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SUMMARY

This project, "Development of calcium-rich potatoes by expression of calcium
related gene’ consists of a main subject and a joint subject. The former is on
establishment of an efficient Agrobacterium-mediated gene transformation method
for potato. The latter is on estimation of genetic stability in transgenic calcium-rich

potatoes. The results are summerized as follows ;

1. sCAXI expression in potato

In potatoes, we have generated 8 35SsCAXI- expressing lines and 7 CDCsCAXI-
expressing lines. We randomly selected and confirmed 5 transgenic potato lines by
Southern blot analysis. A 35SsCAXI and CDCsCAXI lines contain various copy
numbers of the sCAXI expression vector. The lines we have termed 35SsCAXI1-7
and CDCsCAXI-3 appear to contain single insertions. RNA gel blot documents
that sCAXItranscripts accumulated in all of the transgenic lines. The inability to
detect a sCAXI homology in the control lines by Southern or Northern analysis
may be due to the stringency of hybridization used in this study. Four primary
transgenic lines showing single—copy from Southern analysis were selected and
subjected to further analysis of Ca accumulation in sCAXI-expressing

second—generation tubers.

2. Phenotypes and calcium accumulation in sCAXI-expressing potato plants

In both the 35SsCAXI and CDCsCAXI expressing plants, sCAXI expression did
not alter the morphology or growth characteristics or the edible portion of the
tubers. Occasionally, sCAXI-expressing potatoes demonstrate some weak necrotic
lesions on the primary transformants grown on artificial medium and soil
However, this phenotype was not nearly as severe as the tobacco
sCAXI-expressing lines and was apparent 1in less than 10% of the

sCAXlexpressing transformants (Hirschi, 1999). The nectrotic lesions appeared to
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be evenly distributed between the 35SsCAXI and CDCsCAXI lines. Total yield (as
measured by fresh weight of the potato tubers) of the primary sCAXI-expressing
lines was indistinguishable from that of controls. The variation in yield within the
sCAXI-expressing lines was not significantly different from within the control
lines. Furthermore, the yields of all of the second-generation sCAXI-lines also did
not differ from the control (data not shown). Total accumulation of Ca ion was
measured in the edible (tubers) and aerial (leaves) portions of the potatoes. There
was variability in the Ca content of the primary transgenic potatoes; however, most
of the sCAXI-expressing potatoes contained significantly more Ca (1.5 to 3.0-fold
in tubers and 1.2 to 1.7-fold in leaves) than controls.

We have analyzed how ectopic expression of an Arabidopsis Ca” transporter
sCAXI-expressing in potato plants driven by the cdc2a promoter as well as the
CaMV 35S promoter consistently increases Ca content. The control of sCAXI
expression is crucial for proper modulation of Ca levels in the tuber. Promoters
control the level of gene expression and wherea particular gene is expressed. In
plant studies, the CaMV 35S promoter is often used to give a high level expression
of a given gene throughout the entire plant. In previous studies using tobacco,
expression of sCAXI driven by the CaMV 35S promoter hasbeen shown to
dramatically the total Ca accumulation in the entire plants, but also causes tobacco
plants some alterations in growth and altered morphology (Hirschi, 1999).
However, expression of deregulated sCAXI in carrots does not appear to

dramatically alter plant growth (Park et al., 2004).

3. Calcium distribution analysis of the generated potato tubers

In order to analyze Ca distribution in sCAXI-expressing potato tubers, we
bisected the tubers longitudinally and divided into three tissue types; 1) the
periderm and cortical tissue region (O), 2) the central pith region (I), and 3) the
middle region between the cortical tissue region and the central pith region (M) of

the tubers. All of the sCAXI-expressing third-generation potato tubers contained
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2-fold more total Ca in all of three tissue types compared to controls. Thus, the
increased calcium appeared to be evenly distributed throughout the tuber.

Ca deficient potatoes are more susceptible to many secondary infections and
storage diseases. Additionally, Ca deficient potatoes may have reduced storage life
and poor quality.

Transgenic potatoes sequestering more Ca thus may be more robust than
traditional varieties. In order to potentially increase the nutritional content and
yield of potatoes, we have attempted to alter the Ca content of tubers through
genetic engineering. Our working hypothesis was that increased activity of a plant
Ca transporter would increase total Ca levels. Here we have confirmed our
hypothesis by demonstrating that ectopic expression of a N-terminal truncated
Arabidopsis H+/Ca”" transporter, sCAX1, increases the Ca content in potato. To our
knowledge, an appropriate molecular tool to enhance high levels of Ca in potato
tubers has not been used widely. Plants vary greatly in the amount of bioavailable
Ca, meaning the amount of Ca that can bedigested, absorbed and metabolized.
However, to assess bioavailability we will need to attempt feeding studies and the
potato tubers need to be labeled with Ca’" or stable isotopes of Ca®. Future
studies will also need to demonstrate if these changes will decrease the incidence

of pathogen infection and postharvest decay-two major problems worldwide.
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>CAX F3#
Aol A

oL (i

O cdc2a ¥ patatinB33 tuber Eo] TEHE
Nzg CAX13 CAX2V HWEHZ o]g&3 F4AH
3}

- vinary vector A%} cdc2a:i:CAX1 ¥
patatinB33::CAX1

- AAFAEAE ; 710 657E ZAAA], FH)

9] AdA 2 =724 5 °]-§-3}

Agrobacterium™  2¥97F  cocultivation &

Zeatin 2mg/L, TAA 0.3 mg/L¢ kanamycin

100mg/L7} #7Fd MS #iA] & o] &3t A3}

O

T =

ARG a8 FAAT aeTEs S8
7 658 AAEA, Dol gEH 8l
=71245& ol&ste] T AA=AAE =%
sto] =l FFol AR SNt 2 owg
=215 79

transgenic 2 untransgenic 7§AE 400FE A
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[o5

O 35S, cdc2a ¥ patatinB33 tuber Eo] TE
RE A3 CAX1TZ CAX2V HEE o]&3 3
273}

- vinary vector A%},  35S:CAX2V,
cdc2a::CAX2V 2 patatinB33::CAX2V

- A EAR 7 65E Ao gEd ¥
=Z7|1Z2AS ol g5t  Agrobacterium™ 2<7F
FTE=u] st & Zeatin 2mg/L, IAA 0.3 mg/L¢}t
kanamycin 100mg/L7} #H71¥ MS wj#A| & o] &
sto] A3 f =

O Metal mutant CAX2V 429 323
=ul Aw A2 FEF:EGEA], iAo AEgk +3)
mjA] D g EAS o] &dte] Ca®t o] 2uhs o
X2 F5HE%S 4% metal mutant CAX2
ke A EN RS AT L A=A Al
3}

O FAAEA ] 7384

-Southern®  Northen  &28d] 23}
35S::CAX1 ¥ patatinB33::CAX17} & 3ke
7HA QL.

-DNA®3]; Paterson 5(1993) ¢ W o]&

-Southern ¥4]; Sambrook %(1988)2] ¥
°o]-&

—-Northern 4; Hirschi (1999)¢] W o] &

(¢

O CAX2V 2&d zate] 2 3 55 AL

- T ALE ) O]

- CAXeverd Ao S ZRAAPE

Transgenic % untransgenic 7FAE 12,0005

g At

- IEANY
Al g oF, tiFH(3REE/[EES 20071 )
AR A A Efell Fake] E Yk

Ca AH|4=F% patatinB33:CAX2%d 79}

x5 Aiste] AQuj7its AeF 5S4 2

THE T A B4 I

- Ca $HHE42 Feagley 5(1994)2] o

Toto] A wHEg kS AL

- SAIAE; LSD 5% 1% oA FAA
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>CAX#HA FAAE |O dA/NEFQ CAX4-H4 FAAe] F A A3
olgst PFAHE A |l Awl AR FF(G], iR e £33}
A

i wj A @ AL o] Rate] CAX4-H4 47
o] FAA%
O FAHdgA e FHEH
-Southern¥}  Northen &4  2]3}¢]
35S::CAX2V, cdc2a:CAX2V L
patatinB33::CAX2V 727 FAH3kd A
stel,

-DNA-2]; Paterson 5(1993) ¢ % o]&
-Southern #4; Sambrook (1988)2] W
o]-&

-Northern ¥#4]; Hirschi (1999)¢] ¥¥ o] &
- Al A A 3

ArFEgielnl B2 A olE CAX2V 2y
AAey 25 Awistel AuirtE AeE 5
A 9 A, Ca T (Feagley 5, 1994) 5%
32k e A 24

(2004)
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[o5

- ¥ AAY
A GH; g, @b/ Vg
AmEe; B3 Auigee] &
Ca A2 CAX2VEE #Atet
wjskel A 7IzkE Aeld 54 2
ZAF EA =2 g
- Ca =84S Feagley 5(1994)9] ol
Fakel Ay, wEg gEe x4}
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M2 =ue 7[s7ld &

A1A7IeAT EF

Q% A7) ol tH(Marty, 1999). tl<o] HAEZHE cytosol 2 Ca” o] &9 oL
st AN AG dHF AFAS JFRY(Allen 5, 1995 Sansers &, 1999). <3
kol A 9] o] transporter, 53] Ca’ transporter = MEZ AU T}t o] LS5 Trx
A9 A AsAD FAGZFoY T Ca¥olL 9 cytosolic TS 2HI}E Fad T
7HA 715 7HAA "k

Arabidopsisol A E8]¥ CAXl(cation exchanger 1) &AAFo] o8] Aol A
Ca”/H' antiporter®] @&4do] ZXgozA Axy Zgo] ZHErt o5 #d A%
7b =4E wujel Al Caol FH o] FAAZEHA F& A EA H|F EEo A= 2u)
JEA A 30%0]7 =opzlttar &% th(Hirsch, 1999). ©19-7] CAX1 F2A7F #dH
EvtE A gitgol e zhzh AdA = A vEl] 150%9F 60% ZaE 7t &<l
At (Park 5, in press). B3 GFP(gree fluorescent protein)®} CAX A4 A<
HEo] oA o] Ca ool AEAW <Axm ofF - AFHES &elstsl
(Ueoka—Nakanish &, 2000). #< CAX #d FHAAEC] AS clone® ™A (Shigaki
and Hirchi, 2000), CAX2V 7zt e Aeale] Lol 7= d3ke] 54
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transporter TEH S o] wikol] g A Frlo]l SlFo]l ¥ Btk FH o+

Arabidopsisel = 9709 thE& CAX1¥ CAX2VHE FHdA7F £A3to] ¥e 4 a2 (Maser

5, 2001), o]E CAX Wo] ¢cDNAfHdztEo] CAXIHT Zhspo] o]Fo] Hr} g3A o
=

2 A48 F d=s 28 oA (Hirschi, 2001), & =42
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AbEE 7]EH ¥kl CAX1 FAAE E¢sla A+ pBluescript-KS<+
=

Agrobacterium (strain LBA4404¢} GV3101)o|™ Eo] T2 WEQ cdc2a TEEH+=
"= Texas A&M Wlgre] Hirsch SMAMECSZRE,  patatinB33 ZZEH+=
MAX-PLANCK -INSTITUTOIA Z}7t &% w2 A& A3kt pCAX-12 355
X 2R EH7 pBl-cdc2a-CAX1(=pK3-1)2 cdc2a Z=2ZXEH7} 18311 pCAXPtatine

patatinB33 Z 2 X E 7} 7217 44 E expression vectorE construction sFFTHIZH 1-1,

1-2, 1-3). @3k CAX2Ve}F CAX2B= CAX1 coding region & B domain
(ACCAATAACAAAGTCGCAGTGGTCAAATATTCG)¥ C domain (ACTTCACT
CTTCTGTGGAGGAATCGCTAAT) H#° mutants® binary vector pBINI19

("2489")2] Xbal-Sacl sites®l] clone HAFt (298 1-4, 1-5).

pCAX-1 (358::CAX1)

Xbal Sal

I/ Sac 1

LB

JA_‘ Nos-pro/NPTH/Nos-ter|_| 35S pro CAX1 N-ter i

CAXI1 probe

RB

Figure 1-1. Restriction map of vector[pCAX1(35S::CAX1)] for CAX1

gene transformation in potatoes.
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PK3-1 (cde2::CAX1)

RB

Xba 1l

Eco RI

Xho'1
Sal 1 Sal 1

Sac 1

i‘ Nos-pro/NPTII/N os-terl_]

CDC2-pro

1.2 kb K LB

CAX1 | N-ter,

CAXI1 probe

Figure 1-2. Restriction map of vector[pBI-cdc2a-CAX1(=pK3-1)] for CAX1

gene transformation in potatoes.

pCAXPatatin (patatinB33::CAX1)

RB

Kpn1 Kpn1 Sal 1 Sac 1
LB
i‘ Nos-pro/NPTII/N os-ter|_ patatin pro CAXI1 N-ter i
I

CAXI1 probe

Figure 1-3. Restriction map of vector (pPatatin-CAX1) for CAX1 gene

transformation in potatoes.
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PCAXT759A (355::CAX2a)

Xbal Sal 1 Sac |
RB LB
i‘ Nos-pro/N PTII/Nos—ter|_| 35S pro CAX2a N-ter}i

Figure 1-4. Restriction map of vector (pCAX759A) for CAX2a gene

transformation in potatoes.

pCAX760B (355::CAX2b)

Xbal SalI/ Sac 1

RB LB

i‘ Nos-pro/NPTII/Nos-ter|_| 35S pro CAX2b N-ter }i

CAXI1 probe

Figure 5. Restriction map of vector (pCAX760B) for CAX2b gene

transformation in potatoes.

T=9 FAAgE gukAle] pCAX-1 plasmid DNAZS H@lde] CAXIP1
(5'-cttgctgcecattgttggtg) forward primer®t CAXIP2 (5-gaaattttgtttcaacacat-3')
reverse primerE ©]&3lod PCR =Z o2 13t A3 Fxx9 AUdSs ey on

(18 1-67), cdc2a ZERE 350 =Ud CAX]1 Fdx= Adssr Sac ¥ Xho 1
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o7 AHuslo] agarose gel A7]Fd 5oz st (2d 1-6%). PatatinB33 T2 X

B sliFol =43 CAX1¥ CAX2HAA7F =% vector plasmid DNAZ K E DNAZS

2

wEste] PCR 5% % Adas= duste] A7 Aoz AYdEdeS
stk (27 1-7).
ol#A T4 vectort= Agrobacterium LBA 44042} Agrobacterium GV33019]

freeze-thawol] Wl 23] A H3lsle] AEA S HAAZE straing A 23S T

Figure 1-6. Identification of pCAX-1(left) and pK3-1(right). Lane 1 and 2 represent
the PCR products with snese primer and antisence peimer, Lane 3, 4 and 5

represent plasmid digested with Sac and Xho L
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Figure 1-7. Identification of pCAXpatatin(left) and pCAX760B(right). Lane 1 and 2
represent the PCR products with snese primer and antisence peimer, Lane 34,5 and

6 represent plasmid digested with Sac and Xba 1.
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A 2 A Eo] promoterd] W& CAX1 FAAS & FA
T

1. A5 € w9
71 AEA R
ste S S Il = % SA% AAH(Solanum  tuberosum L. cv
Superior)®] AlZE Al 47 F 43t 22 AF st FHAE A52 ALES)
o

At mfoufeke BE oA #e 2#Hsle] 10% sodium hypochlorite & <ol 10&

b gt Agek ohE 7ol At om Bt AEE Azl midE Al A3 sk
2SS FEIAY. wYdEAL MS(Murashige®t Skoog, 1962)8] Aol sucroseE 3%

om wjFzAL 1647 94, = 50 pmol - m s R G E

Agrobacterium  tumefaciens T TE  pCaMV35S:isCAXI FdA E=
patatinisCAXI 3 A7F A€ pBI121 WEE 2k LBA4404E ARSI T (Hirschi,
1999). A A7tz23 Feuldstyl fste] A tumefaciens © kanamycin 50 m
g L' 7} A7k LB A A(sodium hypochlorite 5 g/L, tryptone 5 g/L,
bacto-yeast extract 10 g/L, bacto agar 15%)°] 34 H single colonyE 33}
kanamycin 50 mg - L7} d7be LBAAm Ao 27 28Tl A 220 rpmO. = 297+ ¢
SRl A '] FeE s sl kol A& AT

o FAAE 2 HEA AR

F A AxAE AREste]l dobrt E3H A Fe F9E 5 mm
Agrobacterium T F(0D.s0=0.6)2} 10237+ HE3 F Hit oA =2
F5E g 29 FAAT FAEA @ FEul P (MSH A, zeatin 2 mg - L,
03 mg- L' IAA)A 293 FEH| ksl carbenicillin 500 mg - L9} kanamycin

100 mg - L7} 2718 ZEujdu <)o} Edxgde] MSHA & &7 A2 §5319
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th AR 3E A xE kanamycino] H7FE A< (MSHIA], zeatin 2 mg - L, 0.3 m
"' TAA, 500 mg - L' carbenicillin, 100 mg - L' kanamycin)ol] ZAlthu]ek 3 <44

o AFS Hole MAERS T MAEste] FdxAe wiHdA FAAZ v
kanamycin 50 mg - L' ¢ S 2o A7l A & MSTA WA A 1S FE3519
oo E JfAlES HuEdolEg HEtolEVE 1 (viv)E EFE HEZE 49 A
4 10 cm Eeb2E X Eo| o)A sto] A A =3FA Z T

& FAASA 9 PCR ¥ Southern ¥4
72 o 2 RE total DNAS #8]= Pterson $(1993) o WS thih WHEHdo]
F33EATE oF 05 g9 A A 9 £# S 15 mL micro centrifuge tubedl ¥
-80C A2 WEiada FAAZ o U3]E tissue grinder® 221S 33 35H3
<t

o] 0.7 mLe #A DNA FZ4&

o

Z 8 NA[DNA exrtration buffer (0.35 M sorbitol,
0.IM Tris base, 5mM EDTA (pH 7.5): nuclei lysis buffer (0.2 M Tris base, 50 mM
EDTA, 2 M NaCl, 2% (w/v) CTAB: 5%(w/v) sarkosyl = 2.5 : 25 : 1)]& 7}3}o] %
A s 66T FxAA 6083 v A Y. o]F 0.7 mLe chloroform : isoamyl
alcohol (24:1)& A9 vortexdt T2 10,000 rpm e 2 587 AR sle] A= &
Wk FS 2/3v1¢] isopropanolS 7hste]l H ¥ DNAE 3] 5stath 3% DNAE
RNaseE A #lstal A3 5 =5 200 ng/uLE 95 F PCR g9 8oz o] &
shlvh. At o] FAAS oAFE gsty] flste] AEubA el NPT % #He]
ZE£ & 93t primer (5'-GAGGCTATTCGGCTATGACTG-3")¢ primer (5'-ATC
GGGAGCGGCGATACCG TA-3)E AH&stalen CAXFHAe] S3FE& f8iA+=
primer (5'-GAATGTGACAGAGCTGATCA-3")9} primer (5'-GATCGAGGACCCAA
TAGCCA-3")& Z+7ZF A3ttt PCR(Perkin Elmer Gene Amp PCR 7200) Z1-<
95TCNA 1iE, 50TColA 1%, 72TCelA 2&3F 353] AASATE o] F 1.2%(w/v)
agarose geldlAl A7) g5l AP SR 7] &3 H T

Southern #41 Sambrook 5(1983)¢ WX & o] &3t Th Genomic DNAE 77}
o AFEALARE A3 S, 0.8% agarose geldl A A7 E3 Tt Gelde] DNAE
nylon membrane® & transferdt”] ¢3te] vacuum transfer ZXol] "HdF= A Al

TS 712 E AASATE W ZbE ol A

flo

blotting paper®} membranes T i, gel2 <
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gel ol depurination £ <4(0.25M HCl o 2 10%7F transfer dFa2(0.4M NaOH, 0.6M
NaCheo =z 3087 AH#3 g, membranes 3|3te] 2XSSC(0.3M NaCl, 30mM
sodium citrate)ell 187+ AA32 UV-crosslinker(UVP CL-1000, USA)E ©] &3} <]
fixations AAIStA T Probe DNA®S] WAlts 4S5 918t multiprime labelling
kit(Amersharm, RPN1601)E o]&3}it}. 10ul(25ng)el template DNAES 5%3F 39l
F g d&e 587 AAsu. 5ule]l  5Xlabelling  buffer, 2.5ul®]  random
primer/BSA €9 265ul¢] nuclease-free water, 1ul2] Klenow enzyme % 5ul®] [a
~PPIACTPE  #H7bste]  37CelA 3087 WHeAZth.  Hybridizations  $13ho]

membraned 10-15u1¢] probe DNAE 5%t o] WHAAAIZ v, 5o Wzttt

v}, Northen #4] ¥ RT-PCR

FAHSE A2 #ANA total RNAE Hirschi (1999)°] W& o] &3te] g
3}tk Northern 42 15 ug?] RNAE 1.2% formaldehyde agarose gelell A 7]
%3 % nylon membrane®] ©]%, 1A A Z v}l Hybridization®} membrane?] A& & 7]
B2 o7 Southern #43 U3k W (Paterson %, 1993) 0. & 33} th. =3 total
RNA 500 ngs tempelate® 3to] RT-PCRS F33tlth. Molony murine leukemia
virus RNA dependent DNA polymerase(Mo-MLV RT, Promega Co., USA)E ©]&3}
o] RT-PCR®| cDNAE A8ttt 4212 10 mM DDT, 02 M dNTP, 2 nM
random hexamer, 1/100 diluted RNA inhibitor, 4 unit/uL reverse transcriptase® A&
o] 99} e ZAoA WS Al AL PCR(Perkin Elmer Gene Amp PCR 7200) HF-$-
22L& 95TAA 142, 50Tl A 13, 72Tl A 2:&7F 353] A A8 T

Ho
P
M
1
i
i
oflt
i)
[
rigt
-
St
ro
it
oy
N
i
w
]
2
rfo

Aol M Al A s =)
5 10a 9 1500 kg A+d dAuixzsta AR FS N-P.0s-K:0& 72 10a%
10-10-10 kg o2 AlEstiom 71e A2 s=231&4 A 25 Ayl =

AT AEAY 24T HEEA S Feagley 5(1994)9] wWhol wha} A A &9 o).
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2. 4% 9 1%
7h 3EAASA A
SCAXI $AARE 7R =YA7]7] gste] 5mm =79 ArzxAS A
tumefacienstt T2} 247 Fsug T AEs 5 2 AEES 93] carbenicillin 500
mg - L'9} kanamycin 100 mg - L7} H7F8 MSujA| = A chujeFat it wheF 25

A e PR R A Aol dRET] AzElen wig 8~95

o

,_. 'i°1'

BE AYA2RE Ax7F FRHAG. WF 14~17F Folle Az Zdelrt 05
em Z712 AASYtHFig. 2-1A, 2-1B). olE 2xE suy Egale] A<l
kanamycin¥t 2 7FH50 mg - L HE 31 Z28o] H7lEx e MS A= o]alsle] ur
TS FESHTHFig. 2-10). FH MAAES LEO o]yste] 2N =333

(Fig. 2-1D). 2lel-frAzte] m=heoll o3 FAAA ] FHE ol #FHA sk

P

StH, pCaMV35S:sCAXI FAAZNM = 320709 DdHAZEEH 6.6%S 21709 &
2] JJ A S, patatinisCAXI A AS = 30070e] AHAZHEE 11.7%< 35719 2

<8 MAE 44 5T 5 AJAH(Table 2-1).
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Figure 2-1. Shoot induction and plant regeneration from internodal explants of
potato (Solanum tuberosum cv. Superior) tranformed with Agrobacterium harboring
pBI121-sCAXI fused vector. A and B, Shoot induction from internodal explants on
MS medium containing 2 mg - L! zeatin, 0.01 mg - L! NAA, 500 mg - L!
carbenicillin, and 100 mg - L! kanamycin. C, Rooted explants on MS medium with

100 mg - L kanamycin. D, Acclimatized putative transformants in greenhouse.

Table 2-1. Transformation frequency of potato cultivar Superior

No. of No. of No. of rooted No. of acclimated

Construct internodal regenerai(;)e(.i shoots (%: plantlets ino .
explants shoots (%; mean+S.E.) greenhouse (%;
used mean+S.E.) T mean+S.E.)

CaMV355::sCAXI 320 33 (10.3£2.5) 21 ( 6.6%1.3) 19 (5.9+0.9)

patatin::sCAXI 300 42 (14.0£3.2) 35 (11.7+2.1) 32 (10.7£1.9)

" Three transformation trials were conducted and standard deviation (S.E.) of

means was calculated.
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B3 AABAY FARA

A A Ao A 12 Auter 7+ wg

NBZ

2 A

A

st A S DNAE FE3H
NPTII ##7¢] PCR A4S Fdtrt. 2 A3 358 Z=REEH7F 28 vectorol A
= 3 A AN A, cdc2a®t patatin33b TEZEE 7} E2E vectorol A= 2z /A EEHEH
¢F 670 bpe] CAXI F3 A<t 700bpe] NPT-II A ALe] SH& g2lstdt)
gk, CAX1 327 21 =4 genomic DNA®] b A o2 A H ol =A& g<2lst
71 $l&te] PCR ¥ o=

1o

elel EBo] X2 REHE FAAINAES Ude=R
Southern blot 415 A A]3%

ATH 1Y 2-2).

i)

3}, CAXIF A7 44402 =5 ol9es Heldt

35SCAX-34
35SCAX-38
CDCCAX-49
CDCCAX-39
CDCCAX-19
CDCCAX-23
CDCCAX-11
CDCCAX-36
Control

< 2.0

"‘4— 1.2

Figure 2-2. Southern blot analysis of transgenic potatoes. 10ug of potato genomic
DNA was digested with Xba I (for transformation with p35S::CAX1) and with
EcoRI (for transformation with pcdc2a::CAX1), and hybridized with the CAX1
cDNA probe. Lane SPVC, control potato, lanes SPCX-38 and 35, transgenic
potatoes with p35S::CAXI1, Lane APCX1-49, transgenic potatoes with pcdcZa::CAXI1,
P; positive control of CAXI.
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t}. Northen ¥4 ¥ RT-PCR
Southern #4124 %, A &AWl AAA o dAHE Fx2=2 =% sCAXI 4

27 AEA WA AHAAHom CaMV 35S promoter?t 7 Eo]A <l patatin
promoterel] &3l HALE =] oAF-5 &Qlstr] flsto] FHAHSA T copy F7F 19 &
AR HHOoZHE total RNAS FE3F°] Northern #2412 AA5 HFig.
2-2). Al AA MAAAE sCAXI 8 fFadle] AAbEe] HEHA &2 v,
CaMV 35S promoterel] 93] FAASE A EA AN HAAEY sk Tdo] glH A
om 7 EolA<Ql patatin promoteroll 93 FAHMEHE MAd A= sCAXT F3A
frefel AAbE ol Ao HAEHA ot Ao RE= HFAADNA ] o] 2eet

At ugbA ®}p A 3E A patatin promoterdl] 93 sCAXI FAAe] AALHS FA}
371 913t RT-PCR #4& AAI$ A3(Fig. 2-3), NorthernitA] Zijo| A e} ol
H @ dd sk A M= sCAXT FrAAke]l dArbEdo] AE¥A 292w Northerni 4]
oAl AAt] R = FHelsly] o] ¥ YW patatin promotere] 9] sCAXI AR HAALE
Aol FRlro] ko] Apol= Qo) patatin promoterel] ©J3A %= sCAXI A}
Ar7E Ao m o] oA es AT F At Patatin WAL A A7

o Selxel A4 wuAdel stz AA HEA VUMD F 4% AAGHE FaG 2

»
2
>
k1
e
e
rlo
i
B
rﬁ
I
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o
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o
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1>
il
é
Lo
=
0
PN
oy
2,

3 & oAy Hor BEHES 339t Herman 5(1989)2 patatin promoter clone
PS20° gus A2 coding regione HAZ t}S HAAZNL 33

AgA e 17 FA WA Fo GUS L &S Akt A3 A7 A A o5 kg A
w9 GUSHHAY= 2 A4 I Fols AZE71e AANA Ae GUS
ATk sk ¢, Youm S(2003)2 FAAF A A Ao wdd
patatin promoter-GUSH-A #te] @HHEXNS T3l 7Y AF A dduAe u&
GUS 2389 ztol7F CaMV 35S promoterdll H|8] =Zthal 3}¢ict. o} patatin

promoteroll &g GUS W@ #HFS &97% I § 55747 = FH F7sttrt 1 o) %
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] 738kt ar 3Fo] patain promoter”} 7| #E o)A Hukolyg}l wheohA

o

HHE 34

5ol A<l promoterd & AlAFSEA T

RNA blot RT-PCR

> >

< - <

Q % Q ¥
T = < S g <
= 0 EE 0
S £ 2 =% ¢
O A & O A o

- = CAX1

= 18s rRNA

Figure 2-3. Nothern blot (left) and RT-PCR (right) analyses of transgenic potatoes.
Ten micrograms of total RNA from potato tubers were hybridized with the sCAX]I
cDNA probe. Ethidium bromide stained rRNA (bottom) is shown as a loading
control. Control; non-transgenic potato; Patatin-CAX1, transgenic potatoes with
patatin::sCAX1; 35S-CAXI1, transgenic potatoes with pCaMV35S::sCAX].
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2 FHEASAY Z2E5THF
ARG MAANA 48 ABWH Ca FFs A 2 (Fig. 2-4), vd A S

WA 2} patatin promoter-sCAXI 427 =E FAAS A 7roll= I AW Ca &
2 x}ol 7} glgl eyt CaMV 35S promoter-sCAXI §AA7F Tdw A= A4
A &2 AAA FAdE A Ca o] Bt =& oz YETh o&
CaMV 35S promoter’} sCAX19 2dE ZeA F=3 Adzt Iy Hujo e
A3} (Hirsch, 1999)¢} ¥ x3ksich. 28y CaMV 35S promoter-sCAXI A A7F 23
W g A Ao FH o] BaAe $H8C F ESU AEde] ¢E A9 A
AW e Zgol dx' olFdte] Huio TR0l Aoy T AujE
el w9 wzE vgS Jehdgak stk @3, Park 5(2004) @toll A
CaMV 35S promoterel] 9l8] ZAHH+E sCAXI F4A7F Ca %S S/A 7L B2
el A of & ZEFLALES HEHA FUTL o FAFAATE AR EH Aol
T B335 CaMV 35S promoterd Wd Ao 2t
Attt Eo] promotere] 23 =%

FAAES o] &3 TAFF] 2E&3E A s TaT FAoY & Ad A

Jut

oL
Jo
rN
_|>i
1o,
i)
r‘%
>
)

Arabidopsiso| A 8% 11
of HAHNA LgFo]l tixTol vlE oF 15w F7HES &dskdth 18y patatin

promotersl % 77Ul ZASol Ml CAXF A wAwe] Frhe SdetA 23
=3

1 H
~
>
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°
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N
(0]
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(L9 2-5).
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ol

Control  Patatin-CAX1 35S-CAX1

Ca’* Concentration
(ma/g dry wt}
O N = N kM N

Figure 2-4. Total Ca content in tubers of transformed potatoes cultivar Superior.
Patatin—-CAX1, transgenic potatoes with patatin::sCAXI; 35S-CAXI1, transgenic
potatoes with pCaMV35S::sCAXI. Data are expressed as means+SD of five,
single—tuber replications per line.

Figure 2-5. Morphlogy characterristic of the sCAX1-expressing primary plants
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ob-g#], CAX1H 1A =9 2 wdo] Q% A+ “Russet Norkotah'e] F&1 #
I AE=E FAFEH7] 9189 De Boer$t Kelman (1975)9] WHS wgsto] zAFSHS
. _
h=]

of Eatsivh 1 A¥, gAA @A) ¥

g gAY Bl thETe vs) FAHALEL B W, CAXIFAAS] FHol

=
0e W70 BEEEF S PRl U AZHS FANAE AoE wadd

Control CAX1-expressing

a9 2-6. CAX1H4 A 2#d 712} “Russet Norkotah’9] &% A4 A=,
control; d A A3FE A F& 72} 74, CAX1l-expressing; H@AAg A 7= 174,

=
wEw #FE W E¥ele] TN 4907 A F 2AL

i}
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A 3 A CAX FHAE o] &3 dZAS A =

ANEE AL L FARA

1. A ¥ ¥
7t AEAR
nto e F3 el = 2 FA% AR (Solanum tuberosum L.)2] N EE
A4 g AHS FAAT A= AFESH eSS B

B Ao #S 2 # 3] 10% sodium hypochlorite & 1087F " A g3 e

ZIWel 2getdon o AGe Alxe] vioE Al AFHSY A4S FESHTE w
FF72 MS(Murashige®t Skoog, 1962)w] Aol sucroseE 3% #7138t AFE3FR o

k= AL 16A7F 94, F% 50 pmol - m - s ! @ #YLE 2B5CE FA 59}

Agrobacterium  tumefaciens T TE  pCaMV35S:isCAXI FdA E=
cdc2a:isCAX] F+AA7F A E pBI121 WEE zHE LBA4404E AFE31%th (Hirschi,

1999; Figure 1). &AM AzxA3 Feuldstr] Astel A tumefaciens =

K

kanamycin 50 mg - L' 7} #7bd LB A 8| (sodium hypochlorite 5 g/L, tryptone
5 g/L, bacto-yeast extract 10 g/L, bacto agar 1.5%)o] A ¥ single colonyE 3}
o] kanamycin 50 mg - L "7} 718 LBAA M A o] &7 28Col| Al 220 rpmo.& 29 7+
Al A g the - af gl ARk

o FAAE 2 HEA AR

F A AxAE AREste]l dobrt E3H A Fe F9E 5 mm

Agrobacterium TF(0D.0=0.6)2} 10&7 HE3 & W AH(AZE

F5E g 29 FAAT FAEA @ FEul A (MSH A, zeatin 2 mg - L,

03 mg- L' IAA)A 293 FEH| ksl carbenicillin 500 mg - L9} kanamycin

100 mg - L '7F d7be g A o} BUxA o) MSHAR &4 ARdES F289)
7

v} AEstE A% E kanamycino] H7bE Al A (MSH A, zeatin 2 mg - LY, 0.3 m
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g L' IAA, 500 mg - L' carbenicillin, 100 mg - L' kanamycin)oll AlthujoF 5 <4
3 AES Holt: MAETES oAl Awsle] FdxA wiXdAM FAAZ v
kanamycin 50 mg - L7 ¢} 2 Ho] H7lH A e MSTA A A H2S 23519
o 2 ANAES HulEetolEet AeolEVL 111 (v/v)E 3 AEVE 3" 4
74 10 cm EebE T Eo] o]Adte] A A F£EA T

1WA 6~8F% A AEAS A3 AxAS o] gdte] WA EE plate T 12~
1583 =2& et AEsES AU T3 2P ES AT Aol &

et 71249 4% ‘230l M w8 AxdAEE HeEhilen aixd
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E D). v gxA e Aede dAEFTAA AxFAAE] M Fogk AoRE
B v A sl e AxFAAER AET Aolvt A AeR YEwH

A FAAGA] A=A AESE fAdte] A fFrIuA e AxEA wAE 2
3+ A (two-step H; De Block, 1988; Visser, 1991)¢ Agrobacterium™ 35 v] %43
T A A AL ARl dst= 7 $-(one-step WH; Rodriguez %, 200005 H|x 7

Tttt

&}, Southern, Northen £4] @ RT-PCR
A2k Qo2 RE total DNAS #8 % Pterson 5(1993) ¢ WS tha ¥y

TG oF 05 g9 oJd A 94 £# S 1.5 mL micro centrifuge tubeo] ¥
-80TC A2 Weida FZ24AZ tha 438 tissue grinder®Z %=2& I3 31%
°|% 07 mLe A DNA F&§& &%
0.IM Tris base, 5mM EDTA (pH 7.5): nuclei lysis buffer (0.2 M Tris base, 50 mM
EDTA, 2 M NaCl, 2% (w/v) CTAB: 5%(w/v) sarkosyl = 2.5 : 25 : 1)]& 7}&}o] %
e o8 65T FxoA 6087 ¥HEA AT o]F 0.7 mLe chloroform : isoamyl
alcohol (24:1)& A9 vortexdt T2 10,000 rpm e 2 587 AR sle] A= =
el RS 2/38]9] isopropanold 7}3te] X HdE DNAE 34314 AHska 7+
I #7AlA total RNAE Hirschi (1999)°] & o]-&ste] 23ttt Northern #

& 15 wg® RNAZE 12% formaldehyde agarose gelolA A7]9 %3 5 nylon

ol

]_

ol

£ A[DNA exrtration buffer (0.35 M sorbitol,

p

membraned] ©]%, LA AZt} Hybridization¥} membrane?] Az 7|EZHo=
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Southern #+23 F U3 W (Paterson 5, 1993)e.2 Fa&FAth. E3F total RNA
500 ngS tempelate® 3¢9 RT-PCRS 43839l Molony murine leukemia virus
RNA dependent DNA polymeraseMo-MLV RT, Promega Co. USA)E o]&3}]
RT-PCR® cDNAE A3ttt F4dx=x12 10 mM DDT, 02 M dNTP, 2 nM
random hexamer, 1/100 diluted RNA inhibitor, 4 unit/ul reverse transcriptaseE A}-&
el 9 of e ZAo A Wk&A|ZTF PCR(Perkin Elmer Gene Amp PCR 7200) ¥h&
Z71& 95TCAA 137, 50T A 138, 72Tl A 283 353] A AT

o §AAE AR Ca¥F £A
ZIWel A F2 £3td 35S:iCAXT cdeiCAX1 FAATA A2 A6 7| 7hE
‘ &

A% 3906 edz §A4 A2 HulE 10a % 1500 ke 4ed AWz

H
>,
=
oft
rlo
Z

P05 K02 747t 10a% 10-10-10 kg %02 Al 83900 7]e A
WS FEEY 22 me Al Eskad AEAU Zed it AS Feagley
5(1994)¢] Wil wep At 5, AR A5 SdE A e el o
g o3 AAY Ca FFXALE flste] 5% 443 70TCAA Hdxd 449 AEF
0.25g& Feagley 5(1994)¢] ®Wel <F3to] digestionAlZ] T, ICP emission

spectrophotometer(Spectro, Kleve, Germany)Z ©]83}o] toatal ZHIdHS A5

3, FgEAGE A At Zady 2 aEHe AR ffste] 37

& 2A18] 9Aste] AAFH oYY HPHOR 3RE O o] AR, D

23} upgatele] FuE 2 DAAFH] FEE 5 3

o
i<y
S
iy
i
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e
»
ofy
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2. 2%t 4 1%
AR AAS e
ZIWell A 6~8F% 7HAF A EA9 ¥ A3bxZA G o]g3to] viX|EE plate T 1

2~15" 3] A5 AFste] ALstes AT 30 AxddeL 4T A



olZ ettt &71xAe AF '2Fol 7MY =2 AxIEAES HEUHIoH
A 2= MS7]EuA] o] zeatin 2 mg/Le} NAA 0.1 mg/L7} A7FE wix|o) A 713+
=TGR 3-1). WHHe] x4 Afoe AFFTAA Az &0l M SF5g A
o2 Yy wigA s mE AxFAAEE FET Aol7t dE AR UE T

A2 FAASA AEA AEsHE fete] Ae s fFriAI e AxFAA WA E 2y
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*
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two-step HH el Hste] AEsHEo] F7FeFATHGE. 3-2).

Ul AwE AR e of ‘frale’e] st 23S ey f1ske]l & 3-3
I Ze 37FA 9 HjAE AbESTE o]lE wix|o 7]EE MSH] A (Murashige and
Skoog, 1962)e1™, Aefx= FA HAAglol A AR5 F7141717]1 flste] o]&3 Ao
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Table 3-1. Shoot formation from in vitro grown leaf and inter-node explants of

potatoes
) Rates of shoot formation (%)
Tissue Plant growth regulator(mg/L) - -
Superior Desiree Jopung
Zeatin 1 + NAA 0.1 0 0 73.4
Zeatin 2 + TAA 0.1 52.3 12.6 62.3
Inter node  Zeatin 2 + IAA 0.3 0 0 57.8
Zeatin 2 + IAA 0.1 + GA 5 0 0 38.2
BA 225 + NAA 0.2 + GA 10 0 0 40.5
Zeatin 1 + NAA 0.1 0 23.2 0
Zeatin 2 + TAA 0.1 14.2 35.7 0
Leaf Zeatin 2 + TAA 0.3 0 12.1 45
Zeatin 2 + TAA 0.1 + GA 5 0 0
BA 225 + NAA 0.2 + GA 10 0 0

Table 3-2. Comparison of the shoot regeneration frequencies and percentage of

kanamycin positive plants obtained with different transformation methods

No. of inoculated No. of explant with No. of explants

Method . o with regenerated
explants induced callus (%) shoots (%)

One-step 320 78(24.4) 14 (179)

Two-step 300 14(4.7) 5 (35.7)

* Culture medium; MS basal medium with 2 mg/L zeatin, 0.1 mg/L IAA and 100
mg/L kanamycin
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Table 3-3. Plant growth regulots composition of media for potato shoot regeneration

Plant growth regulators (mg/L)

Medium
Zeatin BA NAA GAs3
SI1 2 - 0.01 -
SI2 3 - 0.03 -
SI3 2.24 0.01 - 10

Table 3-4. Shoot formation efficiency of the leaf discs and internodal tissues.

Shoot formation (%)

Material Variety
SI1 SI2 SI3
Gogoo-valley 0 0 0
Leaf
Juice-valley 10.3 54 0
Gogoo—valley 0 10.0 6.3
Inter-node
Juice—valley 45.8 52.8 15.0

Figure 3-1. regenerated shoot from laef (left) and inter-node (right) of

" Juice-valley’
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Y. ZU AulF A2 CAXFAA g2A% 2 FH4E8H

35S:CAX] % cde2anCAX1 FAAE =l AwiE A} oAl P23 A
7] fl1ske] 7S 4~ AL A ArEAS ARGt A& 5xbmm AV E, &
= oyl x3E A e HAPRYE 5mme Zol® Huste]l Agrobacterium T
(O.Dpno=0.6)9F 10&3F aEmlF F HiA SlolA Axd dHs5S A7 H7EEA
Fo FEufdul Ao 2-3YU3F w3t the- carbenicillin 500 mg/L9} kanamycin 100
mg/L7F F7be A2 &A A3 AAE FEsiT ey 25 Y 94
AA S 7HdA =AY Al Ao BEEY] Al Fete](1d 3-2A) Wi 8~
FE] Abef Aol A ofF A2 A7) Alx7E wEET] A Ao wiYF 14~17F Foll =
A

Nzl Aol7b 05~1 cm A7|Z AAFSAHITH 3-2B). o5 Axs A4

N

I

N,

A

kanamycin%®t 3 7H100 mg/L)E 1 T 2&0] 7= A ¢ MS #X 2 sty &5}
o o]asle] HEE FEIFAHLH 3-20). LdA3d AAAE MA I kanamycin
(100 mg/L) W& &Q1g vk Aol obfdd AsfE A FUFozA FAA HA
A (NPTIDO] =jol m& FAddA9 12 Adaart AL 3-2D).

U AEEE ] Al FUe WHS ol &ste] PFAASEt] A Al A
kanamycin (100 mg/L) W& Q1 nh, Aol offdd A& WA kS o=M

FAA HAAF+d2 (NPTIDO =<))ol m& FadgAe 12 Adaart v (1H

FAA wjA el A 12 A 2 e dEdde A (A el Tent JRAE A

DNAE FE3le] CAX1 #+4d49 PCR AA& skl 7 A tiFe d244d
& NAENA eF 650 bpel CAX1 FdAte] S&3 gletdth(1d 3-4).
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% 3-2. pCAX-1 vectorg ©] &3t 7Hate] FH A3 A: Agrobacterium?}t &8
Adraf Ao el A &7], B A (MS + zeatin 2 mg/L + 0.3 mg/L TAA +
cabenicillin 500 mg/L + kanamycin 100 mg/L)oll A ¢ 7=} A7z A &3} C:

st AAZFE T, D 7]9ol 4 E Ak

==
o
o

FFAdgE hA, AR EA g A
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Figure 3-4. Genomic DNA PCR analysis of transgenic potatoes plants. M; size
marker, NC; non-transgenic plant, PC; vector pCAX-1 as a positive control, Lane
1~6; transgenic potatoes with p35S::CAX1, C; non-transgenic potato, P; positive

control of CAXI1. above; potato cultivar desiree, bottom; potato cultivar superior

PCREA 2 FAZZ] Fd AEAE HEHAR 3-4MA4 FA992 Adsto
cdc2a:CAX®E &= A aA EcoRIE, 35S:CAX1 ¥WEHE Xbals 7247 Ak vt
Southern #2418 AA|sFY T 2 A¥ 355:CAX1 A A3A = 1-3 copy, cdc2a:CAX
FAAGAE 1-2 copy’t =dHMSS &I 5 AJH(Fig. 3-5A). 22 d4
ARA71A] & iz AEAdAs o' W=k YeRA erdrh ol 24 v
copy® UFAAT bgH o w w=jE FAAS A AEAE JNTstR o, o5
A EA F 35SnCAX1e] =99% A &A= 3B5SCAXA =4, cde2aCAX1ol =% A&
A& CDCCAXAEA= WHatdrt. @, ol #WEH7 =dd AEAdA Ad4e
2 =99 A daE dolue=AE FHE7] 918kl Nothern w418k A3
e FAASFA AN CAXFHAS] AA7E gl ¥ A oh(Fig. 3-5B). whekA] o]& #4
kel At FA A A @ Zadds ASAHQ SRS AAsH7] flske] copy

T7F 191 355CAX % CDCCAXE Awrste] Mg Za3aFsrt o2 AT
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Figure 3-5. Molecular analyses of primary transgenic potato plants. A, Southern
blot analysis of transgenic potatoes. Ten micrograms of potato genomic DNA were
digested with Xba I (for 35SsCAXI) and with EcoR I (for CDCsCAX1I), and
hybridized with the sCAXI cDNA probe. Lanes 35SsCAXI-2, -5 and -7, transgenic
potatoes with pCaMV35S::sCAX1I; lanes CDCsCAXI-3 and -6, transgenic potatoes
with pcdc2A::sCAXI lane Control, wild-type potato; lane P, positive control of
sCAXI. B,Northern blot analysis of transgenic potatoes. Ten micrograms of total
RNA from potato tubers were hybridized with the sCAXI cDNA probe. Ethidium

bromide stained rRNA (bottom) is shown as a loading control.

O FAAE AR FFE 2 Ca¥F £4
CDCCAX % 35SCAXZAAS A=A 25 2o AmatAds 79 FH
A mjaol A FElg ztolE yERAl sttt Tk AR @A NA (10% 1] RE ol A
o] ofzt W EoZb= FEAQl AeolE dElilew o= ol gl 5 (Hirsch,
1999)ell A Bl npe} o]l AlekA] ekt ol#d A4S CDCCAX % 35SCAXE 4
A AEA] Z5oA #ZEAY. =9 F Ao YATE =4 1 CDCCAX 2
BSCAXFEAS A=A B5F dz 9 s3FAo7t gle Aoz Y t(Fig. 3-6).
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®utoly 2l CDCCAX % 35SCAXH A3 A EA|7ko = 22]aL

AAZA = Aol 7 AT ESFW ZaAnE $3 22 FAW ZEdE St
v A FEFFU 58 F AT DA e Foiyg 2R 58 AdAFg o=
A AFAAE F7FA 721t (Kleinhenz %5, 1999; Olsen %, 1996). #wk ofyzl, Axu&
AnstA FozA Auj7|ts AU S SUAIZTH(Vega 5, 2000). 1y £ A

ML CAXL fradate] AT o8 350 Erhs Qe AoE tehguh

<

Fig. 3-6. A, Phenotype of transgenic potatoes with pCaMV35S::sCAX1I(left),
pedeiisCAXI (middle) and wild-type controls(right). B, The yield and size
distribution of edible potato tubers from pCaMV35S::sCAXI(left),
pcdei:sCAXI(middle) and wild-type controls(right).

_51_



>

15

10
5 T
0+ T

Control 35SCAX CDCCAX

Potato leaves

T I i
Ll Ll 1

Control 35SCAX CDCCAX

Potato tubers

(mg/g dry wt)

Ca?* Concentration

o~

-
a
1

(mg/g dry wt)
o©
(4] -

Ca?* Concentration

o

Figure 3-7. Ca accumulation in transgenic sCAXI-expressing primary potato leaves
and tubers. Total Ca content of potato leaves (A) and tubers (B) was determined
by inductively coupled plasma emission spectrophotometer. Data are presented as
means +SD of 8 35SCAX, 8 CDCCAX and 4 control lines (five individual

replications per line).

T3l CDCCAX % 35SCAXEHAAS A &EA9 AE Z53FS A 98+
Aujste] 3} F| A A2 total

HAFAZE oF 45g eIl A e AEE AES}o]
Ca &&e 54T 2, d3t A izl wls) of 1.2-1.79 3 1.5-3.09¢]
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Figure 3-8. Northern blot analysis and Ca accumulation in transgenic
sCAX]I-expressing second-generation potato tubers. (A) Northern blot analysis of
transgenic potatoes. Ten micrograms of total RNA from potato tubers were
hybridized with the sCAXIcDNA probe. Lane Control, wild-type potato; lanes
CDCCAX-36 and —49, transgenic potatoes with pcdcZA::sCAX1; lanes 35SCAX-34
and -38, transgenic potatoes with pCaMV35S::sCAX1. Ethidium bromide stained
rRNA (bottom) isshown as a loading control. (B) Ca accumulation in
sCAXI-expressing second-generation potato tubers. Data are presented as the

means +SD of five, single-tuber replications per line.
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Figure 3-9. Ca distribution analysis of the third-generation tubers.

(A)Potato longitudinal section. The tubers were bisected longitudinally and divided
tubers into three tissue types; the periderm and cortical tissue region (O), the
central pith region (I), and the middle region between the cortical tissue region and
the central pith region (M). (B) Ca accumulation sCAXI-expressing
third—generation potato tubers in all three tissue types. Data are presented as

means +SD of five, single-tuber replications per line.
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2}, pCAX760B vectorg °|&3 I AulF Zx FZA&

CAX1 frdztel wls| Zadds S7HA7IAL e dol2E59 Fc= dude=
AAet= CAX2V #AAE =il AulF 2k "o A'eh "ulte] @A g A]7]17] 98t
of ZJTWu Y 4~6F A 3 AEAS AFESte] 92 5xbmm AV E, &7]% Ho}
7b2gHEA e HANEYE 5mmel Zol® Husle]  Agrobacterium T
(ODeo=0.6)9F 1023+ ok 5 A fJolA Az AAESE A7 H7bEA

e FaalFu Ao A 2-3Y 7 w3 T carbenicillin 500 mg/L$} kanamycin 100

mg/L7F M7t A2 &A A MAE FEstdh Feud 25 FHE 94
AA o] 7pgAy =AE Aes FAo] #FET] A[ASte] wF 8~9F T

AN A ofbF 2L Ar|e] Azx7F BEEI] AlFste] (iAo A w1
Azl dol7F 05~1 cm Z7]|2 AT o (2 3-10A), 19 A= ti
=& 16~18F Fol Alzx7E #AsdT (2" 3-10B). olE Az A
kanamycint E 7100 mg/L)E 1 T 2Fo] HI7IEA && MS #jx & stR s
o] o]asle] WS FEIFTHZH 3-10C). T3 PCR % Southern ¥4 ZA¥ &3
AAZ gl NMAEZHE A 294E fFEsty] Aste] 2579 71 A& F7)
o] ofgF S MSHIA o sucroseE 9% FH7Fetal 18 C A/ Eloll Al w3l 7H2p 4]
& BAANAT (29 3-10D).

FAA wANA 1A AwE 4 MEEE ARs AASIA DNAS

rr

0::

ol

2

]_

CAX2V 779l PCR #HAS Pkt 2 A3 "dix‘e} 'Fr)t FFA 2hz <

670 bpel CAX2V Fxxe] F%S& At oh 1y 3-11). =, CAX2V F3A7F 2
A genomic DNA®| <A oz AJAHAYNEAE FQlslr] $8te] PCR 42

= =2
golg Eo] Z2RHY FAAINAES P Z Southern blot 418 AA|g 2

=
=

iy
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213 3-10. pCAX760B vectorg ©| &3t 7xte] JAA3Z A Agrobacterium@}
TGS Adu Ao Aol A} A’e] Az, B AEu A (MS + zeatin 2 mg/L +
.3 mg/L IAA + cabenicillin 500 mg/L + kanamycin 100 mg/L)oll A1 ¢] 7=} ‘4=n]’¢]

Azt C ARt A RTH FEfE, D A0 I FEAE A2 oA

—|~
lo

j=

Dagfires
+ 670 bp

Superaiy
+ 570 bp

Figure 3-11. Genomic DNA PCR analysis of transgenic potatoes plants transformed
with pCAX760B vector constructs. SM; size marker, P positive control C;

non-transgenic plant, lane TP1~8; independent transgenic potatoes.
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Figure 3-12. Southern blot analysis of transgenic potatoes. 10ug of potato genomic
DNA was digested with Xba I and hybridized with the CAX2V cDNA probe. Lane
DTP1-8, Transformed potatoes cultivar 'Daejiree’, lanes STP1-7, transgenic

potatoes cultivar 'Superior’.
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A1 ARIAD CAXT FAAE oG8 FAAT FANLe] AFANE F
Feta e 2k

CAX1 frAel wae AAs 717 9ske] So] Zzwed(cdca, patatin 2
36S) BAAH AAE ASshe] CAXFAAS] =9 PCR 2 Southern ¥4 %3}

o] o5 FAAZE A=A genomic DNAGO ¢Hg2om =5 eles el
T3 o] ZERYWY CAX FHd29 HdAF oJFE NorthernitA o2 gQlgh 2

cdc2a H 355 ZERE AN CAXFHA7F AAbg S &lsklvh. @4, patatin 50] 3%

2RE 4§ RT-PCREAAT CAX F7HA9] AALEo] THHE= RS A3A
o} E3k CaMV 35S promoter-sCAXI % cde promoter-sCAXIFAA7 =% H2

Ak kel M W Ca FF2 dixTof vlal] F7Het ¥ Sy patatin promoter-sCAX1
FAAZE =dE BAol M= Ca dhEFol S7HE A gkt

Ul A EE oA L Fee] A A protocol S AAJEEA oM, cdeiCAX H
3BSECAX WHE ddd3tste] PCR¥ Southern A0 F ol 29 =i s
sttt =3, Northerni®Al & F3tel CAXFAA7F A A E S Elstainh. 47
o] Fdd AEAE A Awlste £
CDCCAX Y 35S5CAXEAAZ 254 =2
th. 18] 31 CDCCAX % 35SCAXE A8k A &A1t sLdHE o] JAH3 AR +=3F
2ol &= gl

CDCCAX ¥ 35SCAXIAA AeAe A Zadds AR 23 Al 149
o] FAAF MAe A} AN total Ca FFE vjzo] Hla] < 1.2-1.79) &
1.5-3.081¢] Zo] S7HE S-S etk Al 2A el A = CAX A7 B3 o
2 AALE ghe=A ZAFSHZ] Y38Fe] Northern #2413 23} CDCCAX % 35SCAXE &
Ak Az Bl CAXFAAe] dAArbgFe] o, sgd G| Za

P A Al Aol A e e FEoR FAHo] Qe FoRE FAHT. ¢,
AAZ 3AHAE HAW o' F-$o Caol 7Hd Bol FHH=AE A A3
CDCCAX ¥ 35S5CAX®ZdE AeAe] A7 npgoM dFHow o5 Ca &
Fol o= AEollen Qe AR 7HE e 4o Caol FAHA S
B

CAXAAAe] =9 2 W&ol dele dAAS 7HxF FF Russet Norkotah'2]
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2 A & XS 2 protocol

OFCIHHEE: 4(~6)=2t,

MS+sucrose 30 g/L+plant agar 8 g/L, pH 5.8

L1

FEZXM: 2 (inter node)S 0.5~1 cm 20|12 ®Ct

Ll

HUH (pre—culture):
® =0/ (M

@ Al (2

23X
@ Xl (XH-E—iH:IHII):
2ASTHIR): MS+sucrose 15 g/L+IAA 0.015 mg/L+BAP 2.25 mg/L+ plant agar 8 g/L,

122H 2t 2EHE S5 A X0 SHS
MS+sucrose 30 g/L+IAA 0.01 mg/L+zeatin 3 mg/L+ plant agar 8 g/L, pH 5.8
MS+sucrose 30 g/L+IAA 0.01 mg/L+zeatin 2 mg/L+ plant agar 8 g/L, pH 5.8

pH 5.8

Il

® =0/ (M

<O M OB X > HE JAMY 1022t BX = HAXE filter paperOilA EEHZ blot dry

S XI):
@ CHXI (RHZBHHHXI):

S SHIF (co—culture): 32+
<HHA BHXI floating®> = SIEH . ZSHHAUHX| =

A
g
o

1:102 HIEZ2 5|45 BRI XbHEEH H2t
Jtetedl REDEX SR A HH e

o

o
0p
il

BH 2 BHRIOI XIAHGHO! BHF
MS+sucrose 30 g/L+IAA 0.01 mg/L+zeatin 3 mg/L (+plant agar 8g/L), pH 5.8
MS+sucrose 30 g/L+IAA 0.01 mg/L+zeatin 2 mg/L (+plant agar 8g/L), pH 5.8

@ =01 (H=ZSHEHXI):

@ U (XHZ2SHEHXI):

SEXEE Mz F &2 201CH HITHEHLOIHA S22 AE A

MS+sucrose 30 g/L+IAA 0.01 mg/L+zeatin 3 mg/L+carbenicillin (cefotaxime)
500 mg/L+kanamycin 50 (~100 ) mg/L+plant agar 8g/L, pH 5.8
MS+sucrose 30 g/L+IAA 0.01 mg/L+zeatin 2 mg/L+carbenicillin (cefotaxime)
500 mg/L+kanamycin 50 (~100) mg/L+plant agar 8g/L, pH 5.8

2 (OICIBN ) — D-3 (i e HHXIZM) — D-

U (HHHLHI Xl =X, ZHHY)
=]

t 22
L(HBEXR, M, SSHHBHX =) - DL(SSY) ~ D+ (Xl Z=HI)
(

Ed D_ =2\=z2
- D+3Y(HLHIX X&) - DHEL(ELEIX =X) —» D+H17L (S LUHXI HICHEH )
- D30 (L LHX =H) - O+31 L (L LHIX HICHHI ) — ... - D+XL(L2HHXI 014)
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o RARBRAL ARFN B 297 A
CAX #474% 3248350l Fa4e molRs 2804 2 $3o] 5714

sld gAdgAe] 2 A HAAE Akl VI AsHHEA AAAAEHE o

o

o

Stk JAFTARAE AAE7] fste] AEAE T4 MS F7]4del kinetin 0.5
mg - L' 9 sucrose 30g L' & ke mAmjAolA Z2 wi%E multi-shootE
shoot tip= E33le] 3~4nft] A= 2 257d FoF 99 FUs 242 AAn)A|
oA shootE HIHAIZL § AFAX A2 LS 9% Ae=2 AHEEA

S F7)gel CCC 250~500mg - L' 3 sucrose
Q0g - L' #H7latdrh. Aol A kg 7]l shoot: shoot tip? S A|AsEIL
Aol 7FER w5 ARt wjAel] 23 kE X4Fetlal 18+2T 9 HdelA 604

QAFHTA Aol AR WA

R

=

o AATE A A71E2 g(150mg ©14d), % (100-150mg), 4(100mgo]
ShE o] s Hlagakeigich. ke g AR 4,000lux A =o] AuelA
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Figure 4-1. Comparison of in vitro tuberization between transgenic and

non-transgenic potatoes of 2 cultivars. upper, 'Dejiree'; lower, 'superior’
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Figure 4-2. Distribution of size of harvested microtuber of transgenic and

non-transgenic potatoes?2 cultivars. upper, 'Dejiree'; lower, 'superior'. Large :
>150mg, Medium : 100 - 150mg, Small : <100mg
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Table 1. Camparison of seedling growth between transgenic and non-transgenic

potatoes, 'Dejima’.

No. of

shoots

1.2
14

1.2
1.3

No. of

leaves

6.7

6.8

7.5

7.4

Plant height
(cm)

16.6b"
17.5b

19.3a

20.3a

Explant

Microtuber

diameter (mm)

374

577

Explants were transgenic (T) and non-transgenic potatoes (N).

Mean seperation by Duncan’s multiple range test at 5% level.

VA
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AW 2349 AEE FAABASG 2T 45U FEF FHAA BaES
2AFG A3 (Table 4-1) 71 &37e] 2717 23 277t 9

959t 474 =F Aozt vk =@, A4 3097 609 F FAADAS} hRTL
WHEHS 2AG AH(Table 4-2) KEF BaZolAsh 2ol 24, 4% 2 45

ZFol7b gt thek a2y Ao w2 ASxtol= A A7 2 Ro] 2F o

Table 4-2. Camparison of the planting rate, plant height, number of shoots and

diameter between transgenic and non-transgenic potatoes, 'Dejima’ after

transplanting
Microtuber Planting After 30 days After 60 days
diameter |Explant| rate flér;ft No. of d‘ShOOtt flér;ft No. of d_ShOOtt
(mm) (%) eig iameter eig iameter
h h
(em) shoots () (em) shoots (rnm)
3-4 N 959 34.3b” 2.5 6.4 74.1ab 74 95
T 97.2 36.8b 24 7.8 72.2ab 6.7 10.7
5-7 N 97.3 38.0a 2.3 7.0 84.2a 8.1 9.8
T 95.9 37.5a 2.5 7.3 838a 75 10.6

Explants were transgenic (T) and non-transgenic potatoes (N).

"Mean seperation within columns by Duncan’s multiple range test at 5% level.

g dzTok dEASAT AFAe|7E JAFHA ok AF/hA Bad A2 3 (Choi
s, 1997, Park &, 20009t LAt 2374 A7l wE FF Apol7t yEhA @
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< AL FHads o] &t SR Fol AFeEA ARES Fola 2VFO] =

Aol A4 F @A ko] o] Fo|H7] Wil Aow Adtdr

Table 4-3. Camparison of the number of tubes and yield between transgenic and

non-transgenic potatoes, 'Dejima’

) No. of tubers Yield (kg/10a)
Microtuber

i Expal
diameter |\ Expalnt Below | Above | Total | A/B | Below | Above | Total C/D

(mm) s0e 150e)| ® | ©o) | s0e 506 @ | 6
3-4 N 5.6 2.8 7.6 36.8 |1,442.1| 846.9 |2,280.0ab| 37.0
T 5.3 35 8.8 39.8 11,419.0| 946.0 | 2,365.0a | 40.0

5-7

N 55 4.0 76 | 526 [1,382.8]1,052.3 | 24351a | 432
T 4.0 3.8 78 | 487 [1,184.7]1,138.3 |2,323.0ab| 49.0

Explants were transgenic (T) and non-transgenic potatoes (N).

"Mean seperation by Duncan's multiple range test at 5% level.

S, Hxo A 1ARETA7 Frea 9w 35S:CAX 2 cde2aiCAX HEE o] &

3l A A3 ‘Russet Norkotah’ 7HAe] Mt Zgdhsd 2 F3AHS 2AFSY] $138)
of QAL oF 45g el A vE Am= AMEste] FEEFS AR A9, FHEA
A e} o

ZF el £ Aol gle Ao® Yeuthad 4-3). bk, CAXL 3
&

<7F Bd= TAAAAME gl Aom JAFHAT. 7 o5
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9 4-3. 358"CAX1T°|-?<41}9} cdc2a:CAX1 FAx7F FAASE Ao g d
Z}; non-transgenic, & %; transgenic with 35S:CAX1, $; transgenic with

cdc2a::CAX1

Ca”' in potatoes

N
3]
J

N
1

-
]
1

-
1

Ca®* Concentration
(mg/g dry wt)
o
&

o

SPVC SPCX1-38 APCX1-49
Potato tubers

a9 4-4. 35S:CAXIHFA A} cdc2a::CAX1 FAA7F A AZA =] 3|
SPVC; non-transgenic, SPCX1-38; transgenic with 35S:CAX1, APCX1-49;

transgenic with cdc2a::CAXI.

w3k 35SuiCAX1H cde2aiCAX1 FdAe] w9lo] Fold A= MS H7]ddol
kinetin 0.5 mg/L <} sucrose 30 g/LE #7FgF A XA S23F3L F4 % multi-shoot™
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shoot tipg X&3l 05~10 cme] Z7|Z2 22} 27Y 59 60 rpme2 A e sl
shootE HIHIAIZ] v 237 4S5 918 A5z AREsIith 2374 = MSel| CCC 500
mg/L, sucrose 80 g/LE 7}k njx]o] Holr} 2~37) F- shoot(3~4cm)E- shoot tip=}
A& AAs L FHOE XFEte] 18+2T7F FrAIEH = of MFAdA 60U St mgate] A
Atk FEHOA FAdE 2YAE 209 B9 2000lux FEe] FRHA HIAzl &
=

8 5 QAT (17 45).
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19 4-5 35SECAXIFAA7E mQle AR EE V)W 237 A AFE o] 88

78] Faka 297

FAAGse] 1342 AdE 2945 ol&dte] AFEAN FIFLS 24T TOV2S
A FFE ol&ato] Al 2Ad AN el A o] 35SuCAXT fraAe] fAAF A b
4de A8ty flstol FaAste] WSS AR A, 355:CAXI, Ao =9
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sto] AEsta S TS v Q. FAFHoRE AAF A= @Hle fFEe
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FAE FY8 54 £ Foled AXAEVH AR $55Hm S ol A
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