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Special Report
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Evaluation and improvement of quality of generic pharmaceutical products

“Ken-ichi Izutsu, Yasuhiro Abe, Hiroyuki Yoshida

This article provides an overview of regulatory science approaches pursued by Drug Division in

National Institute of Health Sciences to improve and assure the quality of generic pharmaceutical

products. It supports assessment of the literature information by the Expert Committee on Quality

of Generic Drug Products, which was organized in NIHS under the corporation of Ministry of Health

Labor and Welfare (MHLW) to deliberate quality issues. Some laboratories including National Institute

of Infectious Diseases (NIID), prefectural health institutes, and NIHS form formulation evaluation

working group that perform detailed evaluation of the products. These laboratories also perform annual

official testing of approximately 900 products. Some challenges, including clarification of performance-

related formulation attributes and provision of information, were discussed.

Keywords: quality, dissolution, generic pharmaceuticals
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Special Report

BB e R R X 2) K rhaidek & RPN O B RIS DOWT
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Multi-area foodborne outbreaks of enterohemorrhagic Escherichia coli and the risk
factors in cooking meat

Yukiko Hara-Kudo®

Enterohemorrhagic Escherichia coli (EHEC)-foodborne infections are social issues because there are
patients with severe symptom and deaths by the infections. In Japan, serious EHEC O157-foodborne
outbreaks with over 100 patients or several victims continuously occurred. In addition, foodborne
outbreaks to occur extensively in the same period are recently popular because food distribution
has developed, and the same product and related products in the same factory are distributed
across multiple prefectures. EHEC is one of the major causes of the multi-area foodborne outbreaks.
Ruminium such as a cattle is known as a reservoir of EHEC, and there are many reports on foodborne-

infections with the pathogen associated to beef. This article reviews the risk factors in cooking meat

contributing foodborne outbreaks.

Keyword: enterohemorrhagic Escherichia coli, multi-area foodborne outbreak, cooking, meat
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Special Report

LA E O GHSIE A S BC 1) 5 B e FH
M i
Considerations of GHS classification for health hazards of chemicals

Takeshi Morita

Fifteen years have passed since the United Nations (UN) Recommendation GHS (Globally
Harmonized System of Classification and Labelling of Chemicals) was adopted. Various efforts have
been made to introduce GHS in Japan and to use it. Classification of more than 3000 chemicals by the
GHS classification project is one of the efforts. GHS health hazard classification results of chemicals
have the possibility of leading to future regulation of the chemical and are being treated as important
knowledge. For that, appropriate classification becomes necessary. The GHS classification is carried
out according to the criteria described in the UN GHS document. However, this GHS document relates
to the definition and classification criteria of each health hazard, and it does not mention the type of
toxicological information of chemicals, how to obtain it, and the evaluation of the quality and contents
of the data to be used. In this paper, several considerations on evaluation report, evaluation of data
and its quality, practical issues in GHS classification and expert judgment are discussed. Selection
of appropriate data results in adequate classification. I hope that various hazard effects caused by

chemicals will be reduced by the adequate hazard classification and its transmission based on the GHS.

Keywords: GHS, classification, health hazard, data quality, expert review
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OTEHIZEICBI T B]IS Z 7253 WA HIE L= &b, =
NBJISIZDWTIE, FHRS0EE PICWET A FESNT
Wh 20X ) ICGHSIILEY B AE FRATEIC R < B b
H5E9I2%oTETCWAL. ZOHT, {b¥WE OGHS
AT BB R, MEWEOSBOBHNCO LA S
WHEEEEALTBY, EERMLE LTHHEbIoOH
5. ZODIIHEFBYCERSINLLEDND 5.
GHS/ I FELEGHSSCH IRk S N7 L ITHE WA T D
N5, LaL, ZTOGHSHEHEL, KEHEAE%kOCRDS
S OGHEEICET 2D 0T, SEERICE L To®EtE
HROHE R DO AT, AT 27— 5 OEOFHIGIC
OWTIRBRSEN TV, ZD72%, GHS/HEFE
IZE5TE, EDLHITHREZIEETIE I Vo, L
LD EnE R 5 OANEY) 7 0 2R 2%k 9
B, GHSHHA A & v A% TR BE 2 15
BOY AN ERFTVLS, HHRICIER ST -5
DR - T OV TIZIRRS N TV, A EM
THHOGHSGHEEICBWTE, FAIHLE) 9557 —
FIZED L) RMEEEDHY, EOF—FICEARE L
REGOPORBPEREE 2L, Thbb, W% T—
¥ ORIRDHEY 0% 725, ARTIE, GHSHHE
HEESEICEL, 7—7iHiliz I8 5EEHEE
BT 5.

2. FHEHEANCHT 2 ZEEm
TEREATEVEIC BT 2 IR, RERL, L a—
W, 777 hy—1b, F=yR=2, RS %
FEIBERISE I X 2L CHE 2 &, e b O0H
5. AFWREREMRZ TRTHPITRE2ZDS, FEBWIC
WEEHISCH DS A e N2 L, tholEhs
AN H W2 ORI TH 5. FHIICHTIE, Y%
LW THUE OIFHRIE B - T— kG
(ZREFRL) FEWEL, Thedb il 2?
FERET — & 2B, FEROEAAHFIC X ) FHA
HEND. FORD, —BIISFHISCEREOEFME LS <
ZOED—ELXNVIZHEDO0, HFIZBWTIINE
ISR T 2 BENH D, BEFHIHE LTUFEHIFoN
5. OB SCEOMER B 1Y - mEIH H O Rtk Ok
D% 5, QUERMOFM : FERLZTTRL,
TEEH S (GLP#RER) ZFIH LT 5%, OFERLE:
TERIER, FHISCGEEK F TSRS N EE LR
FAHTE v, 20 &) IEHISCE I3 4 O A
HBHDT, BB WE IO W THEB M R DH 5
W, TS ZHMMICH VS Z EHRETH B,

3. F— ¥ DY DI 5 E e
GHS/HHI<TIE, FITA2HEET— Y 02 RS
CFMTALERD L. F—7OEOFMIZ, EE
M (reliability), #Z41% (relevance) B X OV )%
(adequacy) (235 <™. HHREIZHBWTIZ, OECD
FAMTA T4 (TG) B2V 723ERPGLP T
E LR THDL LD, T—5 OEOMROEE %
PRk nh, HHraMRBRICO S ORI S
TWAEEL, BB X OZY IS EEAFITA
END.

3.1. F—% o3

7= & QRN & 3 RHER ISR 2 R A SRR LT v
LEIDTH L. BAORBEOFIZIE, B bEWE
OFEE GREE, WML 2 &) #FBL TR,
Y TRz HeCTway, EEEFICOWTHER T
B EINTWR, FLRERP v, ORI S
5. —HEZ, TGIZHE - 723BR D 7 — & 13 BHE 1 I I
THY, 2o, GLPHEARE CIIFBINIGRBOEeM
PR EINTBY, EEEEEY. Klimischbid7—%
OEFEMEZ X5 1 (HIBRZ LISEEES ), K92
A X OEm#EESH ) $213K453 (BEEZRL) 129
FLTWwaY, GHSHHICBWTIE, BEMEXS1 72
F2I2oEEnEsT—y2FHL, BEEXS3OT—
FIZFE— N F—F AL, FRYEMTIISEICIIA
M LA, TGIZHE > 72GLPRERIIEEEX 51 TH D,
B 2 R HBEEEB O LTS 25481, 7 —
¥ OFELGHEREYE DRSNS,

32. F—yDORYM%

F—=F DML, v MBI LHEMEEIIT A D
WCRHAIICEY TH 20 &) Th S, WY LB E
HWTwah, b MR L 2BREREY?, KBRS
R ) Ay, APAGIE H RS A EEEI T H 1w Y)
IZEHNTWED, HREDOFFEHEICEDE, 4%
A5 %

3.3. F— 7 DHEUTE

T =& OWYPEE X, N — FEHIiRe ) A 7 FHilio 72
OOEMOFA e, Thbb, UFLFWE O
IZBWTIE, L EAOBEEZHEIHE T 2%
EIrThHAH. MEHMORER, &5 \VIIHFZEN 288
BRI, UHTECOVWTRIESZ ShTwivy,
BonlT— 7 OHEA~OFHEPHETE Y, 2D
5, WYPEAHIR I NS,



LSWE O GHS HEHEATEEEIC 515 5 Z IR 13

4. F— 2B T 5 ZEFm

GHSX#HTIX, &SmO SHEEEIIBWTEE
TREFESBRSN TS, LhL, REBEONERE
HEFIHED L F— 7 BT Btk iz v, BT
12, GHSHFIZB T % #EER BRI o b b o B g%k - &F
fiti + FET 3B X BB 2 B (REACH) 12805
HAYTVALE stz F— vV
BT REFHELMHT A, 4B, DTFIORT £wMEEE
DT — ¥ YL, NRWEOIRRE (B, WAk,
AAK), B BRE, o EERL T2 ENR
FETHL. hbid, ESNZRBROTHFAL » 0l
YMZEMT 2 ERELZEH E 2 5.

4.1. 2PE#HME

2RO FIX = N EAEIC D < 720 IR
MR v, LA Lt s, fAEARICIEEZES Y
BChbH, WAFHERBICOWTIIBREIREDIER LD
IR MNOD%, THHRIEOGLRRLCIRE A2 TlE %
{, ZFIEDP DL S N5 AR RE S AT L CEE
filli, AT LLENDS.

4.2, BEREIE ST/ W

GHSHEHEZ B 2 B ikl 7 — & 1230 < R il i
oI, 4RO TL4H FMBIgE Lz midick-o
<. —7, IHEDO RV A XkTid, 24BM@EH T3 H
MEBERL V., 20720, FLAXFEICEETF—5T
&, BHEEDA 2 L b B 0 ERIEHE & 7 5 T REMEAS
HoH. —RIZ, FEWHEICET 287 — 7 o E EFH
HIZEDTob o d 5. O SR Ol
BWT, 9HFIETy PRI T ALY EENEV), @
RS X OZOWIUCE 2 558 (HiREE2 v
7eWty), QWHKER, OREE~OBHE (%D 20w
EREP%E), ®RLPLE O @A O PO F . OECD
TGIZHE - Tzin vitrolf§ £EVE/RIFMERBR %2 AT 2 546
(&, OGRS .

4.3. WHTH9 % FE 2 FRBETE/MROR

— ez, IR BT % B 7 — & SRl 0 % e S
WU TOONRH L. O#MER @#EHAHE G
WLER % 0 38 RO D PE i o A e, (O ] % o B,
O OEEFFME: (7 Vv F vt A4 v gmFlH oA ).
OECD TGt - 7zin vitrol§ EMHEREZ AT 5 546
(&, ZOFMEH#EICHES .

4.4, WL A IERAETE % 7213 B2 R IR TR
BUED & 2 W0 S &A1 % SFAll 9 % 5@ 5 7 By Wy =k
Eev, TN SRR ED v, KAE X

HFEAR L EBH AN ORBRIIER SN TVS. &b,
SUERIME & AGE T LV F — OREIR D 53 BN & T R
iz, 7= OFMEDOHWNIEr — AN r— ATH
MEDOHMIZIED S LEDD 5.

B EAETE S D W T O BB T — & OFFili D E EF
HIZBUTobo0H s, O1REY) 0BWE, @K
JBOS &R L 72 BB & OEE, QORERBHE, @5
2B B FREEO AR, OaFEElrofE, ©
MEFUSYES L OREHAMAEE JRTY) >/ SHikER o
W), @R BSOS,

4.5, RG2S SR

AR S SR VR, AR, AR D B v idin
vitroB X Oin vivoD OB OME LRI X - TR
GIICFHT S NG, 42 ORBRERE, BlED D IE
b o, 2O EHREHTH. BETFT—5 %
M3 ABRICIE, DT OSHIHE ZET 5. Ok il
HARE OB, QHWREBRo Rz, OFiZin
vitroIZ B W IR E O, Din vitro¥5 A
O OHEYE, ®in vivoskBRIZ 31T 2 R s 2 15k &,
OB E DALMY OInAKSf, SKEFE B
oM L), Obtks X CBEHERIRIC BT 2 K.
=, BT — % % 5 NI R L - 723 R I BT 2 I
7=, HAxORMROERIHL, UTFOHREHLYZE
5 %. in vitro&in vivoM OMBFE R, REWE O
Wy hd, Ri#d 5 IZBEWE OREK OIS
LIRS H Y, BHE, in vivoiERORERICEAEE L,
@in vitrobt:, in vivoBEVEDFHIIZ B VT, FEOH
MOWEHEZ £ BT 5, ODNAMAREIZ, DNAEGEDH
LZVWIEEBREDCRECTH Y, in viroikBROBGEM RO 7%
Vin vivo DDNAR IR AR D G YEL, in vivollB
F BBl EOER R E 1EA R SRV, @B b
WHE 7 7 ANV THIORERIC BT 2 EZRNMERD H
Twa 551, XML ERT L ENERAFRD
FRICEAZEL, Gyt mErEZ R HER
BEIZBWTOARED LN LM, HERs R
DEMEEET D, O LR TH->TH, sl
BB B OB i S M3 A11E, FIET AR08 %
R ZEDDHY, F— 7 ORI D720 I B 5H W
AT S, OBOSNF— 7O ZiFt L, Ry
OB, RERTHA 2, BUE, HEUSER, MR
WA SR R LD

4.6. FEAAME

BEHNAMEICE T A7 — & 5Eli 0 B FHEIZGHS X
TR L RBBEIN TS, 22T, KEE
S L 2MAEORPAMGEHEZFNT 25504
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HIEE BT L. ORVPAMSEZ, EED AR
(IARC), KEME¥EMmAEREMERLEHE (ACGIH), WMZE
H% (EU CLP), KEBBiR#ER (EPA), KE#HMR
Rt (NTP), FA Y OfEERBRKTFFRERZES
(MAK) Z&EWL 22D TiIrbhTws, @—K1
WCIARCO M Z RIS 2755, BB L, &0 5H
MAZFHT L, QUITNORREICBVWTLHENT
WA, i S N BRE T 5. 0K 2 4
BWoONAFT v, ED D IG5 AMERER
BIL T W - R 03B ), FnHiEnF—F
O, TERERBERL B AEOMBEICE L, ThEeni
ol EREGZHIEICHETS.

4.7.

TS T 5 7 — 7 5l O F B HIHE D GHSCH
WCHEBHELLEBREINTWS, 22T, =7 0F
BT A2 ZBFHEL BT 5. ORMEEEO A © B4
FEICIE, BEESLEKEORD, A ML A, HEEO
B, B oMEEo KRN, GAREBOMKT, AR
B hd b, FBEBEIRARZ A LSRR RIS
X200, FFFRN L ZRNEFIZ X % 5 Oh OHk
BEETHL. TTHBRICBIT2ERE LML, K
WRHMRREVE % - 2 & MRS, Sh o ofEfIc R
L2 1RO S 2 MMOENE KT 4. Zhbid, GF
WO FEAHF I D, @FGREE  FIiRNES- 08
eI 502 & 2 3BRiE, FEBENZIZERV LV
BV AR ESRE S NL 20, HDH VL, A
BICHMZ EORPTREZ R 372012, R R
FTRETHY, ZNOHORBOATIHHOKAEIZIT R
5%, OFEHETHEOONLFR  FEHlE LT, B
WBRT, BIZIE, FEY, WMEOEMAER "Wl %E
K9 &9 MmO TEMREICBOLTOARED SN AFHIC
[EScaaFsi 8- 7c A= S N/ /L7 I ) B e i A AV e
ZNET BRI VIRY , SEICIER ok n. £
7z, BREEA = (1000 mg/kg) # B2 -HETHRDOLN
oL EAENIISE IS o R

4.8. bRk

FE e M st T % 7 — i O F B HIE D
GHSYHEHICHEWEN TS, 22 TIE, SHIZBwTL
MIxEs 2 mEMEZ T 2O EBHEL TS, O
TEH OIS - B SNMEHIE, BELXRTLO1H S
WIGEISISE R R T D O, WA A, LD
FEELEHOFID, H5VIETRNHEED, RET
HbH. WO EHEBIZBT BZLOM IR (5
ZAE, BRARZEAG A M R0 H v ik & LR B A 1 s 2
X)X, TEHOREOFHICE D, QMO M

Fo o BE BRRE, BB CBWAEIC BT 5 RERT,
BEHHBIIAD LN TV DL, GEWENAEES [E
B BT 2 HIBNE RIS K > TR 2 WM D
5. JRFER LAY B L 7R & 5 Wiz 5-F
HOeR (B2, mbls 538 B8 0 5 Lkt
B, MEBLOMOERELY) LARTRENE )M
(&, HMFRHEICHES L, @GHSHHED /=D 7 — ¥ &
fiilx, MEFHMER (NOAEL) $5E D720 DR & X5 7%
%. NOAELTIZ, #WBRICBWCHEOTHN R VR
R R 2 g 5. UG RA [H] 2229 Th
WOAEI IS B 2 EEFETH Y, Wbk BATF fti
ENTWGEA, KISOREICED 59 X ) v =
BIRENG. —F, GHSHETIE, BWRAERICB T %Y
FROBA L MCBWTERLH L, EELAZEINS
MNEDPHVEBERIEE 25, MFEORBSE/HI T
7eBtr, UEBUSHFRRICHEBIL T2 5 &9 % 5Tl
35 (QHEZBH).

4.9. FRMEA R

v MBI L T — 7 Db A EKRE, A
Vo IR T R (kinematic viscosity) 23
DKL BRI, K= (dynamic viscosity) @7 —
% Miviscosity L L TRENTWBLEELNHLHDT, 1
TS, b, BREREREREBE TR L TRD
HZENTEA.

5. GHSH BN X OCHMEHIMNC I % B8 F
RIF~OGHSE A O MO —B L L CTEME L T
WAHGHS/HFFETIE, 4%, GHSHBER AL
DT ORS00 5720 O HIEARE B
OREWFAHICE T Y, hoFEHEHREZFHHL T
Vv, @QGHS/FHEOMMFAR  GHSLHAZLIBL T
Wi\, OUUETEMOFAAALIL @ 38 7R RL ik
DORFEE L. Thood#Icid, PHERE~NOHFIZ
Mz, ARG ZREHRINE, FEEO S 2 EBOTEHRIED
MEAHPEH s Twab. GHSTIE, £ < otk
HH TR O EARFITIED < BMFRH B2k 5T
Wh. EMRAWIE, AR % vitroikBRT— %, %Y
BT — 5 5l MR EELTRTOAF I
RIEMEEBL TR EINS. MHEO®RS OIS A,
F=yOF LB REBETYA v, R
X, HEDUGEMR, AEWFNR LTS X OB oM
B B E L) LEDND L. HMGHIRT I E) & R
WCEBTT59 0Ky 2 ATH-TId%R o, B2
T3 IR RS TH D, Z D701, HIWT
OEREOMENR, HBINT—EEODH 2HW, GHS/HH
HEBIPLFX 2T M) = A 0 2O, HHMEK
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Wiksko 5 s DUFIC, GHSHEHERICBIT 5 HM
KA WO HH % AN T 5.

® KM Y A (775819-2) ¢ ARG AL S
BRI OTETIE, BENIRGIZ L~ 25/

ZBAL=T v E Y (1309-64-4) © AR
SHEETIE, THFITB HBERIEE o R
WD EXF2BE SNz HMEHWTIE, FHIiSC
FIZOECD TGIZHE o 7= GLPERER o Bl He 7 & il
PRV EREEN TS LSRN, K94t (not
classified) 2SI N7z, THEHRIUENREOBITH 5.
® 4 4'-FFEA (6-tert-7FI-3-AF VT x /) —
V) (96-69-5) B EAEE

SEETIE, Ny FTFAMILD 2%0BEERISIC
HEoEXp1 Eans, EMEHH T, RARO
fEHEME & 2B PEICBER AT E S 7z, ACGIHIC & g,
ARARZGIH L2535 b BB L LR TR E
T T =213 nwELTBY, SHETERVEZIN
7o, PEEEROFAABNIE R BT — 7 DEDFF
iOFITH 5.

RERICBUIT LML O X2 & sh/ EMFHET
W, HEIEFEEE S DU AT ERM KB R Tl R IS
RIS 2, BUOESICE b~ ZA/MEREE T
B Thb I ENDLXG 2 3FHEINrneE s,
W DR BRI 22 © NI v M T2 7 MR R AR IR AT
DOBITH 5. AFHANEZ SIS FI BT 5 FEBM
BIZOWTIRIESRICEHEBR S hTnwa,

® 12-Vruurusiry (78875) : FEMNAM

ME o5 T, ACGIH (2001) @A 4, TIARC
(1999) ®Group 312D X, Xk e shiz. B4E
BOWRBE L TIE, EAEE RSB E L CFE
i U 72 AVE R S A SRR DAE RS, v PBX
P T AT 2RARMI RSN LT 2 &
L7z #7252 W 725HioflTh 5.

%£1 HBAEAELEUDGHSSETCCMRICIHENESH SN -HEH (2014FR7E)

. . CMR & Sh7-WHE
EUComs HARCORE T hnte | ZREME | At
X4 1A/1B X 54 21" 2¢ 159

X552 X 535k 43 27 21

X 54 X4 1A/1B 4 79 127

X535k X552 3 50 53

2t 71 86 101

K& ZopHMHE (1A/1BICH LK% o5 9 o7
RO OB (n=61)

CMRWH : FeA AN, SN (AL RIEYE), & 2 WIdAgi#E 2 "3 W

AR [T E RG] 2R

a): (6-(4-Hydroxy-3-(2-methoxyphenylazo)-2-sulfonato-7-naphthylamino)-1,3,5-triazin-2,4-diyl) bis[ (amino-1-

ethylethyl) ammonium] formate, 2,3-Dinitrotoluene, 2,4,5-Trimethylaniline hydrochloride, 2,5-Dinitrotoluene,

2-Nitronaphthalene, 3,4-Dinitrotoluene, 3,5-Dinitrotoluene, 4-Amino-3-fluorophenol, 6-Hydroxy-1-

(3-isopropoxypropyl)-4-methyl-2-0xo0-5-[4- (phenylazo) phenylazol-1,2-dihydro-3-pyridinecarbonitrile, Benzo

[elpyrene, Carbadox, Diazomethane, Dimethylsulfamoylchloride, C.I. Direct Red 28, C.I. Direct Black 38,

(2S)-(+)-Glycidyl tosylate, Phenylhydrazinium chloride, Phenylhydrazinium sulphate (2:1), R-1-Chloro-2,3-

epoxypropane, Trisodium [4'-(8-acetylamino-3,6-disulfonato-2-naphthylazo)-4"-(6-benzoylamino-3-sulfonato-2-

naphthylazo)-biphenyl-1,3',3".1"-tetraolato-0,0',0",0" Jcopper (Il), a,a,a 4-Tetrachlorotoluene

b): Lead 24,6-trinitro-m-phenylene dioxide, Lead diazide, Lead hexafluorosilicate, N,N-Dimethylformamide

c): 2-Nitrotoluene, 4,4'-Oxydianiline

d): 3-Propanolide, o-Aminoazotoluene, Captafol, DDT, Dimethylnitrosoamine, Tris(2-chloroethyl) phosphate,

Cyclohexylamine

e): 3-Ethyl-2-methyl-2- (3-methylbutyl)-1,3-oxazolidine, 4,4-Isobutylethylidenediphenol, Ammonium dichromate,

Binapacryl, Cobalt sulphate, Formamide, Linuron, Nickel dihydroxide, Sodium chromate, Sodium dichromate

anhydrate, Diboron trioxide, Disodium tetraborate, Diisobutyl phthalate, Trixylyl phosphate, Ammoniumpen

tadecafluorooctanoate

f): 1,4-Dichlorobenzene, Cadmium cyanide, Chloromethan, Diarsenic trioxide, Dieldrin, Ethylene oxide,

Heptachlor, Heptachlor epoxide, Hexachlorobenzene, Pentachlorophenol, Phenol, Trichloroethylene
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® b FuF /Y (123-319) : A5k

LR OSETIE, BRIPEROMNIIESE X5 1B
LaNT BAEBORE LB 2B MEH BT,
VI AIE19604FE R L i <, F72, mEfdE S he
OECD TGIZHt - 72GLPIZ & % 2 A 5t 55 K OV
BB CERERROONT, Kose sn.
Hri- B E Wi opch 5.

® tert-7FIVANATF v (75-66-1) 1 YR ERERI ISR
#E ()

SERTIE, 7y POWAFEERBRICB T LR~
ra7 7 —YOWINIIEDE, MRS EE R &
BHNTW BHMRARTI, filk~vsur7r—v
DWEMD A TIL, W2 FENER L 357217 DEA
BHEWE LT, S ah o7 B MIBIJAEE
PG OB TH 5.

6. GHSHHDERXRILLE

GHSZMHII N — FIZED 720, WREZR R Y 5Ly
WAL TWAB Z EDNEFE Ly, BHEICITRE @
DHDHIEIRENTVSEY. EU CLP (Regulation on
Classification, Labelling and Packaging of substances
and mixtures) HHI'Y & HARDGHS/HH 7 — & ~— Y
DM S N TV B3H5IDCMR A EWE, H
RN ZE SRR R, AR L Sh A WEICD
W, GHSHEAR B L7z (F1, 20144F R 50 5384
RIS ). ZORR, FEPAMSEIB T2
HAEUTK S 1BLENTW AR HARTESF ST
BOLT (Thbb, KoNds0idnaBTaEiv), 4
WHIZZOWTH -7z AMIEREEIC BV TId 2
WEAEUTX S 1BE SNTWABHATIESE S
TELTY, TWEEZOMTH -7 EHEEICB YT
ISWEPEUTX G 1 A/1BE ENTWALAHARTIE
SHEHENTELTY, R2PWERZEOHETH-72. T 561
W OGFEOMERENII S 2T RS, wIE 2 bs:
WEEMSRIE LB B 5 20T, B
IEQUEEATRIE SN T 5.

7. L0

L2208 o GHSHE AT T 00 B L2 Wy B A P47 B
WHH S NOOH 5. AFEZEYICHET 51213, &
JAWEHR (7—%) MR L Z 205 0] 2 fHHGER
GHSHEILAED PR, 72 & NI BN 72 B M Z R Wi A3
HThb., HMFHWNIE, HROELNT 2 ZRE L 728
RIS RABHIBT & W R A, GHSIX, fta
WEZDET AT TERL, TOHMOEEI KD LN
TWwWa. 12y 7uu a2y opci, 20084129 )i
SNZZRBELIZBWT, HlzilEon ik 35

DAMEX ST 2 2B E NI, ZDIERDS—BISFIE S
NBHZLIXFEAE RS2 2012GE LN E o7
KIOER L OHE3 R B B IRER A DL FEORE
b, GHSORIMMIA K —HIIAE o T, #5E b/
o lzirb Lz, ALEWE Ok A 2 fabf S92
LB ENGHSOMAIZ Lo TAHLTH WA I NG
LT 5.

8. SR

1) United Nations, Globally Harmonized System of
Classification and Labelling of Chemicals (GHS),
Seventh revised edition, 2017, http://www.unece.
org/trans/danger/publi/ghs/ghs_rev07/07files_
e0.html

2) ALFR OB L OFIRICHE T 2 HARHFH > 2 7 4
(GHS) & &T 7 MUK, http://www.mhlw.go.jp/
bunya/roudoukijun/anzeneiseib5/index.html

3) GHS 8 "4 ¥ ~ A, http://www.meti.
go.jp/policy/chemical_management/int/ghs_
tool_01GHSmanual html

4) BUFFIC & AGHS A E, http://www.safe.nite.
g0.jp/ghs/ghs_download.html

5) GHSHILET IV T XV - EFVSDSIEHR, B0
ARAYT A I, http://anzeninfo.mhlw.go.jp/anzen_
pg/GHS_MSD_FND.aspx

6) GHSH L OLE L. k. BENEICBIT 5 I X
VFIR. SDSHTBLHIEE, &EFEEE, EANEE
(*F3E294E11H), http://www.meti.go.jp/policy/
chemical_management/files/GHSpamphlet2017.pdf

7)) ALFEICBIFL A2 ) —= v FFEli. ) A7 EF
i, http://www.meti.go.jp/policy/chemical_
management/kasinhou/information/ra_index.
html#sectionl

8) HATHEEMRAL, http//www.jisc.go.jp/

9) JIS Z 7252:2014, GHSIZ#:D L2538 )78,
http://kikakurui.com/z7/7Z7252-2014-01.html

10) JIS Z 7253:2012, GHSIZF:D L AL D fafh E0k

THMORES L TV, VEEGNO LR %R

457 —% 3 — b (SDS), http://kikakuruicom/z7/

77253-2012-01.html

FEE M WN 1 GHSEERA E GO 7200

IR T 4 & v A, AL TR WAL, 30T,

2008.

Guidance on Information Requirements and

11)

12)
Chemical Safety Assessment, https://echa.europa.
eu/guidance-documents/guidance-on-information-

requirements-and-chemical-safety-assessment
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13)

14)

15)

16)

17)

OECD Guidelines for the Testing of Chemicals,
http://www.oecd.org/chemicalsafety/testing/oecd
guidelinesforthetestingofchemicals.htm

OECDE MR A ¥ 5 4 Y EIEFRK, http//www.
nihs.go.jp/hse/chem-info/oecdindex.html
Klimisch H, Andreae M, Tillmann U: A
systematic approach for evaluating the quality
of experimental toxicological and ecotoxicological
data. Regul Toxicol Pharmacol. 1997;25:1-5.

Morita T, Morikawa K: Expert Review for GHS
Classification of Chemicals on Health Effects.
Industrial Health. 2011;49:559-65.

Morita T, Hayashi M, Nakajima M, Tanaka N,

18)

19)

Tweats DJ, Morikawa K, Sofuni T: Practical
Issues on the application of the GHS classification
criteria for germ cell mutagens. Regul Toxicol and
Pharmacol. 2009;55:52-68.

FRH & CMRWE OGHSH H b, EUL H A,
4200 H ARG AR %, 2015, https://www.
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Preliminary study for evaluating microbial contamination of biomaterials focused on
the inflammatory response at application sites

Yuki Morishita®, Yusuke Nomura®, Chie Fukui, Kazuo Todoki*', Kazuo Sasaki*?, Hidefumi Kumada*®, Satoru Ozono,

Yuji Haishima®

Background: The use of endotoxin-contaminated medical devices may cause harmful effects to

patients. Therefore, the endotoxin contamination of medical devices must be evaluated and managed

properly. However, the field of risk management in microbial safety for medical devices is not yet

developed. The purpose of this study was to collect scientific information to enable proper risk

assessment by conducting implant and wound dressing experiments in rats using collagen sheets

containing bacterial components and evaluating their effects on tissues and organs.

Results: When collagen sheets containing dried Escherichia coli cells were used in a wound dressing

study, there was no noticeable histopathological difference between the control and experimental

groups. When the same sheets were used in subcutaneous and intraperitoneal implant studies, a dose-

dependent inflammatory response was observed. The inflammatory response was not specific for

gram-negative bacteria containing endotoxin, as dried Staphylococcus aureus cells also induced the

response in the subcutaneous implant. However, endotoxin activity may be considered to serve as a

good specification for microbial contamination in biomaterials, because of the highest sensitivity for

detection among various microbial components.

Conclusions: Our results suggest that the susceptibility to microbe-contaminated biomaterials differs

among the sites to which the biomaterials are applied, and that bacterial components other than

endotoxin can contribute to topical inflammatory responses. These points should be considered in

evaluating microbial contamination of biomaterials.
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1. Introduction

Endotoxin, a surface lipopolysaccharide of gram-
negative bacteria, represents one of the most
commonly encountered exogenous pyrogens’. In
addition to their pyrogenic activity, endotoxins
trigger various biological responses such as shock
and cytokine production by immunocytes through
their activation®”. As gram-negative bacteria may
exist anywhere in the environment, medical devices
can become contaminated by endotoxins during the
manufacturing process. In particular, controlling the
microbial safety of naturally derived biomaterials
such as collagen, chitin, chitosan, and alginate is
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especially difficult. Consistent with this, over the past
6 years, 12 medical devices have been voluntarily
recalled in Japan because of the possibility of
endotoxin contamination, as the use of endotoxin-
contaminated medical devices may cause harmful
effects to patients. Thus, the endotoxin contamination
of medical devices must be evaluated and managed
properly. However, the biological effects of endotoxins
administered via parenteral routes other than
intravascular administration have not been studied in
detail; furthermore, the effects may differ depending
on the entry sites. In addition, although the Japanese
Pharmacopoeia (JP) defines the endotoxin limit for
injectable drugs according to the sites of application,
no official endotoxin limit is currently available
for medical devices, which have more complicated
compositions than drugs and are used for application
in various sites. In many cases, the endotoxin limits
for medical devices are independently established in
reference to the specifications for injectable drugs and
based on the total endotoxin content of the product.
Considering the immature state of risk management in
microbial safety for medical devices, the collection of
scientific information to enable proper risk assessment
constitutes an urgent issue.

Several studies on the host response of biomaterials
spiked with bacterial components including endotoxins
have been reported to date®; however, detailed
information, such as information regarding the dose
response of bacterial components and the difference
according to application sites or contaminant (e.g.,
endotoxin, gram-negative bacteria, or gram-positive
bacteria), is still lacking. In this context, we have
been evaluating the biological effects of microbial
component-containing collagen sheets that are applied
to various sites in rats. We previously reported that
intraosseous implantation of collagen sheets containing
dried Escherichia coli (E. coli) cells, comprising gram
negative bacteria producing endotoxin, induced a delay
in ossification”. Here, we conducted a preliminary
study to collect more detailed information regarding
the microbial safety of topically applied biomaterials by
performing wound dressings, subcutaneous implants,
and intraperitoneal implants of collagen sheets
containing various amounts of bacterial components,

focusing on their effects on tissues and organs in rats.

2. Materials and methods
2.1 Preparation of endotoxin and bacterial cells

E. coli O111 and Staphylococcus aureus (S. aureus)
209P strains were cultured by shaking in nutrient
broth at 37C for 16 h, followed by pH neutralization
of the culture medium and heat inactivation at 121C
for 15 min. Heat-killed bacterial cells were collected
by centrifugation, then rinsed 3 times with distilled
water. Dried cells were prepared by sequential
lipid extraction with ethanol, acetone, and diethyl
ether. Using the phenol-water method'”, endotoxin
from the E. coli 03:K2a, K2h:H3 ATCC strain was
extracted from dried bacterial cells prepared by the
above-described method and purified by repeated
ultracentrifugation after deoxyribonuclease and
ribonuclease treatment'”. The endotoxin activities of
the purified endotoxin from E. coli O3:K2a, K2b:H3
ATCC strain and dried E. coli O111 cells were
27.5 and 0.159 EU/ng, respectively. The content of
endotoxin present as a contaminant in the dried S.
aureus cells was 048 EU/mg.

2.2 Preparation of samples spiked with bacterial
components

Atelocollagen (type I and type III) derived from
porcine skin (NH Foods Ltd., Osaka, Japan) was used
as the medical material. Different amounts of purified
endotoxin from the E. coli 03:K2a, K2b:H3 ATCC
strain, dried E. coli O111 cells, or dried S. aureus 209P
cells were added to the collagen. Collagen samples
were lyophilized in a cylinder with a diameter of
1.6 cm under normal conditions and cut into sheets
(thickness: 1.5 mm). All sheets were treated with
peracetic acid vapor sterilization for 6 h at 40C
followed by drying iz vacuo for 12 h at 50C to yield
sterilized and weakly crosslinked collagen sheets.
Sheets without the addition of endotoxins or bacterial
cells were prepared as the control.

In a preliminary study, we also tested collagen
sheets crosslinked with heat treatment at 150C in
vacuo, as this material is often used as an implant
material. However, the crosslinked collagen sheet itself
induced an inflammatory response during the early

12
'. Therefore, because

stage after implantation in rats
this inflammatory response may interfere with
evaluation of the actual effects of bacterial components,

we selected bio-inert weakly crosslinked collagen
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sheets for use in subsequent studies.

2.3 Measurement of endotoxin content

To assess the level of endotoxin, 1 mL collagenase
(Type IA-S, Sigma-Aldrich Japan, Tokyo, Japan)
solution (I mg/mL in 5 mM HEPES buffer) was
added to a test tube containing 100 pL equilibrated
EndoTrap®” Blue Gel (Hyglos GmbH, Germany) and
gently stirred at 4C for 8 h using a rotary shaker.
The whole mixture was then transferred to another
test tube containing 100 pL the EndoTrap® Blue Gel
and incubated at 4°C for an additional 16 h in the same
manner. Purified collagenase solution was obtained by
collecting the supernatant after centrifugation. The
endotoxin activity of the collagenase was reduced
from 176.8 to 0.165 EU/mg by purification without the
reduction of enzymatic activity.

Precisely weighed collagen sheets (10 mg) were
digested with purified collagenase (0.1 mg/mL) in
5 mM HEPES buffer at a pH of 7.3 and kept at 37C
for 16 h. The collagenase-treated solutions were
acidified with hydrochloric acid to pH 3 (2 mL final
volume) and ultrasonicated for 10 min at 4C (purified
collagenase digestion-hydrochloric acid extraction
method) followed by serial dilution of the centrifuged
supernatants with pyrogen-free 0.1 M Tris buffer (pH
7.3).

Limulus amebocyte lysate (LAL) activity was
measured by a kinetic colorimetric assay following
the endotoxins test protocol in JP, 17th Edition™".
The endotoxin-specific LAL reagent Endospecy ES-
50M (Seikagaku Corporation, Tokyo, Japan) and the
JP reference standard endotoxins, lipopolysaccharides
(LPS) (from the E. coli 0O55:B5 strain) were used
as the assay reagent and standards, respectively.
Measurement was performed using a Well Reader
SK603 (Seikagaku Corporation, Tokyo, Japan)
microplate reader. A test for interfering factors was
also conducted in accordance with the JP.

2.4 Release of proinflammatory cytokines from
human monocytic cells
Extract induction of proinflammatory cytokines was
assayed with an iz vitro pyrogen test system using
human MM6-CA8 monocytic cells, which respond to
various pyrogens with high sensitivity™'?. Cells were
maintained in RPMI 1640 medium (Thermo Fisher

Scientific, Kanagawa, Japan) containing fetal bovine
serum (10%), glutamine (2 mM), non-essential amino
acids (0.1 mM), sodium pyruvate (1 mM), and bovine
insulin (9 pg/mL) and primed with 10 ng/mL calcitriol
(1a,25- dihydroxyvitamin D;, Wako Pure Chemical
Industries, Ltd., Osaka, Japan). After incubation for
72 h with calcitriol, the cells were plated in a 24-
well plate at 1 x 10° cells/0.9 or 1 mL/well, and 0.1
mL JP standard endotoxin at various concentrations
or 1 mg collagen sheet was added to each well. The
cell suspensions were incubated for 17 h at 37C
and then the culture supernatants were assayed for
interleukin-6 (IL-6) using commercial ELISA kits (Life
Technologies Japan, Tokyo, Japan).

2.5 Wound dressing and implant studies

We purchased 7-week old male Fischer rats from
Charles River Laboratories Japan, Inc. (Kanagawa,
Japan) that were maintained under controlled light and
temperature conditions. The rats were given access to
food and water ad lLibitum. After a weeklong habituation
period, depending on each implantation test described
below, the rats were divided into experimental groups
A through X and A’ through M’ with 1 or 2 animals
housed in each cage. After surgery, the animals were
anesthetized with intraperitoneal administration of
sodium pentobarbital (30 mg/kg) at the termination
of the study. All animal experiments were approved
by the Institutional Animal Care and Use Committee
of Kanagawa Dental University (approval numbers
24, 25, and 54). The procedures were performed in
accordance with the animal experiment guidelines of
Kanagawa Dental University. The growth rate and
feed consumption during the implant period were
almost equal in all groups.

During the coverage of cutaneous wounds with
collagen sheet dressing, an incision measuring
approximately 1 cm square was made in the dorsal
skin of the rats to a depth that reached the dermal
layer in 4 locations, followed by suturing of the
dressing and skin. For each experimental group
(control group and groups A-M), corresponding
collagen sheets were applied to two rats (one
collagen sheet per rat, n = 2). During subcutaneous
implantation, a dorsal medial incision of 3 cm was
made on rats followed by blunt dissection of the

fascia to create apertures. Next, a single collagen
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sheet was inserted into each side of the apertures and
the skin was sutured. For each experimental group,
corresponding collagen sheets were implanted to two
rats (control group and groups A'-M': one collagen
sheet per rat, n = 2; groups U-X: two collagen sheets
per rat, n = 4). During intraperitoneal implantation,
a 2.5 cm incision was made in the upper abdomen
and a collagen sheet was implanted on the surface of
the hepatic capsule by visually identifying the liver,
followed by suturing of the rectus abdominis muscle
and skin. For each experimental group (control group
and groups N-T), corresponding collagen sheets were
implanted to four rats (one collagen sheet per rat, n =
4).

The cutaneous wound dressing groups were
sacrificed after 1 or 2 weeks. The wounded areas were
collected and fixed in 10% neutral buffered formalin.
To collect the implanted materials along with the
surrounding tissue, animals were sacrificed at 1 or 2
weeks (for subcutaneous implantation), or 1 week (for
intraperitoneal implantation) after implantation of the
collagen sheets, and samples were fixed in 10% neutral
buffered formalin. All samples were histopathologically

examined after preparation of paraffin-embedded

sections using standard procedures and hematoxylin

and eosin staining.

2.6 Scanning electron microscopy

The surface structures of collagen sheets were
analyzed after gold coating using a JFC-1500 Quick
Auto Coater (JOEL Ltd., Tokyo, Japan), and by
observation with a JOEL JSM-5800LV scanning
electron microscope (SEM) at 40x, 120x, 700X, and
2,000 X magnification.

3. Results
3.1 Properties of collagen sheets for implantation
The endotoxin content and IL-6 production ability
against MM6-CAS8 cells of the collagen sheets used in
this study have been reported in our previous study”
(Table 1, from Haishima et «l” with modification).
Collagen sheets with various endotoxin (LAL)
activities were prepared by spiking various amounts of
purified endotoxin from E. coli O3:K2a, K2b:H3 ATCC
strain, dried E. coli O111 cells, or dried S. aureus cells.
The biological activity of the endotoxins in the sheets
was confirmed through the detection of substantial
IL-6 production from MMS8-CAS cells (Table 1),

Table 1. Endotoxin content and IL-6 production ability against MM6-CA8 cells of the collagen sheets

Amount spiked onto

Bacterial the collagen sheet Measured Recovery Amount of Experimental group
component Sheet No. value D % 16 producgon Cutaneous wound ~ Subcutaneous —Intraperitoneal
ng/mg EU/mg (EU/mg) (pg/mL) dressing study  implant study  implant study
Control” - - - 0.13 - 12.0 - - -
Endotoxin” 1 0.039 1.07 1.03 96.5 550 G G’ -
2 0.077 213 213 99.8 3211 H H' -
3 0.387 10.7 88 82.3 13,640 1 I’ -
4 3.87 107 965 90.6 nt” J 7 -
5 387 1,065 755 70.9 nt K K’ -
6 387 10,650 9,308 874 nt L L' -
7 3,873 106,500 83,283 782 nt M M’ -
E. coli” 8 299 4.76 4.70 98.8 2,245 A A’ N
9 59.8 951 9.60 101 17,370 B B’ 0
10 299 476 336 70.7 34,660 C C’ P
11 2,991 476 434 91.2 nt D D’ Q
12 8,972 1,427 1,163 815 nt - R
13 29,906 4,755 3,101 65.2 nt E E’ S
14 299,057 47,550 35,723 75.1 nt F F’ T
S. aureus 15 10 48 x 10° nt - 12.2 - U -
16 100 48 x 10° nt - 16.6 - \Y
17 1,000 48 x 10" nt - 26.3 - W -
18 10,000 48 x 10° nt - 81.0 - X -

YMeasured by the purified collagenase digestion-hydrochloric acid extraction method. ?IL-6 background: 4.8-7.5 pg/mL. ¥ Control with
collagen sheet alone. YPurified endotoxin from E. coli 03:K2a,K2b:H3 ATCC strain. *Dried cells of heat-killed E. coli O111 strain. ®Dried

cells of heat-killed S. @ureus 209P strain. "nt, not tested.
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although the IL-6 production of collagen sheets spiked
with dried S. aureus cells was obviously lower than
that obtained with endotoxin or E. coli cells. SEM
observation confirmed that collagen sheets containing
the purified endotoxin or dried cells of E. coli or S.
aureus exhibited an identical surface structure to the

control sheet”.

3.2 Cutaneous wound dressing study

Collagen sheets containing dried E. coli O111 cells
(Nos. 8-11, 13, and 14, Table 1) with endotoxin activity
of 4.7 (experimental group A), 9.6 (group B), 33.6
(group C), 434 (group D), 3,101 (group E), or 35,723
(group F) EU/mg, respectively, or collagen sheets
containing purified endotoxin (Nos. 1-7, Table 1) with
endotoxin activity of 1.03 (experimental group G), 2.13
(group H), 8.8 (group I), 96.5 (group J), 755 (group
K), 9,308 (group L), or 83,283 (group M) EU/mg,
respectively, were used to cover cutaneous wounds.

At 1 week after surgery, the collagen sheet
dressings were adherent to the surface of cutaneous

wounds through immersion in exudates in all cases

in the control group [collagen sheet alone; Fig. 1(a)
and Fig. 2(a) comprise the same image of the control
group result], dried E. coli cells-containing groups
(experimental groups A-F, Fig. 1), and endotoxin-
containing groups (experimental group G-M, Fig. 2).
In addition, intense neutrophil infiltration from the
wounded surface was observed and collagen fibers
on the wounded surface appeared to have melted and
disappeared. The under dressings were composed
of granulation tissue with fibrous hyperplasia
accompanied by mild infiltration of inflammatory
cells and epithelial regeneration was observed at the
margin of the wounded areas. There was no noticeable
histopathological difference between the control and
experimental groups. At 2 weeks after surgery, in
both the control and experimental groups the incision
sites were covered by a thin stratified squamous
epithelium and collagen fiber hyperplasia was detected
beneath the epithelium. Results for the control group
and experimental groups A-F and G-M are shown
in Figs. 3 and 4; Fig. 3(a) and Fig. 4(a) comprise the
same image of the control group result.

Neutrophil i SN T
. | Granulation tissue

100 pm

Fig. 1 Histopathology of cutaneous wounds dressed with E. coli-containing collagen sheets at 1 week after surgery

At 1 week after surgery, the collagen sheet dressings are adherent to the surface of cutaneous wounds through immersion in exudates in
all cases in the control group [collagen sheet alone, (a)] and in the dried E. coli cell-containing group [experimental groups A-F, (b-g),
respectively). In addition, intense neutrophil infiltration from the wounded surface can be observed and collagen fibers on the wounded
surface appear to have melted and disappeared. The under dressings are composed of granulation tissue with fibrous hyperplasia
accompanied by mild infiltration of inflammatory cells and epithelial regeneration is observed at the margin of the wounded areas. No
noticeable histopathological difference is apparent between the control and experimental groups.
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Fig. 2 Histopathology of cutaneous wounds dressed with purified endotoxin-containing collagen sheets at 1 week after surgery

At 1 week after surgery, the collagen sheet dressings are adherent to the surface of cutaneous wounds through immersion in exudates in
all cases in the control group [collagen sheet alone, (a)] and in the purified endotoxin-containing group [experimental groups G-M, (b-h),
respectively). In addition, intense neutrophil infiltration from the wounded surface can be observed and collagen fibers on the wounded
surface appear to have melted and disappeared. The under dressings are composed of granulation tissue with fibrous hyperplasia
accompanied by mild infiltration of inflammatory cells and epithelial regeneration is observed at the margin of the wounded areas. No
noticeable histopathological difference is apparent between the control and experimental groups.

@
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Fig. 3 Histopathology of cutaneous wounds dressed with E. coli-containing collagen sheets at 2 weeks after surgery

At 2 weeks after surgery, in both the control and experimental groups, the incision sites are covered by a thin stratified squamous
epithelium and collagen fiber hyperplasia can be detected beneath the epithelium; results for the control group (a) and experimental
groups A-F (b-g, respectively) are shown.
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Fig. 4 Histopathology of cutaneous wound dressed with purified endotoxin-containing collagen sheets at 2 weeks after surgery

At 2 weeks after surgery, in both the control and experimental groups, the incision sites are covered by a thin stratified squamous
epithelium and collagen fiber hyperplasia can be detected beneath the epithelium; results for the control group (a) and experimental

groups G-M (b-h, respectively) are shown.

3.3 Subcutaneous implant study

The same collagen sheets used for the cutaneous
wound dressing study (Nos. 1-11, 13, and 14;
experimental group A'-M') were used for the
subcutaneous implant study.

At 1 week after implantation, the collagen sheets of
the control group [Fig. 5(a) and Fig. 6(a) comprise
the same image of the control group result] and
experimental groups A'-D’ [Fig. 5(b-e)] were
encapsulated in a thin layer of fibrous connective
tissue with occasional invasion by fibroblasts and
capillary vessels. No particular inflammatory response
was observed except for a minor population of
infiltrating lymphocytes. Conversely, in experimental
group E’, infiltration of numerous neutrophils and
some lymphocytes was observed and the sheet was
encapsulated in fibrotic inflammatory granulation
tissue [Fig. 5(f)]. In group F', a higher level of
neutrophil infiltration was observed in the sheet [Fig.
5(g)]. In comparison, in the endotoxin-containing
groups (experimental groups G'-M'), only a few

fibroblasts and low levels of infiltrated neutrophils,

lymphocytes, and plasma cells were observed inside
the collagen sheets even in experimental group M’,
which contained the highest dose of endotoxin (Fig. 6).

At 2 weeks after implantation, capillary vessel
invasion and an increase in fibroblasts were observed
in control group [Fig. 7(a) and Fig. 8(a) comprise
the same image of the control group result] and
experimental group A'-D’ collagen sheets [Fig. 7(b-
e)]. Lymphocyte infiltration into these sheets was only
very slight with no inflammatory response observed.
Conversely, in experimental group E’, infiltration of
numerous macrophages around the implanted sheet
was observed [Fig. 7(f)]. In experimental group
F', infiltration of neutrophils was observed as well
as macrophages, in addition to degeneration of the
implanted collagen fibers [Fig. 7(g)]. In comparison,
in the endotoxin-containing groups (experimental
groups G'-M’), no noticeable inflammatory response
was observed whereas invasion of the capillary vessels
and an increase in fibroblasts could be seen in the

implanted sheets (Fig. 8).



PRI O JE BUG &2 $ERE & L 7 BE FA R O A W22 093 BeR P 12 BE 9 2 P M RS 25

(a) Iiymphocyte;’ !

BB ©

Collagen -—>
: Muscl:
. Fibroblast ]
‘ Yl -+
Capsule
Blood vessel
— , — —
50 pm 50 pm 100 pm
Fibroblast ' '/
AN ; 'Lympheg:yle
Blood vessel { . SN < y
A gASY —a o - Neutrophil % "7 e L
50-fim 100 pm 4 ¥ 50 um

50
Fig. 5 Histopathology after 1 week from subcutaneous implantation of E. coli-containing collagen sheets

At 1 week after implantation, collagen sheets of the control group (a) and experimental groups A'-D’ (b-e, respectively) are
encapsulated in a thin layer of fibrous connective tissue with occasional invasion by fibroblasts and capillary vessels. No particular
inflammatory response can be observed except for a minor population of infiltrating lymphocytes. Conversely, in experimental group E' (f),
infiltration of numerous neutrophils and some lymphocytes can be observed and the sheet appears encapsulated in fibrotic inflammatory
granulation tissue. In the case of experimental group F' (g), a higher level of neutrophil infiltration is apparent in the sheet.
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Fig. 6 Histopathology after 1 week from subcutaneous implantation of purified endotoxin-containing collagen sheets

At 1 week after implantation, only a few fibroblasts and low levels of infiltrated neutrophils, lymphocytes, and plasma cells were observed
inside the collagen sheets; results for the control group (a) and experimental groups G'-M' (b-h, respectively) are shown.
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Fig. 7 Histopathology after 2 weeks from subcutaneous implantation of E. coli-containing collagen sheets

At 2 weeks after implantation, for collagen sheets of the control group (a) and experimental groups A'-D' (b-e, respectively), invasion
of the capillary vessels and an increase in fibroblasts can be observed. The infiltration of lymphocytes into these sheets is only very slight
with no inflammatory response observed. Conversely, in experimental group E' (f), infiltration of numerous macrophages around the
implanted sheet is apparent. In experimental group F' (g), infiltration of neutrophils can be observed as well as macrophages, in addition

to degeneration of the implanted collagen fibers.
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Fig. 8 Histopathology after 2 weeks from subcutaneous implantation of purified endotoxin-containing collagen sheets

At 2 weeks after implantation, no noticeable inflammatory response is apparent whereas invasion of the capillary vessels and an
increase in fibroblasts can be observed in the implanted sheets; results for the control group (a) and experimental groups G'-M’ (b-h,

respectively) are shown.
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3.4 Intraperitoneal implant study

Collagen sheets containing dried E. coli O111 cells
(Nos. 8-14; experimental groups N-T, respectively)
were used for the intraperitoneal implant study.

Representative images used for the pathological
diagnosis of biological effects at 1 week after surgery
are shown in Fig. 9. The pathological observations
for groups N and O were the same as for the control
group. In these groups, the implanted sheets were
adhered to the hepatic capsule via fibrous connective
tissue and the adjoining areas exhibited invasion of
small numbers of capillary vessels and fibroblasts
and mild lymphocyte infiltration [Fig. 9(a-c)]. Group
P pathological observations were also comparable,
except that lymphocyte infiltration was observed
slightly more frequently [Fig. 9(d)]. Additionally,
a slight increase in capillary vessel and fibroblast
invasion was observed in groups Q and R with
infiltration of lymphocytes and a few plasma cells
[Fig. 9(e, f)]. Abscess formation was observed in

groups S and T. The implanted sheets in these groups
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were adhered to the surface of the liver by chronic
inflammatory granulation tissue that was accompanied
by lymphocyte, neutrophil, and macrophage infiltration
[Fig. 9(g, h) 1.

3.5 Effect of dried S. aureus cells

To evaluate the difference between gram-negative
and gram-positive bacteria, a subcutaneous implant
study was conducted using collagen sheets containing
10-10,000 ng/mg dried S. aureus cells (Nos. 15-18;
experimental groups U-X, respectively). Evaluation
of the biological effects at 1 week after surgery (Fig.
10) revealed that the pathological appearance of
experimental groups U and V was the same as that
of the control group [Fig. 10(a-c); Fig. 5(a), Fig. 6
(a), and Fig. 10(a) comprise the same image of the
control group result]. All implanted sheets were
encapsulated in a thin layer of fibrous connective
tissue with occasional invasion of fibroblasts and
capillary vessels. No particular inflammatory response
was observed except for a minor population of
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Fig. 9 Histopathology after 1 week from intraperitoneal implantation of E. coli-containing collagen sheets

The pathological observations for groups N (b) and O (c) were the same as for the control group (a). In these groups, the implanted
sheets have adhered to the hepatic capsule via fibrous connective tissue and the adjoining areas exhibits invasion of small numbers of
capillary vessels and fibroblasts and mild infiltration of lymphocytes. The pathological observations for experimental group P (d) are
mostly similar to those of experimental group N and O except that lymphocyte infiltration can be observed slightly more frequently.
Additionally, in the case of the experimental groups Q (e) and R (f), a slight increase in the invasion of capillary vessels and fibroblasts
and infiltration of lymphocytes and a few plasma cells can be observed. Abscess formation is apparent in experimental groups S (g) and
T (h). The implanted sheets in these groups are adhered to the surface of the liver by chronic inflammatory granulation tissue along

with accompanying lymphocyte, neutrophil, and macrophage infiltration.
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Fig. 10 Histopathology after 1 week from subcutaneous implantation of S. aureus-containing collagen sheets

The pathological observations of the experimental groups U (b) and V (c¢) are the same as those of the control group (a). All implanted
sheets are encapsulated in a thin layer of fibrous connective tissue with occasional invasion of fibroblasts and capillary vessels. No
particular inflammatory response is apparent except for a minor population of infiltrating lymphocytes. In experimental group W (d), 3
cases exhibited mild infiltration of lymphocytes into the collagen sheets, which were encapsulated in chronic inflammatory granulation
tissue, whereas the remaining case (d) exhibited infiltration of numerous neutrophils into the collagen sheet encapsulated in chronic
inflammatory granulation tissue. A similar inflammatory response can be observed in all cases in the experimental group X (e).

infiltrating lymphocytes. In group W, 3 cases exhibited
mild lymphocyte infiltration into the collagen sheets,
which were encapsulated in chronic inflammatory
granulation tissue, whereas the remaining case
exhibited infiltration of numerous neutrophils into the
encapsulated collagen sheet [Fig. 10(d)]. A similar
inflammatory response was observed in all cases in

experimental group X [Fig. 10(e)].

4. Discussion

The present study constitutes the first report to
evaluate the biological responses of biomaterials with
microbial contamination at several sites in rats. It
is very preliminary with respect to providing non-
quantitative data with small numbers of samples;
nevertheless, the results yielded in this study may
be useful as basic data for the risk assessment of
naturally derived biomaterials such as collagen, chitin,
chitosan, and alginate that are often contaminated with

microbial components including endotoxin.

4.1 Cutaneous wound dressing study

The melting and disappearance of collagen fibers
observed in the experimental cutaneous wound
dressings were likely to have been caused by
enzymatic reactions accompanying neutrophil necrosis.
In addition, the relatively low level of inflammatory

change at the wounds suggested that the collagen

sheets covering the wounds effectively protected them
against outside infection. There were no noticeable
histopathological differences between the control
and experimental groups in regard to endotoxins or
bacterial cells, indicating that bacterial components
did not affect cutaneous wound healing. As body
fluid at a wound infiltrates from the inside tissue to
the wounded surface, the likelihood of absorption of
bacterial components by the body is considered to be
low even if dressing materials are contaminated by

endotoxins or dead bacteria.

4.2 Subcutaneous and intraperitoneal implant studies

In the subcutaneous implant study in rats, similar
to the control group, experimental groups implanted
with collagen containing endotoxins (experimental
groups G'-M') or containing low concentrations
of bacterial cells (groups A'-D’) did not exhibit
induction of inflammatory changes. However, collagen
containing high bacterial cell concentrations (groups
E' and F') induced strong suppurative inflammation
with visible neutrophil infiltration, even at 2 weeks
after implantation in experimental group F'. The
macrophage infiltration observed in these 2 groups
was considered to represent a foreign body reaction
against neutrophil residue and denatured collagen
fibers.

In comparison, in the intraperitoneal implant
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study, a slight increase of lymphocyte infiltration was
observed in the experimental groups implanted with
collagen sheets containing dried E. coli cells with LAL
activity of 33.6-1,163 EU/mg (groups P-R). However,
mild infiltration of lymphocytes was observed in the
control group and we therefore concluded that the
observed increase of lymphocyte infiltration did not
constitute a morbid condition. Conversely, a substantial
inflammatory reaction was induced in the experimental
groups implanted with collagen sheets containing
dried E. coli cells with LAL activity of 3,101 EU/mg
or higher (groups S and T). Overall, the substantial
inflammatory response observed in the subcutaneous
and intraperitoneal implant studies could be explained
by the effects of bacterial components because the
collagen sheet itself is bio-inert and does not induce
substantial inflammatory responses. Considering
that a dose-dependent inflammatory response was
observed in subcutaneous and intraperitoneal implant
studies, these experimental systems may be useful
as evaluation methods for the microbial safety of
biomaterials corresponding to specific applications.

As discussed in our previous study”, it is speculated
that purified endotoxin is a hapten and therefore
could not be recognized as a foreign substance in the
experimental condition, which may explain in part why
little difference was observed in the histopathological
features between the experimental groups implanted
with sheets containing purified endotoxins and
control groups in the subcutaneous implant study. In
comparison, a substantial inflammatory reaction was
induced in the experimental groups subcutaneously
implanted with collagen sheets containing dried S.
aureus cells at amounts of 1,000 ng/mg or higher
(groups W and X). This result suggests that
contamination of materials applied iz subcutis with
not only gram-negative bacteria but also gram-
positive bacteria can induce inflammatory response
in the region. Accordingly, the indicator chosen to
identify the biological contamination of medical devices
should be able to discern contamination of various
types of microbes including gram-negative and gram-
positive bacteria. Endotoxin contamination in medical
devices and materials, for example, always indicates
the presence of live or dead gram-negative bacteria.
However, it also may account for the presence of

other microbes, such as gram-positive bacteria and

fungi, because gram-negative bacteria generally co-
exist with various other types of microbes. Therefore,
the detection of endotoxin activity in medical
materials should be interpreted as a reflection of the
level of general bacterial cell contamination. Thus,
endotoxin appears to represent a promising marker
for evaluating the microbial contamination of medical
materials.

Notably, the above results suggested that the
susceptibility to microbe-contaminated biomaterials
differs among the sites to which the biomaterials are
applied. Thus, the endotoxin limits of medical devices
or materials should be established with consideration
of the site of application. Microbial contaminants can
induce not only local but also regional or systemic
histological effects as well. Therefore, to obtain a better
understanding of the microbial safety of biomaterials
and establish endotoxin limits, systemic effects should
be evaluated in future studies.

5. Conclusions

This study preliminarily clarified several critical
points in evaluating the microbial contamination of
biomaterials as focused on inflammatory responses at
application sites: (1) susceptibility differs among the
sites of application, and (2) bacterial components other
than endotoxin contribute to the topical inflammatory
response. A dose-dependent inflammatory response
could be observed in both subcutaneous and
intraperitoneal implants. Furthermore, wound sites
appeared to be highly resistant to the microbial

contamination of dressing materials.
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Studies on detection of maize genomic DNAs in cornflakes using real-time PCR

Keisuke Soga, Kosuke Nakamura®, Masahiro Kishine™', Yasuharu Takashima*?, Taira Miyahara™®,
Shinya Kimata, Junichi Mano™', Reona Takabatake ™', Yoshihiro Ozeki*’, Kazumi Kitta®' and Kazunari Kondo

Cornflakes are exempt from mandatory genetically modified (GM) food labeling regulations in Japan
because of difficulties in detecting maize deoxyribonucleic acids (DNAs). Indeed, the reproducible
and specific detection of maize DNAs in cornflakes is a prerequisite for including cornflakes in this
regulation. To meet the increasing demands of Japanese consumers for GM food labeling, we attempted
to develop a detection method for the maize DNAs in cornflakes. In the present study, we examined
the detection of a single-copy maize endogenous gene, starch synthase IIb (SSI7b), and a multi-copy
maize endogenous gene, 18S ribosomal deoxyribonucleic acid (I8S 7»DNA), in a haploid genome from
cornflakes commodities by improving the DNA extraction process and using real-time polymerase
chain reaction (PCR). We showed that rinsing cornflakes with pure water to remove sugar- and
chocolate-coating improved the DNA purity. Real-time PCR detection tests targeting shorter SSI/b
sequences increased the detection frequency (0/9 and 5/9 cornflakes commodities at 114 bp and 67
bp, respectively). Additionally, 78S »DNA was detected from all cornflakes commodities. The inter-
laboratory study by three independent laboratories revealed low reproducibility of SSI/b detection
but high reproducibility of /8S »DNA detection from various cornflakes commodities. Although these
results suggested that trace amounts of 18S rDNA exist in cornflakes, /8S »DNA detection was not
specific to maize. Therefore, we concluded that it is currently difficult to develop a robust GM maize
detection method to specifically detect single-copy maize endogenous and transgenic sequences in a

haploid genome from cornflakes commodities.

Keyword: cornflakes, real-time polymerase chain reaction (PCR), genetically modified food, processed

food, deoxyribonucleic acid fragmentation
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1. ¥5

20014EPLRE, HARICBWT, B T-H# 2 (Genetically
Modified ; GM) £dhid, AR L) etk
VREMFTONTEY, AMEELZRESOY A 7§
&Y, BEBIIOVWTHEESNKRINZDDODA
T E LTOREIRD SN T WD, {itld 5CGMAMN
X, BERMIFOREICLY, [EETFHRZ ] $720F TR
TR R AT OFRPEBLINTEY, [#IE5T
Iz T, HDHWIE [IEMETMIRZ ] FIMEE
FoRLBLE S NI, GMERFEHN L an HIZ, ZatE
2 #E72GMan H OM L EIEW B L O T hz iR (42
JEM R R OBEEH LA 3 M E DN OEE 5%
DOLO) EFHIMTAEMEE ST, GMIEYH kMR
ZDNASSMIBTE RV HIENRICR > T b,
20154E AT D AR E OB IO A FIRIEHE IS
oL, K&, &£93AZL, BhwlLzx, &, #
F, TVT7NT 7, TARBLIONSIS YD WL
ZNREEE T 533N TAEMAZ DCMERFE DX
KL EN, —EOMLABIBWTIE, ZORNRI 5B
HENTWEONBIRTH 5.

FAEGMEMOLEEICH L CTHEZ OB LR T
D, ZRMGEHEOILKIHRDONIZZ LITL >
T, DNASAPRA L ZWE SN TV LN LAEMICEL
ThH, TOFRHENERGESZRSN TS, F72, 2017
EREICB AN [E B TR 2 FORHI R 5 2 feat
KBV T, [HEETHIEZ TV, HEHWvid [
R 2 | FoRDED 5N B GMIEWIR AR D 578
HATO [5%LT] XD S5 E TSN AW HEMA
BE oz Ak IROMTAMNZGMEREEONR
mmHANEIT 5120, MEICERAET 5 2 E 2 5N 55
FHIHE T 2DNAS 2 BRI, »ORRNE %
IEREIC 23T GMAE DR A % BeGiE v 68 72 B B O B W ik
HMiEE BT 208 D 5.

LA ULMTANII—VAFY Y, Ta—V R
y—F, Ky 7a—riE9HEH TCMERBZL IR
EHENTVEA, TORTI—r 7L —27 B,
CM#FEREBI G LB EhTwEY, a—r 71—
71, I—=VI—VEER - SETTMLL CRES
NBZeEns, FEMEHEDDNAZ I SIS
TWbEEZLNL. TRNETONELS, BEET
WL N/-E 5 5T UINTEMTIE, fEkoEPCR
TIZEHIBAZTLOFEMAT 7 ADNAIZ1 a¥—FF
N5 &inT-starch synthase IIb (SSIIb) R° %D 2
Y — OBET-OMIMBEEEE ST, $7-,
VI L= ORMY O~ ) 7 A%FIC L 52DNA
WRPCROMEDOEEL, a—vT7L—2%hDr ) A
DNADOKH Z W23 2B HO—2 L LTEZLNT

:]_

w2t LaL, ZofitiEod e, EMPCRE b &
JEDBWY TV 4 APCRIC & AW B 5 360 2
MEtix, ThETIrbL TR oT.

Z 2T, AWgETiE, HATHREATWEa—7
L—280E 33527 ADNAOKHEIZE LT,
A=Y T7 L= HORMYOKE, *v hEHWET Y
LADNADOHHE:, BX Y 7V 4 LPCROE & %
DEIIZOVWTHRI L, M4 ofifioa—r71L—27#
Wl V38 P T R 2 PR O R EE D B S AT A &9
HREE L 72

2. Jiik

2-1. BB F B, illia—r7Lr—72 98y (7
L= 4738w, 7Jux by (7 3%m Faa
L— & A7 384 (Tablel) ZfftL7. L —
YIATETURA MY A THEEHI20 g, FaaL— b
5 A4 TEFHE30 g2500 mlE — A — 2= DY, B
PETENIHFEOMAKEZMZ, FEIHEHEFICID
PESLFaaL— MERBIE, T VY TR Z R
W7z DLEORHLEEEL, BEaraoh ik kb F
THEHYETZEIZEDITo72. Z20H% ML A L
T, ABEZ50CCTHEHREF TR/, SR
BHx 7 — F3I ¥ — (IFM-720GY MILLSER, &4
) THitE, ¥BW—IkL, BEE L7

2-2. DNAH : Genomic-tip 100/G (QIAGEN) &
GM quicker 4 (=v Ry =) O 2 HEODNAH
MEy v xR

2-2-1. Genomic-tip 100/G : [ EfMFRIEHEIZONWT
CPE28FEIHITH AT H AL ET06%S) Bl R4
PEFRAT I A DAL 2 DN ABAIES £ S o e )
025223 [QIAGEN Genomic-tip 20/GiZ & ADNA®
W] HAZSZICEEMBIELZT7E N 3=V Tiro
72, 50 mIFELEICHE 1g, G2HEEWTS ml, B
X U'RNase A (100 mg/ml, = v K>y I —) 54l
Proteinase K (20 mg/ml, QIAGEN) 50 ulZhnz <
KBRS &, 50C T 1 KR L7z, w0 i
(8,000x gkl -, 4C, 15%rM) %, » 5 LHQBT
TR 4 mI TP L 72Genomic-tip 100/GIZ & %
L7z, QCREENE % A51225 mlx B L, 7 A
P L7z, 50T 12D TR W - QFREME W 3 mla
ADNAZEH L7z, DNABIRICZ Y a—7 VBl
(20 mg/ml, FH 4 F A7) & 4ulnzEME, 4
V7t =) 3mlEz & CRA LS TS 0 H#E
L, & L7z (20000xg, 4C, 304°H). LiE=ET,
KB ET0% (v/v) =¥ /7 —=NVTY AL, FER
LBk L 72 (20,000x g, 4C, 540, LiExBE3E
L., LB 8 s, 50CI IO TR W2k
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Table 1. Cornflakes commodities analyzed in this study

Sample Coating

Ingredients indicated on the label in Japan

name type

Cl1 Plain A& )AL GEEFHEBLZ TERW), AR, & OREioKE)

C2 Plain 2I—=>7V vy (EETHIEZClZeV), b (G, & 30 £33, =rvibiovy s
¥ I VK2EHREMME REBAIVY YA, ¥ IUC FR, Yoy smgk s, +14 73>
WefbBhilb#l (€% I VE), ©¥3IVB6, Sy M FUBANVY YA, V¥ IUBL, B Y4 3IUB2,

¥y 3IvD, ¥¥3UBl12, (BEHko—

MICKREE &)

C3 Plain 2—>7) vy GREETHIEZ), HE, ZFELFX, & SRR vy I C €Y I VE,
HALA, FA Ty, EFIVA, B €¥3IUD, ¥ 3IUB2, WWE, €43 0Bl (BEMEO—#

N =41

C4 Frost 2I—YZ7V vy (@aTH#IEz Thv),
WEEAH N A, ¥ay sk FLALHK,

Rl (B, fif B2, ELbiuy 7, ¥ I0C,
FAT Y, BALPIER (€53 VE), €5 I YB6, /82 b

TUBANT T A, Y IVBL, ¥¥I VA, ¥ ¥ IUB2, ¥ I UBI2

C5 Frost =27 vy (GEEETHIEZ), b, ZFLF X, &l S EEAEILE v¥3IC €5 3 VE,
FATTY, B FULH, €¥3I A ¥F3IUB2, ¥¥3IUBl, E¥3IVB6, ¥¥3I VD, E¥3
UBI2, EeMEl, R RO —IBICKE E2 &)

Cé6 Frost I—=r710 vy, WhE IbAHAD, &

FHE, EFIFA, ENMNYT v T, AW RW) (RS

Ed), FEREAMN) Y, REBAVIYLA, ¥¥ILC vay ymEk FA Ty, JUALKL, B bkIE
¥ (¥ 3IVE), ¥¥IVB6, XU M TFUBALITA, ¥¥IVB1, ¥ 3I VA, ERE V¥ I

B2, ¥v% 3 YBl12

C7 Chocolate &9 652 L (EfAZFHIER TixRW),
W), i, hAhA~ A, EFEIFA, AL

C8  Chocolate T—> 71 vy (MEIETHIELZ TRW),

i (LB CA S W), 23737y —, 4ofpil (dbiiEd

WHE (=), aar/syy—, Fp &l Faal—b,
AhF<RX, AWE EANIMIOv S, HEFEIFR, VY IVK2ELAEMEME REBALVI YA, ¥

vC, B, Yoy Vg, 47 vy, FULEH, BERik# (€4 I VE), ¥4I YB6, /8 b
AN A ¥ I VB, g v¥I VB2, ¥¥3IUD, ¥¥ 3 UBI2 (BMEO—BICKkE 28

AR
g
&)

C9 Chocolate b4 (ZilibE), 23— 27U vy (BEETHIEZ TRW), NN, BbE aa7wy— Faalb—b,
INEARIR, HAFSA, B, EFIXR, ¥y I VK2 REANVY A, €8 IV,
R, vu) sk, BAULPiEA (€% I VE), LA, FA Ty, E¥IUB6, S bT YAV

YA ¥E¥IVBI1, %l ©4IVB2,

v%3IrD, €% 3UB12 (FMHO—HICKEZE)

60 ullZ¥ M L, DNARBUEHAW L L7,

2-2-2. GM quicker 4 : 50 ml% & ik F 12K g
GE 1 #& i 4 ml, RNase A 10 ul, Proteinase K 20
wz@dmL, KVvry 7 AIFH—TRAELE,
65C T604 N L 72, GE 2 -MARE %400 ulZ @xin
L, ®V7v 7 AIFH—CRA&E, @008 (8000
Xg 4T, 1045M) L7z, EiEzHLwF2—71C

SEL, REDOBBEAEROGBIBEREZ M, ¥
BRI, REWE ALY Y H T A12700 Wi L, i
L7z (20,000xg, 4C, 104°0). REWDSTRTH
%5 CTHMBOBIELHEDE L2 600 uldOCGWHE
AR AY AT AL, @0 L7 (20,000% g,
4C, 140, Zo¥fEx 2M#EVREL:. A
FAEHLWIS mIAF 2 —7I2BL, 60 ulofikz
ATV HIISHE T L%, 3o MERTHIE, &
Lo BEL (20000x g, 4C, 147R), &% DNAK
BHER E L7

2-3. DNAREHE : DNARAHA R ON = & BH i
NanoDrop 1000 Spectrophotometer (Thermo Fisher
Scientific) %M\ CTHOGE (K : 230 nm, 260 nm
BLU280 nm) ZMWET 5T L TRD .

2-4. V7 V¥ A LPCR: EEMIZE D DA LS

BAZTFTEEEY 2 2121 2 ¥ — 4216 5 SSIIH,
WY —GFHS Bhigh-mobility-group protein
(HMG) ", BXUOHEBAMOKY 7 2K E» 5%
T L% a ¥ —1ifEd %518S rDNA” & L7-. PCRIH®
fif 723X B% 12 13 Internal Positive Control (IPC) (=

Ry V=) % H I L7 & ST
DT T4 — T a—7 ORI OB E R R
Table2 IZ/R L7z, V7 V7 4 APCREEZHICIZ, ABI
PRISM™ 7900HT (Thermo Fisher Scientific) #%
JAWw7z. PCREUSHED 17 = V& 72 ) OFMBIZ LT
IZ/R L72. TagMan® Universal PCR Master Mix
(Thermo Fisher Scientific) 125 ul, SR 754 ~—
MHEH (87 74 ~—#IRE 05 uM), w71 —
TV (R 5 02 uM) AL, f LT/
LDNARHE I (10 ng/ul) & 5\ idNo template
control (NTC) & L-CHlik#Z5ulzdmlL, #AKT
25 ullZH# L 72, PCRILEMEGERERIZIPCZ 1
WML CHRICE®EZ25 ullcFA® L7z, DNAREHK
A0 ng/uliZiif 72 2 WA, % vz, PCRIX
ek, 50C, 25 MOL&MCRREL 2%, 95C T105
B L, Zoftk, 95C, 308, 59C, 14 H%
19 A 270 E LT, 4694 7 VORI % 1T - 7-.
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Table 2. List of primers and probes used in this study

Drrc;tei;g(()in Name Sequence (5-37) ¥ ?iznép 1(1§gl)1

SSIIb SSIIb 3-5° CCAATCCTTTGACATCTGCTCC 114
SSIIb 3-3° GATCAGCTTTGGGTCCGGA
SSIIb-Taq FAM-AGCAAAGTCAGAGCGCTGCAATGCA-TAMRA

SSIIb- 2 SSIIb 3-5° CCAATCCTTTGACATCTGCTCC 67
SSIIb inner Rv CCCCCACTCGTTCCGTT
SSIIb-Taq FAM-AGCAAAGTCAGAGCGCTGCAATGCA-TAMRA

HMG hmg-F TTGGACTAGAAATCTCGTGCTGA 79
hmg-R GCTACATAGGGAGCCTTGTCCT
hmg-P FAM-CAATCCACACAAACGCACGCGTA-TAMRA

18S rDNA 18S rRNA-F GTTGGCCTTCGGGATCGGAGTA 100
100-R TTGTTCGTCTTTCATAAATCCAAGAATTTCACC
18S rRNA-Probe FAM-TCGGGGGCATTCGTATTTCATAGTCAGA-TAMRA

IPC IPC1-5’ CCGAGCTTACAAGGCAGGTT 100

IPC1-3’
IPC1-Taq

TGGCTCGTACACCAGCATACTAG
FAM-TAGCTTCAAGCATCTGGCTGTCGGC-TAMRA

a) FAM, 6-carboxy-fluorescein; TAMRA, 6-carboxytetramethylrhodamine

f#NT Y 7 b7 = 713SDS software ver. 24 (Thermo
Fisher Scientific) % fi\», Threshold line% 0.21Z 7%
& L7z, FADNAMH B Tl S DNAMHERE I L
T 27 VRUBTITV, FaEBE 0 72 B it & 435K
WOCEAM 7 = Vo6 % [hE] HE
L, EnbAogAE (] fWiEs L7z, PCRE
EfERAARIE, FABOIPCOY 75 £ APCROCq
fEANTCE R L TZEAL$ % 2 THR L 72,

2-5. 7 ADNABULHL OB : L)AL
D77 ADNA (10 ng/ul) 10 ulZPCRF = — 71
mz, Veritih—=< V4% 4 7 5 — (Thermo Fisher
Scientific) ZfiH L C95C <0, 5, 10, 30, 604
MENETNEBEUH L2, ZOH) b5z L T,
2% D7 — AT VESIKEZIT) I ETT A
DNADIREEZ MR L7z, FR Y O, SSIIbik NI
18S yDNABMH DK T 743 — - 7a =712k 51
T A APCRIGHTIZHE L 7=

2-6. FRIFRES B AL )RR ¢ D7 R 3R o AR SR
LAV O 2888 (B¥BIA, B) THENEL 7z, R
LR, C27LV—>, Ch7uA b, C7F 32
L—1to3#8gEZRTy bTRAL, ER7Eba—
WIZHE, 1) TV & 4 APCRIC X 2 Mt il % 17 -
7z.

3. WikBXUES
3-1. miE (P oG
Table 1 IZ/RL72EBY, a—r 7L —27138HIC

FoTIIHESFaal— b EOEME»Z L &F
NTEH, NS 2DNAHI RPCROHE % 7] X5
CTWREMESH LY. FIT, Faal— Ly 4 T
m (C7) ZHWT, ZOMEWEKEICL > THRET
DHETALEE 2 ARG L 72, HiALELS, Genomic-tip 100/GiC
Lo THI L7Z2DNA%Z Y 7V ¥ £ LAPCRIZME L 724

ZTable 31Z/_R L7z, RiALE %47 H 7 W& 1ZIPCOBY
MEAHERR T &3, WM RZPCRIMEN MR SN 225, %
HEIMMDET) Lo TwHESNL FRICHE
VW, £a¥—0MEIET T 518S rDNAZ & Y KW Cqfli
THHEND L) ICho72%, 1 a8 —DMliETTH 5
SSITHIEMH XN, HMGIEK D7 2 Vo sk &
Ll LE LTSN h o7z, U Eo/EL Y, #i
LI PCRIVEY E OB L5 HE T, DNADAEREE D
B LS T & 578, SSIIbR HMGHY#E L TR &
LI EDREON FIZEES o,

32. KexHa—r7 V=2 R TOBRIKE

- 7VL—278FHOL ) LS LDNADKHIC
M 5EWERARSLZDIZ, C1L~CODb A+ radit
g % 4 7 ®Genomic-tip 100/G& ) A X IVIESY £ 7
DGM quicker 4% JHVWWCDNAZfHE, V7NV A 4
PCRIZ & MBI L, 13 57858 % Table 4 (2
RL7z COFMbho 2R TDNAD N = D% H >
2h, EMENCAER R ELGENTEY, £985
C LUASOEW sk ODNADEAET B REMEDYE 2 5
N7z, CORBHIEMEEZT -2 2B DL, wFho
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Table 3. Effect of rinsing cornflakes
Cq values (duplicate test) Yield and quality of purified DNA
Sample Rinse 14
SSTIb HMG 185 rDNA IPC Xllgl/dg) A260/280"  A260/230°
C7 none /- -/= 29.12/29.44 -/= 1,641 1.38 0.40
once -/~ 41.02/- 22.33/22.33  35.22/35.02 962 1.29 0.35
twice -/= -/= 2355/23.39  36.53/37.11 799 1.27 0.32
three times -/= 38.60/- 23.39/2346  35.36/35.11 908 1.17 0.27
NTC -/- -/- -/- 34.27/34.45
50 ng 26.79/2698 2587/26.05 1491/1490 34.97/34.22
genomic
DNA

a) Total amount of DNAs obtained from one gram of dried cornflakes
b) Ratio of absorbances at 260 nm and 280 nm
¢) Ratio of absorbances at 260 nm and 230 nm

d) Not detected
e) No template control

Table 4. Representative results of detection tests for the cornflakes commodities

DNA Cq values (duplicate test) Yield and quality of purified DNA
extraction Sample 0 Yield o 9
method SSIIb SSIIb-2 HMG 18S rDNA IPC (ngrg)? 226072807 A260/230
Genomic- C1 -9 /- 40.18/- -/~ 3321/32.78 34.82/34.83 322 1.62 049
10%3(; C2 -/- 39.41/39.40 /- 29.14/2914  34.68/34.95 615 155 049
C3 /- -/40.44 /- 30.13/30.11 34.82/35.29 482 181 048
C4 /- 38.35/3846 /- 26.03/2599  34.82/35.20 630 161 048
C5 -/- 39.18/39.02 /- 31.01/31.07  35.04/34.47 172 2.22 042
Cé6 -/- -/40.33 4056/~ 30.37/3039 35.73/35.14 464 1.72 048
C7 /- 41.95/41.71 /- 24.69/2489  34.32/34.70 367 159 051
C8 -/- 4053/4235  3993/-  2798/2794 3513/3573 331 201 047
C9 /- -/- -/- 23.66/22.37 -/~ 91,115 188 1.98
GM Cl1 /- N.T.? -/4022  3459/3444 33.84/34.34 540 1.40 0.28
quicker 4 o -/4151  3797/39.11 /3906  30.09/30.05 34.33/35.02 438 1.25 0.29
C3 /- N.T. 4070/~ 30.21/3044 3518/34.04 798 1.39 033
C4 -/39.13  3967/41.15  -/3892  2339/2325 3545/34.33 306 1.06 0.34
C5 39.86/-  39.01/42.12 40.30/3846 30.61/3051 33.81/33.82 438 1.49 0.35
Cé6 -/~ N.T. 40.37/3798 30.25/30.19  34.40/33.80 294 112 0.33
Cc7 /- N.T. -/~ 22.36/22.33  34.36/3391 612 1.74 0.33
C8 40.36/- -/4137  39.32/3865 2440/24.34 34.17/3397 312 1.39 0.38
C9 /- N.T. -/~ /- -/~ 6,336 1.02 033
NTC? -/- -/- -/- -/- 3553/34.81
50 ng
gg;\(;&qsic 282/2801  2742/2739 2683/2681 1509/1509 34.75/34.79

a) The samples were prepared independently
b) Total amount of DNAs obtained from one gram of dried cornflakes
c¢) Ratio of absorbances at 260 nm and 280 nm
d) Ratio of absorbances at 260 nm and 230 nm

e) Not detected
f) Not tested
g) No template control
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WMWEIC X > THOHMELPCRIAEN R S5z, Zofl
O TIFIIEE ZPCRIEIZ R 513, GM-quicker T
i L72C9 # B\ T18S rDN A H s ER 1 B & ) %2
ENsz. LaL, SRH7218S rDNAKHE Tldff 4
BRIk D Y ) ADNAZEER ET5 2007, L9
AT LI E VS B TIHEEREDME L, LA,
WCEENLEMFE AR ET HICE DS %\, Genomic-tip
100/G T, C6 LC8IZBWTHMGIZCqfiti39~41C 1
Yz VoMM &Nz, GM quicker 4TI, C7 &C9
2B BIIBWTSSITDE 72 HMGH &, i
HMGH: HitER T3 9 b 3 | CRatE & Hlw S /e
7%, Cqfiiid39~41& ) 7 V% 4 APCROMHBRF O3
ZRLTBY, BHREL VY HETERN TS EEZON
. TNHORRLIY, B LI2HFETHRA -7
L—=28E»5 1 a¥—-F 23K a ¥ —o#Em T’
FHEMREIBREB T2 LWL ZE 2 5h. /2,
DNADKEHEDOIRIETH 2 WG [A260/280] &
[A260/230) X170 EASE T L, Sulofs Tk
e LTDNADINEDME V720, £ DWBETED
ROl L 72 o 72, 2 OfEIL B OFE2D L [Fk o
R TH - 7.

3-3. HWEIWRNZIRG 5714 2 —dEHwizY
7% 4 APCROW

=7 V—71%, SImTIERMEZ E2 L TES
5720, IND7 7 2%, BECEF LIS TS
LM S Y. EEIZ, HML2E) b ALY A
DNAZHWTT #ua— A7 )V Gk E) 3 T IR I E
B OB A N5 5 &, 95C TH AL LoimE i,
200~600 bplZ Wi b &4, 30D METIX, #1100 bp
12, 607 OM#ETIE, BHTHERETELZWVIZ LW
ftahz (Fig.1). #2°T, Wik{tLDNAOKHZIH %
DB 7201, BEROSSITD (SSIIb#kE : 114 bp) *7
BLXOCHMGO T 7)) ary¥ 4 X (HMGHH 1 79
bp) "X Db, WHEZRRY 7 > 7Y a > (SSIIb-2

Mk 67 bp) ZMIET 2794 ~—2&EHL, B
Hailkas, WIFI{EDNA%Z Y 7 v % 4 ZPCRTEHT L,
ZOFER % Table 5 \Z/R L7z, BULB R ODNAD YA,
SSIIb#f i & SSITh- 2 B T, CofilZ@Ev a3 i
N dro 7278, BALELS 531575 5 Cafiild, SSIIb- 2 #
IEDCfii > 5 23SSIbiR % & HRTK K 7o 72, 34
WLER3045: 1% T, SSIIbAR R TIXBEETH - 7245,
SSITb- 2 M FRER Tl B E L Mg s vz, DL odkE
i, £93AZLD4F ) ADNAIL, BULPLZ X ) WA
fbEnbZ e Z2RMBL, I—r7L—2HhIZEHT S
DNADHIIZIZ X 0 B IE SR %2 Meih 3 5 ik
(SSIIb-2 BeHiik:) BERHEEZ o7 HEOHET
LWHALE DD AZ LY/ ADNAZ M T 5E, #5100
bpDFEVEEII A & STV 5289 KT,
EHIZHEV67 bp AR 2 E LTV 5.

Genomic-tip 100/G % 721ZGM quicker 42 & 5DNA

2 3 4 5 6 7

wene

5,000 bp

1
2,500 bp -

1,500 bp -

1,000 bp

600 bp
500 bp

400 bp
300 bp

200 bp

MR

100 bp

Fig.1 DNA degradation by heating at 95°C

Heated genomic DNAs (50 ng) were applied to 2%
agarose gel electrophoresis. Lanes 1 and 2, DNA
marker; lane 3, intact genomic DNA; lane 4, 5 min;
lane 5, 10 min; lane 6, 30 min; lane 7, 60 min.

Table 5. Effect of the heating process

Cq values (duplicate test)

Sample Condition
SSIIb SSIIb-2 18S rDNA
5ng none 30.42/30.54 30.22/30.08 16.92/16.94
gﬁ?gfgk 95C 5 min 33.18/33.19 32.05/31.65 18.05/17.96
95C 10 min  36.92/36.52 34.41/3448 21.06/21.04
95C 30 min - /- 40.16/39.02 27.93/27.79
95C 60 min -/- -/41.18 29.28/29.33
NTC” -/~ -/- /-

a) Not detected
b) No template control
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ik &, SSIb-2 M2 w729 7 v % 4 APCR
WCEAaMcha—rv7L—=2s8E0kHH A LDNA
OB R DK H % Table 4 1278 L7z, SSIIb- 2 Hiiiak
% ClXGenomic-tipfl 12 Tix 9 # i 5 # i T, GM
quickerflihECclz 4 ® SR 3R M THE LN E S
72, COBF 21T 1ESSIIb- 2 BB CH BBtk Th - 72
SSIIb- 2 i dSSIIb ik L D da—r 7L —2 8
mAHEIHAZ LDNAZBRINT 2DICHHTH - 72
2, BN AHCfiEix37-438 ) 7V % 4 LPCR% Wiz
BHIBRAASETH o 72, SO iFa—r 7L —2 i
HEINTVEHEI LA LY/ ADNADKHS1E67 bp
LD ESIZHELIMAIEENTEY, Y94 ~v— 2L
7u—7 1 i E T g 4 TagMan chemistry®
JBEHIZHE S ) 7V & £ APCRTIZDNA O # H A3 #E
HIEERBLTWS, F, BRICE-TIEEI DA
CZLDNAZEL MBI TE 0o/l &h b, B4
%a— 7 L— 7 BGET L BRI
T 5 L3 LVWEEZ LN,

3-4. R BN
FRECHGET LT & - DNAHIHE: T 5 72 DNA % 8
BIZY 7V % 4 APCRIFEORBRE M FLFAEEZ 1TV,

0 PR BN O 1 & ARGRE L 72, AHERARBIA & BIC
X B2 Table 6 12/R L7z, AHFBEBEATIEETOR
S CTPCRELE X R 5 M 9°18S rDNAM I RER T34 T
Rtk & ofl s S 7275, SSIIb# R ER & SSITb- 2 # ik
Br& HITSSIIbIZ TR L e Sz Tz, Shikr
MBT b RICAETORS TPCRILIEIZR 5§, 18S
rDNAB B 4 TRtk & e Sz, SSIThICEI L
Tk, s sy 2 vy Ro5N5, DNAOHH B
R D S FE L TR ST, BRI S
WTATRME &R Sz, SRR LR B BR oA 5 X
Y, SSIIba X U'SSIIb- 2 Mt ik ot 13K <, Bk 4
Ga—r7L—28E»r51a—nk 5 AT LHHE
DBATFE BRSNS 22 L IINETH L L E 2
N7z, —JiT, WMEDSSII I, a—r7
L—28RbHo72h, TOL) MO NT Y FOJR
WO—212, MMTEGAEIC X o THEME R
MAENDEREL, IMTENRZLY, RE—THb I L%
Fohs, iz, &9 bAZ Lkt iRz~
WE3EERAL IS DNAD L 72, IR BE WS TR 33807 %
EUEMENE I DI o THERDH Y ODNAETE
BORL LY. —HEEAIART— 27 v VBRI
Iapk, A= )y R EEHBELZEILAILD

Table 6. Inter-laboratory study on cornflakes commodities

Cq values (duplicate test)

DNA
Lab extraction Sample SSIIb SSIIb- 2 18S rDNA IPC
method Test 1 Test 2 Test 1 Test 2 Test 1 Test 2 Test 1 Test 2
A Genomic-tip C2 /- /- /- /- 3806/3785 3891/3785 34.00/3448 33.87/3193
100/G C5 -/- /- /- /- 3420/3479 3527/3526 34.85/3373  3527/3397
C7 -/- /- /- -/- 2494/2498  2492/2493 34.16/3420 34.39/34.36
GM quicker 4 C2 -/- /- /- -/ 4054/3098 39.38/39.14 3421/3423  34.01/3493
C5 -/- /- /- -/~ 3583/3639 3678/3526 3442/34.37 33.32/3393
C7 -/- /- /- -/ 2650/2658 2445/2444 3386/3394  34.26/34.07
NTCY -/- -/- -/- 34.36/34.79
50 ng 2496/2501 25.13/25.39 14.40/14.38 34.40/34.50
genomic
DNAs
B  Genomictip C2  -/4178 /- /- /- 2897/2897 29.34/2924 3350/34.11  34.38/34.20
100/G C5 -/- ~/- 4216/~ -/ 3002/3006 2966/2988 3404/3394  34.24/3396
C7 -/- /- /- -/- 2298/2201  2214/2207 3377/3370  3383/3362
GM quicker 4 C2 -/- /- /- -/- 2726/2763 2749/2774 3346/3415  33.76/33.36
C5 -/- /- /- -/-  2845/2883 2913/2884 3390/3378  33.23/3328
C7 -/- ~/-  -/4210 -/~ 2137/2144 2018/1996 34.14/3528 34.21/33.17
NTC” -/- -/- -/- 33.75/33.81
50 ng 32.90/33.17 32.35/32.32 1953/19.79 3453/33.65
genomic
DNAs

a) Not detected
b) No template control
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Bz & RBFIZBR AU THIR: - iR S B & S B A,
=Y I—VOYER FOE M- fiEND LK
hapBLEsh, MEHI-oTREFZELEVHZ
LICHBY. F7e MK o TIZIMTEIMEW A
DNAWZKTR LS g, £ < okl k2 LAY BLH 255%
T b itrsd s a—r 7L —2i3a—r3I—NL%
MLL7Z2b0T, £93A5Z LAKOAE TS <
FMTIC X YDNAZKI A LI R CTWa 2, VT
¥4 APCREMEH L7295 Z LDNADLE L 72k
Wi E PRSI S,
HARDOBATHE T, 5% EDOCMESI LA LD
RADD HY60%, [HBIETHEEZ | OFRPERBEILS
hTwa!. 22T, 205%0BEzHETsI L%
MEL, i) bAZ LAY ADNA G, £9d
ALY, 2263 5) PICEREITS5% DN
FTOEAE I I VAV 2=y 7B (1 a8—) BIFHFAS
N7=GMEI DALY/ ADNADHEAEL, H2oLL
B ODNAK LD BT BIE T ORI ARG TS, )
TS A4 LAPCROMMIEKE S NEEEZ T L T VA
Vv 7EHE TRSLIET . oA, 100%
X35 5%DERILFTT ) AOBEAMEDOENLD,
M UAY =y SRR B IKEL, PR R E
A0 1 a¥—oWHEEBIET X VA0BHVLESDH
5. VTNV A4 LPCROCAEA 1 B72 5 L DNAF A&
MW2HERLELZERRTIEND, 40D ZCaflilc
WHTDHES~6RLRBEEZLNS. EoT, 4
ORETIE T =2 7 L—27 BN X > TIESSIbA Cafii
37T~43HETHI SN D 2 LD hH o2, ZOHETDH
JEREHIGME D B AT LA5%EmENL Z &Y
HIEEIHEE N TR WwWEEZ bz F72, 20174F
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THIRZ TV FRPWED SN L E&M%, BiTHED
BAFE [5%LLT] 225 Al 125 & T2 58T
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T, [BIETHIZ Thw] ERPFBDOLNDL LWV Z
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ZIE L7286, B 2 BB O BRET100% OGM &
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Indoor air quality of new office building of National Institute of Health Sciences in
Kawasaki INnovation Gateway at SKYFRONT (KING SKYFRONT)

Shinobu Sakai*, Maiko Tahara, Mihono Takagi, Yumiko Yoshino, Yuki Toyama and Yoshiaki Ikarashi

Herein, we investigated the indoor air quality of new office building of National Institute of Health
Sciences in Kawasaki INnovation Gateway at SKYFRONT (KING SKYFRONT) . The concentration
of total volatile organic compounds in the building during interior/exterior finishing was as high
as 85185 ng/m® (equivalent to that of toluene) . However, the building’s air quality significantly
improved after July 2017 when the air conditioning and ventilation system of the entire building was
in operation. In April 2018, the air quality of the building was the same as that of the former Yoga
office building. Furthermore, we identified the main volatile organic compounds at each sampling point,
which included toluene, 2-ethyl-1-haxanol, and ethyl acetate in the former Yoga office building, while
toluene, TXIB™, and 14-dichlorobenzene were found in the new office. It is known that the indoor

environmental contamination via chemical substances would be one of the main factor causing the sick

building syndrome. Since the health risk assessment for indoor volatile organic compounds in newly

constructed buildings is important, it is necessary to conduct the continuous investigation.

Keyword: indoor air quality, volatile organic compounds, total volatile organic compounds

X T®IC

BEYOFERE - mEEIL, BB Y% & B PM2.5
HEOMNRETIRWEORA, 5947 ZX5 4 VDL ERIL
&, ALFWEIC X 5 EAGREGISEIL, Yy on
v ZEfERE (Sick Building Syndrome) Wb W 51 b4
W Ao (Multiple Chemical Sensitivity / Idiopathic
Environmental Intolerance) % @772 7l HEH & % B0
AL T 5. KRS, BNZESGRE, HERHOR
AN, I, RERESOBIENEEEN R BEINS
TERD, Yy oy AR R LR DY,

FNERIGRC X B REHEORA L% HIYIZ, &
VAT VT FEDIMLAYE O RN EHE & B
FEZEMEABIL S (Total Volatile Organic Compounds;
TVOC) O HEAEDIE A EIC L > TRESN
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Shinobu Sakai; Division of Environmental Chemistry,
National Institute of Health Sciences, 3-25-26
Tonomachi, Kawasaki-ku, Kawasaki, 210-9501 Japan;
Tel/Fax: +81-44-270-6547; E-mail: s-sakai@nihs.go.jp
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BENERGREIMESINDL LI hoTWwD. HEHE
FEFE S O W F P oW T, [ R OSSR
DORIHS, ZOEBPEZTHA) &, HEYWE~D
bt MERE R T A LES D D, AN AT ICAE R
Rk SR e WIR Y, Bl O, $£6M4F%), F
74 AN (FBEI, WoEE% L), Wb - RN,
RS BB, AOMER - REE, R, S
o7 MR, fEIA - PREEMIEE, RE Mk, XEME, K&
JE, BIY - WLmEE, ARGYs, U, HWTE, Hmis s
HOWBLENEMEN SNLEIRETHD] LI TH
D, —BEEREEOAEHGRE L2 OTIEZWY, —
WML, >y 7N ZGEBERE SR S\ B B RE
BIA v T, BEEREY OWNAEEHE LS TR S
N A HEMEERILAY (Volatile Organic Compounds;
VOC, il AH50~100T 7 5240~260C O FEFHICH % 1L
SR VIR IC BN R R L, EERE £
ERITRDEEZLNTVLEY.
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*1 FEREERIHE (BE5EHE)
100 pg/m® b N ABRTRIC BT B S EE R A
FVLT LT K he/m PENL R ARB S NS 1997. 6. 13
(0.08 ppm) DRI
48 pg/m’ T v b OFRFBEEE BT B HPEm
TENTIVTE R 2002. 1. 22
(0.03 ppm) WA DR
260 pg/m’ t b TP B EAT IR B
2= Hg/m I\\\lﬁ)\ﬂ%ﬂé B )‘ TR T BB RE T
(0.07 ppm) KO FEFE A D 52
870 ng/m’ £y MRABEGZICHIT S R
SR, He/m WEIRZ > PIRATRIRIZ B BIER 00 6. 26
(0.20 ppm) O HPRARERIEE N DR
. 3,800 pg/m® <~ ARNDYT v N AREICBIT S
IF IR § . 2000. 12. 15
(0.88 ppm) JHE e S OS5
220 pg/m® 7 MY REICBIT L NR ~
AFL Y Hesm 27 DS A RS 2000. 12. 15
(0.05 ppm) )7
\ ) 240 pg/m® Y — 7OV KRR IR Z 31T 5 PR
VAR V2w Bw EANVE Vv 2000. 6. 26
(0.04 ppm) DM S5~ 55 %8
330 pg/m® C8-Cl6lEMD T v MEIIBEFEIC
T NI 2001. 7. 5
77T (0.04 ppm) B B IFlEA~ DR
1 pg/m’
(0.07 ppb) BZ v MEOGEICBIT 28R
Za)VE1) KA INBDOYGE MARTEIEN DB O A VB~ D 2000. 12. 15
0.1 pg/m® TEREA I o2
(0.007 pph)
. ) 33 pg/m* I v MOREOGEICBIFA3) @
T ) ThWVT 2002. 1. 22
- (38 ppb) AF T —Eit R L0
s 7 v MR B B MR DR
o 029 ng/m =P
FATI ) MKz v T A7 7 —EiEENDE 2001. 7. 5
(0.02 ppb) -
o 220 pg/m’ BZ v MEOGEICBIT 284 B0
T I NVEEY-n-T T 2000. 12. 15
(0.02 ppm) Al DORERE RS O
\ 120 pg/m’ Ty MEOEEEIC BT 5B RO
TIIVEY-2-ZF VAF I S 2001. 7. 5
(7.6 ppb) B R 1Y s 8
0 v EINRZE O NI A RRL &5
ng/m -
WS RIL A AR S, SBIER 2000. 12. 15
(B 5 F ) o

AL ORI, 25COREIC L B,

RE 7 B ) AR PH T O L 7218
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#5136% (2018)

B 37 R SR S S AR AT ZE AT UL, 20174F B2 (S HORCAR i H
BIX D B HIT A2 & 14318 5 00 B MT 38078~
BiEZsek Lz, AR, BITHITac B0 5 R E
REBONEERE T — Y 2 EMTH2 L2 £ H L
LTENEREXTVOCRE L LTHRAEL, HEIHTE
B AENERE LR L7z, WIZ, S g
B2 FELEVOCKEFE L, BNELRREGROIR
WEWHS LI L0 THIET 5.

1. &S
L1 R OT 5 bl i e OV AR T

B 7 PR S B i AL E SRR AT A (R T
WSS BT 3 T H) &, £ 3 28T (8- s
B3R ARG E AL MR A LA I E
(E-17%, Bl dll e sl AL AR F2 R =R ), ATl i AR AL 7
FhrE 1 (F18%, —MeFEB=E), AW AL F
£ (G18%, FE)], B4 1 28 [FiEAR (5]
BT I X BT 3 T H) b L IR - WRZEmiRm
ZHEANR=2], HEIHTE Gt HA X EHE 1
TH) BEN12F (356 1R A4 by —
%), BA 1A (35 FEIMBEHEY) 128w TERD
T T) TR o7, ARG, E LRSS
AT oRENETb E L, AEIET&EICBT 23T
VU 7RI 1 H~12H, BIHTECB T 0T
VU 7201742 H~2018%E 4 HE L

oo o

1.2 FENRILEY

EWNREEBHMEIEZE SN TV ALVOC6LE
¥ (Toluene, Xylene, Ethylbenzene, Styrene,
1,4-Dichlorobenzene . U'n-Tetradecane) (22 CER
L7z, 72, TVOCIZDWTIE, Yy 7w R (BHZE
AL g) BEICE T 2 MET 22T [ IEA L
BEMORGARHEEDOE 2 IowT] Nicko X
n-Hexane?* Hn-Hexadecane ¥ TOHiB THHE S 7z
VOC® ¥ — 7 [ifk O #F1% Toluenefft 5ifti & L T &
7z.

1.3 ZZRO¥ VT v T Fk

B HT2oTIE [Ty 2y X (BNZERIEY) M
BICHT 2HEs BENERTIEAMEONEY =27
W] NHEL, BAROCBWNOZRET 274 7T
VU ZFEICE DL L. ZROMEIZIE, Tenax TA
WA OMES (Markestt #SafeLok™ 4k 2 7 ~
L ABIEEE) BRH L. 2B, WHEBEIETC202 v
74 ¥ at— (Markesth#) 1I2EHFL, N7 a%2H
50 mL/min T4 L 755 100°C T 1 K, 300C T 2 B
FME LTI 43— (Figfb) L7zboz v
22RO EIZGSP-400FT (F AT v 7 418) % HwvwT
50 mL/min D T5850H (29 L), KL (k) 1.2~15
mOERE 1 BIAHE L. BIHTaicsisy 7
VO ERLIRT. RV Y7 v IR

1 BEHTSIcsT3ERY>7UTOEF (201745 B19R)

Jeo BB - WRZERR 3 B RN AEALAE RS R VA RAL S TR (E-17  BRE IR AR
s TR AR (Gl TG o 1Tk DB RT 37T H 24)
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EIZBITLENEBREICIOWT 43

HWELLho72 B, 20174 9 HOHAEIHIT&ZENO
BT IO TIE, MEPORS LM E L7
72D Rk & L7,

1.4 Witk

WEF IS 7Y v 7 L72VOCIETD-20 % " GCMS-
QP2010 Ultra (EE:8A/ERT) = M58 U 72 0 245 i
GC/MSIZ X hilg L FELZMESHFZUTIZ
L7 BENRBERSMEIEZEESINTVSBVOCSH
1t &% (Toluene, Xylene, Ethylbenzene, Styrene,
1.4-Dichlorobenzene & U'n-Tetradecane) (2B L Tl
ScanB L O'SIME— F& H#HIZA A v F 3 H5FASST
(Fast Automated Scan/SIM Mode) € — K Cilll &
L, Toluene-ds % 72 NEBEE#ETIC X » TR L 72
Scan€— F Tl L 72 TVOCHE B 53 0 ¥ — 2 THiFt i
Efr1ofbEWicow iz, GC/MS (GCMSsolution) P
FATIIV—=DYITF) T 4 HFE [NIST1LIibE X
FFNSC 1.2lib] 2 HWCRH®E L7-.

Uhn it ]
Desorption: 280C , 8 min, 50 mL He/min
Cold trap: —20C
Trap desorption: 280C , 5 min
Line and valve temperature: 250C

[GC]
Column: Rtx-1 (0.32 mm id. x 60 m, 1 pm)
Carrier gas: He, 40 cm/sec
Split ratio: 1 : 20
Oven temperature: 40C — (5C /min) —-250TC (3

min)

[MS]
Interface temperature: 250C
Ton source temperature: 200C
Scan range: 35-450 .z
Scan rate: 10 Hz

1.5 f#pi ik

EEAE RO IZPrism 6 (GraphPad Software, San
Diego, CA) % w7z, @i FRREARG (< LOQ = 017
ng/m’) OHEIZOVTIZO0 L LTF—% & 4at L7

IR L H 5

1. TVOC
TVOCIZHENZRAIGRAL AW H OB R 2 Ry L L

TEEHEEME (# JE#EM) 25400 pg/m*L RSN Tw

%
FEREREOHKENS, HEREICEINT, FHMYICE
JRATREZ B D AR HEPH COLE L2 TH ), BNZRAE
DIREOHZE LTHHENRLZ L2 HFLZLDTH
D, HBHEFENMAPSRELZDOTERNI 0D,
AP OVOCIREHE & I AT b N2 T IE R 5 v,
JEWTHT T, 20174F 3 HIEpi, WAMETHPTH -
7o, ITENO AEHIR S — @RI N2 &b,
E17ZIZBWTHHA X )il &2 ikdi7z. E17EZ2OTVOC
WL, 201748 3 H Ol E 12 B W T Toluenefft 55 T
85185 ng/m* L IEWICE <, 20174E 6 A F TI13E € HiZ
fti% WS Al CHERE L7225, 20174F 7 F BT 97745
DEFEZEH - WA AT LD L CLEDTVOCH:E
FHELCIRIELZ (£2). 20184E 4 AW TIE, M
BIHTEDENZEREEASEOLNVTHER L Twb.
T 7, BEREFNAROE17TE & R LT, —HER
FZOF-18E L OHEDG-18E D TVOCIEEE X\ iz
HbH, L, WRYAT LA, NEMHOEWDAINZ, —
M IR T 2 MR R A, BRERICBVW TR
MROA 2, AMERSICLIZEBLEZOND. %
2RI AL R R F o R L PEHE Tk
D, EENLBREL T 27201203, KRR OMRS
DR PR R ZHE L 2 LED D 5.

2. BABREREHIARE STV BV0C 61LaM

FNBEIRSEDTRE SN TWAHVOC 6k ik
B 218 T. Bk L2 TVOCHEEE & MARIZ, 20174F
3HH”S 6 HE TIEEWREREMELZ M T 5T
W L7228, AfRZE - K A 7 2 OB@#%IE#E L <
W®3E L7z, Toluene, Xylene, M UEthylbenzeneld N2
MEOR THEER, BREPFEL2RBEFELEEZ LN
L. INOIFEEEYONEMHREVOCH BHiE— i
TDb oD EHELINDD, EREOFERILFEORREE
LIZ X > TR E AT 52T REEDE 2 o
5720, BNEREAERONME L HD 5 720/ 2
=S VTREPLETH S,

3. BMHERMBHEICBTRIBENFELVOC
ScanE — FTll5E L 72 TVOCHE K K 5D ¥ — 7 [
i EALI0fEEWIZOWT, RIFRES LTI 72
M F v oimELE HW/2GC/MSHNTI A4 75 1) —D ¥
STV TAMBICIVALEWEFE L7z EBEEILL
B BT EOZENICB VLTI, ENRERHMED
R EIHEF E N TV A TXIB™ (2,24-trimethyl-1,3-
pentanediol diisobutyrate), Texanol™ (224-trimethyl-
1,3-pentanediol monoisobutyrate), 2-Ethyl-1-hexanol

VEBEICR SN (R3). LiLo 3{Lamid,



44 £ YA CRE T T T O A #1365 (2018)
%®2 HEHFESBLUBRITHFESICE TS
TVOC: ENEEeHE (e BE(E) = 400 pg/m’ (B4 pg/m°)
BE 5]
=R =R EFW
i Bt [E-17] [F-18] [G-18] B
20176 1 B 63.5
20175 2 B 63.3 27.6 76.3
20174 3 B 458 10.4 8518.5 256
20174 4 B 86.1 24.2 6695.3 82.1
20175 5 B 65.7 19.8 6660.8 76.5
201746 A 79.3 31.4 4095.4 67.0
2017% 7 B 38.2 145 103.2 248
20175 8 B 57.0 105 139.3 172.3 271.9 293
20179 B 30.7 &l 26.0 471 68.2 8.6
20174108 26.5 14.6 70.2 60.5 116.4 275
20175118 65.4 61.6 78.9 123.6 278.9 39.0
20175128 163.4 60.8 131.3 174.7 328.8 116.0
20185 1 B 86.1 89.6 182.6 52.2
2018% 2 B 50.0 929 176.8 36.7
2018 3 A 72.7 127.9 167.2 71.0
20184 4 B 100.4 104.3 164.7 63.5
ENEEIRIME (EEEZE) 28ALAEHDERFTRLE
Toluene : EREEEEHE = 260 ug/m° (B4 pg/md) Xylene : ERIBEEHE = 870 yg/m**
Jizhc BxHT Jizhc
EA =R =R
B4 B4 (E17] [F-18] [G-18] B4 B4 B4
20171 B 7.0 20171 B 2.4
20174 2 B 9.4 1.6 31.0 20176 2 B 25 1.0
20175 3 B 55 1.8 405.2 55 20174 3 A 15 0.0
2017 4 B 6.9 2.4 385.9 4.1 2017 4 B 25 0.9
20174 5 B 11.4 37 406.0 6.7 20174 5 B 1.9 05
20175 6 B 10.3 37 708.0 8.3 20174 6 B 56 0.4
20177 B 9.1 53 2.4 3.5 20177 B 0.7 0.5
20174 8 B 10.6 25 45 56 5.2 33 20174 8 B 1.6 0.2
20179 R 7.0 XAl 2.4 25 2.4 1.7 20179 R 0.8 X8
20175108 5.6 2.8 13.1 7.8 10.2 6.4 20175108 0.9 0.0
20174118 21.2 10.9 156 16.7 326 12.1 20174118 15 28
20175128 26.0 12.0 16.9 19.2 24.0 15.9 20175128 2.7 1.4
2018 1 A 8.7 5.7 71 8.3 2018 1 A
20185 2 A 9.4 1.2 12.4 8.7 20185 2 A
20184 3 A 8.1 8.2 11.1 8.0 20185 3 A
2018 4 A 4.6 3.3 3.7 2.3 2018 4 A
FREEEHEEZBBL-bDEFRFETCRLE SEAEY Y YNNI R (BEARARRESR)
FREERSHEOSRESE (200 ug/m°)
EFREERIHMES L UERNEEIEHERTE
Styrene : ERBEIGSHE = 220 ug/m° (BAI : pg/m®) 1,4-Dichlorobenzene : EREE g #HiE
HE BxHT HE
ER EFR S
Bt B ewm | e | e | B B B
2017% 1 B 0.8 2017% 1 B 16
20172 B 1.2 0.6 0.5 2017 2 B 1.4 0.4
20174 3 B 1.1 0.0 99.9 0.0 20174 3 B 1.1 03
20175 4 B 13 0.0 845 08 20175 4 B 34 1.2
20175 B 1.1 0.0 60.3 0.9 20175 A 4.0 1.0
20174 6 B 1.0 0.0 13.9 0.7 20174 6 B 2.1 0.9
2017% 7 B 0.7 0.0 0.0 0.0 2017% 7 B 1.1 07
2017 8 B 0.5 0.0 1.0 1.3 2.2 0.0 2017 8 A 2.0 0.6
2017 9 B 0.0 R 0.0 0.0 0.0 0.0 20174 9 B 1.0 8
20175108 0.0 0.0 0.0 0.0 0.0 0.0 20175108 0.9 0.8
201711 0.7 0.0 0.0 0.6 0.8 0.0 201711 1.5 1.4
20174128 0.8 0.0 05 0.6 0.9 0.0 20174128 3.1 1.3
20185 1 B 0.0 0.6 0.9 0.0 20185 1 B
2018 2 A 0.0 0.0 0.8 0.0 2018 2 A
20184 3 A 0.0 16 14 0.0 20184 3 B
20185 4 B 0.7 0.6 1.1 0.0 20185 4 B

FRRERIMEZ BB L - DD ERF TR
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ERNRERIHENRE SN ZVOCOERE

(B84 © ug/m°) Ethylbenzene : ZREEIE#HE = 3,800 ug/m** (B4L 1 pug/md)
5] BB 5]
=R =R =R S EA EA
[E-17] [F-18] [G-18] B5t i B5 [E-17] [F-18] [G-18] Bt
201751 A 1.7
1.9 2017E 2 A 1.8 0.0 3.0
204.3 1.1 20174 3 A 12 0.5 3175 15
376.6 5.2 2017 4 A 1.8 0.8 467.9 4.8
240.9 3.6 20175 A 1.9 1.1 392.9 4.2
303.3 2.3 201756 A 3.4 1.1 514.6 25
2.7 1.7 20177 A 1.6 1.2 4.4 2.8
4.9 7.5 10.3 2.6 20178 A 2.0 0.7 6.0 9.1 13.0 2.2
0.5 25 25 0.4 201759 A 1.6 il 1.4 3.9 3.7 1.1
4.6 2.4 3.9 0.6 20175E10R 1.2 0.0 11.3 4.8 7.9 2.1
2.4 3.2 4.6 1.8 2017FE11A 2.4 59 3.9 5.4 6.6 3.1
5.5 6.4 7.3 247 20175128 3.9 2.2 4.8 6.0 8.8 4.2
3.2 2.1 3.1 1.6 2018 1 A 3.8 2.7 3.8 29
0.9 2.1 2.8 0.7 2018FE 2 A 24 29 3.5 2.3
76 75 74 46 2018 3 B 36 41 40 43
3.7 5.2 5.9 0.9 2018 4 A 3.0 2.7 3.2 1.3
FIZEICRI 9 248505 (FR29F 4 A19R) (26 W T #;E2@Yy VNI R (FARKREL) BBICET 31850S (FHR20E 4 B19R) (2T,
FRENRTWD FREERIHMENHTEE (58 ug/m®) PRI TS
EEBBLEDBDERFETRLE ERNEEEHMES LV ERNEERIENERZBAL DD ERF TR
= 240 pg/m® (B3 : ug/m°) n-Tetradecane : ERBEIESHE = 330 ug/m® (Bf : pg/md)
ExHT Bg BRH]
=] ER EFRN =R ER EFR
E17 | (F18 | [1g | = il B% | e | g | e | B
201751 A 0.0
1.0 2017 2 A 0.8 0.0 0.0
253.0 0.7 2017E 3 A 0.5 0.0 19.2 0.0
1771 0.7 20175 4 A 0.7 0.0 229 0.0
255.4 0.8 201755 A 0.6 0.0 28.9 0.7
108.5 1.1 201756 A 0.6 0.0 12.0 0.6
4.3 2.8 201757 A 0.0 0.0 0.9 0.0
71 18.4 43.7 1.0 20175 8 A 0.0 0.0 1.8 2.3 3.8 0.0
2.0 7.0 14.3 1.1 20179 A 0.0 ] 0.9 1.5 1.7 0.0
1.7 4.0 14.7 0.8 20175108 0.0 0.0 0.0 0.5 0.6 0.0
34 16.1 64.2 1.5 201711 A 0.0 0.0 0.0 0.7 1.0 0.0
4.1 11.0 53.9 2.1 20175E12A 0.9 0.0 0.8 1.0 1.9 0.0
3.0 7.0 29.4 0.9 20185 1 A 0.4 0.7 1.2 0.0
2.1 6.3 17.0 0.8 2018 2 A 0.0 0.7 1.0 0.0
2.4 8.8 11.2 0.6 2018 3 A 0.0 0.7 0.8 0.0
29 7.3 17.2 1.0 20185 4 A 1.0 1.4 2.0 0.6

L7
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£3 BETHFECHU5
Top10 2017% 2 R 20173 R 2017%F 4R 2017 5A 201756 A 2017F 7R 20178 A
1 1,4-Dichlorobenzene TXIB 2-Butanone, oxime Toluene TXIB TXIB
2 1,2,4-Trimethylbenzene | Ethylbenzene TXIB Ethylbenzene 1,4-Dichlorobenzene  |1,4-Dichlorobenzene
3 Toluene m,p-Xylene 1,4-Dichlorobenzene  |m,p-Xylene Texanol Ethylbenzene
.
% 4 TXIB Toluene Ethylbenzene TXIB Ethylbenzene Texanol
E 5 Ethylbenzene 1,4-Dichlorobenzene Toluene 1,4-Dichlorobenzene m,p-Xylene m,p-Xylene
1‘7 6 Ethyl acetate Texanol m,p-Xylene Texanol Phenol Toluene
7 3-Ethyltoluene Methylcyclohexane 2-Butanone, oxime o-Xylene Toluene Phenol
8 m,p-Xylene Cyclohexane Texanol ﬁr;yl methyl ketone ox Texanol 1,2,4-Trimethylbenzene
9 n-Nonane 1,2,4-Trimethylbenzene |1,2,4-Trimethylbenzene |1,2,4-Trimethylbenzene |1,2,4-Trimethylbenzene |o-Xylene
10 1,3,5-Trimethylbenzene |Ethyl acetate Ethanol Ethyl acetate 2-Ethyl-1-haxanol Methyl methacrylate
Top10 201752 R 2017% 3R 20175 4 R 2017%5R 20176 B 20177 R 20175 8 R
1 1,4-Dichlorobenzene
2 TXIB
3 Ethylbenzene
=
W 4 m,p-Xylene
F 5 Toluene
1‘8 6 1,2,4-Trimethylbenzene
- 7 r2],5,4,4-Tetramethyloota
8 0-Xylene
9 n-Hexane
10 3-Ethyltoluene
Top10 2017% 2R 2017% 3R 2017% 4R 2017%5AR 20176 A 201778 2017% 8 A
1 1,4-Dichlorobenzene
2 Ethylbenzene
3 2,2,4,4-Tetramethylocta
= ne
A 4 TXIB
'a' 5 m,p-Xylene
1‘8 6 2-Ethyl-1-haxanol
7 o-Xylene
8 1,2,4-Trimethylbenzene
9 Toluene
10 1-Butanol
Top10 2017% 2R 2017% 3R 2017% 4R 20175 R 20176 A 2017 7R 20178 A
1 Toluene Toluene Cyclohexane Cyclohexane Toluene 1,4-Dichlorobenzene  |Methyl methacrylate
2 1-Methylethyl-benzene |Benzoic acid n-Hexane n-Hexane Benzoic acid Toluene Toluene
3 |n-Hexane Ethyl acetate m,p-Xylene Benzene Cyclohexane Ethylbenzene Ethylbenzene
E 4 Ethylbenzene Benzaldehyde Trichloroethylene Toluene Benzaldehyde m,p-Xylene n-Hexane
5 Benzaldehyde Ethylbenzene Ethylbenzene Ethylbenzene n-Hexane Ethyl acetate o-Xylene
9+ 6 Benzoic acid 1,4-Dichlorobenzene Toluene Benzaldehyde Ethylbenzene TXIB 1,4-Dichlorobenzene
7 m,p-Xylene m,p-Xylene Benzoic acid m,p-Xylene Benzene Benzaldehyde Benzocyclohexane
8 1,4-Dichlorobenzene  |3-Ethyltoluene Benzene Benzoic acid Acetophenone Benzoic acid Naphthalene
9 |Methylcyclohexane  |1,24-Trimethylbenzene | Butylated Hydroxytolu | yapnatene 1,4-Dichlorobenzene | Heptane m,p-Xylene
10 |n-Butyl acetate Benzene o-Xylene o-Xylene n-Heptane n-Propyl acetate Benzene

FREFENRERIHENFE SN TLBV0C
BFEFRENBEREIMEORENIREFT SN TLBVOC
m-Xylene Ep-Xylene# VA% T L ETHBETELEVW-HEEETEE Lmp-Xylene&E KT L 7=
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FREERZERHVOC

20179 A 2017510R 2017F11A 2017512H 2018% 1 A 2018% 2 A 2018%F 3 A 2018F 4 A
TXIB Toluene Ethyl acetate Toluene n-Hexane Toluene Toluene Cyclohexane
1,4-Dichlorobenzene Ethylbenzene Toluene TXIB TXIB Ethyl acetate TXIB n-Hexane
Ethylbenzene TXIB TXIB Ethyl acetate Toluene 1,4-Dichlorobenzene o-Xylene 1,4-Dichlorobenzene
Toluene m,p-Xylene 1,4-Dichlorobenzene 1,4-Dichlorobenzene 1,4-Dichlorobenzene TXIB 1,4-Dichlorobenzene g;:l\ﬁjethyl propanoic
m,p-Xylene Ethyl acetate Ethylbenzene Trichloroethylene m,p-Xylene Benzaldehyde 2-Ethyl-1-haxanol 2-Ethyl-1-haxanol
Propanoic acid 1,4-Dichlorobenzene m,p-Xylene Ethylbenzene Ethylbenzene Ethylbenzene n-Hexane Toluene
2-Ethyl-1-haxanol 1-Methoxy-2-propanol  |n-Propyl acetate o-Xylene Benzene Benzene Ethylbenzene 1-Hexene
Benzaldehyde o-Xylene Benzene m,p-Xylene Benzaldehyde m,p-Xylene Benzaldehyde Ethylbenzene
Phenol Benzaldehyde Benzaldehyde Benzaldehyde 2-Ethyl-1-haxanol 2-Ethyl-1-haxanol Methyl methacrylate Benzene
n-Tetradecane Methy! Isobutyl Ketone |1,2,3-Trimethylbenzene |2-Ethyl-1-haxanol Unknown Benzoic acid m,p-Xylene m,p-Xylene

201759 A 20174E10R 2017118 20175128 20185 1 A 20185 2 A 20185 3 A 20185 4 A

1,4-Dichlorobenzene

1,4-Dichlorobenzene

1,4-Dichlorobenzene

1,4-Dichlorobenzene

1,4-Dichlorobenzene

1,4-Dichlorobenzene

1,4-Dichlorobenzene

1,4-Dichlorobenzene

TXIB Toluene Toluene Toluene TXIB Ethyl acetate 2-Ethyl-1-haxanol 2-Ethyl-1-haxanol

Ethylbenzene n-Hexane Ethyl acetate Ethyl acetate n-Hexane Toluene Toluene g;:l\i/éethyl propanoic

1-Hexanol TXIB Ethylbenzene TXIB Toluene 2-Ethyl-1-haxanol TXIB o-Xylene

m,p-Xylene Ethylbenzene TXIB Ethylbenzene 2-Ethyl-1-haxanol TXIB o-Xylene n-Hexane

Toluene m,p-Xylene r2],§,4,4—Tetramethylocta Trichloroethylene *Ethylbenzene Ethylbenzene n-Hexane Toluene

r2]§,4,4-Tetramethylocia 2-Propyl-1-pentanol m,p-Xylene m,p-Xylene r2]§,4,4-Tetramethylocta m,p-Xylene Ethylbenzene m,p-Xylene

Unknown Benzaldehyde 2-Ethyl-1-haxanol o-Xylene m,p-Xylene r2]§,4,4-Teiramethylocta 1,2,4-Trimethylbenzene | Ethylbenzene

Benzaldehyde ﬁ£,4,4-Tetrame1hylocta at_enzene, 1,2,3-trimeth 2-Ethyl-1-haxanol Benzene Benzene 1-Butanol %5,4,4-Tetramethylocia

1-Butanol 1-Butanol Heptane ﬁéz,4,4-Tetramethylocta Benzaldehyde 1-Methoxy-2-propanol %§,4,4-Tetramethylocia Naphthalene
20179 R 2017£E10R 20175118 20175128 2018% 1 A 2018% 2 R 2018% 3 A 2018 4 A

1,4-Dichlorobenzene

1,4-Dichlorobenzene

1,4-Dichlorobenzene

1,4-Dichlorobenzene

1,4-Dichlorobenzene

1,4-Dichlorobenzene

1,4-Dichlorobenzene

1,4-Dichlorobenzene

2,2,4,4-Tetramethylocta

Hexanal Toluene Toluene Toluene ne Toluene Toluene 2-Ethyl-1-haxanol
r2]2'52,4,4-TetramethyIocia Ethylbenzene %g,4,4-Tetrame1hylocta r2],3,4,4-Tetramethyloota Toluene D-Limonene 2-Ethyl-1-haxanol Nonanal

2-Methy! propanoic

Ethylbenzene n-Hexane Ethyl acetate Ethyl acetate TXIB Ethyl acetate Nonanal acid

Nonanal 2-Propyl-1-pentanol Ethylbenzene Ethylbenzene Hexanal ﬁ§,4,4-Teiramethylocta TXIB %5,4,4-Tetramethylocia

m,p-Xylene %232,4,4-Tetrameihylocta 1-Methoxy-2-propanol | TXIB 2-Ethyl-1-haxanol 2-Ethyl-1-haxanol o-Xylene o0-Xylene

2-Ethyl-1-haxanol m,p-Xylene m,p-Xylene m,p-Xylene Ethylbenzene Ethylbenzene Hexanal (+)-2-Bornanone

Toluene 1-Methoxy-2-propanol  |Hexanal 2-Ethyl-1-haxanol Ethyl acetate TXIB E§,4,4-Te1ramethylocta m,p-Xylene

TXIB Hexanal (1S)-(-)-alpha-Pinene  |o-Xylene m,p-Xylene m,p-Xylene n-Hexane Hexanal

Unknown TXIB TXIB &% Gyciohexadiene- | Bulyl isocyanatoaceta |onanal Ethylbenzene Toluene
20179 R 2017410AR 2017F11A8 20175128 2018% 1 A 20185 2 R 20185 3 A 20185 4 A

1,4-Dichlorobenzene Toluene Toluene o-Xylene Toluen Toluene n-Hexane Cyclohexane

Toluene Cyclohexane Ethyl acetate Toluene Ethyl acetate Ethyl acetate Toluene n-Heptane

Benzaldehyde Ethyl acetate Ethylbenzene Ethyl acetate Benzene Benzaldehyde Methyl methacrylate | n-Hexane

Ethylbenzene Ethylbenzene 1,4-Dichlorobenzene Trichloroethylene Ethylbenzene Benzene 1,2-Dimethoxyethane | Benzaldehyde

Ethyl acetate Benzaldehyde m,p-Xylene 1,4-Dichlorobenzene | Benzaldehyde Ethylbenzene methylcyclopentane | Toluene

m,p-Xylene 1,4-Dichlorobenzene 1-Methoxy-2-propanol  |Ethylbenzene 1,4-Dichlorobenzene 1,4-Dichlorobenzene Ethylbenzene 1,4-Dichlorobenzene
TXIB m,p-Xylene Benzene Benzaldehyde m,p-Xylene Benzoic acid Benzene 1-Hexene

Unknown Benzoic acid 1,2,3-Trimethylbenzene | m,p-Xylene Unknown m,p-Xylene Benzaldehyde Benzene

Unknown E)gt?grl{g-methyl- Benzaldehyde Nonane Methyl Isobutyl Ketone |n-Propyl acetate o-Xylene Methylcyclopentane
Unknown 1,2,3-Trimethylbenzene | Trichloroethylene 1,2,3-Trimethylbenzene |Benzoic acid Unknown m,p-Xylene Benzoic acid
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x4 RAERTEICHETS
Top10 2017F 1 B 2017 2 B 2017 3 B 2017 4 B 2017% 5 R 2017% 6 B
1 |n-Hexane Toluene Toluene n-Hexane Toluene Toluene
2 |Toluene n-Hexane Ethyl acetate 2-Ethyl-1-haxanol 1,4-Dichlorobenzene |Ethyl acetate
3 [Trichloroethylene 2-Ethyl-1-haxanol 2-Ethyl-1-haxanol Toluene 2-Ethyl-1-haxanol m,p-Xylene
4 |2-Ethyl-1-haxanol 1,4-Dichlorobenzene ?utyl isocyanatoace 1,4-Dichlorobenzene |Ethyl acetate 2-Ethyl-1-haxanol
= ate
5 |1,3-Butanediol m,p-Xylene 1,4-Dichlorobenzene |Nonanal Benzaldehyde 1,4-Dichlorobenzene
A
6 |1,4-Dichlorobenzene |Ethylbenzene 3-Ethyltoluene Benzoic acid Nonanal Ethylbenzene
7 | Trichloromethane 3-Ethyltoluene m,p-Xylene Benzaldehyde m,p-Xylene Benzaldehyde
Octamethyl Octamethyl . . . :
8 |m,p-Xylene cyclotetrasiloxane  |cyclotetrasiloxane Dimethylsilanediol  |Ethylbenzene o0-Xylene
9 |Nonanal o-Xylene Nonanal m,p-Xylene Benzoic acid Nonanal
10 |1,2-Pentanediol Benzaldehyde Benzoic acid Ethylbenzene Unknown Benzene
Top10 20171 B 2017 2 B 2017 3 B 2017 4 B 2017% 5 B 2017% 6 B
1 Methylcyclohexane |Benzoic acid Benzoic acid Benzoic acid Benzoic acid
2 Benzoic acid Toluene Toluene Toluene Toluene
3 Benzaldehyde Benzaldehyde 1,4-Dichlorobenzene |Benzaldehyde Benzaldehyde
4 Toluene Ethyl acetate Ethyl acetate 1,4-Dichlorobenzene |Benzene
E
5 Benzene 1,4-Dichlorobenzene |Benzaldehyde Ethylbenzene Acetophenone
4 2,5-Diphenyl-2,5-
6 cyclohexadiene-1,4- |3-Ethyltoluene Acetophenone Ethyl acetate 1,4-Dichlorobenzene
dione
1-Ethyl-4-
7 methylcyclohexane Benzene Phenylglyoxal m,p-Xylene Ethyl acetate
1-Ethyl-4- ) )
8 methylcyclohexane Acetophenone Ethylbenzene Acetophenone Benzoylformic acid
N-(1H-Tetrazol-5-yl) )
9 Propylcyclohexane benzamide Benzene 3-Ethyltoluene Ethylbenzene
10 Unknown o-Xylene 3-Ethyltoluene Phthalic anhydride Phenylmaleic anhyd

ride

FFIRERRERIHMENRES L TL15V0C
B ENRERIHMEORENEF SN T 3V0C )
m-Xylene Ep-Xylene 7O~ N Z L L THBTE WD EEETHLE Lm,p-Xylene& FREC L 7=
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FELERAFERFVOC
20177 B 2017 8 B 20179 B 20175108 2017118 2017E128
Toluene Toluene Toluene Toluene Toluene Toluene

Ethyl acetate

Ethyl acetate

2-Ethyl-1-haxanol

Ethyl acetate

2-Ethyl-1-haxanol

Ethyl acetate

2-Ethyl-1-haxanol

2-Ethyl-1-haxanol

Ethyl acetate

2-Ethyl-1-haxanol

Ethyl acetate

1,4-Dichlorobenzene

1,4-Dichlorobenzene |1,4-Dichlorobenzene |6-Methyl-1-octene  |m,p-Xylene 1,4-Dichlorobenzene |2-Ethyl-1-haxanol
Ethylbenzene Ethylbenzene 1-Nonanol 1,4-Dichlorobenzene |n-Hexane Isooctane
m,p-Xylene m,p-Xylene 1,4-Dichlorobenzene |(R)-(+)-Limonene Ethylbenzene Ethylbenzene
(R)-(+)-Limonene g)'rg/gzgry'z' Benzaldehyde Ethylbenzene m,p-Xylene ;)-r'\o/lpe;rqglxyhz-
1-Butanol Nonanal Ethylbenzene Nonanal :éA—Trimethylbenze m,p-Xylene
Nony!l chloroformate |Nonyl chloroformate |m,p-Xylene Benzaldehyde Cyclohexane Benzene
Benzaldehyde n-Heptane Nonanal 3-Ethyltoluene 3-Ethyltoluene :}gA-Trimethylbenze

20175 7 B 20175 8 B 201759 B 20175108 20175118 20175128
Toluene Toluene Ethyl acetate Toluene Toluene
Ethyl acetate Benzaldehyde Toluene Ethylbenzene Ethyl acetate
1,4-Dichlorobenzene |Ethyl acetate Benzaldehyde m,p-Xylene Benzaldehyde
Ethylbenzene Benzoic acid 1,4-Dichlorobenzene ;§,4—Trimethylbenze 1,4-Dichlorobenzene
m,p-Xylene 1,4-Dichlorobenzene r11,62,4-Trimethbeenze Methyl methacrylate |Ethylbenzene

Al

Benzaldehyde Phenol 3-Ethyltoluene 1,4-Dichlorobenzene |Benzene

3-Ethyltoluene

Ethylbenzene

Trichloroethylene Unknown
1-Ethyl-3-methyl-

benzene m.p-Xylene
1,2,4-Trimethylbenze Unknown

ne

Nonane 3-Ethyltoluene m,p-Xylene

Benzoic acid n-Hexane Benzoic acid
1-Ethyl-3-methyl- 3-Methyl-5- )

benzene propylnonane 3-Ethyltoluene
Unknown 2,2,11,11-Tetramethy |1,2,4-Trimethylbenze

Idodecane

ne
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R SHE g BT R AR I ST AR I R AR A Sk A 1 1 2 S
LTWw b ENERIGIL AW E AR ERRAEIIBNT
bR ERE, SEE RIS Tw Y, TXIB™
AR IR H O & T Y = — VIRA, BEMSEZZ
TH L, BHRIREEPFICS Wb S, 2-Ethyl-1-
hexanoliZ DWW T, WA, &HF, 727V VBITAT
Vo (B BB IR S O PR SORE - A B, 85 /055 0 i)
OHEAKRE L TORHBEDIEINIZ, Di (2-ethylhexyl)
phthalate® ARG EAEE Y & L TEN BRI
5., —hHT, HEIBTEOZENIZBWTIX, 2-Ethyl-
1 -hexanol A% & #8 JE \ B & 7z %%, TXIB™ KO
Texanol ™MoV Tk SN e h o7 (£4)., Th
5 3bEWIIENRERSHMEO B EV M SN TH
0, WMBNEE=%Y) Y VIREZERL T, MRS
O 21T T EHNEETH 5.

EBbhic

SN ESREHME L, [BIRFICATWEE L HBIEICHRS
B ARS, M ZOREDOZRRE AL
7o THEILTY, BENOFELFEEBIZIHENTD
A LHMEhAEEHRLZbD] LEHShAY.
7, SWNERERHE, FREEPEN R %
O DOTIE RV, ERMEOKEVBUEILREL LT
(S BT B AR ORI B 2 R (4
WA 1, [MEZO M EMEROIEESIZB 3 2 3 ((E
T B ), [FRRERALE| & SNERE
RIS 2 720 OTBUGERICIRIA S B S hTvwd,
PSR EHE OB REPHIZ, FHI & LT T O NZER
ERNRETEHIDTH DI END, AL, E7
% 3 it £ i A AE ZE AT B TS0 8 L S B 5 % ik B o i e
WEHHEH SN Z ENEENS.

ZE
1) WHBIH A =2 X—=T 85 MR HlT 26 AR5
W (R 284F ~324F ), FHi284F 1 H22H
P&, URL: http://www8.cao.go.jp/cstp/
kihonkeikaku/5honbun.pdf
2) BHNZERHALAWE O NS K OB ]
EHFEFIZOWT, EAEGEHEEEREEN R
FE4302070027% (CPik144£2 7 H)
3) YN AMKIRLESE CEFRIGETH1H
HtiAT)
- IRSEILHETEE085: 0 2 (FREMNIT B 2L E
DOFERNHT T B4 L oHE)
BRI HEAT A 20520 5 (RENIIB W T
HEEOZ®RERETLIBENDLD LWH)
BRI T 2050 6 (REE AT HHE

WOBEFHZOWTOZ BV E ) R AT
B BT FEHE)

- BESEILMEAT A 2050 7T (REEA T S HE
W OBEMEIZOWTORV AT VT NIZH
ERCE PR Y

- BESEILME AT A AE205: 0 8 (JRE R T 5
MOWREMIOVWTORV LT IVTF FIZH
5 B HAR IR HE)

- BSEILMEAT A E205:0 9 (mEE AT B
WOFN LT IVT e FIZET 5 HTIEH#E 04
1)

CPIIAEE TR E SR ELL2E [ 7 eV ) R
AR THBENN L VEEMEZED S
]

P4 E LGB A SR S35 [ —fEAR L A
TN T FEEBUESEM R 2 E D B 1]

P4 E T RGEE R4 5 [ RER L A
TN T IR 2 E D B 1]

CPIIAEE T GEE SRS [ =RV A
TNT e FEEHUESEM R 2 €D B 1]

PG E T Al SR 2735 RV AT VT
 FORHIZ L A4 OB VWX I 12T
Bl DIUERIR AR T H I ENTE D
EOWEFLEE w51

PRIGAEE T Al SR 274 RV AT VT
b FOREIC L D84 EOTRENR B WE HIZT
Bl DIUELRIR AL MEIRT H I EATE B
St DRk R e B 1

4) FBNELRAPLEWE O SN ERSHE K ORISR
HRALEY OFENIREE & HEMESEIZOWT, EA
BRI ER A EREREE1852 (CPIKI24E12
H22H)

5) World Health Organization. 1989. “Indoor air
quality: organic pollutants.” Report on a WHO
Meeting, Berlin, 23-27 August 1987.

6) A Onuki, I Saito, H Seto, S Uehara, T Suzuki:
The annual changes of indoor concentrations of
formaldehyde and volatile organic compounds
sampled at new houses: Relationship to the
guidelines, Ann. Rep. Tokyo Metr. Res. Lab. P.H.,
2002; 53: 206-210.

7 ) H Tateno, T Ebana, A Hatakeyama, M Yamamoto,
Y Urashima, S Kozuka, N Mukaihara, K Fujita:
Concentrations of chemical substances in room air
at newly built house, Sapporoshi Eiken Nenpou,
2001; 28: 64-72.

8) Y Morita, T Sakai, Y Nakajima, Y Kawaguchi,
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58558287 (SFI134FE 7 H25H)

10)

11)

F20 >y 7oy A (BNZREIGS) HEICH
T oM S CEB284E10H26H), &R 2 FK
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www.mhlw.go.jp/file/05-Shingikai-11121000-
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RULEZONS Y 7 AR ENEYIICBIS % Ak
ST, S

Study on status of development of animals and plants generated for food purposes using
genome editing techniques.

Osamu Nakajima®, Kazunari Kondo

We have studied development of genetically modified animals and plants for food purposes for a
while. Genome editing techniques have been used in many fields recently. And many animals and
plants have been newly developed for food purposes using genome editing techniques. Foods may
be produced from these organisms in a near future. Recent status of development of these organisms
was studied. We would like to use our study as basic information when we think about future possible
problems in the field of genetically modified foods. Literature searching was performed by surveying
three databases (SciFinder, PubMed, Google Scholar) and information was collected. Seventy-three
articles and patents published during 2011-2016 regarding animals were found to be relevant to
our study. Thirty-three of those published on 2016 regarding plants were found to be relevant to it.
The vast majority of these articles and patents were from China. So movements in China should be
watched carefully to prevent foods originating from these organisms being mixed into Japanese food
supply from overseas.

Myostatin (39 articles and patents) , B-lactoglobulin (11) , prion (5) and ovomcoid (3) were used
frequently as target genes for knock-out experiments in animals. Lactoferrin gene (3) was occasionally
incorporated for knock-in experiments in animals. As for animal species, cow (21) , pig (19) , sheep (14)
and goat (12) were used frequently. As for plant species, rice (18) was used frequently.

From a technical point of view, clustered regularly interspaced short palindromic repeats (CRISPR)
/Cas9 system has been used on an increasing number of occasions recently.

When indels are made and then frameshifts are induced at target genes, new peptides can be
produced in the generated organisms. However, these peptides were not referred to nor analyzed in
these articles at all. We propose that these peptides should be evaluated for their safety before these
organisms are used for food purposes.

We would like to continue this research on newly developed animals and plants and contribute to

ensuring food safety in Japan.

Keywords: food safety, genetically modified food, genome editing, CRISPR/Cas9 system

1. BLBHIC
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Osamu Nakajima; Division of Biochemistry, National
Institute of Health Sciences, 3-25-26 Tonomachi,
Kawasaki-ku, Kawasaki, Kanagawa 210-9501, Japan;
Tel: +81-44-270-6600 ext. 2411; Fax: +81-044-270-6611;
E-mail: onakajim@nihs.go.jp

FAGE TS T 2 O FEM & % 2 T-Hk 2 8)
K OBIFERI 2 A L T X 72229, BT AR
HLOEMMPEL LT, TNk A 5B TILSAHSh
5592 % o7 ZOX)BRIKRWIZBVWT, 7/ AfEE
OHMEFHLCEH EZZ SN LEWAEShTH
D, ZREDORRICEMDEE SN D WREND D 5.
KR TIIZD LD %47 ) KR ETIRY O BFE RN %
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L7z, ZOREESBOBEMRTHILEZ ZNOSE TR
KIEX L0 N BWRHEZEZ 5 L XOIBEER &
L7z,

2. Jitk
AHEEZOND T LB OV TIR20114E A
520164E, [HHIMIZ DWW TIZ20164E 12 HE S Lz
R ER PRI BB, FAEYIZ O W TIZ20154F
DR oI cHE ShTwa®, 5= =212k
SciFinder, PubMed, Google Scholarz#JH L7z, F—
7 — FIZIETREDOAFEEBEN S 1 OFOEA LY 2l
HAREDETHHHL 72
A © zinc finger nuclease, ZFN, transcription
activator-like effector nuclease (TALEN),
TAL effector, clustered regularly interspaced
short palindromic repeats (CRISPR), Cas9,
Cpfl.
B# : pig, cow, chicken, fish, sheep, goat, plant.
FAMT D LR S, fis, HuiEdal, ¥—7y
MEET, BHE, WEELZ EOEHE T LDRKETER
L7z, 612, I EEOWER, #HZIEbhsy—7
MEIR T2 & 2 DD 5 AR B fk 2 T 1) & F172.

3. RIREEE

AMEZROND T 7 LHEBHWIZOWTOmILR
FERFIZ738 (2011-20164F), [Al U < ML IZ D\ T33%
(20164F) EZFEM SNz T X9 Bk % &
ELTHAT %L 2% E, KHIROBBIL X 7250
WCPRE SN TW WA, T DORZEIXEEICIT bR
TWB I ENYLERITR 7.

AHEZEZONLT ) MERY OHREBOHER %X
LR L7z I 3IFAE L2 I8 L T 515255 -
T, FRIC20164E DHEBUIHIFEOWMER 2 K & < B>
7o 7 MBI OV TIX20164F IS S e L
P E LTWaRWDS, 77 AfEEY XD b HER

W

el
Ial 1

20114 2012 2013 2014 2015 2016 2016
[ |
i )
1 FERREH
AHRRRICHEET WY, BHOBEHREFERRLE 5/
LIREEMIC DV TIZ2011-20165F, 7/ LREEMICDOVNTIE
016FICHRRINIMERNRE L /2.

%o 7.
BEHEEZOND T AREBRYICET 2 HERE
ERNCEFT LR 2 R LR L2, hED S o Hs
FEBIIICZ <, 20114E % 5 20164E D RIS G ATk & <
W27 L7zdoT, THSOBRWICHET 5 EMD
W 5 ORNORADOR L % 2 B2, FEICE
FBENSOMBEORNZERRL BT 2 LEND
L. RV, KREE AR S OB EN K72,
BHEEZOND T AREBYWOFET L ONRE K
21R L7z, KM <TH 2y Y 3FAFICTH» D25
DT, WHIIHKOD 2V EFZZFHEL TV, %
B oWEridhorz. =T M) RHERL L d o
7. =7 M) OYEEBAN R EEM S TBY, €
DIzDIHEBD D oz bR SINS.
BHEEZONL T AEMY O T L OWNIR%E X
SIWIRL A ARDPEBRICE o7 Bl x7z59
2, RENCBT BN ETHE L, PMETEEERD
A RBELEEN 72D TH D EHEEINS.
BHEEZOND T ) MREBRY OTERICEB W TH

X1 BRALEASNh DT/ LREHENOFHEFEEROHEE

EHICOVTIR I ROBE R ZDME L TEED L.

| B - | A KE HA Ve[ HE A ZATTV TVEYFY O
20114F | B 4 3
201246 | By 4 0
20134 | B 5 1
20144 | By 11 2 1 1
20154 | B 9 2 2 1 1
20165 | @y | 9 2 S L Lo
20164 | i 17 8 1 1 2 5
& 69 18 6 3 3 2 1 5
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20

| J |
0
7L 4

2 BREEEZOSNZS/ LREHVOEIDIREL
(2011-20164F)

EVAY) fa EYY ¥

it
20

16

12 —

0 ....-----
s A Y

A P2 LS B A BN

g //i " A:):J
X3 BREEEAOGNDST ./ LREEEYORERNOIHREE
(2016F)
BH, Ty al—LREMTEEVD, T—EZN—2DEHR
TEloh->TEEDT, JICED .

BIMEDLNL Y =7y NBEETIAMERELTBY, 215
BER2IRLT.
BIEH ORI F 133 A (indel) & KWDNADEA

OMEFRE R L7z, BHEEZONL T/ ALY
22V T, 20164E5 K3 13K 3 (k) » 5, 2011-
2015456 K133 3 LM AR, LT T L 072 &
HEZZONDLT 7 ARERPIIOWTIZEL (k)
PO mE T LD 7 AmETY (2011-20164F)
&7 s (20164F) Ot E T LOTHNRS
&, indel®E A 13833, KWDNADEAIF2IHTH Y,
indel®EADHEVPERWICEL D o7, ZOHMIE,
WAEME LT 2 DI S L7 B i i & LTI &
FH 5 HBIZ T AN T W E DR HEENICH 5
LEbNG. T/, indelOFFHEIIREVWDNAZEAT S
LD BHMMIIHEL TH L0 EINS.

FREINT 7 AfREOTHEINCAERHEEZEZ NS
77 AREBY OWEBOWER Z T LR ERN 412
ARL7z 201L4EICIE S B EL T ey vy 2 7 4 v
H—=R2 7 LT7—E¥rfibhTwi. 2ok, ToMHIE
WA OMEINIZH Y, TALENO#HENEZ T, E561C%
D% TIZCRISPR/Cas9¥ A 7 A Ok 2. 72, HF7I2,
20154E A 520164 12 221) TIZCRISPR/Cas9 Yy A 7 4 %
filfio 722K & PO, H L S BFE S N T
NTHBY, HOFEPIHF LWFETHEZRDS TV Tz
RS CTRN 5.

i, D B CRISPR/Cas9 ¥ A 7 A IZD W
TEBIZFEL {7z, CRISPRY A7 A DHIZidm b
K %7 Streptococcus pyogenes\ZH 3 % SpCas9 A
bFDF Ny rRCpfl LN TWE. ThbilD
WCHHBEEZRRTAL L, AHEEZONRLT )
2R ERE Y OVERR IS TR T O TSpCas9hyfili >
ncwiz. 77 AREICHET 5 RN 5E13SpCas9 T —
FRAATRDLNTE Y, SO RITZENZ L T
LEBbhs, —hHT, BHATERZIMERLEZ N
% HAETIECas9D F v v 1 7 RCpfl RFFHEhTnw5
= ANV S Rz i,

SROWEOHH S, 20165 FICHRINT-EHEE R
LNDT ) AimEEEY L RIZBE T AR £ & DR

x2 BECEOLhIZ—F v MERGTF
BACEAONBY / LREBMICOVTIE, 016ERRAERI » 5, 011-015FRRP BRI CAKLRP SBEREL L. RA

EEZONDT / LTREEMICOVTIERADSIBERELT ED /-,

RN

=y MEIET YA R
IFRAYF LyLY)] 39 J
B-527 vruaz) v By 11 J
ARV Lk 5 J
FARLTAL R EyjLY] 3 J
S 740 N Ak ) IV B 3 J
7t b LR A R it 4

vy 77w WEERLT.

PTTI . TYRYFDOIN T DT LIV L.
v 77T b HFRICEDOHLT5.

vy 7T N BIIOKT LV AL

v AV XFO IV ICHIRTE N L oRRE [
ROREETE BREHIWE 2 Wi 2 E 5.
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i

¥ =7y MEfET

wE

g

7%

ZFN

RELA

JRFDNT T Y 4 T OIEME TR 2 EH 2 LS. RELABIR 1350 %
i3 5. ZENIZ X o TIEORELAMZ#ELCTT 7 ) AR L I ~OmAE))
WS 54 KA ) Y YORELAF VY u 7 &0 7 ¥ k& Tl R,
— AT TR ALBIE T 2 BAT 2RO L VRIS T TIC Ao /2R
L IR O 2MES.

[Lilico SG et al.]
The Roslin Inst.,
Univ. of
Edinburgh,
Edinburgh 1 ¥1)
A
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IARYF

M7z BIIREZENZFIH LTI+ 27 F -~ Okt L X ¢ 7-CET ¥ #1EK
L7z, TOGE7 Z XM AERD T4 LU IERWICHET 225 REWOIGE
H% L, RORDB LA EZEEST S, ZOGCET ¥ WOWAERN 2 D
WEZFEMT 572012, v MZBWTOHBOBMOWIEZ IR o72. T
b ERMEAEZIZ S DD Z IV — T4 T, 90H HIZEBEN 2 T & 2 AR
THEGET I OB L EEREHEROT YR ENA A e 5 2 72,
W OTH L BRRN B2 B L <, RELEFOWEL 1 MM A TR
FRL 720 45, 90H HICMEMAE 21T 2 - 7. BRME, AFOWE, Mk
EOYMEIIGET Y W E WAL T ¥ WE BEREE2T v bOTIV—T DR TH
HEN o7 BHEBOGET Y WERBH LR AR ARSEL NV —TD
B CIARIED /8T 2 — & — L HIMERILCHADH - 728, GETF HE ANS
BN =T ORRIETRCTIEF O 572, 45, OHHIZTRTO
V=T h 5 Bl L SIS E X o2, GEZ Y R%ZE T v MCERSE/
L XICRUIMOE W 0o 2.

[Xiao GJ et al.]
Chinese Academy
of Agricultural
Sciences, Beijing
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TIIRTFE—E
N

KIEWETZ DT I ) XTF¥—EN (pAPN) #fnT OB 2 64 2
o7 ¥ ICMES 5. pAPNBETFOZQ—= v ey =2y v 75y
Bi, pAPN#H#ENRZ ¥ — DR LFEED N, FF—~2 ¥ — o5, pAPN
AR T A HBATAE ) 2 A5 8 % FE O ST R OMESE, (mdtEEB&au Ty
AV 2 DIFEMEOWE, pAPNBE T (CH A R 2Bz > T v AV =
= Z M ORESE, TR SRR DM, pAPNEIET O BB
BIEMOFEIZ L >TIOT Y 3HEEI NG, REHIET DY A VA%D
T & K88 ke & AR B SR ST, 75 OFMIIBI 2 (5495
RIS 272008 M2 WM LT, WREGHREZI L, JEWEOE % i
5L THBEMZEREO F 28 M2, $72, € boF v Rbo B L7220
ROWREVEDWFZE & S 2RO A2 ) —= 0 7 L HiEN 7 A b oK
PRI 2.

[Chen ] et al.]
Anhui Agricultural
Univ. HE
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TALEN

IFARYFT

) NN & AR (SCNT) #flioCIF RS F V% /) v 0T Y
MNL7:7 % #{E-72. Platinum TALENIZ 7 % O Ic BV CEIE T 2158
i 5 LIZBW TR D - 7. 6 L2z AN %2 SCNTIZfli> T 3+ 2
5Fr I v TN LT o, TROEDTTHIEHADL 2%k
LEHABARL, REIHZTBY, ZEMOBITFARDIT0%IZ 2> TH
D, WRSHEOBIIME IR o7, THIEBTEIF AT Y OREIHAO
WaRe L, WR7IWOEEEZMMSEL00 Lz,

[Rao S et al.]
Research and
Development
Center

NH Foods Ltd,,
Tsukuba HA

7y

CRISPR/
Cas9

IFAYFT

34 A5 F v (MSTN) BKEOREZETHOME 2 LHET 57200 HEEE
BT OBEMTH L. 2HIEONZ ¥ —MSTN Cas9& K+ —DNAIWX 7 ¥ PK15
HMBLRIINTL 7 baR—L—3 a3 VIZXk o> TEASIN GAIS8iit o # ik
L HOEBMEE O BIZEC X o TNeo-EGFPH il % Bk L 7. MSTN® -
7 v 3T B TEM AR RN CHIF Y 2 Ml 2 2 B9 5 72912, crossover
PCR, long-distance PCR, T A% 7 uv I, ¥¥7uv b, DNA
V=LY TR o7, CRISPR/Cas9FEH T & — DR 2 KLY 5B
PLEMSTN#EZFOLY vV ¥ 3R Sh, BEORZ7 ) -2 712k oT
MSTN#IRFIZE R % Fe oM R Y & £ 72. AWFZEIEMSTN O B RE D FE 0
7230 DFEERRFL 2 Fe 3 % .

[Qi S et al] Key
Laboratory of
Animal Genetics,
Breeding and
Reproduction

in Plateau
Mountainous
Region, Ministry
of Education,
Guiyang "
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CRISPR/
Cas9

IARYF

CRISPR/Cas9 & Cre/LoxPiZ & » TEIR~ — 7 — =T (SMG) 2% F %
W, BEREMICI A A5 F Y (MSTN) 2/ v 279 Lz ua—r 75 0fk
B 53 5. CRISPR/Cas9lc & 2 Ml AR 2 2 FJH LT 7 & o @{tiiie T
MSTN® 1 DO iifit% 7 v 277 b L7z, KIS, Cre)arEF—¥%
5 T8T%DMHTSMGEHIRE L7, 70— 4 b A ) —I2X > TSMG
LEGFPx & W Hllfa z Bl L TEBHO-DD FF—fk e LTilio 72,
635D FREE SN2 R X STHOMRBRICR SN T, 1FHMN2IEDHEDE X
BT TIEMELE. IR0z a—r 77Tk 1 OOR ST TMSTN
M w7 T 7 P ENTSMGZERIELTWASZ EDHERENT. HWIZHWT
MSTN®JEBUE B & Z50%A L, BEMEOEEFOFEIIZINL Twiz. #
WM T ERAME O BIZBEM L Twedy, ZORE SFEEBernHRnw
LSO o7z, RFRIIENREDEFEDI2ODEHTE 2T
HY, BN EWFEN ) A7 B2 R/NST HEIETH 5.

[Bi Y et al]

Hubei Inst. of
Animal Science
and Veterinary
Medicine

Hubei Academy of
AgroSciences,
Wuhan H1[%

75

CRISPR/
Cas9

CD163

ATENIIRETH - W B R i (IR 0 2 7 0 — v T 5 OIEIR T %
MY 2. KEIDT 0BRSS b, CRISPR/Cas9% —7 > 7 1
Y 7Ny 5 — & CDI6RAZF MR ML R AE M2 ¥ — % 7 7 O~
ANTHED 7 v — Ml x2 5. ZOMILTIR7 ¥ ONIEPECD163# 5T
DHET LY YHe FOCDIE3-L 1 BIZTOHI0Ly v ¥ LIRS T, K%
Bl - IR R EAEGERE Y A VA ORAZ AT E 2\, N —#Ild & AR
L LT OB RN & SRR 2 M, IR ORR A R LT a—
ML 22, ZOREFENBLCT Y 2IHRSETru—V 75 %
5.

[Li N et al.] China
Agricultural Univ.
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CRISPR/
Cas9

MR D™ A VAR
BAT DL EICFHT
AV

7 % OIEGLE % Bi < 721 ZCRISPRZ A %

[ Brouillette M]
Freelance writer
based in Boston >k

7Y EE
LI

CRISPR/
Cas9

MC3R

AZEWIZCRISPR/Cas9y A F L2 & o CTMC3REET %2 /v 2 77 LT
¥ ERVEBTEERRT . AJER, MCIREIETFE /v 277 L728Y
DM 272012, gRNALIB XU/ % 7213gRNA2% 2 — 4 2 #ET %2 8)
WOMBEANEAT 2 22 E0. BWoMBIEHAEHOMETH Y, 2Lz
X7 7 OB TH B, MCIREIZT %/ v 2 7 M 5a%1329.16%TH 5.
AREWIBER OMCIREIEF DK E i 2 REIZHERLS 2 v 777 ML
T, JBRBIE T 2R E v, RIEIIMCIROBERE % I % 720 D% & B)
WOBFMIAEZ 5.

[Li Q et al.] China
Agricultural Univ.

il
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74

CRISPR/
Cas9

MC4R

AFEWNLCRISPR/Cas9 ¥ A 7 & L AR Al % i > TMCARMAR T % #i 5
THIET/ v Ty LT Y ERELZEIZHT S, AJPFETIE, MC4R
BIZTOREBRMH 2 RESETZORKEFH 7275 2557202750
MCARMAE T O 2 — FHIRN T 2 & T OIS0 BsgRNAZ ki 5 2 &
THBMNT SN S, AKEINE 7 ¥ MCAREIET 2 W52 S % 720 D FEA T g7
W7eTdH 5.

[Li Q et al.] China
Agricultural Univ.

e
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7%

CRISPR/
Cas9

IFARYFT

RIEWET 5 DI F A5 F v BIETOmETN L ZOIBMEZRRT L. 20
WEIRONL I A A Y F VEETOI— FHEBHN, $1 27y Y PIAiiET %
ZOIBALIECasNT & » THFRMWISEFHSINT, F=FvyT1 v rRy 5=t
ARG 2 2T WER L 2285 £ 721308 R~ — 7 — BT 2 2HMa0 7
JADYPFE o I AT NS X ICT B, Al RRERETIR Y =5 Y
TA YT OREIL805%THSH. ZOHEICL o TRHOVARKZ R o728 L v
WD T YR TET, IR F LV OMEDTDOME 2R TE 5.

[Bi Y et al]
Hubei Academy
of Agricultural
Sciences H[E
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7y

CRISPR/
Cas9

IFAYF UEETD
TUE—F —

KEWET I OF ) AhDIF A5 F ¥ (MSTN) #EFOTTE—F —D
MEF3M 1 G H#BAL & AR - W4 5 72D DsgRNADH A G b & Z DIk
MZHRMET 2. sgRNAZIEREAT <, MEF 3 MET O a % 2 v 7 7
ML L. ALY T ORI OS5 E & I L TR
RS,

[Li K et al.]
Chinese Academy
of Agricultural
Sciences H1[E|

13

74

CRISPR/
Cas9

IARYF

FEHICIEH T % 7200 OGM 7 7 iZ BRI BRZ2 > ThEsh s, Ly
L, SOFEREMERMPACERZLEE L, FFr—offiliooRgs:
HBIEYLATAYZD)TOT5IYyTOROIHERICE X CHER
R A7 % LIELIEKEL T4, ZOMHE, GM7 ¥ OAREIRLL TR
bl hol, MHERHSELZRII~NTL 7 baR—L =23 VI2&-T
Cas9k sgRNAZ A X425 Z &2 &T 7 #1287 5CRISPR/CasIlZ & % i fz
FHEDOOME R et T 5. Cas9D L 7 baR—L—T 3 viZ
L BETHREIHCHECENEETFORBELRIL, IFASF ITE
BOHBHT I OIERICE o THER L. ZOHFEIICGM T ¥ DL Z iiE§ 5
BAEWRE SIS B

[Tanihara F et al.]
Tokushima Univ.,
Tokushima A7
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v

CRISPR/
Cas9

TUF v

CRISPR% 7 V2l L 2zt 13 A % v, ABF%ETld 7 Y PRNPHE{E T %
CRISPR/Cas9y AT LT/ v 27y he v r 4y iz VG RoMMES
M & RV Z RO % 5 72, PRNPRIET- T2V ¥ 3 RIS T 572012
5D DsgRNA % i 5F L TCas9& — i lZMINE~EA L7z, MM 2 0%
EGFP# = T- O Wil iC1kbpDPRNP# A T % #ifh S 72V K= — Ry ¥ —%
o CTEHili L7z, A D W TidCas9k sgRNAZ I — R4 7523 K
2ODFNTTINI Y A7 227 ML RAZHBOZHEICIEITIAI N E
721 3mRNA % 4§ > THABIEHS 2 17 7% o 72, ARHIIL & RIS BV TREEM R A L2
A, REEREBRRIDHRE 72, IR TIIHFEMIEZ BB Sz, CRISPR/
Cas9Y AT HIE 7 ¥ D7 7 A THAMAFRICHENSTE T, B AHILE
RYIRI 2 K & B OB DL 5725 9.

[Bevacqua R]

et al.] Animal
Biotechnology
Laboratory,
Buenos Aires 7 )V
vy v
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g

CRISPR/
Cas9

IFRAYF UEIETD
TUE—F —

IFASFUEREMALSE L L, AEHRE L,
THEDEEBELDH L., IFTAFFVORBAZRTELET, ThHDER
BERIMERWDIL, IFRAIFUOTUE—Y—DRELHTOREE
CRISPR/Cas9¥ AT L& flio Tfintz. IFAFFryOTOE—Y—HO
—1577, —689, —555, — 116D % LML T 5 4 DODsgRNAZ #HFFL 72,
Y ORI TR LB, Y Y OZHIITIA Ay FroFat—
¥ — % A5H L7, Cas9 mRNAL ZD % 8y B aBALzE 21294.12%&
64.17% CTHIEAI X 72, BONLTUE—FY —@ATQILRDLIEDN S o
72, 7 YO TCRISPR/Cas9y A7 A 2 FIHT HI2IEE 52 2 W ABLET
H5.

ik R0 B A HE ) DK

[Pinzon CA et al]
Texas A&M Univ.,,
College Station ¥
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=7k

CRISPR/
Cas9

FRTINVT IV, FR
LaAq |

ZRINCT 2L AT H ML W20, =7 MY TIZCRISPR/Cas9y
AF LA SN TW oz, A2zbiE=7 k1) I2B W TCRISPR/Cas9
VAT AKX BBET Y=y T4 v T EHET A, Cas9, sgRNA, HH
i~ —S—%a—-F 3 28ETE2ELTIAINENI VATV ay
TAHILIZEST, =7 M) O L MEAERMIE (PGCs) 1I2BWT 2
DOIADEET THEFRT VT IV EFRLAIL FEMRPLLIERSE
72, CRISPRICK 5o THARAIA FELEFICEREZFOPGCsE =7 MY OIE
~ABHLT, 3EOEMMRIIOF A 5 4 (GO) &M L72. §XT
OREFIZ FF—ICHET2LERMOF R A a4 FRET Z2H 72T 215>
720 2PEIZOWTIEWAIE TZ AR O T 2 Rk (G) I2f5#EL
TATERBEETFRO=T7 M) SN GIZERO=7 M) 2R L T
FRL DAL FEETEFELERMO T (G2) Z1MEo72. INSHOREDR
5CRISPR/Cas9¥ A7 A 1d=7 M) CTHHTE 2 Z &5 &7z,

[Oishi I et al.]
National Inst.

of Advanced
Industrial Science
and Technology,
Osaka 04
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=7tV

CRISPR/
Cas9

peroxisome
proliferator-activated
receptor-y, ATP
synthase epsilon
subunit ,
IV

TRTIVT

CRISPR/Cas9® =7 M V2B T 2 MM I w2 v, Fhzbid=7 Y
ODF-1Mll2 12 8 W T peroxisome proliferator-activated receptor-y, ATP
synthase epsilon subunit, FR7 IV 7 I VI FICEREZEAT L7202
CRISPR/Cas9¥ A7 A &flio7z. TTE1T vt 4 OFERTIE 3 DD #lE T
BB EROZFIL, 0.75%, 05%, 3%7Z-o7:. BROMEEZFHD D720
12, ROV A=Y =3 A7 4 L —FHICGMAMNE 2 &)= 1 T 2 720125
72513 PuroR) #EIET%#fio7. T7ELT v &4 TIIEROBRIZ LR LT,

60.7%, 613%, 473%& 7%o72. BOIY =7 TV Y T X BHMTIIERD
EIZ LA LT, 94.7%, 95%, 95%72-7z. TTE17 v 412X > T3 5D
WMWY 75 =7y MM ERRL A, + 75 =7y MERGHRINS
Neholz, TDXIHIZ, CRISPR/Casdy AT AE=7 M) DT ) Al
FIHICT&%.

[Bai Y et al]
Northwest A&F
Univ., Yangling
]

18

¥

TALEN

B-27 ~rua7zn) v,
tbha-g27 bTIVT I
M

AT AHELELTOYFOI VY DM, f-927  Z7ua7)
(BLG) DEIBRINIZDFT UNRIFIZE>THIERIINLEW T LILF—
OFEICHEELTWS, ABFETIE, YX¥OBLGHEIETFHEANL ba-5 7 F TV
73 v (hLA) BETZEAT 5720127 FOMMEFMLIC B W TTALEN %
FIR UMM 217572 1, 2OOF 5 TSRS T 75
AEN7zau == BIKOBIHEES N5 %I2101%, 1.1%7E -7z 12, 2
DORAEET ISR IE T EA SN2 Y FOI5E EEMIBICE W TBLG
IMWAW%EHﬁﬁKﬁTLT,MA@%ﬁﬁﬁﬁéﬂt.EE??—?v
FAUTE htﬁ&%&;ﬁmﬂﬂziwﬁ& SARMINaBE R RS 2 72, I v 7 i
BLG2SA 7% {, hLAZ B EICEHEThLA%Y /) v 7 4 Y Lz Y FoMEh 7z, fi7z
HOWIEIE O IV 7 OfH b OIEREL 2 ), B L ABRRES O
EAHET B

[Zhu H et al.]
Northwest A&F
Univ.,

Yangling H[%

19

¥

TALEN

7= ) I

p-77
LhIF7 72 r

ARIEWIYFOBLCGEIET 25 —F v T4 Y Il o TRESED L E
DI T 5. AIEW TIXTALENZ i > TBLGORER LS 2 Y)W § .
YXOBLGHEIET 27 =7 v T4 Y7l XoTREZET, DI 27 b7
) ¥ (hLF) #fs¥% /v 24 LT, BLG-/hLF+ 5 v AV 2= 7k
TRMESEML 215 5. oMz FF—& L TR & %2 172 - TBLG
~/WLF+ b VY AD 2=y 7 XY FRAEL. AW —T v T4 ¥ 7ICE-
TRREGI DT VAV 2=y VAR 720 DENHNTH 5.

[Cheng Y et al.]
Yangzhou Univ.
H
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¥

TALEN

p-27 vruazy v

AFEOHWIE, EFTEN2 2L 7 —¥%2FH L CEETI =T v T4V
FENTWOX FOEFRNBET I =Ty T4 v 7)) ra—= v ron
WEBLTVALEHRLZETHAH. TALENIZEK-TE-92 bra7r) v
(BLG) BT D1 20xV#ET%2 /v 277w L7z (BLG+/—) Y¥&,
BLG+/ — O Y F ORI B V‘TJE{K?S’ FyogFq4rrE)ra—
ST E o THES N 2 ODKLEIET A v 2 77 bEN7z (BLG-/
=) HEDX ¥ %l o THRBEIRAE & A RlRE ) % X7z, BLGH/ — DY X0l
HEoLEOREEBEROKRRIIHAROY XL F%EZ572 BLGH/ - F 72
IIBLG —/ = OHEY X2 H 870 2 F 7213 S0 RUR L 72 R T O 0 720 DR
BRI DM & DB THEAED o 72, IR X o TR S M 722k
OH TN F THFOEEIZBLGH —, BLG—/—, WAEROMTRH L7,
BLG+/—, BLG—/—, BEMOEEY ¥ 5880 mE L7142 iio7z &
EDONTIZH O Z R OI1342.3%, 380%, 426%75o7:. =4, 95747 L
72BLGO 54 O /LRI RIEE I A FVOFEI & —F L7 @ L2k E
LD EIBLGEZ T2 =7 v T4 Y7 L7z L THBEZITTES
3, BLG+/ - B LUBLG~/ - OlfY FOBFROWFEVEZRIZT 5.

[Ge H et al.]
Northwest A&F
Univ.,

Yangling H
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¥

TALEN

IFARTF ¥

TALENIZE 2 I+ 2% F~ (MSTN) OfiEDSYFIZBWCHiETH 50 %
W7 Y FOMSTN%Z kT 5—3OTALEN (MTAL2) %#ffo7z. ¥ ¥
DORMEF AL ZMTAL2TF I Y 27227 b LTC272ADE 2 7 0 —F V2l
JAAMSTN®D 1 2 7213 2 D OF VEEETICBWTERZ RO Z LR S
N7z B BB ET R 2O 0MEOMILE FF —Hia & L TR A
i1 ->T, 3EHOTFYF (KI179/MSTN (-/-), K52-2/MSTN (+/-),
K52-1/MSTN (+/4)) »fH6h7z. MTAL2EY X047 ) 2D OMSTN%
AR BIETE 72 155 NI A S5 13 I AR O R WMSTNICZE R
ZHRHOYEFMMENTZ. TALENZ o TY FIZBWTIEMR Y /) AMENTE
7=,

[YuBetal]
Yangzhou Univ.,
Yangzhou H1[E
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¥

TALEN

Moz v,

B-77
eI 7 b7 r

Y E¥ORBIEOMMEFMLICBNT -5 Fra7Y) v (BLG) #ifsfx /v
7?@btf,m5@ﬁ%mmtbm77h7lu/(MF)EE%@:—F
I EAT A 72O TALENZ R L CHIR 2 247 % » 72, Tha K=l
ok UM 21T % > 72, YFBLGOL YV v 3 #fikd 5 TALEN
32— F$575 A3 FTALEN-3-L/R&, hLF#EETFZ /v 74 T H728
D REMERIGE(ZTHSV-TK % 5 &\ 27 ¥ —BLC14-TK % %7l L 72. BLC14-TK
L TALEN-3-L/R% —# 2 Y F O EMMEF ML~ N7 > A7 =7 b LTEHF
W2k o THI 2 # 3% L 72, TALEN-3-L/RIC & % 28 Feitf A %3 1325-30%75 -
7z, 6 ®BLG — /hLF+DMIHa 245112 B3k 3 % 335 o Fifi 4 S 7z R & 16
DORBFLY FICBM L7z, 9 IEOY FHUEMR L CT50H 4 % 72BLG — /hLF+ D ik
WatEen, ZOMEETLIVY U245 ThLFZEEICELY X0 3
Vo WM ORREL 22

[Song Setal] H
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¥

CRISPR/
Cas9

IFAFFT

E#X&%V(MMN)%E%KW@?%:&T%@KW@EE%%&%T
XL E N TRV, ZOMWIZE R L7012, #.72HI13CRISPR/
Cas9y A7 2 %ML TMstnZ /v 7 7 b L7z FLe Yo TH
B OBALZ N L7z, 4O F O T 1 BFlIMstni a1 B o5 X
72, TOXFORCEBETOREREIINEEZ EM>72. L2 L, Mstn/ v
77 MIERGERELEOMELZT ISR L, MoEYHTb RS
HH0bLNB. ZORELEOMEIX S ST L2 LEN D 5.

[Guo R et

al.] Nanjing
Agricultural Univ.,
Nanjing H[#
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|

ZFN

IFRIF Y

vy YDIFAYF v (MSTN) #I51 2 FE1 & 3 5 ZFN & 5 2814 31
NEALZ 22003u=—R 1 00N VBIETICERNH-T, 1003
O =—I3 2 DO/ VRIE ISR ENH 72, X512, MSTN-ZEN mRNA% b
VIDEANTA 0L vV a il o TEALL 3THMOEEAHD
EOHCTISENZENIZ L 5 TE =7 v 714 ¥ 7 SNTRFTEIEB%ZE - 72, A
WigeiE~ A 7u4 ¥ =7 v a v EARMBERIIC X 5 TMSTN#IZ T % #ii
LY VRED72ODMME R D,

[Zhang X et al.]
Xinjiang Univ.,
Urumgi H' [
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|

TALEN

IFAYFT

KEFFED Himld, —A&$DNAF Y TX 7 L4+F F (ssODN) & TALENZffi-
Ty YDIFXAYF > (MSTN) EETHFHMETEXLZ20E2HRLILETH
5. Fh7zbld ey YMSTN#IETF O T — P i IR S W7z i)
R L5 DOTALENZ %5t L7z, b Y o CHMESEMIE~TALEN
L ssODNZ —f412 b5 v 27 =7 b L TMSTN#E T O IEME % 8 5 Ttk %
FM L7z, MSTNBEE T2 ME SN2 Fr—s LTfibhTro—
VIRAME S 7z, TALEN & ssODNZ LA A b Tl 5 & 5% CIERE 2 8%
TOBHIATE 5.

[Zhao X et al.]
Shihezi Univ.,
Shihez 1%

26

vy

TALEN

IFARTF ¥

Bizbidey Yo I+ A5 F 2 (MSTN) IR LTALENT 7 A K&
fE>CTSTHE Y YOI R OMMEFME~N N T v 27227 MLz 20D
BIZTA v 77 b ENTHEE KRG BEO7ZOO FF—Hillse LT
BAL. 70— VRESTHOMRM T 7 12BHIL T, 285 (75.7%) HYFEIRL T,
1582 E L7z, 23BHO T v UDVEFEFNTI2BHIZAEE TWwWz, Fevdo
BEIETERZINF—HiomE —FK L7z 75 —47y VERIHRIShz
o7z, MSTN/ v 7 7% MEIMSTNBH & (5T OmRNAD BN L T
Wiz, MSTN/ v 7 7% M X o TRENBEZF IR L, 7 A#HED LKA
EE7, ThHOMSTNIZEREZR ey VIIEHICHEA LR L.

[Li H et al.]
Yunnan
Agricultural Univ.,
Kunming H[E

27

|

CRISPR/
Cas9

IFAYF v, ASIP,
BCO2

1 MO ~Cas9 mRNA & 3 O DiEfnT (MSTN, ASIP, BCO2) %A% &
FTHgRNAZYA 70 A V22 2ar3h2LIlEoTYVIZBVWTIE
WaBET =7y T4 v %47k o72. sgRNA : CasQl2 & 2% =7 v 71
VOB E s O— v T Y= Y Ik o TIEA LR, RN
HAE AR BV TR, Ty VBT AINS 3ODEETDY —
Ty T4 Y T OMEIF27-33% T, 3ODBETAFECY =7y T4 v 7S
N72RHIE5.6%72 o 7o, ZHEIR~D< A 70 AL vz 7 v a vidid(z 151
SN VEELIZOORFEN L TTETH D 2 LHSE Sz, MSTN#
ET OWIETIIHFRMEDIREL o THROERI R X 72, ZhIEEET
BB T E TS OM T O L NIV TR & 722 & 2 X FT 5 i 02
FEMLCTH %. CRISPR/Cas9¥ A7 A& FIH LT, WE3ERICHEE 2R (2B
THEBOBETZFAMICY =7y 74 7 THI L > TREDYWRD
T&5 2L ZARMRIIRIET S.

[Zhao J et al]
Qingdao
Agricultural Univ.,
Shihezi Univ.,
Shihez H1[%

28

| <%

CRISPR/
Cas9

IFARYFV

vy VOMSTN#IZT 28 =7 v T4 71 2&->T/ v 2777 MLTHA
DD BEZRND T EUT ORISR SN s, ENEETOr
O—=7, gRNA®D#HE &, CRISPR/Cas9itfny/ v 7 77 b2 & —
DOHESE, CRISPR/CasOBIET-/ v 777 b2 ¥ — DA HRVEDEE DM,
CRISPR/CasQi#fz ¥/ v 7 77 b X2 ¥ —ONRHEEDTHTEOHH, CRISPR/
CasQifET/ v 77 b X7 F—D /v 779 FIEOBIN. KIEWIT I
OWMMAE L, BED YT, HEMSR L, 7y 779 FORENEVE
W R D B

[Li B et al]
Yangzhou Univ.
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Fay

CRISPR/
Cas9

FR AR B A6 R -
4E (elF4E)

HWO BRI FREAGEE TAE (elF4E) O#REZ M T 22 L1k 5T
Cas9/sgRNABM 2o TF 2w ) IZB VT A VAR S L7, elF4E
ONBXUOCEKmE Y =7 v 74 7 Lz WEER LT 1 IR B T
ML TR L — LR M SNz, BEsha 475 —7 v M
MCIF IR SR SN h o7z Cas/sgRNAZEA L72REHAKROT 3
THRIEIF 27 VBIREE AV ARIEE D, Ay F—WHEEFA 2
ANWAREINRLX Y VT ARy b7 A VAW EZ R L7,

[Chandrasekaran ]
et al.] Agricultural
Research
Organization,
Volcani Center A
AT T

30

1%

CRISPR/
Cas9

7t b IR R
(ALS)

— AR ) TDNAZMBEOHM & L Cfli 9 HEALANCH#E S Twizas,
AAXTEIOHEERM ST ) ARENTE o7, 2 DODsgRNAZfli-
TT I A3 FLERED ZARHDNADT )i Z BHOSHAE & LTI 2 ik 12
Yo TTE MLBARBEEE T D 2007 I VBRI Z IEMHICERTE
7o, BIGT-OEAIIZNS—F 4 7 VH Y 2otz — A THREHNIHE 2
A RDMENTz. ZOHEIHEHITFATTE T, AT,

[Sun Y et al]
Chinese Academy
of Agricultural
Sciences H1[E

31

TALEN,
CRISPR/
Cas9

Aty v g
BEP, 3- kAR F3
f1-AVEF =
WEF VAT 2 T—F
(EPSPS)

DNA®D ARG % JEFF R I+ 5. 7V A~ Y U CRiLE L7277 b7
FTAIN—RY A1) TX 7 L AF K (ssODN) 2EATLL, Yuf )X
FICBWTEHEICIEM R 7 AfRENRR & /2. ssODNE & ICTALEN
7213CRISPR/Cas9% [IBFIZEA$ 5 &, DNAD A 2 L1453 72F T
MPLL2E & XD D7 AREOWEEIIRE {HIM L 7. ssODN & CRISPR/
Cas9DHAEHETT <IZB WV CEPSPS % IEAE IS4 L CRRFAIMEC L7z,
) ARREOHIE RS, B E LW TREL L7270 7T A kS hE
RAEFAETE ., FAESELEWITREA T L -RBRICBWTZ ) F%— b
V272 - 7.

[Sauer NJ et al.]
Cibus, San Diego
Kl

32

1%

TALEN

WAXY

ARIEEWNE, A AOWAXYEET 23R BT 2 720D TALENT O —%f
DY =y T4 T E O ERMT 5. TALENO@EEZT 25875
A3 F&RMS HE2RMET 5. TALENO 7 3 JBES] & X 7 L4 F FEGI %
HFFLT, TALEN#BETF 258079 A FEMETS. 2 LT, =7y
T4V TORERLET 5.

[Lei W et al]
BGI Shenzhen
Technology Co.,
Ltd. "
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XA

TALEN

WA vy —E

VA4 BEMWMRBAFT 22 0F, BEZIH L CRENMZIERET 2720
WKIEL AT bh s, L L, KEEECE > TRICHEOEMARELTL X
. BWRTHNIET 2 &, TROHOEITHD? LFBOHEVKROBESTETL
T, BEMNGEPAWETHET 7 I NVT I FOGHENELS AoTLE
9. AWFFETIE, BICHEOER 2T % 720 ICTALEN 2 FilJH L Ciihu ! A
VARV —B#EET (Viny) 2/ v 279 bL72 AkED 1 2DOVinvet
VA ETICERD D 18O A7z, CNSORPYOR TS5 OIEETO
Vinvif Vo E FICERY D o 7. Vinvilfz T2/ v 777 b Lzis 515
Sz A BIEEICHEIRB I NS, MLINF v T7RET7T 7Y VT IR
DEHEIRY L, Bd#ihr oz, 7O0WIEs 7 A TALEN DNA®D
WAL dr o7z, RWFSEIEAE 4 15K CTH 5 Y ¥ A4 DM EIZTALEN
T M 2 5.

[Benjamin CM et
al.] Cellectis Plant
Sciences Inc.,

New Brighton ¥
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1%

TALEN

OsCSA1, OsDERF1,
OsGNla, OsMST7,
OsMSTS, OsPMS3,
OsTAD 1

A F2DF 7 LaHFEIIN287C230 TALENE A% &1l 9 L AR WERME (0-6.6%)
2oz, L, L, TALENBHOCKM % ET 2 L ERYH)25%E TRE
CERALE 2D 50 AV 2=y 7TORTIE 1 DO N LR
L DIERBIEDERD B > 72, MEOTOHWICBNTI2O0ZIFZ 0N
DREBI OBV CTHENCHN BRI L. T2, AR TRT
DOZIFAIZH THIIHAEL, TALENIZ X o THE SN B ERIIFOTHMD
DEMBOBAEIBO TR Y R ORE D Z L ZRET 5. KA OMT X
TALENIZ & o THHE S N DL RITZEIHERER 2 A FVITT T & T2 it
fRIEEENHZ L &R L7z, TALENIC X o THE SN EROKES (R
81%) I IMHOMIITHEL T, TNODOHT0%IIRIIZ ST ZofHIE,
4 FZBUF HCRISPR/Casdy A 7 A D L I TH Y, 22 Tld—I
WA EEZTH NS L, REZERDERD DT 933%75 - 72,

[Hui Z et al.]
Chinese Academy
of Sciences,
Shanghai H[F
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1%

TALEN

WAXY

Wi COTALENIZHEE S v 5 % %12 B v Cclassical nonhomologous end
joining (cNHE]) & alternative nonhomologous end joining (altNHE]) @
BeE % 5N 5729012, DNA Ligase 4 (Lig 4) KA FBIZB VT
TALENIZFHE & N2 ARG OB O BUSHEE R~ BT 5 & <7z,
Deep-sequencingZ 2 5, $XTD ¥ 4 7OEROME Xlig 4T THEEGD
BREE72FHAERED blig 42 B IIRHLAEZRBO N NV A ITBWTE
WIEAIRENT, TRTOREOER T 5 K& HKIE (10 bplh L) *
72~ A 7ukEn Y —#AaKERG (MME]) ICXo THBEISIEKRED
HA g ANT O EAOERK T ZIEHAM L ) blig 4% S CKBT L%
ROV AIZBWTEP 72, E6I2, ZFTNTOMHA (2 bpbh k) 1,
BRI RICRZ , TALENUIBHB.ORMEO 1 DD EofERoa¥—7
Y RR=Z ML TMLEENTMMEJIC L o THRIAE SN A Z LR SN,
cNHE] D #EFEA 21X NHE] 2> HaltNHE] F 72 I3 B CARE LA VT Y K7
S= ) YN BEREED D Z L EAIEIIRLTWA.

[Nishizawa-
Yokoi A. et al.]
National Inst. of
Agrobiological
Sciences H#A
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TALEN,
CRISPR/
Cas9

AIP10

T ONA F < 2 LR ORI Z EET 2 L2 LT 5. Z OBINEE,
i, MBXORELEOEELZSTHRPALONL. & LIZTIEONDIif
PEDEI L THREENOLZALADMIS N[ L, B, N4+, PEHY
H5 5.

[Silva HA et al.]
Univ. Federal do
Rio de Janeiro 7
2%
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ZFN,
TALEN,
CRISPR/
Cas9

MR IB WO FEZ MO TREBRERNDO 1 O TH 5. HH~OHY
DFOGIEHEHETE L O#ET 2 HL. PR ED X 5 IHESICUET % 0%
SEEVCHRT 2L EHLY. BAabiEr ) I v 2 AE@MUTHGSA ML A
INENBHS B R 2 WE LT, FBEWN, Y7 Ve BXIZ LT
H#IORL, BWOESHYEZ QLET 57202 0HHZANT 52 LHT
& 7-. Gene pyramiding® & 9 ¥ LW Rz #m 1 L L v — 7 — 1T HE S
N7ZZHERBICAALCTA MLV AMGEOZW Z LRI ERE WML 7/
2R EHAN O REHE 2 BRI T & 5.

[Nongpiur RC et
al.] Jawaharlal
Nehru Univ,, New
Delhi 4 ¥ F
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CRISPR/
Cas9

TRVELFY

MBI A7 M2 td 5. O VAT T MIFZNTEZZFIAL
A (TRV) EHEBRDD 57 7 5 OEERIFEHIC B\ TECH SR 7 Y i %
BEAS 5 sgRNA%R I — F 3 2 BRACHI 2 SRR S T, 23 CTRVES]
IZEERERY 22 2 DAL Z/RIEL T WD, Zoa vy A T2 M aeE&thiwiie e 7~
D AGEICBYA IO AN 7 PO LR ET 5.

[Alexander V
et al.] Danziger
Innovations Ltd.
4 XTI
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A A

CRISPR/
Cas9

Badh2

RIEPIE, A A2E2FYVOTH2A4FCHEBIREERT 27200 kL
CRISPR/Cas¥Y AT A% BIRT 5. ZOHER, 4 40F) #R_#7T 5HED
BERE T ORI TR ¥ =% LT, BHYOTH2WEPH S
FURRIZEWT 2 L) ICBETOREOWMTRERSTA LYY v I
B 272027 70n7 7)Y ACEMT 2 HEHERICE>THFYOLEZW
ARIRZ =% NT VAT 27 bT 5. BIENRALAADPEY)DOT L4 R
R S NI, WESNBEIET 20T 2720 HIEF 133K/ A
b T, MWoBETOMERHEEICEELY 5 2 TICEENICEET 50k
EHAUOFY DT L4 AW OND.

[Wang J et al.]

Ningxia Academy
of Agriculture and
Forestry Sciences

FhE
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1%

CRISPR/
Cas9

Badh2

RIHEIZCasI & > TR SN A F Y oM Tor vy v Ly barhrd
B A®O, 77/ 3 v 7DNAZYI Y, DNABEZFLEL CRAEEREED,
BEEE L 2V Badh2#ifn 1245 2 e ol s b, BHBRZ1T% ) Ok
Oryza sativa. ssp. indica, Oryza sativa. ssp. Japonica& LKD)V A
A, TAERO NNV AZFHES L 20O R & LORB L g, Bl
ETBEEMES. 77uns sy AOERTHNAMIENS =7y 74 27
Ry —%BLT, A2V—=v7 LT, BolwERERELT, T1 7 V—
TRoHFE) DT LA ARNE5EELT, FEEOINVAEZFLET D000
HiR L LCH, BB, AZROTHEZMED. 77anNs 79 A0HANTh
WA Y =7y 74 Y TR =% B LT, BEINAEAZ ) —=
LT, aveFrTRELT, WIZHb3eT, Bk ERENY % H
ELT, HYOT A AR EH5.

[Ju C et al.] Hubei
Univ. %
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1%

CRISPR/
Cas9

7k LR R

CRISPR/CaslZ A SN 2 HIFM AR IS X > TA RTBIT L7 & MBS
R OBRTEAANOM 2 AT 2 7552 5. K, ARSI
ZEY, 12U EOERZELDNALEEDBEETZBEIRT 57201222
DgRNAZMEH . ZOHEIZA FTBWT1IODgRNAZE S X 0 bR
Wy,

[Sun Y et al]
Chinese Academy
of Agricultural
Sciences, Beijing

i
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1%

CRISPR/
Cas9

Gnla, DEPI, GS3,
IPA1

4 A DOFEE A AEZhonghualllZ 3\ TGnla, DEP1, GS3:IPAL#E(ET 2%
WA AT 5720IZCRISPR/Cas9y A F A% ffiol. T DBIEFIZRD
B, M3wibtrofds ok s, WMpolEEzilEs 2 smEshcn
5. WHEE LAY OB (T0) 1230 2RI & Mk Sz EEZT
DHEFED5HTIE, CRISPR/Cas9y A F 2347 7 At # FHE 2RI
CEAURENT. WHEGR XN B WTY ) AR S N H413425%
(Gnla), 67.5% (DEP1), 57.5% (GS3), 27.5% (IPA1) 75 - 7z. gnla,
depl, gs3ZERARDT 2 IR OYEIZZ NN OBOHIN, FEHikEOEAD
M4 WibE, KEBRZ o7 £512, depl & gs3ZERAKTIIZNZNR R
M, RO FORNORBRMA L SN/, ipal Z8RAKE 2 20X
HEHMEZRL, OsmiRISOEMFHIBIZB W THFL I N L ZLITKEL T, &
BVWERLEFZVOIEZANTE . E51C, Dotk ) b REOERD
HERNEWI EDPHLN R o7z, 75 =7y MIEEICEMU O] Tl
X T2, ZTO#%IE, CRISPR/Casll & o THL—O#RIEFHiIC B W TERE
HUEOBEBOFMAF 2 BMTE LI L 2N L2, ZLT, RSO
AL BRI RSB 2 M2 BETRHEO R v 7 — 27 L3RI
BULEERNEOE L ) OWMEE AT 5.

[Li M et al]
Chinese Academy
of Sciences,
Guangzhou [
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k= b

ZFN

LEAFY-
COTYLEDONI-
LIKE4 (L1L4)

PN BT, FRICBWICB TR BT Y=y 74 ¥ T hATHRH 2
LI ETREOMIL S THEROFED 2O ICRERDOSNTE L. 20
FEICI) Mt 22002, b= b OFICK LCZENIZHES < Bl 2 B gs L 7=
2 DOODNAFGREA OB O A » ba rOfts & & HIZZENDEG Z ¥ —7 v
FA4 YT LB ETOEREACH LU CHM L. BRTYO 7=y b
% a— N¥ 53 EOHENFLEAFY-COTYLEDONI-LIKE4 (L1L4) 2% L
THINCAER L72ZFNIE b~ s OFEC— @I58 Bl s 5 &, BRI %2 9
Wi LC, JEHFAARMmREGIC L 2 REERBELRM L T, WA OFER AL
WCERZHBEAL. ZENOHM 2P #EH & T, BEOERKTATO Y
U= —%KHMZ L 725 TLILAE RS S5 N7z LILAODNAKES KA 4 »
D LR TOBRIOZEAIZREDOHFEZ &0 TRBMOL RIS D R H 2 1 HE
WAHDb, ChODHEE, I P TOY—F v T4 Y ZICEAEREAD
TOIIZZENO FTENEHTE 2 2 L 2SR LTEBY, PV AL—T 3
FUYH—F L M7 bOFENET 250 Lk,

[Hiloti Z et al.]
Inst. of Applied
Biosciences,
Thessaloniki )
P
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1%

CRISPR/
Cas9

T B RO AR
(TGMS)

NA Ty FRIZAFADEFEORFZED D DEE I Z LT 5. Zorh
TARIEO MR D R ORI R MBI D720 D TH 5. CRISPR/
Cas9¥y A 7 AP ORBALZIL B O 72D B SN I v, AR
TIXCRISPR/Cas9 ¥ A 7 & % i o CilE KIS AT 5 (TMS5) #i=T
VAP 2 A A L7z, TMSSIEHPENC B W TR b A B S v b Bk
ZHRBIETOHERORNIEDOBETTHEH. F L TR [HkEETT
HRESN TR W] TOGMSHRIN ZER L7z, #.72 5 I1ZCRISPR/Cas9 ¥ A 7 A
Eiolzy =7y T4 YT OEREADIZHIZTMSSD 2 — NI HBWT10
HOBEME ZHETLT, F 5=y bet 75 =5y NOREOEHLEN
ARG L7z, RBIS, B2 BB RE S (AR IE T
FEANTWARWV] TGMSES % FHT 27201 IEORVI VAT 2
FCTHLTMS5abT ¥ A b5 7 b &RAER L7z, Fh7zH I35 74 2 B RS o 4%
B L7t TSRS 2 Wbk L7z, EH &%, TMSsaba ~
A NT 7 FEMfo TRZBIZIMAOH L [FkEETTHREhTuiwn ]
TCMSRH ZER L7z, SDHBFEIEZ 22004 FQHWRIZBWTHTH 14ELL
NI OBANRICHR TR TH 5. 72D O EOIHIEAITD R
FOEMEKENET 27200 Tlde {, MAHEOMIBEIRET 27259,

[Zhou H et

al.] State Key
Laboratory for
Conservation

and Utilization of
Subtropical Agro-
bioresources,
Guangzhou [

45

1%

CRISPR/
Cas9

o

AFEWIZCRISPR/CasOi i IC D W CTEF T AT WA FDORME EF
TADRMICEZDT2DODY =y T4V FRy 5 —1C{#T 5, §—7
T4 IR Z =1, sgRNAFH ALY b, Cas93B Aty P A7) —
SV —=A =M ENS. sgRNARFE—DTaE—F —LiE—DT
OE— % — Ol F TGS NLAE5 % 32— F3 5sgRNAZ LR S 5.
CasO%tHiAty PEFE_OTuE—¥ —LiE D TSaE— % —OHET Tz
BEINLENE I — FT5Cas9 bl s, H—DTuE—y -
DTUE—F —ZIATBVTHENICHERT M E L E TR L2570
= —ThHb ABEWEIZDI—F v T4 v IRy F—%flioTEF IR
TERVIADRMEEF T ADRMICEZ 57200 ELRMT 5. K%
BN & > CTHEROR I % KIFICHMHETE 5.

[Ju C et al.] Hubei
Univ. H1[E
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1%

CRISPR/
Cas9

OsARF4

REEINI T AW L BET LEEM O 5T, FICA AORNORSLES %
THill#3 % OsARFABIZF OIS HE ST 2. AKFEIEA A ICBWTHBT
%, F—F Y VRUBHT %2 32— F ¥ 50sARF4% > TWwb. 4 2 DR OE
KEEXAZYUHL TN ZUHT H72DI0sARF4% /v 7 7o b T 5. K
JE W13 OsARFAB AL T T — NI B A 22 sgRN A % FI ] L 72CRISPR-
Cas9Hili & flivy, OsARF4A#t (=T 03— FHBUCIES 2 5 2 C, T-DNA% K
RLTHIN I VAV =y 74 225, #ETHIRZ A MIHORS EE
BBV TOHRHALLLWEND Y, MORFEOWEIIIKE LA LW
ARFEW O HBAR T & BAEHMN LT 2R AGME2H 0, P ONR %2 WHET 5 9
ACRKEREEE R

[Liu J et al.]
Fudan Univ. H1[E

47

CRISPR/
Cas9

OsLCT1

KFGEE, 4 ADOLCTIZ Y Y v s a—=>2, CRISPR/Cas9y A 7 1D
FIH, =27V Y OBHNC L7zos> TEEM Y] % # Y, pCRISPR/Casfilift 2.
Ry Y—%EL, FNEAFOHNVACEATL. VTV AV 2=y 2 H
EHT, VIRV oy 2 oMM E A2 ) —= v I A KEHIL,
CRISPR/Cas9¥iffi #flio Ty —# v 574 ¥ 712X 5TA +DOsLCT1% / v
77 RLT, ARITLALS Y AE—F —0sLCT1 & SRS %
RBEETZEETRVAMNEAL AOROH FI Y A5RISKIBISKS LT,
AR BRI RELEDLS VLD A AOBEEET R Y. A%
I ZR4T, KR 59, A PRV L) FIEED 5.

[Tang L et al.]
Hunan Hybrid Rice
Research Center

R
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7Ny

CRISPR/
Cas9

LA KyWe5-7 K
04 F—+€ (IdnDH)

CRISPR/Cas9¥ 2 7 L 13% { ORMICEIT SN TE LD, TRYICBWTY
J AREDTZDICHATELZNEAITH L. KFRTIE [V XV FA] B
WAL & R IC B W TCRISPR/Cas9y A7 A 2R L7247 ) Lt & 4 —
FoT4 v LI#ETOERERRS, L4 FUVB-5-7e Furt—+ti
fzT (IdnDH) D72 252 E L T2 2DsgRNA% #%iF L7z, CEL I
IYRXZVLT—ETvbf by =22y y 7 OfED SEHTAIZB W
TTPHEINDITFAERIEDGDHHZ LW LM o7, sgRNAL/Cas9% FEH
SN T VATV =y 7 RMIBER & FIITHIET A A S AIC B
WTIZI00%DZERDFENIE SN2, FF Y AV 2=y 7 HARERICBW
THINENALEROPTREEIZ] bpDIFATH Y, ZRNITHNT1-3bpD K
LR ONTZ. F 75 —47y MG, BENEY 75—y Mk v —
JIXYIYITBEILICESTRMIIL:. ZOME, Wbkt 75 —4
MEREIMB SN 257z BB ORI T FYIB TR 7 7 L
ED72DIZCRISPR/Cas9y AT ADFIHTE L Z L ZFAM L 7.

[Ren C et al.]
Chinese Academy
of Sciences,
Beijing [
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JL—7
TIV—=

CRISPR/
Cas9

GIPT

AW, FL—FIN—oDr<) VIHRINGE T LV EF AT 2T —
¥ (GPT) #MET 2 LICE->T, HPITBNWTT I/ 2~ VOE#ER
BHES 5 2RSS, HWIIBWT 79/ 7<) Y OXEEHEST L)
g, SRR 22 RS, EMSZERZE BE Nk, TILLING, / v 2
7% N HA, CRISPR/Cas9, TALEN, ZFN#% 9 #fsFimdesl, 721
RNATHIZ L o THESNZBIETHA L v ¥ v 712X - TGIPT 2 ANEHAL
THZEEED.

[Bourgaud F.
et al.] Univ. de
Lorraine 79 ¥ X
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50

kb= b

CRISPR/
Cas9

AL IFHDT 6
(DMR6) #+ v uzr

IR RS & 283 O HEFENOFE IR E . SRR LTtk 2z
B O OIS ORI 2 N0 AT EISEE L 7R v hE % )7
B D B, A7 B RIPE I B L 72 R 2 SR 2 s 5 2 &
Lo TR MZBWTT /2 AfREEIT VR T & 2 978 & 7 18 % 45
L7z #ilE, Y04 X FXFICBVWTRESHEEIL6 (DMR6) & IFFiEh 23 1
DDEEF DAEALIZ X o T OO EE IS 252 5 2 L AURE
N7z, ZOBETIREE ORI I R8BI LA LT, dmr6i#i =
TICBIF LRI FVBIRED EAMREE7Z2. PO S 1 DMR6-1
vy a7 TdH 5Solyc03 g 080190 b Pseudomonas syringae pv. tomato&
Phytophthora capsici® J&Hi 125 L9 5. A7 5 IZCRISPR/Cas9 >
AT A %o THRY MIBWTSIDMRO-LEE TN S BRI EED, 71—
LAY T PRI LUTRRALRLEOR 728 v HEEL L)L Th
5OERITRMBOLMFTIRIMERHAEIIOVWTRELFELRRIE AR L, P.
syringae, P. capsici, Xanthomonas spp.% & & 587 2 5 5B 1R L Tl %
w7z

[Thomazella
DPT et al.] Univ.
California, Berkeley

K
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1%

CRISPR/
Cas9

CSA

A F DA EBIZTCSAD ¥ Y X7 EORF & X 7 Lt F FEH % BRT
%. CRISPR/Cas9¥ A 7 MO WTCSAMIET 2/ v 2 7Y b5, B2
B, FRIHITAZ LK o THED A O RFEIZB T HCSABIET- DS
a2l LT, £ AOMMEATRRHEEME5. MAKERY, v 7279 boJi
#:1%, CH-CRISPR/Cas9¥ A 7 A l23DW72CC-CSA-1X 7 ¥ — & Gateway-
CRISPR/Cas9¥ A 7 A2V 72GC-CSA-IN 2 & —I12 X B MR {5 T
CSADFETFMEZ &L, AL, 4 FOHEMAEEETFCSAIZE IV
VAT RN OEGE DGR E 4 D RHEOLRN X B DEHED 20
KAIRORW v 772 s okt BRI 5.

[Zhang D et al.]
Shanghai Jiao Tong
Univ. HE
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TR,

DIV G-y

CRISPR/
Cas9

MLO-7, DIPM-1, 2, 4

)N = VAL ) AERMAGDETHHET AL ST, W
DTHLNDEBREBGT 2720, HLOREREEAT L2012, P
WX CTELp oMl e EMS TP E LM TO#EETOLILEEAT
LIENTREE Y, RIONALF T )0V — O HICEGIRE . S
FAIRNICL>TT ) AEORGT % EAT S L L TOMEPRVAY, f[E
D) DT IAI FORHIANT v ¥ LY AT TLE ) WiEtks D %
HE WOPORELDH L. E5HI2IE BHAEOTTEAR—-ZDCMOD
BHNCHENRT, SR LZ2BFEOEMEAHEL 220 Lhizwv, b
1, RO RO ANDOLERFED DI, TR ORBEMNEY v L R
L) v IO EHGolden delicious fruitDEWAH O 7T b 75 X b
K8 L 72CRISPR/Cas9V) KX 7 L+ 7u 54 >~ (RPNs) ZHEEAT S
LERAT. TR ORKEMEIZBVT) EARRANOIME% il X ¢ 57
DIZ, BEEZIRTVEETTH S, MLOTZIERE Lz, )y Ti2Bv»
TIE KRB~ DMM: % 58/ & & % 729 ZDIPM-1, DIPM-2, DIPM-4% /12
L7z, 8515, £4ADTF7 L) v TORERMEIH LT, HFEORWT T
F75 A DO, Cas9é sgRNAD TV I Z kil L7z, HEAERA D
TFA=T =0T Tl T, BT OIRA & RIEOHEE % AT L
7z. CRISPR/Cas9 RNPs#% 71 k75 A b RANEHEAT 5 2 & CTHfs T
FIXTHETH ), DNAZRMibARWS ) AFHETT Ry L) v TORY % 1ES
CEANWREEZ V2 & 2R ORS RIS 5.

[Malony M]
Fondazione
Edmund Mach,
Trento 4%V 7T,
|

53

1%

CRISPR/
Cas9

qSH 1

ARIEWIE, CRISPR/Cas9y A7 A% flio TA A DOFET- AT HL S & & Bk
L7285 FqSHID ¥ — 4 v 7 4 ¥ 72 X BB X o Ta AW # s %
BaX T SE 570000 FRIRFN R EE2RMT 5. Kk oSHLE
7213L0OC_0s01g62920 % 7213 0501208484000 I — NIk & 5 Ko Bsaa 1
YOI BN A ERS &, BYEY E & X7 ¥ —pYLgRNA-U3&
pYLgRNA-UbaZ#i% 452 &, N2 % —pYLgRNA-U3 & pYLgRNA-U6a&
FERRCH % &t 4 2 X 7 % —pCRISPR/Cas9% Wi 563 %5 2 &, 4 R ITHLR 2
N2 % —pCRISPR/Cas9% AT L2 L, bV AV 2=y 7tz 5
&, FI VAV =y AR E &L IEER AR CA R & FEohi &
o 2k, ZREORY & B3 5 2 12 & o TRIATHIER 2 RO
W% E R AR ERGHOERMRM AL 2 8, BT HEEIKE L
T L 22Ki 2 155 7201 R B HA DL BARO KW O RT3 5 1 E o Bk
A7) ZLEGL. ZONHEREWIRAEND ), BEEEETROZIEITE
AL, BIZTHBZ DY A2 2T H I EATET, MIET-HHER R
DR EEET, BIHAEEPKREMT LA LA Ao fmfEEHiLw
MAGDLEEMDL LD TE L.

[Sheng X et al.]
Hunan Hybrid Rice
Research Center

rhE
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1%

CRISPR/
Cas9

OsERF922

A ADA EFIHEIFIA FIEEE L5255 L BB RHATH 5.
HEOMMEOMFIE TN ZHET 570D o & B FEFHTHRD LIk
THAIENHPHENTVS., FA7zHIE, 4 & DOsERFI22#E (LT & BEWICT
%CRISPR/CasOFiFI 45 By X 7 L7 — € (C-ERF922) ZFHTAHZ L TA %
DA EFHANDMEEYFHE L 722 L 2WiET 2. 50HOTO M VATV 2=y
7 W2 521 DOC-ERFI2212 & o THE S N B E RN (42.0%) 255 &
Nz, o h—yv =220y v 72Xk o> TINS ORWIZEER BRI K~ 22
FEAEREDOERZF > TWH I ENBW LM% -7z, CERFI22IZL 5T
FHEINDHWTBET OEROTRTHRMANZE SN D Z L 22D
RL7: EILOVEETBHiZH - TwWaAA, BASNLDNAZE T R WE
BRI AT1 ET2 DG L > THONZZ. 6 HOT 2 XEHAEMOE
HLRANE A EF IS DM FRIIM & k% 22 B AR ICOVWTE S
VR, RIEH O BGDOBITTE SN 5 A T F9F OB O B B A4 B o 4l
WEWRLTHEFTOOMGTOEBTRELMA LA 25121, 6D
T 2 ZERARBHE & B AR OREY O B IE TR 72 A0 2 PR C D TR & 705
Widmros 2, 3MOIMAITEREFEONY 15572912, Cas9/Multi-
target-sgRNAs (C-ERF922S1S23 X OFC-ERF922S152S3) #fli) Z &2k -
TOSERF922D W2 I D & & B2 L 72, CRISPR/Cas9lZ & 5 #fs 115
il A RIBI A EFHANOMEZMLT 27200 HARETHL I L
ERI2 L ORRIIRL TV S,

[Wang F et al.]
Guangxi Univ.,
Chinese Academy
of Agriculture
Sciences, Beijing

rpE
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1%

TALEN

1 %7 & M IR AR

DNAZARGEYIWI K 3 2 MM 2 (HR) 1 X 210540 % 8 U 7250051
RERF IR O ) ARREITIEETH D, 4 RTBITHTALENIZHEEDO W
HRIC X 2 EETEH L LT, TALENERE T 248 %E5L K- —DNA%R
flioT, B72HidAf 207 & M AR BIET 2 DD R ERER &4
D, BREHNCITER A R ORKEMES 72 3 OEBRTTALENSEE T % &t
DNAY FF—DNAZ A 2D HIVANEA L7241, 14 - 63%DRHETT 0 it
fRIC BV TOSALSD 7 % R 11 2 F52 9 oY) % #4472, HRIC X - THE
NENDEETREET L RO THRANEET Z. ML ST 1 HPDIZHRY
BREHINOIEE R L, SHROMY EH UL S WBEENICER -7, &
DFEFIE, 4 FTBWTTALENIZ X o THEA S5 7 A fEOFEBIT gtk
ZAWIL, Mo X2 L7 —BIZHD W27 ) AREICE 2 Sl iR 5.

[Li T et al.] Towa
State Univ., Ames
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Ty AA

TALEN,
CRISPR/
Cas9

7 LR R
(ALS1)

MFEMIEZ HR) ICX 281557 v 71 ¥ 7 3HELIC WA, DNA
BEDO 700N % Jidkhrd Lk v, BEFF =7y 74 v 7L 7z
WEBEZ WilRS 572012, Yy A4 EDT & FALMBAKEEE 1 (ALSD) #{5T
2R & AR X 2 LT —¥ (SSNs) & BHOR ZHAT 572
WIZVaI=vA VAL 7Y ary (GVR) &flio7z. B, BEOFHHIX
ALS 1 ICBRHAHITHEOVEE 20 53 2 720 O MR ERZEAT 5 72010 5%
Fr& N7z, GVRs#%fili > TH & N RIEIRARORIWE, BREHINDIKZ VDS
G R BFEPAMELZ LI LDOTEDLMERERZFi> T, —hT,
Ly 2 T-DNA % ffi > TR L 2R T e R B R A Ff > THE 5 3,
WPHERIE W U725 7z, TR L2 o mA L, BREFINOBRZEE LD
RKECIKT S RBMALZ B HBREROMHBEEHE L. ool
BiL, WIANT ) AGEOTOOREEZBEAT L7200 2 I =T VAD
EHOEMEZGEA L, REBMT LB 28T =Ty T4 7D
72ODOH L\ hikE R LTz

[Butler NM et al.]
Michigan State
Univ., East Lansing
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AR

TALEN

FAD2-1A, FAD2-1B,
FAD3A

A MO O % OO &% T &, RAETREIH & o 5 &
EOREMELBINS T, REMWGFHEZLE TSI WTEIH L. ¥4 X
MEEBEDOLSMATLF Y /) — VL) ) L U BEHEATHT, ZNDEEL
W ARREND BN L, S OMBEEE N RRKFEMIC Lo T MERTE
72, LA L, S0 AEKRFENIZNT v A BIBoRAZBENEETLE Y, £
NSO DR A E B L CTwiz, DN b 3Rg T F 25 —¥
2-1A (FAD2-1A) (FAD2-1BEIEFIZ/ v 7 77 NERZFO A4 X%k %
e L7z, €D 54 ARMTIE— AL LA V8 (181) oD AL T
)=V (182) &V LB (183) OmAEAD Loz, AR
T, VL YBORE S S & 572012, FAD2-1A X FAD2-1BO
FOERIENE T F 25 —¥ 3A (FAD3A) OEREMAENRL. fad2-
la fad2-1b% 4 ZHP~TALEN % HHEA T 5 Z &1 X > TFAD 3 ADHIC
WA L7z, fad2-1a fad2-1b fad3a% 4 X ®iliidfad2-1a fad2-1b% 4 X &
W3 2L, VL VEBOBRENEEIKL2 72 (47%I12x L T25%). 25
W2, WEY 2 = VEBOEIAE RIS (B1%ICx LT27%), LA VgD
I FIE D 272 (T75%I128F LT825%). A\ kiifsT % & £ 7 \viad2-1a
fad2-1b fad3a® 4 X /MDA E SNz, AFEEFFA LB THEZ A
HERDL7DICHSNHRN 2 X 7 L7 — 82 M) 720 ORI 72 )7 = 4t
T 5. FONTEEMES0% DT LA VEEE 3% TFDY J — VLY
LU BRR I NS,

[Demorest ZL et
al.] Calyxt, Inc.,
New Brighton >k
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15

CRISPR/
Cas9

QTLi# =T hE

FA ORI BV THRIEWHREE T 272008 o L b EETHEMEARME
BHThsb TNEmOWEO#ETHE (quantitative trait loci, QTLs) & L
THONDELE L DBIETICE > THIHENTWA I RSN T WA, HEk
10ETHEWICBOTIRICEHBL TV A% L DQTLsHAME S 7z, Ll
INSDOQTLsIF A 2 MR 2T HICBWTH LEE b 72 5 303 A B
Thb. AETEIRAZEESD2DELHEREINTVE A ADMEICEWT
CRISPR/Cas9lZ & » CQTLZMiE L7z, 2L C, [FUQTLA YL % #niTs
RICBWTH T OINEICH LTS A, LEIC3HSoRREe5 2562 2R
L7

[Shen L et al]
Yangzhou Univ.,
Yangzhou H[H
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1%

CRISPR/
Cas9

445-T 4 VEN
Yoy IfE-3-
DI ST

(OSEPSPS)

W D7 ) L OFEDBIETHIZBWT, BETOWF Z2ERT 5L L
fEFOFAZITR) S LidE THHL V. AHFJE TIENHEJ#H & CRISPR/
Cas9¥ AT A &flio TERZELNFEORVA v ba X > TSNS
R RN 2B R T OBEB LA LaERET 5. BT 24 bura
B & 3% — 1 DsgRNA &, ZDsgRNADEER) I % & T K5 — DDNAD
MM ST, 4 FONELEBET5-T /A VELVEZ VY F I E-3-) Vi
v v & —+ (EPSPS) HIZTFIZHB T 2% M CRET IR ZEK L 1
ODA v ba v EERE L7721 DODsgRNA L ZDsgRNADERE % &t
F—DODNADOFHR % ffi 5 T22%DWET Y — 7 v 7 4 ¥ 712 & BliET O
AbIT7 o7z B L 72EE % FO0sEPSPSIEHIE T2 &t A4 2 ORI 7Y
A — M2 o720 512, AR 28 5T O & 3 AR
KRRz SNz, CRS0H LB SN HEE, 1 Lokl
CBWTY =7 v 74 v & B8 T-OW R O & S RDN ARSI % $f A
T 572D Iz 5.

[Jun L et al.]
Chinese Academy
of Sciences, Beijing
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XvYa
V— LA

CRISPR/
Cas9

K) 7z /)=t FY

y—¥

RYVAN—LADE6DOHIE) T2 ) —VEF I Y —EHEFO 1 DIHIE
ORI ERZ S BREEEDB0%BD L. v ¥ ab—Ahkml
HHONEL R, AR AYR 7%, CRISPR/Cas9% FIH L 7= —
A THRE OB SN BRI o R OF. KENZCMOZ BT 5 72
DOBRZLHEL TV 5.

[Waltz E]
Freelance writer
based in New York
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¥y
aZ2avi
TI—=

CRISPR/
Cas9

T 1 CsLOBP#fn 1o
THE—F —

Xanthomonas citriffifficitri (Xcc) 2391 &k 35 A & DB I K5
DORHEN 2 A & DO WA LTI A TH Y, #HRIIIKE
GREFEMREEEZ S5 LT0E, BERICHEZ A EOHOMMEEZES
i, DA E OB OMEN TN R IR R IR 57259, K
W% Tl, CsLOBI1 (Citrus sinensis Lateral Organ Boundaries) #fz ¥ ®
CsLOB1 7t €—% — (EBEPthA4-CsSLOBP) OH®DPthA4T 7 =7 ¥ —fs4
%4> (EBEs) %5552 LI & o THIRICIHMER 7L —T7 Vv —> &4k
52 LIIBI B FHIET S, CSLOBLIZA A & DFIHEIRIC & » TEEZ
ZIRTVHEETTH D, HEENFPhAAC L > THESI NS, PthAdld
CsLOBLEETF D3 % HE§ 5 72D ICEBEPthA4-CsSLOBPA & 5. %
YH YTV =TTV —2IIECsLOBLOHIZ 2 D DX EE T 7 4 7T, 198
HbH. KT, F¥oH 7L —77 V=20 RO EERIC X 5T
% 4 71 CsLOB1 72 %E—% — (T1 CsLOBP) ®PthA4EBS%Wii#i§ %720
WA F ) =Ry 7 —%%EF L7, EBEPthA4-T1 CsLOBP DL HERA L A5 i
BHOADODVIV I VATV vy ¥ A Y RMABES N, ¥ 4 71 CsLOBL
THE—F =IOV TIE, EROFIZ15.63% (#D13), 14.29% (#D17),
5454% (#D18) ~8125% (#D22) 72572, WAMOXccDHFAT TIE M T >~
ATV 2 H YT L =TTV —IZEER L LX) IHEE O RER
HEN7z. NTHNC%RT L72dTALE dCsLOBL3IE 481912 % £ 71 CsLOBP
LT, EREMD Y 471 CsLOBPZE 7213 % 4 711 CsLOBP% #¥ik L 7
V. INEY U OBEERIRRICIER S 57201 L7, #RIEXccA
pthA4:dCSLOBL3DFFAE T T#DISIXF Wil B K OIEIRZ /R L, #D2213 HIC KR
A BB OREIRIZ R 2> 72, PthA4IZ X B8 % 1) R4 W il{E 7-CsLOB1
D 1 D OFLBEF DAL IE A EOBBHEHROF LI 5 THY, A
& OWHRBBIE \ME R R % 15 5 720 1213CSLOB1O W 5 O xf 3l = -0 7 1
=Y —DERPTLRAVETH LI 2RO T = Z I3RS 5. Kif
JEiE, RCas9/sgRNAIC & o THETRIZMHE L 20 A & OH O Ml % 1ES 72
ODOEL % D1EHD.

[Jia H et al]
Inst. of Food
and Agricultural
Sciences, Univ.
of Florida, Lake
Alfred K[
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BREEZ SN T AREBRYICET 2 WA 65

W3, 4R L SRR ERWD, R,
B3N BER, TEMZED7 ) ARETHYIZOWT
BMEERIT R 072 TNHITOWTIEE H IS E AV ESE
s BT AR ZEAT - AL DR — A R—= VDL RET
EL2LIVCTHTFETH 5.
BEHEEZOND T AREBWIZB VTS —
7y MRETFICindelSFEEINT 7 L—24 T 7 M
X258, HLOWRTF FPEEINLTHEEND 5.
20164EICHEI N LICBWT, TRHEDXTF R
T BT REMED & B BRI O TRA 72 B DSa R 72 f
BEROhTORBEES, 6 12T L. ZThsoh
ZIE, MSCTICERBRE N T W BB T — & X— X DL
e =B LW r—A0bo72. Ihbix, =7 b
BIEFOERPTHICEFSLo TRV EEZERT 5.
COXS %7 AREBRYEERE LTHATAZ L
EZDLEOIE, =7y VEETIZOWTOEHRE S
LICHFESEDLIENLETH A, FIL, ThHoor
TFRBEYT VIV Y EMANE AT LI LD
INHORTF FEECERYICHEkTsEMEEL
EEIZEMT LVF—OMENREE ZREND L.
=, ¥—=7y MEETFAI—-FTEHT08 YN ED
NEAFEREW T LVA v EHEESH 5 &, T
DRTF Ry EBRICEWT LIVA 2 & ORI & RS
AU —AWHotz. TNHEDOXRTF KOFHEN LD ¥
URTBEDOENLID B EALTWDE, YT LILF—
TR TIRERH L2200 Lk, TOXHITHc%
MERD LD, ZNHEDORTF FIZOWTIEFm LR T
Fo /K FRDB%L, ZOMEIBAALN TS Z LI
W7 7 AfmEBMY E s LTHMT 2 &
EI2IE, TOX)BRTF FOREMNZFMT LI &8
VETH 5.

20174R ISR R S NG SCRIFFF IO W TR B 2
77> Tw5. SciFinderz2MEFE LIz &Ly N D
HBEZKSIIRL. oy MEEHEEZEZOND
70 DR OME AT B L IRET S, F—
77— FIZ “CRISPR pig”, “CRISPR cow” #Mw5&,
v MLIZ20164E Y — 2 & 2 Y, 20174E B L Tw
b, L72hoT, BHEEZOLNLT ) ALY O
WMEHL2016EN =2 TH L ETFHENL. —HT,
“CRISPR plant” #¥—7—F&35&, v MU
20174F F THEMASHE VTV B A3, 20164E 2 520174E 122>
FTIIEMOEED S > T 5D, LT, AL
ZBN5T ) MREMY OFRE LD 20174E1220164FE % 1+
[H] %75, 20154E% 520164E 1220 F T OBHINIIZ B AL % v
ETPHENS.

4. ¥
BEHEZZONLMEBRDOMELLHAB S h
T, ZNODOWREIIERITIT b TSI L EZH LR
L7z BIZEZRANS &, PEPERNICEZL, 5%
OHEOBANTEH T 2 UENH L. 7/ AfEOTFL
L L TIZCRISPR/Cas9y A F A% flibh b X 912
HToT&X7/, LZAT, =747y M#EIET Zindeld iF
BINTILV—ATY 7 MR ED L, FHlLTF R
B CEEINTLE) ZENEZLNS. Ly
L, 2OX)HRTF FIZE@mhTF o 72 L EED
FoNTWhadhotz, 7 AERRY %2 5 & LTH
MT5EXNEIDE) BRTF NORENEZEET S
ZENRETHS.

Ltk b kR ARAS & kG L CTITV», & A EREY
% G LRSS 5 O BRI & J03 L CRM oL ek
FEERIZ D 22 1T 72,

5. e

RIfZEIE, TEAS BRI e BB & [N A+
T 70T — AN IS S ORI B S S B
78 (H25-Ffh-—#%-015) ), (N4 F 727 /0y —%Hw
THEOLNEMOY) X7 EH R O ERSZEICE T 505t
(H27-£5h-—#%-0041) ], [Hi7zmn "4 F 5727 /0y —%
HouTHohaERmogeWiire VA7 332 =r—
Y a rvoizoolfse (H30-£5h-—#%-007) ] o—B& L
THERL 7.
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[EnE ) AR Bt 1 (= k5 . . - A DV T X
No. Y (zzvr?) AT N ORI O =
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SR F 5
2 LT,
W
5 |
EE
10, -34 kb .
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Topics from “Food safety information (Chemical)” in 2017

Miou Toda’, Chikako Uneyama

The variety of international traded food has increased, and also the quantity has drastically grown.

Therefore, the food safety issues occurred in other countries immediately become global and/or

national issues and risk managers have to take control measures to protect consumer’s health. The

division of food safety information publishes biweekly bulletins named “Food safety information”

which introduce the latest news such as new rules, alerts, outbreak information and risk assessment

reports released from international organizations and food safety authorities in foreign countries. These

bulletins have been available for risk managers and public since 2003. The present paper provides

overview of some topics selected from these bulletins in 2017 (e.g. novel food, acrylamide, bisphenol A,

peanut allergy, food donation, dietary supplements).

Keyword: Food safety information, food chemical
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