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Abstract: Docynia longiunguis is a plant uniquely present in China and is of high edible and medicinal
value. The analysis of its chloroplast genome will help clarify the phylogenetic relationship among
Docynia and facilitate the development and utilization of D. longiunguis resources. Based on the
alignment of chloroplast genome sequences of related species, the phylogeny and codon preference were
analyzed. The total length of D. longiunguis chloroplast genome sequence was 158 914 bp (GenBank
accession number is MW367027), with an average GC content of 36.7%. The length of the large
single-copy (LSC), the small single-copy (SSC), and inverted repeats (IRs) are 87 020 bp, 19 156 bp,
and 26 369 bp, respectively. A total of 102 functional genes were annotated, including 72 protein-coding
genes, 26 tRNA genes, and 4 rRNA genes. The best model for constructing phylogenetic tree was
TVM+F+R2. D. longiunguis and Docynia indica were clustered into a single group, while Docynia
and Malus were clustered into a single group. Comparison of the chloroplast genome sequences of
D. longiunguis and its five related species revealed that trnY (GUA)-psbD, ndhC-trnV (UAC), accD-psal,
psbZ-trnfM (CAU), ndhF-trnl gene regions varied greatly. The nucleic acid diversity analysis showed
that there were 11 high variation areas with nucleotide variability>0.01, all were located in the LSC and
SSC regions. Except for D. longiunguis, the trnH genes in other sequences were located at the IRs/LSC
junction and did not cross the boundary. Codon preference analysis showed that D. longiunguis
chloroplast genome has the largest number of isoleucine (Ile) codons, up to 1 205. D. longiunguis has
the closest genetic relationship with Malus baccata, Malus sieboldii, Malus hupehensis and
Chaenomeles sinensis. Its chloroplast genome codon prefers to end with A/T. The chloroplast genome of
D. longiunguis and other Rosaceae chloroplast genomes showed great differences in gene distribution in

four boundary regions, while relatively small differences from the chloroplast genomes of Docynia
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delavayi and D. indica of the same genus were observed. The genome annotation, phylogenetic analysis

and sequence alignment of chloroplast genome of D. longiunguis may facilitate the identification,

development and utilization of this species.

Keywords: Docynia longiunguis; Docynia; chloroplast genome; phylogenetic analysis; IR boundary

analysis; codon preference
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TR IARA] (D. delavayi) M4AKREE K47 51
HBHFH] (KX499860) EFT4l%s . FHfrdl %
189751 F Genious 8.1.3 B UEFFIHERE, 4%
A ) MAFFT f6if4, %7 505 HoAr
GeRP R AN HEA T TR X BT A B 1
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Table 1 Chloroplast genomes of 26 plants for
phylogenetic analysis

Number Species GenBank Families
Accession No.
1 Docynia longiunguis MW367027 Rosaceae
2 Docynia delavayi KX499860 Rosaceae
3 Docynia indica MNO088849  Rosaceae
4 Pyrus communis MN577870  Rosaceae
5 Malus baccata MKS896774  Rosaceae
6 Malus sieboldii MT593044 Rosaceae
7 Malus hupehensis MKO020147  Rosaceae
8 Eriobotrya japonica KT633951 Rosaceae
9 Eriobotrya malipoensis MN577881 Rosaceae
10 Eriobotrya obovata MNS577882  Rosaceae
11 Eriobotrya salwinensis MN577883  Rosaceae
12 Chaenomeles sinensis ~ MN577871 Rosaceae
13 Cotoneaster buxifolius MNS577892  Rosaceae
14 Cotoneaster MNS577873 Rosaceae
microphyllus
15 Cotoneaster taylorii MN577872  Rosaceae
16 Cotoneaster rubens MN577895  Rosaceae
17 Cotoneaster salicifolius MN577863  Rosaceae
18 Cotoneaster silvestrii ~ MN577894  Rosaceae
19 Crataegus kansuensis ~ MF784433 Rosaceae
20 Cydonia oblonga KX499857 Rosaceae
21 Dichotomanthes MN577869  Rosaceae
tristaniicarpa
22 Photinia villosa MNO061989  Rosaceae
23 Pourthiaea arguta MNO061991  Rosaceae
24 Rhaphiolepis indica MN577864  Rosaceae
25 Rhaphiolepis salicifolia MN577876  Rosaceae
26 Ziziphus jujuba KU351660 Rhamnaceae
1.2.5 MEEEEBAFTIE XT3

PR (Eriobotrya japonica, KT633951)
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Docynia longiunguis
chloroplast genome
158 914 bp

M Photosystem |

@ Photosystem 1

[ Cytochrome b/f complex

[ ATP synthase

[ NADH dehydrogenase

[ Rubisco CO large subunit

[l RNA polymerase

[ Ribosomal small subunit (SSU)

[ Ribosomal large subunit (LSU) )
@ clpP, matK g’ \
B Other genes "%
[J Hypothetical chloroplaste reading frames (ycf) o s S 3 [
M Transfer RNAs FEQ E g %
M Ribosomal RNAs QX‘ u

&g

1 KIS [ARR|MRAEEBEE  HMESER 57 15 5%, A R DR B 75 1) % 5% AN [R) 2
RERYZE N IR Bk 2o, R N RBIR G ER 7 2R GC &, AR FRR AT & i

Figure 1 Gene map of Docynia longiunguis chloroplast genome. Genes drawn outside the circle are
transcribed anti-clockwise, while genes shown inside the circle are transcribed clockwise. Genes with
different functions are represented by different colors. The dark grey of the inner circle indicates GC content,
and the light grey indicates AT content.

T2 AKTUB[A AR M 5 R 5 [ 4 e 2 4B AL 2.3 KB [ARK| R REEHF T b3t
Table 2 Base composition of chloroplast genome S
in Docynia longtunguts P K TS [ €155 5 35 R 1

Region T (U) (%) A (%) C (%) G (%) Length (bp) GC (%)
LSC 334 320 17.8 1685 87020 346
SSC 348 348 159 1450 19156 304

LR R SE N LR 91 E i S fm], X ROTURS [ARAK]
R FGEGR AT R X ot (K 3). 45

IRA 287 286 221 206 26369 427 R, 6 AEPRHE Y M AR R R N A 2 [0 B A
IRB 287 286 206 2201 26369 427 e B AU, HF AR — 27,
Total ~ 32.0 312 188 18.0 158914 36.7 Hp, BRERK XN trnY (GUA)-pshD |
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3 KIB[AR|HFAEFEBLERT =
Table 3  List of chloroplast genes of Docynia longiunguis

Gene function

Gene category

Gene name

Self replication

Genes for
photosynthesis

Ribosomal RNAs
tRNA

RNA

Transfer RNAs

Ribosomal small subunit (SSU)

Ribosomal large subunit (LSU)
Polymerase

Photosystem [

Photosystem I

Cytochrome b/f complex

ATP synthase

rrnl6°, rrn23¢, rrn4. 5, rrn5°¢

trnd®, trnA-UGC?, trnC-GCA, trnD-GUC

trnE-UUC, trnF-GAA, trnfM-CAU, trnG-GCC

trnl-CAU, tRNI-GAU, trnl-GAU, trnL, trnL-CAA®
trnL-UAA, trnM-CAU, trnN-GUU", trnP-UGG

trnR-ACG®, trnS-GGA, trnS-UGA, trn-GGU

trnT-UGU, trnV-GAC*, 'ruV-UAC, trnW-CCA

trnY-GUA

1ps2, rps3, rpsd, rps7¢, rps8, rpsil, rpsi2%

rpsl4, rpslS, rpsl8, rps19

rpl2%, rpll4, rpll6°, rpl20, rpl22, rpl23¢, 1pl32, rpl33, rpl36
rpod, rpoB, rpoCl1°, rpoC2

psad, psaB, psal‘, psaJ

psbB, psbC, psbD, psbE, psbF, psbH, psbJ, psbM, psbN, psbT, psbZ
petd, petB®, petD’, petG, petL, petN

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

ATP-dependent protease subunitp  clpP

gene

Rubisco CO large subunit rbecL

Dehydrogenase
Other genes Envelop membrane protein cemA
Subunit of acetyl-CoA-carboxylase accD
c-type cytochrome synthesis ccsA  ccsA
gene
Protease gene clpP’
Genes of unknown Conserved open reading frames

function

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

vefl, yef2°, yef3', yef4

Note: a means the gene contains 1 intron; b means the gene contains 2 introns; ¢ means the gene contains 2 copies.

ndhC-trnV (UAC) . accD-psal. psbZ-trufM (CAU)
H ndhF-trnL.

7N Bl R AE ) S A B TR 21 T 41 28 5
MAFFT X5 DNAsp 34007, 455 8
/A IR XYL A 5 B ILT LSC XAl SSC
X (K 4). Hi, f7iF LSC XA petA-psb] K
DRI 6] DX A Pi B e is B T 0.024 33, BIP A
3 4ib 0.015<Pi<0.02 B, 432 perD-rpoA
rpl33-rpll4 BB X LK yefl X H 74k
0.01<Pi<0.015 fFA R, 230lJE psbZ-rpsi4
accD-psal ., trnR (ACG)-trnA (UGC) . rpsi2-rps7
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FEH B X K rpoB . yef3. rpl22 =AbFEHIX, F#
B TR EACEN TR 2. DL RS R
W FE -2 AR B [ 4H P LSC X % SSC X W78 53 &
Az 1 e A DX

2.4 KNI [ARK|HEFEAEEA IR XiaF
AU AaFRHT 5K o 4R

FER A IR X 1 A A W4 A ok o b 45

UL, Z5X I 10 MY IR XA B AR fEAS
K (26 249-26 399 bp). & 5 PRI [AK].
KRR VMR rps19 BEIAL T LSC, Hi4
IS ME IR XY KA T rps19 FEHF, HY
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Figure 2 Phylogenetic tree of 24 species constructed by ML using chloroplast genome sequences. The
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1 000 bootstrap value (%) was shown above the branch.
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Figure 3 Sequence alignment of chloroplast genome of 6 Rosaceae plants. The gray arrows above the
alignment indicate the genes’ orientations. The vertical scale represents the percentage of identity, ranging

from 50% to 100%.
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Relative synonymous codon usage value
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Figure 6 Codon preference analysis of D. longiunguis chloroplast genome. The x-axis represents codon

families.
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