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Application of microbiological examination in the estimation
of postmortem interval
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Abstract: Postmortem interval (PMI) estimation is one of the important contents in forensic
identification. In recent years, with the development of high-throughput sequencing,
bioinformatics, and machine learning, the changes of microbial community structure provide a
new possibility for PMI estimation. The evolution pattern of the microbial community in the

process of decomposition can be used to predict PMI. From the nature of cadaver
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decomposition, we summarize the examination methods and applications of cadaver microbial

changes, and discuss the problems and prospects of using the microbial community changes to

predict PMI.

Keywords: postmortem interval; cadaver microbial community; microbial community structure;

characteristic taxa

FET ) [B] 7R 1k B 2 bR A8 MR AL 5 2 07 1
Hf 6] (time since death, TSD), WFRFEL 5 [b] FF A 8]
(postmortem interval, PMI), BV 56 ) {AH B A6 T
g A sk R el TRl FE T RS ] A T Tk R 2
YE TP R F R —, JE R A R
HE A, BB T R AT 5 S0k & AR IR DG
FREY], WERRAEWTIE T 8] 75 325 5 2= FR 3 22
i p B E S S H A R A St e 2 8L
REE ARG AR R 7 BRE Ve ST AL T I
()01, AT LA A A HE T s TR A RS 18 0/
mERAPICY, SR, BEE IS ET T, AR SN

TE 42 ke e LAFEIN , mTHEHE T HE T B[] A A
BETASISAE, SEAEWIE T IR AR T
Mo FXhiX—m, AikBE2adied Tir 2 Hib
HEWTEE S IE T B A i, BlanFl A b=
P T AR 5 A R AR A e gk I R 2
()71 FIH CiteSpace ¥ 1993 4E Z 4 E N
HINXITAET B TR 98 0 SCRR B O sl i A 7 b, F
GRS e BRI A BN 1 AN 2 iR SR
Xy a7 BIIMR NS P AL = IR s, [
IWIRTF— RS2 Sh T2 S BB S L AR AR fE
FERE A T R A BT AT TR a]

F1 BT10 GIETF CNKI HIEESKITEY 1993 £ ESER L TR AN ER S X527

Table 1 Top 10 keywords with the highest frequency in the field of PMI prediction from CNKI database since 1993
A iR/ JER/ B OEER Kefin]
Order Frequency Year of the first occurrence Keyword
1 389 1993 FET AR
Postmortem interval
2 49 1994 HES
Forensic science
3 35 2002 KE
Rat
4 20 2004 PR
Vitreous humor
5 15 2000 Jk
Corpse
6 14 1995 1553 Hr
Image analysis
7 12 1994 JURTEE
Putrefaction
8 11 2000 22 G0
Lucilia sericata
9 10 2002 Hk 4
Chrysomyia megacephala
10 9 2001 JkB %

Postmortem phenomena
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F2 A 10 ALETF WOS BUIREL AT 1993 £ S HEMTIE T A (8 s S & & X 817
Table 2 Top 10 keywords with the highest frequency in the field of PMI prediction from WOS database since 1993

b WK R/ BN ) KR

Order Frequency Year of the first occurrence Keyword

1 354 1993 BET-H} 8] Postmortem interval
2 186 1997 1% B2 L% Forensic Entomology
3 152 1994 I [H] Time

4 107 1994 HET- Death

5 90 1993 1 HEF} 2 Forensic science

6 79 2007 B Temperature

7 74 2008 43 f# Decomposition

8 56 2000 mRiEF} Calliphoridae

9 53 1994 L Fly

10 50 2000 Wi# H Diptera

PLAESR, Bl i & U ¥ (high throughout
sequencing, HTS)H AR H B, HUAEYR I+ A
FITEAWTRJE , MOk B2 12 E 4 HOLH % 5
JE WIS A B —— A W G 2l b o AR Y
RS 5V 205 A aris s 1T, 2
BUASET IS, N A R AE 5 A1 LAt A Py A [
VEFR T AR B WSS LAAEA T, T W B 3 e
FOR KA — R IVER NI L B 2RV TE T K
1L FE TR W RO AR A T L R ) S IR Y
VE PR ) 25 FE HAT Y ZE R T, DR {7
PR AR P 1) R Vi 235 40 78 A A Ay T AE
T TR A8 <A S b A — IR ) ] BE o AR SO
Tl AR Wy A A6 T I ) 4 W 75 1 A 5 R 7 92 A
I HATERIR , XS H BAAAE B[R] A5 i 3
AT,

1 FPARGAE IR

DA B AR S — SR BB M E B Ak
Z A, A5 AR A s sh B EASE, AR
bk Gt R S S S i AN A = NS
FE R 6 R N B E e AR R R B A A
B, N ENRIES , B IE R

PIATis 107210 A HgeR R T RN
1B, A NN R AT DR IE W A YRR AR ST
W R G AEF RGEF A I — DR AR R
G, FEMUARBET )G, VR0 BRI R A1 45
1E, i b B PR AE Y I RS0, T
TG 307 A S T AR R R I, B o e
PR AR 72 A fif 7 AR T e R 2L, P AR
P ) 5 2 SR i, DRI 0 P ARl A 4 e R
B R DR SRR 20 75 el R AR R [ s A A3 A
Bt AR rp, SN FUAE P i AR AR T B A 1
FEEOARANMIG 5NV EAEH A A
TA TR A b 200 TR A ) e R S O O T
5 88 R AR A AR ELAE R A R
1.1 PHRAEHEYAE

J7AR N A 1A 99 4H (thanatomicrobiome) J& 5
TESC TS A i A N T 85 B B AR A
MREY N IEWAE T, AR S SR
PAFE—EBENEY), B miE . Kk, A
R A, T — L E N R A 2
TCR AU, 5B AN, AE— 00N TR ILE BB R A B
MR HAETEE KA T | 45 80,3 % K T it 48
S B TR S5 I R P R, U HR R AR A SR e B
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fhy s 19 R 1Y B B H R T AR NI TG
HIAEL . AN, Zhou ZEUIRFSE & BN IEH Y
AN 5 0 et FRAH O, 33X 100 BH AR Fi A 78 9 40 T A
FRAR AT BB B R S i 20 A 7 T I B 2 5 4,
—HZ 5 ER TP IRRJE 0L
1.2 P{RSMNER G EYIAR

RSN A= W) (epinecrotic microbiome) &
FEAEVR R b R 20 | 10 s 8 AN Ak A s T
F1 DL K B R 3% T 5 F6 D el 78 A % 1) sk 2 ) il
U N R R B A W R B T
RS S AR S AR e e e Y A IR
FeA AT LUK AR AR ik g 2 — 1 5
NP EB AT AT AH B, SN UAE P A AR
Wit R v 5 A SRR E A i, 2 B R AR )
R BARAEY R B2, 4G R 250 K
DL R B Hy B R 2l R0 A A T A )
S — BB X 1 PN RO R kR TR
TAE YRR AT T — BRI RN IR A, B T
7% BEAR Z AN 1 728 Ak i A — SRR o T R S
RETR ]S T TR 1T 45 B AL T I ] 24 A 22 16 B
B, UERHRERE SE TR Ag3E N, RSN A A
VIREVELTE & A 25 BT 0%, W LA T B
TN

2 PARBAEMBEARHRE

NATX AR Y IR — € R e T
FEFBL, A U ST i IROE 2 AR TE Tl A i v
BN 24 B REIRRRIER i 2
TR WIS A 7 10 2 EARME I3, AR T 99%
(A WU T AE S 30 8 2 PR R HEA T B R, fie
PR IR R 32 2 BRI o ARk & T R T s
E ) 7 B A o (ol A W R AR 9 R A T 20 A B9 O
I, T R R R ORI R, AN T
I REE AR A T AR R S . A TSR, T

A F A B A W T 7 R B AL 5 AR PN
YA FAL Z A0 AT DR 5 R AR R
AR 7 VLA T PRI DIREAS (R I o %
YR A D W )71, Pechal 45218 7 i AT
FERYIERN I, BNEE T ARG AE DTS S BT bR v
e . REMS AR PEF BRARF 2R T
P, 3B S BRI PRI R A 7 B0 ol A R 9 XA i i
IDREEH
2.1 FEEEM

B R A RIS ARGl A W BRI 2 hy 22
SR BRI R R e PR I s R
7] SR ARf 007 4o T S 4 114 R 2 O R 95 4 g 2 A 22
SEEE, Hyde HPYR R, AMRIEE i
VIR N, T N CE R D, A
R EMAEYFEEEHNEEmEOE. §.
NIEIT BRI & . B ZE00)Z B i
P Metcalf 2827 E—35000 /N BRUP ARG A 7
AR AIE 5 HP ] B X = A 7 AR AN R A6 Fn— Ab 4=
AHEEBOLE )T RAE, S5 SRR B AN 14
FO IS s e S B VR ) PMIL (5,5 Belk 256807
XA RIS B B REAS A T T PMI (05 A5
BN A R JRAE AR P T 00 B B e 0, e — ol AT
TRk B2 T B A Z5E s Guo PRI IF 98 IR E T
e A TR S Rz kSR AT B B T AAS
PMIL. A2 EF St 456 fe IR 6 1T . IR s AT 22 X
T AT A 2 Y
22 REFE

H HT 5T o i UL 7 A R s gk A
B AR A R A B Tk RR S S A B R B R
W2 REME . 3T IRFRRES R, ZHUEBL T AT
DAfe FH T R 85 A AR B ok 3 T sl Al 35 467 3
A (— 8 30 s B 1 min) B AT R4 3] P AR A
YIREVE . —Me— AR 2-3 AL & iK
B R T RIE AR R AR, — A X
[F]— A~ DX IR 7R A, BIAR 484l A6 AN i
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WA TEL S RAE, DAOR IR RAT 0 AR A M AL FR A
R ATEE M, STTEBEFA, Metcalf 227
ﬁﬁ@%m%%%@%ﬁ%%&T%ﬁ%ﬁﬁ

, MIERECEMENT, H 0.5 mL IJGH
EEET%Eb&%@&Eﬁ#ﬁf%ﬂﬁzﬂiﬁﬁ€E¢@; MAREA N
AR DR s il 7 10 01 9 TG B 4K X 1 s
BRI TRAE ﬁ?%%#$%%% FEW K
FEBRAE, R JCE LRSS . G
%Whiﬁmﬁﬁ%ﬂo%%ﬂ%ﬁi%ﬁﬁ
WUFAE 2 h NUEFTIS S b B, P35 B0 AS T
JE RS AL PRI S5 RT, o] AR S5 14 T PR AT
Wi, OAARE T R M FHR R 250k
U, FEHANAEAE A A &5 0 2 R U W BT
LB RO 8 LG A IR A B R A R R 1
Jl7s o

3 BBEEMNFRAEFRKE
W1 7% A 5 B A

15538 5 P AR (high-throughput  sequencing,
HTS) X 8 T — A8 Il % 7 R (next generation
sequencing, NGS), s HBEF70 7
parallel sequencing, MPS), J&—FlHERE [A]Hf X}k
TEAZIR oA I BB R o ) e e AR
IR DY RE TR (R0 5 0T A4 R 47 38 D00 A o i
ESEAERI)5 28

P10 P R4 Y S A Y B R )
FBELERESE DX I, UNANERT A B89 16S rRNA 2
IR, ELTA Y 18S rRNA JE[RUAIITS J¥41 B, 1E
T W) U AL 22 B 72 16S TRNA JE R PR
16S rRNA FE A2 G i) J5A% AR MR A/ N £

F(massively

SERAREME N [ ™\
sk | in Im IRl
Biological samples are AT 168 IRNABLD 5%
usually collected by swz;?s FLEI18S rRNAKLH
JZ ik Skin - MR A P ~ O 16S rRNA gence;r; ti::cft‘s;iail or 188 rRNA
- UEIORE R R A = &
Soil samples are

-

usually collected by
sterile soil sampler t}
or aseptic spoon

Intestinal tract

55 1 Gravesoil

L AT IR TR R R T
Common cadaver microbiological materials and
sampling methods

1 ERFPRHEDEESTRIE
Figure 1

% |

DNA&EQ?HPCR#}”%‘
DNA extraction and
PCR amplification

S
Construction of
DNA library

M Sequencing

ALy

Sequencing

OTU table
OTU [COUNT
) 1| 4 [Species)| D . g
4 ISpecies2 [ .=
3 3 |Species)| 1
i R OTUZRZE VIR RE A AT B
Original data OTU clustering ~ Annotation  Visualized analysis

h 4By Data analysis

W UL A A A v k) P
Common high-throughput sequencing procedures for
cadaver microorganism

Common cadaver microbial community analysis procedures.
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SR, AR T AR AR o, ARE 9 MR AR X
(VI-VOFI 10 MESFIX, HAGHA V3. v4 X
BT IR IR IBFSY, o V4 SR XAET]
()43 2K - I di BB v A 5 AR P TR W R A 1
ARAR B, BB T 16S RNA P 41 3F A A
BRI e m IROCR , 454G 16S tRNA JE[H
1 18S rRNA BB A et 15 2 iR A PMI
i 1275 0 B[R 4 4 5 K P (metagenomic
whole genome sequencing, mWGS)/& L4 4
BRI TR S DR A A s AL 0 SO IR 9 42
FHAE T 38D, 72 5L DR 200 RE A8 465 I e I
JE RN FPKE, F FLRERS ST RETE RS, 280
T YRGS R VR D REA 5T B BRI, e T
REJE R 9 A FE S 2 U D RE IS 1 30 . b,
MWGS 4 Re e BRER AR DR VR TR AR OK T 1 1%
B S EAL, X B RE B8 R AT DL S A ) v
FEESE S Bl 9 e 3 0 P A — e AR AN 1
JIin o SR, 3Ry A v, PR — i
RIS 25 SRR e A TR AR AS A9 3 -, 7
WEPE HARFEA AT 2 L D 210 )

4 FARBAEMAEESIE R A
AL

41 PRSI PMEYREEREN
Tiass

IEH NRNAAFE RERIAEY), BN E
Z 5 E NARRYIEF A a3, JCH g E
A TR P AT AT 6 B B R, — HLIX B3
W BIR, 2] g B8R kLD,
IR R AR, BT R RS R R,
o JC IR [T B A M I H an i) S50, X 2
JHARY TR B IEEROT AR B A TSR T
R PUARIAT O, W2 S B RS LR 2 (]
RAEVIBGRER R ACHe, TR RIZIKR Z ),

KRR A L, TR R o8
(cadaver decomposition island, CDI)**!, Fifi %5 & g
TERERHEL T, AR ) S IR AR W) i
FIRIBARPY, R TE WMo, X R £
S MR AR AR HEIRT PMI $R4E 1387 10 S0
Olakanye %5006 5258 7 R 0 B R) W Al A [] ) Tl
VR ARD 4 v, W BRI X 7 1 38
A9 16S rRNA FE[H 1 18S rRNA FEH ) 4%
AL, R BURRIARFR A 1 AN pH AR 1L B 3%
(P<0.05), i HA0A= 000 4 & B M S 38 A 2=
5, SR ARG B 15 AT RESZ A -3 A A=
Pie2E45H 5 Thomas SE0 WG T3 (R FIA
HA AT B0 AN [7] Ak B A - S R R 5 A8 AR
b, TEPIZ 420 d 3RS, HIERAY 5K
AT B T B s R A AR, SR
RN R ZERTACIRAS . B BE AT L, 78 AR Y
AR A SRR HIREE A BAE R, AR
AT T IR GUE YA B AR 1k, ik
WX R Y R B T HEZE T R R A
e Ak 1

Finley &5U7E— 3005 fifi dt 25 b5 ) AR [R)
WS B A R IR s T, 8% 18 T RS
o F 2 AR ZEAH | 45 R P S5 0 2 i e
WIREE kA T AN R AR, b b e 41 MR
AE SR R R 5 B SRR S B
PR R RS, T ZELE ) 5L B ST
. ZREMER AR R S AR A % Li
SN AR AL IS 30 d N B R Wy s A
MZREER AR L, & BN B TR 2 REPE R 2 &
FESCIE 1-5 d f1 10-25 d FR&, £ 5-10 d N _ETt,
2% AR R, MR ZREE . £
JIE RN 535 LB A 35 5 Pechal SEPBF5E T
FARBETZR 0. 1, 3 F1 5 d i i AR R GUE Y
AL, R BAE VRFH 328K b, SR Fh
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) =F 5 B 4 BE T E] S Uk 56281k s Procopio 25140
X8 ) AR AR R S T 1) - SRR W R VR A
AT LS, f i T 5 HAAE RS RIR 45, B
A W Z REPERE PMI B 2E 17 2 T RAE

JARGY e B R | A — 26 5L FR PR T A W Y
A=A S A BN 2w SR YR
B, 8 3 R G PR = R R S R] Y 22 A R DA
DAy A T 50T 5 A Al Bh Y B, A3 F 98 3R 1
FL AT DG o SR U R E SR A
= RO AR A ) R MR TR R
VR AT BE AL 2 52X LRI L, BEJE i
YIRET5 B AR5 #0 A8 AL AT DRI 2 56 FIE T
A NG RA R B
42 FAS@BIREPIIFEEENTL

NARGE e 32 B AR A TG AR IR B A
PoAZ AR, rTREEBH AR AR,
(HRTER R A K |, AR AF B L
R IFTE— 2 551 T OREERE , Bl an AR 1 Y
TR AE 7 O R TR ) L SRR ] L U
FEGET TRVASTE BT 5 T A Je ik R ThT JEERE T 1)
LR T A R Y EALARSE TS, XA
PTEREA O R R, IS
SL ) oy fif i R v R B A HEAE I

Cobaugh 25 IE X} 4 S AR B W43k 3t
T i A R RUE Y R AT Tl sk, 1A
Tfa 7-12 d, BeHErSE S EES, S
M 15% B FH 2 26.1%, MAESET S 10-23 d,
JEREGE TS FE MM, S EFAE
50.9%; Hyde ZEPY7EX} 2 H KRR Ak
SR Bk e 0 43 R4 T T ORAE, ZRA PR R
s, eI FIRRER ] S i 2, HUOEAs
T, AR T RARREAED, Tk
A W V& B ] (9 45 F9 251K s Pechal 25T
3 SR AT WG FE AR O ESRAE, FET T 4

KAV b, AR B TEAT 14 (70.4%+1.6%) Fl
JEBERR[](20.1%+6.6%) , TERHHI K FALRVE
F R G RH51.3%423.2%), MANEIEH T 1]
K4 43 2 A8 B B AE T KB 143 HE % A 1
g5 Li DS T RRBESG 30 d s i
LR R ZREMEAR AL, fERRBE 5-10 d 25
FFE LA R, TAE 10 d J5JEEERE TN T
DESGRFN , 755 i B v AR T AT T RN SRR AT ] 2
PR AL s He S5 FH e 74
APEAG T IR IK A 2 R A B4 o i 2o R A2 W
TR AR AR, R RPN Rk . A A
FAR At A BT 294 8 Ak, FERI KL R s A
TR AR 270 B R RS B R B T BE S 10 3 Bt
[] (postmortem submersion interval, PMSI)A i
115 Pittner VT T 2 H AR 32 AMEATE 15
P B E IR S AL, DO TET K402 AR
FEAF T ARRER ] 548 3255 Liu 2100 LA
S ) FE I R I REE AR TR Ak Ik
A PR % 6 BB T B 1] A5 0 G 00 g e By B e
HHR R 2R, HP R ERE . REE RS KL
FFEAE T PMI AR o o ELA B A TR
FE T BU AT A 55T () 4518 8 45 O T 38 5 ARG
AW RETE AR BB O AN 3 B

JEAR B R v A AT T AN 2 B A A
AR RE ARG S s, T BS80S Fr b 538
Beth BUEARSE SN AU Y 5 IR AR R
ST RIE MO R BT, BB B
i R R S A5 TR 2R 1 B AR 45 T 9% P O R R
IR — SO, 1A Bl A A [R5 45 B2 i)
TR 7S 51 L P 4 T 7 S A 5 o 2 S PR AR
AR ARAL, N LS R AT BR R AN R FREE Y pH
G, (HEEA &S, JERER AR JEAT
BRI 7 J65 VL4 it i 300 0 J 300 ) 2 3 AR £ HL T ol
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Table 3 Study on changes of cadaver microbial community and main conclusions

(= GrOKF FELER

Author Classification level Main conclusions

Hyde Phylum JEREVET T S, FRRORATE R

et all*4 Firmicutes are in the domination position, followed by Proteobacteria

Pechal Phylum and family & 1F 3= 5 BRI )80 S BGURDG; TTKF FARTB BT TRERERT ] 5 £ 5, FOKF Bt

et al®! PLIREARL S £
Richness was negatively correlated with time; Firmicutes and Proteobacteria are the main
phyla under phylum level and Moraxellaceae under family level

Finley Phylum WRATEE ., M. WYERETREES HERAEEET &, ZFEEAE, 1

et all®®! SIRER R ARTEAFPA . R PRI RAT TR 2 T
The richness, diversity and evenness of surface groups decreased while in the burial group
the richness increased, the diversity remained unchanged, and the evenness decreased;
Proteobacteria, Actinobacteria and Acidobacteria are the main phyla

Lietal®  Phylum WREZAENE . FE EA A R TR B 5-10d WRTEET S £5, 10 d J5/5EE
I RESSS
The diversity, richness and evenness decreased; Proteobacteria is the main phylum within
5-10 d and Firmicutes after 10 d

Procopio  Phylum ZHEPERE PMI SER TR ASTETET] | JRERER [ VRIDATG T Ihm,  RRAT wsi b

et all”] The diversity decreased as the PMI prolonged; Proteobacteria, Firmicutes and Bacteroidetes
increased and Acidobacteria decreased

Cobaugh  Phylum BHEEE I 7-12 d NASBRTTHERER T E5, 1023 d WERER £

et all*! No change in total abundance; Proteobacteria and Firmicutes are the main phyla within

7-12 d and Firmicutes within 10-23 d

O IRRE 52 R RS, KRR IR R AR s BOIRZFRTER . AR EC AT B T

it pMI

Rock and skin samples showed a downward trend, while water samples remained stable;

Clostridiaceae and Arbuscular fungi can help predicting PMI

Phylum JEEER TR ) 35

et al*] Proteobacteria and Firmicutes are the main phyla

Liu et al*®! JEBETET] . AUFFIRT T ARG IR TR T 1T 1K EAERTAT PMI 41 S A3
Proteobacteria, Firmicutes, Bacteroidetes, and Actinobacteria are the main phyla in all PMI
groups

[44]

He et al Family

Pittner

Phylum

B PN X — U E A RN B &0 P
HH ol A= W 0 P T ST I TR T ) R A H R
[l A 22 50 T R T8 TR AR R R B AE AL T

5 REH5EZE

X PR BCA W B F 5 32 BN 2 AR 4

(Human Microbiome Project, HMP)* i3 % , 1
YT HMP BRI I, REHUARBET: | ey b b
THRJE N AT T i — 2B 0H50, RS
THEWEAREZ MR, BTEE R — Rk
T PR 7 2R A8 A R B8 8 T )R] 4 0 7
25, BRI T Bov a8 B PR SE L [|] 4 7

[EIAfEDRT A NS, A A e 2 — B g
TRRRAbRIE, LA R4S R 2 ) AR 1) o L
A IFTEE NEART I . WEFER IR 2R =
AL T A YRR PMI IR A
NAMIFFEIG DL , AR 5 BRI 255 N 3R e T
A DIRETE A AL, s, AR
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AN [ A= 358 B P AR A TS AT A 7 22
RFEA R FREE A E T X AT Wit v 1) 22 Ak
BRI R RZ I, LA R PR 5T 3 ) 512 6 RO ASE TR e 3 1)
TR, L5 Bk, AR A R
e M ZNFEE W NS gL, FEN
R R RN RO 7 1 B R 2 M T 4G
A, SEOCT I AIHEWT RN A o R AE
A Je IS R L2 AN [R] A 52 0 DR 3R ok i i 5
%, RUR AL TS OLE AL AR A, )
P32 24 3 IR A I [ 5, AR e A T PR A
G ik 2o R R Dl A 0 A T A5 A A0 DA R K R B
S ¥ By, f 2 R a5 I A —E R EIL A
ProRAE RIS SR 7 B IR R L Tk PR s e
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