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ABSTRACT Objective: Mitochondria play an important role in physiological and pathological processes. Free mitochondria formed
after mitochondrial fragmentation are closely related to a series of diseases. However, the low content of free mitochondria in human
body is difficult to be extracted stably and easy to degrade, which leads to great challenges in detecting the copy number of free
mitochondria. This study is to establish a rapid and accurate quantitative PCR technique for detecting the copy number of free
mitochondria in peripheral blood. Methods: The copy number of free mitochondria in human peripheral blood was detected by multiplex
fluorescence quantitative PCR on SLAN ® -96S automatic medical PCR analysis system, and a new detection scheme of free
mitochondria was constructed. The stability of free nuclear genes in human peripheral blood is much greater than that of free
mitochondria, so the free nuclear genes were detected by multi-copy reference gene YH-1 (300 copies) as control group. Results: Nuclear
gene standard curve and mitochondrial standard curve were successfully established, and the best primer amplified fragment length for
detecting free mitochondrial copy number was 82bp, the effective separation time of serum was within 2h, the best separation scheme of
serum was centrifuged for 10 min at 1600 r/min and then centrifuged for 10 min at 16000 r/min, and the new process of extracting free
nucleic acid with magnetic bead method was the highest. The copy number of free mitochondria extracted from peripheral blood of 100
random people of different ages was detected by the new scheme, The results showed that the correlation parameters between free
mitochondria copy number and age were R = 0.18, P value = 0.077, and the correlation parameters between free mitochondria copy
number and sex were R = 0.27, P value = 0.061, that is, there was no significant correlation between free mitochondria copy number and
age and sex. The results were consistent with the reports. Conclusion: The optimized scheme can detect the copy number of free
mitochondria stably, and provides a rapid and accurate method for detecting the copy number of free mitochondria.
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2.1 51¥pigit

fii Ji] Oligo 7.6 Primer3-py # {51t 6 XF 514 #1 1 44K
75 1RSI EREHEE X EE 4] 1 300 #5 DAY 52 4t
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FHNTRER 1 s
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Table 1 Quantitatively specific primers, TagMan probe design

Number Name Primer/Probe(5'-3") Product Length
1 YH-1F GAAAGTGAAGTAGGCCGGGC 131 bp
YH-1R TATTAGAGATGGGGTTTCAC
YH-Probe FAM-CACGCCTGTAATCCCAGC-BHQI1 \
2 Mt-F CATCACCAGTATTAGAGGCAC 82 bp
Mt-R TTATGCTACCTTTGCACGGTT
Mt-Probe VIC-TGCCCAGTGACACATGTTT-BHQI1 \
3 Mtl-F ACCCCGCCTGTTTACCAA 108 bp
Mtl-R ACCTTTGCACGGTTAGGGTA
Mt-Probe VIC-TGCCCAGTGACACATGTTT-BHQI1 \
4 Mt2-F AAATCTTACCCCGCCTGT 121 bp
Mt2-R TATGCTACCTTTGCACGGTT
Mt-Probe VIC-TGCCCAGTGACACATGTTT-BHQ! \
5 Mt3-F TTACCCCGCCTGTTTACCAA 155 bp
Mt3-R GAGCCATTCATACAGGTCCC
Mt-Probe VIC-TGCCCAGTGACACATGTTT-BHQI1 \
6 Mt4-F TTACCCCGCCTGTTTACCAA 203 bp
Mt4-R GCAGGTCAATTTCACTGGTT




- 2610 -

MREYESSHE  biomed.cnjournalscom Progress in Modern Biomedicine Vol.22

NO.14 JUL.2022

R 1 EERRMSH. TagMan %
Table 1 Quantitatively specific primers, TagMan probe design

Number Name Primer/Probe(5'-3") Product Length
Mt-Probe VIC-TGCCCAGTGACACATGTTT-BHQI1 \
7 Mt5-F TTACCCTCACTGTCAACC 352 bp
Mt5-R GTACTGTTTGCATTAATAAATT
Mt-Probe VIC-TGCCCAGTGACACATGTTT-BHQI1 \

Note: The 6 pairs of primers numbered 2-7 share a set of quantitative TagMan probes to detect cfmtDNA copy numbers; serial number 1 corresponds to 1

pair of primers and a probe to detect cell free nuclear gene copy numbers.
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Fig. 1 Extracting cfmtDNA copies at different times of serum storage
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Note: The abscissa coordinate indicates the time of whole blood storage
(unit: h), and the vertical coordinate indicates the copies number of

cfmtDNA detected at the corresponding time node
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6-24 h B[R B AR LT RREAf . T 1. 18] 2 o 12 h i s
SRORLVR PR DUER I B A DR P DL 502 A 38 o, 2 ] RS2 4
ORI 7= A B 22 ) B A TR o
2.3 HARKERN

oAb 5 S IR 8 uL &5 4 pL Buffer i@ 5 /51 10 uL
VSV 0.5% 1 T BRI J5 FL 47 L RS, T I8 285 A% R 1)
BEBLPKAEA 120 V {35 min, BPKZESRANE 3 fi7R,

3 AT, WEESAK IR B B B AR TSRS 80-200bp
350bp, JELHHZR 1 F5 2-7 (19 6 X5 H% i i BeK
A:82bp . B:108bp .C:121bp.D: 155bp .E:203bp .F:352bp 4t i
[F]—~ TaqMan #REEXF 6 HREA (BE4H 4 AEEAS, BAEASAE R
HEAT R S A B SRR HE DUER, i 2 SR & 4 7w

AT P 4 RN, T B 4o A4 7 | 4 K 2 T B A
H e DB R s TR 4 Rl s Lo A DL EAR it 3, 3%

22 MiFHBHAEE

NSNE I H A B AR 1 AT JLAS /N2 3 1 R e Ak
Ji 0L A0 AR D 22 5 A A S5 T 3 T 3 %o 4 i - i
HERTEIBE N 2h 5h 6 h 7h 12h 24 h PSS 1. 575
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Fig. 2 Extraction copies of cfnDNA at different times of serum storage
Note: The abscissa coordinate indicates the time of whole blood storage

(unit: h), and the vertical coordinate indicates the copies number of

cfnDNA detected at the corresponding time node
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Fig. 3 cfDNA electrophoresis
Lanes 1-12 represent cfDNA and lane M represents a DNA marker of
100-600 bp
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10 P 2 2R 5 R A1) s 20 BE A A A 1 i (2.5 1x10°
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2
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<
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£
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Fig. 4 Design a quantitative copy number of amplified fragments of six
primers of different lengths

Note: The ordinate coordinate represents the copies number of cfmtDNA,

the abscissa coordinate represents the length of the primer corresponding to

the 6 groups of samples as A: 82bp, B: 108bp, C: 121bp, D: 155bp, E:
203bp, F: 352bp.

Slope : -2.63826
Intercept : 35.56773

Correlation coefficient : -0.97501
Amplification efficiency : 0.98953
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20.00 -
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13.41 -
12.09 -
10.77

4.4 5.4 6.4 7.4 8.4 94
log(conc)

B 5 ZEEE PCR #ll cthDNA ¥ DU B AR AE i 2%
Fig. 5 Standard curve of multiplex qPCR assay for the detection of
ccfnDNA
Note: The ordinate coordinate represents the Ct value; the abscissa

coordinate represents log,, (ccfnDNA copies/puL).
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2.5 ZEFEE PCR &M ccfmtDNA HIkRAE #2532 57

i 10 506 R IF R PUCST Bobidnifif (6.13x107
copies/L ~ 6.13x10° copies/wL )5 K Z% U1 K0R 13 X 1 46
BARRE R C AR EAPRHE I Z AN 6 s .

M & 6 AT, 25 R % M, SH LN S Ct (2 MAEEE 1)
LMK R (= 0.988), F IR Ty 99.114%, bR th L Lt
[ 977 : Y=-2.5264 x Log(conc )+ 34.7802, Hrf Y 4 C. {H,
cone AR i 185 DL /L.

2.6 MEFEARSBEHELE

i i 4 RS [E)7 270 AL, P R BRI B A IR SR

T G W B AR , TG I 8 Lok (A DL, 25 R n )
7B o

Slope : -2.52640
26.17 - Intercept : 34.78012
s Correlation coefficient : -0.98802
Amplification efficiency : 0.99114
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12.55 . ' i s
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B 6 ZEEE PCR il B Lt A48 DU BOARHE B 2%

Fig.6 Standard curve of multiplex qPCR assay for the detection of

ccfmtDNA

Note: The ordinate coordinate represents the Ct value; the abscissa

coordinate represents log,, (ccfmtDNA copies/pL).
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3 1l T
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2
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£ 5.0x10°
Q
(3]

0.0
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Groups
B 7 i 4 R 5 B8 77 SR L A0iHE B gk A b T

Fig. 7 Detect the copies number of cfmtDNA corresponding to four serum

isolation protocols

H2 H1 H4 H3 M

— 600bp
— 500bp
— 300bp

— 200bp
— 100bp

[ 8 AR HE R R R ik E
Fig. 8 Agarose gel electrophoresis diagram
Note: Lanes H1, H2, H3, H4 represent free nucleic acids;
lane M represents 600 bp Marker.
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bar Fb45, IR bar K/ H1 > H3 > H2 = H4, 45 L 32 1] H2 H4
TSl SRR AR E . F RS H1 H3 % DG KT
T N Tl B LR IS DURR, 5 I AB 124 32 3 56 P 41 240

PRI RZIR I RN . DI, SR 0.5%BRIRMIFBE IS HL Uk AR
W MRALERASIN 4 2177 SRR AU O AR , 45 R NP 8 .3k 2
Fi7R e

% 2 RE M iEH#R T R 4MFFE DNA i) 0D260/0D280
Table 2 Different serum extraction schemes to detect OD260/0D280 of cell free DNA

0D260/0D280 H2 H4 H3
Sample 1 1.753 1.243 1.733 0.813
Sample 2 1.720 1.160 1.670 0.720
Sample 3 1.591 1.171 1.651 0.771
Sample 4 1.712 1.152 1.702 0.722
Sample 5 1.763 1.243 1.773 0.843
Sample 6 1.747 1.207 1.737 0.767
Sample 7 1.712 1.162 1.712 0.742
Sample 8 1.697 1.127 1.577 0.737
Sample 9 1.783 1.243 1.813 0.723
Sample 10 1.792 1.662 1.832 0.752

Note: OD260/0D280 =

contamination of proteins, phenols, etc

R 8. 3 1 nl%1, H1 H3 J5 438 i o & Kim 3
W 24 DNA, 3+ H HI1 H3 J5 & X% N (9 W 55 4% R A R 19
0D260/0D280 ¥5/NF 1.6, FH H1 H3 J7 24358 L35 F T3
PEWEBI R 232 BN ANERE B SE AL 52 . TRL, HEBR 7 %6
H1 H3, 7728 H2 H4 7355 i3 X5 0 A iite 5 A R 22 Aar DU 41 AN 7%
1) R B S e N NS e L (R I e Sute S
HI R A S 3053 15 1078 B2 o

Shitt— 2B i 4 AN R 7 A0 88 I e DU I B Aok
A DL BES SR A VR I o ARG ReF 7 114 T A B R 4 4 DL 250G )
PE R AL, 45 R R 9 FTR .

2.5%10°
2.0x108 l
1.5%108

1.0x10°
5.0%10°

——

cfnDNA copies/mL

2.1%104
1.0x103 [ S
H1 H2

H3 H4
Groups
B 9 4 4 Fh i 7543 B8 7 SR xR B 4L R AT HE 48 ¥ DU

Fig. 9 The copies number of cfntDNA to the four serum separation as

control
Note: The ordinate coordinate indicates the copies number of cfntDNA
(copies/mL); the abscissa coordinate indicates the 4 serum isolation

protocols

L9 mIL, AP B3R5 g i 75 58 H1 5 H3 995 L
Bz, BT 755 H2 55 Ha 19l BAhiAS DL
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Fig. 10 The copies number of ccfmtDNA detected by different cfDNA

extraction Kit
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Fig. 11 The copies number of ccinDNA detected by different DNA

extraction Kit
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Fig. 12 The Ct value of 10 cfmtDNA of 6 identical samples was not
quantified with Carrier DNA solution was added
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Fig. 13 The Ct value of cfmtDNA were quantitatively tested using Carrier
DNA solution
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Fig.14 Relationship between free mitochondrial copy number and ages
Note: The vertical coordinate y represents the cfmtDNA copy number
(copies/mL) in the middle reaches of serum;

the abscissa x indicates age/year.
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Fig.15 Correlations between the different genders of free mitochondrial copies

Note: The y-axis vertical coordinate represents the copies number of male cfmtDNA between 30-69 age in 1 mL serum; the x-axis abscissa coordinate

indicates the copies number of female cfmtDNA between 30-69 age in 1 mL serum.
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