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< SUMMARY >

Purpose&
Contents

- Establishment of plant DNA extraction condition using bio-ceramic cubes
- Establishment of DNA storage condition using superior ceramic cubes

- Development and commercialization of FTA card type folder using ceramic cubes

Results

Numerous methods to easily obtain DNA available for PCR such as heat,
microwave, and NaOH mediated extractions have been reported. However, these
methods have drawbacks that the extraction efficiency of the genetic material is
not uniform, and reproducibility of PCR reaction is low. In this study, a new
method for rapidly isolating PCR templates from plants was developed by putting
a porous solid phase (Biocube) in contact with a sample, in which the templates
of interest are sucked into the pores of Biocube. The Biocube was directly added
into a PCR tube as a template without a solvent extraction process. In order to
examine the absorption efficiency of the templates, the 14 kinds of Biocube were
constructed with different combinations between main component and
manufacturing temperature and subjected to evaluate their compatibility for PCR.
In the case of total DNA from leaves, stems, roots, and fruits in plants
(tomatoes, peppers, chinese cabbages, water melons, radishes) all of them showed
similar results. In contrast, using the purified gDNA varied according to the
main component and cube manufacturing temperature. When Biocubes were

applied to the pepper leaves there was a higher amplification in the PCR product.

Expected
Contribution

- Improved sampling speed for MAS at the breeding site (more than 50 times)

- Significantly shortens the time required to extract DNA (more than 50 times)

-DNA can be extracted without professional manpower and expensive
equipments.

- Applicable to forest resources, fishery resources and animal resource breeding.

Keywords

Porous Molecular .
i ) DNA extraction [PCR
Ceramic cube |breeding
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Zlol ZHol| w2t ZEe| =R o=zHE U2 DNASE
BHH Ol marker assisted selection(MAS)O| AIX|St= &

o|Zal EHA|zZio| REFEES =Asts gHel
40| Fold. EAFSI0 ALES=E= MAS ZpYolAM JHE S2et A2 Y2z sh= 2ol
=2 FE2[ DNA &2} PCRY

= I 7|28 ez OAlEH 2, OMEZdH(cell lysis), @S
o ctHZ o|F0o{A. ZEoict ME=XZE 2 DNAT O o2t st £&

—_

O AlZx|olA DNAE &2|5
=M ZoA DNAFZE S
gheo] =24 ClE.

_ o

X EtAE AHXZ| 2o MES HAZE olod,
, membraneO|L} silica coated magenetic beads 2

O TemplateZ DNAE =H|
-

O TissueLyser2t &2 AlE =2z oM ZHH|L} magenetic beadsE 0|23t Rtsst =& 7|7|8
o|3E 4%, EA0I7 EAMof| st DNA FH|= At™MozZ ZHASHFigure 1). 124} DNA
FES M= 1ot FH[2l oL ME FHES U2 MEQIHo| ERE ot o2} cf ¢
=2 gHHOo| JHHE Actn EX[2IE {M3s| AlZtzEt H[EO| Bo| E&= EHFol A I

ot

Figure 1. Leaf material can be disrupted by grinding in (a) a mortar and pestle (b) with a
pestle in a microcentrifuge tube, or (c) by adding a metal ball to the tube and grinding in a

(d) Quiagen TissueLyzer or similar equipment.




O DNA ZXtotHE 0|88 marker screenings floiM= 2 7HAE 7t Tctel 240 Zet &
< ot ofl 2} &It BEMFMEIIe Qo o AMAzZiez EA EX £40| st
o al&5sh Az M FH <2k DNA F&0| H28

O oz |FZMo] ¢

CHE S 95 shuttle breeding?l ZE2M0| HX[Z JUASS THE ff 3 E= ZFAHE
Z%0| M DNAE 24 T [

O[F7Hx| oHM&HA 7RIS = U= HEY 7jeo

O &A™ commercial breeding si&oA= A 2XtEXof st R 2M1} dHiol#A Y F
2 E HHES=Z AZ HAlsts A#ED ot 2t 2122 A|ZoM EAMd|of st= dRE X5 gt
Mst=0l, olE 2Isl 7|&2| DNA FEHE A5l A2 AZHA A<k o 2ol HEsHx| £ o
7 23

O AlZXMZFE DNAE Z2lsot=d B2 AZIo] == A2 7|28z o, ZH™, EtOHMIA T}
¢ =He o|de HiE eS| 2. £35| 7|2 A wHolMe= =3 opf Yol 58
Moz zmetg|&=r|, ol= SM2=2 35t= DNAO|2Joll M=, PCR Xaf cheizl S} Z+2 ciekst
2 EXE i LEAZ. Zodo=z =F oiy TPMo| AHAIZF Al MESE 2EMH2 A
el elelez =3

O Znxo=z PR B2 Aaliste ol EXE HMASHH e Alztal =2o| siZE=x &
=CtH DNAE AlLSE Eelstes A2 o4Ms| A efo| mE £Hiol S (Figure 2).

Grind tissue
AddEB

W
Chloroform
extraction
andtransfer 60min
aqueous
phase

v

[ DNAprecipitation| 10 min

230 min

at e0C)
h 4

| Ethanolwashl 10 min

ate30min

v

| DNA clean-upl 30 min

Figure 2. Flowchart of five major steps of the DNA extraction method. It takes 2 h and 20

minutes hand-on time to complete a 96-well plate. One technician can process two 96-wel |
plates in a working day.

O SZs&0M= ALE5t= PCR 2MollM AI2E= template?] 20| 2ol F=7) ok, 7|
Zo| MAMEHE AI2SHH =R oMoz B 249 templateE: HA =11, Yo template=
ZAute| mERIS 2T 0|F 2o HCl2 MAMIE AL FZ DNASl HEao E2 2M(ME
a7F 2 H|E)J} e st




O &3] MddsMdE8 Felrcolut =elst FMAIROAM 5 &1 HAE EXEXE 0|8E &
Me BEME otHLE, SMHE 22|Rct E= ZZEOAM 270 ME Al template DNAE 2l
stH| =[5l okst= AtEt0| AL gAY |

O &35 ZEolA DNA MEZ A Fsts nPE2 Chx HAED AlZbo| ol Zel= HHE0l s, AR
o Flctofl CHEH DNA 24 E|AEE St MEZT=S & M 2 96 well SE0|Eo HY &= MHES
MFstod EolE FHo| AMUES. o ntHoM FE¢ 7Ho U E MES =Zl= ofdHolE
eHFigure 3).

O 96 welle| =2 FHo| MES 2o Y= YoM YE20| CIE2 HSZE & 2 S{IHL 4E718|
Mol= 2271 cis gds o= 0t7 HAE o|F 5o JIME HEsHAH Mubst=ol AZst of

2 Zst= felol

HE

(d)

Figure 3. Leaf material for DNA

can

be collected using (a

) a paper punch, (b) forceps, or (c)

a biopsy punch. After collection samples are placed in (d) a 96 wells plate for grinding and
DNA extraction. (e) Leaf material being collected in 15 ml tube.

O e ZFoM MuwstA DNA MEZES AMFst=d 2430 US(Figure 3). MF= A=A MEo|L}
HEOM FEE DNAER 0t BM2 & £ e AHMPIX| ZHA|ZE o] Ssokst. o] ZpHofAo 2
st= DNAS| EaHE WX|st7| faliA AlZx MED FZE DNAE SA| M Eftsiofsty, HS
Hefo M EZ 2 0| B FSdlokste HAHAZRFO US.

O ZEEXSZE 2okoM PCRel =24 ZJI2 2lsl PCRE templateE S|TFOA FTL
DN £2 A AMF st DNAE AlESHA 2elsks dHo| HeE . Shuttle breedingdl HEH
St =|HM F£3% DNAE EEe WS NMZ glo] &7 2o g3 HAdE 50| Jtsdt gh I
dro| Z st

O m&ol PCRo|l 2%+ 22| templateE =A0| e mf ojct Zicks| &2 = UCtH 2follA
oAgsh MM EXMES &4 HZEe = U2 WY, ol €2 FHoZ AREstl Ue 7|
=2 FTA 7tEE 0|85t XY,

O ZB{L} FTA 7I=9| EXHEH2

1) ez ZWHE & o &=0 =2[Hl Fa|7F Zo| US.

2) BUS e HEAMES A 2mel 37|22 =2fst He

3) =Z2 templateZ AW FUS e W, AExZ EM, FE5t= Al w2iA
PCRe| &% Zzfo| xsidol X5,

4) MeMds =0|7] 2siM ZFHES St HEMOZEE DNA HAH MFZots HAHAZZR by
g Hxl= 2H7F US.
wt2lA PCRE O[-E¢6 DNAOHAH A2 9I5| DNAE Al&stAH 2218 = e LA 2}
"iHOo| ZRSE A|M™l.

O FTA 7tE9 CiM g didE = Ues MZE2 7|HoZ ASst AlE Hio|2{A RNAFES Qo 22 =




U A7|HollM 22| 7|82 WLt clkad Mz2ielel &2 JhsMo| =2 ZHez mohE | ClaMd Al
2t F = (BCS folder Biocube system)= DNA £& P—Pﬁoﬂ/ﬂ AlZhol = 53HE J[& Bo| 75=
AE BN, MEY Edf, Ex-EMAHL U™ E AXX| 21T AE HE oo SoJU= oS M
Moz E sl= MAO0| US(Figure 4).
Cd
¢
ooont!:g 3
ucoeuae.,
noooooﬂ.e
A resseseietl
B C
O clasMd Mzl FEE 283t AlE9 RNA Hio|MA F&of it AFE2 EE1 2L, 0|8 4
=0 MEst0o A= DNA F&o o[E8 A= %S
O &EAg30 UM DNAS| M&Estn MEFH EE|ot A2l =& Jis oF s 2 AS Mutx
Mol 28 25z 59 FHos 7|47 7ksE. ol &, claMd M2l REE #3s 2
ZE DNA & =7 Egln olo MEst EY cigA Mz2ie AEe Mutn pCR HE gt
of & drot 7t2dl stz E AR J|UiE.
3. Aol e
O Hlo|2AMI2l8] FEE o|E8 AEA DNA F& = &g
- ZYoM B35 3= Us 57K YoEE(1F, EolE, £, FHb HiF)E O
oz tfzel claMd Mzl fE AFElHdE S8 =Y DNA FE2 Mg sy A2ty
e Mg
- CI3M AMzfel FE2 9HES PR =7 &3
O 2% Mzlu F2E 0|28 DNA B = &gl
- MukEl gkEE M2l FE2o DNA NMA =it ME V|ZF HAEZ FI|ZF oS DNAE
et = Qe =AH &
- PCR 2t =7 =Eloz g 9hEY Mzl RAEE o|8s| F&¢ DNAE templateZ ALS
5t0f PCRE &5t EZ a8 SUZ |EEe 2X53 1Y & MUnde a8 3ois).
Mzlal 32E o|83 FTA 7IEYH Z0 e 2 HE3}
- ME MF T HEZo X2|gle one-step ZC{E DNA extraction HMZE 7Hgt
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2. =2l Tl=le

FA=WFE D-04
1) =L MMM 2 AIZF sig
O o34 Mz=a /2

- Cta3d Mete AE2= MA =2 E22 Jlest PCRE FEE AMHot zZHHsHH 2elE A=
£ DotE ct3M M2t Axfel (a8 1-A & B)

- Ct3A AMziel f2 7|39 37| #H §4 =EHZ2 &3 PCR % RT-PCR 2+S X5l
2 MHst 7|5 A7|Ect 22 ME==t™ ZXAH(gDNA, RNA, Plant virus )& &8

- O3y Mzl FEE AEAH o AYE WE(OE 1-C) Cts M EAIE SFE
Mzial FE(38 1-E)E PCR tubed| Y31 PCR EE= RT-PCRE mixture2t e
2 $dsto] Zo(a8 1-F)E =g,

- Ct3d Mzt REE 2328t MM EX FH| ¢8#H2 I3AH F JIK=Z Hs = U
of =Y ®g Fae Z=d|stHLHIE 1-C), DNA EE= RNA £ 2 2Wg 0|24l
Mot chE YMEzZ|IstE 3ot MSMEZ Biocubed =5 FO FHS FH|5t=
1-D)0| AUS. MX= 2Fe| Alg EMol etstn EX = e A2 2Mof Mehst

| X| ot ct=d M2ty FES| A= DNA F£2 38

cube
por

O = |34 =XEX

- RSl J|xe MES = S92 Wl YWHO| MLUME 19004 =0 o] =22
2 AFEe, &3 RN Y, 52 H HE ALE, YdEt R A= A 7Y
do= ™ MA = SetYol SH SIS0 =T, J|sHatet SAE
2 M MY s=0 BE o0 US(HS2XSS HU7l=, 2014)

- M=o ROUH NYES Lol TAEUM, sd#o| MYS Sl ofFoM U
DNA €7IME 24 Zlglel &T|xjol wetz MY HEE J|eez 3 ZAEXE 08
§37|&2 &840l &5 Stst AS(MEEXES FM7|s, 2014).

- X Hio|3jA ZEhE oisd M2t f2o #8382 dSEHU2L A=A DN FES 2R
0 2z




Y AMEE Muisto stE JHME Mutstr| oMo E@ZE HAE DNA 2EXIEXZER ZE FEH
=71 72 FXE (Homolt Hetero)2 olg| EFESto 24 25t= WA (WA eMolLt $EE 5
O Holk 2FIA)E Metter = U= %@E%% =0l 7|&¢

- ZoMo 2 7|&=9| #A(A|Ztn} H|SO0| ol E= EHE EAM)ol H|s| DNA EXIEXIE 0|
st 2XgE 7[5: MES ST Azizt v Er7|dcez HZzst=d =82 FH, PCR
(polymerase chain reaction) Z|=xfe| Zes2 Soll Chekgt deiel EAFEX[(CAPS, SCAR,

= H2=
SSR, SNP S)& &8< = U E22M tES 2= S42 flet 2N 7Is2 A2l

St UAZ.

r

- IHME B, 3, AF, 8iF, 8, EOIE 32| F2 A= |§4 A, IEI dE DNA =
AtEX|E O ol H 2 &35 Lol o|FoX|1 e, Z3E 7ot st 02|10 ZR3
AL OIME 2A]E 82 0|14 S YA el 2XEXE ME @2 =¥2 7|2
oln AUS.

- O|XZ DNA EALEX| AT} et OITOrE =AEXTE s 4 SM(S3HE oHF 2
etz g) mzZolod, [ ZR3AL X AFoMs 2ol el |3 ZF A= 12hllAM B

SR3A &
Al= 1002t of&tel PCR EHESE St A2z 2N UF.

O A& genomic DNA F£&H
- AlZ2| genomic DNA(gDNA) FE2 FA AlZ O A, oDNA ZeF 2 MIECHH | gDNA 3|5
HZ FMHEO U1, CTAB bufferE O|SF FEMHI silica matrix Z[2F DNA-binding

columme 0|28+ DNA EHFEF ghAlQ] T2 0olg HI Us. TR} FA= 42
solution-base method?} column-based method2 &=2|04, DNA-binding columnE O|Z%t
column-based method® 7lollE =Fstn FoiHEct He|M 2o A8 MES dckrE

ARG UAF. Eet #f F A A ASEU(7[E ol HE FEol HMEet magnetic

beadE 0|&¢et F& LA 210 US.

O AAZE E4 2 2T A= oA & 2 IR

- BAEX 24 Al F2 Fgof 2 JH2H Stk PCRol E et

£ e, o2 I ZSEIAOIME ZEH TiEA
st7| w=oll S 7|17t W(2E = 2T AKX
(of 5~302F &) E =2A{sHoF &

T8 (template) S EHESE
[7|7F H| =5t cigfel =}
| 2~370& o|uff)ofl Cizke I

Fru mlo >

- DNA 2Xl0HE 0|28t marker screenings fIdiMeE iz ZHME 717 ZEcte] EMo| HesH
4% ot ot el 3L EMMETIY 2R olsl AMAZtez A X 2AM0| HRstni, o|E
sl MESH AR A F| 2k DNA FE0| HRE o2 F3MU =HE2 26l shuttle breeding®l &

Aol HA EEFEM‘I el == A2l EZolA DNAE 24 o|XM7IX| ot™stH /Xl & = Us X1
I Jfdto] A2

- A commercial breeding &M= §H EXIEX|0f Ofst KXY EAT dlol3{A ZY &
FE HHESZE AR AAlSts HAEDE ot 2l & 2e] A|Ro|M 2450 st T AT &
Mst=dl, olE <lsll 7|&E2| DNA FEHEZ AIBSt= A2 AlZHA A<k o 2o HMEtsix] 2 &
o 2g.

- CtEel AlZoAl gDNAE AlEstn ZHHESHA F&Eol= Wal2 9ods| Xss7|7|€ ol Est=
ZOo[Ll, gDNA FEo| E&= TIJte| ZH[eb Alek Y AR E S92 Qs H|E ArSof o 2o
ALZo]| HSto] US. ZA St L ST 2 MA F2 S22 §39 &9, 2AEX 2
M Mot A 2 o Il olael Aez Y Usd, 2 g Zeish 2-370e ci=x Y

>
> Hm

(=}
Hl8T M8Xel EH 2o

of slsl = ZE AL, IJBIATA, tistn MM Sof
DNA FE£& As3t7|7] 20| Xl £2(28 2).
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