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Genetic Transformation of Watermelon (Citrullus vulgaris Schard.) by
Callus Induction

Jung Hee Kwon', Sang Mi Park', Mi Young Lim', Yoon Sup Shin', and Chee Hark Harn'
IBiotechnology Institute, Nong Woo Bio Co. Ltd., Ganam, Yeoju 469-885, Korea

ABSTRACT The genetic transformation of watermelon by Agrobacterium has been known very difficult and a

few successful cases have been reported by obtaining the direct shoot formation.

However, since this direct

shoot formation is not guaranteed the stable transformation, the stable transformation with reproducibility is

required by a different approach such as a callus induced manner.

The best conditions for inducing the callus

from cotyledon and root explants of watermelon were 2 mg/L zeatin + 0.1 mg/L 1AA and 2 mg/L. BA + 0.1
mg/L 2,4-D, respectively. The GFP expression in the callus was identified and monitored through fluorescent
microscopy after transformation with pmGFP5-ER vector. Paromomycin rather than kanamycin was used for
selecting the nptl/ gene expression because it was more effective to select the watermelon explants. Four
different callus types were observed and the solid green callus showed stronger GFP expression. The highest
frequency of GFP expression in the callus developed from cotyledon was 9.0% (WM8 inbred line), while the

highest frequency from root was 8.3% (WM6 inbred line).

The WMV-CP was transformed using the method

of GFP transformation and the genetic transformation of WMV-CP was confirmed by PCR and Southern blot

analysis.

Here we present a system for callus induction of watermelon explant and the callus induced method

would facilitate the establishment of stable watermelon transformation.
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ANEE
o] ol AEA AR £ (Citrullus vulgaris

Schard.) A1E91 WMI1, WM2, WM3, WM6, WM7 & WMS
() ESHlo) 2] o] g3yt 8 Fxk9] £ulE ALA
o & AL 70% (vAv) ethanolof| 4] 4027t M3t 3 Hit
22 AL 25% (viv) 2 &N (Yuhan-Clorox, Korea)ol]
A 2087 A7) st B Ast T Ed4E 33 AlA
3tk 10 g/L sucrose, 8 g/l agar & Z7}et 1/2 MS A
(Murashige and Skoog 1962)°] At A5 ukE3lo] 25C
o)A Sheor Shonl BHE T s B SABAe] At
F2E A9 AR ARSI A9 AHE g 239
3 PAAo] E3rE|R] oA scarpel- 2 ofg3lo] Hotelgich
AHe A 0.5 cm off FERE 1 em =2 At
ARAYEE o83k

o

AgHAo 2 HE AHA Fof gt AFRAA Y FF
S oot 7] 98ked 30 gL sucrose, 0.5 g/l MES 12|18
g/L agar7} 7FE MS 7] EufA]of zeatin 1, 2, 3 mg/Le} IAA
0,0.1, 0.2, 03 mg/LE 127} 23 A2jste] HErj4] F 7
AnAE AT 2 A2 ) s oz 3
shgiom 25C oA QFUZE FujeFst = oF 40 pumol - m”

-sec’ o] 16417 3337 27 A 353 vkl e A
He| AyA o v S Yohr] $3he] 30 gL
sucrose, 0.5 g/L MES 18] 8 g/L agar7} H7hgl MS 7|24}
219 0.1, 0.5, 1.0, 2.0 mg/L BA%} 0.1, 0.5, 1.0, 2.0, 4.0 mg/L
24-DE 23 A2slo] 15 AHAplate 2| A5HRA 21 2} 22
25 370 AT A 35k sto] 25C AN 477 Qe
et

Paromomycin &4 AY

B2 Az AT 2B AA paromomycin AHEE
2 zAplA Aejs SEHjA] (MS + 30 g/L sucrose + 2.0
mg/L zeatin + 0.1 mg/L IAA + 05 g/L MES, pH 5.8)°]
paromomycin 0, 25, 75, 125, 225, 375, 625 mg/LZ A &]5}
o] 7 244 AHAplateE XAFEFATE 2 AT plate 371
2 3urEslgdon 25C oA AU FHidTt F oF 40 n
mol - m” - sec” &] 16417+ F57] 2|4 353 HjFat et

Agrobacterium Strain2} 2

8 AA = CaMV 35S
promoter, kanamycin A%/ neomycin phosphotransferase
(nptll) 3272t 34 pmGFP5-ER #]E| 1ol subcloning =
T EHAIO050) Z=QI8tgich WMV-CP 7%= CaMV 358
promoter, kanamycin A3/ neomycin phosphotransferase
(nptlly 8- A2} 317 pCAMBIA2300 | <t subcloning %]
231 (pPWMV-CP2300 vector) EHA1050] == it} (Figure
1). 50 mg/L kanamycin@ 50 mg/L rifampicin7} 7} YEP
oA Wi R]of HF3 T 28CofjA] F 18AJF 59 180 rpm
2 Mehlordt 3 tl47] $417] (ODse = 0.5-1.0)] & A

Green fluorescence protein (GFP)

Agrobacterium W FHE
Aeds WL HAF A
Auix] (MS + 30 g/l sucrose + 0.5 gL MES + 100 uM
acetosyringone, pH 5.4) 8-%4oj| 205—1 Aze & 24 AHA
£ FEul|9ku) A] (co-cultivation medium, MS + 30 g/L sucrose
+ 2.0 mg/L zeatin + 0.1 mg/L IAA + 0.5 /L MES + 100 uM
acetosyringone + 8 g/L phyto agar, pH 5.4)¢] X4s}iL 25C,
Sharelolq 3z FEue Sdict BENY ¥ WmAE
& AR (12MS + 20 g/L sucrose + 500 mg/L lilacillin, pH
5.8) 0.2 A3 F B filter paperol 4] Y EBAE
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Figure 1. A, pmGFP5-ER vector. RB: right border, nos-P: nopaline synthase promoter, nos-T: nopaline synthase terminator, nptll
: neomycin phosphotransferase gene, 35S-P: 35S promoter, mGFP5-ER: modified green fluorescent protein with ER targeting
signal, LB: left border; B, pWMV-CP2300 vector. WMV-CP: watermelon mosaic virus-coat protein gene, 2x35S-P: 2x358 promoter.

23t & AeiA S mulA (callus induction medium, MS + 30
g/L sucrose + 0.5 g/l MES + 2.0 mg/L zeatin + 500 mg/L
lilacillin + 125 mg/L paromomycin + & g/L phyto agar, pH 5.8)
off TR 2)akated 25°C, ©F 40 wmol - m” - sec' Q) 1647t
B7] 2R 377 st F AQolA] Helanhe &
glo] Alx{-%HiA] (shoot induction medium, MS + 30 g/L
sucrose + 0.5 g/L MES + 2.2 mg/L zeatin + 1 mg/L GA; + 500
mg/L lilacillin + 125 mg/L paromomycin + 8 g/L phyto agar,
pH 5.8)= &A 35=utct Al sjFstglet. Adduia]ol| A A
ot | Alze AEACA Bt Az % wiA] (root
induction medium, 1/2MS + 30 g/L sucrose + 0.1 mg/L TAA+
50 mg/L paromomycin + 500 mg/L cefotaxime + 8 g/L phyto
agar, pH 5.8)= o|Ala}qirt. ol4] 45 3 W E JHA|= Jippy
pot2= o]Asto} &3sklrh

o] AuA e gade e g duAe) 243 5
U3FA T F-FH]FHIA(MS + 30 g/L sucrose + 0.5 g/ MES
+ 2.0 mg/L BA + 0.1 mg/L 2,4-D + 8 ¢/L phyto agar, pH 5.8)
off A4ste] 25°C, HATEolAl 3URE vt &, WA {=
HjA] (MS + 30 g/l sucrose + 0.5 /L MES + 2.0 mg/L BA
+ 0.1 mg/L 24-D + 8¢/L phyto agar, pH 5.8)0| A 25C, 2571
tafoFsigl o, Al2S-EElA] (MS + 30 g/L sucrose + 0.5
g/L MES + 2.0 mg/L BA + 0.01 mg/L 24-D + 500 mg/L
lilacillin + 125 mg/L. paromomycin + 8 g/L phyto agar, pH 5.8)
2 Aehste] oF 40 pmol - m” - sec” o} 16417} 7] 270
A ket F 35k FUe AxRwuR|e) A

Green Fluorescence Protein (GFP) &8, PCR ZA X
Southern Blot &4

wrEl ARAOIY GRP 9412} ARlofug Blelst] 9
FP 242 &3 lu)7 (BXS] OLYMPUS, Japan)
olfatyth. WUE 330-385/420 excitation/emissiong, U-
MNIBA X 470-490/515-550 exitation/emission filter set2 AM&-
Slol TIulel 4 s 291 AeAS MW BASACH GEP §
AA7E wold AlEAE FBAuA sto)A UV (360-400
nm)UF A (440480 )& ZAVSHE 4] S g
ok WMV-CP SAAE PAA & Aol ozt PCR &
AL AX BTl Genomic DNA isolation Dellaporta 5
(1983)9] Hpwol| A o7k Y E Hh o 4385}t Primer
= 35'S primer (5-ATGACGCACAATCCCACTAT-3)e} WMy
-CP reverse primer (5-TTACTGCGGGGGACCCAT ACC-3)&
0] -3}tk PCR 242 pre-mix (Accupower , Bioneer)S o
£35}9) o pre-denaturation2 94°C o] 4] 587}, denaturation
£ 94 Coll A 15, annealing 60°C oA 11, extensione 7
2T oA 187102 35 cycleS 50 last extension 7
2C oA 587 Br-gaklth (CORBETT RESEARCH, Aus-
tralia). $+44% DNAE 0.8% agarose gel2 #17]%%F 3- band
FE Pk PCR 24 A| WMV-CP |32} Z=940] &
Q HAE AASHE 7]l
ZZA)S o] g5}o] genomic DNAE &

DNA (60 ug)E BamH | Agtast g 242+ A

DNA Y12 Zeta®-Probe nylon membrane (Bio-Rad)ol] Zo]A]
#A p-dCTPE A ¥ F 850 bp WMV-CP probeE o]-g-3to]
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Table 1. Effect of zeatin and IAA on callus induction, plant regeneration from watermelon cotyledon explant.

Zeatin IAA No. of Shoot regeneration Callus formation Growth potency of callus

(mg/L) (mg/L) explants (%) (%)
1.0 0 14 28.6 28.6 ++
1.0 0.1 7 57.1 14.3 +
1.0 0.2 14 14.3 0.5 ++
1.0 0.3 14 21.4 42.9 ++
2.0 0 14 50.0 143 ++
2.0 0.1 14 429 28.6 +++
2.0 0.2 14 42.9 28.6 ++
2.0 0.3 14 214 28.6 ++
3.0 0 14 0.5 14.3 +++
3.0 0.1 14 64.3 35.7 ++
3.0 0.2 14 57.1 214 ++
3.0 0.3 14 714 14.3 ++

Levels of relative growth potency of callus are expressed as +: low; ++: medium; +++; high.

Southern E-413}4t} (Southern 1975).

YHOR H2E $ES G ABAS Ak Pilo] £ o)
pom, Bers fEstel FUHBSIE A7 Ak
et AUAE BE FAABIYS FEHTA sHgom

Ay sl s 27 oste] TEE 23S thaw
o] 5314tk 0.5 uM BA, 0.3 mg/L BA (Lee et al. 1994),
0.5 mg/L BA + 0.3 mg/L IAA, 1.0 mg/L BA (Choi et al. 1994),
I mg/L BA + 0.01 mg/L IAA (Choi et al. 2003), 3.0 uM BA
+ 3.0 uM TAA (Chaturvedi and Bhatnagar 2001), 3.0 uM BA
+ 3.0 uM zeatin, 5.0 uM BA (Compton 1999), 2.0 mg/L. BA,
25 uM BA (Dabauza et al. 1997), 5.0 mg/L BA + 0.5 mg/L
IAA (Dong and Jia 1991) 12]3L 2.0 mg/L zeatin (Kim and
Lee 1997). AZH 02 BA REA2]} A2 B0 £3}H
ollent Bl FAA AHAE Gt M FAlo] HA|
OF7 Lt multi-shooto] BT E= nodule?] FE|2 S-A A
A RRA Az Afsked offgol Ut (At A
Al). TE3E Compton 5 (2004)2 BAE 4.4-10 uMo| =2 ¢
= Aok Alo] Az AEst] AAYS AR LH
Dong} Jia (1991)+= Y5 genotype®] 79 2.85 uM Q] IAAE
A7Asle] 3 Ao) el A2 Qiv] KAl n BAZ

X153} 5-40 pM kinetin, zeatin, 2-ip %+ 0.1-10 uM TDZ
£ Ajste Ao] 7| £3bs-& dasiA #e Easkgith
I3y 2 Aol d zeatino] BAE AT Wi thpd
Aze A oA ARl Aelaeh Alx Sk &
T 0| HeS BRIBIAL zeatind} IAAE ARESIO] A3} A
& FYs7|2 AT

A cytokinin¢] zeatin 1.0, 2.0, 3.0 mg/Le] L2, WA
auxing! JAAZE 0, 0.1, 0.2, 0.3 mg/l =2 23 A3l A
A FERAE RABIYE vl zeatin 3.0 mg/Le} TAA 0.3
mg/L 23] 714 %= Az ARSI 7P add o]
A A L= zeatin 1.0 mg/Le} IAA 03 mg/l 2%o]
£29%% 71 antdo|qiy. AR A2t 2 ATte
growth potency+= zeatin 2.0 mg/LT} 1AA 0.1 mg/Le] & o)A
7HE aatdo|glon o] 204 Az AESE HwA &
=519t} (Table 1). Zeatin 3.0 mg/LY A 2|8 3¢ growth
potency7} 7] LhebA|g A2S A=t olgigo] 9l
et E£d0] AT Aeis o] T RS AT A
o2 qitE]o] o] o) MyA FEZACR zeatin 2.0 mg/L
I} JAA 0.1 mg/LO & A3} FFu|gHiR| o H7lstH e
A A7 S =5d IAAE AL zeatin 2.0 mg/LYo] A7}
g Aduzlo] HAE A st Adxg FESHHh

o] Ek FHARY At A HHAE dde
2 Ao ool on e 5. 8-8 UEhHY] Wizl
olg FEstuAt Bl HHAR ARESHAL sHGlT) He
ARA RN FHAE FES] A% HAXAE st
A} 0.1, 0.5, 1.0, 2.0 mg/L BA2} 0.1, 0.5, 1.0, 2.0, 4.0 mg/L
24-DE 2 Aot 4370 ufFst 41} 0.1 mg/l 2,4-D
9} BA 23 A2 tollA Auta oz s FAo] L5813
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Figure 2. Effect of BA and 2,4-D on the callus induction from
watermelon root explant.

£3] 0.1 mg/L 24-D2} 2.0 mg/L BA 2] oA kel
o B A Feh 7P skt (Figure 2). whEbA 4
aF wmal o] wjok A] 0.1 mg/L 2,4-DS} 2.0 mg/L BA7}
A7HE FEaediA oA AYAE FESFH AL, o] 0.01
mg/L 24-D9} 2.0 mg/L BAZ} H7be Adbwjxjola A5
S =3} o) Franklin®} Sita (2003)= 7}2]¢] @A A3} A] 5
%, A9, £EE HUEAE ARYE ©f B> 58S Ho|
+ B 28 JHAR AMSEEE wf Agrobacterium® &
<= susceptibility = Ho|1 x| A w2 HEESS 1}
EM genotype-independent3le] &2l 3lo] &AL K

et

SUR S

Paromomycin A& &

Paromomycin-2 kanamyciny} 7+o] neomycin phosphotrans-
ferase I of ofs 2243 Homn FAHG o] dojrt
A B2 A= AR A7)0 FEASE E Al2E A Ag
d& ZA Pk E3F paromomycin TR @AY AEQ &
o) AMENLES o187 FLHBIHAN HI o]
%121 (Roa-Rodriguez and Nottenburg 1999), W21} @ 0]2]
FHARXI = o]-§E T} (Cho et al. 2005a, Cho et al. 2005b).
T}A kanamycing HAlsto] off ZHEofjA e TE&AQ1 A
g opA 2 291H paromomycing AlYS S5 SHAIAIZ ARE
sk

srare) U Halo) QojA M o] SHAR mprllE A
83101 kanamyeino] ERE wAo]H Agahs wlo]
o= o]&EQIct (Choi et al. 1994, Tricoli et al 2002). =
HAF9] Z7|o)= 100 mg/L kanamycinofl A AuHS- djFs) o
u HIF AR A2E =2 AAAZIL AR RE ]
FAASAZE A2} =Hem AR o) 300 mg/l o4 lE

HfLA RO 2 £8F YEFE - 4

Paromomycin concentration (mg/L)

0 25

75 125 225 375 625

WM1

WM2

WM3

Genotype

WM4

Figure 3. Paromomycin resistance of cotyledon explant on the
medium with 2.0 mg/L zeatin + 0.1 mg/L TAA after 4 weeks
in culture.

% 9] kanamycinZ ] Z|o]] H7Fstelie vijoF x7]o AAAH Al
Z= HgAAZA Yol = ELekal 2 <fet
A 7E A=A ghgtet. ESF kanamycing
e o AZE GA3 JARTFIEE oF 6577t 48 5=
b E=l3} =1 0] paromomycine 453 %E AQ %o Bt
e ALEvE Hlck

wheka] 42ute] FAX3E Al kanamycin T4l paromomycinS-
A28 2 kol b)) W paromomycin®] FIMA Q] X2
2AS BRI 0, 25, 75, 125, 225, 375, 625 myLe] &
= paromomycin©] H7pe wjA]ofl 471€] genotype & 457t
BjoFst A3t paromomycin A 2|t A= HHA} BAyst
WA AT AHAE FASk= WHH 4709 genotype L5
125 mg/LolAte] Aejtofl A A7 24 B og 1
APE|HA Aot A A7t frEER] Agbet (Figure 3).
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Agrobacterium®} 3U7F F5let 3 Ay A FEH|R] 9
S Adetal 25 A 37 dohdo| M A art g4
w)7) NASFA I (Figure 4A), 35+ $-ofi= paromomycin A%}
He UK e ATAL wuNoR Wi AMeE

2 ZHRE At 2 T

TASHE A WS 49 ARARRY FEE U

(Figure 4B). Aldhifjajef] wjoFet 105 So= AR EH
A z7F AEBE 0] 32 BT R0 Alzvke Eefstal
AA-L 2w 39 t) (Figure 4C). o]%F o] Az 23 ¢ 4l
Asicizl B o] HA] owA o ok AekA] ghgt
o (A= T|AA).

Bals AAAR o|gole A Teld T Bl Ay
5= wfRlef AAdEk 25:7F ¢
ool w3 Zej Ao mArH |t (Figure 4D).
o7 AAE 2.0 mgL BASH 0.01 mg/L 2,4-D + 500 mg/L
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Figure 4. Callus induction and plant regeneration from
cotyledon & root explants of watermelon (Citrullus vulgaris
Shard.) transformed with Agrobacterium harboring pmGFP5-
ER vector. A, Callus induction from the cotyledon explant
cultured on the callus induction medium; B, Induced calli were
transfered to shoot induction medium; C, Development of a
shoot from the callus cultured in the root induction medium;
D, Callus induction from the root explant cultured on callus
induction media for 2weeks in dark. E, Induced calli were
transferred to shoot induction medium; F, Propagation of
callus.

Figure 5. Four different callus types showing after induction.
A, compact green callus; B, friable yellow callus; C, white
compact callus; F, friable pale-green callus.

Table 2. Frequency of callus development and GFP expression in callus.

Explant Genotype Number of explants Number of calli formed (%) Number of calli with GFP expression (%)

WM1 678 472(69.6) 35(5.2)
WM2 1489 1339(89.9) 33(2.2)

Cotyledon WM6 615 370(60.2) 10(1.6)
WM7 605 312(51.6) 8(1.3)
WMS 1179 891(75.6) 106(9.0)
WM1 120 117(97.5) 5(4.2)
WM6 36 35(97.2) 3(8.3)

Root

WM7 57 55(96.5) 4(7.0)
WMS 210 204(97.1) 5(3.6)

lilacillin+50 mg/L paromomycinol| A} 33 AFej2 Al uljekste
Aeag Segol BEE AelaR AT B Az
B} HAE Eoct (Figure 4E, F). A4 A4 F 2
HAE F5817] 98 253 Al stetl o 4717t
Heioa] Ax2o ARIE AAFY Aoz Amgrh

Ag AEAAA FrE Peie dde AR A
(Figure 5A), friabledt =g+4] 2 A (Figure 5B), 2A4e] Tt
&k A A (Figure 5C), friabledt A4 A2 A (Figure 5D)5
o] gz FAEU AY FHA Y YA = AL
WML 69.6%, WM2 89.9%, WM6 60.2%, WM7 51.6% 181l
WMS 75.6%2 WM23} WM8o| a2 Gxo] o TaHel
lineQ)-2 BQ18tgTh (Table 2). Ma) AAHAE 45 FF At
dix|o A wioket Azt AL FT BEE WMIo| 97.5%,
WM6 97.2%, WM7 96.5% 12|32 WMS 97.1%2 4712] inbred
lineo] A2} G-A}3+Tt (Table 2).

‘:]_ l:]]— tﬂzl

A FE@stgict (Flgure 6-11, TID). ﬂopﬂ s
AL ol AR AR AT} ;HBHO]M_L (Figure SA)
friabledt A2, Hedgh ANAZ A T2 friabledt

=) A A (Figure 5B, C, D)= oFslA 3¢S BYow,
Soto gl A AR WAL YA §Fe dAEA|
0)1-

e Asiz AT 5 USich

XuhegR] ol 4] 47 wljOF 3 genotypeo] WE GFPY] WHE

S AR v, AFFEA A FEE HH2 HH

WM80] 9.0%, WM10] 5.2%, WM20] 2.2%, WM60] 1.6% L

23 WM70] 1.3%2 WMSo|A S8 Az2oAM 7H &
& GFPYIES Yehfigla Be X*Jﬂxﬂoﬂﬂ SRR [ Eats)

0



Figure 6. GFP expression in the callus of watermelon after
transformation with pmGFPS-ER vector under stereo (A, D,
G), UV (B, E ,H) and U-MNIBA (C, F, 1) microscope. I:
non-transformed callus; II, III: transformed callus.

7L WMIo] 4.2%, WM60°] 8.3%, WM70] 7.0% “L&|il WM8

o) 36%2 WMol 7FY %S GFP WES Uehjort
(Table 2). ©]+= 4F2] genotyped} AHA| o] whet Agro-
bacterium®] Zr5Ad0] Tha& RoF= A2 A AEA
o] 9= WMBo|, He|E AuA R 0|8 4% WM6o] 7
A a&5 wolEt aAYS siqlth Simmonds
I} Donaldson (2000)2 Agrobacterium w5 (A281. C58,
ACH5)9] ZdAlo] ZHE-9) Z 23] Agrobacterium®] F50)
upe} hE A dhebe 4 GIER SHOu Lee 5 (1999)8:
o] A A A| ZTE 7) LBA4404 HF9] 7HHA o dafals:

EinkE e U}ZW}X]E <ab B3 Algol] bt Agrobac-
terium EHA105 strain®] 7}pAlo] gt AR 80 o

T AL YEE B3

o
jt4
B

WMV-CP SEXIE 0|28t Hazist

HRY HAA| FUg

81.5%9] Ay dHA oA 2
A0S mlojjo] AlxfFrmujA)olA uieFEIGlen Agroba-
cterium¥} FFjF 1052 & AHARRE A2E FE5H9
o} (Figure 7). 18U Hied Al 2a A48 Aol
o9 LA A root O] BA) oroba] v o)t dAdst
A ookt (A= ulAA)). whebs] 41%E genomic Southern £
Hoj o] 8570 = ool Silth wabA 4% dhAlef o

W A Al F 40| $Lshld BYH Al A el

Figwe 7. Callus induction and plant regeneration from
cotyledon explants of watermelon (Citrullus vulgaris Shard.)
transformed with Agrobacterium harboring pWMV-CP2300
vector. A, Callus induction from the cotyledon explant
cultured on the callus induction medium; B, Induced calli were
transferred to shoot induction medium; C and D, Development
of a shoot from the callus cultured in the root induction
medium.
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Figure 8. Agarose gel electrophoresis analysis of PCR
products of WMV-CP gene. Lane M: 1kb ladder; P: positive
control (Agrobacterium with pWMV-CP2300); N: non-trans-
formed watermelon; C1 and C2: transformed calli.
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Figure 9. Southern analysis of genomic DNA prepared from
transformed and non-transformed watermelon (Citrullus vul-
garis Shard.) callus. Equal amounts (60 ug) of genomic DNA
were digested with the BamHI, electrophoresed in 0.8% agarose
gel, and blotted onto a membrane. The blot was hybridized
with **P-dCTP labelled 850 bp fragment of WMV-CP as a
probe. N: non-transformed; C1 and C2: transformed.
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