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A Set of Anthocyanin Biosynthetic Genes are Differentially Expressed in Strawberry (Fragaria x ana-
nassa cv Maehyang) during the Fruit Development Process. Kisuk Bae, Joon Yeong Kih! and Jaeho
Pyee*. Department of Molecular Biology, BK21 Graduate Program for RNA Biology and Institute of
Nanosensor and Biotechnology, Dankook University, Yongin-si, 448-701, Korea - Anthocyanin synthesis in
strawberry (Fragaria x ananassa cv Maehyang) begins approximately 26 days postflowering and con-
tinued throughout fruit ripening. A set of cDNA clones encoding the anthocyanin biosynthetic en-
zymes were isolated from strawberry. A pair of primers were designed for polymerase chain reaction
(PCR) through the comparison of the nucleotide sequences of homologous genes from diverse plants.
Reverse transcriptase-PCRs were performed using cDNA synthesized from ripe fruit total RNA and
the primers corresponding to each gene. Eight genes of the anthocyanin pathway were cloned and
confirmed by sequencing to code for phenylalanine ammonia lyase (PAL), 4-cummarate CoA ligase
(4CL), chalcone synthase (CHS), chalcone isomerase (CHI), flavanone-3-hydroxylase (F3H), dihydro-
flavonol 4-reductase (DFR), anthocyanidine synthase (ANS), UDP-glucose:flavonoid-3-O-glucosyl-
transferase (UFGT). Northern analyses showed that the corresponding genes were differentially ex-
pressed during the fruit development process. All genes except PAL were predominantly expressed
in fruit. Expression of PAL, DFR and ANS was detected 10 days postflowering at the early stage of
fruit development, declined for a while and sharply increased 22 days postflowering then showed a
peak 34 days postflowering. The other genes, however, were not expressed up to 22 or 30 days post-
flowering when the initial fruit ripening events occur at the time of initiation of anthocyanin
accumulation. The onset of anthocyanin synthesis in ripening strawberry coincides with a coordinated
induction of the anthocyanin pathway genes, suggesting the involvement of regulatory genes. We pro-
pose that at least two different regulatory mechanisms play a role in the biosynthesis of anthocyanin
during color development of strawberry.

Key words : Maehyang strawberry, anthocyanin biosynthetic genes, fruit development, regulation of
gene expression

M OB

flavanone 3-hydroxylase (F3H) [AY017482], UDP-glucose:fla-
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Total RNA &2|

-80°Ce]l R@Ho] e ARERE 5 ¢S AH3o wat
Atdke)] &7 ¢ 7}FE WE F, 25 ml9] extraction buffer
(2% CTAB, w/v; 14 M NaCl; 1% PVP, w/v; 0.2% B-mer-
captoethanol, v/v; 20 mM EDTA; 100 mM Tris-HCl, pH
9.0; 04 g PVPP/g)& %714 TS, 40 ml9 polypropylene
tubeZ &7 70°Ce] & Fzo)X 583 AAAAL o]F
&% phenol.chloroform:isoamylalcohol (25:24:1, v/v/v)
< A7kskel EFAIZ H 13,000 rppmol A 94 E e
FEAE 2 S tubeZ LA 0.64] 9] isopropanol2 4 11,
20°Col A 3087 F 4170 9, 13,000 rpmol A 1027 94
£ 39k Pelleto] 06 mle] DEPC (diethyl pyrocar-
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2 o 94 25t PelletS 70% ethanol® A 11, 30~
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RT-PCR (Reverse transcriptase-polymerase chain
reaction)

Q71 EEd 2 pgo] total RNAZREH oligo (dT)-
adaptor primer (CTGTGAATGCTGCGACTACGATTls)—S’—
o] g8t cDNAE §A8 o2, PCRY FYo2 A18319
o o8 AEAEREH 229 anthocyanin T4 A2
BosE F8 FHAY G7) LGS vlwste], FA o w
2t &Y 52 degenerate primerE A)2sl4 forward pri-
merZ AL8-3l 9t} Antisense primere cDNA 4 A A&
§h adaptorel] g R A9 primerg A Ztste] ALE-31¢ L.
PCR 18- 94°Cojl A 30 %, 52°Cell A 40%, 18] 31 72°Co|
A 50 9] uhg-& 30 cycle W3 AL 7|ROZ, AFE
primer?] annealing 2o @7 H&st g} PCR ¥H$02
Aojz A& A A 8to] pCR 2.1 TOPO vector) ligationdt
% E.coli TOP109] §AA43 st4t.
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Fig. 1. The anthocyanin biosynthesis pathway. This diagram
has been modified from a published paper [4] to ac-
count for the major products in strawberry.

BEL OEAT, AEA P FA L 7jRA o= Fig 137 2
< AEE AR50

Y 2R AEAN P4 $94E B 9
3], PCRE- forward primerE t]z}Q13}gt). 7)o A o]n]
¥ AR, O2 AN a8 §A} SAR e &
71MEE 883t FALE7)L 718 ¥-& conserved regiono
g primerE AZeHATE PAL 2 4CL FAA] A%, de-
generate primerg A3 F 1, Ur|A FAR ] ALde
5o|AQ 9 primerE Alg-8lQchTable 1). 283 re-
verse primer 2 = reverse transcriptase ¥+-3-off A48 oligo
(dT)-adaptor®] adaptoro]l 3R 2l primerg A3t} A}&
35tk %719 B7] RNAZRE $48 DNAS 7+ primer
setE 0] &3t RT (reverse transcriptase)-PCRE 4-3)3} A
#, GEAOMd FAo] FAFe 849 F& FAA Yt
partial DNAE €& & %t Z /iR e 4L o83
partial cDNA] & Q7)1NES EAgozR g3ttt
oL A7} (GEA P WA Bdl= phenylalanine
ammonia lyase (PAL), 4-cummarate CoA ligase (4CL),

Table 1. Lists of primers used for gene cloning by RT-PCR

ATGTCAACTCTTTGGGGCTGATTTCGTCACGAAAAACTGCAGAAGCAGT TGACATACTGA 60
vV N 5 L 6L I 8 S R KT AUEA AUV D I L
AGCTCATGTCTTCCACATTTTTGGTAGCGCTTTGCCAAGCCATTGATTTGAGGCATTTGG 120
K L M 8 8 T F L VvV A L C @ A I DL R H L
AGGAGAACTTGAAGAGCACGGTTAAGAACACTGTGAGTCAGTTGGCCAAGAGGCTTTTAA 180
E E N L K 8 TV KNT V S5 Q L A KU R L L
CTACCGGGGTGAAT GGAGAGCTTCACCCTTCGAGGTTCTGTGAGAAGGATTTGCTTATGG 240
T T G V N G E L H P 8 R F C E K D L L M
TTGTCGAAAAGGAGTACCTTTTCGCCTACATTGACGATCCT TGCAGCGCTACATATCCGT 300
vV VvV E K E Y L F A Y I DDUPC S AT Y P
TGATGCAAAGGCTAAGGCAAGTGCTTGTTGAACACGCCTTGACAAATGGTGAAAATGAGA 360
L M Q R L R Q V L. V.E HA L T N G E N E
AGAACGCAAACACTTCAATTTTCCAAAAGATTTCGGCATTTGAGGARGAGCTTAAGACCA 420
K N ANT S I F Q K I S A FEZEZETLK T
TTTTGCCTARAGAGGTTGAGAGCGCTAGGGCTGCATGCGAGAGCGGTAATGCGGCGATTC 480
I L P K EV E S AR AATCE S G N A 2 I
CAAACAGAATCATCGAGTGCAGGTCATATCCTTTGTACARATTTGTGAGGGAGGAGTTGG 540
P N R I I E C R 8 ¥ P L Y K F V R E E L
GGGGAGAGTTCTTGACGGGCGAAARAGGTCAGGTCACCCGGGGAGGAGTGTGACAAGGTAT 600
G 6 E F L T GE K V R S P G EECD K V
TCACAGCTATGTGCCAGGGGAAAATCATTGATCCAATTCTCGATTGCCTCAGTGGT TGGA 660
F T A M C QG K I I DPI L D CTUL S G W
ACGGTGAACCTCTTCCGATATGCTAGctttctgetgeccgattettttgatgtgtgtcat 720
N ¢ E P L P I C ~*
tctgtteccacttcttectgtectecatagtcttaagtitgatgaggattectagetttaate 780
gtgtgactataatacctaataaaatgtaaaaccatatgtttatttgaatagttcatcttt 840
ctcacgttaatagtaaaaaaaaaaaaaaaaaa 872

Fig. 2. Nucleotide and deduced amino acid sequences of PAL
gene obtained from the Maehyang strawberry. The 3'-
untranslated region is indicated in lower-case letters.
The underlined sequences indicate a putative poly-ad-
enylation signal. The star designates the stop codon.
Identity of PAL gene obtained from the Maehyang
strawberry with Fragaria x ananassa (AB360390) is six-
ty-one percent.

chalcone synthase (CHS), chalcone isomerase (CHI), flava-
none-3-hydroxylase (F3H), dihydroflavonol 4-reductase
(DER), anthocyanidine synthase (ANS) Z18]3 UDP-glu-
cose:flavonoid-3-O-glucosyltransferase (UFGT) & 4o sj%
Ht} 7t cloneg] Zo|= PAL 872 bp, 4CL 842 bp, CHS 466
bp, CHI 388 bp, F3H 533 bp, DFR 729 bp, ANS 810 bp,
UFGT 612 bpo]%lt}. ‘Queen Elisa” 5, & H7] FF08
FEH 7184 £9€ F3A9 GrIXEH vud An,
56%(4CL)~98%(CHS) A= frAFst 1 th(Fig. 2~Fig. 9). o] &
g AA2RE, 7 FF T AEA ML Ao BAd= 7
Z A 94719 Zol7}t FRdtvhe AS ¢ F Ak
Bk oly2} Almeida 5[2]9] B30 w2, ‘Queen Elisa’
47]9] genome Aol = ANS, DFR, 18] F3H §329] &
AGARAT 242 4~5704 EABYT FAA Ao webA
2 AT AZE AR WY AL, 47] Hdo)

Genes Primer sequence Annealing Tm (°C)
PAL Forward 5" -GCNGASSARCAYAAYCARGA-3 ’ 56.4
4CL Forward 5 " -CAGGGDTAYGGDATGACNGA-3 56.8
CHS Forward 5" -CCCAGCAATTCTGGACCAAGT-3 ' 57.8
CHI Forward 5’ -CATTGACGATTGGCTTCTCC-3 55.4
F3H Forward 5 " -GTGACTGAGTGACCATTAACATACG-3 67.2
DIR Forward 5" -CCACCAAGCCTCATATCTGG-3 575
ANS Forward 5’ -ACTGAGCATACTCTCACTTGGC-3 581
UFGT Forward 5" -GCTAGCTGAAGCTCTGGAG-3 57.1
Reverse 5 " -CTGTGAATGCTGCGACTACGAT-3 ’ 581




AACTTGTGGAATGGTTTCACTTGAGAATCCAAGAGAAGGATCTCCATTTTCCGGTTCAAC

60
T ¢C 6 MV S L ENUZPRTETGSUZPEF S G s T
CGGCACTCTTGCTCCCGGAATCGAATCTCGGATAATTAGTCTCGACACCCTCAAGGCTCT 120
G T L AP G I E S RITI S L DT L K A L
TCCACCTAATGAATTGGGAGAAATATGGGTTAGAGGACCAAATATGATGCAAGGTTATTA 180
P P NEULGETIWVYV RGP NMM Q G Y ¥
TAATAATCCAGAAGCCACGAAGTTGACTATAGATAAACAAGGTCGGGTACACACTGGAGA 240
N N PEATI KU LTTITUDTIEKTQGTU RVYVUHT G D
TCTTGGATACTTTGATGAAGAGGGAAGATTGTATGTTGTGGATCGGCTCAAAGAGCTCAT 300
L G Y FDETEGRTULYV VYV DRTIEITEKTETL I
CAAGTCTTATGGTTATCAGGTTGCCCCAGCAGAGCTTGAAGGGCTTTTACTTTCTCACCC 360
K S Y G Y Q VAP AETLTETGTL L L § H P
CGAAATACTGGATGCAGCTGTAATCCCATTTCCGGATGCTAAAGCCGGTGAGGTTCCGAT 420
E I LDAAVYV I P F P DA ATEKTGBTGETEUV P I
TGCTTATGTTGTTCGTGCACCCAATAGCTTGCTAACTGAACAAGACATTCTAAAATGTGT 480
A YV VRAPN S L L TEQUDTITL K c Vv
GGAGAAGCTGGTTGCACCATTCAAAAGACTGCGGAGCATAACGTTTGTAACCAGTGTCCC 540
E KLV APV FI KU RTILTU RTSTITTFTVT s vV P
AAAGGCCGCTTCCGGAAAGATTTTGAGACGGGAGCT TATACAGAAAAGTCGGTCAAACAT 600
K A A S G K I L RU RETL I Q K S R S N M
GTAAttttagtgtatcctttagccttatcagtgtatattaatttgttcacttaataatat 660
*
gggcatatgtaatgtccttaacacagttggtttggtggaattcacctetttattttattt 720
tatcatattgtagtagtgaccttatgagtcttctccagtttcggttttcttaaaaaaaaa 780
aaaaaaaaaaaaaaa 842

Fig. 3. Nucleotide and deduced amino acid sequences of 4CL
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CACATTATTTGGGTGATGGAACAGTTTCTGAGCAATGGGAGGTTCAAGAATGCTGATCAC 60
H I I w v M EQF L S NGURUFI KDNU ATDH
CAGGCGGTGGTGAACTCAARACCACAGCAGGTTGTCCATAGCGACATTCCAGAARCCCAGCT 120
Q AV VNS NUHSRUL S I A TV F Q N P A
CAGGAGGCGATAGTGTACCCACTGAAGGT CAGAGAAGGAGAGAAGCCAATTCTGGAGGAG 180
Q EAI VY PLI KV RESGEIZKU®PTILEE
CCGATGACTTACACTGAGATGTACAAGAAGAAGATGAGTAAGGACCTTGAGCTAGCCAGG 240
P M T YT EMT Y XK K KM S KDILE L A R
CTAAAGAAGCATGCAAAGGAGCAACTGCAGGATTCAGAGAAAACCAAACT TGAGGCCAAG 300
L K K HAKZEOQTULOGQDSE EI KTIE KTLZE A K
CCAGTGGACGATATCTTTGCTTAAgtgctatgtgtctatecttaatctgttatttatgact 360
P VvV D DI F A *
agctagtgtgatatcgagtgagtacctttatgecatgtttyggttatggaatgaaatgaata 420
ggtcaaaaataaaacgtttatgttctggttatggagectccatgcagagctattactget 480
gtgccaaatgcaacaaccctagtacaaatttatcggaaaaaaaaaaaaaaaaa 533

Fig. 6. Nucleotide and deduced amino acid sequences of F3H
gene obtained from the Maehyang strawberry. The 3'-

untranslated region is indicated in lower-case letters.
The underlined sequences indicate a putative poly-ad-
enylation signal. The star designates the stop codon.
Identity of F3H gene obtained from the Maehyang
strawberry with Fragaria x ananassa (AB201760) is sev-

gene obtained from the Maehyang strawberry. The 3'-
untranslated region is indicated in lower-case letters,
The underlined sequences indicate a putative poly-ad-
enylation signal. The star designates the stop codon.
Identity of 4CL gene obtained from the Maehyang
strawberry with Rubus idaeus (AF239686) is fifty-six
percent.

TGAAGCTAAATTGGCCCTCAAGCCTGAGAAGT TAGAAGCCACAAGGCATATCCTATCCGA 60
E A K L A L K P

E K L EA TR RUH I UL S E

GTATGGAAACATGTCTAGTGCTTGTGTGTTGT TTATTTTGGACGAAGTCAGGAGGAAGTC

120
Y G NM S S A CV L F I LDETVTVTU R R K S
TGCAGCTARTGGGCACAAGACCACCGGAGAGGGCCTGGAGTGGGGTGTTCTATTTGGGTT 180
A A NG HKTT G E G L EWG GV L F G F
TGGGCCTGGGCTCACTGTCGAGACCGTCGTGCTTCACAGTGTATCTGCTTGAactttaag 240
G P G L TV E T V V L H S V s & *
gcatccgggttgattcgagtgatcttctcctagatttgtgcttatatttgtattatttcc 300
attctactttctggctattaattttgcttttttgaaatttttttctagtaaacttcattt 360
gggcattctgaggtaaaacttcaaaaataaatgagcccatgccatgtagcaatatatgta 420
ttgatgaataatgcaattccacatataactaaaaaaaaaaaaaaaa 466

Fig. 4. Nucleotide and deduced amino acid sequences of CHS
gene obtained from the Maehyang strawberry. The 3'-
untranslated region is indicated in lower-case letters.

enty-two percent.

ACTTTCACCACTCACTGGAAATGAAGCTCATTATGGGATTATAAAGCAATGCCAATACGT 60
L s PLTGDNZEA AU BYGTITI X QCOQYV
TCACCTAGATGATCTCTGCCAATCTCATATATTCCT CTACGAGCATCCGAAAGCCGAGGG 120
H L DDIL C QS5 HI F L YEUHUPI KA ATE G
CCGCTACATCTGTTCATCACACGATGCCACGATTCACGACATTGCGAAATTGCTGAATGA 180
R Y I ¢S S HDATTIHUDTIAI KTULTLNE
AAAATACCCCAAGTATAATGTTCCTAAGAAGT TCAAGGGCATTGAGGAGAACTTGACAAA 240
K'Y P K YNV P KK F K G I EZEUNTILTN
TATCCATTTTTCTTCAAAGAAGCTGAAAGAGATGGGGTTTGAGT TCAAACACAGCTTGGA 300
I HF S $§$ K KL KEMGT FUETFZ KU HS L E
GGACATGTTTACTGGGGCTGTTGATGCTTGCAGAGAAAAGGGTCTGCTTCCACTTCCCCA 360
D M F T GAVDATCREIZKTGTULTILUZPIL P Q
GGAAGAAGAAACTGAAAAGCGCAGGGCTGGTTAGCgagtggttcatgeccaatggctecga 420
E EE T E K R R A G *
tccagtcgaagttatcatatattctcagttacatttttatttttatttetgagaatgate 480
attctcagttaccttcatctctctattgttgagaatttcaaataagttgttgtttgattt 540
gaatcatttgatgagtgtgcttactcattcaaagctecttegtttgatgatgtaatttgt 600
gcttaagaataaatattactctatgctcaagagtagttgaacaacttttttgtatggtac 660
ggtataatgttaaagtaattttgggaaaattattgtttttgaatcaaaaaaaaaaaaaaa 720
aaaaaaaaa 729

Fig. 7. Nucleotide and deduced amino acid sequences of DFR

gene obtained from the Maehyang strawberry. The 3'-
untranslated region is indicated in lower-case letters.
The underlined sequences indicate a putative poly-ad-

The underlined sequences indicate a putative poly-ad-
enylation signal. The star designates the stop codon.

Identity of CHS gene obtained from the Maehyang
strawberry with Fragaria x ananassa (AY997297) is nine-

ty-eight percent.

ARAGATGGTTGCATACCCGAAGTTGGGAATGCGGTGATTGAAAACAAGCTACTTTCAGAG 60
K DG CIUPEVGNA AVTIETNIZ KITLTLS E
TCAGTTCTCGAGTCAATTATTGGGAAGCAAGGTGTTTCTCCTGAAGCAAGGAAAAGTGTG 120
$ V. E S I I 6K QQGV S PEJZ AT RIEKS V
GCTACAAGGCTATCAGAATTGTTGGAAGACAGT GATCATTGTGTGGCCGGAAATGGGARA 180
A TR UL S ELULETUDSDUEHTCVATGUNG K
GTGGACGAGTGCACAAAGGAAGCAGAAGTCAAGGCATGAaaCtgagcctattctgtactt 240
vV DE CTZ K EU ATE V K A *
caaggcctgcttcgtttctagatctcttcccatatagcttttcttcctggtccaaataag 300
agactcaagcatgttctgtttgtcctgttttcctatatatgtatcttattttgtaattga 360
gggcctgctttaaaaaaaaaaaaaaaaa 388

Fig. 5. Nucleotide and deduced amino acid sequences of CHI
gene obtained from the Maehyang strawberry. The 3'-
untranslated region is indicated in lower-case letters.
The underlined sequences indicate a putative poly-ad-
enylation signal. The star designates the stop codon.
Identity of CHI gene obtained from the Maehyang
strawberry with Fragaria x ananassa (AB201755) is nine-

ty-four percent.

enylation signal. The star designates the stop codon.
Identity of DFR gene obtained from the Machyang
strawberry with Fragaria x ananassa (AF029685) is

eighty-eight percent.

A 98 99 44 delx 27 2 AR fAF FAR
7h EAZ Vs Aol w0 R B2 RE o]#F {4 &
A2z EHHL F2AA A0 ¢eiAY, 407 %
AT Q8 dAE FH8, +F FT5 G2

2 5% d Ao Asdn

SIEAION Mt REXIS Wil 24

W 2rie] A wd dAYERE JEA Y YA

o]
T

Ao wdFs FABIA T Northern 48 918 probe
2%, 7179 DNA clone$ 532 2 DIG-dUTP (Roche)9}
&7 PCRE 483 T, PCR productE AH&-8lith o|w
primer ojr] @71Ado] F2A 7} clonel 2R Y3
2948 Mgt} Azstgci(Table 2). Northern blot 24
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TTGGGATTAGAAGAAGGGAGGCTGGAGAAGGAGGTCGGTGGACTCGAAGAACTCCTCCTG 60
L 6 L EE G R L E KZEV GG L EZETLIL L
CAAATGAAGATCAACTACTACCCAAAATGCCCTCAGCCGGAACTTGCACTCGGCGTGGAA 120
Q M K I N Y Y P K C P P E L A L G V E
GCTCATACAGACATAAGTGCACTCACCTTCATCCTCCACAACATGGTTCCCGGCCTGCAG 180
A HT DI 8 A L T F I L HNMV P G L Q
CTCTTCTACGGCGGCARATGGGTGACAGCGAAGTGCGTACCCAACTCCATCGTCATGCAC 240
L F Y GG KWV TAI KT CVPNS I VM H
ATAGGCGACACCTTAGAGATTCTAAGCAACGGCAAGTACAAGAGCATTCTTCACAGGGGG 300
I 6 p T L EI L S NGI K YK S I L HUZ R G
CTCGTCARCAAGGAGAAGGTGAGGATCTCGTGGGCGGTTTTCTGTGAGCCGCCCARGGAG 360
L VN K E KV R I 8 WAV F CE P P K E
AAGATCATCCTTAAGCCGCTACCGGARACTGTCTCCGAGGAGGAGCCGGCGATCTTCCCA 420
K I I L K P L PETV S EEZEUZPATITF P
CCACGGACTTTCTTCGAGCATATCCAGCACARACTGTTCAGGCAGAGCCAGGAAGCTCTC 480
P R TFF E HI Q HK UL FR QS QE A L
GTCTCTACCAAAGAATCTGCCGCCCTCAARAGCACTAAAGAATCTGCCCTCAAAAGCACT 540
VvV § T K E S A AL K S T KESAULIZ K S T
AAAGAAGCTGCTCTCATCTCAACTAATTAGCtgct tcatcaatcaagegetgtttaatta 600
K E A AL I S T N *
tgggtgcatgaattaattaatttagggtgatgtgtcattgttgcatctaagtatttettt 660
ggtttgggtttgaaaagacgatgttgagcaggggagactgggctatatattaagtgtttt 720
tccggtggtegattgatcttegecagecagtgtatacctgettatgaataattaatattga 780
ttttectttetcaaaaaaaaaaaaaaaaaa 810

Fig. 8. Nucleotide and deduced amino acid sequences of ANS
gene obtained from the Maehyang strawberry. The 3'-
untranslated region is indicated in lower-case letters.
The underlined sequences indicate a putative poly-ad-
enylation signal. The star designates the stop codon.
Identity of ANS gene obtained from the Maehyang
strawberry with Fragaria x ananassa (AY695817) is nine-
ty-six percent.

GCCAGTAGGGTTCCATTCTTGTGGTCACTTCGGGACAACTTARAGAACCCACAGCTAGAT 60
A S RV P F L WS LRDNTULIKIDNU®PQUL D
GAATTCCTAAGCAAAGGAAAGTTGAACGGAATGGTGGTGCCTTGGGCGCCACAACCACAG 120
E F L §S K G K L NGMV VP WAUP Q P Q
GTCCTGGCGCATGGTTCAGTTGGAGCCTTTGTAACACATTGCGGTTGGAACTCGGTGCTT 180
vV LAHG SV GATFUVTHTCGU®WNDNS VL
GAGAGCGTAGCAGGTGGAGTGCCTTTGATTTGCAGGCCTT TCTTCGGCGATCAGAAACTT 240
E 8 VAG GGV PULTITCRUPTFTFGDIOQIZ KL
BAACGCGAGGATGGTAGAGGATGTGT GGAAGATTGGTCTCAGGT TGGGGGGTGGGGTTTTC 300
N A RMVYV E DV WI K I GLIRILGG GGV F
ACCAAGAATGGCATGCTTAAGAGTTTGGACATGCTATTATCACAAGACAAGGGGACCAAA 360
T K N G ML K S L DMUILUIL S QD K G T K
ATGAAAAACAAGATCCACACACTAARACAACTCGCACAACAGGCCGTAGAACCARAAGGG 420
M K N K I HTULI KIOQULUA AOQOQA AVEPKG
AGCTCCACTAGGAACTTTGAGTCATTGTTGGAAATGGCTACAACCAATTAAgtacaacta 480
§$ § T RN F E S L L EMA AT T N *
caactatattccacaagaataaaagaaatttgttttgcttcttataaactttgatatatc 540
aagttttgaaaatatcaaagtatatatagccattaagagtttetgggagttaaaaaaaaa 600
aaaaaaaaaaaa 612

Fig. 9. Nucleotide and deduced amino acid sequences of UFGT
gene obtained from the Maehyang strawberry. The
¥-untranslated region is indicated in lower-case letters.
The underlined sequences indicate a putative poly-ad-
enylation signal. The star designates the stop codon.
Identity of UFGT gene obtained from the Maehyang
strawberry with Fragaria x ananassa (AY695815) is nine-
ty-seven percent.
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Day after flowering (DAF)
F10d 14d 184 224 264 30d 34d  40d

Fig. 10. Northern analysis of anthocyanin gene expression dur-
ing the strawberry fruit development process. Total
RNAs were isolated from flower (F) and fruit samples
taken at intervals throughout development. of
"Maehyang’ strawberry, subjected to electrophoresis,
transferred to nylon membranes and probed with
DIG-labeled PCR products PAL, 4CL, CHS, CHI, F3H,
DFR, ANS and UFGT. The numbers indicate days
postflowering at which the total RNA was extracted
from strawberry. Ribosomal RNA (rRNA) is shown as
an RNA loading control for one of the gels.
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Table 2. Lists of sequence-specific primers used to produce probes for northern blot analysis

Genes Primer sequence Annealing Tm (°C)  Product size (bp)
PAL Forward 5" -ACGGTTAAGAACACTGTGAGTC-3 ’ 56.3 200
Reverse 5 " -GCGTGTTCAACAAGCACTTG-3 ' 55.4
4CL Forward 5" -GTAATCCCATTTCCGGATGCTA-3 56.3 206
Reverse 5 " -TTCTGTATAAGCTCCCGTCTCA-3 / 56.3
CHS Forward 5" -AGAAGCCACAAGGCATATCCTA-3 56.3 198
Reverse 5" -CAACCAGATACACTGTGAAGCA-3 ' 56.3
CHI Forward 5 " -TTCAGAGTCAGTTCTCGAGTCA-3 56.3 200
Reverse 5" -AAGCAGGCCTTGAAGTACAGA-3 55.9
B3l Forward 5" -GGGTGATGGAACAGTTTCIGA-3 ’ 55.9 182
Reverse 5" -GTAAGTCATCGGCTCCTCCA-3 ’ 57.5
DER Forward 5" -ACGATTCACGACATTGCGAA-3 ' 53.3 200
Reverse 5" -AGCAGACCCTTTTCTCTGCA-3 55.4
ANS Forward 5 " -ACATAGGCGACACCTTAGAGA-3 ' 55.9 1%
Reverse 5 ' -AAGAAAGTCCGTGGTGGGAA-3’ 55.4
UEGT Forward 5 " -GGGTTCCATTCTTGTGGTCAC-3 57.8 200
Reverse 5" -CAAAGGCACTCCACCTGCTA-3 ’ 57.5

A
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