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ABSTRACT: The legalization of hemp and the rapid growth of hemp-derived products have created major chal-
lenges for forensic and related laboratories in the United States. As marijuana remains illegal at the federal level
and is heavily trafficked, accurately differentiating legal hemp from illicit marijuana is critical for law enforcement,
industry, and medical applications. This review summarizes current methods used in cannabis classification, includ-
ing morphological examination, chemical analysis, and genetic approaches, and discusses the limitations of each
approach. Gas chromatography (GC)-based methods remain the primary technique in forensic laboratories due to
their long-standing use in seized-drug analysis, efficiency, and cost-effectiveness. Liquid chromatography (LC)-
based methods avoid thermal artifacts and allow the direct quantification of acidic and neutral cannabinoids. Other
techniques, such as direct analysis in real time (DART) and spectroscopy, can also improve analytical efficiency.
However, each approach has particular limitations, and the continuing emergence of hemp-derived cannabinoids
interferes with analysis and interpretation. DNA-based approaches, for which synthase-gene markers, simple
sequence repeat (SSR) markers, and organelle markers have been discovered and evaluated, can offer stable and
environment-independent alternatives, yet their forensic implementation is limited by insufficient databases, assay
complexity, and laboratory resource constraints. Continued development and method selection should be guided by
laboratory resources and the intended application. It is important to understand the limitations and ensure careful
evaluation and validation to support accurate and defensible cannabis testing.
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INTRODUCTION

Cannabis is one of the oldest cultivated plants, with
evidence of'its use for fiber, food, and medicine dating back
thousands of years [103,169]. Although hard to pinpoint,
its origins are often traced to Central Asia, whence it later
spread to Europe by the first millennium BCE and to the
Americas by the 16th century, becoming widely valued
for its fibers, seeds, and medicinal properties [139].

Botanically, cannabis is an annual dioecious herb
in the Cannabaceae family, closely related to Humulus.
Within the Cannabis genus, Cannabis sativa L. (C. sativa)
is commonly recognized as a singular species, while oth-
ers such as C. indica (Lam.) and C. ruderalis (Janisch)
are often treated as varieties, though debate remains over
whether they represent distinct species or subspecific
forms [68,99,138].

Given the ongoing taxonomic debate, many scholars
favor classifying cannabis plants based on their biochemi-
cal profiles, particularly their cannabinoid composition
[4,37,109,114]. Cannabinoids, specifically phytocan-
nabinoids, are the most abundant class of compounds in
cannabis. They are characterized by a C21 terpenophenolic
backbone, with differences in side-chain length linked
to the aromatic ring accounting for structural diversity
among cannabinoid classes [120]. To date, more than
140 phytocannabinoids have been identified across 11

primary structural types: A’-tetrahydrocannabinol (A°-
THC), A8-tetrahydrocannabinol (A3-THC), cannabidiol
(CBD), cannabigerol (CBG), cannabichromene (CBC),
cannabinol (CBN), cannabicyclol (CBL), cannabinodiol
(CBND), cannabitriol (CBT), cannabielsoin (CBE), and
miscellaneous-type cannabinoids. Among these, A’>-THC
and CBD (Figure 1) are the most studied for their psy-
choactive and therapeutic properties [120,163]. Based on
cannabinoid content, cannabis is commonly classified into
five chemotypes:

* Drug-type plants with a predominant levels of A>-THC
[137];

* Plants with an intermediate ratio of A>~THC to CBD
(close to 1:1) [137];

* Fiber-type plants containing high levels of CBD and
very low amounts of A°>-THC [137];

* Fiber-type plants that contain CBG as the main can-
nabinoid [52]; and

* Fiber-type plants that contain almost no cannabinoids
[96].

Among these types, the most prominent distinction
is between drug-type (marijuana) and fiber-type (hemp).
Marijuana, rich in psychoactive A9-THC, is primarily
used for medicinal and recreational purposes [6]; how-
ever, its narcotic effects have spurred controversy and
ongoing debates over regulation for several decades. In

Forensic Science Review (www. forensicsciencereview.com) ¢ Volume Thirty-Eight Number One ¢ January 2026



158.

159.

160.

161.

162.

163.

Welling MT, Liu L, Hazekamp A, Dowell A, King GJ:
Developing robust standardised analytical procedures for
cannabinoid quantification: Laying the foundations for an
emerging cannabis-based pharmaceutical industry; Med
Cannabis Cannabinoids 2:1; 2019.

White KH, Vergara D, Keepers KG, Kane NC: The
complete mitochondrial genome for Cannabis sativa;
Mitochondrial DNA B: Resour 1:715; 2016.

Wiebelhaus N, Hamblin D, Kreitals NM, Almirall JR: Dif-
ferentiation of marijuana headspace volatiles from other
plants and hemp products using capillary microextraction
ofvolatiles (CMV) coupled to gas-chromatography—mass
spectrometry (GC-MS); Forensic Chem 2:1; 2016.
Wilson WB, Urbas AA, Jensen H, Sander LC: High-
throughput LC-PDA method for determination of A>-THC
and related cannabinoids in Cannabis sativa; Forensic
Chem 41:100610; 2024.

Wilson WB, Yarberry AJ, Goldman S: Chromatographic
interferences potentially inflating the levels of A°-THC
in Cannabis sativa plant samples and possible solutions;
J Chromatogr A 1748:465871; 2025.

Wishart DS, Hiebert-Giesbrecht M, Inchehborouni G, Cao
X, Guo AC, LeVatte MA, Torres-Calzada C, Gautam V,
Johnson M, Liigand J, et al.: Chemical composition of
commercial cannabis;JAgric Food Chem 72:14099;2024.

61

164.

165.

166.

167.

168.

169.

170.

Yamamuro T, Saito Y, Okada Y, Segawa H, Kuwayama
K, Tsujikawa K, Kanamori T, Iwata YT: Identifying a
suspect powder as a cannabis concentrate through chemi-
cal analysis and DNA testing; Forensic Toxicol 42:102;
2024.

Zawatsky CN, Mills-Huffnagle S, Augusto CM, Vrana
KE, Nyland JE: Cannabidiol-derived cannabinoids: The
unregulated designer drug market following the 2018
Farm Bill; Med Cannabis Cannabinoids 7:10; 2024.
Zaya DN, Ashley MV: Plant genetics for forensic applica-
tions; Methods Mol Biol 862:35;2012.

ZekicJ, Krizman M: Development of gas-chromatographic
method for simultaneous determination of cannabinoids
and terpenes in hemp; Molecules 25:5872; 2020.

Zhang J, Yan J, Huang S, Pan G, Chang L, Li J, Zhang
C, Tang H, Chen A, Peng D, et al.: Genetic diversity and
population structure of cannabis based on the genome-
wide development of simple sequence repeat markers;
Front Genet 11:958; 2020.

Zuardi AW: History of cannabis as a medicine: A review;
Braz J Psychiatry 28:153; 2006.

Zvirin A, Shapira A, Attal E, Gozlan T, Soussan A, De
La Vega D, Harush Y, Kimmel R: Identification of non-
glandular trichome hairs in cannabis using vision-based
deep learning methods; J Forensic Sci 70:1315; 2025.

ABOUT THE AUTHOR

Ya-Chih (Jessica) Cheng

Ya-Chih (Jessica) Cheng received her B.S. degree in food science and biotechnology from National Chung Hsing
University (Taichung, Taiwan), an M.S. degree in toxicology from National Taiwan University (Taipei, Taiwan),
and a Ph.D. degree in forensic science from Sam Houston State University (Huntsville, TX, USA). Dr. Cheng
joined the Department of Forensic Science at The George Washington University (Washington, DC) as an assis-
tant professor in August 2024. Dr. Cheng is also currently serving as a visiting scientist in the Organic Chemical
Metrology Group and the Applied Genetics Group at the National Institute of Standards and Technology (NIST;

Gaithersburg, MD).

Prior to joining the George Washington University, Dr. Cheng worked as a research assistant at the National
Health Research Institutes (Taipei, Taiwan) and served as a postdoctoral teaching fellow in the Department of Fo-
rensic Science at Sam Houston State University. Dr. Cheng’s research focuses on forensic chemistry and forensic
genetics, with an emphasis on the analysis of cannabis products and the integration of analytical and molecular
approaches for forensic identification. While much of her work centers on cannabis, her ongoing research also
includes analytical method validation for other controlled substances and the development of genetic markers and

assays for various forensic applications.

Dr. Cheng has authored/co-authored several peer-reviewed publications and presented her work at major con-
ferences in forensic chemistry, forensic toxicology, and forensic genetics. Her contributions to the field have been
recognized with multiple Emerging Forensic Scientist Awards from the Forensic Sciences Foundation, American
Academy of Forensic Sciences. She is also an affiliate member of the American Academy of Forensic Sciences

(AAFS).

Cheng * Approaches Helpful for Differentiating Hemp- and Marijuana-Derived Plant Products





