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Abstract: In this study, the ¢cDNA encoding AtLACS9 homologous gene was identified and cloned based on transcrip-
tomes data of Cinnamomum camphora, sharing 75% sequence similarity to AtLACS9 and being registered to

CclACS9. Multiple sequences alignment showed CcLLACS9 possessed three plant LACS-specific motifs and plastidical tar-
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geting signal in N-terminal. Using oleic acid as a substrate, CcLACS9 could activate free fatty acids into acyl-CoA thio-
esters in a yeast mutant deficient in LACS complementation test. The tissue-specific expression profile further revealed
that CcLACS9 was predominantly expressed in developing seeds and flowers, but fewer in leaf and stem by real-time
quantitative PCR analysis. There were 17.74-folds relative quantitative expression of CcLACS9 in kernels relative to
roots. In an effort to better understand whether CcLACS9 involved seed oil biosynthesis in camphor kernel , the correlation
between expression of CcLACS9 and seed oil content was surveyed. The seeds of thirty adult camphor trees were randomly
sampled in November and thousand seed weight, seed oil content and the percentage of decanoic acid and lauric acid
were tested and counted. According to seed oil content, the 30 individuals were subdivided into three groups and three
representative plants were selected from each group to be subjected to association analysis between seed oil yield and
CclACS9 expression level in developing kernel. The results of three groups all showed that both the contents of seed oil
and expression level of CcLACS9 continued to rise from June to August, and there were significant positive correlations
between them. The peak of expression level of CcLACS9 in kernel was found in August. After September, the contents of
seed oil tended to be stable, however, CcLACS9 keeped high expression level and had no correlation with contents of
seed oil. In plant, the homoeologous genes of LACSs subfamily tend to carry the common function. These resluts implies
that CcLACS9 possibly play an important role in seed oil accumulation in kernel of camphor tree.

Key words: Cinnamomum camphora, long chain fatty aycl-coA synthetase 9, seed oil, gene expression analysis,
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yeast complementation

¥ B ( Cinnamomum camphora ) J2: & [E ¥ 7£ 7]
FREe P R RE IR Fh 2 — B rhim iR A B F
Y 55% ~65% , FF LIS IR A RERR R | H Al
1E90% L) (GBS 4, 2012) , 28R (C10) A1 A
B (C12) J& T s g iy i, ELA B [ A A% 4L
R A | T A WS R A R R A R
P TZ R T Tl BE 2 DR etk | B 3R A
ATl CEE A, 2012, XIAF 255 2016) , FET
TR, P65 U rE — 48 B4 77k i (8
n] R 400 v, F 3R E B G B S bk e D R AR
YU LA R AT R . SR, B R AT
AR AL TF KA, i B 56 4 ) 1) R
RHCHRRZ —, EREREGHAKRNY), F
BEAN AR TRDRF T 2 2 R 43 25 5 W 3 Tl kg [ e
JE [n) i 356 LB 7 R 24 ROV RS 48 AR AR 0
B InsEAR R0 AR A A BURIE 9 | R R OG B A
P, AN SR 5T 2 (A A B T4 5 R
Fofr 15 B R T0 T %

4% B W5 156 2 CoA & WL (long chain fatty
aycl-coA synthetases, LACSs) 1 f# 1k iif7 &5 I 1 IR
(C14~C20) JE LI Wi BE 3L CoA Z 5 WK N4
FRRIARE IR, TEHIY) & B NG R L A A

b T3l B = Bt 3 H il TAG ( triacylglycerol ) JE Ji
-2k EW G LS A0S S i 5 A R
i rp B A #EAE ] ( Watkins, 1997; Khurana et al,
2010) , 7EE MY b, LACS & — K F AP Y
B, BHA MR A A 5 N K% (adenylate-
forming enzymes superfamily, AAE) i 3: [ 4R4E , B
A5 — BEE AR ST AY motifl (T [SG]-S [ G]-G-
[ST]-T [SE]-G [S]-X-P [M]) Fl motif2 (Y
[LWF]-G [ SMW ]-X-T [ A]-E) 0 i (7 X fF AT
REILRR ) 1Y AMP -1 7 2504 R 228 AL 4 1k
SN HL 5 — AR T AR ATP 125 1 T T Bl B 3 -
AMP HrELA | [a] iR A W R £ 5 20 K I
RS B R A SZ R IF B AMP ( Babbitt et al, 1992;
Stuible et al, 2000) , AMP-Z} 5 4 # B J& 55 —
SVE Y BT 3, A B B B R R K
5L %S RE T R AE £ P 41 (Stuible et al, 2000)
LACSs & 19 05 — B 29 25 A5 B IR ~F 2 L R %
BFEZH WU DR ST S5 R PR Ry IBE 5L CoA & HUTHE (ACS)
15578, T BEJ2: IR W AR 1 45 & 30 07 Fl ACS Y
607 25 ( Mashek et al, 2007), It4h, — Bt 45~
70 DAGEFREL 1) & — 3% 4 X I (linker ) W) 2
LACSs X B FHE ACS K 51 A RAE 7 51, H
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A LACSs B 53470 1E 8 A= W0 24 D RE FIT 4 75 ( Stein- £ (SYBR Green I qPCR Kit) | 506 b 5 e 7] 1 it

berg et al, 2000; Iijima et al, 1996) ,

FEY) LACSs ML R4 1 51 2 RE WIF 58 745 XA
YA EE I BT B TR ARz o AEA R T
B4R 9 A g LACSs JE A, (5l g 70 i 1)
AMIUATIESE T2 v 7 A g 2 AR B A B Y AR
15t CoA & BUNE I P , 17 7E A S AL DU b D) 9 A
ity B 1 B EL A R S PR ERE W e G A
( Shockey et al, 2002) , FiE/Hr iR, bR AtLACSS
(FEhRe 3Rk ) Z A e e 45 4l 2L rh ol
3 S0 2 B 28 ol 2] 4R 5+ M (Shockey et al
2002) . AtLACSs M52 J5 A% 51 A AN [R] (9 32 24 g
FEANL, TR 7 1R AR 5 i A W) 35 5 R
AR EY I E R S S EHA R F IR LHE
(Fulda et al, 2002; LU et al, 2009; Schnurr et al,
2004 ; Jessen et al, 2011) . H.H AtLACS9 &K 7E
Y-S U R U L s LW T S S R R s
(At1g77590) =& fii F it & B I ( Schnurr et al,
2002) , & T-DNA AR GHE lacs9-1 R %
BRI A WY A Al H g K BE AR U7 T A
CoA & JiL Mg 1% M L 4E F¢ 29 S B A= % IS 1 1Y
10% , F W] AtLACSO J2: 5t A 3= B2 14 1 5 i s Tt
B CoA BB AT AE I3 —Fh LACSs 5 Z 3[R
S8 Wi 12 18 WY J5 4R ( Schnurr et al, 2002) . B,
RURAFEREUESL T AILACS9 5 AtLACST W figf7-7¢
FRAT A  TEAFIA B 2 v ke 24 ] ( Zhao et
al, 2010) .

1 M5 &®

1.1 5 EZEKF

It A4 RHECE TIPS MOl B 7= Be Be N 10 4R
320 A YRR AR, BB 2ACS9 B
J¥ 5 2 2% [E 2Ol Jmy R R TR B AR B 5 v 0 A
R R A T o A 2 SR A (D R B A A il R B
2 ki B 5 S A A AR Y ) i 2H 2R si 2H B il
(VLM 2014)

RNA #2 B & ( RNAiso for Polysaccharide-
rich Plant Tissue) . TaKaRa LA Taq © . % 551857
%> (First Strand ¢cDNA Synthesis Kit) %% % #2324 5

& & PMDI18-T 7e B ik ) & ) H TaKaRa 24
Al BERERIR AR AR pYES2 T B 1 13 ( Saccha-
romyces cerevisiae) YB525 & Bk HH VL 75 K22 /N )
PR, AR IENIRIE T Sigma 7], H L
PRV IR A A A T ORI Y i B R
T.5EM,

1.2 77k

121 DHABMBERN T TR ERFI-EHE
o BEALPkE 30 BRAS A5 (R i, T
2015 4F 11 ASRERT 2 kg, Ve B+, FIH T4
TR R Gt TR, R B
TJE PRI 100 g A =R I 2R IR i IOk $2 B g
PRGNS B 4 31530 B RORF il 1 3 =R o <O -
B IR F ( GC-MS) I 5 K3 v 4% vh 55 A5 1017 7R 18 70
FIARS 5 5

1.2.2 A& & LACS9 A& B ik A5 Pfam (ht-
tp://pfam.xfam.org/ ) BUHE B | F 2 AAE Z R BRIE
S50 3 B QAR AU SC A (Pfam 55 ; PFO0501 )
(Conti et al, 1996), iz 7 HMMER3. 0 & J¥
(http://hmmer. janelia. org/ ) v B #E A F Fh Ak 27 2
RUI2H UL e 28 e ) 5 AR AR T R 4 2R T i AR A5 A
PG SR TP B A AAE BB 5 B9 23K Contigs ¥
F 5 LA AtLACS9 AE NS 9 il | 15474 Hl blast
X, FEEXTHEM AAE #8525 M5 B8 Contigs ¥ 41, AR 45
AL PR E ALLACS9 [A] P8 Contigs ; 38 47 7 51 Pf 22
AT CAP3, S8 MURER LACS9 BEPH HL ¥ S b .

1.2.3 B4 LACS9 A B A T 2016 4F 4—7 H,
I3 SRR ZE i AR AEFIA IR A R
FTWAF ., RI5 TaKaRa 24 A] RNAiso for Polysac-
charide-rich Plant Tissue 1B 3 $& | A F Fp 2 21
total RNA, DNAase I {8 k)5 2% BR 5% B DNA, HL 50
ng total RNA , ffi H PrimeScript 1st Strand ¢cDNA Syn-
thesis Kit U 57 &6 W cDNA 5 — 8, &%
F R AR ik 2 28 780 1 4 2 5 S 21 5080 2t 1
LACS9 KK 7 v B 2 91 BT H4e 57 5 1 9 , DA AR A
LR TR Z cDNA AR, R PCR 54557
W LACSY FE N, R SR G YN F.5-TT-
GCGAGAAATGGCTGAAT-3"; R:5'-AAGTTCCAAC-
CAACGGATTPCR-3', K Wi& ZR SRR 20 pL,
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145 LA Taq 0.2 pL., ¢cDNA 1 pL. 10XLA Taq buffer
2 wL, ERUH#51#45 0.5 pL( 10 pmol + L") (dNTPs
1 pL(2.5 mmol - L") fil ddH,0 14.8 wL, PCR 2
MR .95 C W28 3 min;95 °C 30 5,56 C 30 s,
72 °C 2 min;72 °C 10 min;35 MEH ., 1% HEH
EERCHL VKR PCR 79, YIS B AR 7 ) K/
ML YK AT MRS 55 PMD18-T 5o [ 3 A it 2 |
42 CHB AL KA FF B TOP10 Bz 54, B
W PCR i e FHPE b | 2% 2 Hifg A T

1.2.4 ## LACSO AR 7ol o5 %2 A
Scanprosite Results viewer I H 8 2 1 B¢ (1) £% #)
LACS9 {57385 B, {8 1 Clustalx #1447 22 5 %)
FoXT, PHEE AR LACS9 JE K 5 g A Y B & [ R
FER 51 AH AL YE ; 18 FH SignalP 4. 1 Server Fl Pre-
dictprotein 53 T AR LACSO WV 4H Al 22 7 5 5
AP IF 0 SR R A E Y LACS9, i
MEGA6.0 K 1 4 A7 8 ¥ LACS9 % N % & & 4
1.2.5 B4 LACS9 & B F X s R AFF o dr T
2016 4F 4—7 H o3 SR AL 25 i R A
ML $2 1 total RNA, DA Actin FEPRAE N N S %)
B e A (F: 5'-CCTCGACACACAGGCGTTAT-3';
R:5'-CCATGCTCGATGGGATATTTCA-3") , % F 5
I %6 % 5 B PCR )7 (qRT-PCR) Kl A8 # LACS9
FEHAE RN A 2 8 rh R 3k 15 L, qRT-PCR 5|
Y. F. 5-ACCTGCCTTTGGCTCACA-3’, R. 5'-
AAGGCGATCCGTATCCAA-3', PCR JZ IV 7€ Bio-
RAD C1000 ™ Thermal Cycler %¢5¢ %€ & PCR ¥
SERL, RNEAR Z BAARFL 20 WL, 4345 (¢DNA 50 ng,
2 x SYBR Green qPCR10 L, 10 mmol - L™ 1Y 1E
IS4 1 pL, BaiK 2 E 20 pL), N FE
J¥:95 °C 2 min; 95 C 15 s, 58 °C 30's, 72 °C 20
5340 MR, BN R M2 AR A 3 IR
SRR Ge T S IR 27 AT B A N kB (Livak
& Schmittgen, 2001)

1.2.6 A A=K B2 F LACSO AR A X 5
KR HEARPAA IS B RBESH  RYE LAEF
A7 A5 5 B U INFE AR 43S = A 2, B
TH%>60% A fh 2% R AT 50% ~ 60% K
b G 3 <50% AR A G, B o G B B R

B3 MR AR R bR, T 2016 4 5—11 H B AR
R RUBCR ™, — A o AT T 4R URF
T, D AR S AUy — R T E RNA
PRI, W A b i B 45 I 3] LACS9 35 A AH XoF
ik, FRMERBCR &R R BUL T GC-MS
W58 5 B A, AT A RNA R BUAT LACS9 %
RS i 2% O i R Gk 4 B R 1, SR SPSS
Statistics 19.0 4 i+ 4K fF 43 #r #l + & B & #& b
LACS9 LR R 3k 2 1 i 5 & =2 (0] 9 I
1.2.7 B4 LACSO #: 16 R B4 B AN R B BERFIA
¥k YB525 (faalAfaadA) S/ 15 Ak AN IR R 6 B2 F 6
TFH LACSs , NAEFERLAR B J2 b E A K %
THME LACSs 640 BT (R AR 45 55, 2009) . K5
T pYES2-CcLACS9 FXt HE JFRL pYES2 43 9l %
1k 25 Bl B i 1 YBS25 ECZ A4 b, i it By
i W ] A s % L O 2 B PR Ak e B, BE MLk
BH 1 5 I | 7 il 4 FR W B A4 355 5% ik v 5% 37 & 0
@I R I (AR50 TN S | | /NS
mol « LAY INAYEE VR PG UR, B Al i % 4 2y
PR W I VAR 15 35 2L (B 2% K LA BLAS & 4 28 8 )
ORGSR 4~5 h LU SN H AR SR R R
ik 1% Eb ) R JRUTR R B G 4 PR e WE VR 1A
BB (8 2% 2FFLBEH 0.1% Tritonx—100) H, Jf:
NI 98 wmol - L AIRENTER C18 = 1 /E R ANE NG
2, T30 CHRG IR 84 h, £ W 1 mL #5553
I 43 06 56 BE 11 I o T A % R ok i o O AR K
B

2 HR G5

21 MERERBEMTFTRENMCSHERNE

2015 4F 11 H REEM 30 BRAA F 7 T4 5 5
FE K 184.23 o, I fIK{E } 118.62 g, F-¥I{E K
149.92 g, TEMIX/NMEEA 1 2/3 FERIAS K BN+ T
FELE 140 ~ 180 ¢ Z[H], 772524 16.92, £ “IE
A" oA . MEAFEA Il R 5 5 R 76.78% , A%
42.48%  HMH K 57.37% ., HIMEE T 60% )
B 15 8 KT 50% 094 12 8k, T 50% ~60% 2
A 3 8K, oA S WA AR ™ o IR 7 R 1 4 4 Bt
FEE IR R ol b o T T R A X R T2
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H}95.71% , BRAS N HIRIMERA T 94% ~ 97 % Z [H]
S gETh, hEERE MR Y R R Y (T
62.36%) W Em T HER S & (CF¥h 33.35) , =
FHRMAMENE(r=-0.86, P<0.01), 7E5 E#
Febrr, Jr 22 (8 2 B0k TR0 > H I 3R > 28 R A X
B> AR AR T & B> KT BE IR 7 IR AR Xt
T,
2.2 1BR LACS9 EE 5% S cDNA F I [E

TERRR] I 2 2 S 4 s 48 & 31 5 4% Uni-
genes ¥ Contings J¥* ¥ ( % 1), Al 58 K L B I+
LACS9 3:[H B & W 751, i B 84k CAP3 X} 5
2% Unigenes ¢, Contings J¥ 8 EATPFE, 158 TR &
SEAETF L R L HE RO RE A LACS9 JE R HL T i, AR
P T v TS, o i DA 25 ik AR AE A
P~ H AL 21 cDNA il il i PCR 4T 4
K cDNA FEYR Y 18 19 Bt i Wi e e vl k46 )
PAF TIEMWR B — 50 (B 1) . S8 sl )y
7N, S R /N2 356 bp, £4552 094 bp Y 4
WX 7o, 45 697 S E KM Z K, 4N
CcLACS9 . EditSeq K {4 1l i 7/~ , CcLACS9 K /)
4 86.83 kDa, 25 HL 25N 7.39 A B R ST g
Pt . ProtParam %X 1 75 £ 43 #7 i 7" CcLACS9
TR ZA BRI GEK K, R KRR, #2
GeneBank 4 2 | JA5 8 A5 MF966481
2.3 &Rt LACS9 5 £ E R H# W 2H7

AMP 4 % 45 #J 38 ( PROSITE PS00455 )
[ LIVMFY ]-{ E }|-{ VES |- [ STG ]- [ STAG ]-G-
[ST]- [STEI]- [ SG]-x- [ PASLIVM ]- [ KR ] &4
Y ACS RGP & TEAR 2, o T % CecLACS9
ERETHY ACS G 5L, M Scanprosite Re-
sults viewer BT T AR SF S5 #4845 R BoR
(Fl 2:A) ,7E CcLACS9 7314 256 ~267 FIEE
452 ~462 LAY BIAEAE 12 A F1 10 A 5 R 5k 5t
(P BRic ) 4B Y & BE DR SF I AMP 5 58 4544
B350 531 ~560 AL &% i 30 2 IR (K bR
i0) 4R PRSP ACS 55 751, W CeLACS9
J& TR R ACS JER KRR L, LAh, A F
AMP 2 Z5F 3R ACS 155 )7 9 Z 8], i fE4E —
B 71 A S R 5k AL A R 1) R ST 4 R R (5
354~424 K @ 45Ric) B i LACSs W52 5 ¢ 5k 1)

linker £ 38, i 456 B AN [R) 49 F 5 A [6] B 02
PO BEAT BT 22 5 . 2% BT ik, CcLACS9 BE A &
ACS ZE ML FIAE, L HA B AEY) LACSs &
A1 linker 45548, PTBEAHR I B B 254 1)
LACSs WRBRM A Z —, K CcLACS9 FHEHY
LACSs V.52 J5 [m) I 5 IR 47 1 22 75 91 e X, 45
R AMP 45 455 ACS {55 ¥ 51 Al linker 45
G AR AR PRSF AL 2:B)

CcLACS9 5ili#5 ( Elaeis guineensis) AL ( Ne-
lumbo nucifera) . JoIM & ( Amborella trichopoda) | —.
FEARKEAE ( Gossypium raimondii) 2 K ( Sesamum in-
dicum) $LLFd ¥ (Arabidopsis thaliana) RIS ( Jat-
ropha curcas) . 1 3% ( Brassica napus) . £ K ( Zea
mays) B JBK ( Ricinus communis ) 254 F v [] 5 3 A
750 #8 AL 43 3 R 80% . 81% ,80% ,78% . 78% .
75% \78% 15% . 715% M 76% , 3% W] 7€ 4 ) ik Ak vh
LACS9 #i R PR~ , A BE 7L A [6] 45 ) v 8 2 A A [A]
s AH LY 3 BB, LACS9 i R K A 4 i R,
CcLACS9 BEAL I v T 51 it A8 1) A XL 1 4
LACS9 Z[H] 53 LACS9 B, 1245 R 5 1Ry
TE Rl A A W R SR AL b 7 A AT . SignalP 4. 1Server
F1 Predictprotein 45 V. 4 Jifd 22 57 Tt il 5 A4 # 13u U
CeLACS9 FE AL T A, I 75 HoAl il BE 5 AtLACS9
— R PAT TR A S R R T R B R AR B AT
55 HLE TR AT R G SO 4R B AR,
2.4 1EH LACSY ERRZEFHAR M

FEWCRE R AL | 25 M AR A AR 42U total
RNA, DU Actin ] o8 N 2 38 o 96 5E
PCR L30T T CcLACS9 JERTEA R 4 4 rh iy 2 3k
oL, W 3 AT LLE i, CeLACS9 B[R FEAE M|
25 RAF A Rk HREFERA B
Z5bE, Hob CeLACS9 e TEAE Bl rp il #h 3k
O AR Z e = T R I T
Hedigl, HRh CLACS9 M RIXFIEN 1,
TEZE W AEFE B M SR DA 22U AR Rk &
BRI 475 .9.31,15.82 1 17.74 £%.,

2.5 EMMICLEMPAHESES CcLACSY EH
FRIZEEMEX

AR AT b, o SR AR /N A R 1A ]

SN 1 (>60%) | H1(50% ~60% ) FIF (<50%) =
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Table 1  Survey of thousand seed weight, seed oil yield and medium chain

fatty acid in kernel of small sample sizes of camphor trees

e A A B ~ A A EL
R i 'nToﬁfd ¢ ?ﬁ;s: TE::LZ i s *ﬂ? Coffixtar it qﬁﬂi&@fﬁﬂﬁfi
Tree No. seed weight Seed ol yield decanoic acid Relative content of medium fatty acid
(e) (%) (%) lauric acid (%)
1 156.22+5.21 66.57+2.08 62.37+3.38 34.65+3.66 97.02+2.58
2 137.61£9.53 63.69+3.23 63.04£4.12 33.86+1.09 96.9+4.55
3 144.2+3.34 42.69+5.44 54.83+5.2 42.05+2.25 96.88+3.27
4 177.63+8.31 63.3+2.21 61.87+6.41 35.01+3.72 96.88+2.86
5 156.41£3.26 62.91+1.70 74.02+6.31 22.8+2.29 96.82+3.34
6 144.59+8.43 62.24+3.23 64.75+4.27 32.06+4.03 96.81+2.36
7 150.12+3.02 47.25+4.35 63.82+3.03 32.98+3.11 96.8+2.45
8 119.15£5.05 62.57+3.87 56.95+4.23 39.84+1.46 96.79+6.28
9 165.34+6.27 62.27+6.07 60.19+3.76 36.56+2.36 96.75+4.58
10 149.26+11.21 57.09+2.28 64.07+4.48 32.64+4.30 96.71+3.36
11 184.23+6.32 42.48+1.67 68.76+5.56 27.86+2.44 96.62+2.58
12 173.56+4.08 67.65+3.46 67.54+3.52 28.9+3.56 96.44+1.62
13 168.45+4.87 46.5+2.73 61.62+3.84 34.73+4.78 96.35+5.75
14 149.81%5.66 62.84+4.13 69.66+5.57 26.67+1.27 96.33+3.91
15 161.46+10.05 47.34£2.56 60.97+4.73 35.31+4.41 96.28+3.62
16 138.47+6.04 58.05+2.43 60.28+5.42 36+3.69 96.28+6.02
17 129.39+7.07 71.18+3.39 70.33+6.19 25.94+2.06 96.27+4.25
18 143.55+4.31 65.16+5.21 61.79+3.09 34.47+3.14 96.26+2.95
19 158.71+3.32 48.31+2.54 59.38+3.67 36.85+4.55 96.23+6.29
20 152.22+7.45 60.69+7.06 72.62+4.99 24.57+2.25 97.19+5.24
21 133.45£5.29 49.23+4.26 67.84+3.76 29.24+2.26 97.08+4.87
22 128.46+4.28 46.49+3.84 61.62+3.29 34.73+3.75 96.35+3.39
24 168.24+5.69 49.42+2.17 56.49+6.43 38.03+3.63 94.52+1.94
25 157.23+8.81 43.6+2.26 55.44+5.53 38.59+3.18 94.03+4.35
26 149.25+4.26 64.37+5.44 41.4x2.28 36.76+4.42 78.16+2.57
27 138.34+5.58 73.29+5.08 65.04+4.73 30.91+2.29 95.95+4.61
28 136.27+5.37 64.03+3.34 68.48+5.65 27.44+3.36 95.92+3.41
29 118.62+3.63 44.6+2.17 59.91+4.77 35.93+4.23 95.84+2.68
30 135.1426.861 76.78+4.98 62.61+3.62 33.18+3.08 95.79+3.25
T8 149.94+8.09 57.37+2.55 62.36+5.33 33.35+4.68 95.71+3.62
Average number
kS 16.92+2.24 10.00£3.02 6.52+1.01 4.92+0.89 3.39+0.46

Variance
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K2 ETEMMARERATTIE ALLACSY

EFEHZEIE Contigs
Table 2 Identification of AtLACS9 homologous Contigs

according to foliar transcriptome data of camphor tree

¥4 5 Fh ) 9 X ¥ 50 AR AL
. . Sequence
Sequence Size Homologous similarit
No. (bp) region blmzdn ¥
(%)
CL7040. Contigl _All 1992 131~691 79
Unigene79184 _All 1 164 131~480 78
CL30093. Contigl _All 905 1~129 62
CL20714. Contigl _All 863 1~129 62
CL30941. Contigl _All 942 1~129 62
CcLACS9 2 094 1~691 75
R M RME SFERI
Root Stem Leaf Flower Kernel Markerlll

Bl 1 BEAE LACS9 BE[H cDNA JEkE
Fig. 1 Cloning of LACS9 ¢DNA from Cinnamomum camphora

A, A RBBENANEE 3 IR TS R E
A AR AT, 2016 4F 6—11 H & H R4
AR b7 RUECRP A BT J5 i AR $2 L, A&
6 ATLLVE Y FRF R RN (6—8 H ) BE&E
FTAEAW L F WK F i & ) 2
PR A, 9—11 A EF TZH AT M
BB, A e i G K 8 B TR,
SRR G R AE 8 A P IR S R 25 BT
TR E A (11 ), B A SRk A W] g 7 1R L A1)
A T B I R R RS E
XoF o7 b, FATTAE 4 2t E 3 PCR 5kl 1
AR R B AR CeLACS9 JER I AR 4L
1500, LA B AF 512 Jk TR 32 3K 55 = 55 Tl 2 22 [
X FR, MIE 6 FTLUE M BT 5 ARIR 7N
BT 6—11 H BHHA = CeLACS9 L H# 5

B S b e ik A A v SRk e A 8
A6y, Tal—m], CeLACSO F& K AH Xf 32 ik 2 78 AN
IFi] i G 45 PR 10 TG W 4 19 22 53 HLEL A AR B9 B 25
ekt W SPSS Statistics 19.0 #4420 br — %
KRIKIEOL, S5 KRBV HEMFREAM(6—8 J) .
P S CeLACS9 FER AR X ik i S B B
EAHRME(r=0.96) 5 J5 W (9—11 A ) Fh =& il
5 CelACS9 FEHTC I W A 6 (r=0.13) ,(H
TR R KO,
2.6 &R LACS9 Al ik SR P BV EE & YBS25 IEE
ES

1 3 B U1 HE B 7 0K CeLACS9 FE A CDS X

ARIREANR pYES2 2 5a v o5, T 41 I b3l 1o
T L] % E I R B SIE IF OB R RE R 4R 5ROk
pYES2 FIH 41 [ ki pYES2-CcLACS9 4 5] %% Ak B [
RITERE YBS52S B BE, PRk FH b T 52 T & F
C18 = 1 (JHMR ) VE Ay I — B 5 14 S A8 DR P g A (AR i
FRIEh 28 CIR S IR B X B I (2584 h)
OD o HI 7 B 7R, AL T pYES2-CeLACS9 4 it
7 1) e I 18 1 B 4 i mT DLOE R AR K AR TR

G pYES2 AL b FANREA G, LR 45 SR 3R
CcLACS9 AEfg B M EELF Bl fE AL IF I H: ELA IR Bt
CoA A HUETEE (7).

3 Wtk

P UTK AR B AR LA KR
LA SHUARZEF AR 2L T 5 2 PR R
{3 il iR I 50% , 2 3R [ W e Y L Y A
PIRE T LR A 2 — (B BE 4, 2014) , 2R
1M, HTAH 56 88 IR AR AR A5 SOF H 5 1 &, v
K 75 L 2 AR AT T SR AR BT Y < B
MELIALEE k= A 5w e I R AR R RN
— T I AR m SR SRR E,
AT TN 30 BR/INFEAS R R HE A4 | Bk 1]
ot F R0 Rl i R 25 I R, 25 R (A
AR 65.61 FLAN 34.3% , R WATE F AR S b A4 il Big
R A e rh AT IR KA & 25 0], 0 8 A
M BARCH:  EEF SR NG A
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81
161

241

321

401

481

MNPYLVGVLVP I | FSLVFRNAKNGKKRGVPVDVGGEPGYAVRNRRFTSPVETSWLG | STLAELFEQSCRLHADRILLGSR
KL I ARETEMSQDGRSFEKLHLGNYEWLSYGGAFEAVCSFSSGLVELGHTGKGRAA IFADTRAEWF | ALQACFRRN I TVVT

| YASLGEEALCHSLNETEVST | ICGPKELKKLLD ISGQLDTVRHV | CMEDDGVTTEASL | ERHTKWT I TSFVEVERLGRQ

AMP binding domain 1
NHTDADLPVSAD | AV IMYTSGSTGLPKGVMMTHGNVLSTLSAVMT | VPGLGSKD | YLAYLPLAH ILELAAENL | AAVGSA

Fededdkddddkdkk
LACS specific linker domain
IGYGSPLTLTDTSNKIKKGTKGDASMLGPTLMTAVPSILDRVRDGVRKKVDAKGGLSKKLFDVAYGRRLSAISGSWFGAW

B R e R R R e o o e R e e R R R R R R e
AMP binding domain 2

GLEKLLWNLLVFRKVRAVLGGR IRFLLSGGAPLSGETQRF INICLGAP | GQGYGLTETCGGGTFSEYDDTSVGRVGAPLP

L a2 22222222222 222222222 24 F*hkkkkdkikk ACS signature motif

CSFIKLIDWNEGGYLTKDSPMPRGEIVIGGPNVTLGYFKNEEKTNVVYKVBERGMRWFYTGDIGRFHSDGCLEIIDRKKD

g e R g g g R g 0 g g 8 8 8 0 2 8 8 0 0 8 0 21 8-8"4

I VKLQHGEYVSLGKVEAAL | VSPYVDN | MLHADPFHNYCVALVVPSQHAVEDWATKRG | AF TNFSDLCQKEEPVKEVHGS
LVKAARDARLEKFEVPAK | KLLPDPWTPEVGLVTAALKLKRET IRKAFAEDLAGLYA

AMP-binding domain

ACS signature motif

Block I1
N [N PI I MY TSGCGSTGLP K SMIIGYGLTETCAGG eIt DERGMRWFYTGD\YGQFHEJDGCLEIIDRKKD
AtLACS9 250 inle'gigferuged e ————- 446 (e dean ey Nele] —— 514 —— DEEGMRWFYTGDIGEFHDGCLEI IDRKKD
RPN CIPAYI MY TSGSTGL P KEENYTLICYGLTETCAGG Guutyp/\gu D ERGMRWFYTGDIGQFHIDGCLEIIDRKKD
BnLACS9 251

CoLACS4 353 I
AtLACS9 348
JcLACS9 354
BnLACS9 349
CcLACS9 354

AVPAILDRVRDGVRKKVDAKGGLSKKLFD|JAYARRLSAINGSWFGAWGLEKLLWEA/LVFRKHRAVLGQ
AVPAILDRVRDGVRKKVDAKGGLSKKLFDMAYARRL SAINGSWFGAWGLEMLLWNJJLVFRKVRAVLG(E
AVPAILDRVRDGVRKKVDAKGGI¥AKKLFD|JAYARRLSAINGSWFGAWGLEKLLWEAYLVFEKHRAVLGY
AVPEILDRVRDGVRKKVDAKGGLSKKLFD\AYERRLSAIEGSWFGAWGLEKLLWNWLVFRKVRAVLG(E

El 2 CcLACS9 & FEFRIFF ACS W Z R R 1E 45

Identification and conservation analysis of ACS subfamily characteristic domain in CcLLACS9

Py 32 % 5 RSP
Fig. 2

YRGBT R Sk & B tE T iR d ERe iR FkFah & i 2R 9 A 22 )5 B i I 3]
4 AL TR LA BE-ACP F1 2, TE-CoA 1 Jy ik l%cumwﬁﬁ?kaﬂ%u%w—w%&?
WY T L R AN, LB IE R IE In 2 4> e PR RS, KRR ESMOmES &

e ) 43T 58 S e P Bl 5% L 2 5 B 16 ~ 18 Mk (1 4L
FIRE Wi BE-ACP ( Brown et al, 2006) ., #KIKAE A°fifi
I P 2 0 0 il R R 3L -ACP K i VR R TR i
B AR AR I B2 ( Kachroo et al, 2007) . A 5E W&
T = T A e O S ) S i, —
IRV 53U 1 A N i 107 TR e LA T Ak -CoA BT TE X
s IR, % N B B LACSs A F o8, LG
Bi 2 W] ALACS9 FE4U R I AR & A SRR
SRR P BB H (Schnurr et al, 2002) , FEASHF
FEH, CeLACS9 FEH P55 AtLACS9 KPR AR
75% , SV 20 ML 5 o7 5000 5 o T B A vh B AR
H L3 RIA | 7R HR AT RBAE S ALLACS9 H & [A] 5
BEPRTERR AR Il il 5 22 AR A rp e AR
4 HERER I R HE IR, 5—8 H J& H S Pk i ik 10

E*ﬁa‘é,ﬁm—%%Tﬁﬁ@ﬁ*ﬂﬂa%ﬁﬂn;’étk
Bl TEZEMEM, FRRE 9 AE),
CcLACS9 FRik i 5 I Ag & & JC I B AH G, 3L
Y5 w5 B IR 7KK T B 3 BLAE TR AT IR AR ] 25
51 I RE B T AE AR R AR O s SO

ANF AR CcLACS9 &K 3Rk Efz#ﬁ%?ﬁﬂﬂﬁé\

ST A G, BREAHERERS S
TORFIE R
R RFF Il B R B 0 R R o), 2 R T

JE Wi 2 A= 1) G WAL %) 2 B4 L, T JE-ACP K iR
it 2 WA AR B I D7 T 2 ) O B R R 2 —
(Yuan et al, 1995) 9k CcLACS9 34 1% Iif7 B JIg iy Bk

BASREEEERATHN, FEAMR T, K
1|]5H:“%'n L T UFA (unusual fatty acid ) #8540 45 %
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100 Bk Ricinus communis

82 B Jatropha curcas

64 Z{&1K481E Gossypium raimondii

JM3E Brassica napus

97

100 Y—— WE5v Arabidopsis thaliana

49 SMZk Camellia oleifera

87 Z Wk Sesamum indicum

& Nelumbo nucifera

@ & Cinnamomum camphora

JoimiE Amborella trichopoda

64 EK Zea mays

72 sHER Elaeis guineensis
A
0.02

. BRI (XP_012078234.1) ; B R ( XP_002513807.1) ; A7 AHR 46 ( XP_012450538.1) ; 8L Hg I+ ( NP_177882.1) ;
I (NP_001303207.1) 5 1% (ALF39596.1) 5 2 J# (XP_011069534.1) ; 3% ( XP_010242787.1) ;
eIl AE (XP_006847032.1) ; i 4E ( XP_010930884.1) ; T 2K (XP_008679622.1) ,,
Note: Jatropha curcas (XP_012078234.1) ; Ricinus communis (XP_002513807.1) ; Gossypium raimondii (XP_012450538.1) ; Arabidopsis thaliana
(NP_177882.1) ; Brassica napus (NP_001303207.1) ; Camellia oleifera ( ALF39596.1) ; Seasmum indicum (XP_011069534.1) ; Nelumo nucifera
(XP_010242787.1) ; Amborella trichopoda (XP_006847032.1) ; Elaeis guineensis (XP_010930884.1) ; Zea mays (XP_008679622.1).

K3t LACS9 BEREAL 5B
Fig. 3 Phylogenetic analysis of LACS9 in plants

25 80
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20
10 |

CcLACS9
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Tree No. 1
Tree No.2
Tree No.3
Tree No.4
Tree No.5
Tree No.6
Tree No.7
Tree No.8
Tree No.9

8H 9H 108 18
Jun. Jul. Aug. Sept.  Oct. Nov.

EFExFREE
Gene relative expression
o o = o
TFHEXNEE (%)
Seed oil realtive content
o
o
Nt by
~
i

i E3 At e iz = - ;
Root Stem Leaf Flower Kernel . TR ERR (8] .
Time of kernel collection
Bl 4 2t R PCR KA [RI 4141 K5 RERER TR A 7 A 2 B b
CcLACS9 HEH IR TE L Fig. 5 Analysis oil contents in developing
Fig. 4 Analysis expression level of CcLACS9 in tissues kernel of Cinnamomum camphora

by quantitative real-time PCR

RS AIMEAN T 75% ~81% 2 4], HIC W] & 22
By ARV RR S E AR Y AL R 0T R R B motifs 27E ., P MEGA6.0 A EHi % LACS9
S5 LACS9 P HVRHE , 45 R WY LACS9 —3& R KM, 4558 8K CcLACS9 R4 LB Tl
BARSFIY LACSs W TG M5, T A Rl R R A% RS BAF I AE Y LACS9 FIZ R i 2% 45 0L+
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Gene relative expression
N
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0
5H May 68 Jun. 78 Jul.
iz R
Ke M{kH

8H Aug.
IRNAER#¥ERTE] Time of total RNA of kernel collection
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108 Oct.

JEFET CeLACS9 Kt ik 28 (b A Ar

Fig. 6 Expression analysis of CcLACS9 in kernel developing

. AL pYES2 YB525 #4bT-; B. pYES2-CcLACS9 YBS525 #iAb¥-,
Note: A. pYES2 YB525 transformant; B. pYES2-CcLACS9
YBS525 transformant.

B 7 GG AEERE YBS2S HAMNZEKIN CclACS9
JRTE CoA & B i 16 1
Fig. 7 Acyl-CoA synthase activity of CclACS9 tested
by complementation of ALACS yeast strain YB525

HAEY) LACSO Z [], ta 5 A B VR S BE I Bl 11 4
(AL LA AS R IR T UFA MY B9 LACS9 Jf R
R AT — Dby 3 B TERUZEY) Sh Y
FMFFEH (Lindner et al, 2006 ; Kasuya et al, 2009;
Meng et al, 2010) , H 4% JIg 17 2 15 5& CoA & B

(MACS) Al & — P “ 154k " hBE R BT IR . A )
MACS TEMRAN 256 Fh Rt & R | TR A1 2% ik B4 1

SIS (B AR 2016) . SR, HOET R & B
FENL TR T A MACS, X H ELAT B A 4 A 9 i
NE Wi TR A/t BT T BE A7 5B . R v 0 A A7 TR
R MACS 415 55 B D5 1R 5% A/t Jo A 5 22 3
— 5T
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