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9 Abstract

10  Traditional Chinese Medicine (TCM) preparations have been widely used in clinical
11 practice for the treatment of various diseases. The quality of TCM preparations is
12 related to clinical efficacy and safety and is highly valued by researchers. The
13 authenticity of TCM preparation can be guaranteed objectively by accurate quality
14 control according to the composition. Here, we proposed a quality control framework
15 of TCM preparations, which is based on multi-type fingerprints using the source
16  proportion estimation model (SPEM). The high-performance liquid chromatography
17 (HPLC) anaysis and the high-throughput sequencing analysis are employed to
18  acquire the chemical and taxonomic fingerprints of samples, respectively. The quality
19 of TCM preparations among different manufacturers or batches is evaluated by using
20  SPEM, which is an unsupervised method for source identification of TCM samples.
21  Results showed the good performance of the quality control framework, for example,
22 SPEM achieved a mean accuracy of 0.778 based on the ITS2 taxonomic fingerprint
23 when differentiating manufacturer of BazhenYimu Wan pill. Applications of the
24  guality control framework revealed the batch effect in TCM samples, and
25 environmental factors, such as geography have a profound impact on the consistency
26 of TCM preparations. In summary, this study is an exploration in the field of digital
27  development of TCM preparations and provide a new insight to quantify the batch
28 effect among different batches of TCM samples.

29 Keywords: Traditional Chinese Medicine; Quality control; Fingerprint; Source

30  proportion estimation; Batch effect
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31 Introduction

32 Traditiona Chinese medicine (TCM) preparation has been widely used in clinical
33 practice in China for tens of centuries™. However, the quality and safety of TCM
34  preparations remain key concerns around the world, which hinder their broader
35 application and popularity among international healthcare practitioners®. In recent
36 years, due to the proven therapeutic effects of several authentic and precious TCM
37  preparations, the adulteration, substitution and mislabeling of TCM become a global
38 concern®. There are many reports on the traceability of Chinese medicina materials
39  based on DNA barcoding technology”2. It is necessary to ensure the authenticity and
40  reliability of TCM production by means of traceability. Quality control of TCM
41 preparations, identifying from which manufacturer or batch the TCM (including the
42  forms of pills, powders, capsules, tablets, etc.) is from, would be critica in TCM
43 industry, for both producers and consumers alike. However, the quality control of
44 TCM herbs is much more difficult than quality control of small molecules in western
45  medicines. High quality TCM herbal preparations only comes from herbs with good
46 quality, while the authenticity of TCM herbsisthefirst point of concern for quality.

47

48  TCM preparations are usually composed of several natural materials including plant,
49  animal and mineral, based on which the therapeutic effects of TCM preparations are
50 exerted. Therefore, the quality of TCM preparations is very important for clinical
51 efficacy. For along time, people relied on experience, from the appearance, smell and

52  some simple physical and chemical phenomena of medicinal materials to judge their
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53 authenticity, but it is often very subjective and one-sided. With the development of
54  modern molecular biology technology, the quality control methods of TCM have
55 changed a lot. Quality control of TCM preparations recorded in Chinese
56 Pharmacopoeia (Ch. P. ) is mainly composed of the chemical ingredient (main
57 chemical components) analysis and biological ingredient (taxonomy composition)
58  analysis’. To date, studies focused on chemical ingredients of TCM preparations were
59  abundant, while a few studies were reported for their biologica ingredients. As an
60 important part of TCM research, biologica ingredients have drawn more and more
61 attention around the world. Biological composition and chemical composition are
62 inseparable parts for the quality control of TCM compound preparations. However,
63 thereis currently alack of effective quality control framework of TCM preparations
64  based on multi-type fingerprints™.

65

66 Here, we proposed a quality control framework of TCM preparations based on
67  multi-type fingerprints using the source proportion estimation model (SPEM). The
68 quality control framework is used to evaluate the quality of TCM preparations more
69  accurately, comprehensively and systematically. The multi-type fingerprints include
70  chemical fingerprint acquired by HPLC and taxonomic fingerprint acquired by
71 high-throughput sequencing. HPLC is widely applied to characterize the chemical
72 componentsin TCMsand is regarded as one of the most promising and reliable means
73 for quality control of TCM preparations, and high-throughput sequencing is widely

74 used to identify the taxonomy composition in biological samples. Multi-type
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75  fingerprints could be used to identify the sources and reflect changes in the intrinsic
76  quality of TCMs. SPEM employs the source tracking method, FEAST™ to measure
77 the similarities between TCMs samples. The combination of multi-type fingerprints
78  with the source proportion estimation method can effectively discriminate TCMs from
79  different geographical sources, parts, and cultivars and identify authenticity to prevent
80  adulteration.

81

82 We used four types of TCM preparations as prototypes and performed experiments
83 based on TCM samples from two manufacturers and three batches. Results showed
84  the good performance of the quality control framework. For example, SPEM achieved
85 a mean accuracy of 0.778 based on the ITS2 taxonomic fingerprint when identify
86  which manufacturer the BazhenYimu Wan (BYW) pill sample is from. Applications
87 of the quality control framework revealed the batch effect in TCM samples, and
88  environmental factors, such as geography have a profound impact on the consistency
89 of TCM preparations. In summary, this study is an exploration in the field of digital
90 development of TCM preparations and provide a new insight to quantify the batch
91 effect among different batches of TCM samples.

92

93 Materialsand Methods

94  Sample preparations

95 Samples and Reagents: 4 type of TCM preparations were purchased from 2 different

96  Chinese manufacturers (namely A and B), and each with 3 batch numbers (1, 11 and 111)
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97 (Table 1). Each batch was implemented with 3 parallel repeats, therefore there were
98 2*3*3 = 18 samples for each type of TCM preparation, and there were 4*18 = 72

99 samplesintotal.

100
101 Table 1. General information of samplesused in thisstudy.
TCM preparation Manufactur er Batch name Batch ID
BYW-A-| 1401001
BYW-A BYW-A-II 1405006
BazhenYimu Wan BYW-A-III 1505004
(BYW) BYW-B-I 3035342
BYW-B BYW-B-I1 3035344
BYW-B-IlI 4035390
DHW-A-| 3013381
DHW-A DHW-A-II 15013714
DaHuoLuo Wan DHW-A-III 16013091
(DHW) DHW-B-I 140180
DHW-B DHW-B-II 150050
DHW-B-III 150080
NJIW-A-| 5450262
NJIW-A NIW-A-II 5450280
NiuhuangJiangya NIW-A-I1 5450287
Wan (NJW) NIW-B-I 12011634
NJW-B NJIW-B-II 15010451
NIW-B-I1I 15012441
YGW-A-| 15013825
YGW-A Y GW-A-1I 16013019
Yougui Wan YGW-A-III 16013369
(YGW) YGW-B-I 121105
YGW-B Y GW-B-II 140217
YGW-B-III 140306
102

103  These 4 types of TCM preparations include: BazhenYimu Wan (BY W), DaHuoLuo
104 Wan (DHW), Niuhuangdiangya Wan (NJW) and Yougui Wan (YGW). In the

105  recording of Chinese pharmacopoeia, their prescribed biological ingredients specified
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106  in Chinese pharmacopoeia were listed in (Table S1 and Table S2 in Supplementary
107  Materials).
108

109 Sample preparation and analyses for biological ingredient: The steps of DNA
110  extraction, amplification, sequencing and data analysis were described in our previous
111 work**™. Briefly, DNA was extracted by TCM-CTAB method, and these DNA
112 extracts were amplified by touchdown PCR (by using ribosomal internal transcribed
113 spacer 2, ITS2 and trnL as biomarker) before sent for Illumina MiSeq PE300
114  paired-end sequencing. After removing one trnL-marked BY W specimen that failed to
115 be amplified and one ITS2-marked YGW sample that failed to be built the
116  next-generation sequencing library preparation, the sequencing data of 142 samples
117  was obtained and deposited and could be obtained from NCBI SRA database with

118  accession number PRINA562480.
119

120  Based on sequencing data, quality control, species identification and reads mapping of
121 each species have been performed by following step: Reads from the same sample
122 were assembled together by using ‘join_paired_end.py’ script in QIIME environment.
123 Then the double-end barcodes (Table S3 in Supplementary M aterials) was extracted
124  from al reads, and the ‘split_libraries fastq.py’ was used to split the sample
125  according their barcodes from the mixed sequencing data, and the Cutadapt command
126 to remove the primers (Table $4 in Supplementary Materials) from all samples. For
127  every sample, the reads were then filtered by MOTHUR. We discarded <150 bp
128  or >510 bp ITS2 reads, and <75 bp trnL reads. We also filtered the sequence whose
129  average quality score was below 20 in each five bp-window rolling along with the

7


https://doi.org/10.1101/2022.04.27.489828
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.04.27.489828; this version posted April 29, 2022. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

130 whole reads. Then the sequences that contained ambiguous base call (N),
131 homopolymers of more than eight bases or primers mismatched, uncorrectable
132  barcodes, were also removed from all datasets. To match the most matched species for
133  each sequence, we used the BLASTN (E-value=1E-10) to search in ITS2 and trnL
134  database based on GenBank, respectively. Among all results, we first chose the
135  prescribed herbal species with the highest score, else we selected the top-scored
136  species. Then, we discarded the corresponding species of 1TS2 and trnL sequences

137  with relative abundance below 0.002 and 0.001, respectively.

138

139  Chemical finger print processing

140  The chemical fingerprint of four kinds of TCM was established by high performance
141 liquid chromatography (HPLC) method. The chemical fingerprint can reflect the
142  characteristics of the TCM preparation to some extent, and can qualitatively compare
143  thedifferences of chemical componentsinthe TCM preparation, and then carry on the
144  quality control of samples from different manufacturers and batches. Within a certain
145  range, the content of a compound and its peak area are linear, which means that
146  complex TCM preparations can be quantitatively identified by comparing the
147  fingerprint feature. This also serves as the theoretical basis for the use of fingerprints
148 in TCM preparations quality control***>. Details about chemical fingerprints for these
149  TCM preparations were provided in Table S5in Supplementary M aterials.

150

151  Taxonomic finger print processing

152  The identities and normalized relative abundances of species identified from TCM
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153  preparation samples represent the basic elements of the taxonomic fingerprint of
154  samples. There are two types of taxonomic fingerprint (ITS2 and trnL) for each
155  sample. For example, there were 41 ITS2 features and 72 trnL features for all of the
156 18 BYW samples. Details about taxonomic fingerprints for other preparations were
157  provided in Table S6in Supplementary Materials.

158

159  Source proportion estimation model and evaluation procedure

160  Source proportion estimation model (SPEM) employs the source tracking method (i.e.,
161 FEAST) to measure the similarities between TCMs samples. FEAST™ is an
162  unsupervised method based on the Expected Maximization (EM) algorithm, which is
163  successfully used in source tracking of microbial community samples. The great
164 feature of FEAST isthat it can tell in a sample with mixed species which proportions
165 come from which different sub-environments. Here, we first consider two
166  manufacturers as different sub-environments, and evaluate the source proportion of
167  samples for each preparation and batch. Then, we consider three batches as different
168  sub-environments, and evaluate the source proportion of samples for each preparation
169  and manufacturer. To evaluate the ability of SPEM on identifying TCM samples from
170  different manufacturers or batches, we used accuracy to represent such ability. For
171 each TCM preparation (e.g., BYW) and each fingerprint (e.g., ITS2), TCM samples
172 from the same batch (e.g., Batch-1) were selected for source identification via
173  leave-one-out experiments. Specifically, there are 6 samples from the batch | of TCM

174  preparation BYW, we used one sample (assume from manufacturer A) as unknown
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175 sink (i.e., query sample), and the remains (5 samples, 2 from manufacturer A and 3
176  from manufacturer B) as source samples. Then, SPEM was conduct to tell in the
177 query sample of unknown sink which proportions come from which different sources
178  (manufacturers). If the proportion of manufacturer A is the biggest proportion, then it
179 isacorrect case. For al the six samples, we performed six experiments, and count the
180  accuracy asthe number of correct cases over the number of total cases.

181

182  SPD measurement

183 We defined the SPD score as source proportion divergence which is used for
184  quantifying the batch effect among samples of TCM preparation. The SPD score is
185 between O (no batch effect) and 1 (maximum batch effect). Specifically, for one
186  preparationp and one manufacturer m, SPD,,, score could be computed with the

187  following formula:

M
N(M-1)

188 SPDym = i ISP ; — $| (1)
189  whereN isthe number of samples belong to preparationp and manufacturer m, M
190 is the number of sub-environments (batches) involved, SP;; represent the source
191  proportion of sample i from sub-environment j. For example, for preparation BY W
192  and manufacturer A, there are 9 samples and 3 sub-environments (batches I, 11 and
193 1.

194

195  For one preparationp and one batch b, SPD,,;, score could be computed with the

196  following formula

10
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M

SPDpy = 5ou=s

1
L1ISP; — | @)
where N is the number of samples belong to preparationp and batch b, M is the
number of sub-environments (manufacturers) involved, SP; ; represent the source

proportion of sample i from sub-environment j. For example, for preparation BYW

and batch 1, there are 6 samples and 2 sub-environments (manufacturer A and B).

Results

Quality control framework of TCM prepar ations

The newly proposed quality control framework of TCM preparations could be
described as following workflow (Figure 1). First, chemical fingerprint and
taxonomic fingerprint are obtained by high performance liquid chromatography
(HPLC) analysis and high-throughput sequencing analysis, respectively. Second,
SPEM employs the source tracking method, FEAST™, to measure the similarities
between TCMs samples. Third, source proportion divergence (SPD, see Materials

and Methods) is used to measure the batch effect in TCM samples.

11
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Manufacturer A Manufacturer B

Collecting TCM
preparation samples

“\ \ (& ]

High performance liquid High—throughput

chromatography sequencing
Fingerprint analysis v v
A1 A2 A3 B1 B2 B3 A1 A2 A3 B1 B2 B3
. 1.00 ] 1.00
Compound 1 - . Taxa 1+ .
Compound 2 - Taxa 2 -
Compound 3 - Taxa 3 - 0.50
Compound 4 - . Taxa 4 - .
Compound 5- - 0.00 Taxa 5- 0.00
Chemical fingerprint Taxonomic fingprint
Souroe rtion
c propo SPDpm = —2— 3N | SP,y — 2|

mation model ‘ k N(M=1)

‘ SPDpp = ﬁ}lil ISP j —:—‘|
Source proportion estimation

and batch effect quantification

Samples from 0 Samples from
manufacturer A . SPDaAg=5% . manufacturer B

214  Figure 1. The newly proposed quality control framework of TCM preparations. a,

213

215 b. TCM samples are collected and processed to produce the chemical and taxonomic
216  fingerprints. c. Utilizing SPEM to measure the similarities between TCMs samples
217  and measuring the batch effect in TCM samples with SPD. SPD, source proportion

218  divergence.
12
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219

220  Similarity profiling of samplesfor different TCM preparations

221  Here, we took three batches of samples from two manufacturers with four types of
222 TCM preparations as prototypes for testing (see Materials and Methods). The
223  distance-based approach (i.e., Bray-Curtis) was first applied on all samples to provide
224 an overview of the similarities among samples. We performed similarity profiling on
225  the samples of four types of TCM preparations. Results of similarity profiling of
226  samplesfor each preparation are showed in Figure 2.

227

13
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228

229  Figure 2. Similarity profiling of samples for each preparation based on chemical and
230 taxonomic fingerprints. Color key indicates Bray-Curtis distance between TCM samples, which
231  rangesfromOto 1.

232

233  The Bray-Curtis distance among samples from different manufacturers but the same
14
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234  batch is relatively large, while Bray-Curtis distance among samples from different
235  batches but the same manufacturer is relatively small. For example, the Bray-Curtis
236  distance based on ITS2 taxonomic fingerprint among samples of YGW from two
237  different manufacturers is relatively large (red color in batches I, 11, and II1), but the
238  Bray-Curtis distance based on ITS2 taxonomic fingerprint among samples of YGW
239  from three different batches is relatively small (blue color in manufacturers A and B).
240 Here, we noticed that chemical fingerprint is more stable in measuring Bray-Curtis
241  distances among samples than taxonomic fingerprint (both ITS2 and trnL). A possible
242  explanation for such observation is that the stable content of chemical mineral
243  components contained in qualified TCM preparations, regardless of the manufacturer
244  and batch. However, it does not mean that the biological components in TCM
245  preparations are as stable as the mineral components. Thus, it iS necessary to assess
246  thequality of TCM preparations based on both chemical and taxonomic fingerprints.
247

248  Quality control of TCM preparations

249  Quality control of TCM preparations, identifying which manufacturer or batch the
250 TCM sample (including the forms of pills, powders, capsules, tablets, etc.) is from
251  would be critical in TCM industry. Here, SPEM was applied on identifying TCM
252  samples from various manufacturers and batches. We conducted sample source search
253  for four types of TCM preparations based on the chemical and taxonomic fingerprints,
254  and evaluated the accuracy of the search.

255

15
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256  Firstly, we evaluated the accuracy of identifying TCM samples from various
257  manufacturers. In general, compared to accuracy based on taxonomic fingerprint,
258  accuracy based on chemical fingerprint is higher regardliess of TCM preparations and
259  batches. For example, the accuracy based on chemical fingerprint for BYW is 1, but
260 only 0.778 for ITS2 and 0.556 for trnL, respectively (Table 2). In terms of taxonomic
261 fingerprint, the overall accuracy based on ITS2 is a little higher than the overall
262  accuracy based on trnL, e.g., 0.778 vs. 0.556 for BYW and 0.722 vs.0.522 for NJW
263 (Table?2).

264

265 Table 2. Accuracies of identifying TCM samples from various manufacturers

266 using FEAST.

TCM Fingerprint ~ Batch-I Batch-I| Batch-IIl  Mean+Std
ITS2 0.833 1.000 0.500 0.7785-)_|-0.25

BYW trnL 0.333 0.500 0.833 0-55653:0_25
Chemica 1000 1.000 o0 0P

ITS2 1.000 1.000 1000 1.000(;:0.00

DHW trnL 0.833 1.000 1.000 0-944(:0.09
Chemical 1.000 1.000 1.000 1.000(;:0.00

ITS2 1.000 0.167 1.000 0.722110.48

NIW trnL 0.333 0.833 0.400 0-522110_27
Chemical 1.000 1.000 1.000 1.000(;.'-0.00

YGW ITS2 1.000 0.833 1.000 0-94462:0.09

16
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trnL 0.833 1.000 1.000 0.944(;:0.09
Chemical 1.000 1.000 1.000 1.000(;:0.00

267  Note: Valuesin the table indicate accuracy.

268

269  Secondly, we evaluated the accuracy of identifying TCM samples from various
270  batches. In general, compared to accuracy based on taxonomic fingerprint, accuracy
271  based on chemica fingerprint is higher regardiess of TCM preparations and
272 manufacturers. For example, the search accuracies based on chemical fingerprint for
273  BYW is 0.944, but only 0.722 for both ITS2 and trnL, (Table 3). In terms of
274  taxonomic fingerprint, accuracy based on ITS2 is a little higher than accuracy based
275 ontrnL, e.g., 0.778 vs. 0.444 for DHW and 0.667 vs. 0.157 for NJW (Table 3).

276

277  Table 3. Accuracies of identifying TCM samples from various batches using

278 FEAST.

TCM Finger print Manu]‘zcturer Manul‘gcturer MeantStd
ITS2 0.889 0.556 0.722+0.236
BYW trnL 0.778 0.667 0.722+0.079
Chemical 1.000 0.889 0.944+0.079
ITS2 1.000 0.556 0.778+0.314
DHW trnL 0.667 0.222 0.444+0.314
Chemical 0.889 0.889 0.889+0.000
ITS2 0.778 0.556 0.667+0.157
NJIW trnL 0.556 0.000 0.278+0.393
Chemical 0.667 1.000 0.833+0.236

YGW ITS2 0.889 0.125 0.507+0.540
17
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trnL 0.556 0.111 0.333+0.314
Chemical 1.000 0.889 0.944+0.079

279  Note: Values in the table indicate accuracy.

280

281  Batch effect evaluation based on source proportion divergence

282  We noticed that there are different degrees of batch effect in TCM samples for each
283 TCM preparation, and batched effect existed in samples from two different
284  manufacturers or samples from three different batches. We used source proportion
285 divergence (SPD, see Materials and Methods) to quantify the batch effect that
286 existed in samples from different manufacturers (Table 4) and batch effect that
287  existed in samples from different batches (Table 5). The value of SPD is between O
288 and 1, and the closer SPD is to 0, the smaller the batch effect is. On the contrary, the
289 closer SPD isto 1, the larger the batch effect is.

290

291  First, we investigated the batch effect among TCM samples from different
292  manufacturers. Results showed an overall SPD values between 0.260 and 0.286 based
293 on chemica fingerprint for those TCM preparations (Table 4). However, the
294  1TS2-based SPD values ranged from 0.192 to 0.275, and the trnL-based SPD values
295 ranged from 0.193 to 0.293 (Table 4). Results suggested that there are different
296  degrees of batch effect in samples for each type of TCM preparation. Moreover,
297  results showed that the batch effect existing in two manufacturers based on chemical
298 fingerprint was larger than the batch effect based on taxonomic fingerprint. For

299  example, the SPD value based on chemical fingerprint of BYW is 0.285, which is
18
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300 dgignificantly larger than the SPD value based on ITS2 or trnL fingerprint (i.e., 0.192
301 forITS2, 0.193 for trnL).

302

303 Table 4. Source proportion divergence of TCM samples from different

304 manufacturers.

TCM Fingerprint Batch-I Batch-I1 Batch-I11 Mean+Std
ITS2 0.164 0.220 0.190 0.1928;:0.02

BYW trnL 0.189 0.101 0.200 0'1936?0'00
Chemical 0.283 0.281 0.291 0.2855-)_|-0.00

ITS2 0.315 0.287 0224 0.275710.04

DHW trnL 0.236 0.258 0.162 0-2190io_o5
Chemical 0.271 0.290 0219 o.2607io.o3

ITS? 0.222 0.199 0287 0.236;50.04

NIW trnL 0.192 0.303 0.288 0.261010_06
Chemical 0.285 0.972 0.301 0.2865¢o.01

ITS2 0.191 0.240 0.251 0.228210.03

YGW trnL 0.249 0.309 0.321 0293;0.03
Chemical 0.232 0.283 0.284 0.267(;:0.03

305 Note: Valuesin the table indicate source proportion divergence.
306
307  Second, we investigated the batch effect among samples from different batches.

308  Results showed the SPD values of manufacturer-B is aways smaller than the SPD

19
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309 values of manufacturer-A (Table 5) and the batch effect existing in three batches
310 based on chemical fingerprint was larger than the batch effect based on taxonomic
311 fingerprint. For example, the SPD value based on chemical fingerprint of BYW is
312  0.373, which is significantly larger than the SPD value based on ITS2 or trnL
313 fingerprint (i.e., 0,292 for ITS2, 0.354 for trnL).

314

315 Table5. Source proportion divergence of samplesfrom different batches.

Manufacturer Manufacturer

TCM Fingerprint A B MeantStd
ITS2 0.387 0.196 0.292+0.136
BYW trnL 0.354 0.3x4 0.354+0.000
Chemical 0.428 0.319 0.373+0.077
ITS2 0.411 0.143 0.277+0.190
DHW trnL 0.264 0.110 0.187+0.109
Chemical 0.374 0.374 0.374+0.000
ITS2 0.330 0.220 0.275+0.078
NJIW trnL 0.186 0.172 0.179+0.010
Chemical 0.112 0.451 0.281+0.240
ITS2 0.375 0.139 0.257+0.167
YGW trnL 0.266 0.132 0.199+0.095
Chemical 0.368 0.298 0.333+0.049

316  Note: Valuesin the table indicate source proportion divergence.

317

318 In summary, there is a certain degree of batch effect existing in TCM samples from
319 the two manufacturers and the three batches, underscoring the challenges of quality

320 control of chemical and biological components in TCM preparation samples. SPEM
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321 revedled the relative stability of biologica components in TCM preparation samples
322  compared to chemical components. Notably, the batch effect among TCM preparation
323  samples from two manufacturers suggested that the same TCM formula from different
324  manufacturers might need further optimization®. While on the other hand, we can not
325 exclude the possihility that different manufacturers have optimized TCM preparations
326  for certain TCM formula so that they could be more suitable for medical treatment the
327 loca population'”®,

328

329 Discussions

330 The quality of TCM preparations is related to clinical efficacy and safety, which is
331  highly valued by people. TCM preparations consists of severa herbs, which may
332 contain hundreds or thousands of ingredients, which undoubtedly brings great
333 difficultiesto the quality control. Influenced by factors such as place of origin, growth
334 time, harvest time, planting and processing technology, the quality of TCM
335 preparations varies highly, leading to poor consistency of quality in different
336 manufacturers and batches of preparations. Quality consistency has become a
337 difficulty in the development of TCM industry, which profoundly affects the stable
338 and controllable clinical efficacy of TCM and the repeatability and recognition of
339 modern research results. However, rigorous quality control and assessment of
340 components of TCM preparation are infrequently reported for TCM studies.

341

342 In this study, we proposed and evaluated a framework for an in-depth approach to a

21
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343  comprehensive quality control assessment of TCM preparation. The framework
344  consists of three stages: (1) apply high-throughput sequencing analysis to obtain
345  taxonomic fingerprint of TCM preparation samples, and apply HPLC analysis to
346  obtain chemical fingerprint of TCM preparation samples; (2) utilizing SPEM to
347  measure the similarities between TCMs samples; (3) measuring the batch effect in
348 TCM samples with SPD. In this study, we took three batches of samples from two
349  manufacturers with four types of TCM preparations as prototypes for testing and
350 evaluation. Additionally, we also used this framework to quantitatively analyze the
351  batch effect of TCM preparation samples. Results showed the good performance of
352 the quality control framework and revealed the batch effect among TCM samples.
353  Most importantly, the quality of TCM samples is stable on the premise of meeting the
354  single dosage of each component, no matter the chemical or biological component.
355

356  In summary, the SPEM model and SPD measurement in combination are powerful for
357 quality control of TCM preparations based on multi-type fingerprints. The integration
358 of chemical fingerprint and taxonomic fingerprint revealed the chemical and
359 biological characteristics of different TCM preparations, and SPEM was proved to be
360  successful for quantifying these differences. While SPD could further quantify the
361  batch effects of samples from different manufacturers and batches. Applications of the
362 quality control framework on four types of TCM preparations showed the ability of
363 the framework on both source identification and batch effect quantification in TCM
364  samples. This would not only be of values for large-scale TCM preparation screening,

22
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365 but also could be used in clinics for quick and reliable source tacking.

366

367 Conclusion

368  Taken together, our study utilized multi-type fingerprints and SPEM model, which
369 could help for explaining the relationship between these ingredient variations and the
370 authenticity of TCM preparations. This study is an explorative study in the field of
371  digital development of TCM preparations, illustrates the quantification platform for
372 TCM preparation quality control, offers a new insight to quantify the batch effect
373 among different batches of TCM samples, and provides future perspectives of using
374  both chemical and taxonomic fingerprints combined with unsupervised/supervised
375  methods towards accurate and fast quality control of TCM preparations.
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