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Phylogenetic analysis of chloroplast genome of Tussilago farfara L.
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Abstract: Tussilago farfara L. is a perennial herb of Tussilago genus in the Compositae family. Its dried buds
and leaves have good biological activities and have a long history of medicinal use in China and Europe. In this
paper, we investigated the whole chloroplast genome characteristics, sequence duplication, structural variation and
phylogeny of the Tussilago farfara L. After sequencing the Tussilago farfara L. chloroplast genome using
[llumination technology, the complete Tussilago farfara L. chloroplast genome was further obtained by assembly
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and annotation, followed by a series of inverted repeat-large single copy/small single copy region contraction and
expansion analysis, genome sequence variation, etc. The sequences of 13 homologous plants downloaded from
NCBI were used to construct a neighbor-joining phylogenetic tree. The results showed that the total GC content of
the chloroplast genome was 37.4% and the length was 150 300 bp; 125 genes were annotated, including 82 protein-
coding genes, 35 tRNAs and 8 rRNAs; 148 (simple sequence repeats, SSR) loci were detected, and the relative
synonymous codon usage showed that 31 codons out of 64 codons had a usage of >1. In the phylogenetic analysis,
the chloroplast genomes of the seven species of Asteraceae, including the Yulin Tussilago farfara L., were highly
conserved, and the sequence variation of the (large single-copy, LSC) and (small single-copy, SSC) regions was
higher than that of the (inverted repeat, IR) region. This is in general agreement with the reported phylogeny of
Yulin Tussilago farfara L. In this study, we obtained a high quality chloroplast genome and analyzed its genome
characteristics, codon preference, SSR characteristics, SC/IR boundary, sequence variation and phylogeny, which
can provide a basis for species identification, genetic diversity analysis and resource development of this medicinal

plant.
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Figure 1 Chloroplast genomemap of Tussilago farfara L.

Table 1 Base composition of chloroplast genome in Tussilago
farfara L.

Genomic region A/%  T/% G/% C/% GC/% Length/bp
IRa 28.6 283 20.7 223 430 24 847
IRb 283 286 223 207 430 24 839
SSC 35.1 343 14.6 16.0 30.6 18 111
LSC 32.1 323 18.1 17.5 35.6 82503

Total amount  31.2  31.3 18.8 18.6 374 150 300
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Table 2 Annotation information of the chloroplast genomes of Tussilago farfara L. (2): Number of copies of multi-copy genes; *: One

intron; **: Two introns

Gene group Gene name Number
tRNA trnA-UGC*(2), trnC-GCA, trnD-GUC, trnE-UUC, trnE-UUC¥*, trnF-GAA, trnG-GCC, trnH-GUG, 35
trnl-GAU*, trnK-UUU¥*, trnL-CAA(2), trnL-UAA*, trnL-UAG, trnM-CAU(4), trnN-GUU(2),
trnP-UGG, trnQ-UUG, trnR-ACG(2), trnR-UCU, trnS-CGA*, trnS-GCU, trnS-GGA, trnS-UGA,
trnT-UGU, trnV-GAC(2), trnW-CCA, trnY-GUA

rRNA rrnl6S(2), rrn238(2), rrn4.55(2), rrn58(2) 8
Small subunit of ribosome rpsll, rps12**(2), rpsi4, rpslS, rps16*, rps18, rps19, rps2, rps3, rps4, rps7(2), rps8 14
Large subunit of ribosome rpll4, rpll6*, rpl2*(2), rpl20, rpl22, rpl23(2), rpl32, rpl33, rpl36 11
RNA polymerase rpoA*, rpoB, rpoC1*, rpoC2 4
NADH dehydrogenase ndhA*, ndhB*(2), ndhC, ndhD, ndhE, ndhF, ndhG, ndhH, ndhl, ndhJ, ndhK 12
Photosystem I psad, psaB, psaC, psaJ 4
Photosystem II psbA, psbB, psbC, psbD, psbE, psbF, psbH, psbl, psbJ, psbK, psbM, psbN, psbT, psbZ 14
Cytochrome b/f complex petd, petB*, petD*, petG, petL, petN 6
ATP synthase atpA, atpB, atpE, atpF*, atpH, atpl 6
Large subunit of rubisco rbcL 1
Maturase matK 1
Protease clpP** 1
Envelope membrane protein cemA 1
Subunit of acetyl-carboxylase  accD 1
C-type cytochrome synthesis cesA 1
Translation initiation factor infA 1
Proteins of unknown function  ycf2*(2), yef3**, ycf4 4
Total 125

Table 3 Codon usage in Tussilago farfara L.

Codon Amino acid Number Relative synonymous Codon Amino acid Number Relative synonymous
codon usage codon usage
GCA Ala 685 1.12 CCA Pro 522 1.21
GCC Ala 398 0.65 CcCcC Pro 297 0.69
GCG Ala 282 0.46 CCG Pro 281 0.65
GCU Ala 1070 1.76 CCU Pro 632 1.46
UuGC Cys 186 0.66 CAA Gln 1109 1.50
UGU Cys 378 1.34 CAG Gln 369 0.50
GAC Asp 326 0.43 AGA Arg 828 1.88
GAU Asp 1174 1.57 AGG Arg 315 0.71
GAA Glu 1483 1.52 CGA Arg 566 1.28
GAG Glu 475 0.49 CGC Arg 157 0.36
uuc Phe 892 0.71 CGG Arg 207 0.47
uuu Phe 1631 1.29 CGU Arg 573 1.30
GGA Gly 1140 1.51 AGC Ser 249 0.43
GGC Gly 372 0.49 AGU Ser 654 1.14
GGG Gly 547 0.72 UCA Ser 732 1.28
GGU Gly 967 1.28 ucc Ser 507 0.88
CAC His 296 0.57 UCG Ser 325 0.57
CAU His 746 1.43 ucu Ser 973 1.70
AUA Ile 1141 0.91 ACA Thr 662 1.23
AUC Ile 811 0.65 ACC Thr 418 0.78
AUU Ile 1811 1.44 ACG Thr 214 0.40
AAA Lys 1537 1.47 ACU Thr 862 1.60
AAG Lys 553 0.53 GUA Val 861 1.48
CUA Leu 573 0.80 GUC Val 305 0.53
cucC Leu 309 0.43 GUG Val 307 0.53
CUG Leu 272 0.38 GUU Val 847 1.46
CuU Leu 915 1.28 UGG Trp 805 1.00
UUA Leu 1298 1.82 UAC Tyr 354 0.44
uuG Leu 918 1.29 UAU Tyr 1261 1.56
AUG Met 1029 1.00 UAA Stop* 312 1.01
AAC Asn 489 0.54 UAG Stop* 252 0.82
AAU Asn 1336 1.46 UGA Stop* 362 1.17
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Table 4 Types and amounts of SSRs in the chloroplast genomes
of the Tussilago farfara L.

SSR type Repeat type Number Proportion/%
Mono A/T 123 83.11
C/G 2 1.35
Di AT/AT 8 5.41
Tri AAG/CTT 1 0.68
AAT/ATT 3 2.03
ATC/ATG 1 0.68
Tetra AAAG/CTTT 1 0.68
AAAT/ATTT 3 2.03
AACT/AGTT 1 0.68
AATC/ATTG 1 0.68
AATT/AATT 2 1.35
AGAT/ATCT 1 0.68
Penta AATTC/AATTG 1 0.68
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Figure 2 The chloroplast genome boundary analysis of seven plants from Compositae
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Figure 3 Global alignment analysis of Tussilago farfara L. chloroplast genomes
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Figure 4 Neighbor-joining (NJ) phylogenetic tree was constructed based on the whole chloroplast genome sequence
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