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Novel Biotechnology Approaches Towards Greater
Productivity from Desert Ecosystem

Seyed Alireza Salami

University of Tehran




Global deserts are huge

70% (70.8%) of the earth’s surface is water mass.

So only 30% (29,2%) of the earth’s surface is land mass.

33% of the global land mass is desert.
33% of 30% is 10%.

10% of the global surface is desert.

10% of 510 million km2 = 51 million kmz2.
51 million km2 = 51,000,000 km2.
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Desertification Vulnerabilit

Source: FAD, 2016a.
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Iran's climate is mostly arid or semiarid, to subtropical along the Caspian coast.




Deserts = Economy

Desert = Chance

Desert = Halophytes and Extremophiles
Desert = Energy

Desert = Food

Desert = Infrastructure

Desert = VValuable Microbiome

Desert = Economy




Deserts = Economy

Except of some minor tourism, further deserts are economic dead . So turning
deserts into economic areas makes quite a difference.

Stupid / blind / idiot / waste of money? Not if done right. The first key is how to
do it (key facet: not fighting nature, but let nature do the fight in your advantage).

The secc))nd key is targeting low hanglng fruit first (key facet: minimal investment
strategy

All the great business models i.e. economic sectors of the world have in common
that they turn dead assets into productive assets.

A comprehensive food/energy approach is the right strategy.
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Deserts = Economy

What are the two most powerful facets/abundances of all deserts? Space and Sun.

What’s is the most powerful facet/abundance of oceans/seas? Salt Water. Combining
those three abundances will deliver abundance in both food and energy.

The most of world’s water is in the oceans. It’s salt, but that’s no problem. No
problem? Why?

The salt water agriculture model is suitable for sand deserts with currently (almost)
no rain at all.

It will generate also evaporation and thereby increase the rain volume. The
evaporation of this ocean water will cool the region down, reduce evaporation and
bring rain to the region.




Deserts = Economy

There are 10,000 Natural Halophytes that grow on dry land using saline (salt
water) and thereby can be irrigated with salt water.

The main crop could be Salicornia which is rich of 30% oil and 35% protein
making them better than soy. It can be considered as Food and Feed.

Seawater contains some 80%o of the nutrients to grow plants. The other 20% can
be added organic (aquaculture like fish etc. based on feeding Salicornia and as
waste producing fertilizer) or by technology produced fertilizers. Seawater also
contains trace minerals etc.

Beside salt/halophyte agriculture, salt aquaculture could produce massive volumes
of very luxurious flora and fauna species for the global gourmet food market. Salt
water bushes could provide leaves and wood for several industries.

The halophytes could also deliver a huge flow of biodiesel. The technology is
simple and could be easily decentralized in small local/regional factories.
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Desert Biotechnology

Health, Medical,
Bioinformatics, Diagnostics

Nanobiotechnology

AREAS OF

BIOTECHNOLOGY

Patents, Publications,
Inventions

Agricultural, Environmental
Biotechnology

Aquaculture, Coastal
and Marine Biotech

YELLOW

Food Biotechnology,
Nutrition Scaence




Approaches ...

Understanding the capabilities and potentials of desert and desert areas
Available technologies and infrastructures

Productivity of vast resources such as space, sun, salinity, heat and wind
Discover the desert ecosystem (rare plants, halophytes, microbes, animals, etc.)
Biodiversity conservation (Ex situ, In situ, In vitro, ...)

Diversity through DNA fingerprinting and DNA barcodes

Understanding the mechanisms of both abiotic stress resistance (including
salinity, drought and heat stresses)

Transformation, Cis-Genesis, CRISPR-Cas, SATI, ...
OMICS sciences (e.g. Genomics, Transcriptomics, Proteomics, Metabolomics)

Novel technologies: Next Generation Sequencing (NGS)




De novo
Genome

Sequencing

Microbiome

mRNA
sequencing

Application

16S
Tagging

Methyl-Seq
Epigenetics

Small
RNA
sequencing

Genome
Re-
sequencing

Meta

genomics




Conservation

A national
medicinal
plants data
bank

NGS-based
Database

Computational
Biology

/' Transcriptome

Link to
Metabolome

/ Whole genome
sequencing




National Survey Data
Social Media (Facebook, Twitter, ¥

X - (NHANES, NHIS,
Linkedin, websites, biogs) ACS, CPS, NHGIS)

Example of
Big Data

Data that challenge
existing technologies
and methods to store,
process and analyze

o

Genomic Data Clinical Data  Sensor Data Science Data Climate Data Financial Data

(microarray, DNA (EHR) (mHealth) (CERN) (NOAA)  (stock trading,
sequencing, GWAS, banking, insurance,
microbiome) credit cards, Digital

money )



Generation of Big Data: How different source produce big content and volume

v >3 Zeta bytes of data exist in the digital
universe today.

v Facebook stores, accesses, and analyzes 30+
Petabytes of user generated data.

v In 2008, Google was processing 20,000
terabytes of data (20 petabytes) a day.

v 100 terabytes of data uploaded daily to
Facebook.

v Data production will be ~10 times greater in
2020 than present.

Employee generated

v In the last 5 years, more scientific data were
generated than the total amount of data
generated in previous human history.




Think Big

Can we use historically collected and
archived big data?

Think Measurement

Do we have measurement devices that can
generate big data?

Think Multidisciplina

Do we have experts from other disciplines
(informatics, computer sciences, engineering, biology,
mathematics, statistics, etc)




UK National Genome Projects




Other National Genome Projects
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The only source for Cannabinoids, THC, CDD, ...
Cancer

Chemotherapy

AIDS

Pain

Anti Spasm

Anti-Emetic

Asthma

Cure MS (Sativex)

Fiber

Seeds, Proteins, QOil

Soap, shampoo, cosmetics and balms

« HEMP - Plant for the 3RP millennium
« HEMP can save the planet !




U.S. Cannabis Consumer Market: Recreational and Medicinal

$37B Market by 2024 with 22M Consumers

$40.08 30.0m
$3738

25.0M

$35.0B
Recreational and Medicinal ($8)
Assumed End of

$30.08 Federal Prohibltion
wss No. of Consumers (#M)

20.0M
$25.08

$20.08 15.0M

$15.08

SI2WNSUO) JO 'ON

10.0M

$10.08

5.0M
$5.08

U.S. Cannabis Market: Recreational and Medicinal

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Source: Ackrell Capital estimates. See Chapter IV: U.S. Cannabis Market Estimates.
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Cannabinoid pathway

Representative transcripts
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CannOMICS: How to put cannabinoids on health and food basket

Iran Cannabis collection



CannOMICS: How to put cannabinoids on health and food basket

Iran Cannabis collection










Cannabis Genome Browser

C. sativa (Cannabis) enome Browser Gateway

The UCSC Genome Browser was created by the Genome Biomformatics Group of UC Santa Cruz.
Software Copyright (c) The Regents of the University of California. All rights reserved.

clade  genome assembly position or search term
Plant V|| C. sativa V|| Purple Kush (canSat3) V||scaffold19603:7,697-9 334 submit

Click here to reset the browser user interface seftings to their defaults.

add custom fracks || configure tracks and display || clear position

About the C. sativa Purple Kush (canSat3) assembly (sequences)

This project provides the assembled draft genome and transcriptome of Cannabis sativa. The high-potency
medical marijuana strain Purple Kush was used for sequencing. The raw assembly data can be downloaded
here.

Assembly overview

Minimum scaffold size: 400 bp
| Total bases (+gaps) 787.3 Mb

Total bases (-gaps) 534.7 Mb

N50 16.2 kb

Maximum scaffold size: 565.9 kb
Number of scaffolds: 136,377




Genome Browser on C. sativa Purple Kush (canSat3) Assembly

Scale
SCcaffoldlacas:
I As=emia 14

I Fkz2oz242 .1 EE

4945E1 1 | JK494581

221555, 1 |GR2215535
SE165a, 1| JKSe1G6SA

434558, 1 | JK43455a

495945, 1 | JK4395945
497E935, 1 | JK43T7E335
495984, 1 | JK4353684
4247735, 1 | JK4I4TFTS
497558, 1 | K4TS50
4959349, 1| JK43959358
495795, 1| JK4395735
43994351, 1 | JK499451
4958135,1 | JK4358135
S81358,1 | JKS81358
SHETVIS. 1| JKSeeTIS
SE1185. 1] JKSe1185
4945685, 1 | JK4946685
See945, 1 | JKSa8345
Seeses, 1| JKSeases
497157, 1 | 437157
SHAEES. 1| JKSHaBES
497E22. 1| JK437622
SEeagva, 1| JKSeaava
497845, 1 | JK43T7 45
435845, 1 | JK43I5 845
Seesil,. 1| JKSeRE11
22BTES. 1 | GRIZBSES
2221149, 1 |GR2221148

I FH12&535.1
I Furple Kush SHW=

| Firnola =EHYW=

435732, 1 | JK436732 RE

4947335, 1 | JK434725 EE
495454, 1 | JK495454 EE
499951, 1 | JK492351 RE

S8 bases| i
|  7sea|l 7oeal sSeese|l sSiea|l sSzee| Sses| sS4ee|  Sses| seea|l  s7ee|l Sses|  Soee|  9eee|  g1es|  9zes|  aseal
As=ssembx 1d From Fragsments

Cannaki= mEMNA=

Cannakis ESTs Including Unspliced
24347298519 | 2k | JK43TI25 1IJH49?325 ¥
21347289615 |2k | JK43T 8640, 1 | JK435 660 B

21| 547204156 | Ok | JKADEIES . 1 | JKADE4E3 BT

S81355,1 | JKS81355 EEEE
S81571.,1 | JKS81571 EE
Sal4z24.1 | JKSa1424 EE
SE1352,1 | JKS81552 RE
435456, 1 | JK43545E RE
Seigea, 1| JKSalSea gE

01| 347204405 okl 405712, 1| k405712 |

91| 347294994 | ok | JKSE8453, 1 | JKSEE459
91|34?EQEEIEIEHIJH493554 1] JK493654 KRR

g1|34?29?144|9b|dﬁ499988 1] JK4939a855 B
> 21| 347295729 gb | JK435458@, 1|JH4984EB
24| 3472954351 | 2k | JK4957535, 1 | JK495755 EEE

24 | 347295585 | ol | JK495554, 1 | JK4D5554

21547295822 | oh | JKSE0253, 1| JkEee2Eo I
211347259954 | 2b | JK4IFII6, 1 | K4I5T06

Finola mEMA=S

Furple kKuskh SHW=

Finola SHYS relative to FK genome
| 1



Genome Browser on C. sativa Purple Kush (canSat3) Assembly
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World Cannabis Laws
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CannOMICS: How to put cannabinoids on health and food basket

1- Establish a core gene bank of cannabis in Iran (Done)

2- Study the diversity of Cannabis populations collected from different regions of Iran using
morphological, phytochemical, ISSRs, SSRs markers as well as GBS (Done).

3- Whole genome sequencing (WGRS) of selected Iranian cannabis beside Purple kush and
Finola (Ongoing)

4- Whole transcriptome analysis (RNA-Seq) and Small RNA Sequencing in cannabis (Ongoing)




CannOMICS: How to put cannabinoids on health and food basket

5- Genetic diversity and phytochemical analysis of Cannabis populations collected from
different regions of the world (We are doing GBS analysis on hundreds of accessions were
collected from different regions of the world).

6- Differential expression of THCAS and CBDAS in different tissues and different
developmental stages of drug and non-drug type of Cannabis (Done).

7- Silencing of Cspds and CsTHCAS genes in Cannabis using VIGS: Optimizing silencing of key
genes involved in cannabinoid biosynthesis pathway (Done).

8- Stable transformation of Cannabis o overexpress a few selected genes (Done).




CannOMICS: How to put cannabinoids on health and food basket

9- Embryogenesis, organogenesis, suspension cell culture and hairy root culture in Cannabis
sativa (Done).

10- Effect of abiotic (UV, TiO, wounding, salinity, drought and cold) and signaling elicitors
(Salicylic acid, GA3, GABA, MtJ A, Ascorbic acid) on metabolite synthesis in drug type
cannabis (Done).

11- Study of polymorphisms, structure, expression and function of key genes involved in
Cannabinoids biosynthetic pathway in drug and fibre type of Cannabis (Done).

12- Genetics of sex determination in Cannabis and discovery the markers linked to sex in
Cannabis (Ongoing)




13- Anti microbial and anti oxidative effects of selected Cannabis chemotypes on human,
animal and plant diseases as well as the first round of medical cannabis clinical trials
(Ongoing):

Alzheimer

Alcoholism clinical trials

Pediatric Brain Cancer and Adult Brain Cancer
Childhood Epilepsy

Chronic Pain
PTSD - Anxiety
MS

Skin diseases




CannOMICS: How to put cannabinoids on health and food basket

14- Phytochemical fingerprinting and genomics of unknown metabolic pathways in Cannabis
(Ongoing)

15- Regulatory engineering of cannabinoids pathway: Engineering towards High-THC and
THC-free Cannabis (Ongoing)

16- Genetic regulatory network in the development of trichomes in Cannabis:
characterization of Cannabis glandular trichome transcriptome using RNASeq (Ongoing)

17- Medical cannabis and Hemp breeding (Ongoing)




CannOMICS: How to put cannabinoids on health and food basket

18- Breeding of selected lines for cannabis oil/fiber/drug ... (Ongoing)

19- Establish an experimental phase select and grow varieties high in CDB and low in THC and
vice versa.

20- The chemical phenotyping (cannabinoids and terpenoids) of different cannabis strains in
my lab fogether with genomic/genetic analysis.




Research Site 1
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Research Site 2
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THC: 2.99%

CBD: 1.87 %

Height : 164

Time to flowering: 122
THC/CBD: 1.59

THC: 3.03 %

CBD: 0.73 %

Height: 158.5

Time to flowering: 116
THC/CBD: 4.12



THC: 22.74 %

CBD: 23.92 %

Height: 109.6

Time to flowering: 123
THC/CBD: 0.95

THC: 17.72 %

CBD: 27.70 %

Height: 151

Time to flowering: 120
THC/CBD: 0.63



THC: 33 %

CBD: 15.75 %

Height: 102.8

Time to flowering: 118
THC/CBD: 2.09

THC: 0.75 %

CBD: 1.16 %

Height: 105.2

Time to flowering: 121
THC/CBD: 0.64



THC: 3.66 % THC: 1.59 %

CBD: 1.46 % CBD: 254 %
H_eight: 173.5 | Height: 129
Time to flowering: 121 Time to flowering: 130

THC/CBD: 2.50 THC/CBD: 0.62



THC: 0.3 %

CBD: 2.4 %
Height: 186

Time to flowering:
THC/CBD: 0.14

128

THC: 1.75 %

CBD: 1.38 %

Height: 86.75

Time to flowering: 116
THC/CBD: 1.2
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(Cannabis sativa L.)
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Bark fiber










Data and Resources are everything...




