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The family Magnoliaceae  is characterized by the presence of 
(1) numerous stamens and carpels that are spirally arranged on 
an elongated floral axis, and (2) an undifferentiated perianth 
(except for some species in Magnolia L. section Yulania (Spach) 
Dandy) (Figlar and Nooteboom, 2004). In this family, 298 spe-
cies are distributed mainly in Southeast Asia (ranging from India 
to the Kuril Islands including New Guinea) and the Americas 
(ranging from eastern Canada to Brazil including the Caribbean) 
(Govaerts et  al., 2017). The current classification system of 
Magnoliaceae includes only two genera, Liriodendron L. with 
only two species and Magnolia comprising 296 species divided 
into three subgenera and 12 sections (Figlar and Nooteboom, 
2004). A comprehensive phylogenetic study using 10 chloroplast 
regions (both genes and intron/intergenic spacers) suggests 12 
major clades in Magnoliaceae with a basal polytomy in Magnolia 
(Kim and Suh, 2013).

The reliability of phylogenetic inferences is heavily depen-
dent upon the number of phylogenetically informative characters 
(Dong et  al., 2013). To elucidate the relationships among major 
clades in Magnolia, a comparative genome analysis that provides 
more phylogenetically informative characters is needed. The chlo-
roplast genome sequence is an essential resource in the study of 
plant phylogeny, and several approaches have been suggested 
for the completion of chloroplast genome sequences. Currently, 

next-generation sequencing–based genome skimming is com-
monly used for the de novo assembly of chloroplast genomes. 
Although techniques such as organelle isolation, hybrid capture, 
and methylation enrichment have been developed to improve the 
efficiency of this work, there are still challenges in the comple-
tion of chloroplast genome sequences, particularly for genomes 
assembled from herbarium material or for structurally divergent 
genomes (Twyford and Ness, 2017). In some cases, assembly us-
ing next-generation sequencing data generates incomplete ge-
nomes and critical parts of the assembly need to be resequenced. 
Therefore, short-range PCR in combination with traditional 
Sanger sequencing is still used as an alternative, complemen-
tary method to assemble complete chloroplast genomes (Dong 
et al., 2013). For example, a set of universal primers designed in 
Saxifragales was successfully applied in the phylogenetic study of 
that family (Dong et al., 2013).

In this study, we report and test 134 sequencing primer pairs to 
cover entire chloroplast genomes in Magnolia. These primers can 
be used for de novo sequencing or finishing incomplete chloroplast 
genomes, as well as for phylogenetic, DNA barcoding, and popula-
tion genetic studies in Magnoliaceae. Additionally, these primers 
will be a useful resource for chloroplast microsatellite development. 
The utility of chloroplast microsatellites in Magnoliaceae has been 
well demonstrated by Kuang et al. (2011).
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METHODS AND RESULTS

We designed 116 pairs of primers based on two previously reported 
chloroplast genomes in Magnoliaceae: M. kobus DC. (Song et  al., 
2018; NC_023237) and L. tulipifera L. (Cai et al., 2006; NC_008326). 
These sequences were aligned using CLUSTALW (Higgins et  al., 
1994), and primers were designed in the shared sequence regions 
of two chloroplast genomes using Primer3 (with default settings; 
Untergasser et al., 2012) or OLIGO (version 5.0; National Biosciences 
Inc., Plymouth, Minnesota, USA) (Table 1). PCR products generated 
from these primers along with the previously reported 18 primers 
(Kim and Suh, 2013 and references therein) covered the entire chlo-
roplast genome in Magnoliaceae (Fig. 1). Four species from different 
subgenera and sections of Magnolia (M. dealbata Zucc., M. fraseri 
Walter var. pyramidata (W. Bartram) Torr. & A. Gray, M. liliiflora 
Desr., and M. odora (Chun) Figlar & Noot.) were used to determine 
the broad applicability of these primers to chloroplast genome se-
quencing in Magnolia (Appendix 1).

PCR was performed in a final reaction volume of 20 μL contain-
ing 1 μL of template DNA, 10 μL of 2× AmpMaster Taq (GeneAll, 
Seoul, Korea), 1 μL of each primer (10 μM), and 7 μL of distilled 

water, using a S1000 thermal cycler (BioRad, Hercules, California, 
USA). PCR conditions were 5 min at 95°C for pre-denaturation, 30 
cycles of 30 s at 95°C for denaturation, 30 s at 51–55°C for annealing 
(see Table 1), and 30 s at 72°C for extension with a final extension 
step of 7 min at 72°C. PCR products were checked by 1.5% agarose 
gel electrophoresis, stained with 0.001% ethidium bromide, and visu-
alized under ultraviolet light using a Gel Doc XR+ System (BioRad). 
Each pair of primers generated 0.9–2.3 kbp of amplicons (Table 1, 
Fig. 1), and 27.38% of a genome overlapped with these products. The 
success or failure of each PCR is shown in Table 1; the overall success 
rate was 95%. For gap-filling, species-specific primers were designed 
outside PCR-failed regions in each genome (data not shown). PCR 
products were sequenced by the Sanger method from both direc-
tions. For sequencing, PCR products were purified with a commer-
cial purification kit (PCR SV; GeneAll) and sequenced with an ABI 
3700 sequencer (Applied Biosystems, Carlsbad, California, USA). 
Sequence reads obtained from each PCR product were edited and 
aligned with Sequencher 4.9 (Gene Codes Corporation, Ann Arbor, 
Michigan, USA). Genome annotation was carried out with DOGMA 
(Wyman et al., 2004). The gene map of the chloroplast genome was 
created using GenomeVx (Conant and Wolfe, 2008).

FIGURE 1.  Sequencing primer positions (arrows) along the linearized chloroplast genome map of Magnolia kobus. One inverted repeat region is not 
shown. The genes above the line are transcribed in the reverse direction, whereas the genes below the line are transcribed in the forward direction.  
IR = inverted repeat; LSC = large single-copy region; SSC = small single-copy region.
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APPENDIX 1. Chloroplast genome sequences used and generated in this study and their voucher information. The classification system by Figlar and 
Nooteboom (2004) was followed.

Taxa Voucher (Herbarium) Collection site NCBI accession no. Reference

Family Magnoliaceae        
Subfamily Magnolioideae        

Genus Magnolia        
Subgenus Magnolia        

Section Rytidospermum        
M. dealbata S. Kim 1008 (NPRI) Chollipo Arboretum, Korea JX280393 This study

Section Auriculata        
M. fraseri var. pyramidata S. Kim 1011 (NPRI) Chollipo Arboretum, Korea JX280395 This study

Subgenus Yulania        
Section Yulania        

M. kobus —   NC_023237 Song et al., 2018 
M. liliiflora S. Kim 1014 (NPRI) Chollipo Arboretum, Korea JX280397 This study

Section Michelia        
M. odora S. Kim 1099 (NPRI) South China Botanical Garden, China JX280398 This study

Subfamily Liriodendroidae        
Genus Liriodendron        

L. tulipifera —   NC_008326 Cai et al., 2006

CONCLUSIONS

For chloroplast genome studies in Magnolia, we designed 250 new 
primers based on the chloroplast genomes of M. kobus and L. tu-
lipifera. PCR products derived from 134 primer pairs, including 18 
previously reported primers, successfully covered the entire chlo-
roplast genomes of four Magnolia species from different sections 
within the genus. This study demonstrates that these primers will 
facilitate the de novo assembly of chloroplast genomes and assist 
with the completion of incomplete genomes.
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