
Line-by-line description of conversion to HSL, 
first version, then description of optimizations? 
Mention previous, failed versions using different 
beads?

Should the conversion mention the previous 
versions, or should I describe the translation to 
the most current version?

Most labs must prepare their DNA samples for 
Sanger sequencing manually, which is inefficient 
and costly. The goal of this research is to study 
the feasibility of programming a Hamilton 
STARlet liquid handling device to reduce hands-
on time, lower costs, and speed up procedures 
in the lab. After the method’s initial 
implementation, we used an iterative approach 
to improve on previous versions; making small 
groups of changes at a time and observing the 
effect on the method during, and after, 
execution. The data shows that there is 
significant time that can be saved through usage 
of the Hamilton device, with other benefits such 
as lowered costs and improved sample quality. 
These findings show that Hamilton liquid 
handling machines can improve the Sanger 
reaction workflow, and there is potential for 
expansion into other reactions.

The Hamilton STARlet Liquid Handling Device is 
underutilized in the Nevada Genomics Center. While the 
STARlet is programmed to perform infrequent library 
preparations, it has not been programmed to perform 
routine laboratory work (e.g., Sanger sequencing). If the 
STARlet was given this functionality, it would reduce costs 
and hands-on time at the Nevada Genomics Center.

The STARlet is equipped with 8 CO-RE channels, a 96-
channel head, on-deck thermal cycler (ODTC), cooling 
rack, heated shaker, and iSWAP. The hardware on deck 
allows for the programming of many different laboratory 
procedures. Hamilton uses the VENUS 4 software to 
program methods on the STARlet. My project involved 
learning how to use VENUS 4, writing code in Hamilton 
Standard Language (HSL), and incrementally improving 
functionality. 

Introduction

My PREP objective was to program the STARlet 
to perform a Sanger sequencing clean-up 
reaction using Dynabeads  Sequencing Clean-
Up Kit (ThermoFisher #66101). This clean-up 
reaction is a necessary part of the Sanger 
sequencing process and is a cost-effective 
option over current reagents in use.
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Comparison of raw Sanger sequences of manual (BigDye 
Xterminator) and Hamilton method. The manual method 
does a fairly poor job removing all fluorescently labeled 
artifacts (personal communication), while the Hamilton 
produced clean reads. The difference in clean-up allowed 
70 additional quality nucleotides to be parsed from the 
data (an improvement of 15%).

Automating Sanger clean-up reactions reduces cost per 
sample  ($0.72 versus $0.98) as well as shortens the 
amount of hands-on time required (1 minute versus 6 
minutes). The overall time performing the clean-up was not 
significantly different either. By implementing automated 
liquid handling at the Nevada Genomics Center, I was able 
to reduce cost and hands-on time for routine laboratory 
work.

Calculate the needed volumes based on number of 
samples entered (line 21) and skip the timers if the skip 
timers' box was selected (23) during setup. Display the 
values in a debug trace (24-27) and in a loading dialog, 
along with their locations (28).

Loading dialog showing needed volumes & respective 
locations. Alternative text appears when hovering, 

giving labels if the image is too difficult to read.

The deck editor screen, which shows where your 
equipment should be located on the deck and allows 

you to rearrange it. The yellow and pink columns hold 
300uL and 50uL filtered tips respectively. The column 
of blue containers holds the DynaBeads. The row to 

its right holds the sample plate in the middle position, 
and the elution plate in the front position. The back 

position of the last column holds the heated shaker, 
the second to back position holds the magnet plate, 
and the front position holds the reagent troughs. The 

troughs, from left to right, are 70% EtOH, the elution 
buffer, and the liquid waste trough.

A commented snippet of the EtOH wash steps, with the 
user-defined (starting with t_) variables shown on the 
right. The shown code moves the plate to the heated 
shaker, adds 70% EtOH to each sample, shakes at high 
speed for 1 minute, and then logs the time.

After the method was initially implemented and 
proven to run successfully, we began to iterate over 
versions to improve it. Notable improvements 
include:
• Making the system function when processing 

anywhere from 1 to 96 samples at a time
• Adding display screens for loading volumes, 

labware, and total times
• Adding a running log for time taken to reach 

certain milestones in the method, allowing for 
identification of the most time-consuming 
portions and tracking time saves throughout 
iterations

• Significantly speeding up the program through 
minor optimizations in the method (e.g., 
beginning incubation immediately after first 
column is ready, picking up tips while waiting for 
the shaker/incubation/magnet, etc.)

Abstract

Reagent Method $ per Sample Time for 12 rxns (hands-on time) Time for 24 rxns (hands-on time) Sequence length (nt)

BigDye Xterminator Manual $0.98 30 min (6 min) 32 min (8 min) 551

DynaBeads Manual $0.72 35 min (35 min) 40 min (40 min) 617

DynaBeads Hamilton $0.72 29 min (1 min) 34 min (1 min) 629
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In the future, we would like to implement the cycle 
sequencing (PCR) step prior to the rest of the method, so 
that we can perform the entire Sanger sequencing process 
on the STARlet. We would also like to implement more 
advanced/time-consuming methods (RNA-Seq library 
preparation) onto the machine to make use of its 
versatility.
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