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Abstract: Alangium chinense is a commonly used medicinal plant of Alangiaceae Alangium, one of the charac-
teristic Miao medicines in Guizhou. The genus is strongly differentiated and has complex morphological variation,
with significant differences in active ingredients and potency among herbs. In this paper, we sequenced the
chloroplast genomes of Alangium chinense subsp. Pauciflorum, Alangium chinense subsp. Strigosum and Alangium
kurzii Craib using Illumina high-throughput sequencing technology. The genomes of Alangium chinense subsp.

Pauciflorum, Alangium chinense subsp. Strigosum and Alangium kurzii Craib chloroplasts were sequenced, their
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assembly annotation and structural characterization were completed, and the genomes of the congeners Alangium
chinense and Alangium alpinum were downloaded from NCBI for comparative analysis. Finally, the phylogenetic
tree was constructed by selecting published species with close affinity to Alangium chinense family from NCBI. The
results were as follows: Alangium chinense subsp. Pauciflorum, Alangium chinense subsp. Strigosum and Alangium
kurzii Craib chloroplast genomes were 156 670, 156 672 and 156 871 bp in length, with a typical four-segment
structure, all containing one long single copy region (LSC), one short single copy region (SSC) and two inverted
repeat regions (IRa and IRDb). All of them were annotated to 133 genes, including 88 protein-coding genes, 37
tRNA genes and 8 rRNA genes. Three types of long repeat sequences and SSR loci, forward repeats, palindrome
repeats and reverse repeats, were found in all chloroplast genomes. Comparative genomic analysis showed that
there was diversity in the boundary transition regions of the five species, no rearrangements or inversions were
found in the chloroplast genome, and there were significant differences in the coding regions of ndhA, ycf1, rpli6,
vef2, and petD genes, which provided new loci for molecular identification of Patagonia. In the phylogenetic analysis,
Alangium kurzii var. kurzii clustered as a single species, and Alangium chinense subsp. Pauciflorum and Alangium
chinense subsp. Strigosum clustered as a single species, with a support rate of 93 and close affinity, indicating that
the phylogenetic tree can be used for the species identification. This paper can provide a basis for the taxonomic
identification of Alangium, ensure the safety of clinical use of anise herbs and regulate the market of 4langium
chinense herbs.
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Table 1

genomes of 28 species

The GenBank accession numbers for the chloroplast

Species Family Genus Accession
Alangium alpinum Alangiaceae  Alangium MG525003
Alangium chinense Alangiaceae  Alangium MG524996
Alangium Kurzii Alangiaceae  Alangium MZ680502
Nyssa sinensis Nyssaceae Nyssa KX904873
Camptotheca acuminata Nyssaceae Camptotheca KX904871
Syzygium aromaticum ~ Myrtaceae Syzygium MN746306
Rhodomyrtus tomentosa Myrtaceae Rhodomyrtus MK044696
Psidium guajava L. Myrtaceae Psidium KY635879
Trapa natans Trapaceae Trapa MZ617461
Trapa bispinosa Trapaceae Trapa MW065552
Trapa maximowiczii Trapaceae Trapa KY705084
Stellera chamaejasme ~ Thymelaeaceae Stellera MK681211

Wikstroemia capitata Thymelaeaceae Wikstroemia MW073909

Daphne genkwa Thymelaeaceae Daphne MT754180
Daphne tangutica Thymelaeaceae Daphne MK455800
Daphne retusa Thymelaeaceae Daphne MW245832
Edgeworthia chrysantha Thymelaeaceae Edgeworthia MT135123
Agquilaria yunnanensis ~ Thymelaeaceae Aquilaria MG656407
Agquilaria sinensis Thymelaeaceae Aquilaria MN720647
Hippophae rhamnoides Elacagnaceae  Hippophae = KY794808
Hippophae neurocarpa  Elacagnaceae  Hippophae =~ MK787303
Hippophae goniocarpa Elacagnaceae  Hippophae =~ MW791524
Hippophae tibetana Elacagnaceae  Hippophae =~ MN643620
Hippophae gyantsensis  Elacagnaceae  Hippophae = MKS552375
Hippophae salicifolia Elacagnaceae  Hippophae =~ MW392804
Elaeagnus multiflora Elaecagnaceac  Elaeagnus LC522136
Elaeagnus glabra Elaecagnaceac  Elaeagnus LC522137
Elaeagnus angustifolia Elacagnaceae  Elaeagnus MK 131395
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Figure 1

Complete
chloroplast genome

Alangium chinense (Lour) Harms
subsp. pauciflorum Fang
156 670 bp
Alangium chinense (Lour) Harms
subsp. strigosum Fang
156 672 bp
Alangium kurzii Craib
156 871 bp

Table 2 The basic information of chloroplast genomes of the

three Alangium species

Alangium Alangium .
. . Alangium
Genome chinense chinense B
feature subsp. subsp. kurz,”
Pauciflorum Strigosum Craib
Total length/bp 156 670 156 672 156 871
GC content/% 37.69 37.69 37.7
LSC length/bp 86179 86 179 86 386
SSC length/bp 18 591 18 593 18 573
IR length /bp 25950 25950 25956
Number of genes 133 133 133
Number of protein- 88 88 88
coding genes
Number of rRNA genes 8 8 8
Number of tRNA genes 37 37 37
Number of genes in IR 38 38 38

RPN TSN-E I ES PSR SN SSRPI L i b = D
R, fEIXLIER b, A 74 B P S K (ndhB -
rpl2-1pl23rps12rps7-ycfl5-ycf2)~ 7 A~ tRNA 4 fih 2

cn
N\-SG((G
\’,;NAs\mﬂ 6

Chloroplast genome map of the three Alangium species. The length of the chloroplast genome was shown in the circle. Genes

inside the circle are transcribed clockwise, and those outside are transcribed counter clockwise. Darker and lighter areas in the inner circle

indicate GC content and AT content, respectively
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Table 4 Repeat sequences in the chloroplast genomes of the

three Alangium species

Species Alangium chinense ~Alangium chinense — Alangium
subsp. Pauciflorum  subsp. Strigosum  kurzii Craib
Palindrome 31 31 29
repeats
Forward 30 30 30
repeats
Reverse 2 2 1
repeats
Complement 0 0 0
repeats
Total 63 63 60

f&] 5 2 & 7 41| (simple sequence repeat, SSRs), 1
LA 1~ 6 AN A R R A O I L R A, R A
2R AR B R 2 P A5 20 A o SSRTIZ 20 AT T AR R
PR 4 v, 3 e PR W A 46 5 O B2 3 1B P, SSR
PRiciE R H S Bk g AL L 2 SR A IR T, S BN
Fift 4 52 M DNA $ig 5 &I 1 g 2 1) B 23421

Hi A8 I\ A AR B I\ SRR I 2 A Sk A 21 2 L 4%
5FRMY Y SSRs, AL H IR R I £ 08 1224, KR
faMZERERFFIIME, “BHR. = HFR.
VOAZ IR I IR R P 4170930 50,9414 B\
AR I 2 (A PR 2 B 75 4 T S 7R 1) SSRs, ARG I 21 11
BHRER T, BRI EE P HR% N 120
N (FS)o
24 MEREEELAAS TN B/ ARAREN

Table 3 Gene composition in chloroplast genomes of the Alangium kurzii Craib. *Contains one intron; **Contains two introns; rpl:

Ribosomal protein large; rps: Ribosomal protein subunit; rpo: RNA polymerase; psa: Photosynthetic apparatus; ndh: NADH dehydrogenase;

pet: Polypeptide; rbe: Ribulose bisphosphate carboxylase; mat: Mature enzyme gene; clp: Caseinolytic protease; cem: Chloroplast envelope

membrane protein; acc: Acetyl-CoA carboxylase; ccs: TypeC cytochrome synthesis gene; ycf: Hypothetical chloroplast openreading frame

Category Gene group

Gene name

Self-replication  Large subunit of ribosone
Small subunit of ribosone

rpl2** (x2), rpll4, rpll6, rpl20, rpl22, rpl23 (x2), rpl32, rpl33, rpl36
rps2, rps3, rps4, rps7 (x2), rps8, rpsll, rpsl12 (x2), rpsi4, rps15, rpsl6** (x2), rpsl8, rps19

RNA polymerase rpoA, rpoB, rpoCI*, rpoC2
rRNA rrn4.5S (x2), rrn5S (x2), rrnl6S (x2), rrn23S (x2)
tRNA tRNA-Val (x2), tRNA-Tyr, tRNA-Trp, tRNA-Thr (x2), tRNA-Ser (x3), tRNA-Pro, tRNA-Phe,

tRNA-Met (x4), tRNA-Lys, tRNA-Leu (x4), tRNA-Ile (x2), tRNA-His, tRNA-Gly (x2), tRNA-Glu,
tRNA-Gin, tRNA-Cys (x2), tRNA-Asp, tRNA-Asn (x2), tRNA-Arg (x3), tRNA-Ala (x2)

Photosynthesis ~ Photosystem I
Photosystem II
NADH dehydrogenase

Cytochrome b/f complex

ATP synthase

Large subunit of rubisco rbcL
Other genes Translational initation factor infA

Maturase matK

Protease clpP*

Envelope membrane protein cemA

Subunit of Acetyl-carboxylase  accD
C-type cytochrome synthesis cesA
Open reading frames

psad, psaB, psaC, psal, psaJ

psbA, psbB, psbC, psbD, psbE, psbF, psbH, psbl, psbJ, psbK, psbL, psbM, psbN, psbT, psbZ
ndhA*, ndhB** (x2), ndhC, ndhD, ndhE, ndhF, ndhG, ndhH, ndhl, ndhJ, ndhK

petd, petB*, petD*, petG, petL, petN

atpA, atpB, atpE, atpF*, atpH, atpl

yefl, yef2 (x2), yef3*, yef4, yef15 (x2)
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Table 5 Types and amounts of SSRs in the chloroplast genomes

of the three Alangium species

Alangium Alangium Alangium
SSR chinense chinense =
Repeat type kurzii
type subsp. subsp. .
Pauciflorum  Strigosum Craib
Mono A/T 31 34 36
Di AT/AT 7 7 7
Tri AAG/CTT 2 2
AAT/ATT 6 6 4
AGC/CTG 1 1 1
Tetra AAAT/ATTT 2 2 2
AATT/AATT 1 1 0
ACAT/ATGT 1 1 1
Penta AAGAC/CTTGT 1 1 0
Total 52 55 53

AR B\ AR i 24 5 TR 2H R Y B g B T )
(coding sequences, CDS) K & 1K 4= K (gene length)
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ST 4L 344, Hord 3018 G/C 45 R S 1; 7E4R
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BFHRZ, HER (Met) %1575 />, RSCU > 1
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RSCU < 1 ({384 1 3£ 34 4>, Hoh 29 44 G/C 45 2 (1)
T FEMAE ) SR S BB D b, i
B2 (Leu) M T8 2, AR (Met) 1% 0515
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5
4 IR-LSC/SSC XHIULHaFnd sk o347

&3 44 3k [ 41 /& 1 SSC.LSC.IRa. IRb 4 4™ [X []
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Tk I AR A MW kA, [R] B 2 5] G - Ak
BRI GC & 2 1948 Ak, A (5] RO AEL 420 1 o 5 A 25 BT 4K
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Table 6 Coding sequences (CDS) length and gene length of intron in the chloroplast genomes of the three Alangium species

Intron gene

Alangium chinense subsp. Pauciflorum

Alangium chinense subsp. Strigosum Alangium kurzii Craib

rpsl6 CDS length/bp 258/411
Gene length/bp 411/1 113
atpF CDS length/bp 567
Gene length/bp 1266
rpoC1 CDS length/bp 2061
Gene length/bp 2 808
yef3 CDS length/bp 507
Gene length/bp 1944
clpP CDS length/bp 588
Gene length/bp 2051
petB CDS length/bp 648
Gene length/bp 1412
petD CDS length/bp 483
Gene length/bp 1229
rpl2 CDS length/bp 825/828
Gene length/bp 1 490/1 490
ndhB CDS length/bp 1533/1 533
Gene length/bp 2212/2212
ndhA CDS length/bp 1092

Gene length/bp 2207

258/411 258/411
411/1 113 411/1 112
567 567
1266 1267
2061 2061
2 808 2814
507 507
1944 1945
588 588
2051 2054
648 648
1412 1417
483 483
1229 1237
825/828 825/828
1 490/1 490 1 490/1 490
1533/1 533 1533/1 533
2212/2212 2212/2212
1092 1092
2207 2200
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Table 7 Chloroplast genome RSCU > 1 codon of the three Alan-

gium species

Alangium chinense Alangium chinense — Alangium

Amino . . P
acid Codon  subsp. Pauciflorum  subsp. Strigosum  kurzii Craib
RSCU RSCU RSCU
Phe uuu 1.18 1.18 1.18
Leu UUA 1.19 1.34 1.22
UuuG 1.25 1.19 1.25
CUU 1.31 1.22 1.25
Ile AUU 1.27 1.22 1.23
AUA \ \ 1.01
Val GUU 1.38 1.37 1.37
GUA 1.20 1.17 1.16
Ser uCcu 1.45 1.58 1.54
ucc 1.10 1.08 1.05
UCA 1.20 1.26 1.30
Pro CCU 1.07 1.12 1.12
ccc 1.01 \ \
CCA 1.25 1.34 1.25
Thr ACU 1.12 1.21 1.17
ACC 1.04 \ \
ACA 1.16 1.18 1.23
Ala GCU 1.21 1.32 1.30
GCA 1.16 1.18 1.18
Tyr UAU 1.33 1.35 1.37
TER UAA 1.13 1.09 1.09
His CAU 1.45 1.41 1.45
Gln CAA 1.43 1.38 1.38
Asn AAU 1.39 1.40 1.39
Lys AAA 1.31 1.30 1.33
Asp GAU 1.46 1.45 1.47
Glu GAA 1.38 1.41 1.38
Cys UGU 1.21 1.25 1.25
TER UGA 1.03 1.13 1.08
Arg CGA 1.02 1.09 1.08
Arg AGA 1.98 2.01 1.96
AGG 1.17 1.12 1.08
Gly GGA 1.41 1.49 1.47
IR X,

WA HTE (E12) A N E 5 R AE ) AR
RSB\ A AR e Ll ARG o\ A AR
23 A 3L K 41 () LSC/IRb IRb/SSC . SSC/IRa Al IRa/LSC
PUAN I S EE R BEAT T 0T o A5 )\ AR I A 32k TR 41
A FIX 3, JLB (LSC-IRb) £ rps1 9 FE R 1, 6 bp 7E IR

2713 bg.B‘ bp ‘
L /[ 259500

Alangium alpinum
156 673 bp

JSB

o, HATELSC Xk b rp12 HILAEIEE, 7T ISB 1)
TR AR ILA R XS yef1 B RTE )\ AR m il
J\SHARISB B Rk 54N\ AR JSB (IRb-SSC) i
St BT I, ndhF % R A7 F JSA (IRa-SSC) 1) R i
JISATE yell BRI W BIH A71E, rpl2 B FIAE IRa X, #ifE
J\ABR AR\ AR B\ AR psbA B2 R rp122 B
PRI AT tRNA ) 4 i 24076 LSC X, J\ AW 5 1\ A R
psbAFEH crp122 5 RN trnH (RS #E LSC X .

SSC-IR X I EHE rpl2-ndhFycfl =FhIERH . yefl
A ULF JSA Ak, {H 5 HBIAS ], AT B ik IR 4 B
AT WS BT 5K BB ndhF A7AE T SSC X, 43 il B
IR A BB N 12.23.23 bp. ML AT HKE, I\ AR
(1) 2 A S P 2 i 56 DR 4 8 4 8 AR 5, T B\ A AR
TR R A BB 78 5, 1K 0] e A 2 5 M I S A TR 4
R, YA SR 0% RO 14 P 45 # BE AR B o
5 )\ARHFEEREER LM ST

K Mauve £ 5 J R 41 S g A6 000 g 1L\ A AR
J\A B FRAE )\ AR B I\ AR B\ AR 4
R EHE SR M (K3), it £ L R A b X ik
S H i S AR R R 2 2 ()R 2 A R RS 2R B (locally
collinear block, LCB), 1X & Wi ' A11 2 a] f) 2[RI 40 B A5
e FE R ARBAE, ELARAE )\ AR AR B )\ A AR AN R )\ A R
I SR AR 4= B ] 21 1) 1) B S 7, T 2 AR L R 21 22 []
B B E
6 J\AMMFEERAFINTR W

T VAL J\ SR - SRR L R 20 5 41 1Y) 22 e R
AHE ST R I mVISTA BAF, I ide FH A I 25k DR] 28 HF A {31
B4 B HE R (shuffle-LAGAN), DA B O Hi1E
I\ SRR B R 20 9 2 5% R B\ AR B\ A
AR\ A AR i L\ A R I 2 Ak 4 TR 4 )7 1) [ R
PEREAT T HBE TS (B 4). 45 BRI, FAe )\ AR R
B\ AR R )\ S AR - 2 A ik TR 4 41350 23 HE 71 i
FF AR — B ARSI, A8 E DR g A [X A7 A

JSA JLA
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The chloroplast genome boundary analysis of five plants from Alangium
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Figure 3 Collinearity analysis of chloroplast genomes from five Alangium species
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Figure 5 Maximum likelihood method (ML) phylogenetic tree was constructed based on the whole chloroplast genome sequence
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Figure 6 Neighbor-joining (NJ) phylogenetic tree was constructed based on the whole chloroplast genome sequence
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