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Abstract: Cinnamomum bodinieri is important landscaping and economic tree species, which is rich in essential oils in
branches and leaves. However, there are few theoretical researches on the genomics of C. bodinieri. In order to reveal the
chloroplast genomic characteristics and phylogenetic relationship of C. bodinieri, the complete chloroplast genome was
sequenced based on Illumina platform and assembled through de novo. The genome structure, gene composition,
sequence repeats, codon usage bias and phylogeny were analyzed subsequently. Furthermore, the phylogenetic tree was
constructed with the chloroplast genome data of the main species of Subfam. Lauroideae. The results were as follows: (1)
The complete chloroplast genome of C. bodinieri was 152 727 bp in length including two inverted repeats (IRs) of 20 132
bp, which were separated by large single copy (LSC) of 93 605 bp and short single copy (SSC) of 18 858 bp,
respectively, and the GC content was 39.13%. (2) The genome encoded 127 functional genes, including 83 protein-
coding genes (PCGs), 36 tRNA genes, and 8 TRNA genes. A total of 92 SSR loci were detected in the chloroplast
genome, and most of them were composed of nucleobase A and T. The codon adaptation index ( CAI) and effective
number of codons (ENc) were 0.166 and 54.68, respectively. There were some differences in IR region and the
boundary of two SC regions of the chloroplast genomes between C. bodinieri and related species. (3) Phylogenetic tree
based on 24 species of Subfam. Lauroideae showed that the C. bodinieri was most closely related to C. camphora. The
phylogeny strongly supported the establishment of the three clades, Cinnamomum-Ocotea, Laurus-Neolitsea, and
Machilus-Persea. This study enriched the information on the genetic resources of C. bodiniert, and further clarified the
phylogenetic status of the main genera of Subfam. Lauroideae.

Key words: Cinnamomum bodinieri, chloroplast genome, SSR, codon usage bias, phylogeny
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PHER AR
AR p 32, A R RE R AR ME LA AR BB

Tbti A A SR AR SE N AR/ NEE 107 ~ 218 kb Z
(], 5 4% AL DR 20 R b A 4 A L 35 A% A7 8 ) 5
AT g b ( Daniell et al., 2016) . {H & ﬂféiﬁi
%IQE@E%TQ%‘\M%,,\ﬁgﬂm%ﬂlﬂl?@ﬂc it
1"51'.: B A R R ST B R 51 R OR
B4 ] B 51 8 42 ( simple sequence repeats, SSR) &
[AJAE 2540 15, ( Dobrogojski et al., 2020) , T 4F >k bl
%@Li{ﬂﬂr&ﬂiﬂ’ﬂﬁ%,Eﬁﬁi%ﬂ*ﬁ%?ﬁ%\ﬁﬂi
PRIE AW A (g i SR AR S 240 48 R T Al 0 0
AR AN il 22 [] L P 27) 0 485 4 5 T 1) 72 S X 2
WEER — LAY I R G L T, e i) 2 ) B ik 4L oy
SCN P Rl R A OC B AR T DR 89 STHR ( Njuguna
et al., 2013; Daniell et al., 2016) ,
FERHE Y )2 o3 A T 15 4% 3t i BGF 5 A
A HLIX AL 50 24N 8 3 500 ZFf ( Chanderbali et
al., 2001) ., WK RG P, 5 H AL &5
FEAE ¥ M B o O m W B A R kT B
( Kostermans, 1957) , 1 — B DORE WAL RS &
B RRAFAE WL, TE R A5 1 N7 A% R 55 TR A LA b g
KJg B g 5 0 R G0 % B H 45 R) jUr  Z
Bif J5 35 T LA Bl 22 A I S AR OGS R IR X BB A 1

A S T AR R B W] R B8 R B G AR (K A,
2021) o TAEARMIIE A H T Sk 1A B TR 2H 8 A
BL43 A Hypodaphnis 43 37 | Beilschmiedia-Cryptocarya
7 % Neocinnamomum 4337 Caryodaphnopsis 7337 .

Chlorocardium-Mezilaurus 43 32, Machilus-Persea 4}
T Cinnamomum-Ocotea 53 . f Laurus-Neolitsea 77
7 (Song et al., 2020) , H:H' Machilus-Persea 4337 .

Cinnamomum-Ocotea 73 3 1 Laurus-Neolitsea 73 2 &
R RHEY) 2R R G h P I Z W 2ERE, A0
FERI, i S M 5L R 28 7 2 1F W b B R 4 D
RIS AE T 5 H Y A O B A — E M (Liu et

al., 2021) ., I, 76 H § B P 4% 58 4 | 26
ﬁﬁi%léﬂﬂ’wﬂ VHAEF AR AR KRR T,

) FH - (A B PR A A R R 2R 8 B RS AR 02 Y
HTHY A 2 F Bt 22— (Song et al., 2020; Liu et al.,
2021),

WA ( Cinnamomum bodinieri) &1 Bl ¥ J& H &%
i i D o E EE AR SN A IR
PUEBAIAIL 2 PE ( Fang et al., 2011) , fERIINE
FEWL A% 5 JEE S, KA JoT ﬂﬂ%@ HOCEE, A &R,
RS A7 F & 8RSl (Xiao et al., 2020) , &5 %
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1 PEARERAL A R RN e A, A
FEHAE SRR (/NSRS /NN, 201 1) $T 38 M
(CRIFHRAE 2012) AR B AT E Fh (5K 4655, 2014)
ARG TR (A EE,2020) 5505, B4 56T
Wt SRR IE R 240 K Rk B H S, AHE
FEHET Humina W55, X5 53 M 7™ Mg AR i) -2
A A FEPR 2 R AT 7 | 2 e RN B, DI gt A 3 A
L5 SSR AV A 25 A it O e | S ) EE AR DX
(inverted repeats,IR) I3 5k SUIRAE LI M R B K T
S5 T TSR, [ i 45 G R E 2R 1 23 4>
YRR R G AR, 40048 7R A A i S A R Y 4
PITNAE B (1) 0 B i & R B PR A 1Y) 56 A R 1IE
(2) MrAE S A 3 R 4L SSR A7 i K 35 TR %% 65 - i
UM O 5 (3) A 50 A g it AR JE [ 41 IR
XA 2R (4) B RIA R NA R R LK BIE

.
1 MRS &

1.1 iR 5e H#t

R SR B 5N A8 St T 5N K 2F R AR X
(106°67" £,26°43" N) , 28 B4 BRAKBE IR 5 3R 85
WF5E 0 SR B2 5 MR JE e, HEAR 2
WA VR AL RS PR A T-80 CUKAf .
1.2 HEEEEEH DNA RIS F

VR R 2H 20, B A 9 36 I 41 DNA $2 506K
# £ (TIANGEN Beijing China) $2 Bt 2 DNA | 4
1 19 BRI B R T L K A48 A0 43 56 0l BE TG I R
it J5 A NMumina NovaSeq ~F- 15 5¢ 1 = 38 2t I J7
FLARSI G AR # PR Mlumina 2 5] £ AL i F1 #E 7 15
AT, ¥ DNA F Btk Jm , % H k47 B Bratifl oK S
B 3/ A 3P 4k, 4 PCR § 858 1%
DU SR SCE SRS 5 4% S A7 )
1.3 HEEEERAMNAESTR

] SPAdes(v3.10.1) #t {4 ( Bankevich et al.
2012) AR AR S PR 21, R FH R ol 9 5% - 4
PRIEDI A AT T R, DA S i B R 1 . 15,
f#i i PRODIGAL(v2.6.3) %k {4 ( Hyatt et al., 2010)
R SRR (%) CDS, f f HMMER ( v3.1b2) {4
(Collyda et al., 2006 ) Hiilll rRNA , {# ] ARAGORN
(v.1.2.38) &} ( Laslett & Canback, 2004 ) T il
tRNA, HK, M4 NCBI & B 2823 A B 3 R 9
P& 5L R 41, 1 i F§ BLAST ( https://blast.

nchi.nlm.nih. gov/Blast. cgi) HXT 20 28 (1) ¥ 51 | 75 3]
SR REAE R, SRS R b 2 R A R T R
RIUR MR i E 250 B 7 RS I & TE
BE o BT K T R 52 I A Ao It A Bk TR 2 7 97
#7422 NCBI ( https : //www.ncbi. nlm.nih. gov/ ) , 3k
FRE SRS (MW381013)
1.4 MHEREEFE A SSR i m

{i FH MISA (v1.0) %K ( Beier et al., 2017) 4%
RN LR AR SL R A b 1) SSR bric, i B S 1T R
U110, T IREZRESS, S RER
B4, UZTR, TR AT REE
WH>3,
1.5 R FRFEDS T

MG 127 ASSEFE 1Y CDS T4, i e e — 1 ( £
A8 DL DA 3t 5 — A48 D) B 81K B2 T 300
bp ) CDS, I FH CodonW (v.1.4.2) %4 ( Wong et
al., 2010) i 14 A~ 55 18 (14 AH A [ SC2% A - fff
H (relative synonymous codon usage, RSCU) 43 4L
20 T8 (effective number of codons, ENc) Fl% 15
F1d W #5622 ( codon adaptation index, CAI) ,
1.6 AR5

O T % ¥ Fb B 5 ( Neocinnamomum
delavayi) . W # ( Cinnamomum cassia ) . ¥ K
(Sassafras tzumu) | H ¥E ( Laurus nobilis ) F1 R Hr A
FF ( Neolitsea levinei) W 2R FE K 41 | 38 1 Irscope
( https://irscope. shinyapps. io/irapp/) TE £& %K 1
( Amiryousefi et al., 2018) FEAT AT FRALXT L, 43 #7 4
ASXEE AR AR R R IR XA 5K A 4 DA &
IR/SC i1 3 AR ML B A2
1.7 HREEEAREEZE ST

) I A s - 2 4 B DX 2 0 AL NCBI T #0123
/M R} ( Subfam. Lauroideae ) # #) M- & {4 35k X 40
W Rk H M, R MAFFT (v.7.475) #fF
( Nakamura et al., 2018) #4722 ¥ 51 L X, ] H 1Q-
TREE(v. 2.0.3) /4 ( Nguyen et al., 2015) f4 & &
GURERM KA 1000 %K,

2 HER 544

2.1 HEFEERALEN

TR SRR L R A 2Ky 152 727 bp (I 1),
&1 A, 2 R A DO A RS54, B 93 605 bp
R B D1 X (large single copy, LSC) . 18 858 bp
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B —BRRZERRILEEKTEEE  RubisCO large subunit

Il RNAXAR RNA polymerase
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I Bomik@E AT Ribosomal protein large subunit

O clpP, matK#EH  clpP, maiK genes

W Jifh3E  Other genes

O st S4kBHAE  Hypothetical chloroplast reading frames
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Il #BEARNA  Ribosomal RNAs
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1 BEHGEEERFEARL

Fig. 1

H/INLEE DL X (small single copy, SSC) Fl 20 132
bp H— X} 2 18] &2 X (IRs) 4L A, LK 4 4 GC
TN 39.13% 1R X GC it fe i (44.37%) , H
WA LSC(37.94% ) ,SSC HeAX (33.83%) , Mh&¢ik
FER A 127 D HE A5G 8 F 5 g A% 5L A 83
A~ tRNA JE[H 36 1~ tRNA JHE[H 8 4, 6k
KRR 4 2B (R 1), KoL & E AR G

Chloroplast genome map of Cinnamomum bodiniert

45 A, HIRE AR S 70 A, HoAth 85 11 g i 5
5 RHINREIEA 7 4>, Mot i i S AR 5L PR 21
BOAE 1D ZE IR (IRNA-Leu) (4 4> =45 D13t
(tRNA-Ser ,tRNA - Arg .tRNA-Met Hl tRNA-Val)
FI12 XU DU IR 5 17 D IER Y & A NS 7, H
o4 ADNEREA 1T ANE T 3 AR (yef3 L cdpP
Mops12) &H 2 1NET,
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Table 1  Annotated gene information of Cinnamomum bodinieri chloroplast genome

SR TIRE 2K B[R AR S 1D
Gene functional classification Gene group Gene 1D
T VE ARG HE A K751 psaB, psaA, psal, psal, psaC
Photosynthesis related gene Photosystem |
Sl psbA | psbK, psbl, psbM, psbD, psbC, psbZ, psb], psbl., psbF,
Photosystem 1l psbE, psbB, psbT, psbN, psbH
AR b/ A petN, petA, petl, petG, petB", petD
Cytochrome b/f complex
ATP 4 il aipA , apF*, atpH, atpl, atpE, atpB
ATP synthase
NADH Jlii & it ndh), ndhK, ndhC, ndhB*?*, ndhF, ndhD, ndhE, ndhG,
NADH dehydrogenase ndhl, ndhA®*, ndhH
TR TR A R R A I I rbel,
RubisCO large subunit
B 3 Hi A S L RNA R4 rpoC2, rpoCl®, mpoB, rpoA
Self-replicating related gene RNA polymerase
M AR /NI mps12°7" ps16®, mps2, msld, msd, msl8, msll, mps8, ps3,
Ribosomal protein small subunit mps19, mps1 7, msl5, msT
T A 1 R 3 ml33, 20, mpl36, pll4, mpil6, mi2", mi23, ml32
Ribosomal protein large subunit
iz RNA tRNA-His, tRNA-Lys", tRNA=Gln, tRNA-Ser" >, tRNA-Gly “**",
Transfer RNAs IRNA=Arg™*, tRNA-Cys, tRNA-Asp, tRNA-Tyr, tRNA-Glu,
tRNA=Thr"* | tRNA—Leu™**, tRNA—Phe, tRNA—Met" >, tRNA-

)

Trp, tRNA-Pro, tRNA-Val"®, tRNA-Ala", tRNA-Arg, tRNA-

Asn™?, tRNA-Tle* , tRNA-Val*
M4 RNA 168 ™%, rrn4.58"%, rrn5S*?, 23S "2
Ribosomal RNAs
oA FE P AT K] matK
Other gene Maturase gene
PR B I T infA
Translational initiation factor
ZB-CoA-¥2 Th il V. 56 accD
Subunit of acetyl-CoA carboxylase
A BT cemA
Envelop membrane protein gene
A clpP”
Protease gene
KAy AEIE PRSF I IO B B AE yef3", yefd, yef2, yefl *2, yef68°
Unknown functional gene Conserved open reading frames

T RN FARIZSEE R I 2 R 3 W a B b SRR AR 2 ANE T

Note: “* and **indicate that the genes are copied two and three times respectively; a and b indicate that there are one and two introns,
respectively.
2.2 MHEAEEFEZA SSR i = 534 AZERRFEEE FA(3.3%) .8 AN DU A 3k 2 5

Mo I 2 R 35 R 2 R B 92 N SSR i (8.7%) 2 NTLRIEE EFA (2.2%) Lh K 1 DS
A(KE2), M2 M, SSR EESMTE LSC X BEELEFI(1.1%), HAFIR SSR N £ B
(70 1~,76.1%) , Hik 2 SSC X (18 4~ SSR) Al IR MRS (A) A £ Mg i ms g (T) T4 . SSR 3 K JF 71
X (4~ SSR) . SSR s auff 68 NG ESE  BHIEAL T, A 3 T 4LAHY SSR 5 85.8% , &AM
FF51(73.9%) 10 4~ iR R EFI(10.9%) .3 B4R SSR HafdE A FIl T A3 B A3
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Fig. 2 Distribution of SSR loci of Cinnamomum bodinieri chloroplast genome

23 HEREEEAZFBFREFES T

M A5 - 2 A L R 21 A7 B0 B 7 4 (ENe)
54.68 , % fih 1 ) 45 20 (CAL) 2 0.166, RSCU> 1
T4 30 (X 2) , P L A/U(T) 4 ER
£ 261, UL G/CERIA 44, L IR i s g
B A 25 57 — 6t B %8 ( GC3s) A 33.8%,
SRR SRE 4] GC & (39.13% ) 11K,
2.4 IR XA R gGEFA Y sk o 47

P AR S AR B PR 2 5 R R N O & s Y
P MR B RE A R ORI R 22 i S A B
PRI HEAT LL 3R, 43 B IR s B9 sk Al e (1€ 3)
H & 3 AT, 6 Pt SR AR L 4 IR XK 25 57
B/IN(20 066~20 257 bp) , fi T IR X il F K i Bt
PN Y JE IR 32 E AL AE yof2 L yefl \ndhF | ycfl | yef2 LA
KoirnH, 6 ¥ Fh LSC-IRb (JLB) % &b iy 5L A
¥R yef2 HEDH, SSC—TRa ( JSA ) i 2 40 (1 3L X 35 4
yofl FEP,SSC XA 4 190 ~4 589 bp, 2 57
R, HRE yefl A7 T TRa XA W] B B2k BT A7
() ornH PR ¥4 F LSC X, i IRa-LSC (JLA) i1
B 1~21 bp A% AHERK M B A 2T TRb-SSC
(ISB) i e —A yoft BB HAR 4 DF yefl
TE 938~1 430 bp Z 0], KB, Al fe MR,
Bk JSB i1 AR I Sk — A~ ndhF A
25 REREAN

S R AR AR A R R Gk B LA, R R A

WA EZE T 24 DY R R SRR B AR T R
GEEW(E 4), K 4w RS S S
HRGER BTN 8 D33, MRy SO~
T & 73 2 ( Cinnamomum-Ocotea Clade ) 6315 5 J&
( Cinnamomum) FIE K& ( Sassafras) , %553 °N 3
M5, B ( Cinnamomum camphora ) F1 4 F L
100% 3 FF R Ab IR — W03 3. AR -HiARZ TR
N ( Laurus-Neolitsea Clade) I AR (Laurus)
ARZEAFJE (Litsea) 85 R )E (Actinodaphne) | LA
J& ( Lindera) FHT AR ZZ & ( Neolitsea ) , Hor H H: g |
ARZFIBAILEARUE 5 &, 8 A8 AU AR 2% 1
JERE ZR, T E - 8238 43 S ( Machilus-Persea
Clade) B335 J@ ( Phoebe) (BEZLJE ( Persea) IS
( Alseodaphne ) . 1 1 J& ( Machilus ) F1 F& fif J&
( Nothaphoebe ) ., 15 4% J& ( Caryodaphnopsis ) | H7 B
J& ( Neocinnamomum ) \JE5CHEJ& ( Cryptocarya) 35w
J& ( Beilschmiedia) IM5A% & ( Syndiclis) HH.ZR , I
ShE AR TE B R 2, B R R 5 [E O R
(Subtrib. Cinnamomeae ) %15 J& FIFEA J& ¢ REL

it it 5 4
Rl A ) SR e R 4] & K 7E 114 603 ~

158 598 bp Z[A] ( HI 7K ¥ ,2021) , 22 AR, H AL
PZH A /N E BT IR X AP 5k  W4e 75 2 5k

3
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Table 2 Relative synonymous codon usage ( RSCU) analysis of Cinnamomum bodinieri chloroplast genome

HEEMR wigT ik (RSCU) IR CATES ik (RSCU)
Amino acid Codon Number ( RSCU) Amino acid Codon Number ( RSCU)
RNAR uuu 760(1.11) = 225 R UCcuU 490(1.45) =*

Phenylalanine uuc 605(0.89) Serine ucc 379(1.12) =
SRR UUA 662(1.49) * UCA 413(1.23) *
Leucine uuG 578(1.30) = ucG 209(0.62)

CUU 513(1.15) = i R CCU 384(1.29) =*
cuc 265(0.60) Proline cce 285(0.96)
CUA 419(0.94) CCA 323(1.09) *
CUG 233(0.52) CCG 195(0.66)
FEERIR AUU 913(1.33) = INAR ACU 437(1.39) =
Isoleucine AUC 503(0.73) Threonine ACC 295(0.94)
AUA 641(0.93) ACA 349(1.11) =

i 2 1R AUG 581(1.00) ACG 178(0.57)
Methionine

4R GUU 489(1.32) * K- GCU 564(1.64) =

Valine GUC 214(0.58) Alanine GCC 255(0.74)

GUA 507(1.37) = GCA 394(1.15) =
GUG 272(0.73) GCG 161(0.47)

ik 2 12 UAU 653(1.42) * XN UGU 274(1.25) *

Tyrosine UAC 266(0.58) Tryptophan UGC 164(0.75)

AR CAU 479(1.40) =* bk CGU 334(1.14) =*
Histidine CAC 205(0.60) Arginine CGC 130(0.44)
B AR CAA 648(1.35) = CGA 376(1.29) =
Glutamine CAG 309(0.65) CGG 191(0.65)
RABEfk AAU 769(1.41) = e <N ivd AGU 357(1.06) *
Asparagine AAC 325(0.59) Serine AGC 174(0.52)

TR AAA 911(1.38) = K AR AGA 461(1.58) =

Lysine AAG 412(0.62) Arginine AGG 542(1.17) =
RERAIR GAU 666(1.47) = HaEmR GGU 375(0.90)
Aspartic acid GAC 238(0.53) Glycine GGC 262(0.57)

B GAA 888(1.38) = GGA 677(1.42) =

Glutamic acid GAG 398(0.62) GGG 371(0.60)

KILHHT UAA 196(1.06) * ZEE T UGA 163(0.88)

Termination UAG 195(1.06) Termination Uee 443(1.00)
codon codon

. o F/R RSCU> 1,
Note: * indicates RSCU>1.

(Huang et al., 2014) , MRS AZE K 4K 152
727 bp, IR X 42K 20 132 bp, Hi4 K 5 H AR RHE

Wi 23 AR F R 2 AH T ( Zhang et al., 2021) , 3 H
IR X R A& A W 4 5K S US4 o i i AR R A
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4190bp | 1426bp BadiA
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152763 bp o T aoanp ieep 41961:,; 139an
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C] p
151797 bp 3126bp | 3167 bp 1bp 4589bp | 928bp 4bp " sabiA
Wik Neocinnamomum delavayi STEITH 7/ 18 477 b /20257 bp
cfl 938 bp =
150 842 bp N 3721bp 3109 bp 928bp | 10bp J hp trnN -~
H B Lauras nobilis 93 381 by [—_20200 bp / 18 969 bp /[—__20200bp
152750 bp 3317bp 3300 bp 1367bp | 12bp 419bp | 13720, 2ib
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3 BEREZYMHEEEEARN 4 M EEBR

Fig. 3 Four junction boundaries of the chloroplast genomes of Cinnamomum bodinieri and related species

100 BEMEK Sassafras randaiense MW337246
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Fig. 4 Phylogenetic tree of 24 species in Subfam. Lauroideae based on chloroplast genomes
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( Lindera chunii) ( Tian et al., 2019) #2354 ( Persea
americana) ( Song et al., 2016 ) %5 H A #% £} 48 ¥ &
SR HVRREARL . Aot i S AR L AT 4H SSR Az s 2
Ly A 76 B4 DL IX (LSC F1 SSC) , Horp LSC Xy
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Tian et al., 2019) , 7EFEHH GC & &AL %
75 DNA RS E PRI, L B 2 i A/T AR
SSR Al EF™ Az B 22 1 A8 il 1, 1X 28 SSR iz 4, Al
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A ,2018) , 2% ) I 2 (R 5 DR 4 %% 5 55 — (o K
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al., 2015) , ndhF FE R 4ttt 24 NAD(P) H Jii &
fitt (NDH) 5 G AR — A~ 4 | -2 /& NDH 2 I 7E

HERFRE YOG A A LRI 5T B8 T B G PR 47 g & 45
BUAEFH (Peng et al., 2011) , &M yefl Al ndhF %
BB B U, R —H ARG K E W
FEHRE A I A AT A B SRR R R A AR
(Amar, 2020) . Z5 E45R A RERH Fl 236 2 0C &
1) 45 5 SR HERT IS .
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REER A BRI TR B A2 5 . Wang %5
(2010) % T A-trnH , trnK F ITS % )% %), Li %
(2016) 454 RPB2 LEAFY R ITS 55 L4 J% H 7k 5
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