J. Korean Soc. Appl. Biol. Chem. 50(4), 245-252 (2007)

AR|% - gojE] - 0j5F+ - SHY

RS 4FT O

Feasibility Study on the Fault Tree Analysis Approach
for the Management of the Faults in Running PCR Analysis

Ji Su Lim, Aeri Park, Seung Ju Lee* and Kwang Won Hong
Department of Food Science and Technology, Dongguk University

Received September 11, 2007; Accepted November 16, 2007

FTA (fault tree analysis), an analytical method for system failure management, was employed in
the management of faults in running PCR analysis. PCR is executed through several processes, in
which the process of PCR machine operation was selected for the analysis by FTA. The reason for
choosing the simplest process in the PCR analysis was to adopt it as a first trial to test a feasibility
of the FTA approach. First, fault events-top event, intermediate event, basic events-were identified
by survey on expert knowledge of PCR. Then those events were correlated deductively to build a
fault tree in hierarchical structure. The fault tree was evaluated qualitatively and quantitatively,
yielding minimal cut sets, structural importance, common cause vulnerability, simulation of proba-
bility of occurrence of top event, cut set importance, item importance and sensitivity. The top event
was ‘errors in the step of PCR machine operation in running PCR analysis’. The major interme-
diate events were ‘failures in instrument’ and ‘errors in actions in experiment’. The basic events
were four events, one event and one event based on human errors, instrument failure and energy
source failure, respectively. Those events were combined with Boolean logic gates-AND or OR, con-
structing a fault tree. In the qualitative evaluation of the tree, the basic events-’errors in preparing
the reaction mixture’, ‘errors in setting temperature and time of PCR machine’, ‘failure of electri-
cal power during running PCR machine’, ‘errors in selecting adequate PCR machine’-proved the
most critical in the occurrence of the fault of the top event. In the quantitative evaluation, the list
of the critical events were not the same as that from the qualitative evaluation. It was because the
probability value of PCR machine failure, not on the list above though, increased with used time,
and the probability of the events of electricity failure and defective of PCR machine were given
zero due to rare likelihood of the events in general. It was concluded that this feasibility study is
worth being a means to introduce the novel technique, FTA, to the management of faults in run-
ning PCR analysis.

Key words: PCR analysis, fault tree analysis, system management, failure probability

M = Zd2 vk” PCRS DNA denaturation, primer annealing,
Taq polymerasedl] 2J8t extension®] Al GAIE kst dshe
Polymerase chain reaction(PCR)Z 19801t Fvlte] 7)a® A7} BolE ggo g ZEAF|= Hkgo|th? dvkdel 2P

oleh o3}, oFs, Welst Seol ool fAM) ARk, genetic & ] WARA ZefolniE AR BHOE sH DNA

fingerprinting, 87} cloning, A1A481), 79 Aol A 5 A ¥ ¥k AL@) T2T PCR machined ©183) F

el ZHoz Tyl olgsle] Fovf 1 BE APse] B F WSS £ O WIYBE B9 2L I Y ¥
A

*Corresponding author

5 3 Al AT LS plxl 2= Qo o =z A
Phone & Fax: +82-2-2260-3372 @ A dps date] Y2 vlA F 2lod 2R 24, A
E-mail: Lseungju@dongguk.edu Zre) D7FsA WS St weEbd ZF DAY e/E do

245



246 YA - o) - CEY
Pretreatment for PCR
Step 1 : Primer design
Isolation of DNA m
Operation with PCR machine
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Performing PCR
Fig. 2. Example of fault tree diagram with top event (C) as a part
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Table 1. Basic events or causes of faults and their probability of occurrence in PCR

I deri?f;lcS:tion Cause description P

A Failures in instrument
X1 Failure of electrical power 0

C Failure of PCR machine’s performance
X2 Errors in selecting adequate PCR machine 0

D Failure of PCR machine working properly

X3 Errors in maintenance 3x 107
X4 Failure of PCR machine (1-e7H?
B Errors in actions in experiment

X5 Errors in preparing the reaction mixture 3x10°
X6 Errors in setting temperature and time of PCR machine 3x10°

YFailure probability.

YFailure fuction. A is failure rate constant. t is the used time of PCR machine.
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Errors in the step of PCR machine operation
in running PCR analysis
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Fig. 4. Fault tree diagram with reformed structure consisting of
minimal cut sets.

7] 22 A 2t 9AlY 2x9t Az 43S ARY 4SS 9
vt} X59F X69] BAE HH PCRE 913 whgolo] gul=
Al AZSHJATIL sz 7171 22l F7F Yok Aste] 4
& PIAA "ok £ wkgd AR A AEE FEY W oF
& ekt 71719 e g Al AAe] # Y Hd
Ho2 Aol QF7L WS Hrk. wetd o] F dle) =
2] WA= ME EHHO|EFE OR gate? 93T

HTHOZ Fig 33 7 fault treeZ DA LH o= 2
7} events?] A, B, C, D2} basic events$] X1~X62=2 TAH
Atk

A44 BA. Fault trecd] ti3l] AAZ S 2 minimal cut
sets, structural importance, common cause vuinerabilityS- -
sisith. PCRY o7 Al 48 53 ¢AE Fig 30 thst
o] A minimal cut setsE 2](1)~21(3)¢} 7+ Whajoa A&
g A= Fig 48F Zth 2 109 basic event® TAH
minimal cut sets 470, 2709] basic eventsZ TAE minimal
cut set 72 FAE0c)

Minimal cut sets&t top event 275 doFet] FHojx g
23 basic events?] sets2A Zb sete 0F WAlo] EYAQY
Al glom® BF OR =E¢ #ARE FAETP Minimal
cut sets W2 basic eventse FAl] QF7F WA okt top
eventd] {8 °ZINIFIER EF AND =g 7|52 449
0 A= HRE vEoir]l £ 02 B9 fault treed] Fig.
3¢} =2] #A1E minimal cut sets®] FAF BAL Eale] B
o} TEslar o)sfsl] 418 fault treed! Fig. 4% W33 5= ¢)
Ak WA 717 FeEfe] ool T3E basic eventse} A
A el oFol EFH basic events7} A top eventd]
QFe 2%&E0] Fig 49 o] L3 WAE & T F
AT &, FRAFP XL, 717 AH 27 (X2), A8 T
o] 27°(X5), 717 29 27 X6yt shEtE YoluA
AR A OF(X3) 2 Y] U] R X4yt
Alell dofubd top event®l WES9 Az @ PCR machine AR
AN O R7F BT = AL L S AUl

Structural importance®] ¥4 = Z- minimal cut set W
basic events®] F7} BEFE top eventd] L7 Eo| gk
minimal cut sets®] 7|7} wolE S 9n 3t basic
events®] F EEo] BF FUYF H$)” wbM 17R basic
event2 TAEH 4709 sets X1, X2, X5, X6 2719 basic
events2 4% set X3*X4 BT} top eventd] ©F ¥l o
Z 719E YriTable 2). O|2FE 7 WAL PRsl7] A3l

i

Table 2. Results of qualitative analysis: structural importance and
common cause vulnerability according to minimal cut sets

Minimal Structural Common cause
cut sets importance® vulnerability”
X19 High X1,
X2 High X2,
X5 High X5,
X6 High X6,
X3 *X4 Low X3,/X4,

“Refer to Table 1.

YHigh: higher vulnerability, Low: low vulnerability.

°h, i, ¢ represent human, insttument, energy source in common cause
categories, respectively.

Fasp) dejaior 2t A, 717) A, A¥Ae] Alg

FE % V) 29 ¢ 5 U

G}

Common cause vulnerability®] #21& %3} minimal cut
sets?] basic eventst] QFHE YO F|E= ZEAQ] Yol EAE}
& top event 27l g o] AJS ATt PCRY
Q%o FFS MR EE basic events(Table 13= AHAR]
ddoz gk 9, 7Ae] W, A714 oF T 224
Aol 93l WA= e/E 5T AUtk &, human’
o] EZA¢] ¢I9lo] FH& basic eventse X2, X3, X5, X6,
ol ‘instrument’’} Y<2lo] HE basic events= X4, ‘energy
source’7} Qelo] HE basic event= X1.Z F4FATE Table
22] 2702] basic events® T~J¥ minimal cut set W9 X3,
X4 7} basic events®] QFE WAATE AL Hlol &
Zb ‘human’¥} ‘instrument’E FU3EA| %o} top event®] 2F
g dodle 384 Aol EAEHA d=rth vkl X1, X2,
X5, X6& Z+z}o] basic event’/| & minimal cut sets©]”] T
o o] basic cut sets & PHEHE SF7F dojdtha top event
o] 987} A= Zo= Z} basic events®] 2¥E-F Q7]
A0] top evente] 7 hFF FE dAog HFEETH
2, X192 28A %lo] H= ‘energy source’, X2, X5, X629
ZEA 2910] & ‘human’®] top event 257l e 359
Qoo 2 BMEQct E3], 3719 minimal cut sets®] ZEZQI
2910 ‘human’2E FA%e] PCRO| HeFe] ‘humands &
4 AU} =, PCR machine AME- DAl S} oFw AlEel
T g 9ol od o/E HAse A YA 5 vk

Failure probability(Py) A+&. 7} basic event®| 27 &
PE U3 2ol st 717] #E9 2/ (X3), A=
TE 2F(X5) ¥ 717] &S] 0 (X6)= AbdEel ¢lgh
o 2 Qo) gk 2oz UnkHoF Al og oF FE
2 RAE 000322 7PEich A Xt 7171 A
Aol e X2y 1 A ¢ 3 miet geixw EgN s
7t v A& eFolug FES 002 A3k

PCR machine®] 740 23t 27 (X4) BEL T3] ¢
g E A4, T4 719A, gt JdALE e 3
survey A5 26 Yt AEdATHEFig. 5). AT
7% B 2407 19 ARR, F4 ZIgelME s Azt
A 3d, digta oAE B AT A 5IS AR § ol
S Ao ZAEATE A= 717] FAeel 489 A7kl of



250 A - Hele] - o5 - FY

Pr

0 500 1000 1500 2000 2500 3000 3500

0.0

Period passed after purchase (days)

Fig. 5. Poisson distribution: failure probability (Py) of PCR
machines according to period passed after purchase by different
laboratories. Research institute (—): 1—e*, small and medium
enterprise (++-«- ): 1'% university (—-): 1 -¢¥%, where t is in
days.

N
N
iacs
i

il
Y
ofo
o
2
lo

& A7 Ak AlZHday)el e g
wEha] AtAe] A9 13652 AlbETh
A Ase v AdE EX2RE FRE Aeg o
A€ SEXE Pl ARl e AEs) 99 o 2
TR surveyE HIEOR S 719 Art Aliw|ojol &
Aoltk. 1efu} B 7= PCRE 97 #Awlol] thet FTAL] &
€ 7S ERlghet 2R 25 Folomg I W Eg)
ANk iRl A el o] g5t web H2Hel pol A
ARl $21¢] A= HeiME #7129 A7 O AlREd
of & Zlojc},

AME- 71700l ulE 7 35S Poisson distributiondl] -85}
of A& curveelld gl 19] TN S 7t 7T o}
2t 92A YehsithFig. 5). 7171 28] A & wirp) HA
A F AE A AR A 748 22 71G9A7t
8760r7ko13l e ke 9125417 eI iT). o7 2zt 7)3e)
T« ZHE Akl FUsok o dH oA T ALE Bl wheba]
22 Zpol7t PG Zoe FAHH)

2 ATeME SR 71719 ASHIEE 72 dgsitke
RSl AR 71708 @3] V1717 F TS AR A
HE B AZRe R Aot ¥ wpdt AEAIZE
< B3 A7t olRoHor T RAow ®elT) 0|9} 7o th
w3te Aoe ® A7) PCRA Uid FTAS A Alx=Hel &
I A AR e AR Aol 2 sk o] Foi).

A E4. Fault treedl thale] 202 top evente] 2+
A B3 simulationd}S137, cut set importance, item importance,
sensitivityS: =3I Top event?] 7 55 29y} 7+
< A CE simulation 3FATE 717] WAl i3k 9F g
< AR 717kl wiet Wslsleg p 7o) weh Wb gt
(Fig. 6). A4, T4 7194, vislare] Avhe ke Ak B
ot &L ZIZF Well Pl WMo Agko] 7pd FEg Ak
o] 7ol disted AR 712 1Y, o, 14, 2d o R
tod(Table 3) #7129 A2 £492 AN s

Cut set importance(I,)= Z minimal cut set®] top event
F 280l 71993k ARE 9vlsle 324 41007 2(11)
of vehd Aoz AEstvhFig. 7). AR XDFH V)

&l o (T

i

Ad

0.01
0.009
0.008
0.007
0.006 7
0.005 |
0.004 |
0.003 F
0.002
0.001 F

0 , ‘ , ‘ .

0 500 1000 1500 2000 2500 3000 3500

Period passed after purchase (days)

P!op

Fig. 6. Probability of the occurrence of the top event (P,)
according to period passed after purchase by different laboratories.
Research institute (—), small and medium enterprise (----- ), university

(=

Table 3. Probability of the occurrence of top event (P,;) in
research institute laboratory for four points of period passed after
purchase

Period passed after

2
purchase (days) Pe Pop
1 0.00274 0.005999159
182 0.39264 0.007161857
365 0.63212 0.007876001
730 0.86466 0.008569454

“Refer to Fig. 5.
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Fig. 7. Cut set importance of individual minimal cut sets according

to period passed after purchase. N: X3 * X4, &: X5, [I: X6. X3,
X4, X35, X6: refer to Table 1.
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Fig. 8. Item importance of individual basic events according to

period passed after purchase. B: X3, \N: X4, F3: X5, [I: X6. X3,
X4, X5, X6: refer to Table 1.
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Fig. 9. Sensitivity of individual basic events according to period

passed after purchase. 5: X3, N: X4, F: X5, [II: X6. X3, X4, X5,
X6: refer to Table 1.
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