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Abstract: Cordyline fruticosa is an common horticultural plant, widely distributed in tropical Asia, Oceania and South
America. In order to clarify the characteristics of the chloroplast genome of C. fruticosa and understand its phylogenetic
status, the chloroplast genome was sequenced by Illumina sequencing technology, and the relevant data of middle linear
plot, ENC-plot, PR2-plot and SSR loci were mined and analyzed. The total length of the complete chloroplast genome
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was 154 488 bp, and the GC content was 38%. The length of large single copy area was 85 279 bp and the GC content
was 36.1%. The small single copy area was 20 325 bp, and the GC content was 32.6%. And bidirectional repetition
zones were 24 442 bp, respectively, and the GC content was 43.4%. 131 genes were annotated, including 111 unigenes
genes, including 78 protein-coding genes, 4 TRNA genes and 29 tRNA genes. Phylogenetic tree was constructed using
the chloroplast genomes of 19 plant species in C. fruticosa and Agavaceae family. C. fruticosa was most closely related
to C. indivisa. The content of GC; in the chloroplast genome of C. fruticosa was 29.47%, GC, and GC, were 46.45%,
39.14%, respectively. The base content of GC; was lower than that of GC; and GC,, indicating that codon ends preferred
to end with A and U. The ENC values ranged from 35.48 to 59.44, indicating that the codon bias was weak. ENC-plot
analysis showed that there were 20 ENC frequency ratios between—0.05 to 0.05, indicating that codon preference was
mainly affected by natural selection pressure. PR2-plot analysis revealed T>A, G>C, indicating that the chloroplast ge-
nome of C. fruticosa was affected by many factors. Codon preference is mainly influenced by selection. Using RSCU
and ENC values as references, 17 codons were determined as optimal codons in the chloroplast genome of C. fruticosa.
Among the 91 SSR loci detected, there were 3 pentanucleotides and 55 single nucleotides. 76.92% of the SSR loci took
A, T(A/T, AT/ AT and AAAT / ATTT) as repeat units. It showed that the A and T repeat units were the main SSR sites
in the chloroplast genome of C. fruticosa. The results of this study could provide a theoretical basis for the taxonomy

and phyletic evolution of C. fruticosa and Cordyline.
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Different colors represent different gene types, and the genes within the macroloop are transcribed clockwise, while genes outside the mac-
roloop are transcribed counterclockwise, GC content is the gray area within the loop.
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Fig. I Gene map of C. fruticosa chloroplast genome
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Tab. 1 Functional classification of C. fruticosa chloroplast genome
K432 Gene type K 4340 Group of gene LK 4 FK Gene name

HoAth L LR A R EERA acch
PG clpP*
YA (0, A U CcsA
JRAR SR cemA
BRUARG K B matK
[ e o infA
I -5 P Tl A yofl, ycf2®), yef3, ycf4

Joh RGN NADH A bk S5 HERE ndhA, ndhB®, ndnC, ndhD, ndhE, ndhF, ndhG, ndhH, ndhl, ndhJ, ndhK
ATP [l A atpA, atpB, atpF, atpH, atpE, atpl
ez b/f B AR petA, petB, petD, petG, petl, petN
HFRGE 1N psaA, psaB, psaC, psal, psaJ
RS 1T A psbA, psbB, psbC, psbD, psbE, psbF, psbH, psbl, psbd, psbK, psbL, psbM, psbN, psbT,

ShZ

R AR AL R HE R A beL

il R EEH RNA R4 I rpoA, rpoB, rpoC1, rpoC2
FEBHARTE 1Al LA rpl14, rpl20, rpl16, rpl2?, rpl22, rpl23@, rpl32, rpl33, rpl36
RNA A rrn16@, rrn23®, rrn5?, rrn4.5?
T AR /NI A rpsll, rpsld, rpsls, rpsl6, rps2, rps3, rpsd, rps7®, rpss, rpsls, rps19?
tRNA A trnM-CAU, trnN-GUU®, trnP-UGG, trnA-UGC®, trnC-GCA, trnD-GUC, trnE-UUC,

trnF-GAA, trnG-GCC, trnG-UCC, trnH-GUG?, trnl-CAU®, trnl-GAU®, trnT-GGU,
trnT-UGU, trnL-CAA®, trnL-UAG, trnL-UAA, trnQ-UUG, trnR-ACG®, trnR-UCU,
trnS-GCU, trnS-GGA, trnSUGA, trnV-GAC?®, trnW-CCA, trnfM-CAU, trnk-UUU,
trnY-GUA

TE: bR bR (2) RRERTEE AN

Note: The superscript (2) indicates the number of gene duplication.
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Fig. 2 Phylogenetic tree constructed using chloroplast
genome of 19 species
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AR AR 5 . ENC I GC5 Bl 3 75 2 52 W 3 5 A O
5 GC,. GC, WFEFmA B EMIK, FiRgh Rl
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Tab. 2 GC content and ENC value of different positions of chloroplast genomic codon in C. fruticosa

HH Gene GCi/% GCo/% GCs/% GCa/% ENC HH Gene  GCi/% GCo/% GCs/% GCa/% ENC
ycf4 44.32 42.16 31.89 39.46 49.70 psaB 48.44 42.86 32.52 41.27 48.80
ycf3 46.75 40.83 40.83 39.64 59.44 psaA 52.06 43.41 34.49 43.32 51.97
ycf2 42.65 33.94 37.19 37.92 52.88 petA 53.29 35.74 28.21 39.08 49.31
ycfl 38.05 31.12 28.26 32.48 49.16 ndhK 42.17 42.57 27.71 37.48 50.17
rpsl8 34.67 30.67 28.67 31.33 35.48 ndhJ 48.43 39.62 33.33 40.46 57.11
rpsl4 47.52 46.53 31.68 41.91 40.66 ndhl 40.88 36.46 22.10 33.15 45.15
rpsli 55.32 58.16 21.28 44.92 48.49 ndhH 50.76 36.80 26.40 37.99 47.21
rps8 40.00 41.48 26.67 36.05 42.11 ndhG 42.94 35.59 23.73 34.09 46.45
rps7 50.00 45.51 24.36 39.96 48.58 ndhF 37.43 37.03 25.00 33.15 44.22
rps4 48.51 40.10 28.22 38.94 49.91 ndhE 38.24 32.35 31.37 33.99 55.15
rps3 44.10 34.93 27.07 35.37 48.17 ndhD 40.84 36.85 31.27 36.32 50.16
rps2 42.62 42.62 30.80 38.68 49.42 ndhC 50.41 35.54 28.10 38.02 47.20
rpoC2 46.43 37.11 28.38 37.30 49.19 ndhB 42.86 40.12 31.51 38.16 47.34
rpoC1l 51.46 37.32 31.20 39.99 52.38 ndhA 44.23 39.29 25.27 36.26 44.54
rpoB 50.14 38.38 29.04 39.18 48.64 matK 39.88 30.06 23.51 31.15 47.54
rpoA 47.35 35.88 28.53 37.25 51.27 cemA 40.43 28.26 31.30 33.33 52.57
rpl22 42.15 39.67 28.10 36.64 47.87 CCsA 30.56 39.51 30.25 33.44 51.18
rpl20 40.46 45.04 30.53 38.68 51.43 atpl 49.19 36.29 26.21 37.23 45.62
rpl14 54.47 36.59 24.39 38.48 46.11 atpF 49.19 34.05 32.43 38.56 43.47
rbcL 57.97 43.89 27.74 43.20 47.26 atpE 51.49 41.04 32.84 41.79 51.91
psbD 52.82 43.22 33.05 43.03 45.79 atpB 56.65 41.33 31.45 43.15 49.56
psbC 54.01 46.41 32.28 44.23 44.87 atpA 55.51 39.76 29.13 41.47 47.62
psbB 55.01 46.56 32.42 44.66 51.21 accD 41.09 33.09 29.82 34.67 48.53
psbA 49.44 43.79 34.75 42.66 41.81 Average 46.45 39.14 29.47 38.29 48.40

TE: GCa BN & TS TAL B A3 GC 3.

Note: GC, represents the average GC content at each codon position.
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Tab.3  Correlation analysis of parameters of chloroplast
genomic codon in C. fruticosa
28 Paremeter  GC, GC, GC;s GCu ENC
GC, 0.483"
GGCs 0.084 0.051
GCay 0.845™ 0.785" 0371
ENC 0.061 0.001  0.420™ 0.134
HFHN  -0.073 -0.236 0.190  -0.081  0.140

T "SRR FEMIDE (P<0.05); RN FE AL (P<0.01 ),
Note: * indicates significant correlation (P<0.05); ** indicates
extremely significant correlation (P<0.01).

Mo HHTHBTE N il ENC M E RS
0.140, FFARKH I E K, WFRHIZIELHFIK
JEE X A T i - P S R A 55

B SRR IL 41 AH 5 RSCU ZrMrank 4 fir
N, A 34 NE TR RSCU fE>1, HUL U %5
RRFBTA 16 4, UL A SEMNEBTH 14
A, L GHERMEBTH 34, U CHERENE
WA 14, A, USiRKRZ ., UUIAREM K
HEHEALL G, C L5 RINFEM T IR, 2R
T A UZRE,
24 EHBEFERRITFEZWEZE

M3 AT, R RIS T GC,
F B G R TE 0.427~1.288 22 [H], GC5 F HUE 3 Bl
1E 0.213~0.408 Z[H], GC, Fl GC; [ Ha% LR (H
FEZR%) R 0.2687, HAHX ZEL R=0.0592, iji
HRFE I F GC oy Al GCs A R B, GCs
IBRGEA S GC . GC, AR, H GC MEm
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Tab. 4 Determination of optimal codons in the chloroplast genome of C. fruticosa

ﬁ%ﬁﬁ R %‘i‘%i%lﬁ_l 1&&%’%&%1#! %ﬁ%ﬁﬁ TS %%i%lﬁ_l 1&&%@&%1#!
Amino High expression Low expression ARSCU | Amino High expression Low expression ~ARSCU
acid Codon gene gene acid Codon gene gene
RSCU No. RSCU No. RSCU No. RSCU  No.
Phe uuu 25 1.00 88 0.98 0.02 Ile AUU” 40 1.58 91  1.21 0.37
uuc 25 1.00 91 1.02 -0.02 AUC 17 0.67 63 0.84 -0.17
Ser ucu’ 18 1.69 64 1.49 0.20 AUA 19 0.75 72 0.96 -0.21
ucc 13 1.22 52 1.21 0.01 Thr ACU™ 25 227 41 1.52 0.75
UCA 2 0.19 58 1.35 -1.16 ACC™ 13 1.18 17 0.63 0.55
UCG 3 0.28 30 0.70 —0.42 ACA 5 045 30 L.11 -0.66
AGU™ 22 2.06 43 1.00 1.06 ACG 1 0.09 20 0.74 -0.65
AGC™ 6  0.56 11 0.26 030 | Lys AAA 36 1.50 114 133 0.17
Tyr UAU 17 1.21 81 1.64 -0.43 AAG 12 0.50 58 0.67 -0.17
UAC™ 11 0.79 18 0.36 0.43 | Met AUG 23 1.00 63 1.00 0.00
Cys UGy’ 5 1.43 18 1.33 0.10 | Val GUU" 20 1.86 39 151 0.35
UGC 2 057 9 0.67 -0.10 GUC 2019 16 0.62 —0.43
TER UAA™ 3 1.80 1 0.60 1.20 GUA™ 17 1.58 33 1.28 0.30
UGA 1 0.60 2 1.20 —0.60 GUG 4 037 15 0.58 -0.21
UAG 1 0.60 2 1.20 -0.60 | Ala GCU™ 36 2.44 41 1.89 0.55
Trp UGG 13 1.00 53 1.00 0.00 GCC 7 0.47 15 0.69 -0.22
Pro ccu™ 19 2.53 33 1.17 1.36 GCA 13 0.88 21 097 -0.09
cccC 0 0.00 22 0.78 -0.78 GCG 3020 10 046 -0.26
CCA 8 1.07 32 1.13 —-0.06 | Asp GAU 16 1.14 132 1.67 —0.53
CCG 3 0.40 26 0.92 -0.52 GAC™ 12 0.86 26 0.33 0.53
His CAU 16 1.45 54 1.59 -0.14 | Gly GGU” 25 1.56 33 1.25 0.31
CAC’ 6 0.55 14 0.41 0.14 GGC"” 10 0.63 8 030 0.33
Arg cGu™ 21 1.48 26 0.94 0.54 GGA 23 144 43 1.62 -0.18
CGC 4 028 13 0.47 -0.19 GGG 6 038 22 0.83 —0.45
CGA™ 22 1.55 32 1.16 039 | Glu GAA’ 40 143 107 1.22 0.21
CGG 5 0.35 22 0.80 -0.45 GAG 16 057 69  0.78 -0.21
AGA 26 1.84 50 1.81 0.03 | Leu UUA™ 29 2.05 51 1.06 0.99
AGG 7 049 23 0.83 -0.34 UuG’ 25 1.76 73 1.52 0.24
Gln CAA 19 1.09 56 1.30 -0.21 Cuu 12 085 74 1.54 ~0.69
CAG’ 16 091 30 0.70 0.21 cuc 4 028 22 0.46 -0.18
Asn AAU 39 1.30 118 1.56 -0.26 CUA 12 085 49 1.02 -0.17
AAC’ 21 0.70 33 0.44 0.26 CUG 3021 20 0.42 -0.21

E: "F/RARSCU=0.08, "F/)RARSCU=0.3,
i+,

Note:

RSCU>1 and the bold codon indicates the optimal codon.

" indicates ARSCU=0.08, ™" indicates ARSCU=0.3, "

TUHIRARSCU=0.5; RIS T2 /8 RSCU>1, FVHLAG B T R el 2

indicates ARSCU=0.5; The codon with underline indicates
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Tab. 5 Frequency of ENC distribution in chloroplast
genes of C. fruticosa
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Class range Class mid value Frequency number Frequency
—-0.15~-0.05 —-0.10 1 0.021
—-0.05~0.05 0.00 20 0.426

0.05~0.15 0.10 19 0.404

0.15~0.25 0.20 6 0.128

0.25~0.35 0.30 1 0.021
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