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Chloroplast genome resolution and phylogenetic analysis of Ardisia
crispa var. amplifolia and Ardisia crispa var. dielsii
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Abstract: Ardisia crispa (Thunb.) A. DC. is a traditional Miao medicinal herb with significant therapeutic
effects in the treatment of sore throat, tonsillitis, edema of nephritis and bruising and rheumatism, etc. Ardisia crispa
var. amplifolia and Ardisia crispa var. dielsii are varieties of A. crispa. A. crispa var. amplifolia and A. crispa var.
dielsii are controversial in terms of species evolutionary relationships and taxonomic identification. In this study,
we sequenced the whole genome sequences of A. crispa var. amplifolia and A. crispa var. dielsii chloroplasts using
Illumina platform, assembled, annotated and characterized them, compared the structural features and degree of
variation among chloroplast genomes using bioinformatics methods, and also downloaded constructing phylogenetic
trees to analyze the phylogenetic relationships of chloroplasts in Primulaceae and Myrsinaceae using whole genome
sequence information. The results showed that the complete chloroplast genome sequences of A. crispa var. ampli-
folia and A. crispa var. dielsii were 156 749 bp and 156 748 bp in length, with 132 genes annotated, including 87
protein-coding genes; the codon preference of A/U was greater than that of G/C; The differences in the coding
regions of rps15 and rpoB genes in the comparative genome analysis can be used as loci for molecular identifica-
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tion of the two species; the differences in the coding regions of ycfl, ycf2, rpoC1, ycf3, petD and rpl16 genes in the
chloroplast genome compared with those of the same genus can be used as loci for identification of the genus. In
the phylogenetic results, A. crispa var. amplifolia and A. crispa var. dielsii were clustered together with 100%
support, indicating that they are closely related. In this research, we analyzed the chloroplast genome structure and
phylogenetic relationships of A. crispa var. amplifolia and A. crispa var. dielsii, providing an important theoretical
basis for their molecular identification, genetic variation, breeding and phylogenetic analysis.
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Figure 1 A:A. crispa var. amplifolia; B: A. crispa var. dielsii
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Table 1
Myrsinaceae and Primulaceae

The GenBank accession numbers of chloroplast in

GenBank
Species Family Genus accession
number
Ardisia gigantifolia Myrsinaceae  Ardisia MN548760.1
Ardisia mamillata Myrsinaceae  Ardisia MN136062.1
Ardisia polysticta Myrsinaceae  Ardisia KC465962.1
Ardisia fordii Myrsinaceae  Ardisia OK514746.1
Ardisia quinquegona Myrsinaceae  Ardisia OK514745.1
Ardisia villosa Myrsinaceae  Ardisia 0OK509170.1
Ardisia faberi Myrsinaceae  Ardisia OK509169.1
Ardisia japonica Myrsinaceae  Ardisia 0OK148445.1
Ardisia solanacea Myrsinaceae  Ardisia MNO094783.1
Ardisia argenticaulis Myrsinaceae  Ardisia 0OK509165.1
Ardisia merrillii Myrsinaceae  Ardisia OKO054493.1
Ardisia crenata Myrsinaceae  Ardisia MW929178.1
Ardisia omissa Myrsinaceae  Ardisia 0OK054494.1
Ardisia carnosicaulis Myrsinaceae  Ardisia 0OK054492.1
Ardisia replicate Myrsinaceae  Ardisia OK514747.1
Ardisia balansana Myrsinaceae  Ardisia OK509167.1
Ardisia sieboldii Myrsinaceae  Ardisia 0OK509163.1
Ardisia obtusa Myrsinaceae  Ardisia 0OK509166.1
Maesa montana Myrsinaceae  Maesa KU569490.1
Maesa hupehensis Myrsinaceae  Maesa MZ846203.1
Myrsine stolonifera Myrsinaceae  Myrsine MN167883.1
Aegiceras corniculatum  Myrsinaceae  Aegiceras MN167882.1
Embelia scandens Myrsinaceae Embelia ~ MW246148.1
Embelia vestita Myrsinaceae Embelia ~ MN167884.1
Myrsine africana Myrsinaceae  Myrsine MN165129.1
Primula handeliana Primulaceae  Primula ~ MG181221.1
Primula pulchella Primulaceae  Primula  KX668179.1
Primula moupinensis Primulaceae  Primula KX668175.1
EHFHEDNARIENF  FIH Y5 K 4 DNA

PRGNS RARH (A630) AIRAF], Jb5T] $2HL
KL DNA, 0.8% I3t Jli i FELUIRS Il DNAFE 2 1545 AR 2
2% 5T, Nanodrop 43 6 't V1RG0 B o e i R 4t i, A6
& 4% 1) DNA FE AR Hlumian DNA SCE R g e,
P4 N\ BER /N 350 bp (0 XA 3 7 SC . % R
o A% 11 v e & 5 SCEE, K H [llumina Novaseq6000
R R A EHT IR . Nlumina s=is Sl 745 14
CASAVA B #1758 25 173 (base calling) & %64k 5
G 5 51 (raw reads), ] ] NGS QC ToolKit % {4 %
raw reads #EAT BT 4%, i 8 2 R4 SR & 7 41, 15 2
= 741 (clean reads).

HERAEEFEAAR FBEREESS A
FastQC X W /7 BT 15 Ji 46 e %1) 3k A7 ot & A% I, R A
Trimmomatic # A"k 38 25 Bk 82 3k 7 51 AU o & X
18 F} NOVOPIlasty™ 5 Ji 46 152 1< 2H 25 i, 56 B 1y 1 4 Ak
FERIZH . >R BWA M5 5 5 52 K B [a] - S 4 JiE A
WP H, FEAE IGV F k4T N T4 7 DUR O 4H 3 o i ;
F FH CPGAVAS #4111 GeSeq i A4 %t 78 #1444
Fe K 4H 7 7 335 47 7 B, tRNA % K] B tRNAscan-SE #
PR HEAT % 52 K N TR IE; F) I Organellar Genome
DRAW (http://ogdraw. mpimp-golm. mpg. de/cgi-bin/og-
draw.pl) 7 4% 2 il it 2 4 5 PR 24 ]t

BAEFHIPCRY 1 K iAREFH 44U
Jt X 15 ¥ 1) IRa-SSC. IRa-LSC. IRb-LSC. IRb-SSC %
F PCR J7 32 347 % 3, FHAE 2% % A Primer 3 (https://
bioinfo.ut.ee/primer3-0.4.0/) ¥ it 4 % PCR ¥4 fit /i 5
Yy (% 2). Eppendorf & 1, K i A 8.2 uL dd H,0.
10.0 pL 2xTaq PCR MasterMix 11.0.4 pL /) E 3% 51 9
(20 pmol-L™"). 0.4 pL F¥F 51 % (20 pmol-L ™). 1.0 uL
DNA#H7 (50 ng-uL™). PCR J2 % 7E1H &4 T100 % PCR
A F AT, #E P 95 °CTRAEPE 3 min 90 °CAE 14 3 s;
IB 4k 60 °C 30 s+ ZEfH1 72 °C 45 .30 MG H .
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Gene name Primer sequence (5’-3") Size/bp
IRa-SSC-F CCCTTCCATGCCTCATTTCA 1284
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IRb-LSC-R TCGGCGGTTCCCTATTCAGT
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Table 3 The basic information of chloroplast genomes between
A. crispa var. amplifolia and A. crispa var. dielsii

Genomic A. crispa var. amplifolia A. crispa var. dielsii
region Length/bp  GC content/% Length/bp  GC content/%
Total 156 749 37.05 156 748 37.05
LsSC 86 303 34.95 86 303 34.95
IR 26 014 42.97 26 014 42.97
SSC 18 418 30.14 18 417 30.14
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Figure 3 Chloroplast genome map between A. crispa var. amplifolia and A. crispa var. dielsii. The length of the chloroplast genome was

shown in the circle. The different colors on the circle represented different types of genes. Represented with arrows, the transcription direc-

tions for the inner and outer genes were listed clockwise and anticlockwise, respectively
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Table 4 Gene composition in chloroplast genomes between A. crispa var. amplifolia and A. crispa var. dielsii. “One intron; ““Two introns

Gene group Gene function Gene name
Self-replication Large subunit of ribosone rpl23(x2), rpl2™(x2), rpl36, rpl33, rpl32, rpl20, rpl16™, rpl22, rpl14
Small subunit of ribosone rps8, rps12(x2), rpsil, rps3, rps2, rpsi8, rps7(x2), rpsé4, rpsl9, rpsl6’, rpsis, rpslé
RNA polymerase rpoB, rpoC2, rpoC1’, rpoA
rRNA rr16S(x2), rrn4.55(x2), rrn5S(x2), rrn23S(x2)
tRNA tRNA-Val(x2), tRNA-Gly(x2), tRNA-Tyr, tRNA-Lys, tRNA-Trp, tRNA-Thr(x2), tRNA-Ser(x3),

tRNA-Phe, tRNA-Met(x4), tRNA-His, tRNA-Glu, tRNA-Arg(x3), tRNA-GIn, tRNA-Pro,
tRNA-Cys(x2), tRNA-Asp, tRNA-Asn(x2), tRNA-Ala(x2), tRNA-Leu(x4), tRNA-Ile(x2)

Photosynthesis  Photosystem | psal, psaB, psaJ, psaC, psaA
Photosystem 11 psbA, pshD, pshC, psbK, psbl, psbM, psbL, psbF, psbZ, pshJ, psbE, pshB, psbT, psbN, pshH
NADH dehydrogenase ndhJ, ndhF, ndhD, ndhK, ndhC, ndhG, ndhl, ndhA™, ndhH, ndhB™(x2), ndhE
Cytochrome b/f complex petB”, petD”, petN, petL, petG, petA
ATP synthase atpA, atpE, atpF’, atpl, atpB, atpH
Large subunit of rubisco rbecL
Other genes Translational initation factor  infA
Maturase matK
Protease clpP”

Envelope membrane protein ~ cemA
Subunit of acetyl-carboxylase accD
C-type cytochrome synthesis  ccsA

Open reading frames ycf15(x2), ycf4, ycf2(x2), ycf3”, ycfl
Table 5 Repeat sequences in the chloroplast genomes between A. Table 7 Chloroplast genome RSCU > 1 codon between A. crispa
crispa var. amplifolia and A. crispa var. dielsii var. amplifolia and A. crispa var. dielsii
Species P F R C Total Amino A. crispa var. amplifolia A. crispa var. dielsii
A. crispa var. amplifolia 29 24 1 0 54 acid Codon RSCU Codon RSCU
A. crispa var. dielsii 29 24 1 0 54 Phe uuu 1.20 uuu 1.20
Leu UUA 1.28 UUA 1.40
) UuG 1.29 UuG 1.25
Table 6 Types and amounts of SSRs in the chloroplast genomes CuU 1.5 CUU 123
between A. crispa var. amplifolia and A. crispa var. dielsii lle AUU 1.24 AUU 1.23
SSRtype  A.crispavar. amplifolia A, crispa var. dielsii AUA 1.04
Mono 94 94 Val GUU 1.37 GUU 1.35
Di 41 41 GUA 1.12 GUA 1.17
Tri 71 71 Ser ucu 1.48 UcCu 1.50
Tetra 8 8 ucc 111 ucc 1.12
Penta 2 2 UCA 1.11 UCA 1.25
Hexa 0 0 Pro CCuU 1.10 CCcuU 1.10
Total 217 217 CCA 1.28 CCA 121
CccC 1.05
. . Thr ACU 1.21 ACU 1.16
N FENH, AR E WS KOEES GESIR P ACC 1.06 ACC 1.04
-} Ardisia quinquegona Blume 417 R R &2 H H ACA 107 ACA 112
. g . Ala GCU 1.35 GCU 1.36
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0 10 GRS 5 5 2 T o 45t 2 TR 41 oyt Ors ueu 120 ueU 12
. Arg CGA 1.07 CGA 111
clpP.rpoC1.ycf3. petD.ycf2. ndhA. rpl16 &5 %t [X] 1] 2% AGA 202 AGA 204
LD [ A7 45 545 % 5%, BEAh, I P o R 1 75 4 45 AGG 106 AGG 105
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S, WAL s AT D K PR S AR N ) T TER UAA 1.29 UAA 1.27
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Table 8 CDS length and gene length of intron in the chloroplast
genomes between A. crispa var. amplifolia and A. crispa var. dielsii

A. crispa var. A. crispa var.
Intron gene o L
amplifolia dielsii
rpsl6 CDS length 267 267
Gene length 1116 1116
atpF CDS length 630 630
Gene length 1265 1265
rpoC1 CDS length 2061 2061
Gene length 2812 2812
ycf3 CDS length 510 510
Gene length 1952 1952
clpP CDS length 588 588
Gene length 2122 2122
petB CDS length 648 648
Gene length 1408 1408
petD CDS length 483 483
Gene length 1316 1316
rpl16 CDS length 408 408
Gene length 1405 1405
rpl2 CDS length 825/825 825/825
Gene length 1480/1 480 1480/1 480
ndhB CDS length 1533/1 533 1533/1 533
Gene length 221212 212 221212 212
ndhA CDS length 1092 1092
Gene length 2210 2210
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SR P S AR AL IR A, B8 H Al Rz A
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Figure 4 The chloroplast genome boundary analysis of eight plants from Ardisia
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Figure 5 Global alignment in the chloroplast genomes of the eight Ardisia species
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AArdisia ES !‘"Gi\
Ardisia_2
KC465962.1 A
OKS514745.1 : = 2 yefl
MNS548760.1 : [ A Gma Location: 131590-131689 bp
MNDS4783.1 : A
CRS09169.1 T A
OK514746.1 A ARGA -amcmwaﬂcaunwmcmmmwmrﬂmacm
attaal ARGATaRA aTT AARALTCtcTTTCTgaTTTyg TA
40 o 60 o 80 » 100
A.amplifo : ATTGACGCAATTTTTCTACCG! CATTACK TTTTCCAARAGRRAA TGTTGT mmmcaﬁccﬂmcn
A.dielsii : AL GACGCAA T T C T ACCGCOTGTACAT TACCATANTGGTAGTCT ITTTC( AGCATCTTGARCT) CCTTTCGA
RC4655962.1 : Tr wln{rls CATTACK TTTTCCAARAGAR AGCATCTTGAACTAGCCACCCTTTCGRA rpon
ORS14745.1 : ATTGACGEAATTTTTCTACCGCGTGTACATTAC TTTTCCAARAGARAACTTTGTTGT TCAGCATCTTGAACT! TCGA "
MNS48760.1 : ATTGA T TACCG! CATTACCATA TTTTCCAARAGAAA AGCATC acTaccea cerrrcea  Location: 21190-21289 bp
MNOS4783.1 : ATTGAC! TTT *TACCGC CATTACCATA TT s AA TTGTTGTTC ATCTT CTAGCCACCCTTTCGA
OKS09169.1 : ATTGACGHAATTTTTCTACCGC CATTACCATARTGGTA TTTCCARARGA ATC ACT. TCGA
CK514746.1 : ATTGAC T TCTACCGCGE TG TACAT TACCATAATGGETAGTGT I T TTCCARARGRARACTTTGTTGTTCAGCATCTTGAACTAGCCA CCTTTCGA
ATTGACG ARTTTTTCTACCGCGTGTACATTACCATARTGGTAGTGTTTTTCL TGTTGTTCAGCATCTTGAACTAGCCALCCTTTCGA
* 20 * 40 * €0 * 80 * 100
A.amplifo : ATTCCACGATCAARACAR 'TGARTCCC fErrT TCAT T'TC GCAAATCGAC TCTATTCTTGAAT
A.dielsii : ATTCCAC “COGTGAGACT TTTCAT! CAT AGCAAA ¢ TGAAT
KC465%62.1 : ATTCCACGATCAARACARTTGGCTGAA TTTCATATARGTTCATTGATATCTTCT TTTTATARAGCARA! TCTATTCTTGARAT J’rﬁ
OK514745.1 : ATTCCACGATCAARACAATTGGCTGAR TITCATARARGTTCATTGATATCTICTTTTTATARRGCARR TCTATTCTTGAAT
MNS48760.1 : ATTCCACGATCAARACAATTGGCTGAA TTTCAT GTTCATTGATATCTTCTTTTTATARRGCAAA rerarreTTeaar  Location: 93290-93389 bp
MNOS4783.1 : ATTCCACGATCAARAC TGRATCCK “TCTTTCAT GTTCAT TTCTTTTTATARAGCARATCGACCTCTATTCTTGAAT
OK509169.1 : ATTCCAC 20X CTETTTCAT. T CAAATCGAC TCTATTCTTGAAT
CK514746.1 : ATTCCACGATCAAARAL s TTT TCAT PRCTET GCARATCGAC TCTATTCTTGAAT
ATTCCACGATCAARAC TGAATCCC TTTTCATA AACTTOATTGATATCTTC T T T TATARAGCARATCOACE TCTATTCTTGAAT
* 20 * 40 - 60 » 80 * 100
AArdisia  : TAACAGGTTGTTCAAAAGGATCTCCCGTTCTTCCATC TCTACTT { TG qzaca:cmmocmmi 'ACT
Ardisia_2 : TA PCCCGTTCTTCCATS TACTTTTTOC 2 GTGCTL CCCAAGGA TCGTTGTTTGCTTACT
KC465562.1 : TAAC TGT PCCCGTTCTTCCATY TACTTTTTCC TCGTG CCCA AL TCGTTGTTTGCTTACT
OK514745.1 : GTTCTTCCATCARGTATTCTACTTT “GTGCTCARAT, TGCTTACT rpoB
MN548760.1 : TAACAGGTTGT! RA e T T T T o AT ARG T AT TCTACT T T T TCCTGGATACTCGTECTCARAT, TTTGCTTACT
MNOS4783.1 & rmcmwmmmmammmcmmame% race Location: 24910-25009 bp
OK509169.1 : TAAC TGT RA T CCCGT T CTTCCATCARGTATTCTACTTTTTCCTGEATACTCGTGCTCAAAT! TGCTTACT
OK514746.1 : TAAC A TCCCGTTCTTCCATCARGTATTCTACT T T T TCCTGGATACTCGTGCTCARAT, GCTTACT
Tucasaﬂs'r'rm&sn‘zcmcsmmcamm@n"cucﬂm"cc'rssnncmcsrscmrmcum:m TETTTGCTTACT
‘ * 100
AArdisia emf‘cc'-‘ LR AR TR
Ardisia 2 cc!
KC465962.1 : cC
OR514745.1 : - u=r-r loc rpsi5
i e AT - 13 Location: 125510-125609 bp
. B L
OK509169.1 : c‘&mﬁcc § 7 EATCLA
OK514746.1 : mmﬁrmmam—mﬂaﬂﬂmcnsmscnwmmv-—mumam—-—maﬂnraﬂmercm
‘rCathchanaCatCaC"f‘f""-ﬁ acaGhRaCeyg gaTTTTchA C g JAGGY' aaTCtalAh
20 * 40 * 60 . 80 * 100
AArdisia  : FTCATITTTACTCTACCCTOCK ATTCTCC CEATTCTA TTCTTAGA CTTATTTTATT -~~~ TITTATGATTTCG
Ardisia_2 : ETCATTTTTACTCTACCCTCCC ATTCTCU TTCTAGC TTCT ATCTAL TT TTT TTCG
KC465962.1 : [ TCATTTTTACTCE. TTCTAGCGGATTTCTTAGRAATCTACTTATTTTATT - - - - TITTATGATTTICG
OK514745.1 : ETCATTTT X ATTCTCC ATTCTAGE wcw'r GARTCTA 7 TTCG clpP
MN548760.1 : TTCATTTT TCTACCCTCCC 'TCATTCTCC TCTATTCTAGC ATCTACTTATTTTA 'ATGATTTCG S
MNDS4783.1 Emmwamcwmu e ATTY G ATTCTAGCGGATTICTTAGAATCTACTTATTITA aTcazres L-ocation: 71830-71929 bp
CK509169.1 : ETCATTTTTACTCTACCCTCCK TCATTCTCC TC ATTCTAGCH TTCT ATCTACTTATTTTA TGATTTCG
OK514746.1 : | TCATTTTTACTCTACCCTCCCGGAGTTCA' ATTCTAGC TCTTAGARTCTACTTATTTTA ATGATTTCG
gTCATTTTTACTCTACCCTCCCGGAGT TCATTCTCCGEGEAACTCgATTCTAGCGGATTTCTTAGAATCTACTTATTTTATT TTTTATGATTTCG
* 20 * 40 * 60 * 80 * 100
A.amplifo : C TTT ArATAATTTTTCTACCCCCCCCCCCETTTITTT C. 5 CGATC TAGTT
A.dielsii : CT TTTCTA-CCCCCLCCCCLL TTTY SCGATCAATA TAGTT 1 .
CTGAAATGAATGARTTTTTTACCATARRATAATTTTTCTA CCCCCCCCCCCCTTTTTTIT B TT 'CGATC] TAGTT Location; 125690-125789 b])

Figure 6 Partial gene sequence comparison fragment map
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Figure 7 Collinearity analysis of chloroplast genomes from eight Ardisia species
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Figure 8 Neighbor-joining (NJ) phylogenetic tree was constructed based on the whole chloroplast genome sequence
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Figure 9 Maximum likelihood method (ML) phylogenetic tree was constructed based on the whole chloroplast genome sequence
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