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Genetic Trends in Selecting for 
Disease Resistance to PRRS
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PRRS is a VERY Costly Disease!!!

• Focus Areas to Prevent or Minimize the Impact
1. Border control

2. Biosecurity

3. Management

4. Vaccines

5. Treatment

6. Maintaining high health vs stable

7. Genetics



©Pig Improvement Company. | 3

Geneticists Have Focused in 3 Areas

1. Selection for “Robust” pigs in a commercial environment

2. Selection for PRRS “Resilient” pigs

3. Selection for PRRS “Resistant” pigs 
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Black Box Method

Selection for “Robust” Pigs in a 
Commercial Environment 
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The Best Genetics in the Genetic Farms are not 
Always the Best Genetics in the Commercial Farms
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The Best Genetics in the Genetic Farms are not 
Always the Best Genetics in the Commercial Farms

Environment
Commercial Genetic Farms
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Benefit of Commercial Test/Pig after 5 Yrs
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Beneficial for Growth Rate



Extremely Beneficial for Wean to Finish Mortality



Number of Slaughter Pigs in the Genetic Evaluation
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Significant Improvement has been Achieved

©  Confidential

Wean to Finish Mortality 

-1.4%
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Selection for PRRS “Resilient” Pigs



Objective

Use genomics to identify genes / genomic regions associated 

with resistance / susceptibility to PRRS virus infection

Led by
Joan Lunney – USDA – ARS Beltsville

Bob Rowland   – Kansas State University

Jack Dekkers   – Iowa State University

Strong Industry Participation

PHGC Breeding Companies 

Fast Genetics, Genesus, Choice Genetics

PIC/Genus, TOPIGS, PigGen Canada

60 k SNP chip
Illumina

GeneSeek2007



Evolution of PRRS

Host Genetics Research

1. Experimental infection of nursery pigs with NVSL

2. Experimental infection of nursery pigs with KS06

1. Experimental co-infection of nursery pigs: PRRS + PCV2 (incl. PRRS vaccination)

1. Field trials

2. Natural Challenge Model

➔ Disease Resilience

NIFA

NIFA

NIFA

Trial Number n Breed PRRSv Isolate 

1-3 530 LW x LR 

NVSL 

4 195 Duroc x LW/LR 

5 184 Duroc x LR/LW 

6 123 LR x LR 

7 194 Pietran x LW/LR 

8 188 Duroc   x LW/LR 

15 184 LR x LW 

10 176 LR x LW 

KS06 
11 176 LW x LR 

12 174 LR x LW 

14 180 Duroc x LR/LW 



Nursery Pig

Challenge Model

Weight

Serum

Slaughter

Ear for 

DNA

-7 0 7 11 14 21 35 424 28

Serum

Antibiotics

Acclimation

Birth Weight

Serum

Inoculation

Weight

Serum
Weight

Serum

Weight

Serum
Weight

Serum

Weight

Serum

Serum Serum

Day post 

infection

R.R.R. Rowland et al.,    Kansas State University

Groups of ~200 commercial crossbred nursery pigs

infected with specific PRRS virus isolate
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Viral Load Weight Gain

Genome-wide Association Studies

Trials 1-8 NVSL infections

Chr 4 Chr 4

1 Mb region

explains 15% 

of genetic 

variance

Includes

important

candidate 

genes

GBP1

GBP2

GBP5

GTF2B

PKN2

11% of 

genetic 

variance

“tag SNP”

WUR10000125

Boddicker et al. 

JAS 2012, GSE 2014a,b
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Nursery pig model for PRRS
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2016. Cell Host & Microbe 19, 504–514



VIRAL LOAD WEIGHT GAIN

Effects of a Major Gene

on SSC4 NVSL / KS06

Hess et al. JAS 2015

Trial Number n Breed PRRSv Isolate 

1-3 530 LW x LR 

NVSL 

4 195 Duroc x LW/LR 

5 184 Duroc x LR/LW 

6 123 LR x LR 

7 194 Pietran x LW/LR 

8 188 Duroc   x LW/LR 

15 184 LR x LW 

10 176 LR x LW 

KS06 
11 176 LW x LR 

12 174 LR x LW 

14 180 Duroc x LR/LW 



KS06

NVSL WUR = 21

WUR = 7GBP5 = 7

GBP5 = 21

Trial Number n Breed PRRSv Isolate 

1-3 530 LW x LR 

NVSL 

4 195 Duroc x LW/LR 

5 184 Duroc x LR/LW 

6 123 LR x LR 

7 194 Pietran x LW/LR 

8 188 Duroc   x LW/LR 

15 184 LR x LW 

10 176 LR x LW 

KS06 
11 176 LW x LR 

12 174 LR x LW 

14 180 Duroc x LR/LW 

Viral Load

Waide et al. 2016

Host Response is affected
by many genes



Selection has Begun



Selection has Begun



• Host response to PRRS and other infectious disease has 

a sizeable genetic component

• Genomics provides opportunities to select pigs for 

increased host response to disease

• Marker assisted selection based on GBP5 genotype can 

be used to improve response…

– Not just to PRRSV infection, also co-infection with PCV2b

– And perhaps other pathogens?

– No negative effect on performance without major disease 

• Genetic improvement for disease resistance needs to 

focus on resilience to a range of diseases

Conclusions
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Selection for PRRS “Resistant” Pigs



What is Gene Editing? 

• Gene editing makes precise, 
intentional and beneficial changes in 
the genetic material of plants and 
animals used in food production, 
which can improve their health and 
sustainability. This often mirrors 
changes that could occur in nature 
or through traditional breeding. 

• Gene editing helps farmers keep 
pace with the growing demand for 
more and better food, while using 
less water, land, nutrients and other 
resources.

28



CRISPR-Cas9 allows precise deactivation of part of the genome

29

Step 1: Create a genetic sequence, called, guide 
RNA, that matches the piece of DNA to be edited

Step 2: Add guide RNA to a cell along with 
Cas9enzyme, which will act like a pair of scissors 
that cuts DNA 

Step 3: The guide RNA binds to the target DNA 
sequence and Cas9 makes a cut in the target 
DNA

Step 4: Host cell factors repair the cut

Depending on the application, CRISPR-Cas9 
enables deletions and/or addition of sequences 
to the target DNA. Genus-PIC focuses on 
removing sequences for PRRSv

Part of the guide 
RNA that matches 
the target DNA to 

be edited

Single 
guide 
RNA 

Spacer - short 
DNA section that 
helps bind Cas9 

enzyme 

Cas9 enzyme 
that cuts the 

DNA

Site specific 
DNA break

Target 
DNA

Target 
DNA

Target 
DNA

Frame shift deletion as 
applied by Genus-PIC

Steps involved in gene editing 
with CRIPSR/Cas9

Overview of gene editing with CRISPR/Cas9 
as applied by Genus-PIC



Recap: Genus-PIC announcement in December 2015 

30

Genus press release – Dec 2015

Article Nature Biotech – Dec 2015 December 2015 Announcement

• Genus-PIC and University of Missouri (MU) have 
developed the first pigs showing resistance to PRRSv

• By editing genes, MU enabled pigs to breed without 
producing the protein needed to spread PRRSv

• This new technology improves animal well-being, 
protects farmers, helps nourish society 

• Genus-PIC has the global exclusive rights to the gene 
editing target

• Commercial availability of disease resistant pigs depends 
on validation of the technology, international regulatory 
approvals, market acceptance

• This technology is disruptive and the impact cannot be 
achieved through non-edited breeding stock

Source: Nature Biotechnology; Genus website



Backup: PRRSv-resistance demonstrated in MU research

• Genus-PIC and University of Missouri (MU) 
developed pigs showing PRRSv-resistance

• Pigs were created with minor nucleotide 
edits to CD163 gene  

• No new or foreign DNA has been inserted 
into the pigs

• Findings have been confirmed by several 
other research institutes across the globe



Genus-PIC has continued to develop the technology  

Technology

Market 
acceptance

Regulatory

• MU findings confirmed in academic studies

• Edit optimized for efficacy & regulatory approval

• First pigs from edited embryos born  

• Engaging with FDA for US regulatory approval

• Initiating contact with international regulators

• Collaborating with BIO 

• Set up of CFI’s Gene Editing Coalition

• Supporting public debate, e.g. CRISPRCon

• Ongoing industry & consumer research

Activities since announcement

32



PRRSv program – significant progress made

1. INAD refers to Investigational New Animal Drug application with the US FDA for the investigational  PRRSv program ; 2.  ‘475 patent granted to the University of Missouri; and patent 
‘790 patent granted to the University of Edinburgh

December 2015          2016                              2017                              2018

- First PRRSv resistant pigs produced
- Genus exclusive global license

Genus Caribou exclusive 
collaboration

Renovate Bio formed
to conduct elite editing

Optimized Caribou reagents
deployed for editing

First elite edited pigs born

US-FDA INAD granted1

US and European patents granted2

33



PRRSv program – path forward and key milestones

34

First breedings of
elite edited pigs

~100 Homozygous 
edited pure line 
animals off test

~100 Homozygous 
Camborough™ parent
sows farrowed

Live animal disease
challenge of Genus edit

Additional animal disease
challenge of Genus edit

Cell line disease testing 
of Genus edit

Animal 
Amplification & 
Evaluation 

Disease Testing

Workstream

Regulatory 
Submissions First US FDA 

submission

2019 2020 2021 2022+2018

~1000 terminal 
pigs evaluated

Gateway #1 Gateway #2
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Geneticists Have Made Significant Progress in the 
Improvement of Response to PRRS

1. Selection for “Robust” pigs in a commercial environment 
has reduced wean to finish mortality by 1.4%

2. Selection for PRRS “Resilient” pigs – A DNA marker was 
discovered that explains 15% of the variation in viral load 
– selection for the favorable allele is being evaluated or 
has begun

3. Selection for PRRS “Resistant” pigs – Resistant pigs have 
been created and will be going through the US FDA 
regulatory process
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Thank You!!!


