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Abstract: In forensic physical evidence identification, the accurate identification of the individual origin
and their body fluid composition of the biological samples obtained from the crime scene play a criti-
cal role in determining the nature of a crime. In recent years, RNA profiling has become one of the
fastest developing methods for body fluids identification. Due to the characteristics of tissue or body
fluid specific expression, various types of RNA markers have been proven to be promising candidate
markers for body fluids identification in previous studies. This review summarizes the research prog-
ress of RNA markers in body fluids identification, including the RNA markers that have been effec-
tively verified in current research and their advantages and disadvantages. Meanwhile, this review pros-
pects the application of RNA markers in forensic medicine.
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TE 5 B WAIE 27 AU, %o T A0 AR I 37 35t B8 00 A ke
A AT DNA 73 B € 28 1A S8 A AT ast A v AN Al g it
9 —ADFRT o AR, R A A R AR RS AR A1 A IR
SRR AR A T A0 Aol 2H S BB T AR AR 93 1 i
e BT 2R HE I . TErEIR &5 B =
oh SR B A o DA B S8 A 1) ) A RS 1 G AR S
KRR . 528 T 4528 DNA B R ic iy 73z g i AN
o B2 A B & R BT LA AR H A B3k B A
T Be a8 35 28 FRA A RICR SR 5 Z M 1, IR iR
AU R A S PR I AT TET I AR 22 Bk A

1% 455 (1% & T B Ak 1 Jo B30 20 PR TR 285 2 WL 45 1 93 512
50 LA K A 2 2 A6 M 7 SR 45 4 T BR (B AT IX G5 19 4 TR
FEAVA R, I HAF AL 5 S PR AT B A B 4 246 v 452 )
R, Ry T R AR S E (1 52 PR IV T RLRE L 245 DNA
HI RS AR o3 A 48 DUROAE S 03 A B2k W R AE 43 B
HIRNA FIAAE R M e N 1 — R IE 7 e 540
AR 25 BE AT T AR 1, I 2
RALGE 7 L g 340 (R BE 77 gk rhr  RNA R IA L
23 BT T A AR IR 4 s 4R T HE 32 31 75 Bk, AR 5G]
WAFH] TR A . T B AT H U R R B
BRIE, — S 51l RNA(messenger RNA,mRNA) f#/»
RNA (microRNA, miRNA) . % ik RNA (circular RNA,
circRNA) 1 Piwi #H B AE ] RNA (Piwi—interacting RNA,
piRNA) B W Ay 143 FL A I FH i 55 00 A VR B0 245 e
I3 FERIE, AR SCE TR R Ak RNA 7 FARIC TR
AT TR S5 e R A B 5 0 SR AT U AN RS X R
FMEFE AT 204 B0 UE 9 RN A 43 F-hr i S AH R 19 4
D452 AR 3 B J7 05 EAT 05, 230 DA R G i) 92 B2
2 MR AL A
I RNA 73 T HRic Fh 2 b AR vk PR~ 4R
B 4 A PR
1.1 mRNA & F#Ri2

AR BT ACAS 20 R 20 B, AR i L A BRI g, 4%
RGN ML N 1Y mRNA 3K Y 1ERE SOKF B 32 35 E
Y IR 4R, X R 25 F A S B0 T mRNA 78R 4 A 55 40
SRR A IR AR B R e TR By R ) P
mRNA KI5 BEE A D) fE , BARTE S B
B RNA Y 3%~5% , I AE R E mRNA 41 52 BH i 4
K ZHEAE

TE T 2 25 PR VRCBE S8 2 5 , mRIN A J2: i 42 11
A N I 7z AR — 2R TR
HR 8 N 25 53 21 2 R DG WF 58 3 Ak A0 A [) 21 4L s At
AT B R B0 8 TR W) 1 B Hh i 2 A 5 1
— SO S AR ICAE 2 R SR ) R as =
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BE S, BE R B AH DCAG A1 54T 19 mRNA K3k 73 #r ,
— U E T — AR DGR R T R E R W A A
W BREER 1R T AR BEAE A ST b gl ik B B AT Ay
P25 7E AUBE Y mRNA 43 Fric o6 L TR
IR 25 4 3t i AR SCBIF SR BT, iX 22 mRNA 43
THRIC R S P RS I 2R 8 1) R U E A R WF 5T
A BTz AL AL 3 MU DNA 3 A 20 (Euro-
pean DNA Profiling Group, EDNAP) Fll 5 £ RNA 43
#1 20 (Forensic RNA Profiling Group, FORNAP) k¥, 51
S IR — R YR T R A0 A UK R
A S AR Y . SRR Rl
BT AR GBI 58 245 A A 1 T T 2 AR S AR A D
1 mRNA & G K0 1A 2, 4 OB T S Br & Arh

H T DR AR T AL TAR AR, — SRS
WHEH T RNA F DNA 3 [5] 52 By Iy i, 3 g i
Ty AR AR XT [ — A FEA HEAT RNA 23 B DA UM 26
Y [R] B, A8 W AT DNA 4347 X6 46 A ok 5 aE 47 A A 1R
o AERGIN SR T D AT WS A — 2875 YL s R IH
FEA IR LT RNA S5 Afr 48 SR04 SR T A 52 B 58
PR b 0 2206 B R R A 0 A D 235 R0 A 6 AL, g
PLFEAT A 201 mRNA KB X 22 K B
SR mRNA R T T I P 500 e i 22 A, Ho Al — s
PRI PR 2R T 58 2 IR v 8 1 g e TR B LA R AL
WA s AR E v
1.2 miRNA 4> F#xi8

miRNA J2 75 B 2 Ul b 55 — S8R5 T IZ A5 iy
T TE RNA J3 T hRic , FE7E (R R 5 i v 0 00 1 e 7
HI HANSON "B 1 . miRNA AR BE5E 7 21~254>
AR A —K S 5 EER R IR AR RS/ RNA,
25 5 5 R 7 81 mRNA A 3748 B2 X (3" -un-
translated region, 3'-UTR) %5 &% 5 H hn 3 N 1E B
A LA PR L B X miRNA 235 5% 4 AH D& AifF 751+
T, NARA TR 20 LA 40 s b miRNA (1 3515 S A7
TE—E 25 . MAh, HETE AT 2000 F A 2E miRNA
FEOAEA DG TS g R ™, T8 B 2R LA &
B R EE , miRNA AT B8R 5l 3 G %) 75 G 3 9k [H A
AN 5 AR i A A A ™ RSB R ATV IR A A BT

AR R B % 5 75 1, H AT XT T miRNA 43 Fhrid
B4 T A BF ST 2 i SAUER 59752 i A0 o 3% 104 R0 2 fili
FIEEAS F H R KD T miRBase v18.0 H1 s A 2K
miRNA FEARR P R RBH 0L . EREIH N & TH 5
F TR miRNA S5, 75 AN B 20% HY R i R R Y
743 > miRNA $ A it — 220 #r o Bl , 36 708
J B T S AN [ R AR ) o R A 2 S 0 M
P& miRNA 73 7451 # H T 52 1) 5E 5t PCR (real-time
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quantitative PCR,RT-qPCR) %ilF . e & bF 58 & #&
T — M AL fE ] 4 4 miRNA (hsa-miR-891a—5p . hsa—
miR—144-3p . hsa—miR-203a-3p Fll hsa—miR-124-3p)
A R S AR U IR K VR P VR B 3 - ) R
ol WEAh  IZAF TR AELRAFAS A 36 4F 1Y Wk IH A B
HkE I 2] T 4> miRNA 3 Rl , 3 — & S i —
HBSUE T miRNA 3K 73 A 78 B AR AS A4 o i I3 Y g

BRI Z A, At — S0 7k B 2% S 6 2 %5 LR
W R K B E S A A 2l b B R
PEZRIA B miRNA HEAT 1 07 8 FPPAR SR 100 A B Hi
BB IE 45 Rk F ,VF 2 miRNA 20 ThRic 09 B vk 3
IRTFAR 4% 2 SRR MR S TR AR — AN R 2
RUREA tp 2 B 0 22 S 3Rk X B R HOTAEE H
PRI Z AN REAS ThOR 3 38 iR 7E H AR R h 21k
BHE R, RS H L miRNA 765 2 5256 b B R AR AR A
¥ F7 A8 7E 4l ] RT-qPCR %5 75 V5 PEAT 56 1E i 4
TCIEAF B RAF IS5 5 . A R R RIS 0 2 H %) 46 326
miRNA 43 F b e AL A IR — B0, 3 nT 58 J2 i A [H] 119
R g5 g MG | it 2800 . Han, AR L5 = X
e miRNA 2 F 45 02 Bk U 75 vk 1 s 8, 7% 28 nfif
R A 000 25 SR fige e AR I [ R AR 1) R A 25 AR 4 )
R AR AR
1.3 circRNA 4 F#ri2

circRNA & — & LR IL A (A 5 PR AR A 40 A% RNA
e B G T 2 B L RE R I R ) BIF Y TP g R
PR A JUARE A8 8 1 AR U i A 2R 3R
circRNA 5 1 g5 %) K& R 8 A1 R o7 B I 3 S = AR 4tk
RNA 5250 18 7, 5 Hl % i 57K mRNA (9 52 7] 55
FIE W, BT RNA 23 B BRIE 45 A0 7R AR R B
AT AR B R A1 DI 9 7K f# L cire RN A 3 5 85
BT 3 B R M | I — AR LA 40 R Y
g W T IE S e Ah , cireRNA Y 7 51 5 2 A <7 H
BA AL e A YIRS R A i R AR, B
#B 43 cireRNA [ 38 35 7K °F- B I i 8 mRNA By 3 3k 7K
U R, B b cireRNA B BN B I 7R T BE %
FE ST hRIC T I

MEMCZAK Z&E £ X L AE AR cireRNA 3k 1
BRI 5T e BT B0A A4S By i i RT—qPCR A6 )
) cireRNA WE 78, (H 5 5 & B0 HAH R 1) 26 1 3% A
Yy, BRI R, X LV H cire RNA 1 3 5K #E 47 43 BT 7T
AE 23 3R A5 Hofh JE A RNA 33K 15 B JG 2% I W 19 95 95
AHOCAR B o T AE R VR B 45 22 J7 1T, SONG S5l I il
R 5 F AR T cireRNA 7E ML B RS W L B
TSI 280 B Rk 1 A3 45 R R R[]
PR cireRNA 1 3R IA B AATE ] XA 1 22 7 (HIZ
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5% A RE A% i 16 1 o] FH T 3F — 26 B0 0E 19 2 745 ic s
ZHANG 50609000 5 3 2 76 40 % L 3k 1 RT—-qPCR £
I R 2h % 58 5 PRM2 . TGM 4 KLK3 %5 14 A W
5P mRNA 5240 1 1 £ 2 cireRNA, I3 T H
T[] B G 0 28 P N AR S5 7=y 1) 5 | D AL, LA Y
F18plex & & KA 22 AT AR 2 1 L A9 LR RS TR e
W, B RNA R 2 | ng BB 73009 W H &0 R
FEA PR A e S R R 25 5 . DL B o e r vl B T
H circRNA 5 mRNA K BT AHZE A, 0T 76 AR 52 M 4
WRE SRR HTER T, R — b 5 A R B 45 e A ) 2R
TR N 235 SR R Tk A RIOR I
1.4 piRNA 4> F#rid

piRNA J& — A4t/ RNA , K BF 38 % 24~
32 nt, I 7E 2 i S A1 40 B K A W 1R v 3 ke
piRNA ()7 51 ZREPER i, B A N2 5E R 4 2 0
H ) piRNA B8 33 30 000 Fh'©, I H H i — 20 3k
BAMAN2RM, B EE N2, piRNA 1Y 3/ 01
TR b AT — MR ARG 2/ -0— 38 A IR gE I 0,
X AR TE HAl R 280 RNA R A7 AE 1Y 45 404 B T
T RNA > F AR E e . 3T LA L4R1E , piRNA
PR 4k miRNA 2 )5 X — 2 BLAT R0 1A Y B 468 e 1k
J1HI/N RNA 43 FHRic

TE 1k 5 W) IE 24 4508, WANG 2718 4 i 3 RT-
qPCR A X5 piRNA 7E 4 BE 45 5 v B9 T 78 & 2017
THIARE WL FIUETL T piR-55521 R EEA
B D P 5 R 5 e DA R v G ) 2 B RS 1
FESC IR T J5 SR A i R BT S R T piRNA
FE 6 Tt S AR 14 325 B A DG AR AR A (i ok i, L ) 8 1
W Y A VR L B 3 0 R R R ) T i R AR AR S, -
TE 37 A TE I 3 BCHE P s R R A e AR X Sy
T AE B 5 2 piRNA 43 FhRiC . 3 T2k piRNA £ ik
SR %) i fc /N — 3 = 1 53 43 F (partial least square—
discriminant analysis, PLS-DA) 4% S 3% BH |, 7F 1% B %
fEPLS UM BRI AR T, B0 K 187 19 2 1 hric &2 LAY
A ARG BT B PLS-DA BEAI %A 5% AL 4
/R T piRNA 43 F R ic HLAT X 2 A 78 41 i 58 AH S 1A
55 3 A B 20 i R A DA TR T A A, e SR A SR T
T8 Y AR 53 B T X T /N RN A RE G 28 56 22 5 1E iff
fiff 132 1 A

2 EESE M RNA FiL 4507k
2.1 EMHMEHEK)
205 1 VKO K T mRNA 4 T4 38 1 3% F 7 i

Z—o FERZI AR, e T 2R mRNA ¥ 5 5%y B
PN DNA (complementary DNA,cDNA), R )G 4
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PEBI X cDNA #EAT28 5 PCR, I X9 38 =9y 47 &
A R UK DA AR AT UV AR S A A e R T 4 R
B 2045 HL DK TE R YR B 8 2 T 1T Y 1 B F BAUER
GRS T N H T 2R, B R
PKAALAT R FHF mRNA 4 T4 ic BRI, i mT FH 46
I miRNA Fl cireRNA 43 FFrid™ 7, B T BHE B
VIR SF- 55 8 )32 o A 55 40 A 3 B 2 1
DNA 38 £ AR1C (40 STR F1 SNP) |, P G , FH 4% T4 5
M- & 1) RNA 20 FhRic A il 5 B, B 408 ki 5
T Mo AN XA A A3 AR e R AN R Y
P, B UK TR AR R — 25 R R A
B I 22 ot 23 A i, X 285 A iC 9 B AR 4 BE AT
PUJE B — 2 0] DL 22 Rl 2 s 202475791

AR BAE IR T BA BRI B —Fh
e AR T B, HAE AN cDNA B H 9 7= ) 1 5
5 U A A I AN AT AE BB A R PR A G o FE A BT —
S8 R U BAR A 4 F AR ICHT X Rh —on Al AR I 45 SR fE
27 UL DS s £ P 1 A2 N R el 1R
XoF TR B4 G D 45 S i HB AN TR g I e R B . A T i
HeixX — [ 1, LINDENBER GH 2550135 46 1 2% S ity m]
52 DL B OWL 3 19 06 () 5 0T RBAFAE 1Y 1 (n ) 2Z 1]
B EE BT % T — R i 2 B 45 SR s T vk . M —2 1A
TR 5V o AR IO TE I A R BEAE AR M A o7 B LD B
T A2 11 BRI 25 R (a=n/2) B 12 28 B R
W E Ry BRI TR T R R Y 42
#B mRNA 53 FRic 75 45 5 ) W v AR 2 A 40 [F] A A
1M ROEDER &8 WU $2 5 T 55 —FhPF43 5 i, AR I
KRRV B mRNA 0 FAR I 7 17— M ACEH,
P AREAS PR DU 3 1) 4 B A B ASCER (B AR ] A5 31—
AR5y o FEX BT B SO FEAR B RIS 43 ik
Bl B A I A A X A TR 2 AL A | A I AT AR
TRRFREE b REARAE A AL (1 158 FIHE AR

EDNAP 7£ 2011—2015 4F-JF & i mRNA 73 FFric
HAVEWRR R B A BIUKCE & LT
IZWE TR E A T 2415 R F 00 = BRI 25 5, X))
TR VR R VR BT S e L T 4R I RN R R S e
1) Z FP mRNA 73 45 ic (9 e e P A e] 8 5 PE AT T
ATIEAL . WS R R, T B Ik AR
mRNA 3K 7087 1T LA ) 1 55 STR 43 87 A1 45 & I 40
AIE B 2 SR G AR 1 8 A 3 A v
2.2 RT-qPCR

TE W I B R 3% 36 28 f 19 AH G A 58, RT-qPCR
T H A S AR E I Iz N T e L R R A 2
SRR, IE S BT RT-qPCR 5E 2 45 3 19 i
P %R ok AE U TRBE S AT Bt )z N T
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miRNA 7> Fhric i 235 0 . R4 5250 B A TR,
RT-qPCR A LA E 8 — 25 I 5 12 s 9 28 0 5 12k 47
— 25 M VA TE A N AR R 45 5 T 0 % S I PCR
AR ARESS A P S0 R ST I o T AE T A5 I 1
3G SR PCR AR AR ) 1 25 B R AT, DRI ] 6 3 i
FHELA 38 Bk i B LS 1) .

H i, 763 B2 22 0F 58 i AT RT-qPCR £ 240
FE R T 9O YRS I ) SYBR Green RT-qPCR Fl
T UECHEN RN AY TagMan RT—-qPCR , B 2R 7E 9¢ VG Y
B G T7 5 R R T AT — 8 22 5 (H PR 7 1%
AR5 LR AR A A PR 2 5 A 6 PCR ™= 4 a4 7 5
f o Y B AR RN 5 N 2 R R 2 [R) ) Rk i 22
5L, BEACq (3 ACO ™. BT ACq 1T fig & 32 B
[ 514 PCR ¥ 38 %R B 2 W, WANG Z57E 2012 4F
KRR — 5T 8 T B AR AR AR Y T
ORI miRNA 223K 25 52 5008 i A A e 43t 1
— A B T

108 FH RT—qPCR X J8H X 22 H vk 4G H A 3 K
1) 2 TR B B, PN 2 5 DR 1) 2 R 17 100 A, 2 T 5 28 1) G )
SRR . BRI b e A7 AR T A 2R A A
L v ) A G TR B e A S P S TR T B 1 A o
FEAL B, SR, AR Y 2 A SRR IR B R ]
G HE R TE 28 IR i 19 22 35 /KT R AR Pk A AE
—E 25 5, DR e PR 2 R DR B 0 1 Y 2% TR RE AR 2
RITTRE = AR A R2 R o X ik B LB A AR AR
T A Z W75 o 2 K 7K R E M o3 A X —
S /N RNA P9 2358 X 938 P 54T T 37Ah (B A0A L
BN S B RS ] 3 BUX SE B 5 2 ] i 2 B ) L X
TE 53T (0 — A58 vh , WANG 28895 H 4T 70 8,
A A A 18 AN B A A9 /N RNA ik N 2 35 (X 1 3.
] UM A R T 28 5 DA W B o 1) SRR AF O, B A
miR-191 ,miR-423 . miR-93 . miR-484 Fl let-7 #i & H
LR AR N S 5L

HAAS SE75) B T B 4148 H Uk 5 RT—-qPCR £ I
BRI AR BT TR, R S5 A S PCRES & B4
AL UK I AH [, RT—qPCR 25 9 B4 878 ) 5 & A
REGJE . BLAh, i T 22 20 AT AL I 2E S Gk B 1 BR
il , RT-qPCR 7E 54> 5 44 5 v ] 647 50 1] 47 3 1Y
Sy FARICECGE A R X — B A5 S A I A &R Y
A St 7L A A R M o
23 BEENF

o 38 I R A A R R A — T
B o Bl DU 38 S AN W5 - DL R S 50 AR £ [
A, 1R 3 2 0 P 7 v R 2 AU DG BIE 5 b i) i 91
WAEY K, L H R TE STR M SNP 25 DNA it % A ic 19



PR R 4 ik 20224 1201 4538% el

R 55 43 7 5 T o T R R RSk . 54
1k, B AT B 5L T 38 DU 9 R L Ak STR AT SNP i
R BT K A% A IR S,

TR YR S S SR, o 3 I ) 8L FH AT Ak T kS
B BE . LIN 2 5 BL7E HLAF 7% o ok IR TH 4R i B
BEAR o B B B RNA JEAT T 58 38 10 5% S 4L oy
BT, 5B T e o D R AR 43 AT B i RNA o (19 1
o 1EBE R B — T RF5E o, ZUBAKOV 598 % T —
Filt 5 F-SF- A7 # [5] DNA 2 RNA I )% [] 05 43 B STR A0
mRNA [ 73, (U A T 9 STR gt & hnid L 124>
PRV R 57 mRNA 23 F b i ORI il ¥ R L K
T BB I A 2 RN B ) PL B 24 mRNA NS
HEP . HANSON Z5P97E 2018 4F e 36 1 — WU AE 5% v ik
— A HE N T i 38 TR R T mRNA S bR IC 5K
i, LT Mumina W77 5 5 & 19615 33 > mRNA
A3 FARIC B )0 AR 2R (MiSeq/FGx 33plex) 1]
IR K VRV 3 4 WA L R A R R Y S
FRE LS g0 45 2, 30 28 4 FhR e A2 45 F 09 B AR b
¥y 4o R R S L O H S 3R B AR Y 28 R
B A /N (BTG ) o DORUM 45t J 78 40 25 B 81 48 1
K B4 7€ N 10 183 45 {4 Y Bl 41 23 B A Ho X MiSeq/FGx
33plex MY AR HEAT T 5042 T A BEAS , 5 7 B
Gy AT L AR ST T A TN AR AR R R A B G o
MR, 5L G R b A AL R [ 22 Ab e HemT
W W0 P i v ) AR B AR N — AT A T,
AR T A B TG — oo b e 45 5% X — T+l
AT TR B T A% SR AR B T AR K B G o T A Bkt
() EDNAP A AEWF 55 17 A4S B B2 52 56 2 1 — 25 9
fili T MiSeq/FGx 33plex 5% — /3T Ton torrent M ¥
-5 4 2 14 29 D mRNA 435 0 B #E ) 0)  4
Z (PGM/S5 29plex) 7E {4 & BE 45 5 v 1) 55 B fif FH 2%
Fo BRI, BN IR S50 2 i 1005 5o 10 22
S REA Y FhRC T B — 2 5 (AR
AT 52 W F S8 A ) 01 < 4% 8 R 43 T bR e 24 AT 7
I A A T RS ) 281 i 25 sl v 8 1 RRME i el H AR
TR P A SR BB AR D EE A . A, ISR A 5L
PE AT T i de /N € (partial least square, PLS)43#T,
SER IR MV H el RS A T AR LR R AR
FERI P AP R X I MERF ST R 45 R IR
HESE T H 0] mRNA DU J3 AT AR S — Fhoa] 52 i) 5 vk i ]
) R A 1) PRV S 780 S S A SCAIF 58 v

FR T mRNA 20 Fhric ARz, 8 & )7 dl )
1Z W F miRNA 4 7 45 ic 09 0 8 A1 38 328 20 B .
WANG ZEWIFE 2016 4 & 72 9 1 9% {6 FH Ton torrent
PGM V-5 45l 1 2 588 4> i 1A miRNA 7 Ifi ¥ e

< 767 -

FEA R A ZRAR I B0 , I 23 00 i 326 Hh T 6 A7 1L P Ry
SRR 19/ RV P RE S R K Y miRNA 73 F45
it. FfiJ5 , SEASHOLS-WILLIAMS Z“'ffi A Illumina
HiSeq ¥ & K1 T miRNA 7€ 8 Flt 25 B i) 1k 25 AH 6 A4
PIREAS (Il G BT 53 W) H 28000 W L PRV
FEEATFWO R IA L S5 R WoR BB S W) i
VR 218 {88 35 4 55 T i A X 8 1 1) A VR ) S A )
51 DE e 55 4 B Ji5 3045 A miRN A 52 $00R X #5241, 3 m]
AE 2 T PN R 40 B P A /N RNA S B 4R A 2 3
Wb I8 ) 2 7t — R AR E 5 P miRNA
SrFARIC S AN SRR A RS R T —E S
% . DORUM F5°7E 2019 4F % 3 1) — I5UBF X K i 3
% miRNome JU 5 BIFFE i, B4 2 HT PLS FE A ) 5] 73
#7 (linear discriminant analysis, LDA) # #E miRNA 19
HEAR BB A AR 2 B AT T I 3 R A
TARIC O L B, PP T S G T2 A B T T X
AL N A1 B i miRNA 23 10 1 42 B 100 300 o 6ff P
() 22 5, AT A 1 J2E 080 1 900000 2880 R T 5 1) e /N o3 1
PRicEE . BAR TS A R, i 1000 miRNA 43T
P A 2H A A A5 Y I 4R B A T e 9 1 miRNA 43
ThRIC A R ALY, 2 5 4055 48 1034 > miRNA
3 FhRic BRSO R AR S AH Sy T s R 43 b
TR AR R IR R A EE E B 9P miRNA 73 FF5id
EH Y SR AR OB T b & 4 AR I TE X 6 Fh
2587/ = 2 NI AN T ¥ AN BE R 2 7 RO RN 1 1)
JER ) 0 26 AU R AT SO0 I Y AR B, AR R A AR
b X IBESE SR A IS 4 T ARG R 0 2 4 AR TR Y R
B, A A I 45 R 4R 7R TR B 4 5 B A R | GRS
R Z R XA 4R A R B R A TR IC AT fE T
AHE — T AR B A R85 R 0 4 AR g S
B,
24 Hfth7ix

15 R i ( high-resolution melting, HRM) ih
253 M1 JEAE RT—qPCR Y EE Al b, MR 45 50 A% 1 1R e i
Tk B AN 8] T I8 J A ] B 285 06 il ith e 9 ¢ AE XF PCR 7™
Yt AT o B 9 7 i FE RS o A b i H
s B 14 9 678 A R SR AR & — 9 HRM i £ i fige 5
“Eﬁ(melting temperature,, Tm) AR HRM & 3% 114 4 5,
e DX 7345 S 1 e 91 ) 22 S, B AR AR R PR K 4]
EARAE RS YA . S5 T HRM J7 % , HANSON
SFUR A mRNA A5 R R AT e — g R B X3 I
WKV VR BRI S W T 8RR R AR AR

3 [RLES A 08 3 3% B4 31 (microarray ) £ AKS 15
% BE DNA J B oo iy s L g A S5 fr 4 sy DL —
SE (R 5 HE 81 5 2 fef HG B 36 e S B e 45 [ A
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T, LA R 3 89O ARIC B DNA R 5], 15 B 5L B 4b
e AT SR B, MR BT R I PR AL B N SO 5 B )
A3 LEXE o3 A 45 R A O RZ TR 7 91 o B DR e AR A T
R VR T K TR VR BE 2 P T DNA (RNA 46
53 FhRiC I B 11

3T B0 G B 1Y NanoString®%[ﬁﬁ§i?§ﬁ‘Xﬂ‘
A~ mRNA F7 18 53 B B T 35~50 A 5k (14 412 15 41
FARTRE, HZ H AR R 7T 4255 20~800 1> mRNA
HURRIREN XS o s REHEH 55, -5 mRNA B9 5K
Ui 455 (NG T I M A AR S 5 mRNA (1)
3 RIS A G, TR RS PREE 5 mRNA B 52 5 R R
T T LASEAT (5 5 A I A B i e . DANAHER
A2 NanoString®%iH§%?‘d§X¢ 231~ mRNA A5
BEAT AT Ze 28, T TR 00 VR G VR e YRR 3 3 D
1L R /N TV S N 3 N A B R V8 7/ I R R R i
Pk = WARRE S . AN UM VR T B B AR A
NS0 1] 1

S S T A5 R HE (reverse transcription
loop—mediated isothermal amplification,RT—LAMP)EB'Z
AR USHIO SE"TT e, )iz T 2 2 By 5 Y PR
G 0 A0 5 5 A0 RT-LAMP i i DNA 2R 4 i 4
THY A PEEREAT DNA P 1 il U H Ak DNA JF
TEY 3G 0 7= AR i H AR, PR G, iaeh #% HeAR 48 PCR T
AR, B4, RT-LAMP Ji o 3 B, (075 I #hubie
DRASTE B — IR, TOs & st . 7RIS B2 8, SU
S5 K2 JACKSON %5170 RT-LAMP L FH F 1l ¥ A
VAR YA 3 0 R S AU R R SR PE mRNA BRIC Y
e, S AE I SE 45 SR AR i RT-LAMP PRk [X 43 i —
SRR RE 0 5 e e A R O L L el T2 v
X T mRNA 73758 8 2 SR8 ey, HAERE ARG TP i
SR LA AEAT s 0t — 2 VA
3 E B

Z3d ZAE IR R MR, RNA 358 205 H7 78
ARV R 68 I L AR 4 K 2 S e & A IA AT o T
S BRI AR A A 1 RNA 53 0 A6 I 445 St
FEA 5T 55 1 1Y) B — B0 M VR A A7 AR Ak 2 1 M T Sl
BT ARAG R Ry AT A A R SR T A TR g B R I
AR AS SR S AEA I, H FTAT 9K B AT B0 1 A DR R
W o PRI, A R AT 5 T U e SRR T 2 o] e ke 3 7
AN TR

ST/ RNA TEBEAE X B A A B 45 Ry ™ o ) A6
A BIWESE R R A AR E T ROk 125 R 2 Y
A B S HAB S A AT £ 7E A6 7 45 K4 19 7]y RNA
Iy FhRic, 4 H 5 miRNA Fl piRNA Zp HrdH 45 &, 7T

Journal of Forensic Medicine, December 2022, Vol.38, No.6

REXT /N RNA 235 73 70 1A Ui 468 1 v A1) 8 1 17 2883
B AR R A TR o 7R IR & FE A 1 4 5 Jr T,
HANSON 51085 BB HH T 5 IR 4 1 [XC SNP(coding
region SNP, cSNP) i H T mRNA 73 F #5 ic % I A4~ 14
PUN BB o 1E 4 DNA %% 577 1), RNA 731 AL
H 4ok 3 HAR DNA T8 it 2 3850k, 16 B 1K
TS S M 28 IO R A, 25 RE % 38 ik <SP ) 4G I 4>
PRI 1) 22 7545 B 5 OB R RUAH SC 9 238 15 B
FHSCIHE , B L AT LU R 5 R AS 14 58 2 AL RE A 2] it A
FTh o AR, E N AN — R FIE T i
2 7 F1 SNaPshot £ I 45 - BLR R 1 ARYE cSNP A7
55 FOH A I T 5 BT R i PR R ) A M A 3 B A
AR BEAN, BT S A S P mRNA 7 FARIE
TR 737D LT 24 0 S R AR A A e i R 91 3
WA ) A A SE AR B RFAE , 75— S 50 2 2R 10 1
BUT, BIVE Xof B — S AR ) (A VR A AR AT I U T R 11y
PRS0 45 5 ) R R RS2 . cSINP B AH GBI 5 IR 1] B
ik DA YA S T T R 28 S AR T I S T B

Z5 b, TR 2B RNA 43 b 0 19 4 & 38 2 3

A RNA 73 b ic & I A 2 546 00 J7 v i Ak, 76K

KA I IR K AR T 25 [0 . 48 H AT RNA K0k

3 BT A VAR R 45 R HG A 1 B M Y S R AR o

ATh T 11— 2 ) 25, EL G5 A 2800 AR A0 K A AN B

T LA B AG: DU 53 A 7 v 1) 328 e 3, ok 86 ] i 4 4 B

i a i — A AT B A DR, T RN A GIE 5 2 SR 1 2k

JEE Tk B B O o O AN

5% 3Tk

[1] HARTEVELD J, LINDENBERGH A, SIJEN T. RNA
cell typing and DNA profiling of mixed samples:
Can cell types and donors be associated?[J]. Sci Jus-
tice, 2013,53(3) :261-269. doi: 10.1016/j.scijus.2013.
02.001.

[2] VIRKLER K, LEDNEV I K. Analysis of body fluids
for forensic purposes: From laboratory testing to non-
destructive rapid confirmatory identification at a crime
scene[J]. Forensic Sci Int,2009,188(1/2/3):1-17. doi:
10.1016/j.forsciint.2009.02.013.

[3] TOBE S S, WATSON N, DAEID N N. Evaluation
of six presumptive tests for blood, their specifici-
ty, sensitivity, and effect on high molecular-weight
DNA[J]. T Forensic Sci, 2007,52(1):102-109. doi:
10.1111/5.1556-4029.2006.00324.x.

[4] MYERS J R, ADKINS W K. Comparison of modern
techniques for saliva screening[J]. J Forensic Sci,
2008,53(4) : 862-867. doi: 10.1111/§.1556-4029.2008.
00755.x.

[5] SIJEN T. Molecular approaches for forensic cell type
identification: On mRNA, miRNA, DNA methyla-



Bge R 20224E 12 H38% 6

[10]

[11]

[12]

tion and microbial markers[J]. Forensic Sci Int Genet,
2015,18:21-32. doi:10.1016/j.fsigen.2014.11.015.

ZUBAKOV D, CHAMIER-CIEMINSKA J, KOKMEI-
JER I, et al. Introducing novel type of human DNA
markers for forensic tissue identification: DNA copy
number variation allows the detection of blood and
semen[J]. Forensic Sci Int Genet,2018,36:112-118.
doi:10.1016/j.fsigen.2018.06.021.

DOBAY A, HAAS C, FUCILE G,
biome-based body fluid identification of samples ex-

et al. Micro-
posed to indoor conditions[J]. Forensic Sci Int Genet,
2019,40:105-113. doi:10.1016/j.fsigen.2019.02.010.
Gy, H,F. AREBRY R RAREER
EEFE R AR R FEF X E,2016,32(3):
204-210. doi:10.3969/j.issn.1004-5619.2016.03.011.
Z0U K N, GUI C, CAO Y, et al. Source identifica-
tion of human biological materials and its prospect
in forensic science[J]. Fayixue Zazhi, 2016,32(3):
204-210.

JUUSOLA J, BALLANTYNE J. Messenger RNA
profiling: A prototype method to supplant conven-
tional methods for body fluid identification[J]. Foren-
sic Sci Int,2003,135(2) :85-96. doi: 10.1016/s0379-
0738(03)00197-x.

HANSON E K, LUBENOW H, BALLANTYNE 1J.
Identification of forensically relevant body fluids using
a panel of differentially expressed microRNAs[J].
Anal Biochem,2009,387(2):303-314. doi:10.1016/j.
ab.2009.01.037.

ZHANG Y, LIU B, SHAO C, et al. Evaluation of
the inclusion of circular RNAs in mRNA profiling
in forensic body fluid identification[J]. Int J Legal
Med, 2018, 132 (1) : 43-52. doi: 10.1007/s00414-017-
1690-7.

MELE M, FERREIRA P G, REVERTER F, et al.
Human genomics. The human transcriptome across
tissues and individuals[J]. Science,2015,348(6235):
660-665. doi:10.1126/science.aaa0355.

BAUER M, KRAUS A, PATZELT D. Detection
of epithelial cells in dried blood stains by reverse
transcriptase-polymerase chain reaction[J]. J Forensic
Sci, 1999,44(6) :1232-1236.

BAUER M, PATZELT D. Evaluation of mRNA
markers for the identification of menstrual blood[J].
J Forensic Sci,2002,47(6):1278-1282.

BAUER M, PATZELT D. Protamine mRNA as mo-
lecular marker for spermatozoa in semen stains[J].
Int J Legal Med,2003,117(3):175-179. doi: 10.1007/
s00414-002-0347-2.

ZUBAKOV D, HANEKAMP E, KOKSHOORN M,
et al. Stable RNA markers for identification of blood
and saliva stains revealed from whole genome ex-
pression analysis of time-wise degraded samples[J].
Int J Legal Med,2008,122(2):135-142. doi:10.1007/

[17]

(18]

[19]

(20]

(21]

(22]

(23]

[24]

[25]

[26]

(27]

(28]

< 769 -

s00414-007-0182-6.

HANSON E, HAAS C, JUCKER R, et al. Spe-
cific and sensitive mRNA biomarkers for the identi-
fication of skin in ‘touch DNA’ evidence[J]. Foren-
sic Sci Int Genet,2012,6(5):548-558. doi:10.1016/
j-fsigen.2012.01.004.

HAAS C, HANSON E, KRATZER A, Se-
lection of highly specific and sensitive mRNA bio-

et al.

markers for the identification of blood[J]. Forensic
Sci Int Genet,2011,5(5) :449-458. doi: 10.1016/j.fsi
£en.2010.09.006.

ZUBAKOV D, KOKSHOORN M, KLOOSTERMAN
Stable mRNA
markers for blood and saliva identification from up to
16-year-old stains[J]. Int J Legal Med,2009,123(1):
71-74. doi:10.1007/s00414-008-0249-z.

FLEMING R I, HARBISON S A. The develop-
ment of a mRNA multiplex RT-PCR assay for the
definitive identification of body fluids[J]. Forensic
Sci Int Genet,2010,4(4):244-256. doi: 10.1016/j.fsi
£en.2009.10.006.

ALBANI P P, FLEMING R. Novel messenger RNAs
for body fluid identification[J]. Sci Justice,2018,58(2):
145-152. doi:10.1016/j.scijus.2017.09.002.

PARK S M, PARK S Y, KIM J H, et al. Genome-
wide mRNA profiling and multiplex quantitative RT-
PCR for forensic body fluid identification[J]. Foren-
sic Sci Int Genet,2013,7(1):143-150. doi:10.1016/
j-fsigen.2012.09.001.

NUSSBAUMER C, GHAREHBAGHI-SCHNELL E,
KORSCHINECK .
novel method for body fluid identification by Real-
Time PCR[J]. Forensic Sci Int,2006,157(2/3):181-
186. doi:10.1016/j.forsciint.2005.10.009.

JUUSOLA J, BALLANTYNE J. Multiplex mRNA
profiling for the identification of body fluids[J]. Fo-
rensic Sci Int,2005,152(1):1-12. doi: 10.1016/j.fors
¢iint.2005.02.020.

SAKURADA K, IKEGAYA H, FUKUSHIMA H,
et al. Evaluation of mRNA-based approach for iden-

A, et al. New markers for old stains:

Messenger RNA profiling: A

tification of saliva and semen[J]. Leg Med (Tokyo),
2009,11(3):125-128. doi: 10.1016/j.legalmed.2008.10.
002.

HANSON E, INGOLD S, HAAS C, Mes-
senger RNA biomarker signatures for forensic body

et al.

fluid identification revealed by targeted RNA se-
quencing[J]. Forensic Sci Int Genet, 2018, 34: 206-
221. doi:10.1016/j.fsigen.2018.02.020.

HAAS C, HANSON E, ANJOS M J, et al. RNA/
DNA co-analysis
stains -- Results of a third collaborative EDNAP exer-
cise[J]. Forensic Sci Int Genet,2013,7(2):230-239.
doi:10.1016/j.fsigen.2012.10.011.

HANSON E K, BALLANTYNE J. Highly specific

from human saliva and semen



+ 770 -

[30]

[32]

[34]

mRNA biomarkers for the identification of vaginal
secretions in sexual assault investigations[J]. Sci Jus-
tice,2013,53(1) :14-22. doi: 10.1016/j.scijus.2012.03.
007.

HAAS C, HANSON E, ANJOS M J, et al. RNA/
DNA co-analysis from human menstrual blood and
vaginal secretion stains: Results of a fourth and fifth
collaborative EDNAP exercise[J]. Forensic Sci Int
Genet,2014,8(1) :203-212. doi:10.1016/j.fsigen.2013.
09.009.

VISSER M, ZUBAKOV D, BALLANTYNE K N,
et al. mRNA-based skin identification for forensic
applications[J]. Int J Leg Med, 2011, 125(2) :253-263.
doi:10.1007/s00414-010-0545-2.

HAAS C, HANSON E, BAR W, et al. mRNA
profiling for the identification of blood -- Results of
a collaborative EDNAP exercise[J]. Forensic Sci Int
Genet,2011,5(1):21-26. doi: 10.1016/j.fsigen.2010.01.
003.

HAAS C, HANSON E, ANJOS M J, et al. RNA/
DNA co-analysis from blood stains -- Results of a
second collaborative EDNAP exercise[J]. Forensic Sci
Int Genet,2012,6(1):70-80. doi:10.1016/j.fsigen.2011.
02.004.

HAAS C, HANSON E, BANEMANN R,
RNA/DNA co-analysis from human skin and con-
tact traces -- Results of a sixth collaborative EDNAP
exercise[J]. Forensic Sci Int Genet,2015,16:139-147.
doi:10.1016/j.fsigen.2015.01.002.

INGOLD S, DORUM G, HANSON E, et al. Body
fluid
sively parallel sequencing approach -- Results of a
EUROFORGEN/EDNAP collaborative exercise[J]. Fo-
rensic Sci Int Genet,2018,34:105-115. doi:10.1016/
j-fsigen.2018.01.002.

SALZMANN A P, BAMBERG M, COURTS C,
et al. mRNA profiling of mock casework samples:
Results of a FORNAP collaborative exercise[J]. Fo-
rensic Sci Int Genet,2021,50:102409. doi: 10.1016/
j.fsigen.2020.102409.

BAUER M, PATZELT D. A method for simultaneous
RNA and DNA isolation from dried blood and se-
men stains[J]. Forensic Sci Int,2003,136(1/2/3):76-
78. doi:10.1016/S0379-0738(03)00219-6.

ALVAREZ M, JUUSOLA J, BALLANTYNE J. An
mRNA and DNA co-isolation method for forensic
casework samples[J]. Anal Biochem, 2004, 335(2) :
289-298. doi:10.1016/j.ab.2004.09.002.

BOWDEN A, FLEMING R, HARBISON S A. A
method for DNA and RNA co-extraction for use
on forensic samples using the Promega DNA IQ™
system[J]. Forensic Sci Int Genet,2011,5(1) : 64-68.
doi:10.1016/j.fsigen.2009.11.007.

et al.

identification using a targeted mRNA mas-

Journal of Forensic Medicine, December 2022, Vol.38, No.6

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

PARKER C, HANSON E, BALLANTYNE J. Op-
timization of dried
efficient recovery of high quality DNA and RNA for
forensic analysis[J]. Forensic Sci Int Genet Suppl
Ser,2011,3(1) :e309-e310. doi:10.1016/j.fsigss.2011.
09.017.

SETZER M, JUUSOLA J, BALLANTYNE J. Re-
covery and stability of RNA in vaginal swabs and

stain co-extraction methods for

blood, semen, and saliva stains[J]. J Forensic Sci,
2008,53(2) :296-305. doi: 10.1111/5.1556-4029.2007.
00652.x.

SIRKER M, SCHNEIDER P M, GOMES 1. A 17-
month time course study of human RNA and DNA
degradation in body fluids under dry and humid
environmental conditions[J]. Int J Legal Med, 2016,
130(6):1431-1438. doi: 10.1007/s00414-016-1373-9.
HE L, HANNON G J. MicroRNAs: Small RNAs
with a big role in gene regulation[J]. Nat Rev Genet,
2004,5(7):522-531. doi:10.1038/nrg1379.

WEBER J A, BAXTER D H, ZHANG S, et al.
The microRNA spectrum in 12 body fluids[J]. Clin
Chem,2010,56(11):1733-1741. doi: 10.1373/clinchem.
2010.147405.

KOZOMARA A, GRIFFITHS-JONES S. miRBase:
Integrating microRNA annotation and deep-sequen-
cing data[J]. Nucleic Acids Res,2011,39(S1):D152-
D157. doi:10.1093/nar/gkq1027.

COURTS C, MADEA B. Micro-RNA -- A poten-
tial for forensic science?[J]. Forensic Sci Int, 2010,
203(1/2/3) : 106-111. doi: 10.1016/j.forsciint.2010.07.
002.

EE,RE,EAH, 5. microRNA o9 #nl 3 R & H
EEFRERA R EEF L E,2014,30(1):55-59.
doi:10.3969/].issn.1004-5619.2014.01.014.

WANG Z, ZHANG J, TANG D Z, et al. Detection
technologies of microRNA and their prospects for
forensic applications[J]. Fayixue Zazhi,2014,30(1):
55-59.

SAUER E, REINKE A K, COURTS C. Differen-
tiation of five body fluids from forensic samples by
expression analysis of four microRNAs using quan-
titative PCR[J]. Forensic Sci Int Genet,2016,22:89-
99. doi:10.1016/j.fsigen.2016.01.018.
SEASHOLS-WILLIAMS S, LEWIS C, CALLOWAY
C,
identification of biomarkers for forensically relevant
biological fluids[J]. Electrophoresis, 2016, 37 (21) :
2780-2788. doi:10.1002/elps.201600258.

WANG Z, ZHOU D, CAO Y, et al. Characteriza-
tion of microRNA expression profiles in blood and

et al. High-throughput miRNA sequencing and

saliva using the Ion Personal Genome Machine”
System (Ion PGM™ System) [J]. Forensic Sci Int
Genet,2016,20:140-146. doi:10.1016/j.fsigen.2015.10.



Bge R 20224E 12 H38% 6

[53]

[54]

[57]

[59]

008.

DORUM G, INGOLD S, HANSON E, et al. Pre-
dicting the origin of stains from whole miRNome
massively parallel sequencing data[J]. Forensic Sci
Int Genet,2019,40:131-139. doi:10.1016/j.fsigen.2019.
02.015.

WANG Z, ZHANG J, LUO H,
and confirmation of microRNA markers for forensic
body fluid identification[J]. Forensic Sci Int Genet,
2013,7(1):116-123. doi: 10.1016/j.fsigen.2012.07.006.
LI Z, BAI P, PENG D, et al. Screening and con-
firmation of microRNA markers for distinguishing

et al. Screening

between menstrual and peripheral blood[J]. Forensic
Sci Int Genet, 2017, 30:24-33. doi: 10.1016/j.fsigen.
2017.05.012.

T, %4, %7, % . AT microRNA &k 3 Z 3|
F oM E s A 2 KR [T]. 5k B E,2020,
36(4) :514-518,524. doi: 10.12116/j.issn. 1004-5619.
2020.04.016.

HE H X, J AQ, HAN N, et al. Identification of
peripheral blood and menstrual blood based on the
expression level of microRNAs and discriminant
analysis[J]. Fayixue Zazhi,2020,36(4):514-518,524.
SANGER H L, KLOTZ G, RIESNER D,
Viroids are single-stranded covalently closed circular

et al.

RNA molecules existing as highly base-paired rod-like
structures[J]. Proc Natl Acad Sci USA,1976,73(11):
3852-3856. doi:10.1073/pnas.73.11.3852.
GRABOWSKI P J, ZAUG A J, CECH T R. The
intervening sequence of the ribosomal RNA precur-
sor is converted to a circular RNA in isolated nu-
clei of Tetrahymena[J]. Cell, 1981, 23 (2) : 467-476.
doi: 10.1016/0092-8674(81)90142-2.

KOS A, DIUKEMA R, ARNBERG A C, et al. The
hepatitis delta (5) virus possesses a circular RNA[J].
Nature, 1986,323(6088) :558-560. doi:10.1038/32355
8a0.

GUO J U, AGARWAL V, GUO H, Ex-
panded identification and characterization of mam-
malian circular RNAs[J]. Genome Biol,2014,15(7):
409. doi:10.1186/s13059-014-0409-z.

ZHANG X O, WANG H B, ZHANG Y,
Complementary sequence-mediated exon circulariza-
tion[J]. Cell,2014,159(1):134-147. doi: 10.1016/j.cell.
2014.09.001.

STARKE S, JOST I, ROSSBACH O, et al. Exon cir-
cularization requires canonical splice signals[J]. Cell
Rep,2015,10(1):103-111. doi:10.1016/j.celrep.2014.
12.002.

MEMCZAK S, JENS M, ELEFSINIOTI A,
Circular RNAs are a large class of animal RNAs
with regulatory potency[J]. Nature,2013,495(7441) .
333-338. doi:10.1038/nature11928.

et al.

et al.

et al.

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

< 771
SALZMAN J, GAWAD C, WANG P L, et al
Circular RNAs are the predominant transcript iso-
form from hundreds of human genes in diverse cell
types[J]. PLoS One,2012,7(2):€30733. doi: 10.1371/
journal.pone.0030733.
MEMCZAK S, PAPAVASILEIOU P, PETERS O,
et al. Identification and characterization of circular
RNAs as a new class of putative biomarkers in hu-
man blood[J]. PLoS One, 2015, 10(10) : e0141214.
doi:10.1371/journal.pone.0141214.
SONG F, LUO H, XIE M, et al. Microarray ex-
pression profile of circular RNAs in human body
fluids[J]. Forensic Sci Int Genet Suppl Ser,2017,6:
e55-e56. doi:10.1016/j.fsigss.2017.09.005.
LIU B, SONG F, YANG Q, et al. Characterization
of tissue-specific biomarkers with the expression of
circRNAs in forensically relevant body fluids[J]. Int
J Legal Med,2019,133(5):1321-1331. doi: 10.1007/
s00414-019-02027-y.
LIU B, YANG Q, MENG H, et al. Development
of a multiplex system for the identification of foren-
sically relevant body fluids[J]. Forensic Sci Int Genet,
2020,47:102312. doi:10.1016/j.fsigen.2020.102312.
BAHN J H, ZHANG Q, LI F, The land-
scape of microRNA, Piwi-interacting RNA, and cir-
cular RNA in human saliva[J]. Clin Chem, 2015,
61(1):221-230. doi:10.1373/clinchem.2014.230433.
HONG Y, WANG C, FU Z, et al. Systematic charac-
terization of seminal plasma piRNAs as molecular
Sci Rep,2016,6:

et al.

biomarkers for male infertility[J].
24229. doi:10.1038/srep24229.
HUANG X, YUAN T, TSCHANNEN M,
Characterization of human plasma-derived exosomal
RNAs by deep sequencing[J]. BMC Genomics,2013,
14:319. doi:10.1186/1471-2164-14-319.

FU A, JACOBS D I, ZHU Y. Epigenome-wide analy-
sis of piRNAs in gene-specific DNA methylation[J].
RNA Biol,2014,11(10):1301-1312. doi: 10.1080/154
76286.2014.996091.

MARTINEZ V D, VUCIC E A, THU K L, et al.

Unique somatic and malignant expression patterns

et al.

implicate PIWI-interacting RNAs in cancer-type spe-
cific biology[J]. Sci Rep,2015,5:10423. doi: 10.1038/
srep10423.

SIMON B, KIRKPATRICK J P, ECKHARDT S, et
al. Recognition of 2'-O-methylated 3'-end of piRNA
by the PAZ domain of a Piwi protein[J]. Structure,
2011,19(2):172-180. doi:10.1016/j.5tr.2010.11.015.
WANG S, WANG Z, TAO R, et al. The poten-
tial use of Piwi-interacting RNA biomarkers in fo-
rensic body fluid identification: A proof-of-principle
study[J]. Forensic Sci Int Genet, 2019, 39: 129-135.
doi: 10.1016/j.fsigen.2019.01.002.



< 172 -

(73]

[74]

[76]

(78]

[80]

[85]

WANG S, WANG Z, TAO R,
profile analysis of Piwi-interacting RNA in forensi-

et al. Expression

cally relevant biological fluids[J]. Forensic Sci Int
Genet,2019,42:171-180. doi:10.1016/j.fsigen.2019.07.
015.

MAYES C, SEASHOLS-WILLIAMS S, HUGHES-
STAMM S. A capillary electrophoresis method for
identifying forensically relevant body fluids using
miRNASs[J]. Leg Med (Tokyo),2018,30:1-4. doi: 10.
1016/j.legalmed.2017.10.013.

HAAS C, KLESSER B, MAAKE C, et al. mRNA
fluid
transcription endpoint PCR and realtime PCR[J]. Fo-
rensic Sci Int Genet,2009,3(2):80-88. doi:10.1016/
j-fsigen.2008.11.003.

LINDENBERGH A, DE PAGTER M, RAMDAYAL
G, et al. A multiplex (m)RNA-profiling system for

profiling for body identification by reverse

the forensic identification of body fluids and con-
tact traces[J]. Forensic Sci Int Genet, 2012, 6(5) :
565-577. doi:10.1016/j.fsigen.2012.01.009.

JUUSOLA J, BALLANTYNE J. mRNA profiling
for body fluid identification by multiplex quantita-
tive RT-PCR[J]. J Forensic Sci, 2007, 52(6) : 1252-
1262. doi:10.1111/j.1556-4029.2007.00550.x.

HAAS C, MUHEIM C, KRATZER A, et al. mRNA
profiling for the identification of sperm and semi-
nal plasma[J]. Forensic Sci Int Genet Suppl Ser,
2009,2(1):534-535. doi: 10.1016/j.fsigss.2009.08.109.
JAKUBOWSKA J, MACIEJEWSKA A, PAWLOW-
SKI R. mRNA profiling for vaginal fluid and men-
strual blood identification[J]. Methods Mol Biol,2016,
1420:33-42. doi:10.1007/978-1-4939-3597-0_3.
LINDENBERGH A, MAASKANT P, SIJEN T.
Implementation of RNA profiling in forensic case-
work[J]. Forensic Sci Int Genet,2013,7(1) :159-166.
doi: 10.1016/j.fsigen.2012.09.003.

ROEDER A D, HAAS C. mRNA profiling using
a minimum of five mRNA markers per body fluid
and a novel scoring method for body fluid identifi-
cation[J]. Int J Legal Med, 2013, 127(4) : 707-721.
doi:10.1007/s00414-012-0794-3.

HEID C A, STEVENS J, LIVAK K J, et al. Real
time quantitative PCR[J]. Genome Res,1996,6(10):
986-994. doi:10.1101/gr.6.10.986.

LIVAK K J, SCHMITTGEN T D. Analysis of rela-
tive gene expression data using real-time quantita-
tive PCR and the 27°*“ method[J]. Methods, 2001,
25(4):402-408. doi:10.1006/meth.2001.1262.

WANG Z, LUO H, PAN X, et al. A model for
data analysis of microRNA expression in forensic
body fluid identification[J]. Forensic Sci Int Genet,
2012,6(3):419-423. doi:10.1016/j.fsigen.2011.08.008.
SAUER E, MADEA B, COURTS C. An evidence

Journal of Forensic Medicine, December 2022, Vol.38, No.6

[86]

[87]

[88]

[89]

[90]

[91]

[92]

(93]

[94]

[95]

based strategy for normalization of quantitative PCR
data from miRNA expression analysis in forensi-
cally relevant body fluids[J]. Forensic Sci Int Genet,
2014,11:174-181. doi:10.1016/j.fsigen.2014.03.011.
SIRKER M, FIMMERS R, SCHNEIDER P M,
et al. Evaluating the forensic application of 19 tar-
get microRNAs as biomarkers in body fluid and
tissue identification[J]. Forensic Sci Int Genet,2017,
27:41-49. doi:10.1016/j.fsigen.2016.11.012.
FUJIMOTO S, MANABE S, MORIMOTO C, et
al. Optimal small-molecular reference RNA for RT-
qPCR-based body fluid identification[J]. Forensic Sci
Int Genet,2018,37:135-142. doi: 10.1016/j.fsigen.2018.
08.010.

WANG S, TAO R, MING T,
profile analysis and stability evaluation of 18 small
RNAs in the Chinese Han population[J]. Electropho-
resis,2020,41(23):2021-2028. doi: 10.1002/elps.2020
00058.

JAGER A C, ALVAREZ M L, DAVIS C P, et
al. Developmental validation of the MiSeq FGx fo-

et al. Expression

rensic genomics system for targeted next generation
sequencing in forensic DNA casework and database
laboratories[J]. Forensic Sci Int Genet, 2017, 28:52-
70. doi:10.1016/j.fsigen.2017.01.011.

KIESLER K M, STEFFEN C R, COBLE M D,
et al. Initial assessment of the Precision ID Global-
filer Mixture ID panel on the Ion Torrent SSXL DNA
sequencer and Converge v2.0 software[J]. Forensic
Sci Int Genet Suppl Ser,2017,6:¢94-e95. doi: 10.1016/
j.fsigss.2017.09.044.

VAN DER GAAG K J, DE LEEUW R H, HOOGEN-
BOOM 17,

short tandem repeats -- Population data and mixture

et al. Massively parallel sequencing of

analysis results for the PowerSeq™ system[J]. Foren-
sic Sci Int Genet,2016,24:86-96. doi: 10.1016/j.fsigen.
2016.05.016.

LIN M H, JONES D F, FLEMING R. Transcrip-
tomic analysis of degraded forensic body fluids[J].
Forensic Sci Int Genet,2015,17:35-42. doi:10.1016/
j.fsigen.2015.03.005.

ZUBAKOV D, KOKMEIJER I, RALF A,
Towards simultaneous individual and tissue identifi-

et al.
cation: A proof-of-principle study on parallel se-
quencing of STRs, amelogenin, and mRNAs with the
Ion Torrent PGM[J]. Forensic Sci Int Genet, 2015,
17:122-128. doi:10.1016/j.fsigen.2015.04.002.
DORUM G, INGOLD S, HANSON E, et al. Pre-
dicting the origin of stains from next generation se-
quencing mRNA data[J]. Forensic Sci Int Genet,2018,
34:37-48. doi:10.1016/j.fsigen.2018.01.001.

ELKINS K M, PEREZ A C U, SWEETIN K C.
Rapid and inexpensive species differentiation using



PR R 4 ik 20224 1201 4538% el

a multiplex real-time polymerase chain reaction high-
resolution melt assay[J]. Anal Biochem,2016,500: 15-
17. doi:10.1016/j.ab.2016.01.013.

[96] KIESEL B D, ELKINS K M. Development of a
PCR high-resolution melt assay for Artemisia absin-
thium (Wormwood) and a triplex assay with two
additional “Unregulated Legal High” species Datura
stramonium (Jimson Weed) and Merremia tuberosa
(Hawaiian Woodrose)[J]. J Forensic Sci,2019,64(6) :
1817-1822. doi:10.1111/1556-4029.14093.

[97] BORNA T, SALAMI S A, SHOKRPOUR M. High
resolution melting curve analysis revealed SNPs in
major cannabinoid genes associated with drug and
non-drug types of cannabis[J]. Biotechnol Biotechnol
Equip, 2017,31(4) : 839-845. doi: 10.1080/13102818.
2017.1333456.

[98] HANSON E K, BALLANTYNE J. Rapid and inex-
pensive body fluid identification by RNA profiling-
based multiplex high resolution melt (HRM) analy-
sis[J]. F1000Res, 2013,2:281. doi: 10.12688/f1000re
search.2-281.v2.

[99] KLING D, WELANDER J, TILLMAR A, et al
DNA microarray as a tool in establishing genetic
relatedness -- Current status and future prospects[J].
Forensic Sci Int Genet,2012,6(3):322-329. doi: 10.
1016/j.fsigen.2011.07.007.

[100]ZUBAKOV D, LIU F, KOKMEIJER I, et al
Human age estimation from blood using mRNA,
DNA methylation, DNA rearrangement, and telo-
mere length[J]. Forensic Sci Int Genet,2016,24:33-
43. doi:10.1016/j.fsigen.2016.05.014.

[T01]GEISS G K, BUMGARNER R E, BIRDITT B,
et al. Direct multiplexed measurement of gene ex-
pression with color-coded probe pairs[J]. Nat Bio-
technol,2008,26(3):317-325. doi: 10.1038/nbt1385.

[102]DANAHER P, WHITE R L, HANSON E K, et
al. Facile semi-automated forensic body fluid identi-
fication by multiplex solution hybridization of Nano-
String® barcode probes to specific mRNA targets[J].
Forensic Sci Int Genet,2015,14:18-30. doi:10.1016/
j-fsigen.2014.09.005.

[T03JUSHIO M, YUI I, YOSHIDA N, et al. Detection
of respiratory syncytial virus genome by subgroups-
A, B specific reverse transcription loop-mediated iso-
thermal amplification (RT-LAMP)[J]. J Med Virol,
2005,77(1):121-127. doi:10.1002/jmv.20424.

[104]MAHONY J, CHONG S, BULIR D, et al. Develop-
ment of a sensitive loop-mediated isothermal ampli-
fication assay that provides specimen-to-result diag-
nosis of respiratory syncytial virus infection in 30
minutes[J]. J Clin Microbiol, 2013, 51(8) :2696-2701.
doi:10.1128/JCM.00662-13.

[105]YAMAZAKI W, MIOULET V, MURRAY L, et al.

+ 173 -

Development and evaluation of multiplex RT-LAMP
assays for rapid and sensitive detection of foot-and-
mouth disease virus[J]. J Virol Methods,2013,192(1/
2):18-24. doi:10.1016/j.jviromet.2013.03.018.

[106]SU C W, LI C Y, LEE J C, et al. A novel ap-
plication of real-time RT-LAMP for body fluid iden-
tification: Using HBB detection as the model[J]. Fo-
rensic Sci Med Pathol,2015,11(2):208-215. doi: 10.
1007/s12024-015-9668-6.

[T07]JACKSON K R, LAYNE T, DENT D A, et al. A
novel loop-mediated isothermal amplification method
for identification of four body fluids with smart-
phone detection[J]. Forensic Sci Int Genet,2020,45:
102195. doi:10.1016/j.fsigen.2019.102195.

[T0O8]HANSON E, INGOLD S, HAAS C, et al. Tar-
geted multiplexed next generation RNA sequencing
assay for tissue source determination of forensic
samples[J]. Forensic Sci Int Genet Suppl Ser,2015,
5:e441-e443. doi:10.1016/j.fsigss.2015.09.175.

[TI09]INGOLD S, HAAS C, DORUM G, et al. Asso-
ciation of a body fluid with a DNA profile by tar-
geted RNA/DNA deep sequencing[J]. Forensic Sci
Int Genet Suppl Ser,2017,6:el12-e113. doi:10.1016/
j.fsigss.2017.09.037.

[ITI0JHANSON E, INGOLD S, DORUM G, et al. As-
signing forensic body fluids to DNA donors in mixed
samples by targeted RNA/DNA deep seqeuncing of
coding region SNPs using ion torrent technology[J].
Forensic Sci Int Genet Suppl Ser,2019,7(1):23-24.
doi:10.1016/.fsigss.2019.09.011.

[I11]INGOLD S, DORUM G, HANSON E, et al. As-
signing forensic body fluids to donors in mixed body
fluids by targeted RNA/DNA deep sequencing of
coding region SNPs[J]. Int J Leg Med,2020,134(2):
473-485. doi:10.1007/s00414-020-02252-w.

[112]WANG S, WANG Z, TAO R, et al. Validating the
consistency of cSNPs analysis results between DNA
and RNA using SNaPshot method[J]. Forensic Sci
Int Genet Suppl Ser,2019,7(1):76-78. doi:10.1016/
j.fs1gss.2019.09.030.

[113]LIU Z, GAO Z, WANG J, et al. A method of
identifying the blood contributor in mixture stains
through detecting blood-specific mRNA polymor-
phism[J]. Electrophoresis, 2020, 41 (15) : 1364-1373.
doi:10.1002/elps.202000053.

[114]LIU J, CHENG X, LIU F, et al. Identification
of coding region SNPs from specific and sensitive
mRNA biomarkers for the deconvolution of the se-
men donor in a body fluid mixture[J]. Forensic Sci
Int Genet,2021,52:102483. doi:10.1016/j.fsigen.2021.
102483.

(175 B #7:2021-07-28)
(R HEE: X HE)



PeBE R 4k 20224F 120 4538% el

Mz 1 BRERRHNATHRREEESENIEKRIEE mRNA 5 FHRIE
Appendix Tab. 1 mRNA markers applied in the multiplex system for body fluid identification in previous studies

F K A ALAS2 5'—aminolevulinate synthase 2 Xpll.21 [19]
ALOX5AP arachidonate 5-lipoxygenase activating protein 13¢q12.3 [17,20]
ANK1 ankyrin 1 8pll.21 [19]
AQPY aquaporin 9 15¢g21.3 [17,20]
ARHGAP26 Rho GTPase activating protein 26 5q31.3 [17,20]
C5ARI complement C5a receptor 1 19q13.32 [17,20]
CASPI caspase 1 11¢22.3 [17,20]
CD3G CD3 gamma subunit of T—cell receptor complex 11g23.3 [19]
CD93(CIQRI)  CD93 molecule 20p11.21 [17,20]
GYPA glycophorin A (MNS blood group) 4q31.21 [21]
HBAI hemoglobin subunit alpha 1 16p13.3 [19]
HBB hemoglobin subunit beta 11pl5.4 [19]
HBD hemoglobin subunit delta 11p15.4 [22]
HMBS(PBGD)  hydroxymethylbilane synthase 11q23.3 [19]
JAML(AMICAI) junction adhesion molecule like 11¢23.3 [20]
MNDA myeloid cell nuclear differentiation antigen 1q23.1 [17,20]
NCF2 neutrophil cytosolic factor 2 1¢25.3 [17,20]
PPBP pro—platelet basic protein 4q13.3 [23]
SLC4A1 solute carrier family 4 member 1 (Diego blood group) 17q21.31 [22]
SPTB spectrin beta, erythrocytic 14q23.3 [19]
ik KLK2 kallikrein related peptidase 2 19q13.33 [22]
KLK3(PSA) kallikrein related peptidase 3 19q13.33 [24]
MSMB microseminoprotein beta 10q11.22 [23]
PRM1 protamine 1 16p13.13 [25]
PRM?2 protamine 2 16p13.13 [25]
SEMGI semenogelin 1 20q13.12 [26]
SEMG2 semenogelin 2 20q13.12 [27]
TGM4 transglutaminase 4 3p21.31 [21]
wi R FDCSP follicular dendritic cell secreted protein 4q13.3 [23]
HTN3 histatin 3 4q13.3 [9]
KRT4 keratin 4 12q13.13  [17,20]
KRT6A keratin 6A 12q13.13  [17,20]
KRTI13 keratin 13 17q21.2 [17,20]
MuUC7 mucin 7, secreted 4q13.3 [28]
PRBI proline rich protein BstNI subfamily 1 12p13.2 [9]
PRB3 proline rich protein BstNI subfamily 3 12p13.2 [9]
PRB4 proline rich protein BstNI subfamily 4 12p13.2 [27]
PRA2 proline rich protein Haelll subfamily 2 12p13.2 [27]
STATH statherin 4q13.3 [9]
SPRRIA small proline rich protein 1A 1q21.3 [17,20]
FA3E 5-sk4 CYP2A6 cytochrome P450 family 2 subfamily A member 6 19q13.2 [27]
CYP2B7P cytochrome P450 family 2 subfamily B member 7, pseudogene  19¢13.2 [29]
DEFBI(HBDI1) defensin beta 1 8p23.1 [25]
DKK4 dickkopf WNT signaling pathway inhibitor 4 8pll.21 [27]
FAM83D family with sequence similarity 83 member D 20q11.23 [27]
MSLN mesothelin 16p13.3 [23]
MUC4 mucin 4, cell surface associated 3q29 [25]
MYOZ1 myozenin 1 10¢22.2 [29]
A 2 LEFTY2 left-right determination factor 2 1q42.12 [30]
[25]

MMP7 matrix metallopeptidase 7 11q22.2
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Continued Appendix Tab. 1
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J % o MMPI10 matrix metallopeptidase 10 11¢22.2 [30]
MMPI11 matrix metallopeptidase 11 22q11.23 [21]
MSX1 msh homeobox 1 4pl6.2 [30]
SFRP4 secreted frizzled related protein 4 Tpl4.1 [30]

Bk CcCL27 C-C motif chemokine ligand 27 9p13.3 [18]
CDSN corneodesmosin 6p21.33 [31]
COLI17A1 collagen type XVII alpha 1 chain 10g25.1 [27]
IL37(ILIF7) interleukin 37 2ql4.1 [18]
KRT77 keratin 77 12q13.13 [27]
KRT9 keratin 9 17q21.2 [31]
LCEIC late cornified envelope 1C 1q21.3 [18]
LCEID late cornified envelope 1D 1q21.3 [18]
LCE2D late cornified envelope 2D 1q21.3 [18]
LOXL2(LOR) lysyl oxidase like 2 8p21.3 [31]
SERPINAI2 serpin family A member 12 14¢32.13 [27]




