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Cloning and Characterization of Homeodomain-Zip Gene, Phc5in
Embryogenic Callus derived from Pimpinella brachycarpa Suspension
Cultured Cells

SON, Su In - KIM, Joon Chul*
Department of Biology, Kangwon National University, Chuncheon 200-701, Korea

ABSTRACT Calli were induced from the petiole explants of Pimpinella brachycarpa on MS medium supplemented
with 0.5 mg/L 2,4-D and 0.1 mg/L BA after four weeks of culture. Compact clusters of small and dense cells
among these calli were selected and suspension-cultured as the source of embryogenic calli. When transferred to
MS medium with 0.1 mg/L NAA, the suspension-cultured cells grew to embryogenic callus. Somatic embryos
derived from these embryogenic calli developed into plantlets. The cDNA library was constructed in the
embryogenic callus and in order to screen the cDNA library, these cDNAs were plated at a density 1.5 X 10°
plaques per 15 cm petridish. Among 19 clones showing preferential hybridization with petiole HD-Zip gene, five
clones were obtained after second screening. Four clones among them, were highly homologous to P. brachycarpa
shoot-tip Phz4 gene, but one clone, Phc5 was about 1.5 kb which has an extra 163 bp to 5 upstream of Phz4. The
Phch was 1,531 bp containing poly A tails of 18 bases. ATG start codon for Phc5, was located at position 284 with
an open reading frame of 906 bp which encodes a polypeptide of 302 amino acids. The Phc5 protein revealed that
the polypeptides between 135 and 195 contain a homeodomain as the ‘leucine zipper’ motif.
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2§32 2o WslolA cDNA library27E gz
Ao|x EolH o2 HALEE fAEC] HHEHE o] By
29 ™ (Meeks-Wagner et al. 1989), 71Ul (in vitro)oj| A
AEY 20T RE 7|AFALS YFH2AF Wiy X
gl s dojdttr ¢#A T (Thorpe 1993). 21 EA]
£ HEe ggs AEAY de ¢ BstaAeds I ARl
g FAx9 AA A S 2P B FRY AAE
AA} (transcription factor)7} £A%tct HD §-Ax= 713
Zo} ¢eld DNA 2% FAAEA o8 JEA £33 ¢
B e 2 o7 988 s, vhdd YEAM] T
g 29| Aol AdHglel, e Y T3 HARE
Az ol =9 Ht} (Harvey and Melton 1988; Le Mou-
ellic et al. 1992; Smith et al. 1992). o]& AALZZER} = HD-
Zip 2= 7180 B1E v gle MESE 724 54, F,
HD$} leucine zipper +2F 3 72 glow, o213 #
AA7y AF7A AZA, 53] AAGA ST 2AHUTY
T AMdZ HD-Zip FAA7F A ES T/44 £3 %
gl Al el F58 7 gtk wel A2
EA A HD-Zip +3AE 23t 545 TS oy
3 F79 ArzEAel g ARkl 5448 olsfEul
g E AR AT

FVE (Pimpinella brachycarpa)®] ek L ERE
v BrAI A 2] A~ (embryogenic callus)2] A2} AE 34 A S
gy, AN EIGS JNSATHOR ol HAH S
B Al FuEe] A o2 R wpdAAHAE 23
I olEE HuEM gt AMZuEAo] 7hed MEHTEE
F E2sIom, )| EE5E cDNA library & §d3te] vl
A #HE {FARE 2298 O 548 A
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S (Pimpinella brachycarpa)& FZ%3 13

oA Bokuigton, 24604 3719 o] 2 A& ¢
Bol dEAEZ AMEHUT Callus X, A EH] 24 &
AEA ARHE A3 AEAFZEEZQ 2,4-D. NAA,
BAP, GA; ¥ MS%o] AMLEQtt gH¥-2 Triton X-1009]
718 4 % NaOClg 2§ 3= (Fzgx AHE
10WR 2 345 AoA] ISR 2535, B F/HT

53] AHste AxdE AASFG o] FadtE G 05
cmE Ay 0.5 mg/L 2,4-D9} 0.1 mg/L BAP7} 71d
MSHA]o] HEZAT (Kim et al. 1996). wjkF 2 o] A2
MAT= He]FF 1070AY 390 R QT 27C ¢ie
Al wjoFated MEREA S A EAGZEEE TR G
AYL F5 JEE HALSATE & AP ARRE wiAE

MS 7)E8)x]o] 3% sucrose} 0.2% gelriteE H713 & pH
582 ZA3Ah ol Zeie MSHEMA A Algu) ¢
S 3l A ESo| uf> XUty T FH Feo] glomA
nodulardt v Alline-& A3t o} vitAA A (em-
bryogenic callus)= HEMHS 8] &F 1 g& 2A 27h
o} 50 mL<] MSHA ] (0.5 mg/L 2,4-D + 0.1 mg/L BAP)
7b 239 widgel B Al 20e B9k 39 THFHeE
27C &adlA 100 rpmo 2 AE Atiujgaigiod, 271¢
ZFHE] 520 um, 380 um, 230 um&} Ao]BE A2 A
230pmEth F AEHAEE AANGLH, ojFd s 74 TH
Ao ek Aoyl g3tk

HMZ LY S AEH 22

gAY A= 0.1 mg/Le NAAZY TFHE MSTA
(0.2% gelrite)ulz]ol] £A wje] L&E FEIAoH, AA=E
Hje} wolE 3l 0.2 mg/l GA7F 7 MS AAul=] 7}
FF9 petridishol] A v g3tk

c¢DNA library2| ZA1 2 Differential Screening

FUES] wpAag A 10 g2 AAALAE FIZNA =

Aapdo) A vpfigt & 6 mLe] FEE &FY [5M guani-
dine isothiocyanate, 25 mM sodium citrate (pH 7.0), 0.5%
sarkocyl, 2 mM EDTA, 5% B-mercaptoethanol]< 3 7}3}
50Co A 1087 A skgth RNA 22 20T A 20,000
X g2 2087 dAddstd 4EAdE X, CsCls 0.1
gmLEA F7lsle 51 F oA dARelste Eees Al
A TE RNA JAES 97 sixE 3~5 mL CsCl &
2oll RNA F&89& 8~10 mL# -2 & 201CHA] 150,000
X g2 18~24 A7+ F 2AAE G dAREE S8
o] RNAE 7 M urea ¥ =9]
2 FZ2Y, Jr ER2ZFECT F23 T 3 M sodium
acetate$} oEhE-S Hrhste] AAAIZ T oA A2 RNA
= DEPCE A8t Z{/Fo =0|1L spectrophotometerS
AHEste] Akttt (Nagy et al. 1988). Poly (A)J+RNAE
Poly (A)+Quick mRNA Isolation Kit (Stratagene)E o]-23}
o FE8trh #8d mRNAT DEPCE A2 S/l
=0] 7 ethidium bromide HH-E-4]0) oJdte] 1 kS Aek3}
o oF 5pugS cDNAFAY AFEZ AMEE I Poly
(A)+RNA Oligo (dT) primerE A3} double strand £
cDNAE @43 t}& EcoRl adaptorg ©]&3le] Uni-
ZAP™ XR vector (Stratagene)l] 4d3te] ¢cDNA library &
A2

cDNA library2| screening



o} 15 cm petridish® ¢F 1.5 x 10'7]9] 2%
platingslggem™ & 15 x 1067H9] plaque & Hybond N+
filter (Amersham)e]] Holsled &9 HD-Zip-H-dAd
Phz4 (Moon et al. 1996)E ®2 02 &te] screeningdlith
©3& Prime-a Gene labeling System (Promega)S AR-3}
o] [« P] dCTP (3,000ci/mM, Amersham)2 EA|34ch A
EASE 60C3lIA 6X SSC, 5x Denhardt' s solution,
0.5% SDS, 0.1 mg/ml. salmon sperm DNA7} T3+ 290
A 22X 7 Ao, Eshs MEAS S &S H
7heE & 18A17 Bt 33T Probe washing 3 -& A
294 2x SSC, 0.1% SDS7} E3Hs Llo)A] 18, 60C, 2
X SSC.0.1% SDS7} 38 Salo]A] 158, 60°C, 1 x SSC,
0.1% SDSo| A 155, 60°C, 0.5% SSC, 0.1% SDSO|A 155,
60°C, 0.1 X SSCA] 1087} S=3)s}dch

o7|Ngel ZH 3 BT 0| 2

98 SEOZYH DNA AIRHY H5E Az
o] A1Ae] we} Uni-ZAPTM XR vector25H in vivo exci-
siong B3 AoH, F7IMEe EAL USB sequenase
ver. 2.0 KitE Al&3led 6 pgel double-strand DNAE
template 2 AM#31 AZIAe] NS ST 7]
AMEs} ofmizat MEe A4S DNASISS PROSIS
programe 3, H71AE 2L opu|xAt NP FAME
Blast version 1.4 program-& AF&-3ted 43514 T)

M

Zia} 9 n&
SIEHHQF MEZZRE] MM|ZH LAY 3l ASF| X425}

ZIuckel] ofd AEXFoZEE FLH WM EE
okl S wf MxEAo] RS 18 A EEo] Y
o] widAAHAE FLEE S dth (Nabors et al. 1983;
Data et al. 1990). £ AtollME o]#A FEEE F v %A
¥ofl st 71HESAYAl o= MEW FHze] FA
A WHAqBE Fwaz 2E (Pimpinella brachycarpa)
o] A G EZRE A EH B sP5AS
ZARIATE ZIWell A Aty e FUE dW HEAE
05 x 05cm 7|2 Bddla] 0.5 mg/L 2,4-D¢9} 0.1 mg/L
BAP7} 7H8 MSHiA|A 4~6F7+ Aiul FPE o) A
S0 vf$ ALsHA wlEEZ Ao Belo] glowa Ast
EEE ue e A AEY S YAk

Ael b3 s e o)A oF | g& ZAA Z2Zo]
50 mL e} HAuiz) B3 Fe)S AAEE 7] A
oM E XS] 22 Aa FHoE ZAUNLY
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Figure 1. Suspension-cultured cell clusters and embryogenic calli of
Pimpinella brachycarpa petiole explant. A & B, Cells and clusters
isolated from the suspension cultures of micro calli after 1 month; C
& D, Dividing cell clusters in MS suspension medium with 0.5
mg/L 2.4-D and 0.1 mg/L. BAP; E, Growing embryogenic calli on
MS gelrite medium with 0.1% NAA; F, Early stage of somatic
embryogenesis.

Figure 1A9} Zro] Adieo} 2709 F5E F2 3~107]9] A
ZX (cell cluster)o] F&E A}, T3k o] 52 Figure 1B}
2ol AXdo] ket 989 NEER FAHNOH, BES
A8t (Figure 10) ATl 3709 Folle A Edo) 715
ZH P E 7 Ol RES AR iES 9 F 9
At} (Figure D). o] B EE 0.2% gelrite7} T
H IARA S §A Fo FU widA AHAZ KT} 7}
S8ttt (Figure 1E, 1F).

Ao F3l5d2 259 Fo uel TE 424 Wl
M5 k] o] 8E= AR F w2 AH whgel ulet
A G ez d#AIL Utk (Binh and Heszky 1990;
Data et al. 1990; Litz and Gray 1995). 229 gl &
e AEPlY AEHGE 4GS 2770 2 w7iA) A E
HE FAAT 58S 23 AR 671Y ol Al v
P o F3bsol AU i AXTFPRES BY
AEHoZ AAEuZ Folslgon A EES X
G2 WHEH sievinge] 93] o] Ax sH5slAh 453
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ZARA A EE Fyie giRE AEEoY, B2
o2 Z HidA feE E4 EEE Ak @A) Ay
271 B} (Figure 2A). 015 A tx Ast A g

A2 2F MSTAA ) AthuiFatd 44 (globular), 417
(heart), o¥] (torpedo)e] & FAADAL w7t FAHEAL
(Figure 2B, 2C, 2D) °| o] Woldte] HHF7t JAsHA
S EAE o|FUTH (Figure 3).

o]} o] ZAWH W22 RE AT At PAH
o] AMENZ ALHE HAL Ostericum praeteritum
(Cho and Soh 1998), Cichorium intybus (Heiwegh et al.
1985), A&]g] (Nedal et al. 1990), Prunus mume (Park and
Choi 1992), Angelicae gigantis (Choi and Soh 1993; Cho et
al. 1998)olME B Qch AMAFMZHE 2E8A 23}
= 27] 2% ¢k GZANA o] F= 4 uEm sec’ 9 A%

F sl WS v Lo} desiRon, L4 EAE A4
Y= Folail ol FolFth olide] Al o] e

Figure 2. Somatic embryos developed from embryogenic calli. A,
New growing embryogenic callus from old browning callus; B,
Globular stage of somatic embryogenesis; C and D, Multiple
somatic embryos.

Figure 3. Plantlet regeneration from somatic embryos. A, Multiple
shoots from germinated somatic embryos; B, Regenerants with roots
in MS basal medium containing 0.1 mg/L. NAA.

WNTERE AATH BAFEE AR B Wy
o 7hree Byt

cDNA library 24

AR AHS ANE WPALE AEELE Do A
93§27 BYsHElE, olo] Bejah Holaozm
£ aude) 7159 o8 e AaAY 4he 7Y

& Fo7t ok 3ES] w2l mRNAS 3}
E FH3sld zp0|E FAMT mRNAZERE cDNA library
g 3ok g 2dA 213 mRNAE oF 15
ng/L BE O™, 5 ugs cDNAFA Y AlRZ ARslgth
o5 ZH29 poly (A)+RNAZHE st strand cDNAE
alkaline agarose HolAM &gt Az} 900~1400 bp2} nu-
cleotide M 7P B2 ALE Ueiged, FAst ¥
phageell infectiongt A3 9.84 X lOS/uLE’J AZFE bolA]
£ FT&sle cDNA library7} TR0}zl Zo] EE T} (H)
olg] m|A|A]). 3} X-gal7} IPTGE A7}519L o 2% o5}
o] AZFEA 2 plaquert FHEEHo] 98% o)l A2
E8E st en 2HHE cDNA libraryy plated s =
A3ted 40°Coll st off Aol AHEIATE 5%
olx| S AH2-3led mass in vive excisiond 315t Sl
"E Fefo cDNAE 92 ¥ o5& 7]AE 39 PCRE
T A3 AZE library 9] A49HHS A7)71 i FE 500
bpol4e& Hlstede (Figure 4)

A2~ cDNA library E5E] A2 1.5 x 10719 Hopa
Ao g 3t ZFYE shootollA £2§ HD-Zip §-A=H)
Phz4¢] HD-ZipR-$1& &0 & &9 [, 23} screeningg 4

il
A

Figure 4. PCR products using
plasmid-form total ¢cDNAs of
Pimpinella brachycarpa callus cDNA
library and T3/T7 primers. Amplified
inserts of the cDNAs are above 500
bp. A & B, PCR products of two
different Pimpinella brachycuarpa
callus ¢cDNA library; M. A/HindIlI
DNA size markers.

A B M



Figure 5. First screening of callus cDNA library with the probe
synthesized from HD-Zip region of Phz4.

Screening HAQ oA AHE-3 ©3 2 Prime-a-Gene labeling
systemg ALg3le] [o PJACTPE EASIC FuhEel 7
#2 ¢DNA library25E AA 1.5 x 10° N9 plaqueE &
Aspet A5 1} A8A 19719 phage &8 & + AU
Aom (Figure 5), °lE plaqueE WAl ThA] EAsl8te] 23}
screening ¥t A3 5709 ¢DNA clone& Uitk 29+ 7)1
plaque’} A FAEZTH T 1~ 5719 o] 722 78]
AxEeje] FolA FEY 7hsAE e AEC AHHAY
o] & thAare 7 AF ALY AAWE in vive excisions 53]
stod, 19 insertd X3l plasmidg FE3%om, o
E plasmidE &4 &} inserte] 278 Q1) 1
A} 47019 cDNA clone2 ¢F 1.4 kbAES] Aoz Vel
7, 1719 cDNA clone2 ¢F 1.5kbARS IAVE Vehdd

=8

Med5t cDNA2| Nuclectide sequence %
Amino acid sequence

ol& plasmido] 3t H71AEL Sequenase ver 2.0
(USB)& AHE-3te] ZAA3E A3} 4719 ¢DNA clone 3t
£ shootol M #e& HD-Zip F24< Phzdt 100% ]
homologyE Z+v @7IMEE vepiou, 1 5 & 749
cDNA clone ©|RAEIH HEl Phzd G449 s&0
163 bpe] |77} F7t2 HAHY 3E] H7|ME F poly
A tail §Fol 187)12] G717t AEEo] F 1,531 bpoll siFate]
Phes5er B8ttt (Figure 6).

e 94 callusoll A 28k PheS7t Phz49k coding
region Y A3} N-terminal®] non-coding F-$ol| A z}o]
7b Ve A& Phz4 cDNAY 448 ol 71218 Aee
A5 =Y, ricedl A BZAE homeobox 291 OSH429}
OSH#59] 7527 o]Eo] Hatsle] U2 Fax7b 7 7€)
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GCA CGA GGA GAA TTG GTA CCC CTG ACA CCA CCA TGT CAT GAT TGG CCT TAC ACC CCC CCT 60
61 CCC CCT TCT CTT CTT TCT ATA TAA CCC ATC TCT ACT CCC TTC CAT TTC TCT CCA TCA GCA 120
121 TCT TCT GCT TTA ATA CAA CCC TCT CTC TCT CTT TGA ATT CTT GAA GAA CAT ATA TAT TIT 180
181 TCA AGA AAG GCT AGG CTA ACC ACC ATA GTA ACC TAA GCT TGT TCC TTG CAT ATA AAT CAA 240
241 GAA AAG CTA GTT TAT ATC AAG AAT TTA TAT ATA CAT ATA AGC ATG ATG ATT CAT CAA AGA 300
M M I H Qo R
GAA GAT CAC TTG GGT CTA AGC CTA AGC TTG TCC TCT CCG GCA CAA ACT CAC AGG CCT TCA 360
E D H L 6 L S L 8 L 8 S P A Q@ T H A P 8
TCA TCT TCA TCA CCA CTC CAA CTA AAT CTA GCA CCT TCC ATG CCA ACC CCA TCA ACC CCA 360
s § $ § P L @ L N L AP S M P T P 5 TP
421 CCT TTC AAC CTC TTC CAC AAA AAA GAA ACC TCA GAT GGG TAC ATT CTT GAC GCG TGC AGA 480
P F N L F H K K E T § D 6 Y I L D A C R~
481 GTC GAA ACG AGG TCG TTT CTG AAG GGA ATC GAT GTT AAC CGG CTA CCG GCG ACG ACA GTG 540
v E T R S F L K 6 I D V N R L P & T T vV
541 GAC ATG GAA GAA GAA GCT GGG GTG TCA TCA CCC AAC AGC ACA ATA TCA AGT GTG AGT GGA 600
D M E E E A G V S S P N S T I § S VvV § 6
601 AAG AGG AGT CTT GAG AGA TCT GAC AAC GGT AAT GGA GAT GAT CTT CTA GAT TGT TCT AGA 660
K R § L E R S D N G N G D D L L D C § R
661 GGG CTG ATT AAT AGT GAC GAA GAA GAT GGT GAT AAT TCT AGA AAG AAA CTC AGG CTT TCT 720
6 L 1 N S D E E D G D N S R K K L R L S8
721 AAA GAC CAG TCC GCT ATT CTT GAA GAT AGT TTT AAA GAA CAC AAC ACT CTT ATT CCA AAG 780
K D @ § A4 I L E D S F K E H N T L N P X
781 CAA AAG CTG GCC TTG GCA AAA AGA CTA GGG TTG AGA CCT CGT CAG GTG GAG GTC TGG TTC 840
@ K L A L A K R L G L' R P R Q@ V E V ¥ F
841 CAG AAT AGA AGG GCA AGG ACT AAG TTG AAG CAA ACC GAG GTT GAT TGT GAG TTC TTG AAA 900
e N R R A4 R T K L ¥x @ T E V 0 € £ F L XK
901 AGA TGC TGT GAG AAT CTA ACA GAT GAA AAC AGG AGA TTG ATG AAG GAG GTT CAA GAA CTG 960
R ¢ ¢ E N L T B E NRURL MK E V @ E L
961 AGG GCA CTC AAA TTA TCC CCA CAA TTC TAT ATG CAA ATG AAC CCT CCC ACA ACC CTC ACC 1020
R 4 L K L § P @ F Y M @ M T P P T T L T
1021 ATG TGC CCT TCA TGT GAG CGT GTC TCG GCT CCA CCA TCG TCT TCT ACA GGC CCA TCT TCC 1080
M cC P S§ CE R VS A P P S S ST G P S §
1081 ACA CCC GTC GAG ACC CCC OGG CCC CAC CAT TCG GGT TCT AGT CAC CAT CGC GTC GCT TTT 1140
T PV E TP R P HH S G S S§ H H R V A F
1141 AAT CCA TGG GCC ATT GCG CCT GCT GGT CAC CGA TCA TTC GAT GCA GTT CAC CAT TGA TCA 1200
N P ¥ A L A P A G H R S F D A V H H =
1201 AGG GTA ATT TGG TCA TTT AAA AGT TGC TAA AAT TCA ATG GAG AAA AGA AGA ATT TTC ACT 1260
1261 AGG ATA TCA TAT TAT CAT TAT GGT CTT GTA AAT TAT CTA GGA TTT GGT GGT TGA GAT GTG 1320
1321 ATA TGG TAG GGT CTT CAT ATG TTT TGT AAT ATT AAG ACC CCC TGC CTA GGT TTT TAG TCT 1380
1381 TTA-CTC TTT AGT ATC AAT TCT TCC TTG CCT ATT TTA AGG GTA GAA GTC TTT GTC TTG GAA 1440
1441 ACT TGG GGA AGG GAG CTT T6G ATC ATT GGA TGT AAA GTC ATC TCT AAT CAT TTA GTA TTA 1500
1501 ACT TGT TAA GAT AAA AAA AAA AAA AAA AAA

30
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Figure 6. Nucieotide sequence and deduced amino acid sequence of
Phc5 ¢cDNA clone from callus ¢cDNA library of Pimpinella
brachyearpa.

NeA e g =PH promoterE 7M. glojA A2 T E 7
1Moz Ry AAEe] 277 o Abge] Tl A
obd Ao Z Z2AETt (Tamaoki et al. 1995). A Zo] B3

2 cDNASA] 284Wisdo) ATGAAZE0] AT 302702} of

doslsl= 906710 T g3t BFHUE 2 9l
ek EF FHE shoot, Q17H AR B FEAAM HHHI

homeodomaing zZH7 91glow, HD B2 HE N-gZEo

2 RNA polymerase 1 9 A}&2H8-3la] HAIAAS 843}
AF)E AR A= AXEYE wiaid) 183 324
gL 71E MARRAANA Bol HIE HDe] 724

e 2L ‘21919_‘1], C-ItEe 5o s wjdd HD-

1ol HD-Zip £4J0] Ags] EA4e A

>

ok

ZHE (Pimpinella brachycarpa)2] {4 (petiole)Z HA|
ZRE A 27} MSHIA (0.5 mg/L 2,4-D2} 0.1 mg/L BAP)
A FEEYoH ol BARFE LA WEd AX
At (cell cluster)S Adale] Hehl ket ol e
M EZEL 0.1 mg/L NAA7Z}F £3F MSZA o] u) k=
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o] vl (embryogenic) A AF AAET) WEAAY
2F A% 2 3AE oo AR B3HILH olF A
AEARE MSHAMANA Wolso] NERAZ Asgch
FUE delda e f BB YHAERY T
mRNAZ5E cDNA libraryE #4435t PCRS 33 2
7} A Z9 librarye] A1AHY] A7)7} hE-E 500 bp o)A}
QL SHAHATE o|E cDNA libraryZ%E AH 1.5 x 10°
Mol plaqueE EA13}ate] At screening g T3] 1971¢]
c¢DNA clone, ©]x}9] screening$ £3] 5712] c¢cDNA
cloneg 4UeH ©]F 4719] cDNA clone b= shoot
o] HD-Zip AR Phzd SR TU% ok 1.4kb FxQ
Aoz Vel o) 17]9] ¢DNA clone, Phc5E ¢F 1.5 kbA
%] 3712 Yeidet 1.5kbel PheSE Phzd SRR 5
£02 163bpe] Y717} 712 EASe] £ 1,531 bpol 3
a0 18709) polyA tail& 7HXIX ATk PheSE 284
AR ATG AAFES] QT 3027H¢] opnlieabe ekashat
= 906709 i 953} ¥-919 Homeodomaing ZH3L 9l
Atk PheSERE FAHE DAL 7|E AAREAAM B
o] Ry H HD9| 3323 54 7 Uit

AAF -2 @7 1997dE B8 SHEaTEAN (FATY
Aol sl ATHLOR, A7) Ao WS
Yek

—
AZE
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