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Pairwise Company and 
Product Vision



1. Build a product-focused business

2. Earn a social license for gene editing in food
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+   Improve health through better diets



Pairwise was founded on the belief that healthy food should 
be convenient, affordable and sustainable

Tom Adams, CEO

30 years of scientific 
leadership at Monsanto 
and Millennium 
Pharmaceuticals

Launched the Innate 
potato, one of the first ag 
biotech products in the US 
with both farmer and 
consumer benefits.

Haven Baker, CBO
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$25M – Series A
Co-led by Bayer Leaps and 
Deerfield Management

$100M –Research Collaboration
Exclusive research in Corn, Soybean, 
Wheat, Canola and Cotton

Bayer Crop Sciences

Funding

Bayer leaps

Rapid growth – currently over 90 employees

Two sites in Durham and Research 
Triangle Park, North Carolina

• 36,000 ft2 of custom lab & office
space

• 24,000 ft2 of greenhouse

• 16 controlled environment 
modules 

Location



Business opportunities in two major areas

• Farm productivity

• Drive solutions for farmers
• Yield

• Yield protection

• Sustainability 

• Partnering in the fruit and vegetable 
sectors to advance research and create 
new products aligned with our vision

• Collaborating globally to accelerate 
consumer crops, including bringing 
together a GWAS effort to explore
genetic diversity in berries

Bayer Collaboration Consumer Crop Products and 
Collaborations

7



Most Americans do not consume enough fruits and
vegetables, with significant impact to chronic disease rates
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Consumption has not improved in 50 yearsUS scores over time (scale of 100)

USDA. Center for Nutrition Policy and Promotion.  Sep 2017.  Revision Feb 2018.
https://choosemyplate-prod.azureedge.net/sites/default/files/DGA-Infographic-2018.pdf



Increased Snacking is Compounding the Challenge of 
Healthy Diets

Two Career Families
Increased 

Demands on 
Kids

Single 
Households

Baby Boomers 
Empty Nest

Availability and 
schedules

Less time to plan, shop, cook, and eat a meal

Late 1970s 20191990s 2010s

On average for US adult
• 10% consumed 1 or more snacks/day
• Calories from snacks were 224 (12%)
• Calories in a day were 1798

On average for US adult
• 20% consumed 1 or more snacks/day
• Calories from snacks were 424 (21%)
• Calories in a day were 2003

On average for US adult 
• 56% consumed 1 or more 

snacks/day
• Calories from snacks were 

620 (25%)
• Calories in a day were 2,481

On average for US adult 
• 94% consumed 1 or more 

snacks/day
• More than 50% consumed 

2-3 snacks/day

Today, it is reported:
• 25-30% of calories comes from snacks
• ~10% of American only eat snacks (don’t eat meals)
• Only 5% of the snacking category are fruit and vegetables

Convenient, on-the-go, eat anywhere
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U.S. Fresh 
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[1] www.carrotmuseum.co.uk/babycarrot.html; 
[2] https://www.washingtonpost.com/news/wonk/wp/2016/01/13/no-one-understands-baby-carrots/

Year around supply first available

U.S. Fresh Blueberry Demand and Supply

Convenience and year-round supply drives increased 
consumption of fruits and vegetables

https://www.washingtonpost.com/news/wonk/wp/2016/01/13/no-one-understands-baby-carrots/


A Quick Overview of the Process 
of Genome Editing



The process of genome editing in plants

Crop Science

1. Identify trait to be changed 2. Locate gene causing the trait

Data Science
AAATGACGATGCGTATCATGACTATCTACATGTTTTCCGCAGTA

TTTACTGCTACGCATAGTACTGATAGATGTACAAAAGTCGTCAT

3. Identify the gene sequence edit that will affect the trait

AAATGACGATGCGTATCATGACTATCTACATGTTTTCCGCAGTA

TTTACTGCTACGCATAGTACTGATAGATGTACAAAAGTCGTCAT

Base Edit
AAATGACGATGCGTATTATGACTATCTACATGTTTTCCGCAGTA

TTTACTGCTACGCATAATACTGATAGATGTACAAAAGTCGTCAT

Tool locates and binds target gene Changes target base to correct sequence

CGCUTUGTUCTGUTUGUTGTUCU

Gene Editing
CGCUTUGTUCTGUTUGUTGTUCU

4. Program editing tool to identify the gene

Gene Editing

5. Combine both pieces of the editing tool

Transformation

6. Introduce tool to plant

CGCUTUGTUCTGUTUGUTGTUCU
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The process of genome editing in plants
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1. Identify trait to be changed 2. Locate gene causing the trait

Data Science
AAATGACGATGCGTATCATGACTATCTACATGTTTTCCGCAGTA

TTTACTGCTACGCATAGTACTGATAGATGTACAAAAGTCGTCAT

3. Identify the gene sequence edit that will affect the trait

Molecular Screening

7. Identify developing plants with desired change

Controlled Environment

8. Characterize edited lines for performance

Gene Editing
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Gene Editing

5. Combine both pieces of the editing tool

Transformation

6. Introduce tool to plant
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How will gene editing accelerate crop 
breeding?



Systematic and extensive optimization of genetic potential
through breeding has got us here

wildcultivatedcultivated wild Watermelon today

Watermelon 
350 Years Ago
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https://www.vox.com/xpress/2014/8/6/5974989/kale-cauliflower-cabbage-broccoli-same-plant

Manipulation of genetic diversity has given us six 
different vegetables from a single species

https://www.vox.com/xpress/2014/8/6/5974989/kale-cauliflower-cabbage-broccoli-same-plant
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Genome editing is the latest advancement on a 10,000 year
heritage of innovation in agricultural and plant breeding

The age of genome editing is the first time in history that we’ve been able to precisely, systematically, 
and densely target a specific gene in a complex genome to create sequence diversification there.



Gene editing accelerates breeding in two fundamental ways

• Rapid movement of existing useful genetic variation into elite germplasm
1. Reintroduce lost variation at major trait loci

2. Accelerate domestication and commercial production of new crops

3. Rapidly transfer traits across germplasm without backcrossing

• New (undiscovered) genetic variation
4. Optimize phenotypes for maximum productivity
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Value driver #1 in gene editing is in the ability to
reintroduce genetic variation at trait-relevant loci

• How did we get here?

• Systematic and extensive optimization of genetic 
potential through breeding

• But loss of genetic diversity is a problem
Moyers, Morell and McKay. 2017. Journal of Heredity. 109 (2), 103-116

wildcultivatedcultivated wild
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Watermelon today

Watermelon 
350 Years Ago

Doebley, J., et al. Cell. 127, 1309 (2006).



Soybean domestication and introduction to N. America
caused significant loss of genetic diversity and rare alleles

20
Hyten, D., et al. Proceedings of the National Academy of Sciences. 103, 16666 (2006).

Genetic 
bottlenecks

Domestication

Introduction to 
North America

Intensive 
breeding

Domestication bottleneck
• 50% loss in genetic diversity
• 81% loss of minor alleles

Introduction bottleneck
• 15% loss in genetic diversity
• 78% loss of minor alleles

Intensive breeding
• Most genetic diversity preserved
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Wild (teosinte; n=29)
Landraces (n=27)
Improved lines (1425)

Genetic variation is needed across crop breeding. 
Gene editing will make it faster, more directed.

Reanalysis of HapMap310
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• Genetic bottleneck
Rice1, maize2, cucumber3, tomato4

• Selection of a few major QTLs
After ~25 years of breeding, a group of 90 
maize lines lost 26% of diversity compared to 
36 ancestral lines5

• Accumulation/fixation of 
deleterious mutations
Sorghum6, grape7
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1Huang, X., et al. Nature. 490, 497 (2012).
2Hufford, M., et al. Nature Genetics. 44, 808 (2012).
3Qi, J., et al. Nature Genetics. 45, 1510 (2013).
4Lin, T., et al. Nature Genetics. 46, 1220 (2014).
5Jiao, Y., et al. Nature Genetics. 44, 812 (2012).
6Valluru, R., et al. Genetics. 211, 1075 (2019).

7Zhou, Y., et al. Proceedings of the National Academy of 
Sciences. 114, 11715 (2017).
8Wolfe, M., et al. Genetics. 213, 1237 (2019).
9Reif, J., et al. Theoretical and Applied Genetics. 110, 859 (2005).
10Bukowski, R., et al. Gigascience. 7, 1 (2018).



• Increase in genetic diversity by 
breeding introgression
• Prehistorical1: e.g. O. sativa ssp. japonica was 

domesticated from O. rufipogon. Subsequent 
introgression of other O. rufipogon genotypes into O. 
sativa ssp. japonica gave rise to O. sativa ssp. Indica

• Historical8: e.g. introgression of Manihot glaziovii into 
M. esculenta (cassava) in Tanzania in the 1930s to 
combat gemini virus

• Recent9: e.g. maize and wheat breeding

Time consuming, resource intensive, uncertain outcome

• Genetic bottleneck
Rice1, maize2, cucumber3, tomato4

• Selection of a few major QTLs
After ~25 years of breeding, a group of 90 
maize lines lost 26% of diversity compared to 
36 ancestral lines5

• Accumulation/fixation of 
deleterious mutations
Sorghum6, grape7
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• Historical8: e.g. introgression of Manihot glaziovii into 
M. esculenta (cassava) in Tanzania in the 1930s to 
combat gemini virus

• Recent9: e.g. maize and wheat breeding

Time consuming, resource intensive, uncertain outcome

• Genetic bottleneck
Rice1, maize2, cucumber3, tomato4

• Selection of a few major QTLs
After ~25 years of breeding, a group of 90 
maize lines lost 26% of diversity compared to 
36 ancestral lines5

• Accumulation/fixation of 
deleterious mutations
Sorghum6, grape7

• Recovery of genetic diversity by gene editing 
(4th generation introgression)
• Allele mining from modern genomics and phenotyping data
• Precise, single-allele introgression from across the plant kingdom
• Directed aggregation of beneficial traits into desired germplasms
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Value driver #2 in gene editing is in the ability to 
rapidly domesticate wild or semi-wild plant species

CRISPR domestication

• Physalis pruinose – 3 genes

• Solanum pimpinellifolium – 6 genes

25
Zsögön, A., et al. Nature Biotechnology. 36, 1211 (2018).

Zsӧgӧn, A., et al. Nature Biotechnology. 36, 1211 (2018).
Li, T., et al. Nature Biotechnology. 36, 1160 (2018).
Lemmon, Z., et al. Nature Plants. 4, 766 (2018).
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Domestication of caneberries is a significant opportunity

Wild Bramble

Cultivated multi- year 
permanent crop

High Density, Hoop house, 
Substrate Farming

Indoor Farming?

Natural Diversity Agriculture

Yield Drivers:
• Yield per plant
• Plants per acre 

Need pic,

Opportunity: More than 740 Rubus spp. have been described that are native to 6 continents.  This 
genetic diversity remains largely untouched by blackberry and raspberry breeders.

Blackberries (BB) are here

Most cane berries are here

Raspberries are here

27



Domesticating Black Raspberry – a new berry superfood enabled 
by CRISPR

• 5x higher anti-oxidants compared to blueberries
• Native to North America
• Excellent, unique taste
• Turns color when ripe (always ripe when picked)

Black raspberries - consumer perspective However, there are a few agronomic problems:

Our berry breeding partner, Plant Sciences, has been 
breeding black raspberries for 15 years.

The plants are still weedy, thorny, and have a short 
harvest window (low annual yield).

CRISPR can save decades of breeding, and 
add sustainability benefits

28



Pitless Plum

Cherry with Pit

Pitless Cherry

Genes shuffled randomly during breeding

Normal breeding process would take 100+ years to move the pitless trait from plum to cherry
Gene editing can deliver the trait in < 5 years

Value driver #3 in gene editing is in the ability to rapidly 
transfer traits across germplasm without backcrossing



Value driver #4 in gene editing is in the ability to make 
optimized alleles for maximum productivity

Rodriguez-Leal, D., et al. Cell. 171, 470 (2017).
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Optimized alleles lead to phenotypes that maximize crop 
productivity

Soyk, S., et al. Nature Genetics. 49, 162 (2016).
Soyk, S., et al. Cell. 169, 1142 (2017).
Rodriguez-Leal, D., et al. Cell. 171, 470 (2017).
Kwon, C., et al., Nature Biotechnology. (2019)



Genetic diversity and optimization by breeding 
drives improvements in crop performance 

(but there are important crops lagging)

34
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Yield Trends for Corn vs. Wheat in US

Corn Wheat

Open pollination

Fertilizer & Hybrids

y = 380.64x - 735974

y = 19.485x - 31537
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Yield Trends for Apples and Cherries in US

Apples Cherries Linear (Apples) Linear (Cherries)

• More “technified” crops have seen the largest gains
• Annual R&D Spend: Corn = $3 Billion, Wheat = $150 Million  (Steve Joehl, National Association of Wheat Growers)

• Apple is the most technified of the tree fruit crops
35

Crops with value capture opportunities receive investment
in breeding and technology, which drives productivity

Improved genetics, 
mechanization and 
agrochemicals



Specialty Crops Missed Out on the Last Technology 
Revolution In Agriculture

1930s Today

Corn

Cherries

• Harvested by hand
• Labor intensive 

production
• Yield: 25 bu/ac

• Harvested by hand
• Labor intensive 

production
• Yield: 2.5 t/ac

• Production and 
harvest nearly entirely 
automated

• Yield: 175 bu/ac

• Harvested by hand
• Labor intensive production
• Yield: 5.5 t/ac
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• Shotgun Sequencing Diversity Panel
o ~600 USDA Accessions (200+ species)
o ~130 Commercial Lines
o ~30-40x genome coverage

• De novo phased pseudomolecule level 
assemblies
o Product development lines
o 12-15 new species

• Functional genomics data
o IsoSeq RNA Sequencing
o Epigenetic Marks

600+ lines already 
sequenced and 
processed into 
JBrowse

37

Public-private collaboration accelerates genomic resource 
development and trait understanding 



Trait Discovery: Merging Rubus genetic diversity with 
phenotyping for gene and allele discovery

Pairwise, 
Field Office 

GWAS Block

Plant Sciences 
Inc. 

Canon 90D 
32.5MP

8ft x 12ft field 
of view 2100 
pixels per sq 

in
$1200

(4) Intel Real 
Sense Depth 
Cameras to 

filter out 
background 

leaves
$800 total

Car battery, 
inverter and 
charger for all 
day power  
$300

Jog 
stroller 
style 
frame

Samyan
g 10mm 
lens f2.8 

wide 
angle 

coverag
e

$1100

GPS base station and 
mobile receiver for 
positioning data at 
about a centimeter 

accuracy
$1200

Raspberry Pi and 
digital compass for 
orientation of camera   
$200

Laptop 
for 

integrati
on and 
control
$1500

Layout of 24ft hoop 
house for viewing 
angle calculations

External 
hard 

drive for 
data 

redunda
ncy

$200

Public-Private Multi Year GWAS
Testing will occur at Plant Science’s main testing 
fields in Watsonville, CA. >400 accessions will be 
grown for 2 years to collect multi-year data on 
both floricane and primocane traits. 

Collaboration with NC State-
Image Acquisition and Processing
Working with NC State we have 
developed an image cart that will 
allow us to frequently collect data 
on both vegetative and 
reproductive traits.

Images. At left, the testing location in Watsonville, CA. Center, high tunnels, substrate planting and nutrient 
irrigation are some of the new industry standards being used in the trial. To the right, off the shelf 
components have been used to create an economical imaging cart that that can work in the field for a wide 
array of traits. 



Parting thoughts
• Pairwise believes there is an opportunity to increase consumption 

of fruits and vegetables by making fresh produce more convenient.

• A variety of genome editing tools are now available that enable 
precise and sophisticated, non-transgenic allele design in crops.

• Genome editing as a modern breeding method can accelerate 
gains in the value and productivity of fresh food crops.

• A unique opportunity exists to accelerate performance gains in 
fresh produce crops by applying modern knowledge to drive 
breeding innovation. Thank You



Genetic variation is common to all plant breeding processes

Breeding Method

Mixing 
standing 
variants

de novo variants

Wide cross 
pollinationc

Self 
pollinationb

Classical 
mutagenesis 

(Fastneutron)d

Tissue
culturef

Cuttingb Cytosine 
base 

editinge

Number of single 
nucleotide variants 
introduced

2 × 106 23 43 375 0 125

Number of 
insertions/deletions 
introduced

> 5 × 103 18 48 75 1 5

Total number of 
mutations 
introduced

> 2 × 106 41 91 450 1 130

Examples in rice of genetic variation introduced by different methods.

Variation should be considered in context of a crop’s existing population variation.

Plant 

Species

No. of Varieties 

Assessed

Genome 

Size (Mbp)

Estimated SNPs

(million)

Estimated 

INDELs (million)

Structural Variants 

(CNV & PAV)

Rice 3010c 375 29.0c,e 2.4c 94 kc

Plant breeding programs screen for negative phenotypes at every generation 
and have a long history of safe development of food cropsa .

Examples in tomato of genetic variation introduced by different breeding strategiesa.

a Graham, N., et al., In press.  Plant Physiology. (2019)
b Tang, X., et al., Genome Biology. 19, 84 (2018).
c Wang, W., et al., Nature. 557, 43 (2018).

d Li, G., et al., The Plant Cell. 29, 1218 (2017).
eLiu, Q., et al., Molecular Biology and Evolution. 34, 908 (2017)
fJin, S., et al., Science. 364, 292 (2019).
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Typical process for making gene-edited plants

Donor plant Explants

Deliver editing tools Regenerate plantlets

Grow edited plants Characterize progeny
Advance non-transgenic, 

edited plant

Transgenic and non-edited 
individuals are destroyed

Industrialized in row crops.  Pairwise is spending significant effort bringing this process to specialty 
crops.

41



Cellular DNA repair pathways disfavor precise substitutions

double-stranded break from 

a programmable nuclease

Target DNA sequence
C
G

non-homologous 

end-joining (NHEJ)

Non-random, unpredictable, 

insertions or deletions 

(INDELS)

or

Ku70/80

DNA-PKc

DNA Pol λ

DNA Pol μ

Exo1

DNA ligase IV

XRCC4

>1 in 2 cells

ssDNA or 

dsDNA

template

γH2AX

MRN complex

RPA

Rad51

BRCA2

DNA2

Exo1

PCNA

DNA Pol δ

T
A

T

1 in 104 cellscell cycle

homology-directed 

repair (HDR)

precise DNA 

replacement

42
Choulika, P., et al. Mol. Cell. Biol. 15, 1968 (1995).
Rouet, S., et al. Mol. Cell. Biol. 14, 8096 (1994)
Lukacsovich, Y., et al. Nucl. Acids Res. 22, 5649 (1994).



Base editing can be a shortcut to precise substitutions

Choulika, P., et al. Mol. Cell. Biol. 15, 1968 (1995).
Rouet, S., et al. Mol. Cell. Biol. 14, 8096 (1994)
Lukacsovich, Y., et al. Nucl. Acids Res. 22, 5649 (1994).

Base Editing

>1 in 2 cells

independent 
of cell cycle
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Historical Red Raspberry Acreage, Production and Value in Santa Cruz County

Primocane Introduced

High tunnels introduced

Further Improvement 
through genetics and 
agronomics

{

We expect to rapidly double blackberry yield by applying 
improvements that have benefitted red raspberry

• Introduction of primocane allowed 2 crops per year, rather than 1
• High tunnels increased yield by reducing weather-related losses
• Introducing higher-yielding varieties and moving to substrate growing is driving further yield increases

• In contrast, blackberry yields in Oregon have not improved since the 1980s (data not available for CA)

Blackberries are here.

Black raspberries are here.

44

Red Raspberries
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