
Preliminary steps for preparing tissue samples for subse-
quent analysis are often crucial in obtaining reliable, good-
quality data. One such preliminary step in the biochemical 
analysis of a sample is homogenization to break down and 
disperse a heterogeneous tissue or organ into a uniform 
colloid or suspension. Homogenization is commonly done in 
conjunction with a lysis step to dissolve or solubilize cells 
and tissues using potent denaturants, detergents, or hypo-
tonic conditions. This opens a cell and frees the contents of 
the subcellular compartments, preparing the sample for an 

extraction step to isolate various classes of molecules. Many 
devices and approaches are used for homogenization. The 
need for such variety is partly due to differences among 
tissues, the analytes that are to be measured, the size of the 
sample, and the number of samples to be processed.

Proper homogenization of samples can lead to uniform 
isolation of downstream analytes, such as protein or RNA. 
Additionally, automation of this step standardizes the time 
needed per sample, as well as negates differences in personnel 
training and technique, which, in turn, leads to accurate 
measurements and comparisons and increases reproducibility 
across experiments and laboratories. Although numerous 
techniques for homogenization exist, they vary in efficiency, 
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Purpose: To compare methods for homogenizing the mouse whole eye or retina for RNA extraction.
Methods: We tested five homogenization techniques for the whole eye and the retina. Two established shearing tech-
niques were a version of the Potter-Elvehjem homogenizer, which uses a plastic pellet pestle in a microfuge tube, and a 
Dounce homogenizer. Two modern bead-beating methods used commercially manufactured devices, the Next Advance 
Bullet Blender and the Qiagen TissueLyser LT. The last method involved vortex mixing multiple samples simultaneously 
in a buffer containing a stainless-steel set screw, a novel approach. RNA was extracted from the tissue after each tech-
nique was used. Degradation of RNA was measured with the RNA integrity number (RIN score) after electrophoresis 
on an Agilent BioAnalyzer RNA LabChip. Nucleic acid yields were measured with ultraviolet (UV) spectroscopy in a 
BioTek Synergy H1 Hybrid plate reader. The purity of the nucleic acids was assessed with the mean absorbance ratio 
(A260/A280). The preparation time per sample was measured with a digital stopwatch. Costs of necessary consumables 
were calculated per ten samples.
Results: The RIN scores for all homogenization methods and both tissue types ranged from 7.75±0.64 to 8.78±0.18; 
none were statistically significantly different. The total RNA yield per whole eye from the bead-based methods ranged 
from 7,700 to 9,800 ng and from 3,000 to 4,600 ng for the pellet pestle and Dounce shearing methods, respectively. The 
total RNA yield per retina from the bead-based methods ranged from 4,600 to 8,400 ng and from 2,200 to 7,400 ng for 
the pellet pestle and Dounce shearing methods, respectively. Homogenization was faster using the bead-based methods 
(about 15 min for ten samples) because multiple samples could be run simultaneously compared to the shearing methods 
that require samples be homogenized individually (about 45–60 min per ten samples). The costs in consumables for the 
methods tested ranged from $2.60 to $14.70 per ten samples. The major differences in overall costs come in the form of 
one-time equipment purchases, which can range from one hundred to thousands of dollars. The bead-based methods 
required less technician involvement and had less potential for sample contamination than the shearing methods.
Conclusions: The purity and quality of RNA were similar across all methods for both tissue types. The novel set screw 
method and the two bead-based methods (bullet blender and TissueLyser) outperformed the two shearing methods (the 
pellet pestle and Dounce techniques) in total RNA yields for the whole eye. Although the bullet blender, TissueLyser, 
and set screw methods produced comparable levels of RNA yield, purity, and quality, the set screw method was less 
expensive. Researchers seeking the efficiency of sophisticated bead homogenization equipment without the high equip-
ment costs might consider this novel method.
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ease, and cost and have not been systemically compared and 
evaluated.

We sought an inexpensive, fast, and easy method for 
simultaneously homogenizing individual mouse eyes or 
retinas. Whole eye samples are easy to collect and ensure that 
an entire organ with complete sampling that includes tissues 
that are difficult to dissect (e.g., complete RPE sheet, trabec-
ular meshwork, and ciliary body) is collected and offers a 
complete, if global, isolation of RNA. We chose five different 
techniques to test based on several criteria. These criteria 
excluded many types of homogenization methods and devices 
(some are listed in Table 1). All of the techniques were previ-
ously used in our laboratory; thus, they were readily available 
and were suitable for whole mouse eyes and small volumes of 
liquids. Two classical methods are the glass-on-glass manual-
powered Dounce homogenizer [1,2] and the Potter-Elvehjem 
[3] homogenizer, which employs a motor-driven, disposable, 
polypropylene pellet pestle or a bead or ball mill (often called 
a bead beater). Two other methods included commercial bead 
homogenization equipment that were available to us: the 
Bullet Blender from Next Advance and the TissueLyser LT 
from Qiagen. Additionally, we developed a potential alterna-
tive technique that used the same concept as the bead beating 
approach. This method homogenizes a sample in a single 
screw cap plastic tube using a commercially available adaptor 
for a vortex mixer designed for hands-free tube shaking and 
a single set screw as a heavy bead. The set screw is massive 
and dense compared to a mouse eye, and we predicted that 
the threaded surface would macerate, gouge, and cut tissue 
during vortex mixing, resulting in homogenization.

METHODS

Mouse care: Mouse care and manipulations were conducted 
according to the ARVO Statement for Use of Animals 
in Research and were approved by the Emory University 
Institutional Animal Care and Use Committee (IACUC). 
The whole-eye experiments were conducted using mice 
from our breeding program of mixed strains and genotypes. 
Experiments in which isolated retinas alone were analyzed 
used BALB/c mice. Ages ranged from postnatal day (P) 22 
to 120. Mouse housing conditions and diet were described 
in Johnson et al. [4]. Briefly, mice were housed at 23 °C 
in facilities managed by the Emory University Division of 
Animal Resources and given standard mouse chow (Lab Diet 
5001; PMI Nutrition Inc., LLC, Brentwood, MO) and water 
ad libitum. They were maintained on a 12 h:12 h light-dark 
cycle, with daytime lighting ranging 200–750 lm outside the 
cage depending on lower, middle, or top shelf position of the 
cage rack.

Collection and storage: Whole eyes were collected and frozen 
on several different days. Retinas were collected and frozen 
all on one day. All samples were stored at −80 °C.

Dissection: Mice were killed by asphyxiation via expo-
sure to CO2 for 5 min before the eyes were harvested and 
homogenized. Whole eyes were enucleated and submerged 
in 50 µl of 160 U/ml RiboLock RNase inhibitor in 1X HBSS 
(EO0381; ThermoFisher Scientific, Waltham, MA), imme-
diately frozen in dry ice, and stored at −80 °C. The retinas 
were immediately dissected out of the eye [5] and frozen 
in 50 µl of RiboLock. The tubes used for collection were 
chosen based on the method of homogenization being tested 
(described below). Both eyes or retinas were harvested from 
each mouse and collected in separate tubes. No experimental 
group contained two eyes or retinas from the same mouse. 
Unless otherwise noted, before homogenization, the samples 
were thawed, and 350 µl of RLT Lysis Buffer from a Qiagen 
RNeasy mini kit was added to each tube (Cat. no. 74,106; 
Qiagen, Hilden, Germany). The composition of RLT Buffer 
is proprietary. No β-mercaptoethanol was added as RNase 
inhibition was already accomplished after the eyes were 
harvested with the use of RiboLock. After the buffer was 
added, the samples were homogenized according to one of 
the methods described below, and then the homogenate was 
frozen and stored at −80 °C unless otherwise noted.

Dounce homogenization: After harvesting, the sample was 
placed in a 2.0 ml screw cap microfuge tube. Eyes or retinas 
were thawed with 350 μl RLT buffer and poured into a clean 
2 ml Dounce homogenizer (Kontes Glass Co, Vineland, NJ). 
The tissue was sheared with even strokes of the B pestle for 
60 s for the retinas or 3 min for the whole eyes. These times 
were determined based on the amount of time required for the 
sample to be either visibly uniform or maximally dispersed 
without concern about splashing, spills, or glass breakage due 
to speed. The sample was then removed and returned to its 
original tube using a pipette with a gel-loading tip to reach 
the bottom of the homogenizer tube and not touch the pipet 
to the side.

Plastic pestle method: A Kimble-Kontes plastic pestle kit 
(K749520–0500; ThermoFisher), which included pestles 
and tubes, was used. After collection, the thawed sample 
was placed in the Kimble-Kontes microcentrifuge tube, and 
a plastic pestle driven with a stationary laboratory mixer 
(Omni-Mixer 17,150; Sorvall, Inc., Newtown, CT) was used 
to homogenize the tissues. The homogenization time was 
30–60 s per retina and 90 s per whole eye at a speed setting 
of 2.5.

Qiagen TissueLyser LT: Samples were collected in Safe-Lock 
microcentrifuge tubes (EP-022363433; Eppendorf, Hamburg, 
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Germany). One 4.7 mm ferric ball bearing (4RJH8; Grainger, 
Lake Forrest, IL) was placed in each tube containing the 
thawed samples. The tubes were put in the tube adaptor of 
the Qiagen TissueLyser LT. The samples were homogenized 
at 50 Hz for 5 min (retina) or 10 min (whole eye).

Next advance bullet blender: After harvesting, the samples 
were placed in Axygen 1.5  ml conical screw cap tubes 
(SCT150OS; ThermoFisher). The bullet blender requires 
specifically shaped tubes. Improper tubes shatter in the 
machine. One approximate 0.02 ml scoop of 0.9–2.0 mm 
stainless steel beads (SSB14B-RNA; Next Advance, Averill 
Park, NY) was added to each tube containing thawed 
samples. The tubes were placed in the bullet blender. Samples 
were homogenized on speed 8 for 5 min (retinas) or 10 min 
(whole eyes).

Novel set screw method: Upon harvest, the sample was placed 
into a 2.0 ml screw cap microfuge tube (16466-042 VWR 

Scientific, Radnor, PA). One stainless steel set screw with 
10/24 threads, ~0.19 inch diameter, and 1/4 inch long (Cat 
no. 5MMT1, Grainger, Lake Forest, IL) was added to tubes 
containing the thawed samples. Tubes were placed on a vortex 
adapter that holds 1.5-2.0 ml tubes (13000-V1-24 MO BIO 
Laboratories Inc., Carlsbad, CA) and the vortex mixer was 
turned on. The orientation of the tubes in the vortex adapter is 
important; please refer to Figure 1 for correct setup. Samples 
were homogenized on the vortex mixer at maximum speed 
for 5 min (retina) or 10 min (whole eye).

Isolation of RNA from homogenates: The RNA extractions 
were performed by experimental group using the automated 
QIAcube (Cat number: 9001292; Qiagen) with an RNeasy 
Mini Kit (Cat number: 74,116; Qiagen). Homogenates 
were stored at −80  °C until processing (no more than 4 
days between freezing and extraction). The samples were 
thawed and centrifuged at 10,000 ×g for 30 s to remove 

Figure 1. Setup of the set screw homogenization technique. The upper row of panels depicts the relative sizes of the set screw alone (A), the 
set screw compared to an adult mouse eye (B), and a 1.5 ml tube containing a screw set and an adult mouse eye (sample). The lower row of 
panels depicts the vortex mixer and the adaptor alone (D), with two samples not running (E), and with two samples running (F). Note the 
orientation of the sample tube in the vortex mixer adaptor. The lid of the 1.5 ml tube should face the center of the adaptor to ensure that the 
sample remains in the adaptor.
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any homogenate from the lid. The samples from the bullet 
blender or pellet pestle groups were transferred into Safe-
Lock microcentrifuge tubes (Cat. no. EP-022363433; Eppen-
dorf) for compatibility with the QIAcube. Set screws or 
ball bearings for the TissueLyser were then removed with a 
magnet. The QIAcube extracted RNA simultaneously from 
up to 12 samples on each run. Before the quality analysis, 
a DNase digest was performed on all the samples using the 
TURBO DNA-freeTM kit (AM1907; Invitrogen, Carlsbad, 
CA) according to the kit’s included protocol.

RNA was analyzed for the mean absorbance ratio (A260/
A280) with ultraviolet (UV) spectroscopy using a Synergy 
H1 plate reader (BioTek, Winooski, VT). A 1 μg aliquot was 
subjected to electrophoresis on an Agilent 2100 Bioanalyzer 
(G2940CA; Agilent Technologies, Santa Clara, CA), and elec-
tropherograms and RIN scores were obtained. Bioanalyzer 
analysis was performed by the Emory Integrated Genomics 
Core.

Statistical analysis: Data from each group are summarized 
as the mean ± standard deviation (SD) from at least eight 
different animals, as indicated in each table. Analysis was 
conducted with ANOVA with a post hoc Student–Newman–
Keuls test (GraphPad Prism software, version 7; San Diego, 
CA). A p value of less than 0.05 was considered statistically 
significant. We interpreted the results as higher recovery 
indicating more complete and thorough homogenization, 
and higher RIN scores indicated better-quality RNA (i.e., 
fewer contaminants and less RNA degradation during 
homogenization).

RESULTS

The retinas were easily homogenized with every technique 
tested. Whole eyes were homogenized uniformly with the 
three bead methods (set screw, TissueLyser, or bullet blender), 
but homogenization was never complete with the shear 
methods (pellet pestle or Dounce homogenizer).

The RNA produced by the various homogenization 
methods was analyzed for yield, purity, and quality. RNA 
was obtained at acceptable and expected quantities for the 
whole eyes and the retinas and is presented in nanograms 
plus or minus the standard deviation (Table 2). Overall, the 
TissueLyser and Dounce techniques had the highest RNA 
yields from the retinas while the TissueLyser, Dounce, and 
set screw techniques had the highest yields from the whole 
eyes. The pellet pestle method had the lowest yields from the 
retinas, and the pellet pestle and Dounce techniques had the 
lowest yields from the whole eyes. Statistical analysis was 
conducted using ANOVA tests with multiple comparisons, 
and the full list of the results is summarized in Appendix 
1 and Appendix 2 for the retinas and the whole eyes, 
respectively.

To confirm the purity of the RNA obtained via the 
various homogenization methods, we assessed the A260/A280 
ratio (Table 3). The ratios are presented in nanometers plus 
or minus the standard deviation. Overall, the ratios for the 
retina and the whole eye are very similar across all of the 
techniques. Statistical analysis was conducted using ANOVA 
with multiple comparisons, and the full list of the results is 
summarized in Appendix 3 and Appendix 4 for the retina and 
the whole eye, respectively.

Table 2. Yield of RNA by different homogenization methods.

Tissue type Set screw TissueLyser Bullet blender Pellet pestle Dounce
Retina 4605 ± 1076 8345 ± 1450 5600 ± 481 2245 ± 452 7380 ± 994
Whole eye 7724 ± 2753 9784 ± 1779 8347 ± 834 2982 ± 1001 4584 ± 2103

Values are mean total ng in 40 μl eluent ± SD, n=8 for all retina measurements, n=10 for whole eyes except the pellet pestle (n=9). 
ANOVA multiple comparison analysis compared the mean of each technique within a tissue type (retina or whole eye) with the mean of 
every other technique for the same tissue. A full list of comparisons with p values is given in Appendix 1 and Appendix 2.

Table 3. Mean ratios of absorbance at 260 nm to 280 nm ± SD.

Tissue type Set screw TissueLyser Bullet blender Pellet pestle Dounce
Retina 2.054 ± 0.021 2.028 ± 0.013 2.028 ± 0.016 2.006 ± 0.024 2.023 ± 0.028
Whole eye 2.139 ± 0.017 2.149 ± 0.011 2.104 ± 0.048 2.125 ± 0.022 2.146 ± 0.013

Values are mean ratios of absorbance at 260 nm to 280 nm ± SD n=8 for all retina measurements, n=10 for whole eyes except the pellet 
pestle (n=9). ANOVA multiple comparison analysis compared the mean of each technique within a tissue type (retina or whole eye) with 
the mean of every other technique for the same tissue. A full list of comparisons with p values is given in Appendix 3 and Appendix 4.
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In addition to quantity and purity, we assessed RNA 
quality using electropherograms (Figure 2) and RIN scores 
(Table 4). Representative electropherogram traces from the 
five different homogenization techniques for both retina and 
whole eye samples are shown in Figure 2. From these elec-
tropherogram traces, a RNA Integrity Number (RIN) score 
was computed and are presented as a mean plus or minus the 
standard deviation (SD) and shown in Table 4. We routinely 
obtained RIN scores for both whole eye and retina for all 
five techniques in excess of 8.0 provided that RiboLock was 
included in the initial collection. Thus, all five technique 
produce comparable quality of RNA. Statistical analysis was 
conducted using ANOVA tests with multiple comparisons 
and a full list of results are summarized in Appendix 5 and 
Appendix 6 for retina and whole eye respectively.

Last, we evaluated the costs of using each technique 
for homogenization (Table 5). The breakdown was by three 
major categories: disposables, small or major equipment with 
a long operation lifespan, and the time per manageable group 
of samples.

The cost of consumables was determined by calculating 
the cost of a single consumable unit (e.g., one tube) from the 
cost of a quantity available for purchase. Single unit costs 
for all components of a given method (e.g., one tube and one 
bead) were then added together, and the sum was multiplied 
by ten to give the cost per ten samples. The preparation time 
for ten samples reflects the approximate time it took the tech-
nician to thaw the sample in buffer, homogenize, and store the 
sample again. The labor time for the Dounce homogenization 

Figure 2. Representative electrophoretic traces from retina and whole eye samples across different homogenization techniques. The first 
peak in each trace represents a marker, the second peak denotes the 18S rRNA, and the third peak denotes the 28S rRNA.

Table 4. RNA quality by mean RIN score by different homogenization methods ± SD.

Tissue type Set screw TissueLyser Bullet blender Pellet pestle Dounce
Retina 8.33 ± 0.47 7.75 ± 0.64 8.36 ± 0.63 7.91 ± 0.64 8.19 ± 0.81
Whole eye 8.28 ± 0.20 8.18 ± 0.25 8.78 ± 0.18 8.71 ± 0.42 8.65 ± 0.35

Values are mean RIN scores ± SD n=8 for all retina measurements, n=10 for whole eyes except the pellet pestle (n=9). ANOVA multiple 
comparison analysis compared the mean of each technique within a tissue type (retina or whole eye) with the mean of every other tech-
nique for the same tissue. A full list of comparisons with p values is given in Appendix 5 and Appendix 6.

Table 5. Costs and Time (itemized per 10 samples) for homogenization.

Homogenization 
method

Capital cost of equip-
ment ($) each

Cost of consumables per 
10 samples ($) Time to prepare 10 whole eye samples (min)

Set Screw 113 5 15
TissueLyser 6497 2.6 15
Bullet Blender 2995 6.2 15
Pellet Pestle 2790 14.7 45
Dounce 131 4 60

Costs were tabulated from recent catalog prices, and summarized for a typical experiment with preparation of 10 independent samples. 
Column 1 lists the various homogenization techniques, column 2 denotes the cost of any one-time equipment purchase necessary for the 
technique, column 3 lists the cost of consumables per 10 samples, and column 4 lists the average time necessary to prepare 10 samples.
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reflects the use of three homogenizers that had to be washed 
between uses and includes the washing time.

DISCUSSION

As shown in Table 3 and Table 4, the overall purity and quality 
of the RNA isolated from these five techniques were roughly 
the same for the whole eye and the retina. However, when 
ease of use was compared among the five techniques, the 
pellet pestle and the Dounce homogenizer were considerably 
more involved and time-consuming as they require that tissue 
be sheared by hand, one sample at a time. Additionally, these 
manual tissue-grinding methods were necessarily subjective 
in terms of force and speed. This made it virtually impossible 
to control for the consistency of treatment between different 
samples and technicians, potentially adding unwanted vari-
ability into an experiment.

The pellet pestle and Dounce techniques were also less 
effective at fully dispersing the whole eye into a uniform 
homogenate and produced the lowest quantity of RNA from 
the whole eye. Collecting RNA from the whole eye in some 
instances is a desirable approach. If the mRNA of interest is 
expressed in only one tissue or cell type (e.g., the trabecular 
meshwork or the RPE), then obtaining the mRNA from the 
whole eye is just as useful and much easier than performing 
difficult dissections to obtain mRNA from specific cells.

When the remaining three techniques were compared, 
the bullet blender was more difficult to use because it 
required aliquoting the small beads without spilling them. 
The remaining two techniques, the set screw method and 
TissueLyser, produced comparable amounts of RNA from the 
whole eye, although the TissueLyser produced more RNA 
from the retina samples. In addition, the two techniques were 
virtually identical in ease of use for the technician, the only 
difference being that the TissueLyser has a built-in timer 
allowing for an identical homogenization duration for all 
samples. Although the TissueLyser technique had the highest 
total RNA yield, the initial $5,383 cost of the machine and 
the additional $1,114 for the required tube adaptor makes this 
technique a less favorable option for many laboratories.

Overall, we favor the novel set screw method for homog-
enizing whole eye and retinal samples. The set screws are 
very inexpensive and homogenize tissue well. Similar to the 
bullet blender and TissueLyser, each sample is homogenized 
by the set screw method in the sample’s own individual closed 
tube. This greatly reduces the chance of cross contamination 

among samples. In addition, the set screws, similar to the 
ball bearings used in the TissueLyser, are paramagnetic and 
can be removed from the sample tube easily before RNA is 
extracted using a strong magnet. The set screw is less expen-
sive, saves time, reduces errors, and is capable of evenly 
dispersing the sclera and the cornea. Additionally, the set 
screw method is an efficient and cost-effective alternative to 
far more expensive devices that use beads, such as the bullet 
blender or TissueLyser. We believe that the set screw method 
is a highly viable option for laboratories that would like 
the capacity to homogenize numerous whole eye or retinal 
samples at once without making a large capital purchase.

APPENDIX 1. ANOVA MULTIPLE COMPARISON 
ANALYSIS COMPARED THE MEAN RNA 
YIELD FROM RETINAL SAMPLES FOR EACH 
TECHNIQUE AGAINST THE MEAN RNA YIELD 
FROM EVERY OTHER TECHNIQUE.

Column 1 states the name of the two techniques that are 
being directly compared to one another. Column 2 states 
the p value after being corrected for multiple comparisons. 
Column 3 indicates whether the p value in Column 1 is statis-
tically significant or not (p value <0.05). Column 4 states a 
summary of the significant level as indicated by asterisks 
(n.s.=not significant ; p value <0.05=* ; p value <0.01=** 
; p value <0.001=*** ; p value <0.0001=****). If statistical 
significance is achieved, the first technique listed in Column 
1 yielded higher amounts of RNA. To access the data, click 
or select the words “Appendix 1.”

APPENDIX 2. ANOVA MULTIPLE COMPARISON 
ANALYSIS COMPARED THE MEAN RNA YIELD 
FROM WHOLE EYE FOR EACH TECHNIQUE 
AGAINST THE MEAN RNA YIELD FROM EVERY 
OTHER TECHNIQUE.

Column 1 states the name of the two techniques that are 
being directly compared to one another. Column 2 states 
the p value after being corrected for multiple comparisons. 
Column 3 indicates whether the p value in Column 1 is statis-
tically significant or not (p value <0.05). Column 4 states a 
summary of the significant level as indicated by asterisks 
(n.s.=not significant ; p value <0.05=* ; p value <0.01=** 
; p value <0.001=*** ; p value <0.0001=****). If statistical 
significance is achieved, the first technique listed in Column 
1 yielded higher amounts of RNA. To access the data, click 
or select the words “Appendix 2.”
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APPENDIX 3. ANOVA MULTIPLE COMPARISON 
ANALYSIS COMPARED THE MEAN 260 NM TO 280 
NM ABSORBANCE FROM RETINAL SAMPLES FOR 
EACH TECHNIQUE AGAINST THE MEAN RNA 
YIELD FROM EVERY OTHER TECHNIQUE.

Column 1 states the name of the two techniques that are 
being directly compared to one another. Column 2 states 
the p value after being corrected for multiple comparisons. 
Column 3 indicates whether the p value in Column 1 is statis-
tically significant or not (p value <0.05). Column 4 states a 
summary of the significant level as indicated by asterisks 
(n.s.=not significant ; p value <0.05=* ; p value <0.01=** 
; p value <0.001=*** ; p value <0.0001=****). If statistical 
significance is achieved, the first technique listed in Column 
1 has a higher ratio of absorbance 260 nm to 280 nm. To 
access the data, click or select the words “Appendix 3.”

APPENDIX 4. ANOVA MULTIPLE COMPARISON 
ANALYSIS COMPARED THE MEAN 260NM 
TO 280NM ABSORBANCE FROM WHOLE EYE 
SAMPLES FOR EACH TECHNIQUE AGAINST 
THE MEAN RNA YIELD FROM EVERY OTHER 
TECHNIQUE.

Column 1 states the name of the two techniques that are 
being directly compared to one another. Column 2 states 
the p value after being corrected for multiple comparisons. 
Column 3 indicates whether the p value in Column 1 is statis-
tically significant or not (p value <0.05). Column 4 states a 
summary of the significant level as indicated by asterisks 
(n.s.=not significant ; p value <0.05=* ; p value <0.01=** 
; p value <0.001=*** ; p value <0.0001=****). If statistical 
significance is achieved, the first technique listed in Column 
1 yielded higher ratio of absorbance 260 nm to 280 nm. To 
access the data, click or select the words “Appendix 4.”

APPENDIX 5. ANOVA MULTIPLE COMPARISON 
ANALYSIS COMPARED THE RIN SCORES FROM 
RETINAL SAMPLES FOR EACH TECHNIQUE 
AGAINST THE MEAN RNA YIELD FROM EVERY 
OTHER TECHNIQUE.

Column 1 states the name of the two techniques that are 
being directly compared to one another. Column 2 states 
the p value after being corrected for multiple comparisons. 
Column 3 indicates whether the p value in Column 1 is statis-
tically significant or not (p value <0.05). Column 4 states a 
summary of the significant level as indicated by asterisks 
(n.s.=not significant ; p value <0.05=* ; p value <0.01=** ; 
p value <0.001=*** ; p value <0.0001=****). No statistical 

significance was achieved. To access the data, click or select 
the words “Appendix 5.”

APPENDIX 6. ANOVA MULTIPLE COMPARISON 
ANALYSIS COMPARED THE RIN SCORES FROM 
WHOLE EYE SAMPLES FOR EACH TECHNIQUE 
AGAINST THE MEAN RNA YIELD FROM EVERY 
OTHER TECHNIQUE.

Column 1 states the name of the two techniques that are 
being directly compared to one another. Column 2 states 
the p value after being corrected for multiple comparisons. 
Column 3 indicates whether the p value in Column 1 is statis-
tically significant or not (p value <0.05). Column 4 states a 
summary of the significant level as indicated by asterisks 
(n.s.=not significant ; p value <0.05=* ; p value <0.01=** 
; p value <0.001=*** ; p value <0.0001=****). If statistical 
significance is achieved, the first technique listed in Column 
1 yielded higher RIN scores. To access the data, click or 
select the words “Appendix 6.”
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