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Abstract
The complete chloroplast genome sequence of Lupinus westianus, an endangered and endemic species to Florida, United 
States, has been assembled from Illumina pair-end sequencing. The chloroplast genome structure of L. westianus is a circular 
molecule of 154,270 bp in length, with a large single copy (LSC) region of 82,437 bp, a small single copy (SSC) region 
of 15,853 bp, and a pair of inverted repeats (IRs) regions of 27,990 bp. The total G+C content of chloroplast genome is 
36.47%, and while it is 41.56% of IRs, which was higher than LSC and SSC regions. The genome contained 130 genes, 
including 85 protein coding genes, 37 tRNA genes and 8 rRNA genes, of which 18 were duplicated in the IRs region. The 
phylogenetic analysis indicated that L. westianus was clustered together with other two genus of Lupinus, L. luteus and L. 
albus. The chloroplast genome of L. westianus laid a good foundation for genetic resoures conservation. The chloroplast 
genome reported provided useful genomic resources not only for the exchange of information between different species, but 
also for the population genetics of L. westianus and its phylogenetic and evolutionary studies.

Keywords Lupinus westianus · Endangered species · Endemic species · Illumina sequencing · Chloroplast genome

Lupinus, commonly known as lupin or lupine (North Amer-
ica), is a genus of flowering plants in the legume family, 
Fabaceae. The scrub lupine is a federally listed endangered 
species of the United States. L. westianus, mainly distrib-
ute in subtropical, tropical dry or coastal sand dunes habitat 
and is a endemic species to Florida, United States. Before 
the 1930s, the distribution of L. aridorum was described 
as ‘‘infrequent to locally abundant’’, while the population 
showed a continuing downward trends basing on annual 
surveys since 2002 (Bupp et al. 2017). The main survived 
populations were found in scrub habitat on two ridge sys-
tems in northern Florida. L. westianus were evaluated as 

near threatened (NT) species and the decreasing popula-
tion be noted in the IUCN Red List of Threatened Species 
(IUCN). The main threatened pressure come from human 
development, leading to loss of natural habitat. Low genetic 
diversity and gene flow were find out in the fragmentation 
habitat of L. westianus (Bupp et al. 2017). Aside from reduc-
tion of viable habitat, remaining habitat is affected by fire 
suppression. Other threats, such as disease caused bacte-
rium would improve the species wilt. L. westianus popula-
tion is important not only for biodiversity, but the species 
can supply medicinal materials (Goldberg and Sahli 1967). 
Germplasm resources information is helpful to its effective 
management, conservation and exploitation. Chloroplast 
genomes of L. westianus were got based on the Illumina 
paired-end sequencing data and characterization and phylo-
genetic analysis were done in the study. The annotated have 
been deposited into GenBank under the accession numbers 
MG252262.

Leaf samples of L. westianus were collected from ridge 
systems in northern Florida (83.9689°E, 30.3866°N, United 
States). Total genomic DNA was extracted from one or two 
leaf samples per individual, using a QIAquick DNA Mini 
Kit (QIAGEN, Valencia, California, USA). Shotgun librar-
ies were constructed, and high-throughput sequencing was 
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carried out on the Illumina HiSeq 2500 sequencing system 
following the manufacturer’s protocol (Illumina, CA,USA). 
Chloroplast genome data were filtered, annotated and the 
circular map was generated as Zhang et al. described (2017).

The chloroplast genome structure of L. westianus is a 
circular molecule of 154,270 bp in length, with a large sin-
gle copy (LSC) region of 82,437 bp, a small single copy 
(SSC) region of 15,853 bp, and a pair of inverted repeats 

(IRs) regions of 27,990 bp (Fig. 1). The total G+C content 
of chloroplast genome is 36.47%, and while it is 41.56% of 
IRs, which was higher than LSC and SSC regions (34.20 and 
30.32%, respectively). The genome contained 130 genes, 
including 85 protein coding genes, 37 tRNA genes and 8 
rRNA genes, of which 18 were duplicated in the IRs region, 
including 7 PCG species [ndhB, rpl2, rpl23, rps7, rps12, 
ycf1 and ycf2], 7 tRNA [trnI-CAU, trnL-CAA, trnV-GAC, 

Fig. 1  Gene map of the Lupinus westianus chloroplast genome
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trnI-GAU, trnA-UGC, trnR-ACG  and trnN-GUU ] and 4 
rRNA [rrn4.5, rrn5, rrn16 and rrn23]. Among these genes, 
7 genes (atpF, rpoC1, psaA, rpl2, ndhB, ndhA and ycf1) 
contain a single intron and 2 genes (ycf3 and clpP) contain 
two introns.

Eighty-four species of Fabaceae were selected and phy-
logenetic analysis were done for L. westianus. The analy-
sis involved all the chloroplast genome of above species 
and the evolutionary analyses were conducted in MEGA7 
sequences (with 1000 bootstrap replicates) (Kumar et al. 

2016). The phylogenetic analysis indicated that L. wes-
tianus was clustered together with other two genus of 
Lupinus, L. luteus and L. albus (Fig. 2). The chloroplast 
genome of L. westianus laid a good foundation for genetic 
resoures conservation. The chloroplast genome reported 
here provided useful genomic resources not only for the 
exchange of information between different species, but 
also for the population genetics of L. westianus and its 
phylogenetic and evolutionary studies.

LN
88

52
81

.1
 A

ca
ci

a 
ka

rin
a

LN
88

53
17

.1
 A

ca
ci

a 
st

an
le

yi

41

LN
88

52
97

.1
 A

ca
ci

a 
ol

df
ie

ld
ii

LN
88

52
98

.1
 A

ca
ci

a 
ol

df
ie

ld
ii

5690

LN
88

52
79

.1
 A

ca
ci

a 
jib

be
rd

in
ge

ns
is

10
0

LN
88

52
56

.1
 A

ca
ci

a 
co

lle
tio

id
es

LN
88

52
71

.1
 A

ca
cia

 g
ib

bo
sa

10
0

10
0

LN
88

52
58

.1
 A

ca
cia

 c
yc

lo
ps

LN
88

52
64

.1
 A

ca
cia

 e
re

m
ae

a

LN
88

52
76

.1
 A

ca
cia

 in
ce

an
a

729410
0

LN
88

53
22

.1 
Aca

cia
 te

tra
go

no
ph

yll
a

LN
88

53
23

.1 
Aca

cia
 te

tra
go

no
ph

yll
a

10
0

LN885326.1 Aca
cia

 uncin
ella

LN885269.1 Acacia
 fo

rm
idabilis

LN885274.1 Acacia heteroclita

LN885270.1 Acacia fra
gilis

LN885285.1 Acacia lineolata

100
100

10
010

010
0

44

LN885291.1 Acacia merrallii

KX852435.1 Acacia dealbata

LN885259.1 Acacia daphnifolia

LN885277.1 Acacia jennerae

100
100

76

94

LN885260.1 Acacia diallaga

LN885282.1 Acacia kochii100

100

LN885293.1 Acacia murrayana
LN885299.1 Acacia prainiiLN885247.1 Acacia anthochaera

LN885273.1 Acacia hemiteles

100

100

84

100

LN885310.1 Acacia rostellifera

NC 026134.2 Acacia ligulata

100

LN885248.1 Acacia ashbyae

100

LN885330.1 Acacia xanthina

LN885309.1 Acacia rostellifera

LN885329.1 Acacia xanthina

100

86

73

LN885314.1 Acacia sclerosperma

LN885315.1 Acacia sclerosperma

100

68

LN885324.1 Acacia tysonii

100

LN885252.1 Acacia blakelyi

LN885312.1 Acacia scirpifolia

100

LN885245.1 Acacia andrewsii

100

LN
885255.1 Acacia cerastes

LN
885328.1 Acacia w

oodm
aniorum

100

61

LN
885265.1 Acacia erinacea

LN
885268.1 Acacia exocarpoides

100

LN
885267.1 Acacia exocarpoides

LN
885311.1 A

cacia scalena

LN
885240.1 A

cacia acanthoclada
LN

885241.1 Acacua acuaria

10
0
001

100

100

100

100

59

LN
88

53
00

.1
 A

ca
ci

a 
pu

nc
tic

ul
at

a

86
LN

88
52

89
.1

 A
ca

ci
a 

lo
ng

is
pi

ne
a

LN
88

52
96

.1
 A

ca
ci

a 
ob

te
ct

a
10

0

100

LN
88

53
34

.1
 P

ar
as

er
ia

nt
he

s 
lo

ph
an

th
a

KX
85

24
38

.1
 A

rc
hi

de
nd

ro
n 

lu
cy

i

KX
85

24
41

.2
 P

ar
ar

ch
id

en
dr

on
 p

ru
in

os
um

LN
88

53
33

.1
 P

ar
ar

ch
ide

nd
ro

n 
pr

uin
os

um
10
0

10
0

10
0

99

KX
85

24
37

.1 
Al

biz
ia 

od
or

ati
ss

im
a

KX85
24

45
.1 

Sam
an

ea
 sa

man
10
0

90

KT42
82

96
.1 

Ing
a l

eio
ca

lyc
ina

10
0

KX852444.1 Pith
ece

llobium fle
xic

aule

10
0

KX852440.2 Faidherbia albida

10
0

KX852443.1 Piptadenia communis

10
0

KX852442.1 Parkia javanica

100

KJ468101.1 Prosopis glandulosa

KT428297.1 Leucaena trichandra

KX852439.2 Dichrostachys cinerea 100
97

100

KX852436.1 Adenanthera microsperma
100

KR136271.1 Senna tora
KJ468095.1 Libidibia coriaria

KJ468097.1 Haematoxylum brasiletto 100
90

100

KJ468096.1 Ceratonia siliqua

100

KY412468.1 Hydrangea serrata

JQ041763.1 Pentactina rupicola

KY420030.1 Pyracantha coccinea

KY419954.1 Pyracantha fortuneana

KY419957.1 Pyracantha angustifolia
100
100
100
100

100

JN673818.2 Millettia pinnata

KF856618.1 Apios americana

100

KJ468102.1 Robinia pseudoacacia

76

KJ468098.1 Indigofera tinctoria

100

KX257487.1 Arachis hypogaea

78

KJ468099.1 Lupinus albus

Lupinus westianus
100

KC695666.1 Lupinus luteus
100

KX388160.1 M
aackia floribunda

M
F156140.1 Sophora alopecuroides

M
F449303.1 Salw

eenia bouffordiana
91

100

100

Fig. 2  Phylogenetic analysis involved all the chloroplast genome of 84 species of Fabaceae, using neighbor-joining (NJ) analysis in MEGA7 
sequences (with 1000 bootstrap replicates)
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