
DNA Methods for Identification 

of Botanicals 

Stakeholder Forum,  
June 7, 2017 

Nandakumara Sarma, PhD, RPh. 



USP and USDA Workshop on DNA Methods for Quality 
Control of Botanical Products. October 23 – 24, 2014 

 

Stimuli article: DNA-Based Methods for Authentication of 
Articles of Botanical Origin—Compendial Applications. PF 
39(5), 2013.  

 

USP General Chapter <563> Identification of Articles of 
Botanical Origin  

What did we do so far?  
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 Guidelines to appropriately utilize DNA methods 

 Library of vouchers of plants (“safe sets”) commonly used in 

dietary supplements.   

 Pilot studies for a set of standard methods for identifying 

specific botanicals, such as ginseng and others, to include 

in the compendium.  

 Guidance for DNA methods to complement chemical 

methods.  

 Consolidate DNA libraries into a single repository targeted 

for dietary supplements 

USP Roundtable on DNA Methods for the 
Identification of Botanicals, May 26, 2016  

3 http://www.usp.org/sites/default/files/events/stakeholder_forums/2017/face-face-meeting/briefing-material-2017-06-07_0.pdf 



 DNA testing is an emerging tool of indisputable value. At the 

current stage of development, nucleic acids techniques are 

not suitable for regular quality control to determine parts of 

the plants.  

 No single DNA method can fully define a pharmacopeial 

article; identity must be determined on a case-by-case basis 

involving orthogonal tests including physical and chemical 

methods.  

USP Stakeholder Forum 2016: What We Heard?  
DNA-based Methods for Botanical Identification 
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 USP could take the lead in consolidating information from 

the various DNA libraries into a single repository targeted 

for dietary supplements as a reliable resource for 

researchers and ingredient purchasers. USP could 

leveraging its experience in other similar library resources 

supplemental to public standards and explore how to apply 

that experience to DNA libraries.  

 Industry is looking to USP to take a lead role in exploring 

development of a repository of authenticated plant material 

that could serve validation purposes in DNA procedures.  

 Plants within a single species can be highly variable. 

Industry is looking for partnerships to ensure that if a DNA 

method is developed as a standard, it identifies material 

representative of articles in commerce. 
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USP Stakeholder Forum 2016: What We Heard?  
DNA-based Methods for Botanical Identification 

http://www.usp.org/sites/default/files/events/stakeholder_forums/2017/face-face-meeting/briefing-material-2017-06-07_0.pdf 
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Option 1: Barcode method 

Step 1: DNA extraction 

Step 2: PCR amplification with universal primers (psbA-trnH, matK, 

rbcL, rpoC1, ycf5, ITS2, and ITS) 

ACTCGATCGAATTGAGCCTTGGTATGGAAACCTACTAAGTGATAGCTTTCAAATCCAGGGAACCCCGGGATATTTCGAATGGGCAATCCTGA

GCCAAATCCGGTTTACGGAGACATTATTCTCCCAGGAAGAGAAGGGATAGGTGCAGAGACTCGATGGAAGCTATTCTAACGAATAAAGATC

GTTTTACCCAGTACTGTATCTATAGAAAAATCTCTCCATTTACACTTTGGAAGTGGGGTTGGTATATACTACCAAAAAAGATCATGATCAGGA

CTTGGATTGGATCATTTTATGCATTTCACTATGCATTTCACTATTAGTAAGGTAAGATGCTTGGGTCAATCCCAAGTTGAAGGAATTATTTTAC

ATTAAGTAATCCAATTCTGAACTACCCTAAAGAGGGAGTCGGATGAAGTTTGGGAAGAAATGATCGGACGAGGATAAAGATATAGTCCAATT

CTACACGTCAATGCCAACAACAATGCGAATTGCAGTAAGAGGAAAATCCGTCGGCTTTATAGACCGTGAGG 

Step 3: Sequence the PCR product  

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCJGH7OOf7MgCFQUrJgodG7QF6A&url=http://hydrology1.nmsu.edu/teaching/soil698/Student_Reports/bcr-thermcycler/pcr.htm&psig=AFQjCNGTKwxSuIwhcQxvnzSM1O3KAFlaqA&ust=1446364974579015
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCI-ekq2h7MgCFUJKJgodYuQCoQ&url=http://www.businesswire.com/news/home/20150112006333/en/Illumina-Expands-World%E2%80%99s-Comprehensive-Next-Generation-Sequencing-Portfolio&bvm=bv.106379543,d.eWE&psig=AFQjCNFhOXSLl1mcoNLKKe3vbiTDma6aJg&ust=1446365380348301


DNA barcoding  

• DNA Extraction 
– CTAB method or DNeasy Plant Mini Kit.   
– DNA quality check by NanoDrop or by capillary electrophoresis 

 
• PCR Amplification 

– Polymerase buffer (1x), MgCl2 (2.5 mM), thermophilic DNA polymerase (1 Unit), Primers (0.1µM each), dNTPs (0.1µM 
each), DNA (10 ng may be suitable) and molecular grade water.  

 
• Primer Sequence (5ʹ to 3ʹ) 

– ITSP3 (C/T) GACTCTCGGCAACGGATA 
– ITSE4 (A/G) GTTTCTTTCCTCCGCTTA 

 
• Cycling programme 

– Initialization step of 5 minutes at 94℃; 
– 35 cycles consisting of:  30s at 94℃;  30s at 56℃; 45s at 72℃; Final elongation step of 10 minutes at 72°C; 

  
• PCR product purification: Qiagen PCR purification kit or Biomed DNA Gel Extraction Kit 

 
• Sequencing 

– 3730XL sequencer (Applied Biosystems, USA); sequences assembled using CodonCode Aligner 3.0 (CodonCode Co., USA).  

  
• Species Identification 

– http://www.tcmbarcode.cn; MMDBD database; GenBank  
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PCR products from amplification with ITS2 

primers 
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ITS2 retrieved sequence 

Panax ginseng 

CGCATCGCGTCGCCCCCCAACCCATCACTCCCTTGCGGGAGTTGAGGCGGAGGGG

CGGATAATGGCCTCCCGTGTCTCACCGCGCGGTTGGCCCAAATGCGAGTCCTTGGC

GATGGACGTCACGACAAGTGGTGGTTGTAAAAAGCCCTCTTCTCATGTCGTGCGGTG

ACCCGTCGCCAGCAAAAGCTCTCATGACCCTGTTGCGCCGTCCTCGACGTGCGCTC

CGACCG 

  

Panax quinquefolius  

CGCATCGCGTCGCCCCCCAACCCATCACTCCTTTGCGGGAGTCGAGGCGGAGGGG

CGGATAATGGCCTCCCGTGTCTCACCGCGCGGTTGGCCCAAATGCGAGTCCTTGGC

GATGGACGTCACGACAAGTGGTGGTTGTAAAAAGCCCTCTTCTCATGTCGTGCGGTG

ACCCGTCGCCAGCAAAAGCTCTCATGACCCTGTTGCGCCGTCCTCGACGTGCGCTC

CGACCGCG 

 

Panax notoginseng  

CGCATCGCGTCGCCCCCCAACCCATCATTCCCTCGCGGGAGTCGATGCGGAGGGG

CGGATAATGGCCTCCCGTGTCTCACCGCGCGGTTGGCCCAAATGCGAGTCCTTGGC

GATGGACGTCACGACAAGTGGTGGTTGTTAAAAGCCCTCTTCTCATGTCGTGCGGTG

ACCCGTCGCCAGCAAAAGCTCTCATGACCCTGTTGCGCTGTCCTCGACGCGCGCTC

CGACCGCGACCC 
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BLAST of the Panax ginseng 
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Sequence alignment of Panax ginseng, P. 
quinquefolius and P. notoginseng 
  



False? Positive? 
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Applied Statistics Lesson and Humour of the Day – Type I Error 

(False Positive) and Type 2 Error (False Negative) 

https://chemicalstatistician.wordpress.com/2014/05/12/applied-statistics-lesson-of-the-day-type-i-error-false-positive-and-type-2-error-false-negative/comment-page-1/
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Option 2: PCR-based method 

Step 1: Extract DNA 

Step 2: PCR amplify with specific validated primers  

Step 3: Run Gel electrophoresis and look for specific bands 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCKHw4eqi7MgCFUJGJgodD7wCQw&url=http://www.nature.com/scitable/definition/gel-electrophoresis-286&bvm=bv.106379543,d.eWE&psig=AFQjCNGS2PmWPpZkvDu_adhPdxrU_VMjIA&ust=1446365839699844
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCJGH7OOf7MgCFQUrJgodG7QF6A&url=http://hydrology1.nmsu.edu/teaching/soil698/Student_Reports/bcr-thermcycler/pcr.htm&psig=AFQjCNGTKwxSuIwhcQxvnzSM1O3KAFlaqA&ust=1446364974579015


Design specific primers 
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 PHASE I - CREATE LIBRARY 

 PHASE II - ESTABLISH PROOF OF CONCEPT; 

COLLABORATIVE STUDIES  

 PHASE III - DETERMINE THE PRODUCT OFFERING 

Next steps 
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Rules and Procedures of the Council of Experts 
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9. Advisory Stakeholder Forums and Project Teams 

  
9.01  Formation 

• Formed by CoE Chairperson  

 

9.02 General  
• Members serve as representatives of an organization, company, 

or service provider - advisory only 

 

9.03   Stakeholder Forums 
• Formed by CoE Chairperson to enable an exchange of 

information and perspectives with the ultimate goal of improving 

USP standards and information  

  

9.04 Project Teams 
• Generally formed by CoE Chairperson to address a specific 

compendial topic (primarily process-oriented) for a particular 

Stakeholder Forum 

https://www.usp.org/sites/default/files/usp_pdf/EN/USPNF/2016-02-01_2015-2020_coe_rules_and_procedures-final.pdf 
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Science and 
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Charge: To provide industry inputs and research collaboration to 

help USP establish a sample repository (library) for most commonly 

used botanicals.  

These inputs help USP: 

• Develop scientifically valid uniform public standards and methodologies 

(USP monographs or General Chapters) to authenticate botanicals by 

DNA-based identification methods 

• Establish public genetic standards libraries, and  

• Establish appropriate Reference Standards based on botanical raw 

materials or nucleic acid. 

Project Team 
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