of CirdCL and flavonoeids contents in Meyer lemon
Alphabet indicated the ANOVA analysis results at P < 0,01 level.
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Fig. 5 Relative expression of Cit4CL genes and flavonaids contents in the young leaf of various citrus germplasm
Alphabet indicated the ANOVA analysis results at 7 <0.01 level (The Italics present the gene expression, the Roman type present flavonoids content).
2: Poncirus trifoliata Raf. » C. paradis Macfads 3: C. ichangensis Swingle; 4: C. sinensis (L.> Osbecks 5: C. paradis Macfad:
6: C grandis (L) Osbecks 7: C mangshanensis 8. W. He: 8: C. reficulata Blanco: 9: C. limonia Osbeck: 10: C. qurentium L.
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