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ABSTRACT
Quantitative PCR analysis has proven to be a valuable tool in the process of development of improved maize hybrids.  Copy 
number and zygosity quantification, SNP detection, and relative gene expression results are generated using optimized, 
simplified procedures and robust robotic systems. An overview of our QPCR and data analysis process is presented, along 
with future goals and directions for process enhancement.

QPCR used to screen 
seed pools for purity

Maize improvement processMaize improvement process
Transform immature 

embryos with 
desired Trait (T) and 
herbicide selection 

marker (M)

QPCR used to screen 
events for copy number, 
expression, and integrity 

of the insertion event

Regenerate candidate 
events with desired 

phenotype, examples:

•Better yield
•Drought tolerant
•Herbicide resistant
•Insect & pest resistant

Improved trait is 
integrated into “elite” 
inbred parent lines

QPCR used to screen 
events for zygosity

Inbred parent lines are 
self-pollinated, 

resulting 
seed/seedlings are 

segregating 25% null, 
50% hemizygous, 

25% homozygous for 
T. Select 

homozygous (fixed) 
plants. Increase seed, 

cross for hybrid 
production.

Inbred 
T

Inbred
A  

x

Herbicide trait M allows 
progeny selection (sprayed or 

painted on leaf)

Improved
Elite Hybrid

Method optimization for high-throughput 
agricultural biotechnology’s needs

Future enhancements

Application of simplified, lower-cost DNA prep and QPCR analysis method to more assays.
Eliminate most gel-based analysis by implementation of high-throughput real time assays.
Implementation of endpoint zygosity assays (using allele discrimination) for many events.

Process step Enhancements achieved

Sample and data management Integrated sample tracking, analysis software 
and results archiving.

Assay optimization & validation Simple two-step system yields ddCt validated 
assays with few exceptions.

Production-level analysis Simplified, lower cost DNA prep.
Robust, reliable endogenous control gene in 

duplexed assays.
Robotic liquid and plate handling systems 

with ABI 7900HT.
Graphical-interface automated scoring 

software.
Statistical methods for data analysis ensure 

data quality.

Event management Identification of simple integration events 
by copy number analysis and event integrity 
analysis of progeny.

Relative expression analysis adds value to 
other measurements of event performance.

Streamlined DNA preps

Grind sample in Cell 
Lysis Buffer, heat 65C, 
Add Protein 
Precipitation Buffer,
Centrifuge, recover 
supernatant.

Traditional DNA preps (~2 hrs)

Add isopropanol to 
supernatant, mix.
Centrifuge to pellet 
DNA.

Wash with 70% 
ethanol,
Decant, dry >1 hour
Resuspend DNA.

Rapid DNA preps (~45 min.)

Extract sample in extraction buffer. 
Heat at 95C.
Add neutralizing dilution buffer. 
Centrifuge to pellet debris.

Cost comparison

Some steps in traditional prep can also be shortened

Extraction + PCR 
process

Costs per 96-
well plate

Traditional prep + 
Applied Bio Universal 
Master Mix 76.02$         
Rapid prep + its PCR 
Mix 61.42$         
Does not include the cost of the 
detection reagents such as primers 
and probes, labor, or pipette tips.

Managing high-throughput demands

Quantitative PCR assay requests have been doubling in 
number every two years (since 1998). 

Number of lab personnel has stayed the same.

Productivity has kept pace with demand 
through improved sample handling and 
efficiencies in analysis thanks to our
Integrated Laboratory Information 
Management System

Sample Tracking And Request System (STARS)

All analyses requested through STARS
All sample plates bar code labeled
LIMS on the lab side manages steps of…
DNA prep Assay set up  Analysis 

Results finalization

Proprietary QPCR analysis software

Imports raw text file exported from ABI7900
Performs data reduction, statistical analysis of dCt 

data, and relative copy number or zygosity 
calculations

Aligns results from multiple analyses and 
generates composite scores

95C 
DNA
melt
bath

60C 
Primer
anneal
bath

72C 
Primer
extend
bath

Robotic arm

PCR analysis with integrated robotics

96 well 
sample plate

BioMek FX 
Robotic 

workstation

96/384 well PCR plate

Stratagene Robocycler

One 96 well plate/run
Run time: 3 hours
Throughput/day: 288

DuPont Dipper
water bath thermal cycler

>50 96 well plates/run
Run time: 3 hours
Throughput/run: > 4800

Qualitative analysis

E-gel analysis or 
fluorescent 
detection

Quantitative Analysis
using QPCR

ABI 7900HT

One 384 well plate/run
Run time: 2 hours
Throughput/run: 384
Throughput/24 hrs: 4608

Zygosity and copy number 
calls using LIMS tools and 

statistical methods

Copy number analysis
Accuracy best for 1, 2 and 3 copy samples. Can always distinguish 1X from 2X copies 

(as in zygosity analysis).
Need 1 copy population (or controls) in each analysis for calibration of copy number. 

Copy # analysis of 48 unknowns, Marker gene 1 + endogene 2
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Zygosity analysis

Rapid DNA preps and zygosity 
analysis for trait gene 3.
Population sampled is 

mostly “fixed” for the trait, 
only 5 hemizygous 
samples present in 
84 sample analysis

Traditional DNA preps and 
zygosity analysis 
for trait gene 3.

Population sampled is 
segregating as expected for the 

trait, 66% hemizygous, 
33% homozygous.
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RNA is isolated using a scaleable, aqueous, commercial kit, 96-well format.
18s rRNA endogenous control is primer-limited in the ddCt -validated, 

duplexed assay for trait gene relative expression.
One-step QRTPCR using gene-specific primers. 
Relative expression = 2 –(dCt calibrator ave – dCt unknown)

Fam-Transgene detection for several samples Vic-18s rRNA endogene detection for several samples

Expression analysis

Trait Gene 5 Relative Expression Results
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Simplified duplex assay optimization & validation
Optimize primer concentrations for both duplex partners for most sensitive Cts, using equimolar 

forward & reverse primers at 150, 300, 600 and 900nM. Optimize probe concentration (100, 150 or 
200nM) only if delta Rn is less than 0.7.

Validate best duplex conditions using serial dilution of positive DNA, input simulates the range of 
concentrations in unknowns. Demonstrate delta Ct and relative copy number stability.

Ex below shows validation of rapid DNA prep assay of trait gene 3 duplexed with endogene 2.  
Stability of the assay is confirmed at 24 hours, so that zygosity plates may be queued for 

overnight real-time runs. Zygosity assay stability confirmation for trait gene 3 + endogene 2
Time zero
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After 24 hrs @ room temp: same calls
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Average relative copy number stability for serial diln of 
rapid prep DNA, hemi and homo. 
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Proprietary bioinformatics used to identify candidate sequences.
10 assays were tested on a panel of 23 diverse inbred genotypes (not shown).
Endogene 2 assay was tested on 192 diverse inbred genotypes (below). Uniformity desired.

From failure to success: endogene 1 failed in select inbreds, endogene 2 solved problem

Trait gene 1 + endogene 1, zygosity 
assay, can’t call genotypes 2 & 3

Trait gene 1 + endogene 2, zygosity 
assay, can clearly call genotypes 1-5 

Improved duplexed assays with reliable endogene
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Marker gene 1 + endogene 2, zygosity 
assay, can clearly call genotypes 1-5 
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Event integrity analysis
Southern analysis is traditionally used to identify transgenic events with multiple 

transgenic insertion sites, which may segregate apart during hybrid line creation.
QPCR can be used to identify if there are segregating siblings within an event, as 

well as the copy number of the individual sibling plants.
Methods Test:  Southern analysis and QPCR comparison for 50 events. Events 13 

and 37, below, are examples in which both analysis methods agreed. Event 39 is an 
example in which QPCR does not show segregation, while the Southern is 
inconclusive.

Summary of 
agreement between 
QPCR and Southern 

blot results, for 
sibling analysis of 50 

events.

Methods agree: 
not segregating

49%

Methods agree: 
segregating

37%

Methods disagree: 
only Southerns 

show segregation
2%Methods disagree: 

only QPCR shows 
segregation

12%

Event 13. Segregating loci 
(1 & 3 copies) in siblings.

Relative copy number analysis for trait gene 2 by QPCR.
Event 37. 2 copies, not 

segregating, in siblings.
Event 39. 2 copies, not 

segregating, in siblings.
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Event genomic DNAs (NcoI digests)
Diagnostic for number of integrations

Event 37Event 13 Event 39

3 kb

2 kb

5 kb

4 kb

8 kb

6 kb

10 kb


