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Bl Overview

® New capabilities in the Nanobuilder software
platform (used in conjunction with the Innovadyne
Nanodrop™ or Nanodrop Express liquid handlers)

® Process vendor- or user-(LIMS) supplied plate map
data sets in a csv file format.

® Csv files are presented in an easily visualized 1536
well-geometry format.

® Each of the 1536 destination wells contains all
information about chemicals within the wells and
their corresponding source plate and well.

® Nanobuilder software splits data into sample and
primer information.

® Nanobuilder converts information into aspirate and
dispense sequences optimized by time or plate lay-out.

e Different approach to worklisting for a liquid handler:

® Traditional worklist approach: each aspiration/dispense step
described in series of commands

® Csv plate map worklist approach: describes desired end-
result. Commands and actions delegated to liquid handler

® Many previously developed probe/primer combinations
and the ability to modify or customize these for the
user’'s needs.

® A test case of 48 DNA samples tested against 8 different
probe/primer sets with 4 replicates of each reaction
condition is presented.
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B Introduction

As the field of genomics increasingly become higher
throughput, the demand for lower volume assays and
more effective automated control of these experiments
increases. Several manufacturers have recently
expanded their offerings of PCR plates to include
1536-well versions, however, the handling of large
numbers of samples and primers creates a difficulty in
programming automated liquid handlers to perform

all the proper combinations of reactions in a logical
order and with a logical plate layout, as well as with the
desired number of experimental replicates.

® Genomics applications tend to be combinatorial
in nature, e.g. M samples against N primer sets in X
replicates. Some examples:

® 4 primers against 128 samples in triplicate
® 32 primers against 24 samples in duplicate
® 1536 primers against one sample

® 8 primers against 24 samples in triplicate plus 10 primers
against 48 samples in duplicate (combining experiments)

® A logical set-up for these reactions can be easily
comprehended for 384-well plates, but 1536- well
plates can be difficult to comprehend the seemingly
infinite number of data sets involved.

® This confusion may cause inefficiencies and errors in the
assay development process.

In order to provide maximum flexibility for the user, it is
desirable to utilize a worklist that the user can generate and
modify to create custom plate layouts for higher density
plates. Coupling this worklist to a software platform that is
capable of translating the required plate map into actions
by the liquid handler, as well as aiding in the visualization of
this process for the user, results in an automation platform
that is able to fully utilize the benefits of the lowered
reagent costs and increased speed that higher density PCR
platforms enable.

B About the Software and
Instrumentation

® NanoBuilder Software control software
developed by IDEX Health and Sciences, LLC
for Innovadyne products

® [nnovadyne Nanodrop Il or Nanodrop Express
low-volume liquid handlers are used to run the
resulting protocols

® non-contact, full aspirate and dispense

® Unique architecture of the liquid handler eliminates
reagent contact with moving parts

® individually addressable solenoids (for dispensing) and
syringe valves (for aspiration) to make such
combinatorial protocols feasible

® Motion control platforms include plate nest for
dispensing in multiple plate orientations.
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Nanodrop™ is a licensed trademark of IDEX Health & Science LLC.
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Bl Workflow/Case Study

48 DNA samples tested against 8 different probe/primer sets

with 4 replicates

® Source plates are in 96-well plate format

® Acsvfile is generated (see picture of partial
file below):

® |dentify the most logical and/or quickest pattern with
which to dispense each of the primers and samples

* |DEX employs a tool that assists in setting up the csv
file for this dispense pattern

® Many LIMS systems would be capable of setting up the
file as well

41 POOD1-30033 POMN-S0043 POOL-500G5 POOO1-50042 POOO1-50034 POOO1-50044 POOOL-S0035 POMIL-50005 POOOL-50001 POOOL-50035 POOO1-50017 F
41 POOD1-30033 PO001-50043 PO001-50035 POOO1-50042 POOO1-50034 POOO1-50044 POODL-500E5 POOOL1-50003 POOO1-50001 POOO]-5302E POCOL-50017 F
41 POOO1-50033 POOOA-S0043 POOO1-50055 POOO1-50042 POOO1-50034 POOO1-50044 POOOL-S0038 POOOL-S0003 POOO1-S0000 POOO1-50035 POOOI-SO01F F
di POCO1-3003F POROA-S0043 POD01-50065 POOO1-50042 POOO1-50034 POOO1-20044 POOCL-200385 POML-B00CS POO01-S0000 POOOI-50035 POOOI-50017 F
35 POOOE-30041 POMZ-S00ES POMZ-G0043 POOOZ-500G4 POOCR-50042 PROCR-S0038 POOOZ-50044 PONMIZ-5000] POOIZ-50005 POOCR-5001Y POOCC-200F5 F
32 PLOOR-50041 PODDR-50035 PODIZ-50043 POOOZ-50034 POOOR-50047 PDOOR-S003E POOOG-SO044 PODIZ-50001 POOIZ-50009 PDOOZ-S00LY PDOOR-S002S F
32 POOOR-S0041 POOOG-S0T3S POOOZ-500M3 POOOI-S0034 POODR-S0042 POOC-SOO3E POOOC-S0044 POOIZ-50001 POOI2-S0009 POOI2-S001F POOCR-SOOXS F
33 POOO2-20041 POR0E-S0035 POO02-S00M3 POOO2-50004 POOCR-50042 POOC-20038 POOOZ-S0044 POMZ-E0001 POOI2-S0009 POOM2-5001Y POOCR-300Z5 F
4l PRCOG-30033 POMNG-S0047 POMIF-50005 POOOI-50042 POOCE-50034 POOCG-S0044 PODOG-50035 POME-50000 POOO3-50001 POOOE-50025 POOCG-2001T F
41 PRODE-30033 PODOE-30043 POO03-500E0 POOO3-50042 POOCE-50034 POOOE-50044 POOOE-50035 POMF-50000 POOIE-50000 POOOE-5000% POOCE-30017 F
41 POODS-50033 FOR0Z-50043 POO03-50035 POXI3-50042 POODE-50034 POOOE-20044 POOOS-S0035 FOO3-50009 POOME-50000 POOO3-50028 POOCS-S001F F
a1 POOOE-20033 POD0E-20043 POD03-50035 POOO3-50042 POOOE-50034 POOOE-530044 POOOS-20035 POMI-200009 POOOI-50001 POOO3-50025 POOOE-S001TF |
33 POCCA-300d1 PORA-30035 POD0-50043 POODE-50054 POOOM-50042 POOCU-S0035 PODO4-G0044 POO0M-50001 POO04-50005 POOOE-50017 POOCM-500E5 F
353 POODS-S0041 POD0A-SO0ES POD0A-50043 POOD4-50034 POODM-50044 POOCM-S003E PODO4-50044 POMM-S000] POOJ4-50000 POOOA-S00LT POOOA-S00IS F
32 POOOL-S004]1 PODDS-50005 PO004-50043 POOO4-50024 POOOS-50047 PROOR-S00EE FODO4-500048 PO004-5000]1 POO00&4-50002 POOOSSO0LF POROOL-S00 F
33 POOOL-50041 POD0E-S50035 POO0G-50043 POO0S-50034 POOOL-50042 POOOL-50036 PODDS-S0044 POMG-S0001 POOO4-50009 PODDE-5001F POOOL-50025 |
Al PRCOS-30083 POROS-530043 PODDS-500E0 POODS-50042 POCOS-50034 POOCS-50044 POOOS-50035 POIS-500C0 POMIS-50001 POOOS-500E5 POOGS-30017 F
Al PROCG-50033 PODOG-50043 POMNG-500G5 POOOS-50042 POOCG-50034 POOCG-50044 POOOG-50085 POMIG-50005 POG-50000 PROCG-50035 POOOG-50017 F
a1 PROCG-S0033 PODDS-50043 POIS-50020 POOIS-50047 POOOG-50034 PROOG-S0044 POOOG-S0008 FOMIS-50009 POOIS-50001 POOOS-S0070 POOOG-S0017 F
41 POOOS-50033 PODOS-50043 POOOS-50035 POOOS-50042 POOOS-50034 POOCS-50044 POOOS-S0038 POOOS-50009 POOIS-S50000 POOOS-50025 POOOS-S0017 F
83 POOOS-300d1 PODROC-S00ES PODDG-G00ME POODS-50084 POOOG-50042 POOCOS-50035 POOCE-30044 PODDG-50001 POOOG-S0008 POOOS-5001F POOCS-50025 F
33 POOOS-500M] POROE-S00EE POM0E-50043 POOOS-50054 POOOG-50043 POOCS-S0035 POOOE-50044 POMDE-5000] POOGS-50005 POOOS-50017 POOOE-50075 F
33 POOOG-Z0041 FPODDG-S00ES PFODOE-50043 POODE-50034 POOOS-50047 FDODG-50038 POODE-S50044 POJDE-S000] POOJS-50002 POOOS-5001F POOOS-S002 F
32 POOCE-50041 POOCE-S00S POOOE-S50043 POOOS-50034 POOOS-50042 POOCE-S0038 POOOE-S0044 POOOE-S0001 POOOE-S0009 POOOS-5001F POOOE-SO028 F
4l POCOT-20033 POROT-S0043 PODOT-50055 POOOT-50042 POOOT-50034 POOCT-20044 POOOT-S0035 POMT-B00CE POOOP-50001 POOOT-50035 POOOT-50017 F

Picture 2: Partial csv file of showing the source well
assignations for each well in a 1536-well layout.
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Picture 3: Sample and Primer source plate maps (top)
and resulting dispense plate map (bottom). Each

well of the 1536-well dispense map shows the color
corresponding to the sample source well in the top left
and the color corresponding to the primer source well
in the bottom right.

® Nanobuilder PatternViewer (imports the csv and
does the following:

® Source and dispense plates may be viewed with ‘per
well” information containing either the source well,
chemical,
or color representation of the individual reagent within
that well (up to 16 source plates can be addressed)

® chemical assignments can be made (if desired) to each
well of the source plates

® Color-coded pictures in a .jpg format are produced
(see picture 3)

® Passing the cursor over one of the destination well,
pops up an informational bubble containing the
source well address of both primer and sample
contained within,
as well as a chemical identification for each if assigned
(see picture 4)

® For this protocol, dispensing of primers works
best by columns, but sample dispensing is most
efficient via rows. The switch in dispensing
directions is accomplished with the use of a
rotatable plate nest that allows the destination
plate to be oriented in either direction.

Now the user has a coded source and destination
plate map that can be used to visually understand
the dispensing protocol, as well as a visually intuitive
csv file that can be used by the dispensing robot to
directly run the protocol.

® A specially designed PCR dispensing protocol
utilizes the csv file generated in the previous steps
to control the source wells aspirated from and the
destination wells dispensed into.

® This protocol provides reasonable dispense
condition defaults, but still allows the user to
optimize these conditions, including:

® cleaning routines
® dispense volumes

® dispense height
® A barcode reader can be integrated into the work flow.

® The program calls aspirate and cleaning routines
specific to the material being dispensed (e.g. a
more thorough wash for a DNA samples).

® Finally, the protocol calculates the aspirate volume
needed and tells the robot where to aspirate and
dispense, as well as when to wash.

® After thermocycling, the csv file generated
from the above steps can be imported to other
software such as the Roche Lightcycler1536
analysis program and used to correlate the raw
data results to the dispense pattern used by the
liquid handler.

Picture 4: Partial dispense
plate map with source well
identification information
for an individual well.

B Conclusions/Future Work

It can now be seen that a mechanism exists which
allows the user to target plate and source map set-
up for complex PCR reactions in a more visual and
intuitive manner. The Innovadyne software platform:

Processes a vendor- or user- (LIMS) supplied plate
map data set in a csv file format presented in an
easy to understand 1536-well geometry

Splits the data into sample and primer aspirate and
dispense sequences that can be optimized by:

® Time (minimizing path length and maximizing the
number of concurrent dispenses)

® Required plate layout

Sequences are used by the Innovadyne liquid
handlers to accomplish a dispensing protocol for
high density plates fully optimized for such factors
as time and reduced reagent loss.

Rotatable plate nest allows dispensing to occur in
two different plate orientations

Future work includes:
® Automation of the rotatable plate nest

® Release of PatternMaker utility for manual creation of
csv files by the user.
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