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Abstract: Glycyrrhiza eurycarpa P.C.Li is a medicinal plant resource and is often mixed with traditional
licorice herbs. We sequenced the chloroplast genome of Glycyrrhiza eurycarpa P.C.Li using lllumina high-throughput
sequencing technology, and physical mapping and genomic characterization was carried out. Comparative genomic
analysis was performed with Glycyrrhiza uralensis Fisch, Glycyrrhiza inflata Bat and Glycyrrhiza glabra L. The
Glycyrrhiza eurycarpa P.C.Li chloroplast genome was 127 864 bp long with 34.25% GC content, consisting of a
large single copy and a small single copy. The genome was missing the inverted repeat (IR) region. A total of 110
genes were annotated, including 76 protein-coding genes, 30 tRNA genes, and 4 rRNA genes. The 301 SSRs, rich
in A-T repeats, were detected by MISA. The Glycyrrhiza eurycarpa P.C.Li chloroplast genome showed weak codon
preference, and the codons were biased to use A and T bases. Three specific gene fragments of Glycyrrhiza eurycarpa
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P.C.Li were characterized by homology comparison. Based on Pi analysis, six new high mutation regions (psbZ-
psbC, trnC-GCA-rpoB, trnR-UCU-trnG-UCC, ycf2, trnN-GUU-ycfl, ndhA) of medicinal licorice species were
determined. The results of phylogenetic analysis indicate that Glycyrrhiza eurycarpa P.C.Li from Xinjiang is an
interspecific hybrid taxon closely related to the three medicinal licorice species, and Glycyrrhiza inflata Bat, which
is distributed in the same domain, is its male parent. Based on this study, the taxonomic identification, herb-specific
DNA fingerprint development, genetic diversity, and molecular plant breeding of medicinal plants of the genus

Glycyrrhiza can be established.
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Table 1 Comparison of chloroplast genome characteristics of four Glycyrrhiza species

Genome feature G. uralensis Fisch. G. inflata Bat. G. eurycarpa P.C.Li G.glabra L.
Genome size/bp 127 888 127 891 127 864 127 895
GC content 34.26% 34.25% 34.25% 34.20%
Number of genes 110 110 110 110
Number of CDS genes 76 76 76 76
Number of tRNA genes 30 30 30 30
Number of rRNA genes 4 4 4 4
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Figure 1 Chloroplast genome map of Glycyrrhiza eurycarpa P.C.Li. Genes inside and outside the circle are transcribed in a clockwise and
counter clockwise direction, respectively. Genes are color-coded based on their functions. The grey area in the inner circle indicates the GC
content of the chloroplast genome

Table 2 Gene composition in the chloroplast genome of Glycyrrhiza species

Category Gene group

Gene name

Photosynthesis Subunits of photosystem |
Subunits of photosystem 11
Subunits of NADH dehydrogenase
Subunits of cytochrome b/f complex
Subunits of ATP synthase

Large subunit of rubisco

Large subunits of ribosome

Small subunits of ribosome
DNA-dependent RNA polymerase
Ribosomal RNAs

Transfer RNAs

Self-replication

Maturase

Protease

Envelope membrane protein
Acetyl-CoA carboxylase

C-type cytochrome synthesis gene
Translation initiation factor
Genes of unknown Proteins of unknown function

Other genes

psaA, psaB, psaC, psal, psaJ, ycf3

psbA, psbB, psbC, pshD, psbE, psbF, psbH, psbl, psbJ,psbL, psbK, psbM, psbT, psbZ
ndhA, ndhB, ndhC, ndhD, ndhE, ndhF, ndhG, ndhH, ndhl, ndhJ, ndhK

petA, petB, petD, petG, petL, petN

atpA, atpB, atpE, atpF, atpH, atpl

rbcL

rpl14, rpll6, rpl2, rpl20, rpl22, rpl23, rpl32, rpl33, rpl36

rpsll, rpsl2, rpsl4, rpsl5, rpsl8, rpsl9, rps2, rps3, rps4, rps7, rpss

rpoA, rpoB, rpoC1, rpoC2

rrnl6, rrn23, rrn4.5, rrn5

trnA-UGC, trnC-GCA, trnD-GUC, trnE-UUC, trnF-GAA, trnG-GCC, trnG-UCC, trnH-
GUG, trnl-GAU, trnK-UUU, trnL-CAA, trnL-UAA, trnL-UAG, trnM-CAU, trnl-CAU,
trnN-GUU, 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, trnfM-CAU
matK

clpP1

cemA

accD

CCsA

ycfl, ycf2, ycfd
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Table 3 SSR motifs and numbers in chloroplast genomes of four Glycyrrhiza species

Repeat tvpe Repeat unit G. uralensis Fisch. G. inflata Bat. G. eurycarpa P.C.Li G. glabra L.
peat typ P Number of repeated units/%
Mono-nucletide A (10-16), T (10-14) 33 (41.8) 32 (42.7) 32 (43.2) 30 (40.0)
C (10-11) 1(1.3) 22.7) 1(1.4) 1(1.3)
Di-nucletide TA (5-6), AT (5-7) 19 (24.1) 17 (22.7) 17 (22.3) 18 (24)
GA (5), AG (5) 2(2.5) 22.7) 22.7) 2(2.7)
Tri-nucletide AAT, TTA, TAG 3(3.8) 2 (2.7) 2(2.7) 3(4)
Tetra-nucletide ~ AAAT, AGGT, TAAA, TATC, TATT, TTAA, TTCT 8 (10.1) 8 (10.7) 8 (10.9) 8 (10.7)
Compound 13 (16.5) 12 (16.0) 12 (16.2) 13 (17.3)
Total 79 75 74 75
Table 4 Overall characteristics of codon usage of four Glycyrrhiza species chloroplast genome
Parameter T3s C3s A3s G3s Nc GC3s GC
G. uralensis Fisch. 0.416 8 0.2196 0.428 1 0.2281 53.76 0.330 0.352
G. inflata Bat. 04241 0.2158 0.430 3 0.2330 53.99 0.328 0.352
G. eurycarpa P.C.Li 0.424 4 0.2154 0.4329 0.2314 53.80 0.327 0.352
G. glabra L. 0.419 2 0.2158 0.4337 0.2270 53.72 0.326 0.352
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Figure 2 Codon relative usage of 20 amino acids in chloroplast genome protein encoding genes of four Glycyrrhiza species
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Figure 3 The number and coding rate of 20 amino acids in chloroplast genome protein coding genes of four Glycyrrhiza species
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Figure 4 Collinearity analysis of chloroplast genome sequences of Glycyrrhiza species. 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 6 ML phylogenetic tree was constructed based on the

whole chloroplast genome sequence
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