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DNA sequencing technology has significantly advanced over the past five decades, particularly with 
the introduction of next-generation sequencing (NGS) platforms like Illumina’s NovaSeq. In October 
2023, Sikun introduced the Sikun 2000, a desktop NGS platform designed for rapid, cost-effective 
sequencing with up to 200 Gb of data per run. This study is the first to evaluate the performance of 
the Sikun 2000 in whole genome sequencing (WGS) and compares it with the Illumina NovaSeq 6000 
and NovaSeq X platforms using five well-characterized human Genomes in a Bottle dataset. Results 
show that the Sikun 2000 performs competitively in variant detection, particularly excelling in single 
nucleotide variant accuracy. It also demonstrated a higher sequencing depth and lower proportion of 
low-quality reads than the NovaSeq platforms. However, its performance in insertion-deletion (Indel) 
detection was slightly lower than that of NovaSeq platforms. Overall, the Sikun 2000 is a qualified 
sequencing platform for WGS, and further evaluation in clinical and research applications is required as 
data continues to accumulate.
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Over the past five decades, DNA sequencing technology has advanced remarkably, both in technical capabilities 
and the breadth of its applications across life sciences research1. Next-generation sequencing (NGS), in 
particular, has revolutionized high-throughput sequencing, surpassing the earlier Sanger sequencing method2 
by offering greater scalability, efficiency, and cost-effectiveness. Taking these advantages, researchers could 
obtain the information of all genes in one whole genome sequencing (WGS), which has greatly accelerated the 
implementation of several global genomic initiatives, such as the 1000 Genomes Project3 and the International 
HapMap Project4.

Following the completion of the Human Genome Project5,6, the first second-generation sequencing platform 
for short-read sequencing, Roche 454, was introduced in 20157. Since then, three major short-read sequencing 
platforms have emerged: Illumina (NextSeq, NovaSeq, etc.)8, MGI (BGISEQ-500, MGISEQ-2000, etc.)9, and 
Thermo Fisher (SOLiD, Ion Torrent, etc.)10. Among these, Illumina has maintained a leading market position11. 
In 2017 and again in 2022, Illumina introduced the NovaSeq 6000 and the NovaSeq X, respectively. These 
models, integrating cutting-edge two-color optics and patterned flow cell technology, quickly became the widely 
utilized sequencing platforms. As the scope of NGS applications continues to expand, developers are consistently 
introducing new platforms to meet the evolving demands of diverse research scenarios.

In October 2023, Sikun introduced its latest desktop NGS platform for short-read sequencing, the Sikun 
2000, based on sequencing by synthesis (SBS) technology and reversible terminator chemistry. In addition to 
significant enhancements to its optical system, which incorporates a microlens array to minimize light energy 
dissipation and reduce optical noise12, the Sikun 2000 also features advances in reagent chemistry. Specifically, 
Sikun developed and applied a modified nucleotide in which the fluorescent compound is linked via an ether-
containing heteroalkyl structure –(CH2)m–O–(CH2)n–COR, enhancing DNA polymerase affinity and thereby 
improving sequencing speed and accuracy13. The system also integrates a fluorescence image reconstruction 
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algorithm14 that corrects for pixel shifts and suppresses noise, further improving base-calling precision. The 
Sikun 2000 is capable of generating up to 200 Gb of data per run within 22 h, ensuring rapid, low-cost sequencing 
even with small sample volumes. However, its performance in WGS applications has yet to be evaluated within 
the scientific community.

In this study, we conducted a performance evaluation of the Sikun 2000 for WGS by comparing it with 
the NovaSeq 6000 and NovaSeq X platforms in short-read WGS. Using five well-characterized human samples 
(NA12878, NA24385, NA24149, NA24143, and NA24631), we assessed sequencing quality and variant detection 
accuracy across the three platforms. Our results demonstrate that the Sikun 2000 performs competitively in 
variant detection accuracy when compared to the NovaSeq 6000 and NovaSeq X.

Results
Comparison of data production
The DNA from five samples (HG001-HG005) was used in this study and was sequenced to > 30× on each 
platform. The data produced by three sequencing instruments were assessed using six evaluation metrics and 
identified distinct advantages for each platform. As illustrated in Table 1, for the base quality when measured 
by Q20, the Sikun 2000 showed a slightly higher percentage than NovaSeq 6000 (98.52% vs. 98.25%, p = 0.03, 
Wilcoxon signed-rank test, alternative="greater”) and a slightly lower than NovaSeq X (98.52% vs. 99.14%, 
p = 0.03, Wilcoxon signed-rank test, alternative="less”). When assessed with Q30, the Sikun 2000 had a lower 
percentage than NovaSeq 6000 (93.36% vs. 94.89%, p = 0.03, Wilcoxon signed-rank test, alternative="less”) and 
NovaSeq X (93.36% vs. 97.37%, p = 0.03, Wilcoxon signed-rank test, alternative="less”). However, Sikun 2000 
has a much lower proportion of low-quality reads compared to NovaSeq 6000 (0.0088% vs. 0.8338%, p = 0.03, 
Wilcoxon signed-rank test, alternative="less”) and NovaSeq X (0.0088% and 0.9780%, p = 0.03, Wilcoxon signed-
rank test, alternative="less”). Additionally, the distribution of reads quality and GC content were also measured 
using fastQC. Figure  1A shows that the mean sequence quality per read for all platforms was concentrated 
between Q30 and Q40. Specifically, Sikun 2000 exhibited a peak lower than that of NovaSeq X but superior to 

Fig. 1.  Quality control of the dataset from Sikun 2000, Novaseq 6000 and Novaseq X. (A) The overall quality 
score distribution of Sikun 2000, Novaseq 6000 and Novaseq X data. (B) The GC content distribution of Sikun 
2000, Novaseq 6000 and Novaseq X data.

 

Platform Sikun 2000 Novaseq 6000 Novaseq X

Parameter Average (std) Average (std) Average (std)

Reads (M) 610(0) 610(0) 610(0)

Bases (G ) 91.5(0) 91.5(0) 91.5(0)

GC (%) 41.1(0) 41.9(0.04) 42.1(0.09)

Q20 (%) 98.52(0.06) 98.25(0.08) 99.15(0.09)

Q30 (%) 93.36(0.21) 94.89(0.20) 97.36(0.27)

Low-quality reads (%) 0.0088(0.002) 0.8338(0.023) 0.9780(0.088)

Table 1.  Data production.
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NovaSeq 6000. The GC content was similar for the three platforms (Fig. 1B), and the distribution curves are 
almost identical.

The DNA from five samples (HG001-HG005) was sequenced and downsampled into the same number of 
reads.

Q20: the accuracy of bases is 99%.
Q30: the accuracy of bases is 99.9%.
Low-quality Reads: The reads with more than 40% of bases having a quality score below 15 or reads containing 

more than 5% ambiguous bases (Ns).

Comparison of reads alignment
The reads from three platforms were aligned to the human reference genome hg19 using BWA. As shown in 
Table 2, approximately 92% of bases were covered by at least one read, and more than 86% were covered by at 
least 10 reads, indicating comprehensive and uniform sequencing across the genome on all platforms. However, 
Sikun 2000 outperformed the other platforms in both average depth and duplication rate (Table 2; Fig. 2). Its 
average depth (24.48× ± 0.15) was significantly higher than both NovaSeq 6000 (20.41× ± 0.15) and NovaSeq 
X (21.85× ± 0.57) (P < 0.05, Wilcoxon signed-rank test, alternative="greater”). Additionally, Sikun 2000 had a 
significantly lower duplication rate (1.93% ± 0.15) compared to NovaSeq 6000 (18.53% ± 1.06) and NovaSeq X 

Fig. 2.  Comparison of average sequencing depth and duplication rate across different platforms.

 

Platform Sikun 2000 Novaseq 6000 Novaseq X

Parameter Average(std) Average(std) Average(std)

Clean reads(M) 610(0) 604(0) 604(0.4)

Mapped rate(%) 99.62(0.014) 99.90(0.005) 99.67(0.039)

Coverage (%) 92.01(0.31) 92.018(0.31) 92.01(0.31)

4x coverage (%) 91.64(0.26) 91.46(0.17) 91.51(0.19)

10x coverage (%) 88.13(0.45) 86.53(0.75) 87.49(0.86)

Average depth (×) 24.48(0.15) 20.41(0.15) 21.85(0.57)

Dup rate (%) 1.93(0.15) 18.53(1.06) 8.23(2.02)

Table 2.  Read alignment results.
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(8.23% ± 2.02) (P < 0.05, Wilcoxon signed-rank test, alternative="less”). These results highlight that Sikun 2000 
provides deeper coverage and generates fewer redundant reads, enhancing data quality and variant detection.

Comparison of variant detection
The variant detection was performed following the guidelines from GATK HaplotypeCaller15. The Jaccard 
similarity was used to measure the concordance between datasets from different sequencing platforms. As shown 
in Fig. 3, the mean concordance of common variants between Sikun 2000 and NovaSeq 6000 was approximately 
92.42%, which was similar to the mean concordance of common variants between Sikun 2000 and NovaSeq 
X (92.13%) for SNVs. The mean proportion of common Indels between Sikun 2000 and NovaSeq 6000 was 
approximately 66.63%, nearly identical to that of Sikun 2000 and NovaSeq X (65.22%). The average concordance 
for SNV and Indel detection between NovaSeq 6000 and NovaSeq X was 92.06% and 70.62%, respectively. For 
SNV detection, the inter-platform concordance between Sikun 2000 and the NovaSeq platforms was higher 
than the intra-platform concordance between the two NovaSeq platforms. However, for Indel detection, the 
intra-platform concordance between the two NovaSeq models was slightly higher than the inter-platform 
concordance between Sikun 2000 and the NovaSeq platforms.

To further evaluate the detection of genomic variants, we compared the F-score, Recall, and Precision for 
SNP and Indel calling between Sikun 2000, NovaSeq 6000, and NovaSeq X using the GIAB dataset. As shown in 
Fig. 4A and B, the average Recall, Precision, and F1-score for SNPs from Sikun 2000 were slightly higher than 
those of NovaSeq 6000 (97.24% vs. 97.02%; 98.48% vs. 98.30%; and 97.86% vs. 97.64%; P < 0.05 for all, Wilcoxon 
signed-rank test, alternative="greater”) and NovaSeq X (97.24% vs. 96.84%; 98.48% vs. 98.02%; and 97.86% vs. 
97.44%; P < 0.05 for all, Wilcoxon signed-rank test, alternative = “greater”). In terms of Indels, the performance 
of Sikun 2000 was not as strong as that of NovaSeq 6000 (83.08% vs. 87.08%; 84.46% vs. 86.46%; P < 0.05 for 
all, Wilcoxon signed-rank test, alternative="less”), but comparable to NovaSeq X (83.08% vs. 86.74%, P = 0.06; 
84.46% vs. 85.68%, P = 0.31, Wilcoxon signed-rank test, alternative="two-sided”) in Recall and F1-score. For 
Precision, Sikun 2000 slightly outperformed NovaSeq X (85.98% vs. 84.68%, P = 0.03, Wilcoxon signed-rank test, 
alternative="greater”) and performed similarly to NovaSeq 6000 (85.98% vs 85.80%, P = 0.19, Wilcoxon signed-
rank test, alternative="two-sided”).

In addition, we analyzed the categories of variants identified by the three sequencing platforms to assess their 
potential impact on downstream data analysis. A total of 23 variant-related features were evaluated for both 
true positive and false positive SNVs and Indels, including genomic location (e.g., exonic, intronic, splice sites), 
mutation type (e.g., synonymous, missense, nonsense), and predicted functional impact (e.g., high or low). 
Compared to the NovaSeq 6000 and NovaSeq X, the Sikun 2000 showed no statistically significant differences in 
recall of true positive SNVs and Indels across 10 evaluated categories, such as variants located in gene transcript 
regions, splice regions, and those predicted to have high functional consequences, including nonsense and stop-
gain mutations. Overall, the NovaSeq series (NovaSeq 6000 and NovaSeq X) detected a higher number of true 
positive variants than the Sikun 2000 in about 10 categories, including 5’ UTR regions, exonic regions, missense 
mutations, and predicted to be low-impact variants. Conversely, the NovaSeq platforms also generated more 
false positives than the Sikun 2000 in approximately 14 categories, notably in exonic and intronic regions, as well 
as in missense and stop-gain variants. Detailed results are presented in Supplementary Data 1.

Discussion
Comparing the newly developed Sikun 2000 platform with established sequencing platforms is crucial for 
assessing its potential in both academic and clinical applications. Such comparisons allow us to evaluate the 
Sikun 2000’s performance in terms of data quality, accuracy, and overall effectiveness. These evaluations are 
essential for determining whether the Sikun 2000 meets the rigorous standards required for genomic research 
and clinical diagnostics, where consistency and reliability are paramount.

Fig. 3.  Concordance of variation detection from Sikun 2000, Novaseq 6000 and Novaseq X. (A) The Jaccard 
similarity of SNVs and Indels detected by the Sikun 2000 and Novaseq 6000 platforms in five samples. (B) The 
Jaccard similarity of SNVs and Indels detected by the Sikun 2000 and Novaseq X platforms in five samples. 
(C) The Jaccard similarity of SNVs and Indels detected by the NovaSeq 6000 and NovaSeq X platforms in five 
samples.
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This study is the first to directly compare Sikun 2000 with the widely used Illumina NovaSeq 6000 and 
NovaSeq X platforms in the context of whole-genome sequencing. By evaluating all three platforms under 
identical conditions, we provide a comprehensive assessment of how Sikun 2000 compares to these established 
systems. The results offer valuable insights into the relative advantages and limitations of the new platform, 
providing a foundation for its future use in diverse genomic applications.

The sequencing quality across all three platforms demonstrated distinct strengths. NovaSeq X achieved the 
highest Q20 and Q30 values, while Sikun 2000 outperformed NovaSeq 6000 with a better Q20 score. Notably, 
the Sikun 2000 exhibited a significantly lower proportion of low-quality reads, representing a key advantage in 
generating high-quality sequencing data. Due to the limited availability of detailed technical information on 
the NovaSeq 6000 and NovaSeq X platforms, it is not possible to perform a direct head-to-head comparison to 
determine the exact cause of this difference. However, one potential contributing factor may be the microlens 
array-based lighting system12 employed by the Sikun 2000, which is designed to provide superior illumination 
uniformity. This may help improve imaging quality, particularly at the edges of the field of view, leading to better 
read accuracy and a reduction in low-quality sequences.

In terms of genome coverage uniformity, all platforms performed similarly, with over 86% of bases covered 
by at least 10 reads. However, the Sikun 2000 demonstrated a notably lower duplicate rate, which may further, 
contribute to its improved data quality. One possible explanation is that the Sikun 2000 performs secondary 
processing of read images using an image reconstruction algorithm14. This algorithm enhances sequence 
recognition by improving image resolution specifically in overlapping signal regions, enabling more accurate 
distinction between closely spaced reads in high-density areas. However, whether this is the decisive factor 
contributing to the lower duplicate rate observed in comparison with the NovaSeq platforms remains uncertain 
and requires further technical information for verification. In combination, the lower proportion of low-quality 
reads and the reduced duplication rate may contribute to the observed increase in average sequencing depth on 
the Sikun 2000.

In variant detection using the BWA-GATK pipeline, the NovaSeq X and NovaSeq 6000 platforms demonstrated 
superior accuracy in Indel detection, while the Sikun 2000 showed better performance in SNV detection. One 
possible reason for the relatively lower performance of the Sikun 2000 in Indel detection is the presence of 
overlapping fluorescence signals in adjacent areas of the flow cell during imaging. To avoid interference, the 
affected regions are directly excluded during image processing, rather than being retained and filtered later as 
low-quality reads. Given that Indels are typically less abundant and more sensitive to coverage loss than SNVs, 
the removal of reads from these overlapping regions may have a disproportionate impact on Indel detection. 
Further improvements in distinguishing and recovering usable reads from these regions may help enhance Indel 
calling performance and offer deeper insights into their impact on variant detection.

The observed differences in variant detection across the three sequencing platforms lead to distinct impacts on 
downstream analyses. The NovaSeq 6000 and NovaSeq X platforms demonstrated higher sensitivity by detecting 
more true positive variants in multiple categories, such as exonic, synonymous, and missense gene variants. 
However, they also exhibited a higher number of false positives compared to the Sikun 2000, particularly in 
genic and functionally relevant regions. This elevated false positive rate may affect the reliability of downstream 
analyses, but can be effectively mitigated using variant filtering tools such as FVC, which can remove most false 

Fig. 4.  Comparison of variation accuracy from Sikun 2000, Novaseq 6000 and Novaseq X. (A) Comparison 
of average Recall, Precision, and F-score for SNP detection. (B) Comparison of average Recall, Precision, and 
F1-score for Indel detection. Error bars represent 95% confidence intervals (n = 5 biologically independent 
samples). Asterisks denote statistical significance based on a one-sided paired Wilcoxon signed-rank test 
(*p < 0.05).
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positives while retaining the majority of true variants16. In contrast, the Sikun 2000 showed higher specificity, 
generating fewer false positives across variant categories. This makes it advantageous in applications requiring 
high precision, such as clinical diagnostics. However, its sensitivity was relatively lower in certain categories, 
indicating room for improvement. Enhancing the detection of true variants through further optimization of 
signal capture or variant calling processes may help improve the overall performance of the Sikun 2000.

It is important to recognize that the Sikun 2000 platform is still in its rapid development phase. Current 
efforts are focused on recalibrating the optical system’s imaging area to minimize regions of repeated imaging 
and reduce read loss. At the same time, light-tolerant modified nucleotides are being developed to improve 
the quality of reads in regions subject to repeated exposure. Additionally, the performance of the polymerase 
and the speed of image capture are being continuously optimized, with the goal of reducing sequencing time 
to under 20 h per run in PE150 mode. As the technology continues to evolve and more data become available, 
large-scale analyses will become more feasible in the future, enabling a more comprehensive understanding of 
its performance in both research and clinical applications.

Methods
Library Preparation and sequencing
Genomic DNA from HG001 (NA12878), HG002 (NA24385), HG003 (NA24149), HG004 (NA24143), and 
HG005 (NA24631) was obtained from the Coriell Institute. Quantification of the genomic DNA was performed 
using a Qubit 4.0 fluorometer (Life Technologies, Paisley, UK). Whole genome sequencing (WGS) libraries 
for these five samples were prepared using the IGT® Enzyme Plus Library Prep Kit V3 and IGT® Adapter & 
UDI Primer 1–16 (for Illumina, tube). The Sikun 2000 is compatible with Illumina libraries and adapters. The 
genomic DNA was enzymatically fragmented and the 3’ ends were modified with a dATP sticky end using the 
Fragment & ERA Enzyme Mix. A dTTP-tailed adapter sequence was ligated to both ends of the DNA fragments. 
After ligation, each sample was amplified for four cycles and purified. The concentration and integrity of the 
purified products were assessed using the Qubit 4.0 fluorometer and the High Sensitivity DNA Kit on the Agilent 
Bioanalyzer 2100 system (Agilent Technologies, CA, USA), respectively. Given that 150 bp paired-end (PE150) 
sequencing is currently the most widely used strategy on second-generation sequencing platforms particularly in 
studies of cancer17–19 and genetic diseases20–22. The libraries were constructed with a primary fragment size peak 
of approximately 350 bp to ensure optimal read overlap and sequencing data quality. These same WGS libraries 
were used across platforms to eliminate potential bias from sample preparation and library construction.

Sequencing quality check, mapping, and data analysis
To minimize potential biases introduced by varying sequencing depths across platforms, the raw sequencing 
data were downsampled to the same number of reads by fastp (version 0.19.6)23 without applying quality control 
procedures. This normalization step was performed prior to the comparison of sequencing output metrics 
presented in Table 1. The quality of the downsampled sequencing data was first assessed using FastQC24 and 
fastp. Low-quality reads were defined as those with more than 40% of bases having a sequencing quality score 
below 15 or reads containing more than 5% ambiguous bases (Ns). Prior to read alignment, the raw sequencing 
data were processed using fastp with default parameters to perform quality control, including adaptor trimming 
and removal of low-quality bases. The reads were then mapped to the human reference genome (hg19 version) 
using bwa-mem (version 2.2.1)25. The resulting SAM files were converted to BAM format and sorted using 
Samtools (version 1.19)26.

The sorted BAM files underwent deduplication and base quality score recalibration (BQSR) were performed 
following the GATK best practice guidelines (version 4.0.12.0)27. SNP and Indel mutations were identified using 
GATK HaplotypeCaller15 and stored in variant call format (VCF). These genetic variants in high-confidence 
regions were then compared to the gold standard variants from the GIAB dataset28. To evaluate the accuracy 
of variant calls, we used hap.py (version 0.3.14, https://github.com/Illumina/hap.py)29 to compute precision, 
recall, and F1-score metrics. All data visualizations were conducted using Python (version 3.9). The genetic 
variants were annotated by using SnpEff (version 5.2c). All statistical comparisons across the five samples were 
conducted using the Wilcoxon signed-rank test, implemented via the scipy.ststs module in the SciPy library 
(version 1.13.1) in python (version 3.9).

Data availability
Sequence data that support the findings of this study is publicly accessible in the BMAP30 data repository with 
the primary accession code DRS1089965008844238848 (https://bmap.sjtu.edu.cn/datastorage/main/62).
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