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Analysis of chloroplast genomes and development of specific DNA
barcodes for identifying the original species of Rhei Radix et Rhizoma
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Abstract: Rhei Radix et Rhizoma is one of the most used medicinal materials in China. Its original species are
Rheum palmatum, Rh. tanguticum, and Rh. officinale. Rhei Radix et Rhizoma derived from different original species
are significantly different in their active ingredients and pharmacological effects. To develop an accurate, rapid, and
specific identification method, we obtained the chloroplast genomes of the three original species by Illumina Novaseq
sequencing. We designed specific DNA barcodes from the hypervariable regions, which can accurately identify the
three original species. The experimental results showed that the total length of the chloroplast genomes of Rh.
tanguticum, Rh. officinale and Rh. palmatum were 161 039 bp, 161 093 bp, and 161 136 bp, respectively. All the
three genomes were represented as typical quadripartite structures. A total of 131 genes, including 86 protein-
coding genes, 37 transfer RNA (tRNA) genes, and eight ribosomal RNA (rRNA) genes were identified from each
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chloroplast genome. Five pairs of primers based on the hypervariable regions were designed to efficiently amplify
42 samples. Results confirmed that five hypervariable regions, rpsl6-trnQ, psaA-ycf3, psbE-petL, ndhF-rpl32,
and trnT-trnL, can be used as specific DNA barcodes for the identification of Rh. tanguticum, Rh. officinale, and
Rh. palmatum. These results provided genetic information for further species identification of Rhei Radix et Rhizoma,
and improve the safety of this clinical medication as well as standardize the market for Rhei Radix et Rhizoma.

Key words: Rhei Radix et Rhizoma; chloroplast genome; original species identification; specific DNA barcode
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Tablel Samples used to verify the specific DNA barcodes

Sample No.

Location

Species Sample part Number
Rheum officinale Leaf 6
Root 4
Rh. palmatum Leaf 10
Seed 5
Rh. tanguticum Leaf 3
Seed 3
Leaf 5
Root 1
Rh. rhaponticum Leaf 1
Rh. rhabarbarum Leaf 1
Rh. alexandrae Leaf 1
Rh. nobile Leaf 1
Rumex crispus Leaf 1

PS2902MT01-06
PS2902MT07-10
PS2903MT01-10
PS2903MT11-15
PS2904MT01-03
PS2904MT04-06
PS2904MTO07-11

Mianning, Sichuan
Mianning, Sichuan
Dangchang, Gansu
Dangchang, Gansu
Hongyuan, Sichuan
Hongyuan, Sichuan
Linchuan, Qinghai

PS2904MT12 Linchuan, Qinghai
PS2905MT01 Beijing
PS2906MTO01 Beijing
PS2907MTO01 Linzhi, Tibet
PS2908MTO01 Linzhi, Tibet
PS2909MTO01 Beijing

e LH B
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Table 2 Primer pairs used to distinguish original species of Rhei
Radix et Rhizoma

. Forward/ . .
Region Reverse Primer sequence (5’ to 3')
rps16-trnQ 1F GGTTTAGGCGGTACGTACATAG

1R GTGATCTAATACAGGCAAGATAGG
psaA-ycf3 2F CCGGACACGACATACAAAGA

2R TTCCTACGGGAAGAACCAATCA
psbE-petL 3F CGTGATACATGCATTCCTGT

3R GAAGGAGCTAAATCAAATATGT
ndhF-rpl32 4F TCGATTCACCGGCTCTTACC

4R TGAAATGAGACTGGTTATTTAG
trnT-trnL 5F GATAAAGATTACTATACCGATC

5R ATCCTTTCGTTTGGAACCGT

FER5118
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18 266 357 400.11 124 793 200.5 717 253 900 bp ] )i
GEHE, A PEEE 5 1SR R SE PR 2H K/ 161 039~
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ik, A — X)) B A X 45 IRa # IRb (30 929~
30 963 bp), — KL% DX 35, LSC (86 426~86 523 bp)
Al—AN /N g DL [X 35 SSC (12 696~12 747 bp) (K 1).
SRR B R 4H 5 GC & & 4 37.3%~37.4%, HGC & &
TEAS [A) X 3,430 A A ¥, IR X GC 2 & 5% & (41.1%),
LSC X GC &Ik (35.3%~35.4%), SSC [X GC & By
K (32.6%) . 34N 5 B i A Ik (K] 26 5 44 5 131 4>
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Table 3 The basic information of chloroplast genomes of the three Rheum species

Species Rheum tanguticum Rh. officinale Rh. palmatum
Accession MZ958816 MZ958817 MZ958818
Location Hongyuan, Sichuan Mianning, Sichuan Dangchang, Gansu
Total length/bp 161 039 161 093 161 136
LSC length/bp 86 426 86 523 86 514
SSC length/bp 12 747 12 712 12 696
IR length/bp 30933 30929 30963
CDS length/bp 82 557 82 557 82 557
GC content/% 374 37.3 374
GC content of LSC/% 354 35.3 354
GC content of SSC/% 326 32.6 326
GC content of IR/% 411 41.1 411
GC content of CDS/% 38.0 38.0 38.0

AEM
e
Complete = eV
chloroplast genome ?:.‘{,‘x
Rheum palmatum 161 136 bp
Rh. officinale 161 093 bp
Rh. tanguticum 161 039 bp i
S 'gw

M photosystem |
H photosystem Il
B cytochrome bif complex
ATP synthase
T1NADH dehydrogenase
H RubisCO large subunit
B RNA polymerase
O ribosomal proteins (SSU)
H ribosomal proteins (LSU)
M transfer RNAs

ribosomal RNAs |
M cipP, matk gg
Bl other genes 3
71 hypothetical chloroplast reading frames (ycf) E

Figure 1 Chloroplast genome map of the three Rheum species. The length of the chloroplast genome was shown in the circle. The different

colors on the circle represented different types of genes. Represented with arrows, the transcription directions for the inner and outer genes
were listed clockwise and anticlockwise, respectively
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Table 4 Gene composition in chloroplast genomes of the three Rheum species. “Contains one intron; “Contains two introns
Group of genes Gene name Number

Photosystem | psaA, psaB, psaC, psal, psaJ 5
Photosystem 11 psbA, psbK, psbl, psbM, psbD, psbC, psbZ, pshJ, psbL, psbF, psbE, psbB, psbT, psbN, psbH 15
Cytochrome b/f complex  PetN, petL, petG, petB”, petD”, petA 6
ATP synthase atpA, atpF’, atpH, atpl, atpE, atpB 6
NADH dehydrogenase ndhJ, ndhK, ndhC, ndhB" (x2), ndhF, ndhD, ndhE, ndhG, ndhl, ndhA", ndhH 12
RubisCO large subunit rbcL 1
RNA polymerase rpoC2, rpoC1’, rpoB, rpoA
Ribosomal proteins rps16’, rps2, rpsl4, rps4, rpsi8, rpsil, rps8, rps3, rpsl9, rpsli2™ (x2), rps7 (x2), rpsls 14
(Ssv)
Rbosomal proteins (LSU)  rpl33, rpl20, rpl36, rpl14, rpl16”, rpl22, rpl2” (x2), rpl23 (x2), rpl32 11
Transfer RNAs trnH-GUG, trnK-UUU", trnQ-UUG, trnS-GUU, trnG-UCC”, trnR-UCU, trnC-GCA, trnD-GUC, 37

trnY-GUA, trnE-UUC, trnT-GGU, trnS-UGA, trnG-UCC, trnM-CAU, trnS-GGA, trnT-UGU,

trnL-UAA”", trnF-GAA, trnV-UAC”, trnM-CAU, trnW-CCA, trnP-UGG, trnl-CAU (x2), trnL-CAA (x2),

trnV-GAC (x2), trnl-GAU” (x2), trnA-UGC" (x2), trnR-ACG (x2), trnN-GUU (x2), trnL-UAG
Ribosomal RNAs rrl6 (x2), rrn23 (x2), rrnd.5 (x2), rrn5 (x2) 8
Proteins of unknown ycf3™, yef4, yef2 (x2), ycfl (x2) 6
function
Other genes matK, cemA, accD, clpP™, ccsA, infA 6
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Figure 2 Heat map of the RSCU values among the three Rheum species
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39 bp, 2 1> 40~49 bp); 5 I K T I 4 4R I R 2 3R
SEAT MK ERF, A 23 M IEMER F (18130~
39 bp, 34~ 40~49 bp, 2~ KT 70 bp).22 /M EI L EHE P
(194> 30~39 bp, 34~ 40~49 bp).2 /> A FEE R (30~
39 bp). FEIX 3R, K2 HHEE 5K EH L
30~39 bp Z [H], R A B KB SRk L K AL A7 7E 2 4
KL 70 bp MK EE 7, RS E R EAEL T
5 (1&3).

251
W 30-39bp W 40-49bp W 50-59bp 1 60-69bp W >=70bp

204
154
10

54

. . L [ill

F P R C F P R C F PR C
Rheum tanguticum  Rh. officinale Rh. palmatum

Figure 3  Repeat sequences in the chloroplast genomes of the
three Rheum species. F: Forward repeats; P: Palindrome repeats;
R: Reverse repeats; C: Complement repeats
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Table 5 Types and amounts of SSRs in the chloroplast genomes
of the three Rheum species

Rheum Rh. Rh.
SSR type Repeat type . -
tanguticum  officinale  palmatum
Mono  A/T 35 46 44
Di AG/CT 1 1 1
AT/AT 15 17 13
Tri AAG/CTT 2 2 2
AAT/ATT 9 8 9
Tetra  AAAT/ATTT 3 3 3
AACC/GGTT 1 1 1
AACT/AGTT 1 1 1
AATC/ATTG 1 1 1
AATT/AATT 1 1 1
ACAG/CTGT 1 1 1
Penta AAGAT/ATCTT 1 1 1
AATAT/ATATT 0 1 1
AAAGG/CCTTT 0 0 1
Total 71 84 80
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A KT X, U1 rps16-trnQ. trnT-psbD . psaA-ycf3.
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Figure 5 Nucleotide diversity of shared various regions with Pi>0 in the chloroplast genomes of the three Rheum species. A: Pi values in
the intergenic spacer regions; B: Pi values in the gene regions
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Figure 6 Agarose gel electrophoresis of five specific DNA barcodes of the original species of Rhei Radix et Rhizoma. a: rps16-trnQ; b:
psaA-ycf3; c: psbE-petL; d: ndhF-rpl32; e: trnT-trnL. M: DL2000 DNA marker; 0: Negative control; 1: Rheum officinale_PS2902MTO01; 2:
Rh. palmatum_PS2903MTO01; 3: Rh. tanguticum_PS2904MTO01; 4: Rh. tanguticum_PS2904MTO07; 5: Rh. rhaponticum_PS2905MTO01; 6:
Rh. rhabarbarum_PS2906MTO01; 7: Rh. alexandrae_PS2907MTO01; 8: Rh. nobile_PS2908MT01; 9: Rumex crispus_PS2909MT01

Table 6 Intra/Inter-specific K2P distance of five specific DNA barcodes of the original species of Rhei Radix et Rhizoma
Species rpsl6-trnQ psaA-ycf3 psbE-petL ndhF-rpl32 trnT-trnL
Rheum tanguticum 0 0-0.001 7 0 0-0.001 7 0-0.0017
(0.000 9) (0.001 0) (0.000 9)
Rh. officinale 0 0 0-0.001 9 0 0
(0.001 0)
Rh. palmatum 0-0.002 9 0 0-0.0017 0 0
(0.000 6) (0.000 9)
Rh. officinale and Rh. palmatum 0.016 7-0.018 7 0.0155 0.008 3-0.010 4 0.0150 0.005 2
(0.017 0) (0.015 5) (0.009 4) (0.015 0) (0.005 2)
Rh. officinale and Rh. tanguticum 0.007 8 0.0156-0.017 3 0.003 8-0.005 7 0.011 2-0.0131 0.005 2-0.006 9
(0.007 8) (0.016 4) (0.004 6) (0.012 2) (0.006 0)
Rh. palmatum and Rh. tanguticum  0.016 7-0.018 7 0.003 4-0.006 8 0.012 5-0.014 6 0.0105-0.012 3 0.006 9-0.008 6
(0.017 0) (0.005 1) (0.013 6) (0.011 4) (0.007 7)
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PS2902MT01-10: Rheum officinale
P52903MT01-15: Rh. palmatum
PS2904MT01-12: Rh. tanguticum
PS2905MT01: Rh. rhaponticum
PS2906MT01: Rh, rhabarbarum
PS2907MT01: Rh, alexandrae
PS2908MTO1: Rh. nobile

L1111l

PS2908MT01: Rumex crispus

Figure 7 NJ phylogenetic tree based on five specific DNA barcodes of the original species of Rhei Radix et Rhizoma. The bootstrap scores

(1 000 replicates) are shown (>=50%) for each branch
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