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Complete chloroplast genome of Allium chinense: comparative
genomic and phylogenetic analysis
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Abstract: Allium chinense belongs to the genus Alliums of the lily family. It can be used both as medicine and
food. To date, the phylogenetic relationship of Allium species have not be resolved completely. Furthermore, there
has been a lack of DNA barcode to distinguish closely related species. In this study, the complete chloroplast
genome of A. chinense was obtained using next generation DNA sequencing and bioinformatic analysis, and
compared with that from other Allium species. The genome is a circular molecule of 152 525 bp with a typical
quadripartite structure. Genome annotation identified a total of 116 genes, including 81 protein-coding genes,
31 tRNA genes, and 4 rRNA genes. Analyses of sequences from six Allium species showed that the most diverse
regions are found in the protein coding regions such as ndhA and ycfl genes, and in the intergenic regions, such as
ps16-trnQ, trnT-trnF, ndhF-rpl32, rpl32-trnL and rpl16-rps3. A phylogenetic tree was constructed using 58 protein
coding sequences from 53 species. All branches showed strong support with bootstrap scores reaching 66%-100%,
except those for the Lilium and Paris. Our results suggest that the completed chloroplast genome could solve
the classification problems of these species. Using EcoPrimer software, we identified seven markers from the
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chloroplast genomes, which can be used to differentiate congeneric species. In summary, we have sequenced
the complete chloroplast genome of A. chinense, carried out phylogenetic analysis and identified a series of genus
specific DNA barcode sequences. The results have laid the foundation for the systematical determination of the
phylogenetic relationship of Allium species and the differentiation of species using the genus specific primers.

Key words: Allium chinense; complete chloroplast genome; molecular marker; phylogenetic analysis; DNA
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Table 1 Summary of three Allium chloroplast genome features

Latin name A. chinensis  A. cepa A. sativum
Total cpDNA size/bp 152 525 153 538 153172
Length of LSC region/bp 81323 82 694 82 035
Length of IR region/bp 26 498 26 461 26 563
Length of SSC region/bp 18 206 17 922 18 011
Total GC content/% 36.68 36.81 36.68
GC content in LSC/% 35.68 34.59 3451
GC content in IR/% 3741 42.68 42.58
GC content in SSC/% 42.86 29.71 29.15

Allium chinense
chioroplast genome
152,525 bp

i

Figure 1  Chloroplast genome map of Allium chinense. Genes

outside of the map transcripted in the clockwise direction and
genes inside of the map transcripted in the counter-clockwise
direction. Each color represents the same class of genes
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Table 2 Gene composition in Allium chinense chloroplast genome
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Figure 2  Statistics of repeat sequences detected in the chloroplast
genome of Allium chinense. P, F, C and R indicate the repeat types
P (Palindrome), F (Forward), C (Complement), R (Reverse)
respectively

Table 3

genome of Allium chinense

Statistics of repeat types detected in the chloroplast

Repeat unit Number of repeated units
AIT 169

CIG 2

ACIGT 1

AGICT 17

AT/AT
AAGI/CTT
AAT/ATT
AAAG/CTTT
AAAT/IATTT
AATC/IATTG
AATG/ATTC
ACAG/CTGT
AGGG/CCCT
ATCC/ATGG
AAAAT/ATTTT

w
hyj

R e S e = S I =S

Category

of genes Group of genes

Name of genes

Self-replication Large subunit of ribosome
DNA dependent RNA polymerase
Small subunit of ribosome
rRNA Genes
tRNA Genes

rpl14, rpl16, rpl2, rpl20, rpl22 rpl23, rpl32, rpl33, rpl36

rpoA, rpoB, rpoC1, rpoC2

rpsll, rpsl2, rpsl4, rpsl5, rpsl6, rpsl8, rpsl9, rps2, rps3, rps4, rps7, rps8

rm4.5, rrb5, rrl6, rrn23

trnA-UGC, trnC-GCA, trnD-GUC, trnE-UUC, trnF-GAA, trnfm-CAU, trnG-GCC, trnG-

UCC, trnH-GUG, trnl-CAU, trnl-GAU, trnK-UUU, trnL-CAA, trnL-UAA, trnL-UAG, trnM-
CAU, trnN-GUU, trnP-GGG, trnP-UGG, trnQ-UUG, trnR-ACG, trnR-UCU, trnS-GCU,
trnS-GGA, trnS-UGA, trnT-GGU, trnT-UGU, trnV-GAC, trnV-UAC, trnW-CCA, trnY-GUA

Photosynthesis  Subunits of ATP synthase
Subunits of NADH-dehydrogenase

atpA, atpB, atpE, atpF, atpH, atpl
ndhA, ndhB, ndhC, ndhD, ndhE, ndhF, ndhG, ndhH, ndhl, ndhJ, ndhK

Subunits of cytochrome b/f complex petA, petB, petD, petG, petL, petN

Subunits of photosystem |
Subunits of photosystem |1
Subunit of rubisco rbcL

Other genes Subunit of acetyl-CoA-carboxylase accD
c-Type cytochrome synthesis gene  ccsA
Envelop membrane protein cemA
Protease clpP
Translational initiation factor infA
Maturase matK
Unknow Conserved open reading frames

psaA, psaB, psaC, psal, psaJ
psbA, pshB, psbC, pshbD, psbE, psbF, psbH, pshl, pshJ, psbK, psbL, pshM, psbN, psbT, psbZ

ycfl, yef2, ycf3, ycfd, ycfl5, ycf68
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Figure 3 K,/K analysis of 65 common protein coding genes in Allium species, A. chinensis, A. cepa, A. obliquum, A. prattii, A. sativum, A.

victorialis. K,: Non-synonymous, Kg: Synonymous. 65 common protein coding genes: accD, atpA, atpB, atpE, atpF, atpl, ccsA, cemA, clpP,
matK, ndhA, ndhB, ndhC, ndhD, ndhE, ndhF, ndhG, ndhH, ndhl, ndhJ, ndhK, petA, petB, petD, petG, psaA, psaB, psaC, psal, pshB, psbC,
psbD, psbF, psbH, psbl, pshJ, psbK, psbM, rbcL, rpl12, rpl20, rpl22, rpl23, rpl32, rpl33, rpl36, rpoA, rpoB, rpoC1, rpoC2, rpsll, rpsl2,
rpsl4, rpsl5, rpsl6, rpsl8, rpsl9, rps3, rps4, rps7, rps8, ycfl, yef2, ycf3 and ycf4
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X-axis: A.chinense
Resolution: 60
Window size: 100 bp
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Figure 4 Identify plot comparing the chloroplast genomes of six species using A. chinense as the reference sequence. The vertical scale,

ranging from 50% to 100%, indicates the percentage of identity calculated in sliding windows. The horizontal axis indicates the coordinates

within the chloroplast genome. Different colors correspond to the types of the genome regions. Blue: Regions coding for proteins; Pink:
Regions that are non-coding; Light blue: Regions coding for tRNAs and rRNAs
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Figure 5 Sliding window analysis of the whole chloroplast genomes of six Allium species. Window length: 800 bp; step size: 200 bp.
X-axis: Position of the midpoint of a window; Y-axis: Value of (Nucleotide diversity) Pi of each windows
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Figure 6 Phylogenetic tree constructed based on 58 protein-coding genes from species. atpA, atpB, atpE, atpF, atpH, atpl, ccsA, clpP,
matK, ndhB, ndhC, ndhE, ndhG, ndhH, ndhl, ndhJ, ndhK, petA, petB, petD, petG, petL, petN, psaA, psaB, psaC, psal, psbA, pshC, psbF,
psbH, psbl, pshd, psbK, psbL, psbM, psbN, psbT, rbcL, rpl14, rpll6, rpl2, rpl20, rpl22, rpl23, rpoC1, rpoC2, rpsll, rpsl2, rpsl4, rpsl8,

rps3, rps4, rps7, rps8, ycf2, ycf3 and ycf4

Table 4 Primer designed by EcoPrimer

Name Forward primer sequence Reverse primer sequence
ndhA TTCTATTCTTTATAGGTA TGAGTCACAGTCAAAATA
ycfl GCTTCTTTCTTGCTCTTA AATTATCTAGAAAAAAGA
rps16-trnQ TTGTTTTCATGAGTATGA AATCATTTTTTTCTATAT
trnT-trnF AGGCCCTTTTAACTCAGT GCTGCGGGTTCGAGCCCC
ndhF-rpl32 AACACCAATCCCATTTAT TCAAAAAATACATATCAA
rpl32-trnL AGTTCCAAAAAAACGTAC TCTAGAATCCGATATAGT
rpl16-rps3 CTGAAATAACAAATTGAG CCCGGTCTACGAATTTAT

ANFER AT H TR % € MRS AR, HE—
L3 A1) [X rps16-trnQ. trnT-trnF . ndhF-rpl32. rpl32-

07 S LG B

7 i i L

SSRARIC 5 Gthric i b, R AR =
L2 S BE A L o

R ﬁi‘ﬁﬁ

trnL A1 rpl16-rps3 48 5 M8 f& K, A 2 R B A 8 5 7 1
DNA 7 FAric H T#Fh %52 . FIH EcoPrimer #44F &
BT TASEAERR S, N B IR B R R R TR
LBLE [ HLfli. fal RE B FF (SSR) |z 70 A T2 A
HAZ Y S K A, fEEY R R A b = ER,
DR HC #E 52 B (R 3 H AR A AR S, O A KT
I 220, T 2 H T MBS % R K E 7R

HIF R AR, RICAR BT 2 N o A 78 B Sk
SR ARFE R 2 AR R BT 2414 SSR, A5 171 4 R T
R 55 N ARE R 2 A A% IR 12 /N DY A% AT g A 1
MTAZE IR . AR SSR AR 10 BL5E Fefil o

DNA Bl 5 5% 748 A 458 0f H: g 5 2 25k TR 1) 2 1 ] A
Iy R T SLRAE (Kg) FITFE [A] SR (K,), A X 58
AT AR U, HAEH Ke#Row, JEF LR
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[F) SCAZ R 5 et I A3 17, i A K 22 308k 1 96
Tt Xt Ka/ Ko BI85 /N T 184, 3 5 ok 20 ) e 4 ik
TR SC (Ka) AR S (Ks) BN (KA/Ks) 20 #T, A
psaB ik [A 2 L HH #5 K AR IE 38 0N, i B 1% ik [R] 52 3]
s FIE VR B, H TR 123 IR 3 300 1 7 bR AL 1) Jk
B, %R — B T R A A R .

HER AR BRI H 7 8 & W AR R, DUBCIR
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rpl16-rps3 R BT (1) 43 1 AR ic, PR FL S IR X
Le7r TR LB W LS ok B TR AR 7 TARie 751
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