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A B S T R A C T   

The genomes of immortalized cell lines (and cancer cells) are characterized by multiple types of aberrations, 
ranging from single nucleotide polymorphisms (SNPs) to structural rearrangements that have accumulated over 
time. Consequently, it is difficult to estimate the relative impact of different aberrations, the order of events, and 
which gene functions were under selective pressure at the early stage towards cellular immortalization. Here, we 
have established novel cell cultures derived from Drosophila melanogaster embryos that were sampled at multiple 
time points over a one-year period. Using short-read DNA sequencing, we show that copy-number gain in 
preferentially stress-related genes were acquired in a dominant fraction of cells in 300-days old cultures. 
Furthermore, transposable elements were active in cells of all cultures. Only a few (<1%) SNPs could be followed 
over time, and these showed no trend to increase or decrease. We conclude that the early cellular responses of a 
novel culture comprise sequence duplication and transposable element activity. During immortalization, positive 
selection first occurs on genes that are related to stress response before shifting to genes that are related to 
growth.   

1. Introduction 

Immortalized cell line and cancer cell genomes evolve at multiple 
levels that range from single nucleotide polymorphisms (SNPs) [1,2] to 
large structural rearrangements (>1 kbp insertions, deletions, in-
versions, duplications, and translocations) [3,4] and chromosomal 
restructuring (e.g., chromothripsis) [5]. In Drosophila, established cell 
lines demonstrate changes in copy number of a large part of their ge-
nomes, favoring gains in gene functions related to anti-apoptosis, pro--
survival, positive cell cycle regulators, and proto-oncogenes, and losses 
in functions related to pro-apoptosis, negative cell cycle regulators, and 
tumor suppressors [4]. In addition to copy number, recent publications 
have shown that transposable elements propagate, uniquely character-
izing cell-line stocks [1], and using long-read sequencing data, that 
sequence duplications occur in tandem in the commonly used S2-DRSC 
stock [6]. As established cell lines harbor mutations at multiple levels 
that have occurred in unknown order, it is not trivial to identify the 
driver mutations during cell-line evolution. In addition, even if mature 
cell lines have accumulated many SNPs, copy-number changes and 
novel transposable-element insertions, we still do not know at what rates 

these events occur at different stages of cell line evolution, and their 
relative importance in generating changes that selection can act upon. It 
has been shown that cell lines continuously evolve, resulting in genetic 
variance between and within cell lines [1,7,8]. The same is true for 
cancer cells which, for example, can evolve resistance to anti-cancer 
drugs [9]. Therefore, the early adaptations towards immortality will 
be hard to identify in studies of late-stage cancers and established cell 
lines. Taken together, this underscores the need to further investigate 
how cells evolve for improving cancer therapeutics and to ensure 
adequate use of cell lines as model systems. In this article, we will focus 
on the early adaptations towards cellular immortality. A previous study 
by Dequéant et al. [10] investigated expression in a time-series of novel 
RAS-transformed cell isolates. Their results show that parallel cell cul-
tures converge on a similar expression profile. 

Here, we establish multiple parallel cell cultures from Drosophila 
melanogaster embryos without treatment (to capture a “natural” 
immortalization) that we sample at about 100-day intervals for >300 
days. We show that transposable elements were active at varying rates in 
all samples and that gains in copy number increase over time in related 
(same progenitor) cultures, indicating that these events occur early, 
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potentially to enable rapid adaptation to a novel environment (as 
opposed to late and fine-tuning events). Genes that underwent copy- 
number gain are functionally enriched by stress-related ontology 
which suggests that cells are initially selected for resilience. 

2. Materials and Methods 

2.1. Establishment of cell culture samples 

To establish new potential primary cell lines (PCs), we collected 
0–17 h old embryos from the isogenic strain; w1118

ISO /Dp (1:Y)y + ISO;2-
ISO;3ISO. For each collection we used 50 bottles, containing roughly 200 
flies each that were able to lay eggs on apple-juice plates containing 
sterilized yeast paste. For each replicate (A-J), debris (e.g., dead flies) 
from 5 egg-laying plates were removed and the embryos were rinsed 
with MQ water and pooled into a collection cage. To get rid of yeast and 
other contaminants, the embryos were further washed in MQ water 
before treated in Bleach-Triton solution (5.6% Na-hypochlorite, 0.025% 
Triton X-100) for 15 min with agitation. The following steps were per-
formed using sterile techniques. The Bleach solution was removed, and 
the embryos were rinsed thoroughly with MQ water before transferred 
to a 2 ml glass homogenizer (Wheaton, clearance 0.09–0.16 mm) con-
taining 1 ml of M3 culture medium (Shields and Sang), supplemented 
with 20% heat inactivated Fetal Bovine Serum and antibiotics: Penicillin 
(60 μg/ml), Streptomycin (100 μg/ml), and Gentamycin (50 μg/ml). The 
embryos were homogenized with 5–7 strokes and the suspension was 
incubated for about 2–3 min to let the vitellus supernatant separate from 
the embryo fragments. The embryo homogenate was then divided into 
three fractions (supernatant, middle and bottom), and each fraction was 
dispensed into a cell-culture flask (12.5 cm2) containing 1.5 ml of M3 
culture medium and incubated at 25 ◦C. 

2.2. Sample cultivation, sampling, and DNA extraction 

The cells were allowed to grow without disturbance for 2 weeks and 
flasks with contamination or where intact embryos had developed into 
flies or pupas were then discarded. The cells were documented and taken 
care of frequently (i.e., split/diluted). Culture flasks with no detectable 
cells or clear contaminations were continuously discarded throughout 
the experiment. An example of a culture flask with detectable cells at 
multiple time points is presented in Supplementary Fig. S1. When the 
cell density reached an estimated concentration of 0.5–1x106 cells/ml, 
1 ml cell suspension was collected in a 1.5 ml DNA LoBind Eppendorf 
tube and pelleted for 5 min at 1000×g. Exact cell counts were not 
determined to avoid disturbing the cells. The supernatant was removed 
before the cells were snap frozen in liquid nitrogen and stored in 
− 150 ◦C until the DNA extraction. For DNA extraction of the primary 
cell lines, the pellet was resuspended in 467 μl 1% SDS Lysis buffer (1% 
SDS, 10 mM EDTA, 50 mM Tris-HCl pH 8,1) and incubated for 10 min on 
ice. To the sample, 3 μl of Proteinase K (20 mg/ml) was added and gently 
mixed followed by incubation for 1 h at 37 ◦C. The DNA was then 
recovered by adding one volume of phenol followed by mixing and 
centrifugation at 13,000×g for 2 min. The aqueous phase containing the 
DNA was extracted, and the procedure was repeated using 1x phenol/ 
chloroform, 1x chloroform, and finally the DNA was precipitated with 
ethanol. Lastly, the DNA was washed with 70% ethanol, dried, and 
resolved in 10 μl Nuclease free water. 

For reference embryo DNA extraction, embryos from 5 egg-laying 
plates (from the same flies as replicate C above) were collected and 
washed with MQ water and dechorionated for 15 min in Bleach-Triton 
solution (5.6% Na-hypochlorite, 0.025% Triton X-100). The embryos 
were again rinsed with water, followed by a final wash with M3 culture 
medium before they were transferred to 1.5 ml Eppendorf DNA LoBind 
tube. The embryos were allowed to sink to the bottom of the tube and 
excess medium was removed. Thereafter 467 μl 1% SDS Lysis buffer (1% 
SDS, 10 mM EDTA, 50 mM Tris-HCl pH 8,1) was added and the embryos 

were homogenized with a Disposable Pestle for centrifuge tubes and 
incubated for 10 min on ice. To the sample, 3 μl of Proteinase K (20 mg/ 
ml) was added, gently mixed, and incubated for 1 h at 37 ◦C. The DNA 
was recovered by 2x phenol/chloroform and 1x chloroform extraction 
followed by ethanol precipitation, as described above. The precipitated 
DNA was washed with 70% ethanol, dried and resolved in 50 μl 
Nuclease free water. 

2.3. Library preparation and sequencing 

Depending on the DNA concentration, libraries were prepared from 
either 2 ng or 10 ng using the SMARTer ThruPLEX DNA-seq Prep Kit 
(R400676 + R400660, Takara Bio) according to the manufacturers’ 
protocol (101,718). The libraries were first loaded onto one SP lane and 
sequenced on an Illumina NovaSeq 6000, producing paired-end 150 bp 
read lengths using v1 sequencing chemistry. Since we did not get a 
sufficient number of reads, a second sequencing was done using the 
same sequencing technique and libraries as before but loaded on one S4 
lane instead. 

2.4. Data availability 

Sequencing data generated in this study is available at the NCBI 
Sequence Read Archive (SRA) database at https://www.ncbi.nlm.nih. 
gov/sra under Bioproject accession number PRJNA841064. Python 
scripts used can be found at Github under the link https://github. 
com/jaclew/celline_timelines. 

2.5. Read dataset pre-processing and alignment 

Trimming of read adapter sequence was performed on the raw 
sequencing datasets using Trimmomatic [11] version 0.39 software in 
PE (paired end) mode and arguments “ILLUMINACLIP:TruSeq3-PE. 
fa:2:30:10 LEADING:3 TRAILING:3 SLIDINGWINDOW:4:15” to identify 
adapters and MINLEN:60 to discard reads shorter than 60 nucleotides 
after trimming. Trimmed read datasets (read pairs passing Trimmo-
matic: both forward and reverse, forward only, and reverse only) were 
aligned to Drosophila melanogaster reference genome version 6.12 [12] 
using BWA [13] version 0.7.17-r1188 mem command, aligning trimmed 
datasets where both reads passed as paired-end reads and aligning 
trimmed datasets where one read in the pair passed as single-end reads. 
The aligned datasets were combined into one alignment file using 
Samtools [14] version 1.9 and the combined alignment was sorted using 
Sambamba [15] version 0.6.9. A sample read group identifier was 
assigned to the alignment files using the Picard [16] version 
2.20.1-SNAPSHOT AddOrReplaceReadGroups command. Duplicates 
were removed using the Picard MarkDuplicates command. 

2.6. Genome annotations 

Annotation of features (e.g., genes) were obtained from Flybase [12]. 
Repetitive sequence was identified by subjecting the reference genome 
to RepeatMasker [17] version open-4.0.7 software using arguments fly 
as species and the Repbase library [18] as repeat sequence library. 

2.7. Identification of SNPs 

To call single nucleotide polymorphisms (SNPs), alignment files were 
subjected to GATK (Broad Institute) version 4.2.1.0 Mutect2 command 
using default settings. In the tumor-normal SNP calling, the embryo 
dataset was used normal and culture samples as tumor. Called SNPs 
were filtered out if supported by any read in the embryo dataset, if 
overlapping repetitive sequence, if inserting or deleting more than one 
nucleotide (e.g., a multiple nucleotide polymorphism), and if more than 
two samples had a coverage less than 10X at the SNP location. For each 
sample, the distribution of SNP read support was computed in 10% bins, 
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starting at 5% (I.e., no count was made for samples where less than 5% 
of reads were supportive of the SNP). The percent of reads supportive of 
the SNP was determined from the AF-tag reported by Mutect2. To 
visualize the read support for SNPs over time in related samples (sam-
ples with the same progenitor), SNPs were selected where all the related 
samples had at least one supportive read and at least one sample had 
>25% supportive reads. These SNPs were plotted as lines using Mat-
plotlib [19] Python package. 

2.8. Identification of transposable elements 

Transposable elements were called from the alignment files using 
Jitterbug [20] version 1.0 software using default settings. Transposable 
element locations in the reference genome were obtained from the 
Flybase annotation file, selecting all entries of “transposable_element” in 
the 3rd column of the GFF file. To filter out transposable element calls 
that were due to reference errors (I.e., that occurred in the progenitor 
fly), calls were filtered out if overlapping within 1 kbp to a call from the 
embryo dataset or in a non-related sample (it is highly unlikely that 
insertions occur at the similar loci independently in multiple samples). 

2.9. Identification of copy number deviation 

To call copy number (in 1 kbp bins) from the alignment files, Control- 
FREEC [21] version 11.4 software was used with default settings and 
ploidy set to 2. Using the copy number ratio output bedgraph file, copy 
number deviation (per sample) relative to the embryo dataset was 
computed for genomic bins. Bins were filtered out if overlapping >10% 
to repetitive sequence. Sample copy number deviation ratios were 
ignored if > 2. 

2.10. Consecutive bin copy number gain or loss 

To identify gain or loss of copy number for each sample, non- 
repetitive bins (<10% overlap to repetitive sequence) and with a copy 
number ratio <10 were selected. The average and standard deviation of 
copy-number ratios was computed for each chromosome. Copy-number 
gain (loss) was defined as a bin copy-number ratio greater (lesser) than 
the chromosome average bin value plus (minus) one standard deviation. 
Copy-number gain (loss) regions were ignored if co-occurring with a 
gain (loss) in the embryo dataset. Consecutive bins of copy-number gain 
or loss were identified by using a sliding window to locate 5 adjacent 
bins (ignoring intermediate bins that were filtered out as described 
above) of copy-number gain (loss) classification. 

2.11. Gene functional enrichment of copy number gain 

In samples of consecutive copy-number gain bins, genes that over-
lapped consecutive copy-number gain bins in non-intronic regions were 
listed and output. Using the DAVID [22] version 6.8 software Functional 
Annotation Clustering tool, the gene lists were clustered by functional 
enrichment. 

2.12. Copy number gain in categorized stress genes 

Stress response gene lists were obtained from Ref. [23] that are 
experimentally categorized as related to “age” [24], N = 914, “starva-
tion” [25], N = 445, and “infection” [26], N = 399. Genes that over-
lapped copy-number gain windows were matched against each 
categorized gene list. The expected gene count was determined by the 
proportion of each gene category relative to the total gene count in the 
genome (5.16%, 2.51%, and 2.25%, for categories “age”, “starvation”, 
and “infection, respectively) based on the number of genes overlapping 
copy-number gain windows. Rows where the expected gene count was 
<5 were excluded (removing 13 of 27 rows). Although the indepen-
dence criteria cannot be met (genes are not independently distributed in 
the genome), a χ2 test was performed using the Excel CHISQ. TEST 
function under the null hypothesis that the observed counts were not 
different from the expected counts and a significance level of 0.05. 

3. Results and discussion 

To study the early mutations of isolated cells (including those 
involved in immortalization) over time, hundreds of parallel cultures 
were established from Drosophila melanogaster embryos without trans-
formation treatment and cultured for >300 days. Cultures with visible 
cell counts were sampled at intervals of (roughly) 100 days and cultures 
that grew dense were split and/or diluted. Out of 300 cultures, 18 were 
eligible for sampling (see Methods). Ten of the cultures were sampled at 
more than one time-point. In total, 43 samples were collected at 
approximately 100 days (15 samples), 200 days (16 samples), and 300 
days (12 samples). All samples (and non-cultured embryos, to serve as a 
reference for mutation calls) were Illumina-sequenced to a median 
depth of 59X after alignment to the reference genome (Fig. 1A). 

We called SNPs using the GATK Mutect2 (Broad Institute) pipeline 
(using matched tumor-normal mode to filter out sample SNPs that exist 
in the progenitor embryo cells) and filtered out SNPs that had <10X 
coverage in >2 samples or overlapped repeat-annotated regions. 
Counting of SNPs (supported by >5% of reads) showed that all samples 
had preferentially low-frequent (5–15% read support) SNPs. There is a 
slight trend in older samples to carry a higher proportion of SNPs 

Fig. 1. The median sequencing depth is 59X and 
samples have primarily low-frequent single nucleotide 
polymorphisms (SNPs). (A and B) Samples (X-axis) are 
colored by approximate age in days (100 in light gray, 
200 in gray, 300 in black) and related samples (of the 
same progenitor culture) are separated from non- 
related samples by a dotted vertical line. (A) Median 
dataset coverage (Y-axis) of reads mapped to the 
reference genome after trimming. The embryo dataset 
coverage is indicated by a non-filled bar. (B) Propor-
tion (Y-axis) of SNPs (filtered from SNPs that existed 
in the embryo genotype) supported by >25% of reads. 
Almost all samples have <1% of SNPs with >25% 
read support (SNPs in one haplotype in at least half of 
the cells) showing that most SNPs exist in low- 
frequent clones. The tree below the X-axis indicates 
the history of each line.   
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supported by >25% of reads (Fig. 1B). Because few (<1%) SNPs sup-
ported by >25% of reads in any sample had read support in related 
samples (same progenitor culture) and these SNPs had no clear trend to 
increase or decrease over time (Supplementary Fig. S2), we make no 
further analysis based on SNPs. 

Since transposable elements are known to be active in established 
cell lines [1,6], we quantified the abundance of transposable element 
insertions using Jitterbug software [20]. Transposable-element in-
sertions were called (requiring at least 2 supportive reads) from read 
alignments and filtered from calls due to reference-errors (insertions in 
the progenitor fly vs. the reference genome). The samples displayed 
varying activity of transposable elements with no trend between related 
samples (Fig. 2). A majority (30 of 43) of samples were dominated by 
insertions of elements belonging to the long terminal repeat roo retro-
transposon family which is commonly enriched in Drosophila cell lines 
[1]. We conclude that transposable elements continuously propagate 
with early onset as cells are cultured (in line with the findings by Di 
Franco et al. [27]) but stress the limitations of short reads to discover 
transposable element insertion. 

Next, we identified copy-number alterations using read coverage. To 

call copy number, the genome was divided into 1 kbp bins that were 
assigned with a copy-number ratio using the Control-FREEC software 
[21]. Bins were filtered out if overlapping >10% to repeat annotated 
sequence or had a copy number ratio >10. We first calculated 
copy-number deviations between each sample and the embryo. Older 
samples had more regions where the copy-number deviated >0.4, 
meaning a 40% increase in copy-number compared to the embryo 
(Fig. 3A), and were clearly enriched in deviations >1 (Fig. 3B), sug-
gesting that all cells of an old sample have one additional copy of a 
particular region, or that a fraction of the cells have multiple additional 
copies (e.g., half of the cells have two additional copies). Copy-number 
losses were much rarer in the older cell cultures (Supplementary 
Figs. S3A and S3B). In younger samples, the cultures had similar 
amounts of increased or decreased copy number. This illustrates that 
samples accumulate copy number gain over time and indicate that a few 
clones dominate older cultures. To quantify the relative abundance of 
copy-number gain or loss within each culture we re-classified copy--
number gain (loss) as a region where the ratio was above (below) one 
standard deviation of the chromosome average, calculated in bins of 1 
kbp. To focus on copy-number gain (loss) of larger regions, copy-number 

Fig. 2. Transposable elements propagate in the cells. 
The abundance (Y-axis) of transposable element 
insertion calls (filtered out where sample and embryo 
or sample and a non-related sample overlapped, see 
Materials and Methods) for the samples (X-axis). The 
approximate sample age is indicated by light gray 
(100 days), gray (200 days), or black (300 days) and 
related samples (of the same progenitor culture) are 
separated from non-related samples by a dotted ver-
tical line. All samples show varying rates of trans-
posable elements with no trend between related 
samples. The tree below the X-axis indicates the his-
tory of each line.   

Fig. 3. The proportion of cells with copy-number gain 
increases over time and preferentially in stress 
response gene regions. (A and B) Copy-number devi-
ation compared to embryo in non-repetitive 1 kbp 
genomic bins. (A) Proportion of bins (Y-axis) with a 
copy number deviation >0.4 (e.g., 40% of cells has 
one additional copy). Most samples of 100 and 200 
days show low and relatively similar rates of copy- 
number gain in e.g., at least 40% of the cells (or two 
copies in at least 20% of the cells) compared to old 
(300 day) samples, where four datasets have a copy- 
number gain of 40% in more than 10% of genomic 
bins. Copy-number losses were much rarer, see Sup-
plementary Figure S3, A and B. (B) Proportion of bins 
(Y-axis) with a copy number deviation >1. Old sam-
ples are comprised of cells that all carry one addi-
tional copy or of dominant clones that carry multiple 
copies in around one to two percent of the genome. 
(C) Number of 5 kbp genomic windows (Y-axis) with 
copy-number gain (defined as a copy-number ratio 
greater than the chromosome average plus one stan-
dard deviation in five non-repetitive 1 kbp bins, see 
Materials and Methods for details). For the nine 
samples with the most abundant copy-number gains, 
the number of genes that are covered are indicated 
above the bar. Old samples are clearly abundant in 
regions of copy-number gain (copy-number losses 
were rare, see Supplementary Fig. S3C), of which the 
covered genes are preferentially related to stress 
response (determined by functional clustering of the 
genes, see Supplementary Table 1). (A–C) The 

approximate sample age is indicated by light gray (100 days), gray (200 days), or black (300 days) and related samples (of the same progenitor culture) are separated 
from non-related samples by a dotted vertical line. The tree below the X-axis indicates the history of each line.   
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gain (loss) was identified in windows of 5 kbp. Most samples showed no 
or very low copy-number gain (loss) in a 5 kbp window, however, older 
samples (Supplementary Fig. S3C) were clearly enriched for preferen-
tially copy number gain (Fig. 3C). Since identified copy-number changes 
potentially reflect a selection for gene functions, we next performed 
functional clustering of genes within windows showing copy-number 
gain using the DAVID tool [22]. In the 9 samples with most abundant 
copy-number gains, the most enriched functional cluster was associated 
with stress response (Supplementary Table S1). To visualize the 
magnitude of copy-number gain and trends in samples of different age 
for stress-related genes, we plotted the average copy number for 
age-grouped samples, showing that older samples acquired more copies 
of stress-related genes (>1 additional copy, see Fig. 4). To further 
characterize the stress response, genes that were overlapped by 
copy-number gain windows were matched against lists from Ref. [23] 
where the genes are categorized as related to “age” [24], “starvation” 
[25], and “infection” [26]. A significant enrichment for matched genes 
were found in the categories “age” (P < 0.005) and “starvation” (P <
0.001) but not for “infection” (P > 0.05). We conclude that the popu-
lation of cells preferentially acquire copy-number gain in specific gene 
functions (primarily related to stress response and particularly related to 
aging and starvation) and that copy number variation is a rapid way to 
modulate the transcriptional landscape to a novel environment. In the 
context of established cell lines, that show a positive selection on 
growth-related pathways [4], our results suggest that cells need to 
become resilient to stress before focusing on growth. However, the 
primary cultures shown here (followed over a 1-year period) showed 
varying rates of growth and were still heterogeneous in terms of SNP 
diversity. This indicates that even longer timespans are necessary to 
capture the events leading to truly immortalized cell lines, unless 
inducing immortality through, e.g., RAS-transformation. 

4. Conclusions 

This study used a unique experimental design to capture the early 
events of isolated (non-transformed) cells using DNA sequencing. Our 
results indicate that activation of transposable elements and an increase 
in sequence duplications comprise the early responses to a novel culture 
environment, where positive selective pressure occurs on duplicated 
genes related to stress response. Although we clearly see that older 
samples are dominated by only a few clones, we cannot separate how 

much of this is explained by resilience or a proliferative advantage since 
we were unable to accurately measure exact cell counts with our 
experimental setup. However, it is likely that coping with general stress 
is an early response, potentially directing the possible paths to successful 
immortalization. Compared to established cell lines, our results favor a 
model where the selective pressure over time shifts from stress tolerance 
to pro-growth. 
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Z. Zhang, A.N. Brooks, M.W. Fittall, I. Martincorena, C. Rubio-Perez, M. Juul, 
S. Schumacher, O. Shapira, D. Tamborero, L. Mularoni, H. Hornshøj, J. Deu-Pons, 
F. Muiños, J. Bertl, Q. Guo, A. Gonzalez-Perez, Q. Xiang, W. Bazant, E. Barrera, S. 
T. Al-Sedairy, A. Aretz, C. Bell, M. Betancourt, C. Buchholz, F. Calvo, 
C. Chomienne, M. Dunn, S. Edmonds, E. Green, S. Gupta, C.M. Hutter, K. Jegalian, 
N. Jones, Y. Lu, H. Nakagama, G. Nettekoven, L. Planko, D. Scott, T. Shibata, 
K. Shimizu, M.R. Stratton, T. Yugawa, G. Tortora, K. VijayRaghavan, J. 
C. Zenklusen, D. Townend, B. Aminou, J. Bartolome, K.A. Boroevich, R. Boyce, 
A. Buchanan, N.J. Byrne, Z. Chen, S. Cho, W. Choi, P. Clapham, M.T. Dow, L. 
J. Dursi, J. Eils, C. Farcas, N. Fayzullaev, P. Flicek, A.P. Heath, O. Hofmann, J. 
H. Hong, T.J. Hudson, D. Hübschmann, S. Ivkovic, S.H. Jeon, W. Jiao, R. Kabbe, 
A. Kahles, J.N.A. Kerssemakers, H. Kim, J. Kim, M. Koscher, A. Koures, 
M. Kovacevic, C. Lawerenz, J. Liu, S. Mijalkovic, A.M. Mijalkovic-Lazic, S. Miyano, 
M. Nastic, J. Nicholson, D. Ocana, K. Ohi, L. Ohno-Machado, T.D. Pihl, M. Prinz, 
P. Radovic, C. Short, H.J. Sofia, J. Spring, A.J. Struck, N. Tijanic, D. Vicente, 
Z. Wang, A. Williams, Y. Woo, A.J. Wright, L. Yang, M.P. Hamilton, T.A. Johnson, 
A. Kahraman, M. Kellis, P. Polak, R. Sallari, N. Sinnott-Armstrong, C. von Mering, 
S. Beltran, D.S. Gerhard, M. Gut, J.R. Trotta, J.P. Whalley, B. Niu, S.M.G. Espiritu, 
S. Gao, Y. Huang, C.M. Lalansingh, J.W. Teague, M.C. Wendl, F. Abascal, G. 
D. Bader, P. Bandopadhayay, J. Barenboim, S. Brunak, J. Carlevaro-Fita, 
D. Chakravarty, C.W.Y. Chan, J.K. Choi, K. Diamanti, J.L. Fink, J. Frigola, 
C. Gambacorti-Passerini, D.W. Garsed, N.J. Haradhvala, A.O. Harmanci, M. Helmy, 
C. Herrmann, A. Hobolth, E. Hodzic, C. Hong, K. Isaev, J.M.G. Izarzugaza, 
R. Johnson, R.I. Juul, J. Kim, J.K. Kim, Jan Komorowski, A. Lanzós, E. Larsson, 

D. Lee, S. Li, X. Li, Z. Lin, E.M. Liu, L. Lochovsky, S. Lou, T. Madsen, K. Marchal, 
A. Martinez-Fundichely, P.D. McGillivray, W. Meyerson, M. Paczkowska, K. Park, 
K. Park, T. Pons, S. Pulido-Tamayo, I. Reyes-Salazar Rubin, L. Salichos, C. Sander, 
S.E. Schumacher, M. Shackleton, C. Shen, R. Shrestha, S. Shuai, T. Tsunoda, H. 
M. Umer, L. Uusküla-Reimand, L.P.C. Verbeke, C. Wadelius, L. Wadi, J. Warrell, 
G. Wu, J. Yu, J. Zhang, X. Zhang, Y. Zhang, Z. Zhao, L. Zou, M.S. Lawrence, B. 
J. Raphael, P.J. Bailey, D. Craft, M.J. Goldman, H. Aburatani, H. Binder, H.Q. Dinh, 
S.C. Heath, S. Hoffmann, C.D. Imbusch, H. Kretzmer, P.W. Laird, J.I. Martin- 
Subero, G. Nagae, H. Shen, Q. Wang, D. Weichenhan, W. Zhou, B.P. Berman, 
B. Brors, C. Plass, K.C. Akdemir, D.D.L. Bowtell, K.H. Burns, J. Busanovich, 
K. Chan, A. Dueso-Barroso, P.A. Edwards, D. Etemadmoghadam, J.E. Haber, D.T. 
W. Jones, Y.S. Ju, M.D. Kazanov, Y. Koh, K. Kumar, E.A. Lee, J.J.K. Lee, A. 
G. Lynch, G. Macintyre, F. Markowetz, F.C.P. Navarro, J.V. Pearson, K. Rippe, 
R. Scully, I. Villasante, N. Waddell, L. Yang, X. Yao, S.S. Yoon, C.Z. Zhang, E. 
N. Bergstrom, A. Boot, K. Covington, A. Fujimoto, M.N. Huang, S.M.A. Islam, J. 
R. McPherson, S. Morganella, V. Mustonen, A.W.T. Ng, S.D. Prokopec, I. Vázquez- 
García, Y. Wu, F. Yousif, W. Yu, S.G. Rozen, V.A. Rudneva, S.S. Shringarpure, D. 
J. Turner, T. Xia, G. Atwal, D.K. Chang, S.L. Cooke, B.M. Faltas, S. Haider, V. 
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