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W . p-FHlfEHE ACP & il ( beta-ketoacyl-acyl carrier protein synthase, KAS ) A8 ¥ I8 i FR 4= ¥ & hiiad B A it S
& . HIEIT KAS TEMMASF T BB R R i E A, AWFSEE T L W15 B2 iR X CoKAS FE R 5K Ji% a5 #1748
TE, S HT AR T | e AR 7 L AR E 7 . REER AR ARSFRL T L B B FIECYE AT, SR A RT-qPCR
HARSHIMAS R SR G B Rk . 5 RRW . SN 14 4> CoKAS KR A /e 7 e afk I, #
X O3 B TE 1.13~5.15 kDa Z i), HIRE/ MR MR E & 1 o Bk CoKAS -2 FE A7 TEORARFII SRR AL, HAR S T
Wik, REREE AP R CoKAS ZEHEB 4R 3 NS, R0 B0 1Y JE R 254 AR <7 387 A AP . CoKAS
HERARGEE A WE N TR E G 5ERKEE . JemB . MEFEF A8 RN Z A= E Tt @il RiEahk
B, KIS CoKAS HE FIFE T A5 Fh 73l I Pl AR B ) Rk B = o BLAh, RIS R Sk #ad &, CoKAS 5 CoMYB
B IR G R (B A7 AE AR B A SCPE I WL 5% o ARBIFGE 45 R A TR A M AT CoRAS Ji R 2 T 245 Vi i 26 90 6 1 v %) R 28 AL 1 42 A1k 31
fioe S i

KR : JhAS; CoKAS HEREZEK; HWiEB; KB

HESES: S794.4 NHEIRERS: A

| dentification and Expression Profile Analysis of KAS Gene Family in
Camellia oleifera
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Abstract: Beta-ketoacyl-acyl carrier protein synthase (KAS) is the key enzyme system in plant fatty acid biosynthesis.
In order to investigate the function of the KAS gene family in the maturation and oil accumulation of Camellia oleifera,
this study used bioinformatics methods and analyzed ther physicochemical properties, chromosomal localization, sub-
cellular localization, secondary structure, phylogenetic trees, conserved motifs, promoter cis-acting elements, and
RT-qPCR to analyze the expression patterns in the oil rapid accumulation stage of C. oleifera. The findings indicated
that 14 Camellia oleifera KAS family members were distributed on seven chromosomes with relative molecular masses
between 1.13 kDa and 5.15 kDa, and most of them were acid-stabilized proteins. Except for COKAS |1-2, which was
localized in mitochondria and chloroplasts, all of them were localized in chloroplasts. Phylogenetic analysis revealed that
CoKAS was divided into three subclasses, with similarities in structure and conserved motifs among KAS family numbers in
the same subfamily. The promoter regions of the CoKAS gene family members were enriched with the cis-acting ele-
ments growth and development-related, light response, hormone induction, and adversity response. Expression analysis
revealed that most of the COKAS genes were highly expressed during the oil rapid accumulation stage. In addition, it was
found a strong correlation between the members of the CoKAS and CoMYB gene families during fruit ripening in C.
oleifera. The findings would provide a theoretical basis for comprehensively analyzing the function of COKAS genes.
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B-Ti AE Wt ACP & Hifi# ( beta-ketoacyl-acyl
carrier protein synthase, KAS ) EAAYIRE R Mk
B Bk v Rl B A A ) OB R, R AR R T
-CoA HIRIEHE-ACP 4> T2 ] C-C #IE . %
fit N 3 A C i 2 S5 A B2, TE PR s T
X2 ANEEIEZ A, N Imgs ik & 25 R ik
TE W G54 RS VRO SR R IR R L, 5 C Imsh
PR B PR R AL P R VR T, SEBUR A R
AL R K = e, FERE T, B RE
KAS I. KAS II f1 KAS TIT —F' KAS WA, ‘EA]
2 ) HHR, LR UMESE AR R EERAEf . KAS TIT
SRR G AR s i B i FR B , LA 21 CoA FIITA
Tt CoA MJEY), BN BE-ACPP Y, KAS I
W] = ZL 5 T AR AR (C16:0-ACP ) FE{H Ky i
iz (C18:0-ACP), 4% Cl6 5 CI18 IR Lt
#™), KAS T e R C4 &= Cl6 KEERYEE
H-ACP, FHEHEHBREE MM, FIFH RNA T
. ( RNA interference, RNAi ) £ AR T AL Fh T
H ghKAS2 JER (336, o] DL 3542 m AR o
T2 (C16:0) By &, JHH MR E BIE S5
1R, WA R T % 2855 KRS OsKASI-2
DAL R 153 < S0 P i D T P AS 0 R 2 AT
R IG SR T KRG B SRR, R LT FE R
H RS, 1R 2R SKAS ] S
FEanfadiig i R R, IF 5 MR E =R
G &z H A (ABC transporter ) M EAEH],
M AR B % U A, KRR JcKASII
JE R ek T B A B DL B KAS B KASH 3 R A1
(A ST oA Ay, ML BRI AR AR, R R
HAh b S 2R B AR 25 BRI, KAS
FE DR R 8 5L AR A A R B R A N 2 R
HLEMEM.

W25 (Camellia oleifera) 2 [E 44 1L 5
ARASHBHM R, 7 A TR 2 e R i X
(Ll e, B AL RS ED,
ZFFI D m ik 80% L AN FIRE IR ( 2
WMERANE AR ) U, BRFE, TR ERR
Gy T R B S g R . SR,
WA WA RAR, SFEMMEEEAT,
BRI TR AS A R K R . T AR AR BRI
ZORF G BT B DGR Y , $8 s LRI T

Brawm e Bm AR i A B R L ARSI
Tl AR LA KT A R SR AU, S
CoKAS FENFE M, FFxH B . RSt
A LM g7 FH . RN AR A
BASFHAT RG T, it — L FFEI2E KAS %
PR AR 1) T REWE 5% B JE Al

1 MEE5A=E
1.1 iM%k CoKAS RIKM REE
M NCBI £l e F 8l 28 Fh+ & & ARl
B 1) P e TBOUEC SRA %5515 : PRINAG668531 ),
MAAEEAUFSME B M GitHub (https://github.
com/Hengfu-Yin/CON_genome data ) #(¥ 2 1 4k
B, F| FH Hisat2 F1 StringTie #4375 5% A B,
M NCBI ##& % ( https://www.ncbi.nlm.nih.gov/
protein ) 1N F T KAS EHFH, RH
blast-2.15.0+8 R H A2 PRI IRF 51, BI{E N
le-10, M Pfam ( http://pfam- legacy.xfam.org/ ) %%
38 R 3 KASSE 438 PFO0109( N 3f YAl PF02801
(C %) W) hmmr SC2F; 18 hmmer 3.4 #42F X
A KAS IR AT e, 80 E I
PR AR 2 25 RILA 1P H, kA NCBI 258 2
) ORF finder ( https://www.ncbi.nlm.nih.gov/
orffinder/ ) 7£4& T Fil I 46 35 1 4] 1) FF 75t 15 132 A
( open reading frame, ORF ),if i NCBI CD-Search
( https://www.ncbi.nlm.nih.gov/Structure/bwrpsb/
bwrpsb.cgi ). SMART ( https://smart.embl.de/ ) Fl
InterPro ( https:// www.ebi.ac.uk/interpro/ ) 7FZE&%K
PFE CoKAS FIEM b1, AR YL (A {5 B i
14 o
FIH ExPASy ProtParam ( https://web.expasy.
org/protparam/ ) 7E 2 AKX {1 XM 2% CoKAS i B A< Bt
et B 47 50 M. FIH SOPMA ( https:/npsa-
pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_so
pma.html ) 7EZ AR HII CoKAS [ =g 2544 . F
A CELLO v.2.5 (http://cello.life.nctu.edu.tw/ ) £
LA T CoKAS IV 40 it 2 17
1.2 CoKAS Gk HRitgE
FIFH MEGA-X {4+ Muscle 5755 CoKAS
Il AtKAS 8 P HN AT 2 )7 50 Lo, (i AR vk
( neighbor-joining method, NI ) 4 R Gt it L,
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bootstrap {H % & & 1000,
1.3 CoKAS EE 53537

A H MEME ( https://meme-suite.org/meme/
tools/meme ) TE Z& 3K 1 43 M & 1 09 {57 2 ¥

(motif ), WEFECHN 10, HAl HEKIASE ., R
fiii CoKAS K&K G i iR S, FIH GSDS 2.0
( https://gsds.gao- lab.org/ ) TEZREKIFHETTHE R 2%

FI AT 2317
1.4 CoKAS B#hFFF 554

F ] TBtools R $2 B CoKAS K [F % 5t i
fiisi, (ATG) FJiF 2000 bp KR s T8, FIH
PlantCAREC( https://bioinformatics.psb.ugent.be/we-
btools/plantcare/html/ ) 7 £ H 4 it Ho i =4 H
Joft, A R B B AT nT AR ST o
1.5 CoKAS ERERLKX T AR HRIRIE
R

CoKAS K& A ZZJi5 A b 1) e 35 1 LU A TS Bl
FE PR i S g T WS 2T fragments ( fragments
per kilobase of exon model per million mapped
fragments, FPKM ) 135, ¥ LI 2% g r
CoMYB ( Camellia oleifera myeloblastosis ) Z % i,
7 8 ST A M 2 T AR A% MYB R, R
I R A 3547 CoKAS Fil CoMYB AH G 43-#T 1
Hodl nl Ao
1.6 RT-qPCR 43 #7

BEIGHIAR 2104 2% i D AL 2 O FT
SrAER R IR 256 d(S1).275 d(82).303 d(S3),
330d (S4) REEMN, B4 3 MEYFER. M
ifr it CoKAS JEHfY CDS J#41, @it NCBI K
Primer3 ( https://www.ncbi.nlm.nih.gov/tools/prim-
er-blast/index.cgi?LINK_LOC=BlastHome ) 7£ £ %X
PFRH51 (3 1), R TRNzol BEHZHUAL RNA,
fifi ] FastKing cDNA £ —#f & ik 57 & (KR116 )
PAT I SE, A cDNA, DL EFla2 hINZ, F
H SuperReal PreMix Plus ( SYBR Green ) #17
RT-qPCR, COKAS HE[K FyMIXT ik R 244
B, 29I SPSS 25.0 il origin 2020 4
HEATEE A BRI 1

2 EREHMW
2.1 COKAS &R R HIFFIE S #r

it 454 hmmer FI blast J7ik, TEIMAS L
(R SR8 R 3L SR SE B 14 )~ CoKAS R Kk
MG, £ 45 41 KAS .6 > CoKASII #1144~ CoKAS

R 1 HFE KASKKRKZHISI 4RSI
Tab. 1 Primers sequence for CoKAS family
B [H 44 e Em59 (5-3") g (5-3")
Gene name  Forward primer (5'-3") Reverse primer (5'-3")

EFla2 CGTTATCGTTGCCTC GCGTTATGTTTTCCT
TGCTC GTTTTGTC

CoKASI-1  ATGGGTCTCGTCTCC GGGTAGGGAATTTGG
GTCTT ACGCA

CoKASI-3  GCATCACTCACATTG TGCAGTAGCGAAGG
ACCGC CAATCA

CoKASI1-3 TGAGAAGAACAATG CACGTCGTTTCCAAG
GCGGCT CACTG

CoKASII-5 GGCATAGCTGGTGCT GTCGCTTGCTTGCTC
TGTTC TCAAC

CoKASII-6 CTGGGGATTTGGCAG ATCCACCAGAAGCTC
AGGTT CAAGC

CoKASIII-1 CGAGTACCCAGGCTT GGATCCCAGTGCGA
GTCAG ACAGAT

CoKASIII-2 CGAGTACCCAGGCTT GGATCCCAGTGCGA
GTCAG ACAGAT

CoKASI11-3 AAGGCTGGTCTCACT AGAAATGACCCGCTC
TCGTC TGGTG

N (F£2), EATRBAIHAHTEMES Y 7 48
b, Hrh KAS | 4 DMREIGRAAGTE 4 5
eafk b BRTER AR, X SR H R K
B P R SRR T 400 YRR Y 78.57%, H:
HF X 2 F i /NS 1,13 kDa, e RIH
5.15 kDa, FRiEZEHL 51 4.54~8.89 Z[a], K4y
HIRVERR I . AR RETE 32.01~ 43.96 Z[H],
KB MEEEE M. i CoKAS HEHAMRHM:
R R M 100, HAdl 9 NEEFEKEEUN
T 0, VLW 64.29% A5 K K H o 7E CoKAS
AW g, b e R TC R 5
4 44.07% ( COKASI-2) ~38.75% ( CoKASIII-3);
b7 HE AR S B 5 /f, L CoKAS 1-4 1 9.35% M
. WA E N M 7R, Bk CoKASII-2 %E
TEARRFI LRI, AR B A T 44
22 COKASEHRGZHUXRS
SR NI A @ A FHURE IF KAS LR K%

(R E BRI IR G KB, SRR, MEXTT
KAS AW KR, FKE 1A Z AP %R R
WO (1), ER LR, BT AtKAS
I 5 CoKAS I1-1/2 4b T [a]— 4L 25, CoKAS
11-3/4/5/6 TEi%53 32 e sr o e ok . iAEss 1
FIEAE S H, CoKAS 5 AtKAS AL 51 43 5]
JEFAFMAW 2, 28 BTk, M PAEES
AR IT KAS bR BOE R RE KAS EH, [F]
it 2 APyl ] A2 7E ] S A1 ) KAS R .
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Tab. 2 Basic information of COKAS family
— etk ﬁﬁﬁiﬁi TR s Kﬁ% 5 H‘E'ﬁl?j % 7kf£\i/?(ﬁ 445K Secondary structure/% —
T Chro-  umber Moleelar L B I and wernge @ B TGN Syl
MOSOME of amino /g index index of h){d.ro— Alp_ha Beta Randpm Extended localization
acids pathicity helix  turn coil strand

CoKASI-1 4 442 4.72 6.33 38.01 81.70 —0.164 35.07  6.56 43.44 14.93 Chloroplast
CoKASI-2 4 481 5.15 8.70 32.67 77.75 -0.178 33.06  6.65 44.07 16.22 Chloroplast
CoKASI-3 4 476 5.10 8.89 32.92 78.36 —-0.180 34.66  6.72 43.70 14.92 Chloroplast
CoKASI-4 4 107 1.13 4.54 42.35 80.37 -0.160 33.64 935 42.99 14.02 Chloroplast
CoKASII-1 9 475 5.08 6.35 41.57 81.83 —-0.056 35.37 5.89 44.00 14.74 Chloroplast
CoKASII-2 2 241 2.53 6.13 35.97 83.15 0.011 35.27 5.81 44.40 14.52 Chloroplast

Mitochondrion
CoKASII-3 2 479 5.12 8.88 38.76 85.18 -0137 38.00 6.26 40.71 15.03 Chloroplast
CoKASII-4 10 458 4.88 8.00 41.06 85.04 -0.117 3734  5.68 42.23 13.76 Chloroplast
CoKASII-5 10 402 4.27 6.98 3941 77.24 —-0.143 38.06 7.21 39.55 15.17 Chloroplast
CoKASI1-6 14 318 3.34 6.20 32.01 82.89 -0.013 36.79 7.55 38.99 16.67 Chloroplast
CoKASIII-1 15 405 4.26 5.56 38.26 89.56 0.037 28.40  8.51 39.51 23.95 Chloroplast
CoKASIII-2 14 394 4.13 541 38.72 88.86 0.024 27.16 8.38 40.36 24.11 Chloroplast
CoKASIII-3 14 400 4.24 6.24 43.96 91.25 0.003 28.25 9.00 38.75 24.00 Chloroplast
CoKASIII-4 15 400 4.24 6.53 43.96 91.97 0.022 26.50  9.00 40.50 24.00 Chloroplast

Y.
§ 5
o g
g §
V:E
IS

F B {E SRS AR SRR T 75%.
The numbers in the graph indicate that the bootstrap confidence
value is greater than 75%.
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E1
Phylogenetic trees of KAS family members between
C. oleifera and Arabidopsis thaliana

2.3 COKAS HRrEFELZEH ., RTFEHEIAE
FEESHT
FRFTE CoKAS FEME A 57 35 K] A0 25 R4 RR AR, X6

Fig. 1

HAMNE F 5N F AT 0. 45 88K
CoKAS I ) KE N 450 1 2R, & T8
HAE 1~13 Z 8], JuH CoKASII-1/2 il N & T 5
ik 13, FER BN, B Z B AR
VA 2 IR AR, 40 CoKAS I
WA R BT & 7 A S TR ERAR—2 (A
2A ), KUK PR, WS ] 5L R A5 A 1 2% 5
AR 1T BE 558 D) AR Y T L A G . A PR A
WO B, BT R BRI KAS 2 i #L
WHIE, 0% 4 cond_enzymes £5 4448, 1] PLN02326
J& CoKAS I W KGR IR SF 45 8 58 ( &l 2B ),
CoKAS ZJ% i 51 1Y motif M 2 3] 10 AL, Hrp
motif 1/2/6 JEFL L T KAS Fk K 52 15 #L A (1) {5
X (K 2C, K 2D). motif 1 E£3if IS PE
FabB X3, fFfE T CoKAS & ; B&
CoKAS I-4 4, CoKAS ZIE A i 51 ¥ &4 motif 2
K05 1M motif 6 FL/FAUAE CoKAS VI W55 H
Wik, CoKAS T Ml I Wi~V Z2 05 A 57 (6] motif
23 B340 . R AECE A RS i —28E, M
5 CoKAS HI KIGEMAFAETE—E R 2E 5. SR,

7£ CoKAS I A1 1T RN IE S0, A A 51k i an
CoKAS I-4 il COKAS I1-2 fit) motif %5 A % 2k
X ] RE 5 BE N R I A e R P I Y B R K
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D: COKAS RIS 57751 LOGO.
A: Gene structure analysis of the COKAS family; B: Conserved structural domains analysis of the CoKAS family;
C: Conserved motif analysis of the COKAS family; D: Conserved motif sequences of the CoKAS family LOGO.
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Fig. 2 Gene structure, conserved structural domains, and motif analysis of CoKAS family
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H CE3). A AR R EmB T, $ot
2 I A L #EHA 1 MYB M MY C % 5 A
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Fig. 3 Cis-acting elements in promoters of CoOKAS family members
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