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Abstract - Quantitative classification of insect fauna in transgenic rice in 2 LMO (Living genetically
Modified Organism) isolated paddy fields (Gyeongsang National University, Gyeongbuk National
University) and rice in 4 paddy fields (Duryang 1, Duryang 2, Hwagye 1, Hwagye 2), were evaluated

for consecutive 5 years (2013 to 2017) in Sacheon, Gyeongnam province, and for 2 consecutive
years (2015 to 2016) in Gunwi Gyeongbuk province. Sampling insect fauna were evaluated by
black light trapping, sticky trapping, visual surveying, and sweeping methods in each target paddy
field, respectively. A total of 37,941 individuals, of 464 species from 15 orders, were collected in
Sacheon for 5 years. A total of 10,030 individuals, of 366 species from 13 orders, were collected in
Gunwi for 2 years. Based on results of comparison between transgenic and non-transgenic paddy
fields for 5 consecutive years, the similarity index between LMO paddy field and common paddy
field is not different. Thus, this difference is not due to the environment, not the LMO.

Keywords : transgenic rice, non-transgenic cultivation rice, Insect fauna surveying, community

analysis
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o

ohs FAAF thkA (gene diversity), A 2] oA A=
BH 3L AR HolAag ok AHE 715E vl
3t= A chFA (ecosystem diversity) 22 UEth(Kwon
et al. 2006). A2 YEL oF 409 || AAE F3f o
&t S0l A-gstal Xkt A7 w| x| o HEAE EsH
of oF 1,0009F HA] 30005 Fo 2 FH == thekdt A&l
ZA)3HA = 1tk (Gaston and Spicer 2004; ESK 2013). A&l
A Bolakz 9] offjoA HEjA Y EA4E tHste HAE
AR ot L F FAHSE A71H A AeA HIE o}
gto] 9lo] Z23F 2x}o|th(Rosenberg ef al. 1986; Gullan
and Cranston 2005). W2tA] At AejA % £ v)o= A
eiA e feld BIHS] AlZkolw, B XAste] v 15
Z3 B9 A7 2 asch(Poppy 2000, 2004; Dale et al.
2002; Romeis et al. 2008).

thoFgt $Oo2 o|Rold 2% o] B4 9 B4
q 9 AFH FAENOE st 2YR Aol
T EAS 7P AR A7 e AEsks $A
H7pgolth, 24 NYEE AFHA JAARE AT
SERES FEREREE DRSS ER )
o} (Bae et al. 2004; Jung et al. 2008; Lee et al. 2009; Ahn
2013).
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Mo Fo& Z G5 2534 FlEd AP, UM
Breeding caseE 7HA1L A3 A oA dFAEL A
Yottt frobs EY (Rl BjFFo= S35k Hof 8%
FAHIZRE {5t WL o] 83t AL 1FF FY=
A, oZ&ete)e 2+ Y 24 F 1714 AR89, A
A A A7I7F 2olAE R dHe] HolA F £
F7F BTkt AR & 1Y HH R FASIIT B8] E
W (15x25cm, B, TolaRE)S vyl B0 ERL

M2 opEEA ste] 2+ Y 24 o 27 AR5k

%9 & BRE F/MYEFAAHHA 28 (KNA 2012)
< o] 839, e 2= o] 2Rk (Jung 2012), ¥
o] ¥} ZE%7H(Baek 2012), g d =7 (Son 2009), &=H
A =7F(Ahn 2010) 5& st

Z+ A 3 AR 250 dste] $HE A4 (dom-
inance index; DI), T A= (diversity index; H'), 5=
A= (richness index; RI) @ #5 %= A4 (evenness index; EI)
g Axsisr.
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om, 19 ¢ THW F4uU AN # Fo= 74
ChE Sjelol. ok 4 19] $A0E AL, MeNaughion's

dominance index) (McNaughton 1967)& At&3131tt.
DI= ni+nz i
N

A7IA miE 7P B2 AV AFE F (1Y AA
o 7 HAZR B AT AP E FFH-EHY A
Fo]3, N2 A F /NAgo]th (McNaughton 1967).

o= x]—:—(H = o 2 WollA 3 Ao BAE
Uetd Aoz FIFRES 4555 SA Y= 3
olm, A7t 245 +HWY d¥=rt =t Margalef
(1958)¢] Shannon-Wiener function (H')& Lloyd and
Ghelardi (1964)7} ©&@3t &) 25 o] &35} th(Pielou 1969).
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Hx 7Hi{]"0]E]-(Pielou 1969).
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LB AE A4 (Sgrensen’s QS; S= RAF | F 7o) TR A
AEE £X3 & o2 24 TS AR F AYG 1Y #
AYE Vet 0~19] A2 #AEH %2 Uehd di= 1
o] 100%E YulstaL 19 7748 F A9 7+ FA=E7}
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El=

“

Table 1. Number of orders, families, species and individuals surveyed at each Sacheon sampling site in each sampling date

Sampling date Sampling sites No. of No. of No. of No. of
plng plng order families species individuals

LMO 7 31 65 5,362

2013 Duryang1 5 24 45 8,326

Duryang?2 7 17 27 4,027

Sub total 8 38 91 17,715

LMO 10 29 50 4818

2014 Duryang1 9 38 69 1,669

Duryang2 8 41 88 1,757

Sub total 11 54 123 8,244

LMO 14 50 84 2,249

2015 Duryang1 12 58 102 905

Duryang? 10 56 116 953

Sub total 15 85 209 4,107

LMO 10 46 99 1471

2016 Duryang1 9 47 98 1,160

Duryang2 12 59 117 1,319

Sub total 13 82 214 3,950

LMO 9 37 64 1,244

2017 Duryang1 10 32 57 1,885

Duryang?2 8 30 53 796

Sub total 11 55 121 3,925

Total 15 123 464 37,941
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Table 2. Number of species and individuals of each insect order surveyed at each sampling method in Sacheon
Sampling Order No. of No. of No. of
method families species (%) individuals (%)
Hemiptera = 24| & 21 62(25.51) 1,385 (40.80)
Odonata &#}2] 2 5 24.(9.88) 757 (22.30)
Diptera o}2] & 20 48(19.75) 584 (17.20)
Orthoptera W &7] & 5 24(9.88) 240 (7.07)
Monitoring Hymenoptera 3% 8 24(9.88) 170(5.01)
(Sweeping and Coleoptera =4 = H ] &2 15 29(11.93) 153(4.51)
visual sampling) Lepidoptera L}H] & 8 23(9.47) 74(2.18)
Araneae A1 2 3 3(1.23) 20 (0.59)
Trichoptera g ==& 3 3(1.23) 5(0.15)
Neuroptera Z32}2| 5 1 1(0.41) 4(0.12)
Mantodea AHa} = 1 1(0.41) 2(0.06)
Ephmeroptera 31540 & 1 1(0.41) 1(0.03)
Sub toatal no. 91 243 (100.00) 3,395 (100.00)
Coleoptera T HH = 22 77 (24.06) 25,062 (72.55)
Diptera u}2] & 17 51(15.94) 4,469 (12.94)
Trichoptera Y= 2}l & 9 27 (8.44) 1,874 (5.42)
Hemiptera = 24| & 13 44(13.75) 1,817 (5.26)
Lepidoptera L8] 2 10 81(25.31) 578 (1.67)
Trap Ephmeroptera 3#4Ho] & 2 5(1.56) 345 (1.00)
(Light trap and Hymenoptera 3% 6 20 (6.25) 213(0.62)
yellow sticky Thysanoptera 52]] Hey = 1 2(0.63) 146 (0.42)
trap sampling) Odonata ZA}&] & 2 3(0.94) 17 (0.05)
Plecoptera ZF =3 & 2 3(0.94) 11(0.03)
Orthoptera ™ %=7] 2 1 2(0.63) 8(0.02)
Dermaptera A & & 2 3(0.94) 3(0.01)
Neuroptera Z32}2| & 1 1(0.31) 2(0.01)
Araneae 71| & 1 1(031) 1(0.00)
Sub toatal no. 89 320(100.00) 34,546 (100.00)
Coleoptera T4 B 2 23 95(17.24) 25215 (66.46)
Diptera u}2] & 23 158 (28.68) 5,053 (13.32)
Hemiptera = 24| & 2 84(15.25) 3,192(8.41)
Trichoptera Y= 2l & 9 25 (4.54) 1,889 (4.98)
Odonata &#}2] 2 5 25 (4.54) 774(2.04)
Lepidoptera L}H] & 15 91(16.52) 652(1.72)
Hymenoptera 2% 9 32(5.81) 383(1.01)
Total Ephmeroptera 0} =NAR= 2 5(0091) 346(091)
Orthoptera " %7 % 5 22(3.99) 248 (0.65)
Thysanoptera )| 8 | & 1 2(0.36) 146 (0.38)
Araneae A1 & 3 3(0.54) 21(0.06)
Plecoptera 7H& )2 2 3(0.54) 11(0.03)
Neuroptera Z32}2| & 2 2(0.36) 6(0.02)
Dermaptera A H & 2 3(0.54) 3(0.01)
Mantodea AH}7] = 1 1(0.18) 2(0.01)
Total no. 124 551(100.00) 37,941 (100.00)
25, Zar o uF
Sl=——+— 5)
Si+S;
1. 23 394 &4
A71A Sy AT AN FELE HFPE F ol
St iAAHANN HAE £ F 5, 55 AEgN AYE & AAGE AFHA A 2013~20179 59 B¢ & 15% 123

Z o]t} (Sgrensen 1948).

I} 464%

37.94170A17F A=A 2 F 201690 214F
o2 7pg thokstA Y=L, LMOAA 99F o2 thof
A A=A LMO 27o] th2 & Ao ]3| 2717t
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A5 vlLaA £471 HAE AL Bop LMO A
e A Hla) Fo] EXSITHE B 4 YTk (Table 1), 54
ol BREY R, BelR wANE o2 SFatg). 1
Z e 2o A4 A F 6646%% AAsAt I
A A AR, AR, )2 pog 25
T,7 % wAABo] WA A F 408%S AL,
HA2 20| 223%2 AAste] T o] 62% o4} A5k
o SO AL SR TelE YradE so
2 9HeIT, 1 5 HRHRo] WA A % 7255%2
A2)5194th. Moon (2015)8] LM¥] ZAHo|4 57 24} @
Suction trap A3E R A=) Wy} vjn| 5, e
SERISER B EO R R ERE R E

3 of

9] wptu|rl WAEGl o, o] A HT|AYHY LA E
1} GAFES ®elth. A9 Moon (2015)2] LMY E#+3}9]
Zpol 2 AEr QA9 FEZTH FY gAY B
T AYxA AAEE AP Y BTt e A e 2wt
9] QA Zpo]& AR ETH(Table 2). At 57 T
5, 025, mUAE, gE o] 8 SHEORE AP
ot Z dedEE SAES uwd Ay 2013, 2014, 20179
ol gy Eo] 943t¢ 1, 2015, 2016 0] T}He]=o
AR GAEY 52 A 59 Bt A £E ¥
A} 323tE] Q1 o} (Table 3).

AAEE FYFA 2015~2016W 2d S & 138 111
7} 366% 10,0307HA17F AP = Ak, 1 F 2015990 228%

Table 3. Order ranking at each Sacheon sampling site in sampling date

Order ranking

Sampling date Sampling site
1 2 3
LMO Coleoptera T H | = Trichoptera =& Hemiptera = 2| &
2013 Duryangl Coleoptera T H | = Lepidoptera L}H] & Odonata ZA}2] 2
Duryang?2 Coleoptera T H | & Hemiptera ‘= A & Lepidoptera L}H] &
Total Coleoptera T H| = Trichoptera Y= & Hemiptera = 2| &
LMO Coleoptera T H | &= Diptera 32| & Trichoptera =&
2014 Duryang1 Coleoptera T H| & Hem%ptera Y= Trichoptera g =&
Duryang?2 Coleoptera T HY| = Hemiptera = 2|5 Odonata ZA}+8] &
Total Coleoptera T H | & Hemiptera = AR & Diptera 2| &
LMO Diptera 32| & Ephmeroptera 3} 40| & Coleoptera T HY| =
2015 Duryangl Diptera 2| & Coleoptera T HH| = Hemiptera = A )| &
Duryang?2 Coleoptera T H | & Diptera 3}+2] & Hemiptera = A A &
Total Diptera 32| & Coleoptera T3 A & Hemiptera = 2| &
LMO Diptera 22| & Hemiptera = A A & Coleoptera T H | =
2016 Duryang1 Hemiptera = A & Diptera 32| & Coleoptera T H | =
Duryang2 Diptera 32| & Coleoptera T3 A & Hemiptera = 2| &
Total Diptera 32| & Hemiptera ‘= AR & Coleoptera T H | =
LMO Coleoptera T H | &= Diptera 32| & Trichoptera =&
2017 Duryang1 CQleoptera A HY = Diptera 32| & Trichoptera g =2
Duryang?2 Diptera 32| & Coleoptera A A = Trichoptera Y= &
Total Coleoptera T H | & Diptera 3}2] & Trichoptera Y =2 &

Table 4. Number of orders, families, species and individuals surveyed at each Gunwi sampling site in each sampling date

Sampling date Sampling sites No. of No. of No. of No. of
plng plng order families species individuals

LMO 10 56 94 838

2015 Hwagyel 11 59 107 1,533

Hwagye2 11 72 127 1,104

Sub total 12 94 225 3475

LMO 12 51 115 1,859

2016 Hwagyel 10 56 105 2972

Hwagye2 11 53 115 1,724

Sub total 12 75 215 6,555

Total 13 111 366 10,030
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S 2 7H tFstA AR H A (Table 4). 218 S GAE
g, w2, e s £o2 LS. 1 & T
o] AA A F 2991%E AASIRAILL, w2 F0] 2523%
£ AAsHo] 7 Fo] HA| A 50% o) AASHAT. 4
oA e d5715, =245, dA=E €22 ¢
A stk 2 F wFr1Ee] AA A F 41.77%E AASt
AL, edAFo| 2442%F AA|SHe] T Fo] A A 9
65% o’ AAsHAT. AW HA N GHEE, »
25, EEdE £o2 SHSAT. 1 F G =] A
Al A F 34.93%E AASHIL, T F0] 28.51%F AHA]
sto] F Fo| WA AAY 60% o1/ AHASFATE. Kim et al.
(2010)8] 23 H4E= LT BEHTE A2 ZF oA

4 FZ71E o83ty =hARY R, Wi g, A
. 21T, S kR, gl 5] vptu| R,
e 5] SALYFE APt AR Zpol 7t
9, =R EFo] L£H8t= FARE ZTHE Ve TH(Table
A 297 SAEYE, GRS, gy, AR E, 5
J U Ee] o SRECR AP 4 A=Y
S HES vwd Ay} 201590 S HY Zo] $H3}
a1, 20169 0= wHEjEo] s8¢t skA|9k 2015, 2016
S0 A9 $ATol B S, Gy, galEo|oA
AFol= §ith(Table 6).

2013~201797HA] & 59 B RAME EE 252 4 4

=g Hwste], B5o] w2 4733tk (Appendix 1, 2).

MU 32 R 2 %0 oy 2
2
-
It

N

Table 5. Number of species and individuals of each insect order surveyed at each sampling method in Gunwi

. No. of No. of No. of
Sampling methods Order families species (%) individuals (%)
Orthoptera |71 & 3 16(10.19) 650 (41.77)
Hemiptera = A A & 17 38(24.20) 380 (24 .42)
Odonata &A}2] & 5 22(14.01) 274(17.61)
Diptera 32| & 17 29(18.47) 115(7.39)
Monitoring Coleoptera TR HH| = 13 17 (10.83) 40 (2.57)
(Sweeping and Hymenoptera 3% 6 10(6.37) 31(1.99)
visual sampling) Lepidoptera L}H] & 7 15(9.55) 30(1.93)
Mantodea AF}7] 2 1 2(127) 24(1.54)
Araneae 1| & 2 3(1.91) 8(0.51)
Trichoptera Y= 22 2 3(191) 3(0.19)
Neuroptera Z32}2] & 1 1(0.64) 1(0.06)
Sub total no. 74 157 (100.00) 1,556 (100.00)
Coleoptera T A = 19 61(23.92) 2,960 (34.93)
Diptera u}2] & 16 50(19.61) 2.416(28.51)
Trichoptera S = 2 & 9 25(9.80) 1,632 (19.26)
Trap Hemiptera ‘= &7 & 9 30(11.76) 451(5.32)
(Light trap and Lepidoptera b]"‘ﬂ% 13 58(22.75) 361 (4.26)
yellow sticky Ephmeroptera 3}54Ho| & 2 5(1.96) 334(3.94)
i Hymenoptera ‘f%_‘% 4 18 (7.06) 194 (2.29)
trap sampling) Thysanoptera 3| 23| & 1 1(0.39) 112(1.32)
Odonata &7} & 2 3(1.18) 8(0.09)
Orthoptera H =72 1 2(0.78) 4(0.05)
Neuroptera =322 5 2 2(0.78) 2(0.02)
Sub total no. 78 255 (100.00) 8,474 (100.00)
Coleoptera T3 A & 22 71 (19.40) 3,000 (29.91)
Diptera 2] & 21 66 (18.03) 2.531(2523)
Trichoptera Y= 2 & 9 26(7.10) 1,635 (16.30)
Hemiptera ' 2742 20 59(16.12) 831(8.29)
Orthoptera ™| 7] & 3 16 (4.37) 654 (6.52)
Lepidoptera L}H] = 17 67(18.31) 391 (3.90)
Total Ephmeroptera 3F3#4Ho] & 2 5(1.37) 334(3.33)
Odonata Z#}2] & 5 22(6.01) 282(2.81)
Hymenoptera 8% 7 25(6.83) 225(2.24)
Thysanoptera 3| 23| & 1 1(0.27) 112(1.12)
Mantodea A2 1 2(0.55) 24(0.24)
Araneae 71| & 2 3(0.82) 8(0.08)
Neuroptera 2332 & 3 3(0.82) 3(0.03)
Total no. 113 366 (100.00) 10,030 (100.00)
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Table 6. Order ranking at each Gunwi sampling site in sampling date

Sampling date Sampling site

Order ranking

1 2 3
LMO Coleoptera T H | = Trichoptera § =8 % Diptera 2] &
2015 Hwagyel Coleoptera T H | = Trichoptera @ =& Ephmeroptera 3}-%4Ho] &
Hwagye?2 Coleoptera T H | = Diptera 32| & Lepidoptera L}H] &
Total Coleoptera T H | & Trichoptera g =& Diptera 32| &
LMO Coleoptera T H | &= Trichoptera @ =& Diptera 32| &
2016 Hwagyel Diptera I+2] & Trichoptera g =& Hemiptera ‘=R &
Hwagye?2 Coleoptera T H | & Trichoptera =& Diptera 32| &
Total Diptera I+2] & Coleoptera T HE = Trichoptera g =&

Table 7. Community analyses on the insect fauna surveyed at each
Sacheon sampling site in sampling date

Indices

Sampling date ~ Sampling site

DI H’ EI RI
LMO 090 075 0.18 757

2013 Duryangl 098 030 0.08 4.76
Duryang?2 095 048 0.15 3.13
LMO 077 159 039 6.58
2014 Duryang1 042 287 065 1057
Duryang2 042 295 064 1315
LMO 030 374 074 2086
2015 Duryangl 021 412 078 2791
Duryang?2 026 393 074 2872
LMO 025 358 078 1344
2016 Duryangl 027 334 073 1375
Duryang?2 034 329 069 16.15
LMO 064 217 054 7.59
2017 Duryang1 077 165 042 6.38

Duryang?2 063 218 056 7.06

DI: dominance index, H': diversity index, EI: evenness index, RI: richness
index

FEUH 2 $HES Fits AddE ABdA 9

TS o] Attt A= AP 5

% AT A& HusiE d3t 2013
0.90,0.98,0.95% =
o vl A Uepsttt. o] Aak= 201390 TYFol ©
ol A ALE AlrEt dYgr A4E vufE A
201599 LMO, T51, £330l 4 Z+z} 3.74,4.12,3.930.2
o2 3fjof vlsl =A YEET o] A= 20154 0] oHE 3
o Blgf thgFetA Fol APH AoRE ARHTG #5& A
5 vwsfE A7} 201599 LMO, F3F1, F320)A Zzh
0.74,0.78,0.742 2 3ol B|al A Uetytt. o] 2=
201590] thE el Bls| F5Y MAFT HT AeR
AtrET FRE A+ Bl 23 201599 LMO, +
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Table 8. Comparison of the similarity indices to insect fauna sur-
veyed at each Sacheon sampling site in each sampling

date
Sampling date  Sampling sites LMO  Duryangl Duryang2

LMO - 0.37 0.39

2013 Duryangl 0.37 - 0.23
Duryang?2 0.39 0.23 -
LMO - 0.60 0.55

2014 Duryangl 0.60 - 0.59
Duryang2 0.55 0.59 -
LMO - 0.34 0.31

2015 Duryang1 0.34 - 0.37
Duryang2 0.31 0.37 -
LMO - 0.39 0.34

2016 Duryang1 0.39 - 0.26
Duryang2 0.34 0.26 -
LMO - 0.36 0.34

2017 Duryangl 0.36 - 0.36

Duryang?2 0.34 0.36 -

=1, T 22 20.86, 2791, 28728 THE o] ||
=7 vyttt o] Axb= 20159 0] ThE doj Hls] £ 1A
o] #F& o|FL = AL = AFRETEH(Table 7). A= A
& vlasE Z3} 201499 LMO9 F3F1, LMO%}t 3
2, Tkl T529] A7 2442 0.60, 0.55,0.598 THE &
of Hlal EA Uetyltt. o] Ait= 2o F A9 7Y {A}
Tt == ACE YHE T 5 TY Fol g2 AR A
EEtH(Table 8).

BAAEE 2979 29ty 2384 A94E $AHE A
5 g2 43 201630 LMO, 3HA 1, 3HA 12004 Z+z}
0.28,048,04322 2015|0| vl &A Yetsttt o] At
= 201699 A7t APHAIY A= AR WA
Ao 8 Y $HE AFET ol ddFo] o HH
" A g Andth g = AE Bl 21} 201549
LMO, 3411, A12001 4 Z+ZF 4.18,3.71, 4.022 20163 9]
H)3] =7 Uebgttt. o] Ad= 201619 H]E) EA o)A T
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Table 9. Community analyses on the insect fauna surveyed at each
Gunwi sampling site in sampling date

Indices
Sampling date ~ Sampling sites
DI H’' EI RI
LMO 021 418 082 2435
2015 Hwagyel 030 371 072 2345
Hwagye2 022 402 076 2741
LMO 028 344 072 15.14
2016 Hwagyel 048 286 061 13.00

Hwagye2 043 307 065 1528

DI: dominance index, H": diversity index, EI: evenness index, RI: richness
index

Table 10. Comparison of the similarity indices to insect fauna
surveyed at each Gunwi sampling site in each sampling
date

Sampling date  Sampling sites LMO Hwagyel Hwagye2

LMO - 0.40 042
2015 Hwagyel 040 - 048
Hwagye?2 0.42 0.48 -
LMO - 0.30 0.39
2016 Hwagyel 0.30 - 0.36
Hwagye2 0.39 0.36 -

o

et FE0] ARE AR AtgEY. #5E AFE H| 2L
2 A3 201599 LMO, 3HA|1, BHA2¢14 22t 0.82,0.72,
07622 20160 v =A Uetgth o] A= 20169
o vla FE NAF7 HRE Ao R AlRdHY FHE A
5 " A3t 2015499 LMO, 3HA1, A2 A Z+
7+ 24.35,23.45,27 412 2016W9] v|&) £A Uehytt. of
A= 2016900 HF] F FAo] #FE o|FL Y= AL
2 AR ETH(Table 9). SAFE |48 vlma& A3} 20159
o] LMO%} 341, LMO%}F 3HA12, 3HA 13} 34A|29] A]4=7}
Z}z} 0.40,0.42,0.482 2016 9] v]3] A Yelgtt. o] 2
T 47 T AY APl fAE AEE UEfe Ae
2016V RTH= =0t 058 YR Fil= AoZ Kol I
H % F 7Y% grtie & 4 gloh(Table 10).

AAAl, ZYET Son et al. (2016)014 FuA], AAA],

Hod, AFA Y] =5 vwstA, AbHAI Z92e ¢4
T A5 247 021~098,021~048 TFE A5t 7+
7+ 0.30~4.12, 2.86~4.18 FEE A4t ZHzt 0.08~0.78,
061~081 FEE X4$L zHzt 3.13~28.72, 13~27 410|H,
Son et al. (2016)914 A= A4 0.16~0.29, TFFE |4
452~522, A5 % A4 0.89~0.93, FHE R4 6.64~9.76
o7 Bt AT A FHE AP ARASG +9F
o] HliF £2 £&F YL, g A5y 45% AP
= AR 9 Fto] vl 3 S Btk ojAoR

Hol APAIe}t #9E oHE Ao vlg) 22 T 3
o] #2 AL E ARHE.

Bae et al.(2012)= A 2|3 QA Protox A3 A=A W
4 LM HE Al 3 ut # e} 8] w st ‘i‘—_}‘go}— Z34E
H W3k A3 LM Hep ot B Afo]&f L34} 2po]7} ZF 7|
Ao ofgt 3H4 Zpo| & gt AR A AT e, o]
A= 2 AT Aot fARE 245 el o] o3
QR E sHHEo] dojuA] P2 AR AlmEH.

2 AFAT= A9 AFAAY 59, A& 2979 249 B9
AR fludys o] &3ty st A
A AHE A F FUEEHe 2 JHE A7 A
e d=do g =4 AHY= et shAek A3
T of| vlel & iAol HojAle ATE Holn, AY
E7Fo) A A - B HE o] &5t Fe 27 Yol 9l
TS WAL R AA] 7hset Aola, B3 {2l

o 3t §EY EU7teA 2 E2E W
3 F 2R B7HE st *]":Hx—v—‘l
AEAT AT AL [Aezy
o] A& 27| & -r7}7\] S ]—/—?Z%‘Q-ﬁ
Aol fgsitt. thdz LMOZR I ¢
o g9 Fa 5 oH eME 11948}

o] U= AL Hof oPA7HAl& L
vtz o) Zpo|7t FysHA UEhtA] gkt *]‘J_E'n?l‘ﬂr.
213 LMOZ43} Gykazs Apo] o fAE A|4=¢F dbt
Ato] 8] FAME |47t Zpol7t gls AL E Kol LMOZ
gt Zpo| 7t opd BAof 235t 2to]2 AlRHT B A3Z
£ A ZAEY A FAd] B 5 JARAT
o] ANE 7|22 o] FF A&HHoE FAAS Z—]’E—‘]
SR Aol B3] =20l E ALE AlRHT.
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1233} 464% 37 94170A17F A= AL, 2 FF F9F
A 135 1113 366% 10,03070A7F AR = Ak Thd
LMOZRT} dRtzd5 vlws)d 23 vid 44 +8
< eAE AYshd AY 22 Fol Yehte A
o} o} 7= LMOZEA T} UutEA2] Fo]7} ESisHA
EhtR] gkottha AlRE T 183 LMOZA T YvkEsy
ol9] frAte A4t UHEEA: Abo] 9] frAtE A| 47} Aol 7}
fle ZAeg Hol LMOZ QI8 &po|7} ohd 27| o3t 2}
o|Z AtrHTh

ﬁ;LHIJHr:Lé

Al Al

2 43t LMORA SIS B71718 egdu| (B E:
PI013699) 7] o] ola] o] 2| F1irh.
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