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Characteristics and phylogenetic analysis of chloroplast
genome of a new type of fruit Rubus rosaefolius
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Abstract: The genomic DNA of Rubus rosaefolius was extracted and sequenced by Illumina
NovaSeq platform to obtain the complete chloroplast genome sequence, and the sequence
characteristics and phylogenetic analysis of chloroplast genes were carried out. The results
showed that the complete chloroplast genome of the R. rosaefolius was 155 650 bp in length
and had a typical tetrad structure, including two reverse repeats (25 748 bp each), a large
copy region (85 443 bp) and a small copy region (18 711 bp). A total of 131 genes were
identified in the whole genome of R. rosaefolius chloroplast, including 86 protein coding
genes, 37 tRNA genes and 8 rRNA genes. The GC content of the whole genome was 36.9%.
The genome of R. rosaefolius chloroplast contains 47 scattered repeats and 72 simple
sequence repeating (SSR) loci. The codon preference is leucine codon, and the codon at the
end of A/U is preferred. Phylogenetic analysis showed that R. rosaefolius had the closest
relationship with R. taiwanicola, followed by R. rubraangustifolius and R.
glandulosopunctatus. The chloroplast genome characteristics and phylogenetic analysis of R.
rosaefolius provide a theoretical basis for its genetic diversity research and chloroplast
development and utilization.

Keywords: Rubus rosaefolius; chloroplast genome; repetitive sequence; codon bias; phylogenetic
analysis
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T (trinucleotide) . PUA% 1 IR (tetranucleotide) |
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NC _056940.1) 4 NP4yt S LR 241 1 5t
Wi 595k B A, 2l e .
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Figure 1 Complete chloroplast genome map of Rubus rosaefolius.
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Table 1 Basic characteristics of chloroplast AAG/CTT (1SSR)FI AAT/ATT (2SSR)WiFi &
genome genes SR, & 4.17%
Rubus rosaefolius '_‘_: .. -—e—- °

Total length (bp) 155 650 24 BB TREFE ST
LSC (bp) 85 443 WA ORR, 250 SR AL
B . R AL B T5h, JEAT 48 957 A £, J6
Total gene 131 A 22 FPad LR BT X S A F G i s %ﬁ%%@ﬁ
Protein-coding gene 86 Fe) {5 FE 0 R A 1_30%710.10%Z|‘§‘[(%§ 5). A
tRNA gene 37 . " . .
(RNA gone . 3L 250 A DR 1 2 D T A 2 R B
GC (%) 36.9 SR (Leu), HAF 5239 BT, 4 10.10%,
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HUR 5 R (Le) Al 22 % R (Ser), 43 | AT
4 501 M1 3 732 DMET, HEEE TR
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*2 TOEMREERGEEIREEER

fih-{d FH 4% K (relative synonymous codon usage,
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Table 2 Genes present in the chloroplast genome of Rubus rosaefolius

Function of gene Group of gene

Gene name

Genes for photosynthesis (44) ATP synthase

Cytochrome b/f complex
NADH dehydrogenase

Photosystem I
Photosystem II

Subunit of rubisco
Self replication (59) Ribosomal proteins (SSU)

Ribosomal proteins (LSU)

atpA, atpB, atpE, atpF, atpH, atpl

petA, petB*, petD*, petG, petL, petN

ndhA*, ndhB*', ndhC, ndhD, ndhE, ndhF, ndhG, ndhH,
ndhl, ndhJ, ndhK

psad, psaB, psaC, psal, psaJ

psbA, psbB, psbC, psbD, psbE, psbF, psbH, psbl, psbJ,
psbK, psbL, psbM, psbN, psbT, psbZ

rbcL

rps2, 1ps3, rpsd, rps7', rps8, rpsil, rpsi2®, rpsi4, rpsls,
rpsl6*, rpsl8, rps19

rpl2*' rpll4, rpll6*, rpl20, rpl22, rpl23', rpl32, 1pl33,
1pl36

Ribosomal RNAs rrn4.5 1, rrnd 1, rrnl 61, 23!
RNA polymerase rpoA, rpoB, rpoCI1*, rpoC2
Transfer RNAs trnA-UGC*l, trnC-GCA, trnD-GUC, trnE-UUC, trnF-GAA,
trnfM-CAU, trnG-GCC, trnG-UCC*, trnH-GUG,
trnl-CAU', trnI-GAU*', trnK-UUU*, trnL-CAA',
trnL-UAA*, trnL-UAG, trnM-CAU, trnN-GUU", trnP-UGG,
trmQ-UUG, trnR-ACG", trnR-UCU, trnS-GCU, trnS-GGA,
trnS-UGA, trnT-GGU, trnT-UGU, trnV-GAC', trnV-UAC¥,
trnW-CCA, trnY-GUA
Other genes (6) Protease clpP**
Maturase matK
Envelop membrane protein cemA
Subunits of acetyl-CoA-carboxylase accD
Translation initiation factor infA
C-type cytochrome synthesis cesA
Unknown function (4) Hypothetical chloroplast reading frames yefl’, ycf2!, yef3**, ycf4

*: Genes with one intron; **: Genes with two introns; *: Trans-spliced genes; I Genes with two copies in IR region.

*3 BEMREERENESFI

Table 3 Repetitive sequences of chloroplast genome of Rubus rosaefolius

Number Size Position1 Type Position2 Location 1 Location 2

1 25 748 85443 P 129 902 rps19-rpl2 yefl

2 56 10 263 P 10 263 trnS-GCU-trnG-UCC trnS-GCU-trnG-UCC
3 48 67316 F 67 337 trnW-CCA-trnP-UGG trnW-CCA-trnP-UGG
4 38 53778 P 53778 trnM-CAU-atpE trnM-CAU-atpE

5 40 99 849 F 121 587 rps7-trnV-GAC ndhA

http://journals.im.ac.cn/cjben
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(83 3)
Number Size Positionl Type Position2 Location 1 Location 2
6 40 121 587 P 141 204 ndhA trnV-GAC-rps7
7 39 44 392 F 99 851 yef3 rps7-trnV-GAC
8 39 44 392 P 141203 yef3 trnV-GAC-rps7
9 34 52613 P 52613 ndhC-trnV-UAC ndhC-trnV-UAC
10 33 10 492 F 10 547 trnS-GCU-trnG-UCC trnS-GCU-trnG-UCC
11 33 71 406 F 71436 clpP clpP
12 32 29 407 F 29439 petN-psbM petN-psbM
13 38 44 392 F 121 589 yef3 ndhA
14 38 75 352 P 75 352 psbT-psbN psbT-psbN
15 37 10 710 F 10 728 trnG-UCC trnG-UCC
16 30 8 446 P 46 157 trnQ-UUG-psbK trnS-GGA
17 32 47 646 F 47 674 trnT-UGU-trnL-UAA trnT-UGU-trnL-UAA
18 37 10 433 R 52 678 trnS-GCU-trnG-UCC ndhC-trnV-UAC
19 31 10 403 F 10 448 trnS-GCU-trnG-UCC trnS-GCU-trnG-UCC
20 31 13 025 F 13 042 atpF-atpH atpF-atpH
21 36 82 892 F 82913 rpll6 rpll6
22 30 44 404 F 99 863 yef3 rps7-trnV-GAC
23 30 44 404 P 141 200 yef3 trnV-GAC-rps7
24 30 67 699 R 67 702 trnP-UGG-psaJ trnP-UGG-psaJ
25 34 58 510 F 58 541 rbeL-accD rbcL-accD
26 31 115296 R 115296 rpl32-trnL-UAG rpl32-trnL-UAG
27 30 10 448 C 52 686 trnS-GCU-trnG-UCC ndhC-trnV-UAC
28 30 57916 F 57 941 rbel rbcL
29 30 60 287 P 60 287 accD-psal accD-psal
30 30 67 338 F 67 359 trnW-CCA-trnP-UGG trnW-CCA-trnP-UGG
31 30 108 593 F 108 625 rrn4.5-rrn5 rrnd.5-rrn5
32 30 108 593 P 132 438 rrn4.5-rrn5 rrn5-rrn4.5
33 30 108 625 P 132 470 rrn4.5-rrn5 rrn5-rrn4.5
34 30 132 438 F 132 470 rrn5-rrn4.5 rrnS5-rrn4.5
35 32 8 444 F 36 121 trnQ-UUG-psbK psbC-trnS-UGA
36 32 10 409 P 10 424 trnS-GCU-trnG-UCC trnS-GCU-trnG-UCC
37 31 6 546 P 6 546 rpsl16-trnQ-UUG rpsl6-trnQ-UUG
38 31 60 402 F 60 420 accD-psal accD-psal
39 31 97211 P 97211 ndhB ndhB
40 31 97211 F 143 851 ndhB ndhB
41 31 143 851 P 143 851 ndhB ndhB
42 30 9893 F 37 155 trnS-GCU-trnG-UCC trnG-GCC
43 30 10 403 C 52 686 trnS-GCU-trnG-UCC ndhC-trnV-UAC
44 30 10 720 F 10 738 trnG-UCC trnG-UCC
45 30 36 123 P 46 157 psbC-trnS-UGA trnS-GGA
46 30 39399 F 41 623 psaB psad
47 30 67317 F 67 359 trnW-CCA-trnP-UGG trnW-CCA-trnP-UGG

F: Forward repeat; R: Reverse repeat; C: Complement repeat; P: Palindromic repeat.
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T4 FTILBMEK SSR EE
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Table 4 SSRs in chloroplast complete genomes of Rubus rosaefolius

Type (number) Sequence Number of repeats Total (%)
4 5 6 7 8 9 10 11 12 13 14 15
Mononucleotide (58) A/T - - - - - = 27 10 5 3 1 80.56
- - - - - -1 2
Dinucleotide (11) AG/CT - 1 15.28
AT/AT - 6 3 1
Trinucleotide (3) AAG/CTT 1 4.17
AAT/ATT 2

—: No repeat.

x5 TULASEEREMNEXELFERE

Table 5 Relative synonymous codon usage (RSCU) in the chloroplast genome of Rubus rosaefolius

Amino acid  Codon Number RSCU Ratio (%) | Amino acid  Codon Number  RSCU Ratio (%)
Phe uuu 2262 1.25 6.96 Tyr UAU 1491 1.37 4.20
uuc 1348 0.75 UAC 686 0.63
Leu UUA 1299 1.49 10.10 TER* UAA 1238 1.27 3.72
uuG 1070 1.23 UAG 694 0.71
Cuu 997 1.14 His CAU 821 1.37 2.31
CuC 609 0.70 CAC 378 0.63
CUA 801 0.92 Gln CAA 969 1.39 2.69
CcuG 463 0.53 CAG 428 0.61
Ile AUU 1782 1.19 8.68 Asn AAU 1858 1.41 5.09
AUC 1052 0.70 AAC 785 0.59
AUA 1 667 1.11 Lys AAA 2 166 1.39 6.00
Met AUG 883 1.00 1.70 AAG 945 0.61
Val GUU 797 1.35 4.55 Asp GAU 1014 1.44 2.71
GUC 397 0.67 GAC 394 0.56
GUA 758 1.29 Glu GAA 1238 1.37 3.47
GUG 407 0.69 GAG 563 0.63
Ser uCuU 1167 1.41 7.19 Cys UGU 729 1.25 2.24
UCC 950 1.15 UGC 434 0.75
UCA 1014 1.23 TER* UGA 994 1.02 1.92
UCG 601 0.73 Trp UGG 677 1.00 1.30
Pro CCu 659 1.08 4.71 Arg CGU 370 0.69 3.10
Cccc 639 1.05 CGC 266 0.49
CCA 714 1.17 CGA 582 1.08
CCG 433 0.71 CGG 390 0.72
Thr ACU 725 1.22 4.60 Ser AGU 705 0.85 2.35
ACC 577 0.97 AGC 514 0.62
ACA 678 1.14 Arg ACA 1 044 1.94 3.13
ACG 406 0.68 AGG 582 1.08
Ala GCU 497 1.32 291 Gly GGU 566 1.00 4.36
GCC 344 0.91 GGC 374 0.66
GCA 440 1.17 GGA 764 1.35
GCG 229 0.61 GGG 559 0.99

*: Represents the stop codon.
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W a5 0 i I e IR L R 4L ) IR-LSC
IR-SSC il A 5 ERIE M 4 N F B A T
i, B2 8o, 5 MFE) LSC/IRb i1 5
L F rps19 Fl rpl2 Z[6], 25000 rps19 FEIFR
B LSC/IRb 1 25 bp, YeiB4y Fii i i
16 bp, HA&x 3 MRS ENA 24 bp, BT
SR TN, HA 4 DNYIFPR) IRb/SSR i 7
WAEAETEHEN yofl FeH; HA BT yefl
FEALT IR XERAFA S 1092 bp, MMizh
M5 F . RE A B T A O yef1 SER T
IRb X HB/r AR EE A A 1215 bp; yefl BEH#EA
SSC XK M 14 bp | 26 bp, Hrp/hnfk4h
TR R BT yefl Pk K. 5 MME
IRb/SSC I SSC —MIBIAFAESERER) ndhF
SLR, HAYPEES IRb/SSC 1L 16 bp B K,
5 MMYIFNAE SSC/IRa 1 FAFHESEHE W yef 1 FEH
TR T yofl LR EE N 5 036 bp, 250
yefl FEPRKJE N 5705 bp, HA4r 3 MR yefl
FERK R 5 819 bp, 5 MIFIE TRa X I7F
1E trnN JE[H . 5 MIRPTE IRa/LSC #1571 LSC

JLB
17)1’.’."24 bp
Rubus glandulosopunctatus ’_-85_5’;;& T
155 742 bp S
rpl2224 bp
Rubus taiwanicola ,—%@‘
155616 bp
rpl22 24 bp
Rubus rubroangustifolius ’—m
155 566 bp '

Rubus tsangii

155 995 bp

Rubus rosifolius
155 650 bp

1092 bp lj bp

i
1215bp| 26 bp

—AISAEAE trnH FERFI psbA FEDH , i 28+
(1) trnN FERIN G 530 755, 25006 ornN B2
BB 2 bp, How 3 AWIFPFYEEESIA S 1 bp.
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Figure 2 Boundary analysis of IR regions of chloroplast genomes from five Rubus plant.
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100U Rutbus tsangii NC_056940.1
Rubus longisepalus MW436703.1
Rubus chingii NC_050296.1
100L Rubus corchorifolius NC_056942.1
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100

1007 Rubus crataegifolius MG189543.1
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Rubus takesimensis MG972806.1
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Rubus peltatus NC_056937.1
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91| 62| 1001 Rypus columellaris NC_056932.1
Rubus leucanthus MK105853.1
100 |: Rubus xanthocarpus NC_056938.1
100 Rubus eucalyptus NC_057620.1
Rubus pectinaris NC_056944.1
9 Rubus kawakamii NC_057626.1
Rubus coreanus MH992398.1
Rubus innominatus NC_056939.1
Rubus incanus NC_057625.1
Rubus parviaraliifolius NC_057628.1
Rubus taitoensis NC_057630.1
Rubus niveus MZ352079.1
Rubus amabilis MN652918.1
Rubus pileatus NC_056947.1
Rubus phoenicolasius NC_057144.1
Rubus irritans NC_057600.1

Rubus sachalinensis NC_056965.1
Rosa acicularis MK714016.1

—
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Figure 3 The ML phylogenetic tree based on 35 species of complete chloroplast genomes. The number on
the right side of the node represents the bootstrap value of 1 000 iterations.
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