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Characterization of the Chloroplast Genome and Phylogenetic Analysis
of the Medicinal Plant Delphinium albocoeruleum

OUYANG Tian-yu', GUO Li-zhi®, FAN Lu-ze', HUANG Rong-xin', LU Ting"
(1. College of Agriculture and Animal Husbandry, Qinghai University, Xining, Qinghai Province 810016, China;
2. Qinghai Institute for Drug Control, Xining, Qinghai Province 810016, China)

Abstract: The medicinal plant Delphinium albocoeruleum is rich in diterpenoid alkaloids, and possesses signifi-
cant medicinal and ecological values. However, studies on the characteristics of its chloroplast genome and sys-
tematic taxonomic status still remain scarce. In this study, the complete chloroplast genome of this species was
sequenced and characterized for the first time, and comparative analyses within De/phinium and related taxa were
also conducted. The results indicated that the chloroplast genome of D. albocoeruleum had a total length of 154
258 bp, and exhibited a typical quadripartite structure, including a large single copy (LSC) region of 84 847 bp, a
small single copy (SSC) region of 16 301 bp, and an inverted repeat (IR) region of 26 555 bp. The total GC con-
tent was 38.25%. A total of 131 genes were annotated, including a unique ycfI pseudogene, which presented a
boundary differentiation pattern characterized by truncation at the IRb/SSC boundary and intact function at the
SSC/IRa boundary. We identified 243 simple sequence repeats (SSR) loci, with 67. 1% of these SSR loci con-
centrated in the L.SC region and A/T mononucleotide repeats being the dominant type. Furthermore, seven posi-
tive selection genes (e. g. , matK, ndhD) and 15 highly divergent regions (Pi=>0. 020) were detected, indicating
that the genome was overall conserved but local variations. Phylogenetic analysis demonstrated that D. albocoe-
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ruleum had the closest genetic relationship with D. candelabrum. These results provide an important basis for
research on the phylogeny, genetic evolution, and geographical origin of the tribe Delphineae.

Key words: Delphinium albocoeruleum ; Chloroplast genome ; Phylogenetic analysis; The tribe Delphineae
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M oyef15) .7 A tRNA FE H (irnA-UGC, trnl-CA U ,
trnl-GAU , trnL-CAA, trnN-GUU, trnR-ACG F
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Table 1 Information of the complete chloroplast genomes of D. albocoeruleum
25 Ttem 2K Type Z Kl Parameter value
I PRI P 4 45 4 A4 Total 153 956 bp
Construction of the chloroplast genome KHFEILIX LSC 84 847 bp
/NELPE DX SSC 16 301 bp
S A X IR 26 555 bp
GC %t GC content/ % EVA Total 38.25
KREE X 1L.SC 36.35
/NEAPE DLIX SSC 32.76
B E A X IR 42.99
FH = Gene number B Total 131
HHAMMGIER PCG 85
%32 RNA {(RNA 37
B R RNA rRNA 8
i H P Pseudo gene 1

F2 AEBEUMHEGEEERAER

Table 2

Information of the chloroplast genome of D. albocoeruleum

HHE A Category of genes WL Group of genes

[ 47 Name of genes

by (il

Photosynthesis

35 104 Subunits of photosystem I

JERGE 1T Subunits of photosystem 1T
NADH [ 2B T 5 Subunits of NADH dehydrogenase

6 E b/ (5 A KT Subunits of cytochrome b/f complex
ATP A T 3 Subunits of ATP synthase
WM —1,5— ZHMARAE/ AR AT A Large subunit of rubisco
BB KRB A Proteins of large ribosomal subunit
Bl NEREE A Proteins of small ribosomal subunit
RNA AR Subunits of RNA polymerase
bk RNA RNA Ribosomal RNAs
i RNA RNA Transfer RNAs

AREH

Self—replication

HfERA

Other genes

AR Maturase
E MR Protease

AR [ Envelope membrane protein

LR ARIER Acetyl-CoA carboxylase
UM Z A AL c-type cytochrome synthesis gene
@15 Translation initiation factor
R 18 L T BB A
Conserved hypothetical chloroplast ORF

WHEARTEN

Genes of unknown function

psall, psaB, psaC, psal, psal
psbA, psbB, psbC, psbD, psbE, psbF, psbH, psbl, pshl, psbK., psbL, psbM, psbN, pshT, pshZ
ndhA*, ndhB¥(2) , ndhC, ndhD, ndhE, ndhF, ndhG, ndbH, ndhl, ndhJ, ndhK

petA, petB¥, petD¥, petG, petL, petN

alpA, atpB, apk, apF*, atpH, appl
thel,

ll4, pll6*, pl2x(2), pl20, pl22, pl23(2), pi33, pl36
1psll, psi2(2), ps4, sld, psi8, sl9, ps2, 1ps3, mpsd, ps7(2), ps8
oA, mpoB, moCI¥, mpoC2
ml16(2), rm23(2), rmd.5(2) , m5(2)
mA-UGC*(2) , tmC-GCA, tmD-GUC, tmE-UUC, tmF-GAA, tmG-GCC, tmG-UCC*, imH-GUG,
tmFCAUQ), tmFGAU*(2), tmK-UUU*, tmL-CAA(2), tmL-UAA*, tmL-UAG, tmM-CAU, tmN-
GUUQ), tmP-UGG, tmQ-UUG, tmR-ACG(2) , tmR-UCU, tmS-GCU, tmS-GGA, tmS-UGA,
mT—GGU, tmT-UGU, tmV-GAC(2), tmV-UAC*, tmW-CCA, tmY-GUA, tmiM-CAU
matK
clpPsx
cemA
accD
cesA
nfA
Syell, yefl, yell5(2) , yel2(2), yel3, yeld

TE R R B — A NS T AR A 35 5 #R (B IR 5 2 TN (2) 2n 48 DUEOCH 2 9 2 1N

Note: * and ** stands for one intron and two introns in protein-coding genes, respectively; # stands for pseudogene; gene (2) stands for

gene with more than one copy, with the copy number indicated in parentheses
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Fig.1 Chloroplast genome map of D. albocoeruleum
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Note: Genes in the outer circle of the genome map are transcribed in clockwise and counterclockwise directions. The gray inner circle indicates the

GC level at each genomic position. Different functional categories of genes are represented by different colors
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Codon usage frequency (RSCU)
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EEFFIE R
Number of repeats
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fR 2 05 5 = 7 el 3k 5 B AT B g A
AR (Lew 1Y UUG 4 15 22 5 1R (Ser) i) UCC 4,
HAeBEWMFYHUARULRE. X—4R5285
S5 FE W - R R TR A 1 5 8 AR AIE — 3K, s
T A SRR LR AR A R

®
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@ 1035
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5
g 8.60
g 8
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2
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Fig.2 Codon usage bias analysis of D. albocoeruleum chloroplast genome
TE = (a) 42 B8R 11 53 4 £ 5L AT v 20 il 20 56 P2 A 26 05 & 1, (2368 Ala (N IR \Arg CRE ) Asn (CRABERE) (Asp (KZHER) .Cys CEER
M2) Glu (FZR) .Gln (F2BEN) .Gly (H4(#R) His (ZH%(8R) \lle (52 4R ) \Leu (55212 ) \Lys (#4282 ) .Met (W %8R ) .Phe (RN
ML) Pro (MZ ) Ser (225 ) . Thr (J3 2 M) . Tyr (FEZ M) . Trp (B2 ) . Val (HZR ) ; (b) %8 7 FI R 5 (o) B2 ¥ 5 e KB

(bp) s (d) il 7E 1 &2 J7 51

Note: (a) The codon contents of 20 amino acids in all protein-coding genes, including Ala (Alanine), Arg (Arginine), Asn (Asparagine), Asp

(Aspartic acid) , Cys (Cysteine) , Glu (Glutamic acid) , GIn (Glutamine) , Gly (Glycine) , His (Histidine) , Ile (Isoleucine), Leu (Leucine) ,

Lys (Lysine) , Met (Methionine) , Phe (Phenylalanine) , Pro (Proline), Ser (Serine), Thr ( Threonine), Tyr (Tyrosine), Trp ( Tryptophan),

Val (Valine) ; (b) The proportion of codons encoding; (¢) The lengths of repetitive sequences (in base pairs, bp) and the repetitive sequences;

(d) The statistics of interspersed repetitive sequences

2.3 EEFFIMSSRE AN

AW FE X 1 AR A AL R R S AL h i
JPHNHEAT T 43 M, 2L B 24 A E T A AL 7
ANIE [ P4 154 B SCE P A LA R
JP AR 1A B4R F A (& 2d) , Hfr DL — 2
HAE N E S R R R @ Ry 5] & A (Simple
sequence repeats, SSRO AV s 243 4>, H 8 & H oo 4]
B VAR R A (149 M) M =R R B 5 (76 1)
o7 4 R I 200 o L AN, B3k A1 K o BT B
A/T g 32 5 2 4 F ik 96. 6% (144/149) , HAE —

B RREE T AT/ TAGEEXT 5 ik 90. 9%6(10/1D),
FH It 2 B SSR A A5 X A/ T Bl 32 A7 78 O i P o AR 4l
25 1) 43 A ¢ AE 3 AT, SSR AL 5 78 - & 1 35 R 4 AN [
DX 2 R G 2 S A, b R LB DL X (LSOO &
H163 4~ SSR A7 # , 5 Hik 67. 1%, 1 I i) 5 & X
CIROALAS HY 36 A7 (14, 8%) . Mz X Fh i & ¥
B) {1 3 A1 4SS 0 B AR e P T R R T i 4t
A5 DR A AN ) DX 328 56 R ) 2 L T LS C XA
1) 5 5 A6 AT R 3 DR SR R A AH OG .
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i 3 0 W R A AR S Al 8 A I Gy Ay
LRARFE R 20 7 9 S e A i, R L B A S AR ST
PR R 2 R U (IR 3-4)  Hivr, 2 A A5 A
R W, matK, accD, PetA, rpl20, clpP, PsbT, PetD,
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