
132 | Marijuana Venture // January 2016

Deeper research needed to quickly and inexpensively identify plant genomes 
ʊ�ʊ�ʊ

By C.J. SCHWARTZ

T raditional breeding in plants and animals depends on the identi-
¿FDWLRQ�RI�LQGLYLGXDO�VXEMHFWV�ZLWK�VXSHULRU�SHUIRUPDQFH�RU�WUDLWV��
These plant qualities are referred to as the organism’s pheno-
type. Individuals with desired phenotypes are selected for addi-
tional cycles of breeding, thereby stabilizing the genetic archi-
WHFWXUH��LQEUHHGLQJ��DQG�SURGXFLQJ�FRQVLVWHQW�RIIVSULQJ�ZLWK�WKH�

properties of interest. While traditional breeding relies on phenotype alone, 
marker-assisted breeding also uses genetic information — the genotype 
RI� WKH�SODQW�²�WR� LGHQWLI\� WKH�JHQHV�WKDW�FRQIHU� WKH�VSHFL¿F�SKHQRW\SH��
allowing for a vast acceleration in the development of desirable cultivars.
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To perform successful marker-assisted 
breeding, two strains with differing pheno-
types are crossed for the purpose of com-
paring genetic differences or similarities 
WKDW� DOORZ� LGHQWL¿FDWLRQ� RI� D� FRUUHODWLRQ�
between phenotypes and genotype (genes). 
The progeny of this cross is the F1 gener-
ation. F1 plants often display hybrid vigor, 
which means the progeny’s phenotype is 
improved compared to either parent. 

For some crops, F1 plants are the goal 
DQG�DUH�SURSDJDWHG�LQ�WKH�¿HOG��:KHQ�)��
plants undergo sexual reproduction, the 
resulting progeny (F2 generation) will dis-
play a wide range of phenotypes between 
those of the original parents. For example, 
LI� WKH� PRWKHU� SODQW� ÀRZHUHG� DW� ��� GD\V�
DQG� WKH� IDWKHU� SODQW�ÀRZHUHG� DW� ���GD\V��
WKH�)��SODQWV�PLJKW�ÀRZHU�DW�������������
���RU����GD\V�²�D�FRQWLQXRXV�GLVWULEXWLRQ��
To identify the gene or genes underlying 
WKH�ÀRZHULQJ�WLPH�GLIIHUHQFHV��WKH�WZR�H[-
treme classes are genotyped to identify a 
correlation between the genes and the phe-
notype. Different genes will likely be iden-
WL¿HG�ZKHQ�XVLQJ�GLIIHUHQW�SDUHQWV��$GGL-
tional crosses may be required to assist in 
JHQH�LGHQWL¿FDWLRQ��LQFOXGLQJ�D�EDFNFURVV��
which is crossing F1 plants back to one of 

the parents. The progeny from this cross 
�%&��� ZLOO� KDYH� ���� RI� LWV� JHQHV� IURP�
RQH�SDUHQW�DQG�����IURP�WKH�RWKHU�SDUHQW��

This substantially decreases the genetic 
variability of the resulting progeny, thus 
increasing the probability of identifying 
the genes of interest.
2QFH� D� JHQH� LV� LGHQWL¿HG� DV� EHLQJ� LP-

SRUWDQW� IRU� D� WUDLW�� WKH� VSHFL¿F� GLIIHUHQFH�
LGHQWL¿HG� LQ� WKH� '1$� VHTXHQFH� FDQ� EH�
used to track the maintenance of that ver-
sion of the gene during additional gen-
erations. This is required to stabilize the 
strain and also allows further selection for 

additional traits of interest, such as pest 
resistance, drought resistance or nutrient 
requirements. 

For marijuana, cannabinoid and ter-
pene composition are the most important 
traits of interest. For example, a strain 
may have a very active THC synthase, but 
RQO\�SURGXFHV�����7+&��0DUNHU�DVVLVWHG�
breeding can be used to identify, follow 
and retain the active THC synthase, while 
identifying additional genes that lead to an 
increase in THC, such as CBG synthase. 
CBG (cannabigerol) is the precursor to 
THC. Increasing the substrate concentra-
tion for THC synthase can result in more 
THC being produced. 

In this scenario, we need to track the two 
JHQHV�XVLQJ�'1$�VHTXHQFH�GLIIHUHQFHV�EH-
tween the maternal genes and the paternal 
gene. If three genes are being tracked, only 
����� RI� WKH� SODQWV� ZLOO� KDYH� WKH� GHVLUHG�
combination, underlying the reason why 
XVLQJ� '1$� FKDQJHV� �JHQHWLF� PDUNHUV��
can vastly accelerate breeding programs. 
,QVWHDG�RI�JURZLQJ�����SODQWV�WR�PDWXULW\�
and phenotyping them, only three plants 
need to be retained, phenotypically veri-
¿HG�DQG�SURSDJDWHG�
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to a massive increase in the use of 
'1$� VHTXHQFLQJ�� %HIRUH�� RQO\�
KXQGUHGV� RI� '1$� EDVH� SDLUV�
�LGHQWL¿HG�E\�$&*7��FRXOG�EH�
determined. With next-genera-
WLRQ�'1$�VHTXHQFLQJ��ZH�FDQ�
get information about millions 
RI� '1$� EDVH� SDLUV�� DOORZLQJ�
whole plant genomes to be de-
termined cheaply and rapidly. 
With the generation of so much in-
formation comes the need for pow-
erful computers, complex software for 
genetic analysis, and skilled personnel 
trained in bioinformatics.
,Q�DGGLWLRQ�WR�EUHHGLQJ��'1$�LQIRUPDWLRQ�

can be used to unambiguously identify a 
single plant/strain. Marigene and Dr. 
1RODQ� .DQH� DW� 8QLYHUVLW\� RI� &ROR-
rado Boulder are collaborating to 
develop a database recording the 
'1$� GLIIHUHQFHV� LQ� GLIIHUHQW�
cannabis strains. This database 
catalogs the natural variation 
present in modern-day canna-
ELV� VWUDLQV�� 7KLV� '1$� LQIRU-
mation can also establish the 
heredity of a strain, identical 
WR�ZKDW� ��DQG0H�DQG�$QFHV-
tory.com do for humans.

The overall goal is to provide 
transparency to the cannabis in-
dustry. For medicinal purposes, 
patients should expect consistent 
medicine, and in the future, both hu-
man genotypes and plant genotypes can 
be used to provide the most effective and 
VSHFL¿F�PHGLFLQH�IRU�DQ�LQGLYLGXDO��)RU�
the development of hemp cultivars, 
VWUDLQV� QHHG� WR� EH� LGHQWL¿HG� DQG�
developed for optimal growth in 
varying environments, including 
at different latitudes where tim-
LQJ�RI�ÀRZHULQJ�LV�SDUDPRXQW�IRU�
VHHG�DQG�RU�¿EHU�SURGXFWLRQ��7KH�
next decade will be one of mon-
umental change in the cannabis 
industry, driven by increased re-
liance and skillful exploitation of 
'1$�LQIRUPDWLRQ�
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