. 726 - A SIS IR R 24 3 2026 4E 8 H 45 44 545 8] Chin J Exp Ophthalmol, August 2026, Vol. 44,No. 8

L ST -

D¢ PCR YA I TGFBI 3 K 28 78 A 5%
£ EE IR N B o 5 Tk

INEW OS5 AF WE LEE BE

EHREHXFHWBELTRAI-ER LFRARAT S X TRAHFTH BRAFL5NL
HFEAFTTEEER T, LT 100730

WBAZHEF 435 Email :jie_yingen@aliyun.com

(WE] BH S POLPCRIEKI TCFBIREH S B MM BE AR MU MRS, HiE R
JHJ ARMS-PCR 45 4 TagMan £ 51 ¥, %7 2021 4E 1 H £ 2025 4F 8 H T 14 #8 BE BF K22 Wb & b 5t R4 BE Be ki 1y
240 71 £7 5 F2 A B E AN R IEEAR TGFBIFEIN B R124H . R124C . R555W (R555Q {37 =5 FE AT 43 46 0 (3 5
Fh Hali A ), It Sanger M T 25 BEFEATXE LY o 4T 98 PCR AL Py AL ] A% 46 00 285 SR 30 47 43, 3T A
L, TR GG R R e . SR 240 FIREA(E TN TGFBI HE PR 43 TG I35 79 £ (996 PCR
1) F1 Sanger M J5 12 46 0, F0G 5L K 5728 BHAE 24 83.33%(200/240) o 2 75 WK R124H 2445 %878 \R124H
Ui G RAF R124L 285 2878 (R124C 44 A 28748 (RS55W 2% 5 28745 \R555Q 44 4 28 742 P44 5635 43531 24 55.00% ( 132/
240) .0.83%(2/240) . 1.67% (4/240) . 11.67%(28/240) .8.33% (20/240) .5.83% ( 14/240) ; j& FH ¥ 2 35 Jy 83.33%
(200/240) , BF A= BRI K 1 335 4 16.67% (40/240) o 2 Al K J7 35 19 B 4F A %4 100.00% . 2¢ )6 PCR % K T
TGFBIFEIN 275 b b i) 5 45 SR 58 4x— 5. % 200 191 & DX 5 A5 BH 4 A 25 ) 66 K1 80 55 s R 2 00 kA7 0 #r , 285
TR0 7R N [) 2 DS TR B A I DR 3R T 43 A 25 S A Gi T2 B L (x*=498.474,P<0.001) . Cramer V=0.706. %&if
P PCRIE RN TG F BIHE PR #5848 0 ER B2 i L 152 PR, 3 - I R £ 485 95 A8 IR BB 9 6 R 98 4 (i )

[KBIA] MIEEFRAR HAAERET B FIN ;9% PCR; Sanger I T 5 ) 5 & 44 1

ESTH: waA I A SRR EAA B H CERNF Sk A-02-22) 5 65017 28 5 £ R TF & X IR
AAHH

DOI:10.3760/cma.j.cn115989-20250916-00300

Accuracy and repeatability of fluorescence PCR for detecting TGFBI gene mutation in corneal dystrophy
Sun Xiuli, Gu Yixuan, Zhu Lei, Tian Lei, Wang Yinghui, Jie Ying
Beijing Institute of Ophthalmology, Beijing Tongren Eye Center, Beijing Tongren Hospital, Capital Medical
University, Betjing Key Laboratory of Ophthalmology and Visual Science, Beijing 100730, China
Corresponding author: Jie Ying, Email: jie_yingen@aliyun.com

[Abstract] Objective To evaluate the accuracy and repeatability of fluorescence PCR in detecting TGFBI
gene mutation in patients with corneal dystrophy. Methods ARMS-PCR combined with TagMan probe method
was used for genotyping the R124H, R124C, R555W, and R555Q loci (covering heterozygous and homozygous
mutation) in the TGFBI gene in peripheral blood samples from 240 patients with corneal dystrophy who were treated
at Beijing Tongren Hospital, Capital Medical University from January 2021 to August 2025, and the results were
compared with Sanger sequencing results. The intra-batch and inter-batch test results of fluorescence PCR were
analyzed to evaluate their repeatability. The association between genotypes and clinical phenotypes was analyzed.
This study adhered to the principles of the Declaration of Helsinki. The study protocol was approved by the Ethics
Committee of Beijing Tongren Hospital, Capital Medical University (No. TREC2023012), and written informed
consent was obtained from all patients. Results The positive rate of pathogenic gene mutations detected by the
human TGFBI gene mutation detection kit (fluorescence PCR method) and Sanger sequencing in 240 samples was
83.33%(200/240). The positive rates of R124H heterozygous mutation, R124H homozygous mutation, R124L
heterozygous mutation, R124C heterozygous mutation, R555W heterozygous mutation and R555Q heterozygous
mutation were 55.00%(132/240), 0.83%(2/240), 1.67%(4/240), 11.67%(28/240), 8.33%(20/240), 5.83%(14/240),
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respectively. The total positive rate was 83.33%(200/240), and the wild-type detection rate was 16.67%(40/240). The
total coincidence rate of the two methods was 100.00%. The repeated results of intra-batch and inter-batch for TGFBI
gene mutation detected by fluorescence PCR were completely consistent. Analysis of genotypes and clinical
phenotypes in 200 patients with positive gene mutations showed that the differences in the distribution of clinical

phenotypes among patients with different genotypes was statistically significant (y*=498.474, P<0.001). Cramer V=

- 727 -

0.706. Conclusions Fluorescence PCR is highly accurate and reproducible in detecting TGFBI gene hot

mutation, which is suitable for detecting gene mutation in patients with corneal dystrophy in clinical practice.
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%1 GAPDHEBERK ITGFBIEE &ML AWK PCRE|HWFFI
Table 1 Fluorescent PCR primer sequences of GAPDH gene
and sites of TGFBI gene

#F2 ANTGFBIEE 5B MIX 7 & (35 PCRE) iU AL =
Table 2 Detection loci and fluorescent channels of human
TGFBI gene mutation detection kit (fluorescent PCR method)

SIERENR A W4 FR R A3 P iE
SIREHR AW A R124wt FAM
R555W CY5
GAPDH ROX
SIHREHR AW B R124H FAM
GAPDH ROX
SIYRAR AR C R124L FAM
R555Q CY5
GAPDH ROX
SIYRENR AW D R124C FAM
R555wt CY5
GAPDH ROX

F IR /A7 A5, Sl FA(5-3")
GAPDH 1E 7 : GGCATCCTGGGCTACACTGA
JZ2 1] : GCCCCAGCGTCAAAGGT
R124wt iE 7 : GCCATCCCTCCTTCTGTCTTC
JZ 11 : GGCCTCAGCTTCTCCATGC
R124H iE [l : GCCATCCCTCCTTCTGTCTTC
S I : GGCCTCAGCTTCTCCATGT
R124L iE ] : GCCATCCCTCCTTCTGTCTTC
S I : GGCCTCAGCTTCTCCATGA
R124C iE i : GCCATCCCTCCTTCTGTCTTC
S : GGCCTCAGCTTCTCCGTTCA
R555wt IET7 : ACCCTCAACCGGGAAGGA
JZ Il : CTTTACCCAAGAGTCTGCTACG
R555W 1ET1] : ACCCTCAACCGGGAAGGA
JZ Il : CTTTACCCAAGAGTCTGCTACA
R555Q 1E18] : ACCCTCAACCGGGAAGGA

JZ 7] : CTTTACCCAAGAGTCTGGGCT

1 : GAPDH : H il 8 -3-BE MR JIi &0l ; TGFBL: 5 Ak A KR A F B IE T s wi:
Liga el

Note: GAPDH: glyceraldehyde-3-phosphate dehydrogenase; TGFBZ:

transforming growth factor-f induced;wt: wild type

TE: TGFBI: 4 AL A A< Y F B 5 5 5 wi: WP A 8 ; GAPDH « H 91l B -3- W iR
it

Note: TGFBI: transforming growth factor-B induced; wt: wild type;
GAPDH: glyceraldehyde-3-phosphate dehydrogenase

(glyceraldehyde-3-phosphate dehydrogenase, GAPDH)
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Figure 1 Amplification curve of reference substance

3 MEBEEVNERSE(ACT)
Table 3 Rreference substance test results (ACt)

FAM i@ i CY5 i
;R
YRR GG A XTRE AL B XFHR S ¢ XTHE AL A XTI AR B XF IR C

iR & A <5 >5 <5 =5 <5 <5
AR B =5 <5 <5 =5 >5 >5
MR RC =5 >5 >5 >5 >5 >5
RBARD =5 >5 >5 <5 >5 <5

2 #£R

2.1 %6 PCR %5 Sanger W7 46 Ul TGFBI 5 A 43 Y
L 7B WY 45 RN L

736 PCR %5 Sanger Il J¥ 45 M 240 ) i & TGFBI
124 1 555 {37 45 5 78 B 24 T 0P /4 B0 R o 6 1 3
PR F5 — B, M E 15 0 83.33%(200/240) , B 1 A
HA I 16.67% (40/240) (K 5) .
2.2 POLPCR LSS BUG M TGFBIHE: K 5 28 1 i o Ji
DUGEPER

2¢ % PCR L AH#K T Sanger M J3 325 K I 235 5 FH
54 %N 100.00% (200/200) 5 B 45 4 % 4 100.00%
(40/40) ; JAF 4 30 100.00% (240/240) . 55 PCR 1%
Ko TCFBIHE R J8 45 41 g e 1) 45 5 58 4 — 5

R RiAE ZD

wt: wild type; GAPDH: glyceraldehyde-3-phos phate dehydrogenase

#4 ATGFBIERNBKAFZ(FLAXPCRIE)LER
FHiZE A iE(ACE)
Table 4 Interpretation method for human TGFBI
genotyping detection kit (fluorescence PCR method) (ACt)

i 18 WRA HWREB KRC EED (R CIRP

FAM i i <5 >5 >5 =5 U A= Y
<5 <5 >5 =5 p-R124H 2 5 578
>5 <5 >5 =5 p.R124H 4l £5 58745
<5 >5 <5 =5 p-R124L 745 2878
>5 >5 <5 >5 p-R124L 4l 45 58725
<5 >5 >5 <5 p-R124CZ A 57
>5 >5 >5 <5 p.R124C 4l 578
>5 >5 >5 =5 RBEAK I 4 SR AL

CYS it >5 >5 >5 <5 [ogacply]
<5 >5 >5 <5 p.R555W 45 58748
<5 >5 >5 =5 p-R555W 4l & 58748
=5 >5 <5 <5 p.R555Q 4 & R A%
>5 >5 <5 >5 p.R555Q 2li & 4%
>5 >5 >5 =5 RBEARAR I 45 R 0k

{E : TCFBL: Fe b /R K IH 7 B 15 3
Note: TGFBI: transforming growth factor-8 induced
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Table 5 Positive rates of gene mutation types detected by
fluorescent PCR and Sanger sequencing

GEAR PG PCR ¥ Sangerfﬂﬂ??ﬁ

55.00%(132/240) 55.00%(132/240)

0.83%(2/240) 0.83%(2/240)
RI124L 728 R7AE 1.67%(4/240) 1.67%(4/240)

11.67%(28/240) 11.67%(28/240)

R555W Z 45 58 4% 8.33%(20/240) 8.33%(20/240)
R555Q 2 A5 2878 5.83%(14/240) 5.83%(14/240)

2.3 BEPR AL 5 R e A Y SC IR 43 By
R124H 2% 4 9878 LA Avellino 1 I8 38 A RN &,
7 82.58%(109/132),2 il R124H 44 278 H F ¥ £
H Avellino f I35 FE AN K o R124L 4% 4 58748 DL BE Hefk
B FRAR N E, 5 75.00%(3/4), R124C 224 578
DL A& IR M B R R RO E b 92.86% (26/28)
R555W 2% & 98 78 ¥ 3¢ 9 o URLAR M EEE R AR R, 5
100.00%(20/20) . R555Q 4% 45 58 48 DL W 55 R A B8 77
ANRAFE, [ 57.14%(8/14) (R 6) o X 200 1] 5 [H 58 A8
FHPE £ 257 1% R R Y 5 1 DR 3R B HE A7 3 17, 45 2R R R
[7i) 255 PR 28 0 5 A I PR 3R B o3 A 22 S A e L (x=
498.474,P<0.001), Cramer V=0.706,

3 itig

FEPNRITE NI TE M AE PR T — , A 2
T B B WK A2 sl Y. TGFBIJE A 1 Skonier
SEVOVE R Gy B T AE N il D 0 AR A
PRl 5 8 iir 5 A6 A 58 IR S RN 3R B Ry A e S
HHTOR, 5 R LAY 4 5 R A Z0m I A
P Bl H Al 2R e A o BRI R VS BE AT M A IR R
Bf, T KR R AT 4 B KBRS AY 4 i AN 6 4 TR AR

W s 5 KR 2B 2 RGR A, LA B0 IR
BT R R S ARG A 45, DLHERR 2 B P . X Se A A 2
MG PR A 12 W7 2%, {8k B ARS: 0 e 6% 42 HLRS
2 W W AL R, TR HE IR T R, T S R k]
FE 14 56 P B4 5 LAY AR OR L RNA FHE R 75
TGFBIFE R BT Iy 10 © WS W) 40 3 Ji2 , B T shRNA 1Y
B AT R R s AR N AR I R 40 v o R AR T
FpE,

24 1R T A 30 2 Fhist 1% 1 £ I5E IR N RAR 4
YRR R AR AT 40 2 BB A LI R R AE L R AT I
{FURH [R) 2 20 nT B8 EL A N () 1 56 R 28 A (] ) 2 A2 437 g5
WAl e R IA R LR A B IR 2. Sanger I 77 1] 1 4215
FN P A5 B 18 F TR R 58 A8 4 T, (L H ek
PRGBS, FERT 3 T EE T 24 h BRI
e R L B R A s Y . AR5 BT Y 2Ok
PCR i ] 7EFE A< DNA 42 U5 19 2.5 h P9 58 A 4 35 A6
450 Mr , BAR B E K T Sanger M ¥ o AN 5T 3E 5T
55240 B BE A 1) Sanger W J7 45 R HE AT LU X, R 52 L 50
iE T 3 T TagMan #£ £ -ARMS-PCR #) %¢ )¢ PCR 3% 1F
TGFBI 5 K 58 75 AH 56 £ JRE SR R AR 3 oA ) o
M5 E G 0T 6 0 R AR POk PCR
% 5 &5 Sanger T A AT 6 %14 5] 100.00% . %7
AR AL T R X AT R Y e, U IS BT R 2 R
SRR PRI | O A . R, R4S Sanger U JF
T8 BT 28 742 J5 1 B A R W] B AR # (B X T
TGFBI K K T 0 #4553 78 19 i IR 5 #0075 PR ok 12
Wi, 5% ' PCR 125 7 K6 I 3 32 26 0% AR 5 8 A {0 5
e B O, T T R A O A )2 IR B
e B AR T PR 2 4

TaqMan 595 Bk Taq R & B AE H S8, H A0 B4
M — S R W s B b &R otk A H
(B R B, DA L B g 0 R S R R — 1 R IR
B BAPE . ARMS-PCR FR 55 o7 4 PR ¢ 5 M PCR, HBH

x6 ERRLTXBERARBEXEKIHF (%) ]

Table 6 Correlation analysis between gene mutation types and clinical phenotypes [7(%) |

RI124H & & 58748 132 14(10.61) 6(4.55) 109(82.58) 2(1.52) 1(0.76) 0(0.00) 0(0.00)
RI124H 4lif3 5874 2 0(0.00) 0(0.00) 2(100.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00)
RI24L %A 5875 4 0(0.00) 0(0.00) 0(0.00) 3(75.00) 0(0.00) 1(25.00) 0(0.00)
R124C %45 58748 28 0(0.00) 26(92.86) 2(7.14) 0(0.00) 0(0.00) 0(0.00) 0(0.00)
R555W 444 8748 20 20(100.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00)
R555Q 2445 28748 14 0(0.00) 0(0.00) 0(0.00) 4(28.57) 8(57.14) 0(0.00) 2(14.29)
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T RE e, REUE E a, AT AR = 10 ng/pl i DNA 1
0.05% [ 2745 , 5 TaqMan 45 £ 75 M 45 &, A6 0 55 407 3
PR ST A af ), SO A &R Ak B A dUTP-UDG B
5 YL R it o e DR 7 A IR PR SE R L aR it
L R A A R e A — B, R R e, R R
P8 N TGFBIFE R 43 B A I3 7] £ (9% 5% PCR %) 7]
WERG LI TGFBI KN 578

A 5T B HE P 5 AR S AL A3 A 5 b R NRE B AT
SRR AE AR W AR CF P O NRE AR5k
R124H 58 A8 J& e 8 UL 58 A8 25 70 R b 76 X6 Il IR | 5
L TGFBI K [F 5 78 #H OC £ IRH 37 A8 R 8 & BEAT
6 A, AT RE TR G S 56 T R124H 28748 . [R] i h ifF —
AR T A BT A T 89 2¢Ot PCR R & AE 06 41 o e
B ONHE R DL o AR 2 A BAT 3w i SE T 1A .
(B A YRS I i) 7 i S Rl A T R BIR B A AL 45 RO A e
56 A HERR H A AL sy 248 . R R T B SR 2T
FANTE R A I IR 0% s, RN ¢ 5 0 Y Al
ik

g Er ks , AR BFSE 3 T ARMS-PCR 454 TaqMan
PRAEF H AR 7 19 51 X TGFBI 3 P #4558 758 (R124H |
R124L . R124C . R555W .R555Q) 1 %¢ 6 PCR 2% , 4 240
i) I PR #E A 3 3E , 55 Sanger Ml ¥ B9 B4 & R N
100.00% , HLAtL Py At 18] 5 A2 1 R, 4G PR | AR 85
K, 35 FH I PR O A o 3 PR AR - 3 AU G I 4y Hr il — 2B
Bk 1 AN ] 58 A8 6 55 R 8 RS SRR B Y [ X
NG FR 5 REAE T E AN RAT W SRR A AT, B A R
Ui PRI AN B o AH A D7 AR X 2 A =2 742 | Il
IRAZIT AN T 45 G 3 7 M o< Tt L 256 I T o
FISRIRIE A1 178 R 7R 46 R 2 b 5%
EERARAR 9T 0 OB BRI BTN R e 405 B S
B GE VT AP SCER AR 5 M 05 R T T B VR R I VR
AR KT HE ST 5 3 BRI B S B X SR P A
P 7 B B

2% Uk
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