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Abstract

Objective: To explore the appropriate method of DNA extraction from blood samples treated with
different concentrations of three common anticoagulants. Methods: Heparin sodium, sodium ci-
trate, and EDTA-Na; were used to anticoagulant the blood samples at four concentrations of 1
mg/ml, 2 mg/ml, 4 mg/ml, and 8 mg/ml. DNA was extracted from blood samples by three different
DNA extraction methods, including direct amplification method, Chelex-100 method and silicon
bead method, respectively. Then fluorescence multiplex amplification and automatic STR typing
were performed. STR typing results were evaluated by direct counting method, and the results
were statistically analyzed and compared. Results: The three extraction methods can be employed
for isolating DNA from blood samples treated with different anticoagulants, resulting in the acqui-
sition of distinct STR profiles. No significant differences were observed in STR typing results using
the direct amplification method when the anticoagulant concentrations were 1 mg/ml, 2 mg/ml,
and 4 mg/ml (P > 0.05). However, a significant difference was observed at an anticoagulant con-
centration of 8 mg/ml (P < 0.05). There were no notable distinctions between the Chelex-100 me-
thod and silica bead method when the anticoagulant concentrations ranged from 1 to 8 mg/ml (P >
0.05). Conclusion: Within the scope of the study, the DNA quality of blood samples extracted by
Chelex-100 method and silica bead method was not affected by the three anticoagulants. Direct
amplification is not suitable for DNA extraction from blood samples treated with high concentra-
tion of anticoagulant (=8 mg/ml).
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1. 51§

MR SR 2 R AR 56 o B L R AR R AL o TEVEER S, ) VRO A Hh S B, ) i R gk
8, AT O G M S o A B 8, PRUERS I 45 SR v e, ik R i A 6 1 45 AR 70
SCHE[L]e PUBEFRIRLF ) V2, AHBTEERDO B A LR A2 AMNEVEDD T, T8 ML VRRE & R I8 AR [V B2 1) e
e 20 Ja BRI 285 SR = AR AN R R R e, S50 =5 FH (M Ui )45 1T 2% (Heparin sodium). EDTA #h
(Sodium citrate). FMXERENSE[2] [3]. HAT, B P AN S &N e R SR A ROE, A A
BT T R IR AT R T N TIEIT I s . CUIRPUEE 254 T LA o b5 B R85 1) i A A 2 XU
[4] [5], Kino % AR LS HFREH, R FHHLEELPmT LAVE 9 s By i i 3 1) s e L 2 AR B sk Sk s [ 6]
RS AN [R] A0 77 AL B MLAE X DINA Jof 2 ) R A A R, 923 R A0 E A 30 DINAA 119 5 56 2 A4 1)
A5 RS EE S R N R S B B E . Nk, A B IR R =W H I PUE T (T R s
FREN L S EDTA-Nay) AA R FEAL B MIRFEA S, SEI& 1) DNA AL 75, DAiOR DNA &, &
STR 7 BALE SR TE, kBRI S bR IR 55

2. 8

HEAS DY 44 fi Fe R S ts R B, SRHER KL 5 mIV N, 23 5 L =MOR R0 (BT =40 F75 RN LA
K EDTA-Nay)fit & B 1 mg/ml, 2 mg/ml, 4 mg/ml, 8 mg/ml PURh BT A, JFEERNS
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Table 1. Dose groups with different concentrations of the three anticoagulants
= 1 ZHETINARIRE N EH2HEE

H R Gl G2 G3 G4 M1 M2 M3 M4 E1l E2 E3 E4
A 1 2 4 8 1 2 4 8 1 2 4 8

B 1 2 4 8 1 2 4 8 1 2 4 8

C 1 2 4 8 1 2 4 8 1 2 4 8

D 1 2 4 8 1 2 4 8 1 2 4 8
pugictich 0 0 0 0 0 0 0 0 0 0 0 0

VE: B8 mg/ml; G RIRAT 24, M RIS IR N, E &8 EDTA-Nay; G1-G4.M1-M4.E1-E4 43 AR /RECE 1 mg/ml,
2mg/ml, 4mg/ml, 8 mg/ml PUMIKERIEA; A. B. C. D 2 HIACEHIE DAL LR # MBS BT 20 (4 .

3. B
3.1. DNA KJiZEY

3.1.1. E#EY HZEEEImMA DNA
LRI FEUR/NA 0.2 om? IR T 2 ml EP 8, 414 B 0 10Tk BB i L 23 4T PCR 9714 ,

3.1.2. Chelex-100 %32 EUIN#& DNA

FEFEA I AR NN 200 ul 5% Chelex-100 AW M 10 ul R A K, E3R# % EREIRY, BN 56°CK
60 43k, BUHEIRY . 95°CHEHE 10 738, R #5) 10 s; A & &0 L 12,000 r/min, 5.0 3 min,
% DNA Bt % H .
3.1.3. FEERERIERMA DNA

FTFLAR FIBEAE IR BUR/N A 0.2 em? fMAEBCT 2 ml EP 8 b, 3B EERRE R £ B PR BURE A
DNA (JifEanfE 1 Fios).

FHATFLERIUAI B /N0 2em2 LB ZBEPFE b, IIAATL 300 L, 56°C/KiA2 h, JR5]

JIAAL 300 uL, 4]

[ 7orcmat1o min, mASk 8150 uL. 51

13000 r/min, 3 min

B LS SRR

8000 r/min, 20s

JIAAL 300 uL

[ #main manes, maaw coop |

8000 r/min, 20s
[ #mawn, mswmnss, maaw2 e |
\L 8000 r/min, 20s
[z mosimsn, maxkomeow |
|/ 8000 vmin. 205
[ s EpamnEs, mAEKZR 00|

8000 r/min, 20's
R FRIE

/13000 t/min, 3 min

TUHEREACE 1S mindE T, MAATE 20 ul, HCE1S min GEEDNA)

/13000 vimin, 3 min

T EHDNA, BUE

Figure 1. Flowchart for the extraction of sample
DNA using the silicon bead method kit

1 EFEATI SR A DNA RiZE
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3.2. PCR ¥t

JH PowerPlex® 21 77 %} D3S1358. D1S1656. D6S1043. D13S317. Penta E. D16S539. D18S51.
D2S1338. CSF1PO. PentaD. THO1. VWA. D21S11. D7S820. D55818. TPOX. D8S1179. D12S391.
D19S433. FGA H1 Amelogenin 3£ = — ML JaEidkAT PCR BE4 1, (RIS ar K B 4l 7K Jy B 1 0 B
A, 2800M A BH X HRFE A

SNiAZ 10 ul: ddH,05ul, Mix12ul, Mix22ul, DNA it 1 ul;

R4 96°C 1min, 94°C 10s, 59°C 1min, 72°C 30s, FLiE4T 28 NMEIR, MFERS 1.5 /N .

3.3. EEEREKSEEN

S SVEC P24 1 ul. Marker 1ul. HIDI 9 ul, & A EZNRAINL. &iE 4L 8000 r/min 5540 5 % H
AB 3130XL 4= E 3156 Bt 47 Bk . ia ] Gene Mapper ID-X i Lk B g 3E4T STR £0d5 204 .
3.4. STR S BERFM R G FE DT

Xf STR 43 R 1 i ok BL 4T 40 T LB T VR« NS5 DR R 0 B IR A, 350 i 78 S5 4 iR o0 Bt 1 40
SRR I 5Tt 0 4% SR REAKI 21 A STR R, w21 4%, A4 A 0 4r. KH
Kruskal-Wallis #%6 F1 Games-Howell ¥E5%F H 33T 70 1 80E TS 835 #4741 %047
4. R
4.1. STR SR R EE

9T AR SZ B 8 B R YE, 43 5148 P 2800M F1 K T 45 7K 3k AT [FH P ok FEL Sz 06 R0 9 4 o HE Sz, 45 R
EoRIER, Wl 2 . =M B EE SR = R TE T SR AF B ML A DNA, 76— & Hrlt
W HERS 2 52 B 1 STR 70 A5 51, W&l 3 s . (H 2 BEE PUEETIIR B I In(8 mg/ml), BBy i
(% DNA [ STR A B4, &l 4 Fis.

AR é'g%";‘d‘."s“ Project 2021030510 A‘B E‘Eggf;% . Proect 20210008300

= = [e==

(@) (b)
TE: (@) JIA 2800 M FHEXS HEREAS; (D) A B S /K ) A 0 A AR

Figure 2. The STR genotyping maps of the quality control samples
2. FREIEHIFEARR STR 43 BUEE

DOI: 10.12677/0jns.2024.123056 493 H ARl =


https://doi.org/10.12677/ojns.2024.123056

FifE &

plied Projoct 20210308100 AR &gfzﬁim; Proect 202103.08 X0
15 Gerhdagpert DX 15

Y

Dy
11X

@) (b)
VE: () N5EHE STR 4RI, (b) & AXTIR(CRINPLEGT).

Figure 3. The complete STR genotyping maps
3. 5% STR HEEL
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Figure 4. The incomplete STR genotyping maps
B 4. 3E5E%E STR HEIEIY

4.2. EEEY X
B B PR = R B AL B S A MLV AE A DNA, ZEPUEGIKEE A 1 mg/ml, 2 mg/ml, 4 mg/ml
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KIReF B2 B STR B 4E 1, MiAEHTEGTIAE N 8 mg/ml, BLY 36E3R BUM 7% DNA A H 2 2 %
i, #AMAHRIBLSTR 844, BERHIEMEEIR. PPoink 2 iR, SEi0H 50 A G4
BXFEE: PURSTIREE A 1 mg/ml, 2 mg/ml, 4 mg/mli5f, STR 2 AIgE I8 M2 R (P > 0.05); Pkt
FIMREE 9 8 mg/ml B, 255 F B EME%E (P < 0.05).

Table 2. Scores of STR typing results of DNA extracted by direct amplification
2. EIEHHEKIZEN DNA B STR DRI RiFH R

A5 Gl G2 G3 G4 M1 M2 M3 M4 E1l E2 E3 E4
A 21 21 21 11" 21 21 21 14" 21 21 21 10
B 21 21 21 14" 21 21 21 13" 21 21 21 14"
C 21 21 21 12 21 21 21 15" 21 21 21 12"
D 21 21 21 15" 21 21 21 14" 21 21 21 12"

pagichiin 21 21 21 21 21 21 21 21 21 21 21 21
e AN G R RN, M BRI ERRIN, E £78 EDTA-Nay; G1-G4. M1-M4. E1-E4 7 HIEREE 1 mg/ml,

2 mg/iml, 4 mg/ml, 8 mg/ml PURKEFIELL; “°7 Fomizdld Bl STR SR A L s ML Bids; A, B. C. D
a3 AR 4 HR DU 7 35 S8 3 VR A T 43 R 4

4.3. Chelex-100 3% X fEEE X

K FH Chelex-100 i I fit BRVE AR G AL B = Fh ol i AL 2R S 1) MRE A< DNA, ZEHTEETIKFE 1 mg/ml,
2 mg/ml, 4 mg/ml DL K 8 mg/ml BIRE1SE 56 81 STR - RL4E IR, RIS 2| STR 4 R4 IR 5% I 4l — 5L,
FHEHEZESR . TFoWE 3 fir. LG 55 RAG 2245 BT b Ptk E N 1 mg/ml, 2 mg/ml,
4 mg/ml, 8 mg/ml i}, 25537052 5 (P > 0.05).

Table 3. Scores of STR typing results of DNA extracted by Chelex-100 method and silica beads method
7% 3. Chelex-100 % K #E3A AR EX DNA HY STR S RUILERITH R

405 Gl G2 G3 G4 M1 M2 M3 M4 El E2 E3 E4
A 21 21 21 21 21 21 21 21 21 21 21 21
21 21 21 21 21 21 21 21 21 21 21 21

21 21 21 21 21 21 21 21 21 21 21 21

Chelex-100 3%

D 21 21 21 21 21 21 21 21 21 21 21 21

Sof FR4H. 21 21 21 21 21 21 21 21 21 21 21 21

A 21 21 21 21 21 21 21 21 21 21 21 21

. B 21 21 21 21 21 21 21 21 21 21 21 21
REBRIE

C 21 21 21 21 21 21 21 21 21 21 21 21

D 21 21 21 21 21 21 21 21 21 21 21 21

e BAANSY 1~4 2 HIFORIEE 1 mg/ml, 2 mg/ml, 4 mg/ml, 8 mo/ml PURMIKEFIEH: G XHRFEM, MER
FrEERRA, E #8 EDTA-Nay; A. B. C. D M HAER IR UL &R 2 ME 2 4

5. &g
5.1. HLEHF

Wi PR AT — B9 T Ut R S i 3 S5 2B AR ARG DI 25 R 3R 7] [8] [9], (HARASEIR I =
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Pl BB (280 EDTA-NA, LA RATR R EN) HEAT HUst b3, X 20 [0 30T 700, AR R BT 5
552 DNA S REE LI (P > 0.05). FF N2 — Rl 2 B F I R LA B VL B2 28 S h If e, 18
R AMEPUEER, AR FAVLHE @S SPUE IEE 11 (AT-UNEZ S, FHIRE BRI, MR IEDT
HEAEFI[10] [11]. EDTA-NA,. FPERREAPI & 1F RS ie = 1 I PLEER), FORFEUELE FH 0 4E L) 2 i
1o 5 R A 1 TR B AL A, BELE R R [12] [18]. fEASEIGHh, ELHy Mo i in =ik
PR MR A FEAT AL B JG A3 2I STR 3 AU 45 B R R PUs AR BEAAE 8 mg/ml B, A tHEE AR, 1T fili A
Chelex-100 %, fEBRIEALFRAF B STR 7p BULE I 568, $278 DNA 43 B S 58 B v g S RE AR b 3
T3 CA B AT A O

5.2. E#Ei 183

BB 5 — PO T FEAR AT AT AL (0 735, TEX P24, EDTA-NA, FrEERENHLEE 1 I
TFEA AT B 3G, ARAEAC B T I DA AT BR A0 LA b 23 REMa B A4S ik 70 &8 R ot |
e K By BVE G R INPUE I N 8 mg/mil (1 ML FEHEATHEEL, DNA (k6 R &K, ik DNA 1)
o tH 28 2 BRI DRI P R s TFF 30 m 900 DB A7 P A Rl 22 W 7 1 T 0 i -5 4 % T oty T P A 100 2 1 285
G, BUR TN IEIEYE, 5 DNA RERGE G, k)T EEREEYE, oI S N IRIE I S = T R
SRR A B U N, M STR 43 BUGE R [14], TL B NSEE 0T T IR0 PCR B AT g 3
S4B A B S S DNA A (Tag Bg) &M LR LT LS PCR SR R 8 1456 K[15];
A2 e EDTA X HTHREUKIFE & DNA FBUE BEfRIER[16]:  FiRJFF#ERReRZm STR /0 BIEE R,
AR SR, R TR STR 4 B I .

5.3. Chelex-100 3. #E¥ki%:

Chelex-100 2 AHEBRIE TR I = PPt I A B 5 (1 MBFE A DNA, P X3 8568 1) STR 73 BU45 R
PIFSEECA 7248 ], 4§ Chelex-100 yEFIAEZRIZSEHLT) DNA 1AM IEAT PCR 43, FEASLIG W B 1)
VYA [0 8% A FE 4H P 3 75 3 56 88 STR 23 B 45 3L, 1] W, Chelex-100 yEFIRE BRI HEHU DNA B4l 85,
X STR 43 BUEE SRR /N o KT HURE P 8 I A B 751 B LR IR 55 (1 S [ R B s B PR SR, PR AP
B — 52 .

f§1H] Chelex-100 &2 DNA HAT5 /N G/ ERRE s [17] [18] [19]. {81 H Chelex-100 iEX I
BRI AR AR A BTS20, A Chelex-100 A—FE &R, BEZ AL -MEBE FAREKENZNE
JEET, KR ERILRFEAT R EEE Fis i, RN MBS RS . EDTA-NA,. MR
I R PCR M4 B & T, MHZIREG T DNA [IBEIER, $27- DNA BUR4EE, KHiksid
Chelex-100 7 Ab B (1 MR FE AR STR 43 B AN 2252 BT, T RN A3 31 56 B 1) STR 43 BY 45 5L [17] [20].

S I REERIE SR H DNA BAG 3 B s 20 4R 1y B ARF i [20], 78 R BRI I 280 EDTA-NA,.
FrE RN DL I Ar R A AT IO 0T, 7EMK pH mdh 2 T, REBRBURR B 3L B & i RE R 5 i
ff) DNA MIE 454, FFER pH. KEE 5 1F FRH DNA [21], Mk 2728 K& HEE DNA 1 H . K,
ZRTRERRVE AR (9 MLIRFE A PCR 98 AR 2 22 BT R4, EDTA-NA,. FrEERINPIEFIRS M, M55
H) STR /p RILE R,

6. &it

FE—E BT FCNLE Y, Chelex-100 {1 ANEERRIESEIUN MR A DNA J7 A3 =Rkt s . £
RBRESEE, XK > 8 mo/ml (BT AL B S O IBREAS, FLIFER) DNA SZEUNEANEUCR
MBSy 5%, WTELEFHE DNA U7 %,
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