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Comparison of Effective DNA Extraction method for Molecular
biological study of Mycobacterium leprae

Yun-Ji Kim, Jin-Ho Park, Jong-Pill Kim
Institute for Leprosy Research, Korean Hansen Welfare Association J

Background

Leprosy is an important health problem in many geographical areas yet. It is caused through a cough
or contact with fluid from the nose of a person infected by Mycobacterium leprae. Study of DNA
from M. leprae is important to understand essentiality for leprosy. However, there is no standard in
many parts, so various studies are needed.

Objects

In this study, DNA extraction method were confirmed for the effective detection of M. leprae. And
restriction enzyme fragment length polymorphism typing and high resolution melt (HRM) analysis
were performed for comparison with sequencing analysis.

Methods

Compared with three DNA extraction methods (BB, SM and SP) with real-time polymerase chain
reaction (PCR). Analysis single nucleotide polymorphism (SNP) genotype and tandem repeats by PCR
amplification, and then compare with sequence.

Results
BB method was effective when measuring the concentration and threshold cycle (Ct) compared with
SM and SP methods. When compared with restriction fragment length polymorphism typing method
and sequence analysis, all methods were suitable for SNP1 and 3 type classification. Tandem
repeats values of BB method were correspond to sequence analysis than SM and SP methods in HRM
analysis.

Conclusion : The DNA extraction method by bead is useful approach for studying of M. leprae.
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CHSHLI SIS R] man A|527H, X122 2019

AE7|E 71t £¢rs 9 M (multidrug therapy;
MDT) 23 OIF SYE2 AS2H22 YA5IFAIR
O8] U2 AHOME AHAZE YAFst Qlon,
OR2|= of2] LetolMe 22 BEHUZEA S Stz
R EIN Q= PHY Y »HOI7| = STk

MYPHOZL FHAMYY 2T B BROAM
YgSgoll AR5t o0, mE = HAHOA
ohhb g d HAM(acid-fast bacilli, AFB)2 3819
H0|g%Y 72 2MHEE Yldts A2 7122
St QUEC, THE Fhtao FF2 BHAE 4 Slo
AFBOIM /g0l UEFUEHZE Y422 HIZ
YRS Y £ g1, AP W FF 2HS LHSHA
2o 2HOo| o{F7|E ST 2AHYE A QI
YHOZ = L0l £0[3F Phenolic glycolipid-I
(PGL-I) S2+ Z& Faoll thot FAPAE Sl

Table 1. Summary of objects

O|2O0JZ|7| & 6t1, Ltz 0|l E0IgH F7IMFo|| 7| =St
SR L AMLHS (polymerase chain reaction,
PCR)ZAAIE URO DNAZ YHYozm O
THo|Y ATt o|204RITH, Ui Y20 QUOIM
ALY, Yot YHS olgstAe AlzE WOl
SHAIL Qlen, 7|2 2T Solgat 2 e
2 F567| Aot Ghget AR E AL 5D UTE,
AU QU AlZH W2 ALV FFH 3o
2AZMA MALA?IFL(World Health
Organization, WHO)& £33t 7t0|E24Q12
HAISHAl Qe 24 AYMY T 7s9
gt M/gol DIZstth e Y2 olfE St
QALTHS,

4 oln o2

2 A7 ofg YHOR 79 DNAE 22i¢t
T Oyt IUHEL AL 7Y ol8otA

Clinical ID %:t;(;:?‘::tg Biopsy data Gener;:lilc:ir; z:osul.;t;csulture
H1 Korea 2011/05 6th
H2 Indonesia 2010/08 7th
H3 Korea 2012/12 5th
H4 Myanmar 2013/12 4th
H5 Indonesia 2010/02 8th
H6 Korea 2012/01 6th
H7 Sri Lanka 2008/11 10th
H8 Thailand 2008/06 10th
H9 Korea 2007/06 11th
H10 Korea 2007/07 11th
H1l Indonesia 2016/08 2nd
H12 Korea 2010/07 8th
H13 Sri Lanka 2012/08 6th
H14 Korea 2010/08 8th
H15 Korea 2007/07 11th
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22J6t9CH(Nakamura’ 239 &), 4 #
SHZQIDt QI UALZ PAYBHFHOD| 7| R A}
Table 11+ ZFCH.

2. Uz DNA HA|

FYUSH U@ MEZ Ml 712 REY(BIE g0l

oj%h MIZY mu, M7t o, N U Yu)S

AHESt DNAE 22|60, o] I 2|ZAE2

25100 02 AHIRSHHLCE,

1) HIE gf50f st MZ8} ot (cracking of
cell wall by bead beating, 0|5t BBH)
223t U0l 10 mM Tris-cl2t 0.5 mM
EDTAE @oiz1, AMOZ MH3t Q2| H|ER
S22 FASHCE 100°CollM 10£, -20°CollA

22 YALH T YU 2FTLER FED.

2) A2+ 9} o|&(using silica gel membrane,
O[5t SMEH)

QlAamp DNA Mini kit (QIAGEN, USA)Z 0|2
51 OO, HRAFF 2|6 DNA Purification
from Tissues'HE AA[SGISIC

3) g4 2! 2 282 0|8 (salting-out precipitation,
O[5t SPH)

Puregene Yeast/Bact. Kit (QIAGEN)S 0|2
St OO, HIRAZt 2|8 DNA Purification

from Gram-Positive Bacteriad2 A AISFSICY

LIROl SAMYSYIY 178 I3t 28291 DNA £2] el bln &7

3.ONASE Q25 23

oto|=22 Z2fo|Eg|H(Infinite F200, TECAN,
Switzerland)& ©0|€6t% 260 nmet 280 nm<
LYoIM SYEE Y6t ZUE L&
260 nm EYE 7102 DNAS| ST 2 AASIHOD],
T IOl HIZ E6l| DNAQ| 2 &2 HOISHCT.

4. ZAMYECA Yol e Bl

1) Ud dE 012 ATt MARF ST HA A

ODNA-ZL SHE 0|80t MAIZ AL
H2HLES
L DNAQ] BHEH7|ME F National Center
for Biotechnology Information (NCBI)Oi|lA]
A5 &= Blast searchE &5t Y7IME2
RESH ¥ RLEPL Z2tO|HE AHI2SHCH(Table
2). QuantiNova SYBR® Green PCR kit
(QIAGEN)E Ar25t0] MAIZt 3UHL
HAfEES (Real-time PCR)S 2UsI¥ oM 1
R7& Table 31+ ZCt.

(@ %Y ProbeE 0|80 3T HMYHS
Martinez* SO| A|AI$H Z2to|{ RLEP2
(Table 2) & Z¢ta s HAMYLS R (Table
3)2 0|26t%¥ 2, QuantiNova Probe PCR
kit (QIAGEN)2Z AAIZH 2T A HMUIS S

LB,

&

2) 479 single nucleotide polymorphism
(SNP) SR EE ot 3T HAL AMEHS

@ SNP RUAY HQIS AP STHL AMYHS
Monot® S0il 23t gr&iof Wt SNP1, 2, 3
Z2}o|HHE 0|28 1 (Table 2), Multiplex
PCR plus kit (QIAGEN)Z £838tFon 1
R Table 31} ZCt,

@ 3YHL HALHS T AStEA HEHLO| Y
718 AAl

C

ot
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CHEHLEOF2R] -

Sakamuri® 50| A|Qtt ByHo 2
2,39 IYHAL FMLEZ M

A2|5to] AEZo| TPy 71HS HAIS .
Aot A0 FF2F 2YE Table 42 220
H7|gEoto] MH LOoIE EA5H] SNPOj| hE

== |52, 12 2019

UGS Z2FOIAT(Fig. 1).

3) rpoT RUALS 0|83 L THE 27

U792 rpoT

32
fu

QAT BHEYY| S Hols
Locus 3 BT 50 o 1s
CA/C .) - Cﬂz SNP 3,4
Type 1.2 Type 34
Locus 2 Locus 1
o CVIKI-T+ . Sml-1+
r G/ ‘1 "‘ /1 ‘1
Typel Type2 Type3d Typed
% SNP 1 — SNP 123
61 11] 42 SNP 2.3.4 149 T-|5 SNP 4

Fig. 1. SNP subtyping of M. leprae based on PCR-RFLP®

Table 2. PCR primer sequences

0|8238}0] rpoT Z2t0|H{10 (Table 2) 2 AAIZt
ZHA HMEHS S MA[SIUCL Type-it HRM
PCR kit(QIAGEN)Z %3513 O Rotor-Gene
Q softwarel HRM 24} T2 1202 O X2y

U2 DZUBI0] PHRIHEO) T2 B AT,

Primer name

Sequence (5'-3")

Length (bp)

LP-F ACC ATT TCT GCC GCT GGT AT

RLEP1 159
LP-R ATC TGC GCT AGA AGG TTG CC
Taq-F GCA GCA GTATCG TGT TAG TGA A

RLEP24 Tag-R CGC TAG AAG GTT GCC GTA T 81
Taq-Probe CGC CGA CGG CCG GAT CAT CGA
SNP14676-F AAT GGA ATG CTG GTC AGA GC

SNP18 194
SNP14676-R CAA TGC ATG CTA GCC TTAATG A

SNP2® SNP1642875-F TGC TAG TTT AAC CGA GTA CTG CTA 189
SNP1642875-R GTA GTA GTC TTC CAA GTT GTG GTG
SNP2935685-F ATC TGG TCC GGG TAG GAA TC

SNP38 180
SNP2935685-R ACC GGT GAG CGC ACT AAG
rpoT-F2 CTG AACACCCTC GACTCCG

rpoT 140

rpoT-R2 TGA CTA CGT CGT CGT CTT CG

sn32umn



4) U2 H7IME 24
SNP1, 2, 32 rpoT Z2tO|HE 0|83st0] U2
TYUHL AMES 22 ARLYHY BIONICS
(Korea)Atoll 22I5t0] Al S ZAGHRACE
@ SNP RH2Y &

AIEY 24 ¥ SNPY 2zt b0l Q= FYIE

Table 3. PCR reaction condition

LiZol SAMYE U 78 93t HSHOI DNA £2] 90| bl ¢

YOI5IH OO, Monot? S0i| 2t o] wet
SNP SIS 285630 (Table 5). o|%
AorEs HEAO| Oy 71HY 2MFnet
YRISH=A] QIS

Target Temp. ('C) Time Cycle
95 5 min -
RELP1 95 S5s
60 10s 28
95 10 min -
RELP24 95 15s
60 1 min 40
95 5 min -
95 30s
SNP1, 2, 38 57 Ns 40
72 90s
68 10 min -
95 5 min -
rooT 95 10s
P 55 30s 40
72 10s
Table 4. Conditions of restriction enzyme for SNP®
SNP Restriction Temp.(°C) Incubation time
enzyme
SNP1 Sml-1 55
SNP2 Cvikl-1 60 1 hr
SNP3 BstUI 37
Table 5. SNP type for M. leprae
SNP Locusl Locus2 Locus3
(SNP14676) (SNP1642875) (SNP2935685)
Type 1 C G A
Type 2 C T A
Type 3 C T C
Type 4 T T C
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CHSHLE S 2] wam 2527, X122 2019

@ SHSTHE F7IXS T2 2ol

HARZH EULA AYHS B HRMEN B2IUS
o|g26to 2 Z9st A9t rpoT Z2t0|HeLY
FUnL AMES MBO AHYA
V2 Q7| MY JHAE BlRBIG £ WL
YASH=A] YQISHAICE BHEH7IMEE 6 bpl
“CATCGA”Z O|20{MQ) oD, 3+= = 48152
LHEFHQICY,

5) SAI%2

NCSS 2019 Data Analysis (USA)E AHE5HH
S M2AS StUC YIFEEL JEHE 27| Yol
skewness Z3 2 sIF 0, B0 TS YL
YUY R EALEAN 2 Tukey-Kramer's#2
MAISIGTE, AL HBBAE DAY F
Likelihood Ratio Fisher's Exact@t Single Binary

Diagnostic TestE O|&5t3iCt

(A) DNA concentration vs metht

5,000

4,000

DNA concentrarion(ng/ml)

2

1. gHol 2 DNA & HE Ul
Lol M) Z&2{Q! DNA Z2{ES HIAISH ] 5K
Hl 7k2] ##{(BBY, SM¥ o SP¥)22 DNA
ZYAUS £2Ye T DNASE U o2& Y2
AASHRTE.
DNA 5=5 ZYHS Wi(Fig. 2A), BBHZ Fz
3196.1+232.6 ng/ml, SME1E HY# 1876.5+22.7
ng/md, SPHE P 1867.9+22.3 ng/mlO|RO DY,
Z OFES1A| QUQFAITH(a=0.21), SMED
SPHE ZE BBYO {9t E74|’i1 Ho S
2 MZ EAHH
ool AR (P=0-99)

DNA9| #&=2 £ W(Fig. 2B), BBHS 7
1.02+0.04, SMHS BF 0.98+0.00, SPHLS
H 0.97+0.010|R OO, 2111I31°§ &E7t 22
HE OtYRACH &5 HA| YA ZEE UF6HA|
%Y (a=0.83), 2t Y 7t 57:"—1?_ folge
AU

(B) Purity vs method

1.4

1.2

DNA purity (260nm/280nm)

3,000 1.0 T T
ok *k
2,000 0.8
; ——
1,000 T T T 0.6
SM BB SP SM BB SpP

Extraction methods

Extraction methods

Fig. 2. Results of DNA concentration and purity of three extraction methods for M. leprae.
(A) The DNA concentration was high in BB method compared to SM and SP methods. (B)
The DNA purity of BB method was high compared with SM and SP methods but was not
significant.(One-way ANOVA followed by tukey-kramer's test, **p < 0.01 vs. BB method)

sn34un



AAIZH SEHAL AMPLSOIME 2R 2F(templa

te) Y2 vrYste Ctatol B2 U7 DNAMEQ

UL 7SI YY2S2Z2 SYBR Green

2 7Ig2=, SMY2

166.1+4.0%, SPHE 180.4+5.3%7} LFEHGFCE.
A

Y2 EE UFOLA AT (a=0.85), SMY

3. Mgtas FHPOl Lty 7IYS ol SNP
QU2Y 252 #E(Table 6)

SNP Z2to|HHE O|§¢ot FURA AL Lh20f

MW Zols EAsto]l SNP 9%2 ERSIHO0,
ALAHO ORIBIO] EATH AITYIL BRSO
FIE YOIBIACY,

BE MERO 92.9%7 AN SYstHOD,

(A) SYBR Green

30 4
*k
25 | ke

20

15 4

Ct values

Ligol EAYZH o

SM BB SP

Extraction methods

Fig. 3. Comparison of DNA extraction methods for M. leprae via Ct values of PCR

i

e TEAQI DNA 22 ol bl 7

SPH 2% BBHOl Q2% FAHA #HAE
B0 (**p<0.01), F HYHY fAYL
AACH(p=0.22). YYEAZ probe 0|2 Al(Fig.
3B), BBH2 7|22, SM¥L 149.5+2.1%,
SPH2 162.5+3.1%2 UEIYOD e
ZoHAUD, Ml YHS SAHCR [T vt
HBACH(p<0.01). SMED} SPHE 2% BB
oot FAIY WRE BRAITH(**p<0.01),
A 7 el AUTH(p=0.12).
SAXO 2T YRBIFCH T a<0.05). HTHIA ZHZO|
OFgd 71812 SNP1 99| BIZt & (sensitivity, TPR)
100.0%, £0|% (specificity, TNR) 85.7%E 2%,
SNP3 90| DIZt=Q} E0|= B 5 100.0%E BTt
DNA XZ HYHHAZ M Al M| YR-OIM HIStE A
HEYo| T3l Fits 25 SAX2Z AIEY
Y2|EFUCH T a<0.05). BB} SPHE SNPI,
3990l DIZ}EQt E0|E B5E 100.0%E B¥OH,

18 kel
=2 v wu

4n

(B) Probe

30 -

25 - *k
w
D 204
= @
«
>
Rl 15
&) 5

10 4

5 T

SM BB SP

Extraction methods

. Low Ct

value indicates high DNA amplification. PCR fluorescent dye was used as two types: (A)

SYBR Green, (B) Probe. The total Ct values were significantly increased in SM and SP

methods compared to the BB method. (One-way ANOVA followed by tukey-kramer's test,

**p<0.01 vs. BB method)
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SM¥O| SNP3 9% %Al DIZEQ SO|E BE 7Y AN B2 Al UYEe E0|ETt &L
100.0%% 2L, SNP1 S BIZ T 75.0%, E0|= 402 B0} BBﬂ, SM¥E! B SPEHOj|A 2% SNP1 2!
100. 0%% B} SNP3 08 H20j| =2 122 HOICt ] WTHEC}

ZUE TSRS W, AMotra HHUO| TPy

Table 6. Comparison with restriction fragment

length polymorphism typing method and

sequence analysis for SNP types. (A) Results of restriction fragment length polymorphism
typing method by sequence analysis, (B) Results for rates of TPR and TNR. All methods were
significantly correspond compared to the sequence analysis (Two way followed by Likelihood Ratio
Fisher’s Exact, T a<0.05 vs sequence analysis). TPR and TNR values of SNP1 and 3 type were 1.00
in BB, SM and SP methods except TPR value of SNP1 type was 0.75 in SM method (Single Binary
Diagnostic Test. F TPR value>0.80, and §TNR value>0.80 vs. sequence analysis).

(A) Restriction fragment length polymorphism typing

method by sequence analysis

Salting-out

Methods Total T By bead beatingt  Silica gel membrane t T et
Seq.
Rest 1 type 3 type 1 type 3 type 1 type 3 type 1 type 3 type
est.
ltype 21(50%) - 7(50.0%) - 6(42.9%) - 8(57.1%) -
3 type - 18(42.9%) - 6(42.9%) - 6(42.9%) - 6(42.9%)
N/A 3(7.1%) - 1(7.1%) - 2(14.3%) - - -

(B) Results for rates of sensitivity and specificity

Salting-out

Methods Total By bead beating Silica gel membrane 2
precipitation
Rest. Non- Non- Non- Non-
1t 1t 1t 1t
Seq. e TS 1 type upe T3 ) type e e TP T 1type
1ltype 21(50.0%) - 8(57.1%) - 6(42.9%) 2(143%) 8(57.1%) -
I"fg";e 3(7.1%)  18(42.9%) - 6(429%) - 6(42.9%) - 6(42.9%)
Rest. Non- Non- Non- Non-
3t 3t 3t
Seq: et 3iype wets  gygpe 3tpels oy e wets  3iype
3type 18(42.9%) - 6(42.9%) - 6(42.9%) - 6(42.9%) -
3"fg"r;e - 24(57.1%) - 8(57.1%) - 8(57.1%) - 8(57.1%)

ll36ll



LIRol ZAMYSYIY G178 I3t 28291 DNA £2] el Hin 17

Table 7. Comparison of HRM and sequence analysis for tandem repeats. (A) Results of HRM
analysis by sequence analysis, (B) Results for rate of TPR and TNR. All methods were
significantly independent compared to the sequence analysis (Two way followed by
Likelihood Ratio Fisher’s Exact). TPR and TNR values of SNP1 type and 3 type were below
in general (Single Binary Diagnostic Test. f TPR value>0.80, and §TNR value>0.80 vs.

sequence analysis).

(A) Results of HRM analysis by sequence analysis

Salting-out

Methods Total By bead beating Silica gel membrane R
precipitation

Seq.
HRM d 3 repeats 4 repeats 3 repeats 4 repeats 3 repeats 4 repeats 3 repeats 4 repeats

3 repeats 15(35.7%) 4(9.5%) 5(35.1%) 1(7.1%) 5(357%) 2(143%) 5(357%) 1(7.1%)

4repeats 9(21.4%) 8(9.0%) 4(286%) 4(286%) 3(214%) 2(143%) 2(143%) 2(14.3%)

N/A  3(7.1%)  3(7.1%) - - 17.1%)  1(7.1%) 2(143%) 2(14.3%)

(B) Results for rates of sensitivity and specificity

Salting-out

methods Total By bead beating Silica gel membrane .
precipitation
HRM 3 repeats Non- 3 repeats § Non- 3 repeats Non- 3 repeats Non-
Seq. P 3 repeats P 3 repeats P 3 repeats t 3 repeats

3repeats 15(35.7%) 12(286%) 5(357%) 4(286%) 5(35.7%)  4(286%)  2(143%)  3(21.4%)

non- 0, 0, 0, 0, 0, 0, 0, 0,
3 repeats 4095%)  11(262%)  1(7.1%)  4(286%)  2(143%) 3(214%) 3(214%)  6(42.9%)
HRM 4 repeats Non- 4 repeats Non- 4 repeats Non- 4 repeats Non-
Seq. P 4 repeats t 4 repeats P 4 repeats P 4 repeats

4 repeats 8(19.0%) 7(16.7%)  4(28.6%) 1(7.1%) 5(35.7%) 1(7.1%) 2(143%)  2(14.3%)

4::::;,[5 9(21.4%)  18(42.9%)  4(286%) 5(35.7%)  4(286%)  4(286%)  3(214%)  7(50.0%)

4. HRM 241 Al@Y2 S rpoT RUAMY 25t A3 AlRYollM “CATCGA™S) gHE g7
LEIH bz (Table 7) (3¢S Z2 4Rr5)7HAE HQUSIo] HRM 241t
HRM 242 Sl 2g8std KUY 2RHA MY g BlokS

O, AAIZ 28 HA HAELS A2S QLAMO|  HRM 24 HnLO| 44.7%7 AR SUSIHAIPH

sn37nnm
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SAY 2YRIE 231 (a=0.19), 3852 UHE
55.6%, E0|% 73.3%, 49122 DIZtE 53.3%,
£0]k 66.7%E UEHHL

DNA =& YHEE =A5IAS O, BBYL
63.7%7F AlEYL SYSHRO L AR EYAIE
29O (a=0.19), 3922 AL 55.6%,
E0|% 80.0%, 4822 UL T 80.0%, E0|&
55.6%S LEHCH SM#H2 50.0%7t Al
5%6“"'201 SAHHC 2URE X1 (a=0.83),
52 UHE 55.6%, E0lE 60.0%, 48t=52
T 40.0%, E0I% 66.7%E UEIHIT SPEE
50.0%7F A4 SYSIF OO, EA|2Q EUYR|E
231 (a=0.42), 3822 DIZE 83.3%, E0|&
50.0%, 48H22 QI E 50.0%, £0|& 70.0%=S
LFEFSITE.

HRM 240f Qlof BB SME, SPEO]| H|dH
AEYY FAMIOl =%, SPEE SMYE 20t
SAIZQ YR ZEO| ATk ALECE

LU

]

£l

2 HAY 222 B1
E5HA|2H, OF2|7MEA| QIGHHA| S4
7|&0| JHELEIA|] Ut Shepard11 SOIl QBH Al
W Aoz 3 2 W M3 Yol 233 H A2
H|QUS5HH EETH 7H0|E2tQI0] HIAIZIA] Giot Aol
ol Z0| UL, U E0| F7IMEE 7|82z
She HR7F Y| e 910 DNAE XE£5}H0
AHESHE FL7F B2, DNA 220f oM E
EHS 7|2 QIO| ThYSh YRISO| AHRED Q17|
2 YRS HAAR BES YISt uar 2 HRE
LUHSHA| EIRACH.
S23Le2 32 HIEQ| 2F5 20|85t Y (BBE)
1 A2j7H 9f2 ol85He H(SME), 2211 g

rin

SRR LEREE
A4S 3 otuol 4

ol

O:;

J|

ll38ll

Y Y 248 0§t YH(SPH)OR Lol
DNAZ 223 2 Ny2 avgarﬂem, &S
e )

Z3sto] blush

.J
lIJ
IIE
1o
o
p
>
e
|'ﬂ
o N

e B odh »
|0

& oo 32 Mo
L
= ofm

olo
ujo

T Yol vl SAXLZ [2ASH
W1, oz & DNAY 35TF0|
Si

HAEl7[0l DNAS] RE HE0|

W
2
s
A ro &
~—+
g O
lo rlu
i
m

=2 Ao
S & QCH(Fig. 3). ol AtE3%t
HYSAE DNA-ZEE Pyl SYBR Greendt Y
7 ot probe T 7HA|E AtETHOD,
Peofl BIgH & FYFSAUM 25
SAMLZ Qott HvtE ERCL XE Y Alollk,
BBHZ 2f 302 Y= 285 9HH SME I SPH2
YRIAIZEOl Z1 2pQ THA|7F Bhot YTHHoz
AlZto| AQ ST AN O 2 BBEIS SME 1 SPHo|
|1 Sto DNA RZ0f| QLojME HE3QI Yiol2tn
THCHEICH OFPH DNAS 257 HMHoZ2 =12
% Yol tHoHME 22{0IM2] Lt 22/t DNA
R £Y U T2 2¥ A7 HAY o2t
AL EICE
FUHL ML U F20ll YLl Yo s,
L E0| 92} ¥2/(18 kDal2, 36 kDal3, 65
kDa5 3)Ofl CHot &RIZ Sl O|R0{2ICH E3| Al
7tAl SNP 2919l YHS BIFL2 Y M 28
SNP 8%o| Q41 BNEU=HE 2/ F7IMEL
YOISIA| YD ZTHA HMUIS T ST AZS
A2fsto] olsh= HHZO| Ty 7™ ol8Y
2 9ICt°. o|of| w2t Sml-1, DviKI-1, BstUl £9
SHHAE Y F HI|YF of ZAU=Z SNP RF2
%‘6}9&% TH(Table 6), H7IMEZ ZLQlst Akt
QI 2pO|7F UUSS HQUSHAUTH( T a<0.05).



SNP3 99| DIZIE EOo|E = B 100.0%% 20,
SNP1 ST SMEHO|M RIZE 75.0%7F UL e
AMstnE, 25 100.0%2 ZUE 20 2 AL

A, A YA Bl Al I EQ 50|&7t

7102 "ot BBY, SMYH, SP¥ S9| R et
2E Adtmas HHEZO| 4Py 7IEE ol
SNP1 %2t SNP3 3% 250l QoM 22 82
7RICHD TTHEICE O] ¢320f| 2 SNPL gt
SNP3 QgO| DIQkDF 2! EH= SOllA 7t Z6HAI
YUY, ok, Y&, QI H|AlOtol| A= SNP3 RFO|
O ZotA| YHECHD SHOes meta] Alota s
HEdol gy 718 oM YA Lol
UOIAE SNP YR F0ll et Yozt Atz HC
rpoT Q2= 3Y7|8H(cording region) QHof
Z2Hst= 6 bpll BHE Y| Y40l 2folE Z&ot
402 GACATCO 97IMYL 370 U 4747t
A|Hots YO R LRSI Lol YUYO R AR LD
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