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SUMMARY

Weedy rice is reported to possess useful genes tolerance to various adverse
conditions. Furthermore, the sterility problem is not encountered when crossed with elite
cultivars because it is genetically more similar to the elite cultivar than wild rice. Tolerance
to low temperature during the germination to the seedling stages is an important trait for
stable germination and early growth of rice plants and also during the booting and heading
stages in the low temperature area. Particularly, in the case of direct seeding cultivation in
the low temperature areas of Korea, germination and early growth of seedlings take place
under relatively low temperature conditions. It is thus necessary to improve the tolerance of
rice cultivars to low temperature stress during those germination to seedling stages. The
advent of molecular marker technology such as RFLP and SSR (simple sequence repeats)
has accelerated investigation of the inheritance of quantitative traits. In rice, several research
groups carried out the analysis of QTL underlying cold tolerance: seedling growth at 18 C,
seedling vigor at 18 C, and cold tolerance at the booting stage.

The present study was conducted to identify and characterize QTLs associated with
cold tolerance using a BCIF6 population derived from the Milyang23**2
/Hapcheonaengmi3 cross. Molecular markers were used to map and characterize quantitative
trait loci (QTLs) for traits related to cold tolerance in an intrasubspecific backcross
population of rice. The parents of the cross were a cold susceptible Tongil-type cultivar
"Milyang23" and a cold tolerant Korean japonica weedy accession "Hapcheonaengmi3". A
total of 80 BCIF6 lines were evaluated for 15 traits including germinability at low
temperature. A genetic linkage map was constructed for the same population using three
morphological, 125 microsatellite markers. Interval analysis identified 31 significant QTLs
for 11 traits with a range of 1- 5 QTLs detected per trait. Direction of additive gene effect
for the cold tolerance-related traits coincided with that predicted by phenotypes of the
parents. The percentage of phenotypic variation associated with single QTLs ranged from
8.5 to 27.7%. The identification of QTLs underlying the cold tolerance at the early growth
stage may be useful in selecting lines with enhanced cold tolerance at low temperature. One

QTL for low temperature germinability, Itgl1 explaining 10.6% of the phenotypic variation



was detected and this QTL shared the genomic region with the QTLs for panicle exsertion,
discoloration and seed shedding. Because these thee traits except for seed shedding seem to
be related, it is quite possible that a single gene has pleiotropic effects on all three traits.
Fine mapping of these clusters would be needed to differentiate between gene linkage and
pleiotropy. For such traits the Hapcheonaengmi3 allele should be useful in the cultivar
background. The information on the genetic basis of some desirable traits possessed by the
wild parent may be useful for facilitating the utilization of these traits in the rice breeding
programs. QTLs detected in this study were significant, but still putative. The relative
importance of linkage and pleiotropy to explain QTL clusters should be clarified. Also, the
trait-improving QTLs should be tested in a near isogenic backgrounds of Milyang23. For
these purposes, nearly isogenic lines are being developed with a chromosomal segment
harboring QTL for low temperature germinability from Hapcheonaengmi3 in the
background of Milyang23. These NILs can not only facilitate the utilization of valuable
genes from the Hapcheonaengmi3, but also allow identification and fine mapping of QTLs
for low temperature germinability and discoloration.

In an effort to develop molecular markers related with tolerance to low
temperature stress in rice, the genes induced in response to the stress were evaluated
for their expressions at the levels of transcript as well as protein. Some correlations
were observed in amounts of extracellular proteins including the proteins of 28 and
35 KDa to low temperature-tolerance degrees among various cultivars of rice upon
cold treatment. Ten genes showing low temperature inducibility were selected and
tested for the levels of transcript by RT-PCR using the BCI1F3 lines developed from
the cross Milyang23**2/Hapcheonaengmi3. As the results of the RT-PCR, seven
DNA fragments corresponding to Hapcheonaengmi3 were found to suggesting them
as putative candidates as a marker of tolerance to low temperature. Cloning and
sequencing of the fragments showed that they are fragment of the expected genes
such as pBCI121(ARF), Lip5, Lipl9, AOXla. Genomic PCRs of the genes indicated
that only one, pBCI121 identified as ADP Ribosylation Factor (ARF), showed
fragment difference between Hapcheonaengmi3 and Milyang23. In addition, BC1F6
lines in Hapcheonaengmi3 and Milyang23 were retested for the levels of transcript by

RT-PCR and able to confirm the result obtained from the BC;F; to some extent with



some inconsistencies. In the light of that ARF has a role in signal transduction with
a close contact with G-protein and another role in secretion through forming
membrane vesicles from ER to Golgi, the possibility of ARF in tolerance to low
temperature in rice remains to be studied. It appears that the ARF gene can be used
as a molecular marker for tolerance to low temperature in rice.

Sixty-four rice accessions were evaluated for direct seeding related traits
including germinability at low temperature, and these accessions showed a wide
amount of variations. These accessions were also evaluated for diversity based on
AFLP analysis and classified into subgroups based on the genetic distances among
the accesions. Advanced backcross populations are being developed using
Hapcheonaengmi3 as a donor parent and other elite cultivars as the recurrent parent
to identify QTLs underlying direct-seeding related and other agronomic traits as well
as to develop lines suitable for direct seeding.

A BAC library was developed consisting of 36,864 clones, an average insert
size of 156.6 kb, covering 13.4X of entire rice genomes from a weedy Japonica type
rice, 'Hapcheonaengmi3' . Traits related to high germination rate in low temperature
were mapped on a genetic map using BC populations from the Hapcheonaengmi3 and
Milyang23 cross. Seven RFLP markers on chromosomes 11 and 5 linked to the
target trait, low temperature germinability were selected from a Nipponbare genetic
map based on synteny and comparative relationship between Japonica type rice.
Overgo markers were generated from the RFLP markers and used as probes for
screening the BAC library. A total number of 95 clones were selected and subjected
to HICF (high-information-content fingerprinting) using EcoRI and Taql endonuclease.
Fluorescent-labeled fragments between 50 to 500bp were analyzed by ABI3700
capillary automatic sequencer. Fingerprints were assembled by FPC program into 10
contigs. Every group of BACs selected by individual markers were assembled into
one contig except the clones selected by C1991 which selected 37 BACs from
screening of the library and resulted in 4 contigs from 23 BACs. It indicated that
C1991 is either duplicated somewhere in the 'Hapcheonaengmi3 genome or
non-specific to this region. Individual physical maps were presented here as output of

FPC analysis.
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(P1:Milyang 23, P2:Hapcheonaengmi 3).
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Fig. 3. Frequency distribution of the 15 traits in the 80 RILs (P1:
Milyang 23, P2: Hapcheongengmi 3).
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Table 1. Significant correlation coefficients amaonB IIL5 gogitdation

Traits sdh dth de pc sh pn cts sc apc bc cl pe awn Itg

dth  -0.340%**

de 0.402%* -

pc - -0.283%* -

sh 0.259* - 0.262* -

pn - 0.283** - - -

cts - - - - - 0.224%*

sc - - - - - - -

apc - - - - - - -0.231%0.797**

bce - - - - - - 0.237%0.778*%0.684**

cl 0.563** - - - 0.220* - - - - -

pe 0.342%* - - - - - - - - - 0.473%*
awn - - - - -0.322*%%0.228* - - - - - -
Itg - - - - - - - - - - - - -

sd 0.419** - - - - - - - - - 0.232* - - 0.242%

sdh seedling heigtht,days to heading, dc: discolompé¢iomgnpotorsh seed sheddprgpanicle numbtsrcold tolerance at seed
stage, sc: stigma aploapiculwolohc base colmtrculmengtlpe panicbxsertipawn: awlhg low tem perageren inabi]std
seed dormancy.

* **: Significant at the 5% and 1% levels, respectively.
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25k 117] F&o tis] QTL 48 AAsd 117 82 &4 23 3170
o] QTLe] gA=ENeH, 4 FAE QTL 4% 1ol 579 £X& Y
t} (Table 2).
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Table 2. QTLs detected for each trait by SPA

Traits QIL Chr Marker R Total MM? HH Allele effect
Seedling height sdhl 1 RM315-RM319 202 124 142 -0.90
sdhsS 5 RM 163-RM 7568 162 322 124 140 -0.80
Days to dth2 2 RM262-RM 526 10.7 1094 1150 -2.80
heading dth3 3 RM426-RM 168 133 1106 106.1 225
dth6 6 RM527-RM 529 160 109.5 119.8 -5.15
dthll 11 RM536-RM 3701 85 2.1 1089 1131 =210
Discoloration dc5 5 RM7568-RM430 144 472 333 0.70
dell 1 RM552-RM 3137 17.8 25 4.61 250 1.06
Seed shl 1 RM315-RM319 153 6.84 773 -045
shedding sh2 2 RM262-RM 526 178 7.86 5.62 112
shS 5 RM163-RM 7168 129 7.64 722 021
sh6 6 RM527-RM 539 152 7.81 620 0.81
shil 11 RM3137-RM 3701 92 333 7.62 591 0.86
Panicle nurrber pns 5 RM249-RM 146 135 114 133 095
y22 8 RM502-RM 149 115 172 11.6 137 -1.05
Cold tolerance ctsl 1 RM473-RM431 131 385 0.50 1.68
as;s;:dling ctsd 4 RM255-RM252 139 370 293 039
cts6 6 RM253-C 115 398 320 039
ctsil 11 RM286-RM4 85 174 4.00 273 0.64
Culmlength dl 1 RM315-RM319 2713 67.1 863 9.6
Pericarp .C. Re 7 RM180-RM214 714 1.04 2.68 0.82
Seed dormancy sdl 1 RM466-PBC 121 217 217 68.6 -20.5
sd3 3 RM168-RM 571 136 244 50.6 -13.1
sd6 6 RM7641-RM 103 103 3L1 262 53.8 -13.8
Base coloration C 6 RM253-RM 539 21.0 118 2.00 -041
Apiculus. C. C 6 RM253-RM 539 4.1 1.21 2.62 071
Stigna. C C 6 RM253-RM 539 350 1.14 225 -0.56
LT.G Iigll 11 RM332-? 106 803 122 209
AWN anwnd 4 RM252-RM273 132 1.10 1.67 029
annb 6 RM539-RM 527 11.6 1.21 233 -0.56
ann? 7 RM 1335-RM 7601 203 264 1.10 157 024
Panicle exsertion pel 1 PBC 121-RM 128 175 446 6.71 -113
ped 4 RM348-RM 567 146 4.69 6.69 -1.00
pel0 10 RM271-RM258 156 4.56 7.56 -1.50
pell 1 RM3747-RM 167 93 289 4.63 6.59 -0.98

" Percentage of the phenotypic variance explained by the QTL, 2 Phenotypic mean of the

Milyang 23 homozygotes, °: Phenotypic mean of the Hapcheonaengmi 3 homozygotes.
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5) o] AHE Aol

ofatse] Aol yojshi= 4789 QTLel FMA 1, 4, 10 Z1e]ar 11¥elA =4
A= olE QTLE Al EdF Wolo] 93% - 17.5%F dHsiint. nE #
Aol A g gmsae] dEFAATE o]4E HolE FIMITIE WFeR
&gt 53] A& A Solfer wase PBSI2L QFF A ATl 1
W gAA e elas dolg 2= QTL, peld BHIA A Bedl, o
-

AR} oAb A AT dEAe Ane 2% dEst Bast

6) A1

ool #olshi= 2702 QTLel A 5 zglal 11¥elA EAE=d o &

QTLS Z17F AA T3 FWol9 144%, 17.8% S AWetdtt. RE Fd Aol A
Atk

FART3E] KA A0S F2AAE GO 485

ol

@yyol welehi 5709 QTLel AAA 1,2 5 6 723 11velA s g
b o]& QTLS HdA RdF Wolo 92% - 17.8%5 Amatdnt shl FHd=
NNE FAYU3EE RARAAF FEAL S o
U oohe el SAAR AL 1935 dRaaAt 29 e

*

FRWEA
FHEUWE Holst= 4709 QTLel AAA 1, 4, 6 22l 11HA FA5]
=d olE QTLE A4 ®dY Wolo 85% - 139%= AWadtt mE F+44
oAl FHAn35e] PHFAAT FEANEEAS S/HTE HgoR
Atk

N

2
ofo

ol
o

AAA THA M FAE GAel wolsts FAAE A REY Wol9] T14%E
J

FraAel wolsk= 3702 QTLol |@AAl 1, 3 18 6H oA HAEH A= o=
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QTLL AA Fd3F Wel9] 10.3% - 272%E st
FAAv3E ] HAFAATE FRAYE FaA7= FFOR 8353
11) #&xrobd
AZrbobdo] gojsh= 17le] QTLel AAAl 11MoA] T 9l=d o QTL=
AA 289 WMol 106%E Aiatalth o] Aol = dddn3ze]

FAATE AL S SN E WFoR A5eta

12) 7here] el
7hetel Zelol elat= 3709l QTLel FAA 4, 6 2 THolA sl o
S QTLS A #3d3d Wolg 11.6% - 203%E AWt Ze

& AT HPFAAT e dolg A BFon 4§t

up, Al &udbolAl QTL-NIL 54
e i (BCIF6)S o] &3to] A -2utolA] Sol

A7k Weo3sel ALy FANE Ao B4

AA7E Aol S FXA T Bwud Axel & dxetu gk
o] AMAA AL ALolyd o] QTL o= o|2tE o] Ha 18l &57F
A8l A ol #edh= QTLER At A= ol Wddel #Holsts
FASo] T4 KA o vl A Ze WA Avd 22 f3d
gl HYA Agel o7 AdA e dME FF A AET e

Aoy ol FHAS 54 B FHYY E24E feME 2Yg2sse] #4d
A el B frAae A FHAW3s e digfHaAs At 2E5d f3d

[e}
>rolA o] gk AlEEoltt (Table 3)
olE AEEY E57] & 545 Table 30 AAs=d G4, 44 5 24

_36_



Table 3. Agronomic characteristics of selected BC1F6 lines with

enhanced low temperature germinability

Line dth* | dc | pc | ss | ctss bc cl awn | ltg | Remarks
CR19 115 | 1 1 3 5 1 67 3 14

CR29 108 | 1 1 5 3 1 63 1 10 ltgll
CR33 105 | 3 1 9 1 3 81 1 23 ltgll
CR47 107 | 1 1 9 5 1 61 1 14 ltgll
CR53 122 1 3 1 9 4 1 39 1 16 ltgll
CR68 109 | 5 1 3 4 1 69 3 21 ltgll
Milyang23| 112 | 7 1 9 5 1 62 1 6

Hapch. 3 | 116 | 1 3 9 1 3 100 3 20 ltgll

* dth: days to heading, dc: discoloration, pc: pericarp color, ss:
seed shedding, ctss: cold tolerance at seedling stage, bc: base

color, «cl: culm length, awn: awns, Itg: low temperature

germinability
B 3 FHPANA L2359} %A}é}aiglﬂ A1, Aedold T8 W3
Bl 53tk CRI9E st &gyo] 77t |, 302 W3z H)3)

VA

2 _1\1
=
Mo of ol

Aol AAolm Aol Qi B
qsh @gAol 747t 1, 524 CRI9s fARsRA o
T
#9lth CR33S Ami 302 APgsznt Fagolt gdde 92 Ug3s
S AR 9, /1% dela RAel hEAeld At BAHo Aete
g9tk CRATE 9, 71% ela $Alo] QHEAlold Aavt 34 5
& AslAE R A BEAS dehT, 5 AEE
o SSR #AAHE Fig 40 AAFGEE AL molde] s

Fob A5 G Adel = FHAYr3Ee] FAAEE P AAARE, 7]E

o

S

Aol M= dBg23s e A or Aol AT o= Fl1 /HAE BUd23%
2 oquustdar ek Aldl Id BAoA U235 xdY WFoR Ads
7] oz sofch oYy A oy FEoA FHAW3se] TdHS
ZEAA 7] wEel] HWd235E oJumE sk #Agol Fesith 7 AT F
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Fig. 4. Graphical genotypes of two BC1F6 lines (A: CT33, B: CR47)
Milyang23 homo Hapcheon.3 homo Hetero
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(B)

Fig. 4. Continued.
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1-2 /AS Atsle] W35 2 o] wHjste] BCIF6BClS SAd o ol%
BC1& 3%3+ith. BCIF6BC1 7RA1¢] DNA F+AAE S AAste] wgd 744

BEsh A BEFA ALwelyd $3 Az v fARAA FHY
W% BHPEA HAAFS welm AE AW, 2ED FAAAE

H
2 o]gd AFolrt (Fig. 5 F=).

Table 4. List of advanced backcross breeding lines and their cross

combinations for low temperature germinability

Cross combinations Generation No. of plants | Status Remarks
CR19 x Milyang?23 BC1F6BC1 26 GH=* ltgll
CR29 x Milyang?3 BC1F6BC1 6 GH ltgll
CR33 x Milyang?23 BC1F6BC2 5 GH ltgll
CR47 x Milyang?23 BC1F6BC1 10 GH ltgll

3. 1%

2 A a3t Ed23s 1o wj e (BCIF6)S o] 8-3Fo] Ao}
A S #Ast= FAA 4% A3 DNA markers 43l MASE &3
WA FF SA4S F3EE AASAT. Aa, Aedeld T UdAdel #ost
EAHEd FARY A3 olE 4ol et FUAE GO A
EAZEAE Hdstdrt &9 QTLsol A FHdm35 e dHaFd27F Hidd<S
ZANYE Ao vedor] 53 @A 1Mo X5 FAYvI3Ee] f

=

AA7y A3z Aeweld s ST AoR #4HAeH], o A o
Arb= A o5 (1999)0] Hagh Axpel & dXstar ot o] AAMA A9 AL
ks =

AR FEE, 43 a1 E5A9 A%, T
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QTLe] A™A L= 2ol 7Heghdl ofm] B 11
7] wjdtol A e Jho] Golaitt. MR FHAAE AAF Fo dA=
substitution mappingS ©]8 Aol TAFAXI} o= mlAE FH
A0 BRE dS F don, FHAAE EFet= 7l DNA @S

sall ezt et Jhestt olE S =
rddn3ae] BAC library’} Z o3t H3 2 b= Al d3#E RFLP

markerE 3 overlapping ¥ YAC Z& BAC clonesg 7FAa #HxlAc<l

. e}
chromosome landing®] #H<$ %
=z

chromosome walkingS A1 ZFg 4= 3t} 1
S

2y 428 E3es BAC 2EE A%

AAE olg 7hx woew el Eod F o O]‘é‘ Q& 3 Yn359
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o olE cloneEg A4zt AL A4MFHANA FHsATE ool gt u
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okt olelgt Aol dE AXUINY ¥ FFS o2 15TeA e A2
ob4d gk A& AN A wx(D), d2aD, d6(ID, I-Bf(V)59l %A 2=
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Al RC167, RC235 mRNA®] ¢Fo] 7= glom ofzo] Wyt #del las
SRlgk vk glow e FF3 Aol ol§ 7hsd vz AdE =k Sl
aubell QTL 413 RAPD vh7] &5 ©l&3 Wi a4 @dd771 s



Hel e A #d fFAAE g587] 9 AsEA ol Vet vds
Azl AHgstel FS ol ok o] & ZkA|7F EokAar Stk AA
A& Oryza sativa + ¥ ol &3t 200171 Fo HA Fd74 thdAd e
AFIE (25%)%F Z7FA AL Q7] wiiEo] ofA M e {83 fFHwels: &8st AT

7b st 2 AFolA = ofAY (Oryza rufipogon)®t x4 (Oryza
sativa, &x1°4n|3), 1Elal o]&3 AulH (stPw], FI2B3)E
& (BCiFs, BCiFs)S o]&3te] WA Ae s g WA
7ol s HEE St

2. A2 % B9

TENEH AEAG NN TS dHE FRAE FHAM3(Oryza sativa) 7
Jtfelnl St Ao FHEE 2 WIMAOrvza rufipogon Griff)E L&
AW, thabe] 1235 st e et WA ARE Rlusiith FiiEAelE 2
G235 /8- Yn3 23] Flo ¥Wd235E o unjst BCiF;, BCiFs%} ﬂoﬂtﬁ/Oryza
rufipogon %29l Flol stdH & o st BCFsE A8kt o5 Al5s &
distule] 5mx2me] ¢1& ¥4 WE $ Wagner potell A 5 Afulsk ATt

1,]_' /\I‘d H}
D A2 A
T2 Fie vaelr] YAl 50Tl 153 Ag F AddA 297

20TCoNA 447+ HF3

/20C (F/°F, 164171/841%F

/10T (F/°F, 16A]131/84

=22

30Tl A 24X)13F FHoFAl#H Wagner potoll 3E3ke] 25T

17401]’ﬂ Auistgeh 2~39 70 =3 AlEAS 12T
702 5 7 14Y Bt A4 A3t

r\l ‘101‘
i

&

2) Apoplastic protein 3

Mouth & (1994)e] WHol ug} A&EA S 2~3emz Asle] =& £ (20mM

ascorbic acid, 20mM CaCl2)& R FAE|E ZAFAZ] & 800gol| A 30+&7
0C

of FEH &9 acetones ]85 -20CAA HAAZI T 12000mpmolA] LA41E
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2J3lo] AL pellets %2 1g & 1002l PBS (phosphate-buffer saline)ol HolA F3
A=

3) Western 4]

=9 <oko] o Ao aYst= apoplastic proteing Laemmli (1970)¢] =3 o
93 15% polyacrylamide gels ©]&3lo] A7|F &S AASAY. A7]gd 5o &
w4 & Towbin buffer& AR&3dto] 70Vell A 2A]7F &<t blotting 3} th. Blotting ©]
1 membranes oA ¢+d3d] HxAZl §, TBST (100mM Tris-HCI
pHS8.0, 150mM NaCl, 0.05% Tween 20)°] 5% nonfat dry milkE 92 -8 of A
blocking*] 1 t}. Blocking®® membranes 23] TBSTEZ AL % 14 FA=
1:10,0009] W] &= TBSTeO| A sle] 3083 £59 1 tA] TBSTZ 2084
43] o)1, 221 &A (anti-rabbit IgG AP conjugate, PROMEGA)Z TBSTo
175009 Hl&= 843 F 3023F wSA AT 2023 43] TBSTE membrane
< AojFa &7 vhE AERE AF2AZ vy 10me AP solution(100mM Tris
HCI pH 9.5, 100mM NaCl, 5mM MgCl)oll 664 NPT (nitroblue tetrazolium, 50
mg/ml) e} 330 BCIP (5-bromo-4-chloro-3-indolyl phosphate, 50mg/ml)S 3 7}3)
el o] Lol A A wkES sto] A sl

4) Carrier ampholytesE ©]-&3F 2-D gel electrophoresis

Apoplastic protein % d &S UREA/NP40 buffer(OM urea, 4% NP-40, 1% pH
9~11 ampholines, 2% B-mercaptoethanol) = A3 ErA|ATE o] AS tube gelS
o] &3}o] 200Vl A 1A 7F% ¢k prefocusingdt A th. thA1500V el A 204] 7H5 ¢
focusing® * tube gels WA equilibration buffer® H¥3}stx, O
Farrel(1975)% 8ol wa} 15% polyacrylamide geloll A 2319 A7 %S A A8}
At A7 Eo] #y th2, gelS coomassie brilliant blue R-250(SIGMA)S A&
ako] AT

5) Immobilized pH gradients& ©]-83F 2-D gel electrophoresis

Apoplastic proteing ReadyPrep " sequential extraction reagent 3(Bio-Rad)& A}-8-3}
o] Z9t}h o]E rehydration buffer(8M urea, 4% CHAPS, 10mM DTT, 0.2%
Bio-lyte)oll £33t & IPG strip(3~10, 17cm) Yol 2HEEE 3 t}2 mineral oil
2 1 9% Ytk PROTEAN® IEF Cell(Bio-Rad)& AFgste] 20 el A
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rehydration(50V, 10A17H&  F  250VelAl 158#(20T), 250VellAl  5A17H207C),
10,000V el Al 6A17H20TC )5t focucingst ATt Focucing©]l € stripS equilibration
buffer I (6M urea, 0.375M Tris pH8.8, 2% SDS, 20% glycerol, 2% DTT)el A 10
3}, equilibration buffer II(6M urea, 0.375M Tris pHK.8, 2% SDS, 20% glycerol,
25% idoacetamide)ol A 10£3+ B statgiet. FYP3pE B stripe PROTEAN®
II xi 2-D Cell(Bio-Rad)& °]&3te] 22k A71d5S A & gelS coomassie
brilliant blue R-250(SIGMA)-& AH&-3ko] o 41514l th

6) Silver staining (Silver stain plus, Bio—Rad)

71 Fo] By gelo fixative enhancer solution(50% methanol, 10% acetic
acid, 10% fixative enhancer concentrate, 30% DD H.O)< 400m¢{ F-oj& & 20
B 7dEA EEo A fixative enhancer solutionS A g % DD H,O
400m = 10%-37F 23] M oj5=11, staining solution(DD H.O 105m{, silver complex
solution 15m¢, reduction moderator solution 15m¢, image development reagent
15m¢, development accelerator reagent 150m¢) 300m¢E A4 3} wWAdk-g-S
Al Attt o= Fx o]l HAS W 5% acetic acid 400m¢ = WHE-S
A% th DD HO 400m = gels o] F3lth.

7) RNAF=

W 9x4 01gs AADn9} wAALS o] gate] whad F TRI REGENTY
(MRC)E AF&3le] total RNAES FE31

H A e o] 1mee] TRI REGENTE Yl 7+ thd, 1.5ml eppendorf tube©]
Hal 15% ¢ ZBEA Aol FA A2elA 2~15% E thE, 12,000g(4C)el
/\ﬂ 158 &<t dAEE & e A5 dS Al eppendorf tubeol &t 1¥ th

+ 02mee] chloroforms ¥ 16 &< AAl E531 ALolA 2~158 W&A

At 12,000g (4C)olA 158 &<k AR o T S NS A eppendorf tube
2 7] isopropanol 05mlE Y1 5~108 <t A2oA wkEAIZT thA
12,000g (4T)ollA 8F < dAEE F pellets Lil, 75% ethanol= 4T
7500gol A QA2 ske] ATt Ethanols #A1AS & 3~58 g2oA HdxAr7
% diethyl pyrocabonate (DEPC) A &#¥d & =o]1 55~60C=Z 7I¥ 3 th&,
A

ol Fi FFFEAE o] &8t 260nmelA O.D.#S 4 & FFsArh
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8) cDNA &4

Total RNA 1pgs 7FA1aL 1st strand synthesis kit (Roche)S o] &3}
random priming®H o2 cDNAE A48T cDNAFAC AlEFv]=  10x
reaction buffer 2uf, 25mM MgCle 410, deoxynucleotide mixture 2ul, random
primer p(dN)s 20, RNase inhibitor (Ambion) 1x¢, AMV reverse transcriptase
0840, RNA 1pgs 42 th5 ®E&& o] F 20u= A e F v-SAIZTh
HE-8-2 25Tl A 103 i 42Tl A 1A17F JEgA[Z1 & 99T oA 5187+ 7FE
atal 4Tl 523F A8 -20Cel ®3sksd

9) Primer 34

NCBI (National center for biotechnology information)®] blast searchs &3j 4]
W gd A FARE dAske] 100 A dAe] 971 ES gRskt L
2]3l RT-PCRA] &Y 429 cDNA7} AFE 5SS SQld 4 9= B9 B-actin
FrAAe] primerE AREE| Aol o] &ttt gRT FHAY HAVIMNEE TVIx
2 3} primer analysis software oligo ver. 6.35 (Molecular biology insisights)
g ol & d7I57F 156~2570 A= Ha GC ratio(%)7F 45~604%= = 57 ¢
3 primerE ZAdstA Yt (Table 4). o] fol= Heo s Id FHdA<
CLP (chitinase-like protein)®] primerE A%+sl¢13, DD-RT PCRE =3
cloningd A=A FHAEe A7IALE EA6te] &2 23z pBCl2le]
ARF (ADP-Ribosylation Factor)¥& &ofulo] o] {32k Promoter §-99]
F23s et FHAW3E e Aole wEHUr] & YT FAAY 4F 9

primerE A 2}s} %3

10) DD-RT PCR 4F-$

T8 cDNAE 7FA a1 ¥ A23dd F44F primergS A8t PCRE 43
39tk [template 0540, 10X reaction buffer 5¢0, 10mM dNPT 1x0, 50 pmol 3
" primer 1x0, 50 pmol 5 primer 1x¢, 15mM MgCl, 50, Tag polymerase 0.5
WBU)] . 94T 1%, 94 C 18, 50~65 C 1+, 72 C 1%, 72 C 589 =7
ol 4 30 cycles WHS-A]ZitTh
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11) x]l‘ ‘I'I‘J—}\é 7(4]}- a2y o E:?H

DD-RT PCRE &34 HAFEoA L@y = 5ol wzef njSol#el
=Z% pGEM T-Easy vector 140(50ng), ligase 1x0(3U), 2xrapid buffer, DNAZ
25Tl A 1A 7F5er ¥k A7l & 4T A overnightA] A JM109 competent cell
o] Heat Shock®H& o]&3le] A A2YH FHUAZ sequencing 3t
o] Aol A7IMES NCBIA F43kth

[e]

—

Table 4. Nucleotide sequence of the specific primers for RT-PCR

derived from the low temperature—inducible genes in rice

. ' Anneal.
Primers Nucleotide Sequence .
Temp. (C)

PPDK 5" GGA GCG ACG GCA ACA AGA C 3 53
3" AAG TTG AGT ACC CTG TCG CG 5

CGR 5 GCG GCG CTC ACC TGG 3’ 51
3’ CTG TCG CGT TCC CGT TTC TT 5’

AOX1a 5 GCG GAG AAG GAG GTG GTG 3 56
3" AGT TGC GGA TGA AGG ACC CA Y

AOX1b 5 AGC AAC ACA AGC CAA CCA AC 3 55
3" CCT CCT GCC GTG CCT TA 5’
5 GCG GCG GTT GTG AGG TT 3

OsCDPK7| 3/ GTT CAG GTA AAG GTT CGC GT 5’ ol

LIPS 5 AGG CGT GGT GGA GAA GA 3 55
3" TAC CAA ACG GAA ACA CTA CA o

LIP19 5" CCA CGC CGC CTG ACA C 3 50
3" TCT ACC GCC TAT CCG CTC TC &’

bBC121 5" GCG ACA TCT GGT GAA GG 3’ 55
3" ATA CAT GGG CAA ACA GAC TC 5’

pBC442 5 ATA GAA GAT ACG GCG TGC AG 3’ 57
3" GTT TAA GGC TGG GAG GG 5’

pBC601 5 GAT GCG CCT CCA CCC 3’ 58
3" CTC CTT TCT TTC CGC ATC CG 5’

ARF1 5 GAG CTT CAC AGG ATG CTG AAC 3 55
3" AAC AAC TTC CGG ATA AGA CCG 5’

ARF? 5 ACA TGG AGT GAT GGA GTG AGC A 3 51
3" TCC GTG ACC ATT CCT TGA GGT ATA 5’

ARF3 5" CAG CTA TAT TAT CTC ACA CGA CTC G 3 51
3" CGT ATA CGA TGA TGT GAA GAC ATC G 5’

ARF4 5 ATT TGG TCG TGT TGG GGT CTT GG 3’ 53
3" GCA TCA GAG GTG CGA GAT AAC C Y

Rice 5 ACT GTC CCC ATC TAT GAA GGA 3’ 59

B-actin 3" AGA GAG TCT TGT AAG GTC GTC 5
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FARE
of o3 AxHI d¥4S Eiﬁ}‘i‘ 755 o] wulgoe] @o] %
Ay = AE v ko] S s A, of e, JFEAHERE FE5Ee] o]
£ Kol oid miAE G A sk H, dd23s)et JFaAn (5
APn3%), O. rufipogone] AE ¥ F7re] whilAol HuwE F3] oW}
Z4HolA 28 31 35 KDa ©¥do]l Aujrirt Wol =AFES =dsiint
(Figs. b, 6).
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Figure 5. 2D-IEF/SDS-PAGE of the apoplast proteins accumulated in leaf of rice.
A’ non-acclimated Hwaseongbyeo at 25C/20C; B, C: cold-acclimated Hwaseongbyeo
at 10C/8C for 3, 14 days, respectively; D: for non-acclimated O. rufipogon at
25C/20C; E, F: cold-acclimated O. rufipogon at 10C/8C for 3, l4days,

respectively.
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Fig 6. 2D-IEF/SDS-PAGE of the apoplast proteins accumulated in leaf of rice.
A, B, C: non-acclimated in Hapcheonaengmi3, Milyang23, O. rufipogon at 25°C/20°C
respectively; D, E, F: cold acclimated Hapcheonaengmi3, Milyang23, O. rufipogon
at 10C/8C for 14days, respectively.

O. rufipogon3 3}gu] b o v Fof BCIF3 MAEe] AxE v &3k G
o] FAE zAelA ARt ®ol EAa . £ F3 AMAE tolm=
FH zol7b JeS FAsATHFig. 8). FHAM3T e BPF23F 9 o uwu) F
el BCIF3 /A Hlae A &<l atelg Hedl, A2 AN S7hehes
g g geld 4 dlen 9, 16, 21, 30, 73, 90 W A E 1 Yol T2 A
B ETH Wokth(Fig 9). o] AAEL obf fFHdAom mAe]l HA dgoy A&
A el A2AGA, FEWIA, frohldA, A2 doldo] A Aow &

151o] Apoplast @A 3to] Ay 7HEAS HolFu)h
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Figure 8. SDS-PAGE of apoplast protein from the three accessions and the
backsross progenies from the cross between Hwaseongbyeo and O. rufipogon.
M, Marker, HC: Hwaseongbyeo Control, H7: Hwaseongbyeo treated, RC:
O.rufipogon Control, HRC: BC:F3 plants from the Hwaseongbyeo/ O.rufipogon

cross (Control).
Cold acclimation treatment: 5day, 14hr light(10°C)/10hr dark(8C).

bA BAYHY HS OR 2 9 16 19 21 25 27 30 40 73 90 96

B
' v L A4 A |

s

i
$

Fig. 9. SDS-PAGE of apoplast protein the four cultivars and 12 BCI1F3
plants from the cross of Milyang23/Hapcheonaengmi3(numbered one)

M: Marker; MY: Milyang23; HY: Hapcheonaengmi3; HS: Hwaseongbyeo; OR:
O. rufipogon;, A: control; B: cold acclimated for 5 days (14D/10N in 10C/8C)
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U AL 3 FAAE 7122 F HEA v R

1) BCIF3At &4

4 FF Ay (4%, 74, oAl sH4d), O rufipogon 1E]il 34H /0.
rufipogon ot BCIF3 7WA, YR 3Ec2HE F A 274 RNAEZE
ato] cDNAE @4 F A=y a3k @Al CLPY primer® RT-PCRE 3
3 Ay BE FA AEelA 410bpe] band7b #HEE AL, Aju)Eiel A= 490bp
2 410bp #7119 F band’} #AE AT (Fig 10). O. rufipogondl| A= 560bp =
719] band’} EeolAo® yElgEH olef B Adxe SFAW/0. rufipogon
g BCIF3 /HANAME FL3F o 490bp =719 band’F AuH Eo; ] 2ol
WE T FEA FHPW3EE F )] band7b WERGEAINE A )] o=
=] 490bpe] band7b AsHAl AUt wekA CLP primers ©]-& 24
band®] 7]l At oW, F2AdW i AwiHe] A F 9k

Y
o

& -,

i

Y

M F M I © Db H ©&r % Hyp M &

Figure 10. RT-PCR of CLP using total RNA from leaf of non—acclimated
rice. M: marker, P: positive control (pGA748CLP), N: negative control(pGA748)
I: Ilpumbyeo, C: Chuchungbyeo, D: Dasanbyeo, H: Hwaseongbyeo, O.r: Oryza
rufipogon, Hap: Hapcheonaengmi 3, Hr X O.r : O. rufipogon X Hwaseong
BC1F3 Plants
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BHFHARE o] &3+ specific primerE A 57 &) £
B3 Rud 107 AL 24 #d 9 FAA sequence FEE FRFL] A
3 AT (Tables 4, 5). AHjE] 5&F(LF, +3, B, 344,
o, 2da Ag23s et ddav3s b o wuj S F3 H
F5 HAE didez 1059 Fdxe] &8s #<ld7] ¥ DD-RT PCRE <
gsto] A oA FHAALS Fa o]E o] &ste] oJun) FHES] Wy
4 AEE HWEAT o5 primerét FFA AL T ASA A AW
gletr] flste] EF235 9 FHAW3E FEd o W HHBCL) F A
Wobdd, AL, Fotld A, #EWEA TolA dAAde= & &, s
ol AlFs AABeAT Auiu(DE, F3, vk, sk, Bd23s), RN 38
E At fAE FEoAl AAA BdEs= RNAE FE38H3 dow o
5 RNAZHEH A2 cDNAE FHoR2 99 specific primerE A&
DD-RT PCRE F#3kitt.

BCiF3 Althe] DD-RT PCR& 3 A3 A2 Ao wel A2 F=4 F32
o] & o] F7sIA . A2AY gl ZAANAE O rufipogon® Y r|35
A FAA Bl A=7F =33 0. rufipogon®t FHAP3EE Avlv o} of wl g
Sl A A2AE Al AuisEg Y FAxke] Tde] g JHAE A8
tHFigs. 11, 12). d¥235 9 FHPv3s ofuw] S oA A2 AeA o
2l frzke] wdl Fxe FrhvE =zl Al (7, 19, 25, 53, 71, 73, 85) &

A, Adeld, frotldAd, FRWYAE ol e ASodA FaAd 7
[e]

3= primerE A ZF

oo 2
Oll
o

" op23E), FHAY

o
i

N
i

=
oifl El

fx

ofr
-

2
>
X
%
N
o
E
o3

AJE gFeld = Adrt (Fig. 11). O. rufipogon® 34w o] of alul T of & ghol
A ALHE Al FFAAES] wHdo] FreA AEE 34, 72, TTHOR olE

ofi o
o

2 JAEAG (Fig. 12). °o] 23= 7122 F 10719
A2 A FdAE H ALHs Aa 44 TR §Fd4 24 4 mpAZ A
77

71Q1 pBCI21, 442, 6013 LIPS, 19 1832 AOXla, AOX1b %

A9 primerts ¥ FFrOI} WA AN AT ] @5% 548 5 9
= makers #9lasloh et $AT g Fu fades gdd g
B ez olud FHUY BOE AME BAE A4 s
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Table 6. Rice genes reported to be induced by low temperature

Acc.
Designation Expression type References
number
Eiffh(oiyfavéte scedling at 4C for 42 hrs, (00 0cs Plant J. (1998)
FIOPROSD translational level 15(1): 89-98
dikinase)
Cytosolic . . B Plant Cell
glutathione fleedli“g at, lt(.) ¢ alf‘ir 31 48 AB009592 Physiol
reductase 1S, transeriptional feve 39(2): 12691280
ADH1 (alcohol seedling at 10C for 4 hr- Plant PhYSJOl'
dehydrogenase-1) 4 days, transcriptional level ATF133666  (1991) 95
’ 699-706
AOXla seedling at 4C for 1-7 Gene (1997)
AOX1b days, transcriptional level AB004864 203:121- 129
at 4C for 8- 24 hrs, Plant J. (2000)
OsCDPKY transcriptional level AB42550 23(3): 319-327
LIP5 callus at 5C and 10C for ABO11368 Egg;%ezu(;hyswl'
LIP9 0-30 hrs, transcrip. level D63955 19851229
Os chilling
tolerance related ., . D08610 Plant Physiol.
proteins Z 1§a§a3t§gf;a§§cﬁc 121; 12’ DI0859  (1992) 99: 1146~
(pBC121, pBC442, & ' 94> D 754153 1150

pBC601)
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pBCI21 AOXla
| n # -

B il

- T

AOXI1b LIP5
4 4 E
L]
E B
TH 3
e T

Fig 11. RT-PCR of the corresponding gene as a target using total RNA from leaf
of mnon-acclimated rice. (M: Marker, I: Ilpumbyeo, C: Chuchungbyeo, D: Dasanbyeo,
H: Hwaseongbyeo, Y: Milyang 23, W: Hapcheonaengmi 3(A; non-treatment, B; 5
days cold acclimation , C; rice actin loading control). (Lanes from left to right:

M-I-C-D-H-Y-W-3-7-16-19-21-25-27-30-40-41-47-53-71-73-82-85-98-M)
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pBC121 pBC442 LIPS

Fig 12. RT-PCR of the corresponding gene as a target using total RNA from
leaf of the cold-acclimated rice.. (M: Marker, I: Ilpumbyeo, C: Chuchungbyeo,
D: Dasanbyeo, H: Hwaseongbyeo, O; O. rufipogon (A, non-treatment, B; 5
days cold acclimation, C; rice actin loading control) (Lanes from left to right:

M-I-Ch-D-H-0-2-9-34-72-77-90)

2) BCIF5 Al 4

Auite] FEFo] ¥ Wg23set dHAv3E aea aAEe] oug 54
o}l BCIF5E 7FAal DD-RT PCRe| A4S Slstirt (Fig. 13). A@4d 3}
LIP199] 9= FAe] BE AT fdxpe] wade] offAx Front A
EA gl s DI2BT, FHAW3E, 82WAFTAA LIP199] AAA 7 vebEE
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il

& 4 AT AOX1bo Aol FAH Y AgAME AAAZE GERYA sk
o} Aol os] 199, 258, 279, 309, 539, 85l A AAA 7} YElES
& = ATk E=3F pBC121, AOXla, LIP5] 4§+ 2Ud235 9 FH v 3s 7+
of AeAgel wE HAAACS] HiA S7F o F-E gRlety] $18ke] scion image
program= ©|-§3le] A &3l Y (Table 7). pBC121, AOXla, LIP59] 4%
Aexa A FAgE R AgAoes Aol <kdk ek Z+7be]l FHAE 9
AAMAIZE sl o, Wgde] e dn3se] B9-5 AAglA AL
A# FHAEC] AAFFEAA Y] Tdo] bt tH(Figure 13). 12lR® WY
23%ob ghgm3se] o ughF il BCIF39k BCIFSS] A2 fE=AFd7ke] A
A7} Ve AU 2 ol 5 LIP19, pBCI21, AOXla, LIP5, AOX1b7b A&
T Ay A WIA FHa2 mAR o] 8E F S5 S HolEth

AOXla pBC121
o= - - -s-- BEEENe. - - - o -]
- "’ﬂk
| TTTTTTTTEETTEY ¢ IR
— 57 —



LIP5 LIP19

A A
s
B Ghe o-sose--nolins (il == = -=--- Ecme=]
E
i—m
hm
Ml e & - o= =mee ] I ST TIITS

B-
!

AOX1b pBC601

i
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- e
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- E TR T IIER

ITE LTI TR D

=

Fig 13. RT-PCR of the corresponding gene as a target using total RNA from
leaf of rice. Primers were designed from the known gene sequences. (M:
Marker, Y: Milyang 23, W: Hapcheonaengmi 3 (A; non-treatment, B; 5 days
cold acclimation , C&D; rice actin loading control) (Lane from left to right :
M-Y-W-3-16-19-21-25-27-30-40-41~ 47-53-73-82-85-98-M)

_58_



XN2xe|et FXel7 e LIPSFEAL MAIgL H|m

10

9

8
om 7
o6 [ LIPS(X{2])/Actin
§ 5 B LIPS(X{2])/Actin
<4 OXz|/2x2|
&3

2

1

0

X2zl et FX2lZEe] AOX1aFHAL AL |

9

8
%7
c 2 BAOX Ta(X{2)/Actin
§ 4 W AOX1a(RX2l)/Actin
S, oxi2l/2xz]
=
52
<

0

MY HC 3 16 19 21 25 27 30 40 41 47 53 73 & & B
WEEDE(MY,HC) & WEZLH(BCiFs)
M2zl et FX2|Zte] pBCI21 7RAF MAK|ZL H| W

9

8
o’
76 - ,
5 @ pBC121(A2])/Actin
<, B pEC121(2542)/Actin
& O Xel/2xe2|
QS
Q2

]

0

MY HC 3 16 19 20 25 27 30 4 41 47 53 73 & 8 9B
WERZRZ(MY, HC) 2 mEZFCH(BCiFs)

Fig 14. Quantitative analysis by Scion image of PCR product from Figure 13
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3 AFEE vA FAA £

BCiF3 Altie] DD-RT PCR& 3 23 A2 A& 3ol weh AL F=4d
Azl e o] Fr8E AEQ specific bandE 3 53te] o5 A A7 Gene
BankE &3 €2 FAAete] dEsAdS B8] T-vector cloningdte] €71

e B8t (Fig. 15).

pBC121
GCGACATCTGGTGAAGGGTTGTATGAGGGTCTTGACTGGCTTTCCAACAACATTGCCAGCAAGGCTTGAGCG
TTTTGGCAGCTGGATATCTGAACAATTCACTAGTGCCGGTTTACATATTATATAACATATACACCCTACCAC
ACATAGTGTGGGTGCCTGTGAAGGAAAAAACTCCTTTGTGGAGGCTAGTACCAGATTGTTCCTTTTCGTGGG
CACTATAAGTGCTTATATTATGTTTGGTTTTACAACATTTACTGTGCTGTCCATATGTACCCGTTTGTC

pBC121

Cloning&! pBC121

Identities @ 144/150 (96%) 38/38 (100%) 26/26 (100%)

LIPS
AGGCGTGGTGGAGAAGATCAAGGACAAGATCACCGGCGACCACGGCGACGGCGGCGAGCACAAGGAGAAGAAGGACA
AGAAGAAGAAGAAGGAGAAGAAGCACGGCGAGGAGGGCCACCACCACGACGGCCACAGCAGCAGCAGCAGCGACAGC
GACTGAGCCGCCGCGCCCCCACACCGECECCETGCCTGCGTGCATGCAGGTGATGCTGCAGATGATTGGAGGAGTTC
GTAGCAGGATTAATTAGTATCTGTGCAATACGTGATGCAGTGATCTGTCTCATGCATGTATCTGTGCTTGATTGCAA

GAAAAAAAAAAGGCATGGTTTGCCTTTGTGATGT

LIP5

Cloning€! LIP5

Identities : 231/242 (95%) 61/61 (100%)
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LIP19
CCACGCCGCCTGACACGGGGGACACCCCTGTCAATCCCCCATTAATAGATGGAGAATTATGGTGGTGGTCCTCTCAT
GGGGAGGACCTCGAATGACCCTTCCGATGGGACGGGTCATACCTACCTCCACTCCGCCGGAGGCAGATGCGACGTGG
GGGCGCAGCTGTCTGTCCAGTCAGCTGTGACCGGTGACAGGCCGGTCACAGACCGGTCATTCCTGACCGCCGCGCAC
CAGTCGGGCACACCGCACGTCTTCTCCTACCGCATTGAATACGGCAGGGAGCAGTTGGGGCGCTGCAGTCATTAAAG

GAGGTTCGGCTTCGGCCTTCTCCCCGCTTGCTCCCCCCGCCAGATGGCGGATAGGCGAGAG

LIP19

Cloning& LIP19

Identities : 369/369 (100%)

AOX1a
GCGGAGAAGGAGGTGGTGGTCAACAGCTACTGGGGCATCGAGCAGTCGAAGAAGCTGGTGCGGGAGGACGGCACGG
AGTGGAAGTGGTCTTGCTTTAGGCCATGGGAGACCTACACCGCGGACACTTCGATCGATCTGACGAAGCACCACGTG
CCCAAGACGCTGCTCGACAAGATCGCCTACTGGACCGTCAAGTCGCTGCGCTTCCCCACTGATATCTTCTTCCAGAG
GAGGTATGGCTGCCGCGCGATGATGCTGGAGACGGTGECGGCGGTGCCCEEGATCETGGECGECATGCTGCTCCACC
TCCGGTCCCTCCGECGCTTCGAGCAGAGCGGCGECTGGATCCGCACGCTGCTGGAAGAGGCCGAGAACGAGCGCATG
CACCTGATGACCTTCATGGAGGTGGCGAACCCAAAGTGGTACGAGCGCGCCCTCGTCATCACCGTCCAGGGCGTCTTC

TTCAACGCCTACTTCCTGGGT

AOX1a

Cloning&! AOX1a

Identities : 483/483 (100%)

Fig. 15. RT-PCRe] #58dS Sl a=2d3s ¥ A A3 F-94E52] sequence 4

LIP5, LIP19, AOX1a®] 97w g targeto] AW W A& =4 FHxtet o
A5S BT pBCI21e A71AE wlaE S3 Triticum aestivum ARF
mRNA for ADP-ribosylation factor(ARF), Hordeum vulgare subsp. vulgare
mRNA for ADP-ribosylation factor 1-like protein ¥ 3 Oryza sativa



(japonica cultivar-group) mRNA for ADP-ribosylation factory S 3
ARF+ Ras-like GTP-binding 9922 ZE B & FFo2 HE
Hol EAste] ERZHE Golgidl2 dZAHo w@dds FH|se
traffic}t A|ZEW =4S ZAASE actin polymerizations F 23t} =3 GDP T
© GTP Z3e] As54 o= W3l conformational switch® 2§

Ao #ojsts Ao delslth TfEEolAe A
A Zd A= W, Arabidopsis, A, &7, B, 2 SolA ARFH
A7 el = AT 5488 12ToAA A5 147 el B o] Hajox Tadfk
7F glue] e Wiz #Es AsAg e Fodts Aoz JadEch

Table 7. Comparison of cold tolerance related traits with expression of the

selected marker genes among BCIF6 lines

Line Trait® pBC121 LIP5 AOXla
| BCIF5 BCI1F5 BCI1F5
Al B| C BCIF3 — BCIF3 - BCI1F3 -

ratio | CA | NA ratio | CA | NA ratio | CA | NA
3 | 5| 3|50 O 27 | 30 | 11 X 27 (44| 16 (0] 34 |27 08
16 | 3|n/a| 0.0 O 02 | 1.0 | 67 X 02 [ 15| 94 X 01 {02 13
19| 11 5|80 O 23 | 22110 X 47 |49 | 1.0 X 45 | 33| 07
21 | 5 3]144 O 1.1 | 41 | 39 X 1.1 | 63| 59 X 12 [ 1.0 | 08
25 | 51 5]30 O 13 | 24 | 19 ) 13 |32 25 O 14 [ 04| 0.2
27 | 7|n/al 00| X 24 | 42 | 18 X 39 | 53| 14 X 28 | 26| 09
30 | 5 5]20 X 1.0 16 | 1.6 X 14 | 27| 20 X 14 [ 06| 04
40 | 3| 3113 O 16 | 27 | 16 O 33 | 52| 16 O 27 | 18| 07
41 | 71 5(05] O 09 | 49 | 52 X 17 | 75| 4.6 X 14 | 25| 19
47 | 1 5175 O 13 | 7.8 | 58 X 08 | 47| 57 X 20 |09 05
53| 3| 4(12 O 1.7 15| 09 X 43 | 22| 05 O 23 | 1.1 ] 05
73 1 3| 5145 O 0.7 11| 16 X 10 | 1.7 ] 1.7 X 0.7 | 03] 04

"' The BCIF5 lines in bold (19, 41, 53) share a genomic PCR band specific
for Hapcheonaengmi3. > A: discoloration (1: strong, 3. good, 5! intermediate,
7. weak, 9. very weak), B: tolerance at seedling stage (1: tolerant, 5:
susceptible), C: germinability at 10°C after one month in the 2cm deep in
soil (No. of germinated seeds out of 30 seeds with two rep.) * O: PCR
product observed, X: no PCR product observed Y The ratio means rate of
cold induction (CA/NA) of the corresponding gene.

pBC121 4 AHARF)9 genomic PCRo|A $xgu|335 Eo]& bandE Hol:=
19, 41, 53 9] BCIF5 Al%E SolAl 19¢F 532> RT-PCRO| <3 od 443
ol M= Mg n3s et A} w3 A HE A E el Aol

it Ris

e



&+ pBCI121, Lip5 AOXla

S BCIFSOA = B dATT o4y A2fEdd ddsS BTt ol¢h= wt

2 BCIF3oA Z&dEH o} BCIFSoA THEHA] &2 vlAEE dF FRH
Atk o]x ¥ BCIF3¢} BCIF57He] By BAXE= A3Ae] o auths ofugt

Aol s o] 7k A M o] Aol oA AZIH,

4) ADP Ribosylation Factor (ARF) §AA #+% Hn
Genomic DNA “gel A s n3s el WF235 9] ARF kel A7]9 2
ol B3] 98] 48 PCR AHES A 2939 sequencingst$ith. A2 DB
ote] HlwE F3 FHAne] ARF FH A= japonica typedt @ 42322 indica
typed} IA = Aoz FAHArt (Figure 11). TFAH 2 ARF #Axe] 79
intron oA 1370 @717 35 et Az U Ts HolA ZAHE Aow
FAE ST o] # gk intronoll A 9] Apol= fxak deel] AHAow JaFs 1A
F917F obd Ao deA loem=z W] st 7y Fo Ao Z& AHY
Fo] zpol&Z o] ATl & intron F9lol A enhancer 52 #&3l= FEo]
H odz glomz 9] olZ A3 ARF #FxAF @del Wil rtegde 14

2 A = gk

of

r\l

)
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Exon #7
< 4 =
Japonica GCTACATCTGGTGAAGGETTGTATGAGGBTCTTGACTGECTTTCCAACAACATTGCCAGCAAGGTATGTT
HapChon GCGACATCTGGTGAAGGETTGTATGAGGBTCTTGACTGECTTTCCAACAACATTGCCAGCAAGGTATGTT
Indica GCTACATCTGGTGAAGGETTGTATGAGGGTCTTGACTGECTTTCCAACAACATTGCCAGCAAGGTATGTT
MilYang GCGACATCTGGTGAAGGETTGTATGAGGBTCTTGACTGECTTTCCAACAACATTGCCAGCAAGGTATGTT
Intron #7
< 4
Japonica GGCCTATTCTAATGTCTTAGTCTCTGCTTTTGTTGAAGGCCTATTCTGGCCTGAACTTTGGCGTTTAACT
HapChon GGCCTATTCTAATGTCTTAGTCTTTGCTTTTETTGAAGGCCTATTCTGGCCTEAACTTTGGCGTTTAACT
Indica GGCCTATTCTAATGTCTTAGTCTCTGCTTTTCTTGAAGGCCTATTCTGGCCTEAACTTTGGCETTTAACT
MilYang GGCCTATTCTAATGTCTTAGTCTCTGCTTTTGTTGAAGGCCTATTCTGGCCTGAACTTTGGCGTTTAACT
Intron #7
< =
Japonica TAGGBATAGAAGAAAGCTGAACCATGTTACTCGAGCACTGCCTTTATATACCTCAATAAAATCGCTCCGA
HapChon TAGGBATAGAAGAAAGCTGAACCATGTTACTCGAGCACTGCCTTTATATACCTCAATAAAATCGCTCCGA
Indica TAGGBATAGAAGAAAGCTGAACCATGTTACTCGAGCACTGTCTTTATATACCTCAATAAAATCACTCCGA
MilYang TAGGBATAGAAGAAAGCTGAACCATGTTACTCGAGCACTGTCTTTATATACCTCAATAAAATCACTCCGA
Intron #7
< 4
Japonica GTACTTGGCCTT AAACCTTAAGCATCTGCAGCTGATGACATGCATTTTCATTATTTT
HapChon GTACTTGGCCTT AAACCTTAAGCATCTGCAGCTGATGACATGCATTTTCATTATTTT
Indica GTACTTGBCCTTAAACCTTAGCCTTAAACCTTAAGCATCTECAGCTGATGACATGCATTTTCATTATTTT
MilYang GTACTTGGCCTTAAACCTTAGCCTTAAACCTTAAGCATCTGCAGCTGATGACATGCATTTTCATTATTTT
Intron #7 Exon #8
e D 4
Japonica TETECAGGCTTGAGCETTTTGECAGCTGGATATCTGAACAATTCACTAGTGCCGETTTACATATTATATAA
HapChon TETECAGGCTTGAGCETTTTGECAGCTGGATATCTGAACAATTCACTAGTGCCGETTTACATATTATATAA
Indica TETECAGGCTTCAGCETTTTCGCAGCTGGATATCTGAACAATTCACTAGTGCCGGTTTACATATTATATAA
MilYang TETECAGGCTTGAGCETTTTGECAGCTGGATATCTGAACAATTCACTAGTGCCGETTTACATATTATATAA

Fig. 16. Comparison of ARF genomic sequence showing difference between

Hacheonaengmi3 and Milyang?23.
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15C 233 BEe 20%60x<80em Zek=el At 7 Aol YA EE 1053
HEF B5Zo] sa® dGom HEF 219 FANIE, BAARTE, £
B, AN B geEeld e 2AeT

7b ARAE AR
At FF ?H] AL A Fuo W ga xol= glon} Aukxel
Holdah EFZod, weEeold, 27I8SA, Wik, e

Ark. Eivkete] B AupA) A7 Batoleo] 16T AR AR A
733t 7] “H%’:Oﬂ 2] g} A ulf A] ?JEOJXJ% w0]7] 9ste] ALz A ol 2
F=d A7, 1997). sEel wheh s gl A
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1) Aol A

FHANSE 5 6435F R AT AL tHete] 13TeAlAM Eol5A
AAT A3 AA 647% F 137%0] 13T A4 wopgo] 90% %
UEREE, ALollA Wolgo]l 90%0]/del A b, IHHW, %255, ¥
ABn)3%, Pelde, IR69860-1-1-2 S o2 Ao wolgo] 4z ato] 2 u}Auj
Al 7] 4R GRIE Boldt AR FIEHS AF FHAd R gl

B HTable 8.).

tlo o

(

¢

Table 8. A2Wol&o] w& FFHXE
hol& 50%°13 | 51770% | 71790% | 91%°)4+ Al
=T 2 4 45 13 64
(%) (3.1) (6.3) (70.3) (20.3) (100)
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R4

ox

FHYM3E T 64FT E Al diste] 15TeA ZoF 548 A

Ay QA 64A%F T 5 Al Fokg& 51%01delATt. Ao A Fo}

£o] 51%0149 FAALL M35, M, lokn], [R66161-121-4-4,

Stejareed5 & olth. o5 FAALE Az A Fopdo] FEato] A}

Aod FollA Foldo] w FrAdoRe] Fs]R A THTable 9.).

Table 9. TAFFTY AL2Zots &%

Zo& |10%°]3H |11~ 20% 21730 | 317401 41750 51%°17| A
% % %

FET 5 6 12 24 12 5 64

(%) (7.8) (9.4) (18.8) | (37.4) | (18.8) (7.8) (100)

AN RS Ao EFEopdoA sAlE FAAd s A2dEEEot
ol g-Fstth=(RHEAIR, 20000 28 Arroz da Terra & 68719 #4
Aol tiste] FEEzdd 20/10C(FIH/ON Y Aol A" Eod s A
sl Ay A el WD-3, Arroz da Terra 5 2719 F-HAxIHo] Zol&
8l%old oz HAagmA JrEGe] dad Aow FAHY FHAMIE

= il
= 45%% KEolaL, Fubn, b, MY23E T Fobgo] Yal AAR %

A o] wkth(Table 10).

Table 10. ALH5 Zolgo] W AERE

Zol&  [20% ©lsh| 21-40% | 41-60% | 61-80% |81% °1%¢ Al

5T 21 26 12 5 2 68
(%) (29.7) (40.6) (18.8) (7.8) (3.1 (100)
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>

NS A L%‘E}(Table 11.). wraw B EApE A 2o A
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fo we e pAR v

A AeZope Aeuol i HER AEsolol & Aow ik
Table 11. A3-44 H4 W o
T & A2 kold AEEFEOA A2 E ol
A kol 0.309 0.116
AL EFSZOH - 0.4317
Table 12. A2x30lA Told, ETEoHE 2 I5EohE
HE = 5 ol EsEolE HaEoks
1 Asanbyeo 96 54 11.2
2 | Juanbyeo 78 31 11.1
3 | Nonganbyeo 88 42 11.2
4 Hwamyeongbyeo 82 40 31.2
5 Kwanganbyeo 74 34 26.8
6 | Junganbyeo 88 36 46.2
7 Hwaanbyeo 0 51 37.9
8 Donganbyeo 74 39 22.0
9 Daesanbyeo 62 32 28.3
10 | Hoanbyeo 50 27 22.9
11 | Nonghobyeo 90 34 22.9
12 | S.466 98 35 40.0
13 | S.467 96 35 39.8
14 | S.475 86 36 35.5
15 | Amaroo 78 44 47.9
16 | Pelde 92 37 39.6
17 | Langze 96 44 33.7
18 | Jarrah 88 27 45.2
19 | Mogkyo86-1894 62 39 46.2
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Table 12. Continued

Me | % 3 woh& Eggoby | weEels
20 | Hapgang 19 38 11 9.8
21 | Hapgang 20 94 45 39.2
22 | Hapgang 21 6 5 2.8
23 | M-201 90 28 21.2
24 | M-202 84 26 8.7
25 | M-401 90 29 32.7
26 | Calrose 90 46 46.2
27 | Hapcheon 1 38 40 21.1
28 | IR65600 94 16 3.7
29 |[IR71170 74 8 1.8
30 |IR71179 84 13 3.8
31 [IR66161 88 54 2.8
32 | IR69860 100 44 6.0
33 [S.472 88 46 -
34 [ Andabyeo 88 10 -
35 | Namcheonbyeo 72 3 -
36 | Aruumbyeo 50 9 -
37 | Shindongjinbyeo 70 32 -
38 | SR20267 86 26 -
39 [ Tongilbyeo 90 16 -
40 | M.23 98 7 3.2
Hapcheonaengmi

41 3 100 80 45.3
42 | Ilmibyeo 70 37 35.9
43 | llpumbyeo 84 34 33.3
44 | Dongjinbyeo 90 47 10.9
45 | Hwayeongbyeo 74 32 23.3
46 | Chucheonbyeo 84 25 31.2
47 | Hwaseongbyeo 95 40 48.1
48 | Daeanbyeo 96 39 22.9
49 | Geunambyeo 86 42 6.9
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Lfable |12. Continued.

e | F F 3 wolg E3EckE | wgEors
50 [ Odaebyeo 32 42 6.5
51 | Gancheogbyeo 98 36 21.2
52 | Hwanambyeo 82 39 10.1
53 | Surabyeo 90 40 0.0
54 | Pyeongyangl? 38 36 31.2
55 | Pyeongyanglh 84 38 31.2
56 | Pyeongyang 26 90 31 47.2
57 | Pyeongyang 41 62 13 2.5
58 | Hamnam 14 88 42 44.9
59 | Dongnong 415 84 24 3.3
60 | Dongnong 419 76 28 48.1
61 |[Dongnong 5083 90 30 2.5
62 | Dongnong 93-16 84 23 37.9
63 |[Jo 25 98 44 35.2
64 | Stejaree 45 96 86 53.2
65 | AFe1982114 - - 85.7
66 | AFE1982107 - - 54.2
67 | AF21982108 - - 56.2
68 | AF=1982115 - - 65.2
69 | AFe1982336 - - 67.2
70 | AFE1982212 - - 66.2
71 | WD-3 - - 84.9
72 | WD-4 - - 51.2
73 | Arroz da Terra - - 71.4
74 | Guryeol - - 65.2
75 | Hyangmibyeo?2 - - 4.3
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. DNA 28X & F34 A&7

RS F414 FATRAE AFLP whA(Pst1-AT+ Msil D& 7HA
aL dAsk e (Fig. 17) 4 fAbEs A vhA el didh g8d Mes
WER mA S ] vlge] wpE} eha o5 wiEe R IS AAE A
Bt Al Sl Al aE2eh gk A IRRIA =9E 2uay 8
49 FTH AXYI FF AFoR UHAL AXYTt 25T W = 2 o
AEE, dFW 5 FUEE R =iy 25 gl AvEs Ao E
o2 70%3EelM v R 58] A AV3EE v %—011*1 xHﬂHﬂ‘: # o}
A ES 2 A AT 83% 4 3 =
spA A el A gl hAshs e AdwdE mjxﬂ.ai FAg # ATh A
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o). A5 42 mapping® 91T WHE4 L ARAY AT

b1 9lstol

3|

o]./\é o]

Tof Aol &

shdw ek F 23

ol

Mo
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te] 3%3 8799 wH]FEAZ AJrHTable 13).

WH)E

o
o=

Hao Zao 5, Wd-3

Table 13. &3}

\umO
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™
ﬂ ,vIAH n_AIO
.
et et Eo
~ S
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ee X
~ w
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W o o N O o
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I e
o @ w5
ﬂ_H_dm\_/ A_u‘wU_,D
5 | b =0 g
H |~ m = U@
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_Jlmﬂua;& ATWH
Ml BT | IS
Flgg | 22
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=22 223
B v %%

mapping=< ¢

A B4 9

VS

o
Ll

3

EX
=

=

]

Z_'

ted 223719

S

2,800%F= A%

o]/

Hagdgo] 3.1%E ofF sokon AEA &

=

ZFcH(Table 14).

o] it}

o} DHL #¥-84o]
504 o)

kv
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3= B3lgo] 0.3%= A9 HA
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Table 14. 4752 =38 FufF vk-g

W3 51 Aok R 215 A 215

U > A S = Eat

S =Y AT qus | was | nas
S1A1 /fﬂ—;‘do n] Si

SR27439 e o g ] 2800 11.7 223 8.0
235 /3 gn)3

SR27440 | 2400 3.1 7 0.3

SR27494 1200 21.3 98 8.2
T2 /Wd-3

SR27517 2200 8.1 132 6.0
Wd-3/59H

SR27608 2200 24.2 289 13.1
Hao Zao 5/F9H

ok Fs T A9AS ATHAES et SR27440(2 4235 /% 73
%) & 4x%} 526415 S FAIek 4x3 857MAIE £ AEstith(Table 15).
oA Al g wEl wn] 2R def23s, Tuﬂﬂ T o] =3
S Vo R SA AAsgien, AuAgoem 13T ASAdolA Adol &S
3} R27608(Hao Zao 5/5HH) %— 223 ol A 1770
th X JHo] FxdudS kst 3ol 7= Aluin o}
Hlsesh Aoty FEsta dAnL@stA] 5% 4A18S SR27494(5EHH
/Wd-3) ¥ SR27608(Hao Zao 5/F-7H) Z3ellA Adsigitt. o5 AlEol U
st FRdolY WalsAEgY 5 A ;
REoR &go] 7 o= AetETh

T
=
3
-
o,
o
o2
}01'
_?1_',
wn -

Table 15. SAAEY %Z3hd Ay

A E
a2t ) 28 TAA =
2% | Aewel | vAnA
2 F23% /A A1 3
SR27440 | - h | 7 7 0 0
2
SR27494 132 27 0 0
Wd-3/F 2
SR27517 | . 98 21 2
e /Wd-3
SR27608 - 289 30 13 2
Hao Zao 5/5%
7 526 85 17 4
okl er A|ESA EAoA 58 28] AES Ao HEIHAEANS
ZAFeFAtHTable 16). &Y= SR27440(2 4235/FH B 335) 5 3%F o
TAela SR27517(Wd-3/FdH]) Fuboldtt. ¢ AI7iAE Ao 7h
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ot} SR27440(H 4235 /3 ) 335) ©7bo]ar SR27494(5=2F/Wd-3) <}

SR27517 (Wd-3/FEH)2 3t 7NA7F Eokedl o= 45 Wd-3°0] ZF3te
2 Idolx e v HAow #doEch =S SR27440 9F SR27608 X+

olx g4 MAZF @ekow, FRaaE SR27494x9 0] 19.6702 7 WAL,
99 X/ mIERlth ARAE Y A dobd e
£ WA ko) SR27517 Z& o] 82.3%0.2 U433 Holdt)

—=

Table 16. AEAEe] HH4 282 54
_ _ = ~0] 2~ ZJ_— X]— A= ;q_ Z];],/\/\ Xi%??]_,o]__%
Iy }ﬂ—‘ 18 }_6]_ =T =T o T o |TTmToT T
apde ] s @) | e | @ | oD %)
66.7+5.125.3+2[ 11.4+2.
W35 /3 Em]3 8 8 1
SR27440 | 109+4.7] 95.0+9. [20.5+2| 19.6+3. | 63.9£7.0
<2
SR27494 111+6.9 1 0 7 73.549.2
S /Wd-3
SR27517 W3/ 121+5.6|82.7+£13(21.9+2| 12.942. [82.3+11.3
SR27608 e 114+1.8 1 0 8 76.2+13.4
Hao Zao 5/5%H
72.948.124.1+1|13.5+3.
9 .3 6

ar =
|3zl spdriel LF235 7t oJunlE wHlHT =9 209 A2Eoldd
2 Al Aewobde] $5E AANS AL Kute] 2ol $5
= O el
Q_E =

BCiF; Aol shdwof H k23

Table 17. ¢l&uu)

RS Wl a1
s/ Qv 3=//3 3 60 BC1F:
o235 /YN 35/ M F235 60 y
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g/ Q3= //2x 313 50 BCaF1
k235 /Y35 //2+ W F235 40 y

B3 Tt nufE el sPH e "3 E o gk & A2 o}
o $-gk JNAE Atetaral, Z4zte] xFT 209 AAdete] AL wolbds
Ay} shgn] 22 95%, BUd23% 2L 60%8 =
s 232 50%, U235 232> 15% 9=tk 2H7he] F3tolA] AH2Fof
| 58 MAE sHdu Z=FelAs 10704, 2d23se 3AIE Adsilt
(Table 18). Briggs & Knowles(1969) 937}l 43]] A ujE= WHAAS A
s HAgste] A% 53] oAuzt ah= WHES ARt w1 AR =

o
=
Qurt o ARAY Frold F1 LES F487] o] ozt
1

x7] A= o
of g A Topdely ok & 5A4AA, Mdd EARA o8 5 e A

Table 18. ojanjzgre] A2 ol g1 FolAy

5 . Aedrolg | AEFobE 227N A
- (%) (%) (A/EAD)
shd /g dn 35 //3Hd ¥ 95 50 10/20
UF23% /3 Bm38//HdF23% 60 15 3/20
St dn 35 100 80 CK
A1) 100 40 CK
ko35 90 7 CK

QTL 4 ® FaAE s 98] EYd23s«=2/x g 35 2 BCIF6 80
AEEe] Adoldst Sotde AT (Table 19). #41E AleE2 & WO

g nglom, Aeumols Bitol 52.2%013, ALEobE BRE 245%9h A B
(1998)€ 1] olau] Aol Brhx Amets gAel HRAEE B8] 2ol
S A2 e S4o) uleh BCRE BC/M dEnia stk e 2 A6l
= oo 13 F ABS DANA AU} Zolde ARl AuE ABEE
Ay EFol THlsloF @ WERY, WEAN AFH U FARA 54 52 24
sl SEL AMAYESOIG FHREOE B8] T Aom wrkHL,




Table 19. oagfel] o3 §4€ F8 -F7AE

A&Zol8 2] &-uFol 8

A= q (g) [5:3 ] o &
CR202 J 58 83
CR222 50 83
CR224 55 83
CR236 53 88
CR241 48 93
CR244 45 83
CR246 78 98
CR249 43 83
CR250 45 83
CR257 48 95
CR267 48 88
CR274 60 100
CR286 45 90

B4 +SD 24.5+18.5 52.2+32.6
2 k2335 7 95
s}d v 40 98
FgHPn3E 80 100

) 1 BCiFs (B Y2352/ Yr]335)
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uhel|2lo} o1-F A A (bacterial artificial chromosome, BAC)7} 1992
diol 270 ol (Shizuyas 1992), A& = Hx= 1994 £ A2
of 2oJste] =4=2] BAC library7} 7F&FH AT (Woos, 1994). °o]ZHF BAC

53] ARAEo A B3 Ame BAATY sHHeRE Fad FHAe

) =
2ol grjHelak Fa7 = = o]FHal Utk AujFelu A o]&¥ =
ol

= 3

5% Amde PAsE 4944 B fERARAES M FRAW R
w3l ;EA] BAC library® AZSE, 47 F34 An Awge] 254
4 A% Wl Avd BAEAS Fi FA4E ol§ BAC FRES A%
ol B R4 AR A4S, FFT ALUIYS AYSHE 9Y wE
QTL HAAES EFah BACS Austel f44 welg /b7 shd 71z
ARE AT, AR BACY A/IMIARE B BEAAA 2UA
el olgol Weld e PAEAE Awstod F§ T 5 Uk L Aol
A gAY AR AwE 1T EFE 5 Q=S W] AA FAAES 5

=
o
X
N R
o
ol
ol
=
o
ey
i
E‘L

library A|&S HX
™, BAC library®] =717} AA ¥ Alsel 13.4812 36,864702] clones ¥E
St o] EEE2 Q-bote ©]&3te] 96719 384-well microtiter plateol
ordering 2™ 2742 membrane filterol]l A FH} o]e} & BAC library
E AAsHH 99% oo FERE dshe A dVIAES 7kl BAC 25

= A~
58 5 3

O

Overgo Marker (http://genome.wustl.edu/gsc/overgo/overgo.htm)S o|-&3+H
8 bpel A7IMEel THEE 142 Overgo primerE A AAT 4= e,
ShHo] A& T2 4049 Overgo primerE 1Y% BAC ZE #HA 3 o
€%  JdorE, BAC SEEE5H WAY W 53 A7 Fd4d
AYE 224 A (bp deHE H¥sta, A& HA= BAC FEER contigd
TEo]  EEfFAAY] =9d FAHEE AAEE] flstedAs= Overgo(U.D.

McPherson, Washington Univ. Genome Sequencing Center, St. Louis, Missouri)E

—
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BAC library®] #HAol o]&st= Zeo] axpzlojrh Al 1 AlF-aAleA 7ide A2
T AR A Faket kA o] 44 $121E Nipponbare
T A2 A oA gelste] W A 119 o] A ol fdAke el
7% RFLP markerdlA #|Z% 5719 overgo primers (C1350, S2712,
G320, C794, R682)F o|&3ate, 2749 membrane filtere] LAGH Q=
36,86470¢] clones #HAsth. 1 A3}, EE overgo primersZF-E 37 ol A
16718 BAC 285 A & 5 Az, AZE BAC library®] Zlo]l7F A ‘ﬁ
Axel H 10X genome coverageE YWENNE A4t 23S o|ZRE
T oANeH, F7te W AMNA oW o] Awobd wE FHAdd A
RFLP markerol A A ZH 2709 overgo primers (C43, C1991)E o] &3l 7
A Ax 742 9/¢) 37Ul ERES AT U

a2

SU =

ALY

w4

r2

Juls

A

HICF(high—information-content fingerprinting)*|2=¥1> Type IIS A|3la A9}
Type II AgaihE FA o]8&3te] BAC 285 ddate] Hat 500 bp st
°] AHES WwEI, Type IIS Zﬂ'éf}ii of efste] wtEolxl Axe] 5
overhangg &% dideoxy terminatorZ Q7|4 E EAJEES o] &3l
labeling 3 ¥, A&7 2479} size standardE o]&3le] HHe] =7
of TAA7INE AHRE FAl 535k @34 fingerpriting Al =Flo|th
(Ding%, 2001). 344 #H&H Fd29k A#E overgo primersE HIOE
g n3 BAC libraryE AAse] 92 BAC 285 HICF W3} ABI3700%
o, 358 HAAEL FPC programs ©|&3}4
2] =

4 a4 A%E A4sH,

o]-83}o] fingerprinting st
10719 contig® AZAA 7L &

2. A8 2 ¥hy

7h @A AR3E Fapel Sw W A

EE2AEH ZEAHA O ZHE BoF ulo zewoldo] AL 71 g oin|3
(Oryza sativa cv. Hapcheon)2. 258 BAC library A|Zo] A& 7t DNA
P8 fRE e 2ol Avsart.
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. At 23 DNA B

1) 4-67% Y3 (Oryza sativa ssp. japonica cv. Hapcheon)2] o] <l
50-60g & "tARAREol] gar oA Aaof oA sl

2) At Alse v iced H¥#E] F2 500mle] NIB (Nucleic Isolation
Buffer: 10mM Tris, 10mM EDTA, 100mM KCIl, 500mM Sucrose, 4mM
Spermidine, ImM Spermine, 0.1% beta—mercaptoethanol)”} ¥71 1L =g}
230 Yil (10ml NIB/1g tissue), icedl 10-12%7F a1, o] wj 23w}
A=A EE0] FIATh

3) 2739] cheesecloth®} 2712] miraclothE HA il NIBS} £33 Alge] &
gralS o 3AZ] T 1/20 volume?| lysis buffer (10% Triton X in NIB)Z
74k ¥ icedll 10E3F & F 2% "ok A=A 5o FIAH

4) $1¢] £ 10709 50ml felcon tubeol o] Fil table top
centrifugeol A 3,200rpme = 1283k AEHE A4 s

5) 40ml A%E9] FZ NS 2A~HA w3 paintbrush® pelletS A2
Al =3

6) o17]°l A} NIBE 50ml 7k 7Fgk & tpA] AR sieltt. 4)-6)9 dAE
23] WHEskgl

7) WA A4lEE $ 1-2mle] NIBRE @71 A
pelletS resuspendstil 45°Col A 727 WA 81T},

8) Ax&} FeFe] 45°Ce] 1.5% low melting agarose® Z§ata Az
3 plug moldell F-9t}.

9) d2olA 2-3A17F #3 ¥ plugE mold® ¥ ®elAl7]al EPS buffer
(0.5M EDTA pH9.2, 1.0% sarcosyD”7} ©7 50ml felcon tube°l] &%t}
10) 1ml EPS 9 1mg9] proteinase K& Yl 50°C ovenoll A 18-24A|%F &9

rotationA] Z th.

11) TE buffer (Trisma base 121.1g, 1M HCIl 42ml, ddH»O 800ml: pHS8.0

ol
ol

CEIEE AN EL

ol
tlo

ik}
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with HCDY ddH:0= plugE 4328 washingsdtal vlx]=te =2 TE bufferdl
T10] 4°Col| Al Haelglt)

t}. pCUGIL #H 9] e, $hxxd e 9 dephophorylation

CUGI (Clemson University Genomics Institute)ollA #Hre pCUGILE
pBeloBAC11 (Figure 1)elA4] LacZ site’7} M ¥ o] daAslo] Hx &S 7
< blue colony?e] Mol AR A&tA e} €A recombinant$! white colony

o s Aol Aok

1) pCUGI1S LB (Bacto tryptone 10g, Bacto yeast extract 5g, NaCl 10g

Agarose 15g/L)/ Chloramphenicol (12.5mg/mDelA 16-18A]7F v k3l T},

2) DNA midiprep kit (Qiagen)& ©]-&3to] DNAE &35ttt

3) 37°ColA 2A1%F F<F HindlllZ Awsldth (7.5ul 10X enzyme reaction
buffer, 1.5ul BSA, 5.0ul HindIIl (10U/ul), 50-61ul vector (7.5-10ug),
ddHz0/75ul reaction mixture).

4) 65°CellAl 2087t heat inactivationd § A"2] spin downat3itt.

5 30°CelA 1]zt 50%3%+  dephosphorylationAl #Hth  (75ul  restriction
reaction, 5.0ul HK phosphatase (Epicentre), 5.0ul CaCl (0.1M), 2.5ul
reaction buffer, 12.5ul ddHz0).

6) 65°Coll Al 2047t heat inactivationd & A"™z2] spin downd}S]th.

7) Phenol/chloroform extractiong 3+ % ethanol precipitations 1% TEel| =%
=3

8) 16°Cell A overnight® 2 self ligationS A]#HTh (100ul dephophorylation
reaction, 12.5ul ligase buffer (Promega), 3.0ul T4 ligase (9units,
Promega), 9.5ul ddHz0).

9) 65°Coll Al 2047t heat inactivationd & A"z2] spin downd}S]th.

10) Ligation reactione 13ul®] loading dyeE 7}3 & 1X TAE (Trisma
base 54g, Boric acid 27.5g, 0.5M EDTA 20ml, pHS8.0), 0.8% agarose
minigelell A 30VE 5A17F &<t A7) 453kt

1) Add 7.5kbe] ¥WEH DNA bands Hitd WEE= Zekd § 1.5ml
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microcentrifuge tubeol ©S 3 -80°CollA 1417t E<F Fi).

12) 13,000rpmo.2 2087} centrifugedt % pipette .2 WE] DNAS 3|55} c)

BamHI Sphl findiil

LT Mo 0
loxpP | T7 Epo :

[ N B " 's—

[
Cos Sac Bal |

Sl §
part
PBeloBACE |
parB 74 kb
oris

pari
repk

Figure 19. pCUGI19] backbone?l pBeloBAC112| map.

g}, At DNA &4 dd x4

1) DNA plugE ¢ glass slide 91914 HEER 2 A3 100ul® 1.5ml
microcentrifuge tubeol] ®SkTh.

2) HindllIE 1U/ule] H=5 34 s3itt.

3) Tube B ¥FZ buffer (10mM Tris—HCl (pH7.5), 50mM NaCl, 1mM DTT,
4mM Spermidine, 1mg/mL BSA, 6mM MgCl)E ¥ il iceollA 1A17F Bk ¥x]3}
At

4) Tube & 0, 1, 2, 3, 4, 6, 10, 100unit® HindllE 7}}a1 thA] iceolA 1
A7F Fob wa] sl et

5) 37°CelA 2083 &9 dAds ¥ F CHEF gel (BioRad CHEF DRII
System)l| 4] initial switch time 15sec, final switch time 35sec, 6V/cm,
14°C, 18717t &3t A7]g-&3 At
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6) 1Mbo]Are] Adt] DNAZF tii-& dez 11 100-300kb W9 dHa & WE
o] Y= 248 Aeist 243 1unit/100ul plug?t AAZ719S dolQith (Figure?).

L 1 2 3 45 6 7 8 L

291.0——
242 .5——

194.0—
145.5—
97.0—
48.5—

Figure 20. Hindlll partial digestion ¥ <gwu]30 A &

At DNAE HindIll O(lanel), 1(lane2), 2(lane3), 3(lane4), 4(laneb),
6(lane6), 10(lane7), 100(lane8) unit®. = *]2] gk ¥ lambda ladder
marker(L)9} 7 PFGE= & 3}3lt}.

"7}, At DNA size selection

D) daAlelM A" A4 ZA(Hindll 1unit/100ul DNA plug)oll Al digko =
HindIll ¢+ dd-S shglth

2) CHEF gel (0.5X TBE, 1% agarose)°llA] marker®} 37 initial switch
time lsec, final switch time 40sec, 6V/cm, angle 120°2.=2 12°CellAl 184]

2 B9 27195k
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3) Gelg HEES o]&3lo] AZE 3FFoZ A=231 markeret 3 & 7HE
A4e] 27kek EtBra 9 Astel DNA AE1€ UV illuminator 3kell A ZARSHITh
4) Size markerE X3l 100-300kb el EAIE 3H3lth.

5 @AsHA Fe JhEdl 2zt ko] Hlulstel A7) AMEHAl B geld
100-300kb H-#& Zehsdc}.

6) 2kl geld thA] 35 ECZ 2231 0.5X TBE (Trisma base 54g, Boric
acid 27.5g, 0.5M EDTA 20ml, pH8.3), 1% agarose geldl loadingd ¥ size
marker®} 7] initial switch time 3sec, final switch time 6sec, 6V/cm,
angle 120°2.% 12°CollAl 18AI7F &<t ©719% skalth

7) 3)-5)¢F 22 WO ® 100-300kb G W] gels ZepATt (Figure 3).

L M

B e

Kb

291.0
242.5

194.0
145.5

97.0
48.5

Figure 21. Size selection HindIlI® A3t g gn]|329] At DNAZS
CHEF gel9l loading3tx 100-300kbe] F-#& =zl

L: lambda ladder marker; M: midrange marker.
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v}, Electroelution

Bio-Rad Model 422 Electroelution System2 A}&3Fe] DNAZ elutiond} % th.
1) Bio-Rad 422 Electroelution System®] X+ componentE 70% ethanol=
NI A

2) ParafilmS bench9lo] Zil assmebly joint®} collection cups 23 =
1X TAEE 7}8}al miracloth 8 #HS ¢},

3) 2 9ol glass tubeE HUZAAIA 1X TAE (Trisma base 54g, Boric acid
27.5g, 0.5M EDTA 20ml, pH8.0)& 75 A% gel blocks Ho13lth.

4) o]& cuvette holdere] 7]-$-31 1X TAEE A& buffer tankel ¥ At}

4) Buffer tankE stir plateol] &lal stir bar® stirA] FH .

5) 100mA°l Al 2.5A17F &<t elutions} AT

A}. Ligation, test transformation and Notl digestion

1) pCUGI1 50ng, 15ul 10X T4 ligase buffer, 3ul T4 ligase, 300ng insert
DNAE 431 ddH.02 FHZF volume 150ul® %F ¥ 16°ColA overnight© =
incubationd}3it}.

2) th& & 65°Col Al 2047} heat inactivationd}Sith.

3) 5% PEGZ petri disholl 12 71 99l nitrocellulose filter (Milipore)S ¥
+ % ligation mixtureE pipettes ©]-83F] A=Y nitrocellulose filter
(Milipore)®lell a1 Aol A 2417 =] akoi vt

4) 2417t ¥ ligation mixtureE microcentrifuge tubeol 3]4=3}31t}.

5) DH10B cell 20ul®} ligation mixture 2ulE cuvetteo] ¥il 320-330Vel A
electroporator® transformation A| % t}.

6) SOC (Bacto tryptone 20g, Bacto yeast extract 5g, 1M NaCl 10ml, 1M
KCl 2.5ml, ddH20 up to 980 ml, pH 7.0, 2M MgS0Os MgCl, 10 ml, 2M
Glucose 10 ml) 500ulE 7}stal 37°CollAl 5043t incubation 3 & 25ul® F
sto] 2-37H¢] X-gal/IPTGE %t LB (Bacto tryptone 10g, Bacto yeast
extract 5g, NaCl 10g, Agaroselb5g/L)/Chloramphenicol (12.5mg/ml) plate®l
spreading s} 3 th.
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7) 37°Coll A overnight® % incubations} i t}.
8) H 13402 white colony Z 26702 blue colony7} #&EE L o]=
1.94%2] nonrecombinant&& ERATE

9) Zt plated ¥z A3 10-12709] colonyE WA LB/CM N A w| S &
S DNAE E738}o Notl digestions 2 A8}t

10) Restriction digestion ¥ CHEF gelollA] initial switch time 5sec, final
switch time 15sec, 6V/cm, angle 120°2.& 14°CollA 16417+ &<t 7] %3813
o},

11) EtBr2 @43 § DNA #d¥ F7]5 AN 23 gy 8] 4
7] 100kb ©]’e] ®(H+t 150kb)S &1&k3itt.

o

)

=

o}. Mass transformation

1) 2ul®] ligation mixture 9 ¥ 26,800cfu”’} LoJA]==E  (13,400cfu/ul)
36,864cfus 97] ¢allA] = transformation & 2ul® ligation mixtureZE AF-&3l
< W 1.38 transformationo] ZQ3sltt, 18jB2 23]9] transformation®Z 10X
0|44l colonyE €& 4 UATH

2) TEg 49 colonyE ¥7] flste] 535 A% M-S siGih 570 1.5ml
microcentrifuge tubedl] tube W 2ul A ligation mixtureE EFsFaL 20ule
DH10B cell¥} A electroporationg 2 A 513t}

3) SOC 500ulE 7}8tar 37°ColA 5083t incubationdt § plate & 3,000pfu
7F 0 HES 100u®  FHsE  0.45%X-gal/0.045%IPTGE 7+ LB/0/0.25%CM
(Chloramphenicol) Q-plate(22.5cmX22.5cm)9l| spreading3d} it}

4) 37°CollA overnightZ colonyE 7|92™ H 1.94%7} non recombinant?l
blue colony$it}.

A}F. Picking colony and filter preparation

GenetixA}e] Q-bot(Genetix, UK)S robotic arm< ©|-&3}%] colony picking¥}
plate replicatione & 4 94+ 7]17]o]t}. Robot2] armellE= 96 T+ 384702 pin

B
ol 2 3lo] cloness Aol ez HAL 5 Ut
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1) 96719l 384-well plateo] freezing buffer (2.5% LB granulated broth;
13mM  KH2PO4; 36mM KZ2ZHPO4; 1.7mM sodium citrate; 6.8mM
(NH4)2S04; 4.4% glycerol; 0.4mM MgSO4; 250ul of 5% CM)E #-F3}3ith.
2) colony”} A& 6719 Q-plateZ Q-bot board¥j ol vjd s} ).

3) Q-botS o] &3t 36,864719] colonyE 96719 384-well microtiter plate
o i3s3t

4) 96719 384-well microtiter plateE 37°CeollA 18A]%F <t vjkslar o]z
H-E copy plateE Q-botS ©]-&3te] duplicatedtt}.

5) Hybrid N+ membranes (Amersham, UK)S Q-bot$lol wigstar 96712
384-well plateZFE 9] clone robots o83t wjd sttt

6) Membrane’t®] DNAE th&# o] :gAZth Solution 1 (0.5 N NaOH,
1.5 M NaCDellA 7#3F denatureA]7]3l Solution 2 (1.5 M NaCl, 0.5 M
Tris-HCI, pH 8.0)44] 7%} renature A|Z1% Solution 3 (5X SSPE)el|A] 7%t
washing3F & A2 A overnight® 2 AZAH T}

7) & 36,86470¢] SE°] Q-bota ©]&3sko]l 96709 384-well platecl] Hj<LE =
A 279 filterol] A 5 A}

Z}. Insert Size Distribution and Genomic Coverage

1) BAC librarye] DNA AH =7]o] EXE Ay7] s doJ= Ak 1087
o] Z2%& 12,5 mg/ml2] chloramphenicole] £ LB media®l 37°CollA
overnight® 2 w93}l automatic DNA miniprep system (Autogen 740)S
o]-g-3ste] DNAE F&] skt

) £2]% DNATE Notl®® digestiond}e] (DNA 8ul; Notl 1.5ul; 10X buffer
1.5ul; 100X BSA 0.1ul; ddH20 up to 15ul) CHEF gelol|A insert ©HES
Fg8 & (initial switch time b5sec, final switch time 15sec, 6V/cm, angle
120°2. 2 14°CeolA 16A|1%h) sizeE AXFEFA T Notl site= pCUGI1T # Ef ol A
o 2 3ol EA5tH Hindll site 9] &l EA)gH)

7} Overgo PIAE ©]&-3F BAC library #4
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FH Y3 A2 Lot BH FHAAe] £H3F Nipponbare chromosome 5%
long armolA 5719 overgo primers(C1350, S2712, G320, C794, R682)<}
10¥ short arm A2l RFLP markerol A 270¢] overgo primers (C43, C1991)
E AZFsER e (J.D. McPherson, Washington Univ. Genome Sequencing
Center, St. Louis, Missouri, http://genome.wustl.edu/gsc/overgo/overgo.htm),

AZE overgo primersE o] €3 FA 3 wrHe Sy 7}

1) Filter® hybridization solution 20mlel] ¥ 3 60°ColA overnight® =2
prehybridizations}$i t}.

2) Overgo primer (C794, C1350, G320, R682, S2712, C43, C1991)
10pmol, BSA (2mg/ml) 0.5ul, dNTP 2.0ul, *P-dATP 0.5ul, *P-dCTP
0.5ul, Klenow fragment (2U/ul) 1ul® A]aL A& A 1A7F E<F F2l).

3) 100°Col A 10%7F denatureA| 1% iceol X337} hybridizations 31
=3

4) 4X SSC. 0.1% SDSe|A] 304 washingdt ¥ 1.5X SSC, 0.1% SDSellA 30
F7F washing sl % t}.

5) Screens 7]%-1 6A]%F & phosphostrom 840 &2 imageZ 3H¢lslSi Tt

3}, HICF(high-information—content fingerprinting) & ©] &3t 524 §3AF A= 2HA

1) Earle 2 BAC DNAE dwsld 3'‘GAGAAGNNNNS' £2] NNN three-base
5overhangS YHE™ Taql blunt endE& YH=T}.

1) 5ul®] BAC DNA®| A 20ul®] Master Mix(NEB Buffer2(10 X) 2.5ul
,NEB Earl (10U/ul) 0.4ul, NEB Taql(20 U/ul) 0.2ul, ABI ddATP, ddGTP,
ddTTP, Roche ddCTP(50 uM) 7} 0.0625ul, ABI TaqFS (12U/u1) 0.08375,
ddH20 16.57ul)& 4431 37°CollA 30%7F incubation A7l ¥ Thermocycler®
labeling reactiong HAIZITE AA = 96-well plates ©]-&3Fe] S Al
2P AI 7T

2) 75ul®] 100% EtOHS 4131 3200 rpmellA 303+ HAAIZ] § pellets S@ith
3) ROX500 standard®} Hi-Di formamideE 42 ol fluorescent label® &
& ABI3700s ©]&3to] welsqit.
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4) GeneScan Fragment Analysis Software® ©]&38}o] 354 500 bp Abe]2]
HAAF7E BX3 & FPC v.4.7 program< ©|&3dte] HAx#+= BAC FEES
consensus band maps(CB map)& ]88} Z}2te] contigZ A3}t

BAT DNA
l Fpal and Rsal

AL
™

GAGH NN
TG CENN NN

GA GGG
CTGEOE

G'l

XL DT
MHFRRE

,,D..___.______n-r

Tag F3 Ty F5
TP
SHGTR-R110 SAGTR-R110
HAATTP-AON AACTPROX
AT P EREA TR

CTGOEMMMNMNMGR NN

AL ———— GAGGONMNN NG -FsG
TE —————CTEDENNMMMGE TR

AL W
hicl TEOG! TTHN

a8

AC
™=

GACIECNNNNNCAACAS -G
CTECENNSNGTTTN

AL ——GAC NN CAAASIG R 110
S MRRRGTTTG

A AMAWN

First-base-labeling

Five-base-labeling

Figure 22. High—information—content fingerprinting reaction. EarlZ}
Taql(Z1¥ ] A= Hgal and RsaD 2.2 dthe BAC DNA dH 9

32 T2 Earlol| 29J3}¢] three-base 5° overhang (ZLHo)| A+ five-base
overhang) ZH| =W, TagFS¢} Big-Dye terminator®l] €]3led dNTPs<]
H7bod Bof w} first-base-labeling®] T4} three—-base-labeling ICF7}
Hr} (Ding &, 2001).
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3. 4% % nZ

7F d v 3 A gl DNA $% % BAC library A%

g Pu39 4 BAC library ==z}

< FEetal 154 DNAY 29=E Y & UA=EF A
LMP(low melting point) agarose$} 37 419 plug® W=+ &8%<¢ 1Mb ©]
 H&= Adl DNA % 229 /eEsielen, 7dl DNAE ﬂ%%kfi

o] BAC library A|2el] o] g8}t 1122 B

x7eo2 BAC ¥HE &F w8, &4 dd ¥ dephosphorylahon‘doq self
ligationo] A ¢+ Vector DNAE £H[8taL, FHn39] #Adl DNAZF
HindIll A& 4ol o3te] - AaEn FAlo] 100-300kb 7)o &4
Atk DNA d3E50] Hg=2 gH ¥ 27148 31, 38 ddd Al DNAS
24 Aw/9bA dephosphorylation® pCUGILSF A 710l E colidl &4 A
A7 AFskion, oo e o R Wit Awe] A7]7F 100-150 kb

T+ BAC libraryE A #FE F IS 3

do m
l-‘O
ol
38
_ﬂ

—Vector

Figure 23. Randomly selected BAC clones with Notl digestion.
TR dEgk gHd ]3¢9 BAC clones NotloZ Ahslo]
lambda ladder marker (L: New England Biolabs, USA)2} 3H7
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=

=

CHEF geloll Al loadingst 9 th. 7.5kbe] vectorE A3+ 4
Hakste] Al AEEFSI T

)
tio

2ul9] ligation mixture 9 HI 26,800cfu’t FAAXE = (13,400cfu/ul)
36,864cfus @7] 91814+ transformation & 2ul?] ligation mixtureE AF-&-3)
S w 1.38 transformation®] ZQ3lt}, 13 B2=2 23]9] transformation® 2
10X ©]49 colonys: €& F AT FEI 49 colonyE €7 flste] 53]
2 A2z dAAS 3. Mass transformationWH oz & H3EA] 7)o,
BAC library®] Z717F AA W A<l 1344191 A A7) 156.6kbe] 36,864
M2l clones 5319, o] 2252 Genetix k2] Q-bot robotic arms ©] &
&te] colony picking® plate replicationsS F3stF o, 96719 384-well
microtiter plated] ordering 3}$13l, positive clone® hybridization pattern@t
S 2% addressE & 4 A= YFEHQ duplicate® 279 membrane filter

o & 36,8647/M¢ FE HA libraryE 249 filterol] A A H T}

30

25

DH HHD

990| st 100-119 120-139 140-159 160-179 180-199 200-219 2200| A+

Figure 24. Insert size distribution. ¥l = A3 108712 BAC

2S5 Notl o2 Aelal insert sized AXFsle] =¥ 316 2.

i, st ain3 AdolAd FA A A3 Nipponbare RFLP marker® H-H

overgo primer AZF % BAC library AZ 9 AA

AL AN ARE Aol B AsAY Bl faAs AvE §H
o
o

3 FxxA 9] AUA X E Nipponbare =
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A 119 A AL ol 42194 2483 5719 RFLP marker(C1350,
S2712, G320, C794, R682)E Aslglon, ¥ AAA 5 Ao A2topd 3
B A2 o] A8 2709 RFLP marker(C43, C1991)& Aalgitt.

Chromosome11S Chromosme 5L
cM cM
C794 16.7
C1350 19.8 C1991 80.4
R682 30.5
92.0
S2712 334 C43
G320 34.8

Figure 25. $A03 Ata4 92l fA4st Avrg BAEA

At A YRS a1 3te] AwdE Nipponbare RFLP marker.

SAshs ARAE BAC 285 Adsta, Addd BAC 22525 =
AA S A QD AE =84 Adbp @)= Agsta, A E X = BAC
SEEE contigg WHEY] @AY Wl RxFAAS B84 AR

371 YstedE  Overgo(J.D. McPherson, Washington Univ. Genome
Sequencing Center, St. Louis, Missouri)& BAC library®] Aol o]&3sl=
Aol @ayAo|t}, EAFEA Y BAC & & Ho A7 4E AR Overgo
Marker (http://genome.wustl.edu/gsc/overgo/overgo.htm)E ©]&3stHd & bp<2
A7IMLgoe]l FHEE 1249 Overgo primers HA AAEE & d&d, dhdd
Mz 2 409 Overgo primers ¥ % BAC ¥ HA &7 ol&dd
AT A2 wobyd Frakefel g W AAA 119 short arm e RFLP
markero| A A ZH 5709 overgo primersE ©| €319y, 2749 membrane filter
o AHEY A= 36,8647 clones HAA}F oW, 1 A} EE overgo
primers=5-E 37o| A4 16709 BAC 88 AW & 4 93, BAC library9
Qo7 AA W A HH 10X9 genome coverageE UEN|E AAF Ad3=
olmHH A& AT Aol wE FAbel 2 ¥ AAA 59 long

ke
Jo
2l

e

214

_94_



arm’32] RFLP markerol A A Z¥ 27019 overgo primersE o]&3F] #HA3?
o

A g g Ui

A3t 247k 97} 37700 EEE

Figure 26. BAC library screen with overgo markers from RFLP

marker C794 on chromosome 11.

Figure 27. BAC library screen with overgo markers from RFLP

marker C43 on chromosome 5.
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Table 20. Summary of BAC clones that hybridized to RFLP markers
distributed in rice chromosomell linkage group.

Probes cM Ii)lfln}l]?tir Hit addresses
16E19, 28H15, 32MO02, 34L17,
39K10, 57N15, 64E17, 65C06,
C794 16.7 15 65H07, 73N17, 74D24, 77C12,
87024, 92N0O1, 93A02
02L13, 03C21, 07101, O8EO06,
17109, 19G17, 26107, 29K22,
C1350 19.8 16 30G19, 34B09, 45E02, 50I18,
79J17, 80E22, 82A19, 93A07
06B10, O06E02, 11K06, 13E17,
R682 30.5 11 31K23, 49E13, 53B11, 76MOS,
81HO03, 88H10, 96115
S2712 33.4 3 02E09, 62J03, 89110
G320 34.8 4 23A12, 28K03, 50L11, 73006
Table 21. Summary of BAC clones that hybridized to RFLP

markers distributed in rice chromosome 5 linkage group.

Probes cM I\élflr?l?ér Hit addresses
01F04, 01016, 09C24, 11G11,
26B20, 26J17, 27M18, 32A17,
35116, 36004, 41J10, 43C10,
46F11, 51P19, 56103, 57J13,
59M09, 57J13, 59M09, 60F07,

C1991 80.4 37 60N08, 61116, 62G06, 68E07,
68007, 69105, 70E22, 72P03,
74D23, 75MO0O6, 82A14, 84BO06,
84M18, 88G1l5, 89A21, 91C18,
93N18, 96C15, 96108
13HO6, 14F18, 26F05, 49012,

C43 92.0 9 78B17, 84HO1, 89HO04, 93A22,
96103
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t}. HICF (high-information—content fingerprinting) 2 ©]-&3} E¢]4 FAAA = 24

HICF(high-information—content fingerprinting)*]Z~8< Type IS Al3taA 2}
Type 11 AlGELE TAld o] &3te] BAC &< dwste] 3 500 bp |3t
AASE WHEIL, Type IS Agas o oste] w50zl A 5° overhangs
34 dideoxy terminator® @74 <E ALY E o]&3}o] labeling 3+ %, A&
A7IME A7)} size standardE o]&ste] e A7|¢F BV G AR
2 EAo #E5st= &¥Fel fingerpriting AlZ~¥lo|t} (Ding%s, 2001). BAC
DNAE FE3te] Earlo® Adsld 3*GAGAAGNNNNS' 29 NNN three-base
5overhangs RHEW, Tagle blunt endE YHETH A 9AA #d Fzel A
® 7719 overgo primers BHOE 3 Yr3 BAC librarys FHASI I
9571 BAC 22Co.2H¥ 957]9] 947)9] =2o] HICF ol sl 542
2 fingerprinting ¥ 2™, ROX500 size standard®} ¥4 ABI3700¢) 2|3}o]
=17] 35-500 bp Afele] Aol TAH A

[ [8 [Pesil Jewk Sgimp fhe Hivies |y

Fis [ Bomc Sewe Jabm == Wiaes S5

18 FOE laraiad pasics wgmg bon 35 e 500 bp
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Figure 28. HICF el olste] dets] il 94 labeling®d dHES

ABI37000] ¢Jate] EA1gk 1§ ofef 19> 27| 30-500 bp]

ROX500 size standard’}ABI37009] 2]sle] 2jd Ai}d.
fingerprint datax™ FPC program® building consensus band mapsel] <]3}<
1x107%9] strict probability cutoff setting Z7o|A] contig®Z AAF YT},
HICF Wl 98} fingerprinting® 94719 S8 = 2% 74707} FPCel ¢}
o] 10709 contig® AZAZATE C19919] ¢ste] AdtEl BAC FEES A3
U] BAC 2852 &30 ol g% EAxAnt 2H2} shte] contig® R
daHNeH 22y FAAAER AAAEAT. C1991° oJste] Adtd BAC &
252 4709 contig2 AZAFATE BAC librarye] A717F A3 ¥ Aw<] 13.4
Hjolar, o7} AAl W Aol Hi 10X2] genome coverageol™, C1991 &
A 2ARAREE 37709 BAC F&°] ARHASE sk, 470¢] contig®2
AAdE 712 YEY = NipponbareZ -8 fre¥ C19910] 33 4n|3 genomeol

A duplicateI AL o ARt Kol Folt rkw AE & & vk

©

Table 22. Summary of BAC clones that were assembled into contigs by HICF and FPC

Number
Probes I\Qfmﬁ?ér of Number of clones/contig
contigs
C794(chll) 15 1 14(5 buried)
C1350(ch11) 16 1 15(3 buried)
R682(chl1l) 11 1 7(2 buried)
S2712(chll) 1 3(0 buried)
G320(ch11) 1 3(0 buried)
contigl: 10(1 buried), contig2: 9(0
C1991(chb) 37 4 buried), contig3: 2(0 buried), contig4:
2(0 buried)
C43(chb) 9 1 9(1 buried)
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