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W E. BY o4 S4B RAE R (antiphosphdipid antibody, APOH ) | f248 % % & (thrombo-regulatory
protein, THBD)., PC #u# % & (PC anticoagulant protein,PROC) 5 2 F V' F B PR TR, A LALRGFEATH Y HF
A MV R R TR 506 BRARAR B A B AR YR . ToiE AT 2019 H 5~12 A S kel 16 £ F Y 582 HIAE AT R AT £,
KRR A B R - FRB AR XK T % A (PCR-RFLP) A B oA K& LB 5H AR, *F PROC c.574 576del,
THBD c.-151G>T, APOHc.461G>A % A B {5 &3 474m], 0% % #7454 4. SR 582 Wl H A F 2 PCR-
RFLP A F 5 A #m £ 2., PROC c.574 576del REF 4% 0.69% (4/582) , A& T ¥+ B ABE 4 #AR 2 & £ 2.4%; THBD
c-151G>T RE FH 2.92%(17/582), & T F AR IR E L H 0.97%; APOHc461G>A KX 244 12.71%(74/582),
BT P EABGEIRE T E 1027%. W F 5 LI, APOHc.461G>A % % 5 APOHc.422T>C, APOHc.1004G>C &= %
EHRIA, HIE FIERATILEARNEERERAAFH S ELARNEEEZAYW R ZF, APOHc461G>A, THBD
c-15IGT RERWARZ TPEAFNERT TR, B, stF U F otttk mid 7 B #47 5w A Ban,
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Abstract: Objective To analyze the mutation rates of thrombolytic genes antiphospholipid antibody (APOH), thrombo-
regulatory protein (THBD) and PC anticoagulant protein (PROC), providing a theoretical basis for the prevention and treatment
of thrombolytic diseases in adolescents. Methods A total of 582 cases 16-year-old adolescents who underwent routine physical
examination from May to December 2019 were selected as the study objects. The gene loci such as PROC ¢.574 576del,
THBD c¢.-151G>T and APOHc.461G>A were detected by PCR-RFLP genotyping detection and gene sequencing technology,
and statistical analysis was performed on mutation rates. Results PCR-RFLP genotyping detecting of 582 samples showed
that the mutation rate of PROC c¢.574_576del was about 0.69%(4/582), which was lower than the overall mutation rate in the
Chinese population (2.4%), while the mutation rates of THBD c.-151G>T and APOHc.461G>A were about 2.92%(17/582) and
12.71%(74/582), which were higher than the overall mutation rates in Chinese population (0.97%, 10.27%). Sequencing analysis
showed that APOHc.461G>A mutation was linked with APOHc.422T>C and APOHc.1004G>C mutation. Conclusion The
mutation rate of thrombolytic gene in adolescents is different from that of the whole population. The mutation rates of
APOHc.461G>A and THBD c.-151G>T are higher than those of the whole Chinese population, indicating that timely detection
should be used in the diagnosis and treatment of thrombolytic diseases in adolescents.
Keyword: adolescent; thrombophilia genes; thrombotic diseases; molecular genetics; Xi’an area
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P& 16 2 F /DAESMNE AR MBS, it Tk
YA FR, bt o ¥ SE R A T AR AR P i 28 A8 3R
hy 5y B i R PR s A FH 75 /DA IS PR T 2R
FEAEARN (B SRE .
1 #MR5HE
1.1 BFRT % 2019 4F 5~12 A2 KK 8 16 J8
AR, R R AR G A% HBAA W A HAE
AR 582 BIVE ARG, FFH 2 R RN —
B 25 e 2 A P BRI PR S IR R
12 A 5K I E 41 DNA $ B0 7] &
[ RAARHE (dtat) A R/AF, DP349], Mbo
I BE 04 8 YD (RO148S) , Mwo 1 FR i1 9 1)
fit} (R0573S), Dra II-HF B il ¥4 4 U1 i (R35108)
%1

( %[# NEB ) ; Premix Taq™ ( H 7 Takara, RR90
2Q) ; PCRAX. BEEHUZAN ( 3L El Bio-Rad AH] ) .
13 F#

1.3.1  JE[F4] DNA (93HG RS JEF#IK I 2ml,
fiff ML R BE P 2 DNA $2BGR A 6, 72 IR A IR
UL N4 DNA, — 80°CIR-fE# .

1.3.2 Gy iE SR 43 HORG
1.3.2.1 2K PCR-RFLP F K 43 UG 5) # HE [«
ELARSRAE A4 BRI UL A A T, 1P A L3R 1,
I 282 95 °C i 28 4 3~5min, 95 °C 2% % 30s,
60°CiE Kk 30s, 72°CHEfH 30s, 72°CEZE{H 10min,
30 MMEI . P3G =2 BRI ) 37 C Y 2 i
2h 5, AZRRETKAEI

PCR 3|45

#A ERIEILY)

gl

PROC ¢.574_576del
THBD ¢.-151G>T
APOHc.461G>A

5’-GGAGTGGTCTAAGTATCATTGGTTC-3
5’-GCACTTCCTTCCTTTTCCCGA-3
5’-GCACTTCCTTCCTTTTCCCGA-3

S-TTGGTCTTCTTGGTATTCTGTGTC-3
5’-CAGAGGGGCACAGGACGC-3
5’-CAGAGGGGCACAGGACGC-3

1322 Z58FKr. O PROC HLPH/pHL,  BpA= A
& PCR 414724}y 223 bp, 4 Mbo 11 L5 =4
175 bp Fil 48 bp Fi 47 ; 4B AFRMAK PCR §71
7= 220 bp, ANAE Mbo 11 {HALYITE, HLUKERI A
27 s AR PCR 9B P42 Mbo 11 JH1L
FEAE 220, 175 Fl48 bp =4%i7 . (2 THBD F[H 4371,
PCR §"347=9°k 178 bp, EFAERIAMAZL Mwo 1 7Hfk
JATEAE 100, 66 Al 12 bp =447, WH 12 bp &4
T/ NIRRT UL a5 584 BIANA PCR 9738774
T LAEEINI AL, AR, FUKSESA 166 bp, 12 bp W
i 2B PCR 43 & BRI I 4k A 166,
100, 66 F 12 bp PUZ&it . (3 APOH JE[H 43S PCR
P 1= Hk 532 bp, BPAERIAMALZ Dra I LG =
Az 326 bp, 206 bp MGk ; 2G5 R PCR 447
WA E BBV S, AL, HUKIE RN 532bp 1
— 2k s AR AR PCR 8 P 28 BRI R T Ak 7=
A 532, 326 F1 206bp =554 o

1.3.3  FEAINY B 7 5 e XF 430 #r: PCR-RFLP 3 [
SRR Ry AR R B RE AR A T AR TR ( Rifg)
JBeAR A BRA B HEA TN 238, I 25 SR AE 36 [ E 4K
Y ARAE Bt (NCBI) 084 (https: //blast.
ncbi.nlm.nih.gov/Blast.cgi ) T 1 74% 2 BLAST HX .

wtowt owt owt o wt owt owt owtowt
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wtowt owto owt o owt owt - - owt

1.4 “itEFod R SPSS 20.0 HAfF74: 47
Mr, THECERHBIE (Ha%E) [n(%) ] £R.
P<0.05 AESHAGIE L,
2 H#R
2.1 H#sE A B PROC c.574 576del PCR-RFLP A
B oA sem 2R U 1, SR 582 BilkEA, H
H1 PROC ¢.574_576del B A= 5y 578 9], i FEA A2
B 99.31%; AR 4 5], Py kI GoeAr i, %
AFFEH 0.69%
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M: DNA 43T bRifE Marker; wt: BRI, +/- J9470,

B 1 PROC c.574_576del PCR ¥ HhEEET R K E5 R ( &B4 ).
22 %4 %% H THBD c.-151G>T PCR-RFLP 4 K
oA ULE 2. 582 il A THBDC-15G >
T #F A=Y 565 19, (5 FEAR BB 97.08%; ZEAEAY
17451, ARy 2.92%, Hrh 42528748 R R 15 4],
R REAR LY 2.58%; 4G o248 RN 2 ],
SVREIREAELT) 0.34%

wtowt owt owt o owtowt
E78 E79 E80 E81 E82 E83 EB84

M: DNA 43T bR Marker; wt: BfAEH; +/-. 29800,
2 THBDc.-151G>T PCR ¥ &SRR ER ( #4)
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23 B4 sE A B APOHc.461G>A PCR-RFLP £ A
oA ¥m LR 3, 582 filEEA T Apohe,461G > A
B A= Ak 508 B, REAS BERY 87.29%; S AR A

- owt owt owt o owt

S wtowt owt owt owt owt H- owt /-

T4, FARHN 12.72%, HhZea 521k 69 ],
R IAREARLY 11.86%; AiGRARR Ky 5 4], &
KRR ASEL ) 0.86%

wtowt +-  H- owt H- owt owt o owt

M A9 Al0 All A12 Al3 Al4 Al5 Al6 Al7 AI8 Al9 A20 A21 A22 A23 A24 A25 A26 A27 A28 A29 A30 A32 A33

M: DNA 73 bR Marker; wt: BPA s +/-0 Zu 00

/- AL,

El 3 APOH c.461G>A PCR ¥ HREFEIXER (214 )

24 APOHcA461G>A 22 &R T AALM A5 54 UL

ARRRBEATIN R 43T, 45 S & B APOHc.461G>A 5
APOHc.422T>C, APOHc.1004G>C % 75 2 I % 4
HEE,

Kl 4, th F PROC c.574 576del #il THBD c.-151G>
T A8 AR, A WIS X APOH c461G>A %
C.461G>A

EER g c a acacecztet

c git gt t t at a ag

A/CH

A ManAnAN ANANANA

G CAARACACTICGITGEGITTIATRR S
c.422T>C.
,E& C cC at c atjic t geccct c c a
C/TH CCARTCAC|[CTGCCCTCCR
¢.1004G>C
é& cCc T g g c £t t €t t €t gig a a a a c t g a ¢t
AN VANNMAA AWAYAVAVLY
Cc/cEl CTGGCTITITTITITTG|GAAARCTGR ST

B 4 APOHc.461G>A HINF 4R

3 itig

I P95 S H8 ARG FA L P 7 IS N S
B I BEE B A e, B Skl | FR K
FRAGAGER M . 4528 MR Pk 5 350 RO TR R E 7Y
MR R, BIRETESRAE . Ak, MiEA
67 R FE PR R A e AR, A PEER &
W RRAET g, faE iz m T E, AR AR
B R H O T 5 DR A S AR 2 AR LR 2
U5 He gl s i AN . ASBFgR I X 582 i 16
Ji % AR G e SR A T A, JF S E AR
AL RT3 W Sy A JE R e 75 M4E
AR AR, hy S ke S TR i A FH 1 A4 IS
PPN T B TR S AR AF O T 2 ) BB AR

Sy R e R FR B T IR AL M B AR R T RO
Z5 5 5| JEL AR T R I AR A4 FE B4 B o IV 5 B
Y B R THRHRZEAE (APS) | b

MM . PrBkmEEE AR C . EARKET V Ih6E
SRAFFTRE Y, FEN ARG R LN E A YRR |
SO RIE LR AN FERNEK W, B F SCkikE,

PUwkBEPLIA (APOH) 7| M JET7 & (THBD),

PC Hi#E#E 1 (PROC) S5 M CIE N AE 1 ) 25
b OCRE S AR E A H LSS RS R 2 U B AT
7 PROC ¢.565C>T 2872 76 3% [ 58 A HF b 19 Le 431
230 2.4%, LERRIKIA ABERAAAE BN 6.52%,

AT R IR T B ) RS 2 1 i PR 7R A
1K1 6.44 17 " THBD c.151G>T 2875 75 F [ 35
NBEAERI L2 9 0.97%, 26 T Hi kA e
P DRSS 2 1 L PR R AMA Y 2.84 45 U APOH
c.461G>A, g.5028C>A, ¢.422T>C, ¢.1004G>C [
DURh I R 22 25 PR ) = R e B . B ARG
PG RVTE TR S A TE R L1292 10.27%,

AT BT 7R RR DK LA T2 g DR, 2 I LA AR
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AMAHY 1.29 1, 2l 578 BRI R K AR JC Y
DRSS T BT LAY 6.04 1%

ABRAR IR, 16 2 F/AERHA T, PROC
c.574_576del 2225 H 0.69%, KT SCHk i 8 1) %
AF 25 THBD c.-151G>T 58 78 % 0y 2.92%, APOH
cA61G>A ZRAFFR N 12.72%, KW i T30k iE
MIRALR  ZERIR, F R S IE LA
FEAE L9 5 B A G v D) R R HE DR A7 A LG 1) HAT 1]
W2,

SR N MBS AR LL , 75 /D4R R HA TR
BEPE . SORMESER R, PRI BSE S i R Z A0,
SEUSEIER, MRl s, 4
R BE AN 233 BUTE TR B Il iy 2 E 4R L TR
DyRERE SR I R ) T D AEAMATE— R B 2 R
PERZR A5 T T HA S SEUMEIE . —IEExT L
FFI T AR DK AR T A f 6 DR 2R BB 5 .
N, 64% BT AR ML S AR MU A it
PRI 0 T ELARIR A 2l i BB L X
W S5 A T R 3 ok 5 A4 i 5 DR A s ke
HAAE MR PRSI R TR 2y T+ 2

ABIFFE WA — 8 SR BRI s ARTE A A s ML
R, EMBIRRWRE, Hos e N R &
S LT v A DG SR R 1) RRE DG R R 1 22 A5 M Y
2oy FE AR AP E RO B B WS AR . ARG
PR AREASK A T2 AR Y 16 % 7 /D AFRE
T, ERERIREARCRATER . ARBENL, BAT—E 4k
PE, DI TARR R B . M SR R i = LA
XF R AT PREAEAR M T HE— A RIOFFER RIEH
AT T D AERP IR Y S) R HE DR SR AVRFAIE L
LB PR B o

Zi I fiTif, THBD, APOH 3 A ) £ & M 7E
T AEREAAS R B G, ARSI XA AR
APOH , THBD %X RAE R EATERER R, 704
TR PR G S 7 3 FH TR AR A R T i e 42
Az XU PPl 5 T
SE 3k
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