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Abstract: Rhei Rhizoma is commonly used as a traditional Chinese medicine with multiple botanical origins.

Different botanical sources may have different pharmacological activities. The germplasm resources of commercial
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Rhei Rhizoma were determined based on the chloroplast gene matK, and the anthraquinone and free anthraquinone
content was determined by UPLC to analyze quality of commercial Rhei Rhizoma. Eighty-nine commercial Rhei
Rhizoma samples were collected from 40 cities in 27 provinces. DNA was extracted and the matK gene was
amplified by PCR. Results indicated that the collected samples were from the same botanical origin, Rheum
palmatum, and 8 genotypes were identified, including Rp1, Rp2, Rp3, Rp4, Rp5, Rp6, Rp10 and Rp12. Rp4 and
Rpb6, cultivated in Gansu, Sichuan and Yunnan provinces were the main circulating genotypes, representing 40.45%
and 37.08% of the total samples, respectively. Phylogenetic tree analysis showed that the eight genotypes were
mainly divided into two branches, of which the main genotypes Rp4 and Rp6 were in one branch. Genetic distance
analysis indicated that the genetic separation of the eight genotypes was between 0.001 and 0.010. UPLC analysis
indicated that 93.26% of the samples met the Pharmacopoeia standards. There were significant differences in
the content of total anthraquinone and free anthraquinone among the samples, in which the difference in free
anthraquinone was 1.01% and the difference in total anthraquinone content was 3.79%, indicating that the quality
of commercial Rhei Rhizoma samples varies considerably. There was no significant difference in the content of
total anthraquinone and free anthraquinone in commercial Rhei Rhizoma among different collection provinces and
genotypes. This study will help guide the circulation of Rhei Rhizoma in the market and provides valuable insights

for molecular identification and quality analysis of other traditional Chinese medicines.
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Table 1 Sample list

X 89 L S HEAT PCRY 1 . #194K Z W DNA 1 L.
10xTaq buffer 5 uL.dNTP Mix (2.5 mmol-L") 4 pL.
rTaq (2.5 U-uL™") 1 pL+0.1% BSA 1 pL+10 umol primer
%2 uL, ddH,0 #h & BZARRI50 pL. F AT 95 °C
A% % 5 min, 94 °C 30's, 50 °C 50 s, 72 °C 1 min, 354
PEIR, 72 °CHEMH [ B 10 min, 4 °CIRAF . 1.0% B fig b
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PEAT, 1L UE, BUELPEWIT 0.45 um T FL I, 15 N0
REBR AR . BT RO K 0.1 g, %R E,

No. Province No. Province No. Province
1 Baishan, Jilin 31 Chengdu, Sichuan 61 Liuan, Anhui
2 Baoji, Shaanxi 32 Chengdu, Sichuan 62 Nantong, Jiangsu
3 Bayannaoer, Neimenggu 33 Chengdu, Sichuan 63 Qingdao, Shandong
4 Beijing 34 Chengdu, Sichuan 64 Qingyang, Gansu
5 Beijing 35 Chengdu, Sichuan 65 Sanming, Fujian
6 Beijing 36 Chengdu, Sichuan 66 Sanming, Fujian
7 Beijing 37 Chifeng, Neimenggu 67 Shenyang, Liaoning
8 Beijing 38 Chongqing 68 Shenyang, Liaoning
9 Beijing 39 Chuxiong, Yunnan 69 Shenyang, Liaoning
10 Beijing 40 Dalian, Liaoning 70 Shijiazhuang, Hebei
11 Beijing 41 Ganzhou, Jiangxi 71 Shijiazhuang, Hebei
12 Beijing 42 Guangzhou, Guangdong 72 Tangshan, Hebei
13 Beijing 43 Guiyang, Guizhou 73 Tianjin
14 Beijing 44 Guiyang, Guizhou 74 Tianjin
15 Beijing 45 Guiyang, Guizhou 75 Xining, Qinghai
16 Bozhou, Anhui 46 Guiyang, Guizhou 76 Xinxiang, Henan
17 Bozhou, Anhui 47 Guiyang, Guizhou 77 Xinxiang, Henan
18 Bozhou, Anhui 48 Guiyang, Guizhou 78 Xinxiang, Henan
19 Bozhou, Anhui 49 Guiyang, Guizhou 79 Yichun, Jiangxi
20 Bozhou, Anhui 50 Haerbin, Heilongjiang 80 Yichun, Jiangxi
21 Bozhou, Anhui 51 Haerbin, Heilongjiang 81 Yinchuan, Ningxia
22 Bozhou, Anhui 52 Haerbin, Heilongjiang 82 Yulin, Guangxi
23 Bozhou, Anhui 53 Haerbin, Heilongjiang 83 Yulin, Shaanxi
24 Bozhou, Anhui 54 Haikou, Hainan 84 Yuncheng, Shanxi
25 Changchun, Jilin 55 Huichun, Jilin 85 Yuncheng, Shanxi
26 Changchun, Jilin 56 Jieyang, Guangdong 86 Zhengzhou, Henan
27 Changchun, Jilin 57 Kashi, Xinjiang 87 Zhengzhou, Henan
28 Changge, Henan 58 Kashi, Xinjiang 88 Zibo, Shandong
29 Changsha, Hunan 59 Kunming, Yunnan 89 Zibo, Shandong
30 Chengdu, Sichuan 60 Kunming, Yunnan
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Figure 1 Genomic DNA of the commercial Rheum samples (M: DL2000)
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Figure 2 PCR amplification results of matK sequence of the commercial Rheum samples (M: DL2000)
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Figure 3 Proportion of each haplotype in the total
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Table 2 Comparison of the matK gene sequence among 89 commercial specimens of Rheum species. *Base in this site is the same as that

in the first row. (-) denotes alignment gaps

Variable site/bp

T N e e D T P P L P Y T S Y Y PR P Y P Genotype
Species Sample No. 13435667777 78880 1123
57 4 3 1 2 4 6 6 6 9 5 8 9 6 1 1 55
2 93 1.9 7 33 49 1 937 1 2 47 4
Rheum palmatum 59 G CTGACCTCATT CACGT CTTCTCG Rpl
1,3,4,5,6,7,9,10,13,16,17,25,26,29,37,39, * * A A C * A * * G * C * * * % x T A Rp4
40,42,47,49,52,57,61,62,65,66,68,76,77,
78,80,82,84,85,87,89
8,22,30,56,64,75,83,86 *ORA O C O A F * G o COF xRk E X Rp5
2,11,12,14,19,21,23,24,27,28,31,333541, A * A * C * A * * G * C * * * (C * =* =* Rp6
44,45,46,50,51,53,54,55,58,60,67,69,70,
71,72,73,74,79,88
18,32,63 *OFA Y C O A * G * C A ¥ T * K X Rpl0
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Figure 4 Phylogenetic tree constructed using NJ method based

on 8 chloroplast matK gene sequences
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20.0 25.0 30.0
t/ min

FigureS Free anthraquinone UPLC of mixed reference substances
(A) and sample (B). 1: Aloe-emodin; 2: Rhein; 3: Emodin; 4:
Chrysophanol; 5: Physcion

A 4
1
3
2 k
5
5 o 8
T 3
5.0 75 10.0
B 4
1
3
2
5
T T T
5.0 15 10.0
t/ min

Figure 6 Total anthraquinone UPLC of mixed reference substances
(A) and sample (B). 1: Aloe-emodin; 2: Rhein; 3: Emodin; 4:
Chrysophanol; 5: Physcion

Table 3 The intraspecific genetic distances between 8 chloroplast matK gene sequences

Intraspecific genetic distance

Intraspecific

R. palmatum

1 2 3 4 5 6 7 genetic distance (mean)
Rpl
Rp2 0.002
Rp3 0.002 0.001
Rp4 0.006 0.004 0.003
Rp5 0.004 0.002 0.002 0.002 0.004
Rp6 0.006 0.004 0.003 0.003 0.002
Rpl10 0.010 0.008 0.007 0.007 0.006 0.007
Rpl2 0.005 0.003 0.002 0.004 0.002 0.004 0.005
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Table 4 Regression equations of free anthraquinone

Compd. Regression equation R
Aloe-emodin  y =15 659 262.663 1 x+ 101 684.8842  0.999 7
Rhein y=7020849.301 7x—2872.3912 0.999 9
Emodin y=12387879.266 9 x + 32 007.372 8 0.999 9
Chrysophanol y =13 257 038.4552 x + 52 023.627 8 1.000 0
Physcion y=3652156.894 8 x +97 584.840 1 0.999 1

Table 5 Regression equations of total anthraquinone

Compd. Regression equation R’
Aloe-emodin  y=15503230.514 6 x - 15 467.663 4 1.000 0
Rhein y=6986119.268 3 x + 6 708.475 8 0.999 3
Emodin y=12659622.8232x-19162.1999 1.000 0
Chrysophanol  y =13 912 884.710 9 x - 68 986.647 7 0.9999
Physcion y=3499359.079 7x + 69 196.113 3 0.998 9

2 VB T B IR F A XL T8 KO A7
FET A ERR S BEA G (R6). MEREPEE
R & BN 1.27%~5.06%, &L B & d i A 1) 2
WrE, FIIMEN 4.59%, & B ERARME & 7Et %
HIE X, T IME N 1.98%; T 5 KB i 1R U 25 I
BN 1.10%~0.09%. i &5 &R & &b m 1A i o H ol
A, FHIMER 0.81%, & EERARKE 8 T B Bk A
X, “FHIME ] 0.19% (& 7), 1X e &5 B 2% 0 17 6 K 3
st A TR RV 2 BRSNS . S K Al SPSS
19.0 XF KA 48 4 1 77 85 O 8 i o T P s R 2 gk
AT ARG 3BT, I SR B2 78 1 2 1] 14 T 65 K 8 i 5
BERAS B S BE R E . i R 8 AN

Table 6 The total anthraquinone content and free anthraquinone content of commercial speciems

Sample No. Province Code No. Total anthraquinone content/%  Free anthraquinone content/%
1 Baishan, Jilin RP4 2.25% 0.59%
2 Baoji, Shaanxi RP6 3.22% 0.45%
3 Bayannaoer, Neimenggu RP4 3.49% 0.55%
4 Beijing RP4 4.54% 1.10%
5 Beijing RP4 3.26% 0.75%
6 Beijing RP4 3.83% 0.72%
7 Beijing RP4 3.61% 0.67%
8 Beijing RP5 2.93% 0.55%
9 Beijing RP4 2.15% 0.48%

10 Beijing RP4 3.86% 0.47%
11 Beijing RP6 3.58% 0.47%
12 Beijing RP6 3.56% 0.38%
13 Beijing RP4 2.96% 0.36%
14 Beijing RP6 3.21% 0.26%
15 Beijing RP3 3.89% 0.09%
16 Bozhou, Anhui RP4 2.81% 0.63%
17 Bozhou, Anhui RP4 2.53% 0.47%
18 Bozhou, Anhui RP10 2.43% 0.35%
19 Bozhou, Anhui RP6 5.03% 0.31%
20 Bozhou, Anhui RP2 3.64% 0.27%
21 Bozhou, Anhui RP6 2.82% 0.26%
22 Bozhou, Anhui RP5 2.43% 0.21%
23 Bozhou, Anhui RP6 3.22% 0.18%
24 Bozhou, Anhui RP6 2.85% 0.13%
25 Changchun, Jilin RP4 3.90% 0.65%
26 Changchun, Jilin RP4 3.02% 0.64%
27 Changchun, Jilin RP6 2.85% 0.29%
28 Changge, Henan RP6 2.70% 0.38%
29 Changsha, Hunan RP4 2.49% 0.41%
30 Chengdu, Sichuan RP5 2.22% 0.73%
31 Chengdu, Sichuan RP6 3.42% 0.57%
32 Chengdu, Sichuan RP10 2.59% 0.54%
33 Chengdu, Sichuan RP6 3.39% 0.40%
34 Chengdu, Sichuan RP3 3.18% 0.30%
35 Chengdu, Sichuan RP6 2.55% 0.21%
36 Chengdu, Sichuan RP2 2.86% 0.20%
37 Chifeng, Neimenggu RP4 1.45% 0.28%
38 Chongqing RP12 331% 0.21%
39 Chuxiong, Yunnan RP4 3.43% 0.10%
40 Dalian, Liaoning RP4 2.61% 0.59%
41 Ganzhou, Jiangxi RP6 3.60% 0.48%
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Continued

Sample No. Province Code No. Total anthraquinone content/%  Free anthraquinone content/%
42 Guangzhou, Guangdong RP4 2.24% 0.75%
43 Guiyang, Guizhou RP3 3.52% 0.65%
44 Guiyang, Guizhou RP6 2.46% 0.60%
45 Guiyang, Guizhou RP6 3.10% 0.41%
46 Guiyang, Guizhou RP6 3.75% 0.38%
47 Guiyang, Guizhou RP4 3.05% 0.36%
48 Guiyang, Guizhou RP3 3.90% 0.32%
49 Guiyang, Guizhou RP4 3.59% 0.32%
50 Haerbin, Heilongjiang RP6 3.28% 0.50%
51 Haerbin, Heilongjiang RP6 3.91% 0.47%
52 Haerbin, Heilongjiang RP4 1.57% 0.45%
53 Haerbin, Heilongjiang RP6 3.18% 0.31%
54 Haikou, Hainan RP6 4.59% 0.43%
55 Huichun, Jilin RP6 5.06% 0.33%
56 Jieyang, Guangdong RP5 3.34% 0.31%
57 Kashi, Xinjiang RP4 3.46% 0.61%
58 Kashi, Xinjiang RP6 3.97% 0.35%
59 Kunming, Yunnan RP1 3.99% 0.51%
60 Kunming, Yunnan RP6 2.17% 0.27%
61 Liuan, Anhui RP4 2.24% 0.67%
62 Nantong, Jiangsu RP4 2.63% 0.46%
63 Qingdao, Shandong RP10 3.29% 0.50%
64 Qingyang, Gansu RPS 3.48% 0.81%
65 Sanming, Fujian RP4 2.98% 0.72%
66 Sanming, Fujian RP4 3.57% 0.65%
67 Shenyang, Liaoning RP6 1.94% 0.49%
68 Shenyang, Liaoning RP4 2.29% 0.43%
69 Shenyang, Liaoning RP6 1.27% 0.19%
70 Shijiazhuang, Hebei RP6 2.73% 0.39%
71 Shijiazhuang, Hebei RP6 2.81% 0.35%
72 Tangshan, Hebei RP6 2.47% 0.71%
73 Tianjin RP6 3.49% 0.38%
74 Tianjin RP6 4.50% 0.32%
75 Xining, Qinghai RPS 2.31% 0.23%
76 Xinxiang, Henan RP4 4.60% 0.62%
77 Xinxiang, Henan RP4 3.83% 0.55%
78 Xinxiang, Henan RP4 4.07% 0.29%
79 Yichun, Jiangxi RP6 3.32% 0.95%
80 Yichun, Jiangxi RP4 2.97% 0.73%
81 Yinchuan, Ningxia RP3 2.20% 0.19%
82 Yulin, Guangxi RP4 1.98% 0.48%
83 Yulin, Shaanxi RP5 1.89% 0.35%
84 Yuncheng, Shanxi RP4 2.92% 0.61%
85 Yuncheng, Shanxi RP4 3.75% 0.32%
86 Zhengzhou, Henan RPS 2.95% 0.37%
87 Zhengzhou, Henan RP4 4.58% 0.34%
88 Zibo, Shandong RP6 4.31% 0.45%
89 Zibo, Shandong RP4 3.00% 0.31%
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Figure 7 Content determination of the 89 commercial Rheum samples. A: Total anthraquinone content; B: Free anthraquinone content.

Red line: Standards of Pharmacopoeia of the People's Republic of China
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Figure 8 Content determination of the 8 haplotype (A: Total anthraquinone content; B: Free anthraquinone content). Red line: Standards

of Pharmacopoeia of the People's Republic of China
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