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Table 1 Primer sequence and crRNA sequence of HBA gene

Primer name Sequence (5'-3")
HBA-F taatacgactcactataggg TGGTGCGGAGGCCCTGGAGAGGATG

HBA-crRNA gauuuagacuaccccaaaaacgaaggggacuaaaacUAGGUCUUGGUGGUGGGGAAGGACAGGA
HBA-R TCGGCCACCTTCTTGCCGTGGCCCT

Lower case section is T7 in primer sequence. In crRNA sequence, lower case is the guide region , and the underlined part is the space sequence.
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Fig.1 Establishment and optimization of SHERLOCK-HBA system
(a) Results of HBA primers specific validation (PB1-3 represents 3 peripheral blood samples); (b) results of SHERLOCK-HBA experimental system.
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Fig. 2 Results of specific verification of body fluids
(a) Comparison of RFU values for 5 body fluid samples (n=79; 51 PB samples and 7 samples each of MB, SA, SE and VA); (b) comparison of RFU

results between for blood samples (#=58, 51 PB samples and 7 MB samples) and non-blood samples (=21, 7 samples each of SA, SE and VA).

PB: peripheral blood; MB: menstrual blood; SE: semen; VA: vaginal secretion; SA: saliva; NTC: negtive control.
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Fig. 3 Detection of species specificity

(a) Comparison of RFU values between human blood samples (n=3) and animal blood samples (#=8; 1 sample each of chicken, duck, cattle, goat, pig,

horse, donkey, rabbit); (b) summary of RFU results between human blood samples (#=3) and animal blood samples (n=8; 1 samples each of chicken,

duck, cattle, goat, pig, horse, donkey, rabbit). There is a significant difference between human and negative control, while the RFUs of animals are

close to negative control, indicating that the system is less likely to be affected by forensic-related animal RNA.
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Fig. 4 The sensitivity assays of different detection methods
(a) Results of sensitivity assay in PB (#=3) detected by SHERLOCK-HBA; (b) results of sensitivity assay in PB (n=3, only one sample was shown)
detected by FOB test strip ; (c) results of sensitivity assay in PB (n=3,only three concentration gradients were shown in one sample) detected by

capillary electrophoresis.
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Fig.5 Detection results of mock mixture samples
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Fig. 6 Detection results of mock degraded samples

(a) Comparison of RFU values for UV irradiation samples (#=18, 3 samples each of 0, 1, 4, 8, 16, 32 h), showing that all UV irradiation samples

could be detected with this system; (b) comparison of RFU values between aged samples (n=18, 3 samples each of 1 day, 1 month, 6 months, 1 year,

2 years, 3 years), showing that all aged samples could be detected with this system.
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Fig. 7 Detection results of casework samples

(a) Comparison of RFU values between casework samples (#=11; a blood card, a cotton swabs with blood, three cigarette butts, a vaginal introitus

swab with blood, a vaginal swab, two knife bloodstains, a penile swab and an underpant); (b) comparison of RFU values between blood samples (n=

5, a blood card, a cotton swabs with blood, two knife bloodstains and a vaginal introitus swab with blood ) and non-blood samples (#=6, three

cigarette butts, a vaginal swab, a penile swab and an underpant).
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Abstract Objective Rapid and accurate identification of body fluid traces at crime scenes is crucial for case
investigation. Leveraging the speed and sensitivity of nucleic acid detection technology based on SHERLOCK,
our research focuses on developing a peripheral blood SHERLOCK-HBA detection system to detect mRNA in
forensic practice. Methods Short crRNA fragments targeting the blood-specific mRNA gene HBA were
designed and screened, alongside RPA primers. Optimal RPA primers were selected based on specificity and
amplification efficiency, leading to the establishment of the RPA system. The most efficient crRNA was chosen
based on relative fluorescence units (RFU) generated by the Cas protein reaction, and the Cas protein reaction

system was constructed to establish the SHERLOCK-HBA detection method. The RPA and Cas protein reaction
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systems in the SHERLOCK detection system were then individually optimized. A total of 79 samples of five body
fluids were tested to evaluate the method’s ability to identify blood, with further verification through species-
specific tests, sensitivity tests, mixed spots detection, aged samples, UV-irradiated samples, and actual casework
samples. Results The SHERLOCK reaction system for the peripheral blood-specific marker HBA was
successfully established and optimized, enabling detection within 30 min. The method demonstrated a detection
limit of 0.001 ng total RNA, better than FOB strip method and comparable to RT-PCR capillary electrophoresis.
The system could detect target body fluids in mixed samples and identify blood in samples stored at room
temperature for three years and exposed to UV radiation for 32 h. Detection of 11 casework samples showed
performance comparable to RT-PCR capillary electrophoresis. Conclusion This study presents a CRISPR/Cas-
based SHERLOCK-HBA detection system capable of accurately, sensitively, and rapidly identifying blood
samples. Introducing CRISPR/Cas technology to forensic body fluid identification represents a significant
advancement in applying cutting-edge molecular biology techniques to forensic science.The method’s simplicity,
shorter detection time, and independence from specialized equipment make it promising for rapid blood sample

identification in forensic cases.
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