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(57) ABSTRACT 

The present invention relates to at least partially purified 
protein, capable of modulating the DNA replication in 
plants, muteins thereof, DNA coding therefor and to a 
method to confer to one or more plant cells the capacity to 
provide Such a protein or mutein. The invention also relates 
to plants, comprising the Said DNA and the progeny thereof. 
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Fig. 3 

ATGTCAGAAAACCGGAACCGC3CAACCCGAGAACTACA 
arr 
s 

M 

TCTAAGGCGAAACGCTACAGCTGAGCCTGGCGCAGTGAGCCAAGATG 

M S E N S E R. C. E N S 

GCCGGAAGAGAGCCACCCAGCCCACCAATCAGACGGOAACGACGACCAAC 
------------ - - - - -es sea---- - - - - - - ------- - - - - - - - - - - - - - - - ------------ss 

CGGCCTCTCTCGAGAAGGAGAATCAGGGGGTTAAGCGCCGGCTGCCGGAATG 

A G R E L T P T S P T N S D G N D D . N 

AICAICGCATGCTTGAGTATCTCGTCCCACCCCIGICATCCAGAACT 

ATAGTAGACGTACGAAAACCAATAGAGC-GAGGATGAAAGAAGA CAGTAGGTCTTAGA 
y E L E A E E . S R . . . S S G E E. S 

GTTATAGACTCCAAAGGTACARACTCCAAGGTCCCAATCCGCAAATA 
--------- sap as or m ever r- - - --- r - - - - - - - -o- - - - me a m-- - - - - - - - - - - - - - - - - - - -- 

CAAATCAGAAAGAAGTCA CATGAGAAGGCCAAGAGGAAGAGCAGATA 

W D L S S K C T Y C. G. S N. L. W. K. Y 

CTGCTCGACCCAATCCCACCCTGCCGAAGAGGCTCACGGACTCTC 

GAA ACGAGCAG33ATA AGAGGAAAAGGGAAC333TCTACCCAAGTGACACGAGAG 

C S P N S P J S A. E. D. G. F. T. W. . . 

arer -year-rrrrrrraganry prer wrrr revery r n TCGCCTGAGCTCCCTCCGCCCGGCAGECGCCTGAGTGGATGCAGGAAAA 

AGOGGACCAGAG33AGGCGAGGCCGATCAAAGOG3ACATCAAACCTAAACCCCTA 

S P E S P S A P A S A C S I, D L Q E N 

GGGTAGAACAGAGGATCCGAGA CTCTCACGCAAAGCATCGAGAGAGAA 

CAACACAATCGCAAATACCAGGCCAGAGAGEGCGATTTCCTAAGCTCTCCA 
2. 

V V Q E M D P R S L T K. H. S. R. E. N 

GOGGAACAAGAGGAGCCAGAGCCAGCCAGCCCAAAAGAAGC3AAATGATG3AAAC 

GCCTTGTCCCCGATCCGAGAC33AACGGGTTCTCGCTACAccTG 

A. E. Q E E L E M P L P K R S R N D G N 

20 

30 

2 4. C 

3 OO 

360 

420 
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48 

66 

-- 

02. 

t s 
GAGGAACOGAAAGAGCAGCCAACGCAC GGCCGS3A 

g cit r z is v c c s a 2 r 5 - 2 - 7 A c G 
ACGSGGGCAGCCGACC COGICAA AGGC 

anaerwards 

TGAACGAACCCGAAAAATCGAGA ACAGGGCGAAGCCAAAAGAAATCACG 

T. M. I. G. T. A E. S. O. A. S. V E N S A. 

CAACAGG GCEGE GATCATCAGCCGGCCGCGCACC AT 

AGATGGCCCATCTCCGAAACAAGFCAGAGCGGACCAGGCGEC-GAGGA. 

S. N. R. G. I. E. A. F W Q, D. E. C. e G g C T S N 

GCOAGGGATGECAATCCACACATCGGraGAGGAAAG3AAGAACGArcCCACC 
awaaaa 

CGAAGCACCACAGTAGGAGGAGCCAATCCCTTCCTCTCCAAACGGG 

A. S. W. D. W. N. 2 T E R E. E. K. N. . . . S S 

CCCAGGAG3AG3ATATACGAGCCACCSAAAGGAGCCAAAGCGACAC 

GAGCCCCACCAAAGCCGCGGACA ACCCAAAGGTAACGCGTG 

P E D G Y Y. E. R. E G D F C A D N 

CAAAAAATCGAAGAAG3GAGAAAAAAAAGAAGgATCCCCCAAG33AgaG 

GTATAATAGCTCTCCACACIATA: CTCCAGAGAAGGGAECCCTCC 

C E E G D D. K. N. K. K. D. L. F e K G E 

ATACAAAOGACGGCAGCCACCCGGCCOAGAGCCAACAGAAAATGAG 
---------------- - -- mass-s-s-s-s-- - - - - re-creas apron-no---------------eason are - - - - - - 

aerry arryrrrrrrrrrt TAGGACAAGACAC3 OAG30AG33AAC3AGA ACACGg GCACC 

Q D S W Q S V A. S. L. M. P. T. E. N. E 

TAGAACCAGTGcaGATTGTGGATGACACIGAAGATOTACrcTAGATGATCACACGTA 
AATCTGGTCACGTCCAACACCACGTGAC-TCAGATGAACAFCACAGTGTGACA 

E V Q V D D T E D v D D H V 

GACACGAGCACCCCCACAGAGAG3 G3CGGAAGCCTCTCCACAGAAGCTAAT 

cGagarcaccrococcaccaacsociaccarorcoara 
C W S D. R. E. I, K P S A. T. E. A. N. 

CAAGAAAATCGGACAAAAACCGGACAATGo AAATGCCGGGAAACAGOAAA 

GCAAGAAAccAGT 3GACCAGACGTAACGGCCCGCG 

3. 6 

780 

9 OO 

96.O 

020 

080 
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Q. D. K. S. L. W. Q. K. T. L. D. Q. C. K. . g G. N S K - 

ACGCAGCCGCCCCCGAGAAAAACACACCAGAAAAAGAAAG ACCAGAAGAGG 
LO 8 ------------------------------------------------------ 40 

TGOALGECGACAAGGGGACCTATTGTGIGGTC macATCATAGGECC C 
T Y. S. C. s. 2. E. I. K. E. T. R. K S K V . . K R - 

g 
AAGOAGAAAACACCGCGCAA: acclarataragsaangalace 

4 ------------------------------------------------------ 200 
CGCTA GGGCAAGCACAA ECAGrozco AG.ccgregar G. 

3. 
K N E N T W R L. K. D. Q. K D C A K E N T - 

th f 
ACCAGAGATTCACACACGTAGAGGAAGAAGSCAGGE33CACCGGAT 

20 ------------------------------------------------------------ 
TAAGGECTAAAACAAGAATGEGATAACACCCCCTCCAAGICCACCGATGCCCAA 

q is 
S G G Y G -- 

516 
GT"TATAAGGCAACGAGGAAAACGATGGAACAGAGTGOAATAAAEGCCCCA Gr 

26 ------------------------------------------------------------------ 
CAAATACCGGCCC"GACACCGTCCCAAACGTAAACGGGAGFACAA 

56 v z c A : R x t d g : E = a - T. s. 5 v - 
37 

GGCGCCAGAAGAATGGAAAAGAAACAGAAGOGGAGCGTG3G33AAA 
32. ----------------------------------------------------------------- 380 

CCGCGAGCCAAAACACAFTACAGCTTACGACCCGCAA AACCCCCC 

--a 
2 s O 

g : E C S T L V E E. E. 

o g a 2 x : y V N N E - R M L E R v I's K - 
AACTGAAATAAAGCATGAAGGCCGCCAAGAAGGAGATCGAGCACCACC 

38 -------------------- ------------------------- - - - - - - - -- as ----------- 44 O 

TTGACAATTACGTACT CCGACAGAGT CAC CrCAAGACAACGAGAGGAA 

I -- N. C. K E E G C , K N G D S D C 

GAGCACCTGAACATGACAGACCGATTCAGAAGAGAGAAAAGAGTGTATCAGCCG 
44 - - - - - - - - - - - - - - - ------------------------------ - - - - - - - - - - - - - - - - - SOO 

CCGGGAACTTGACGTCGGACAAG ACCCCTTACACACAAGTCGAC 

I -- E E L E E D R R D S L. K. R. S. D. W. Y Q 

CAGGGACGGOACGCATGTCAAAGCCACCSA frcacascalatarar O 
"graciscogariaceae agricciagaragrassagaragiccacca. 

c a z c s F : A c s s , it k - v - 
CAAGGGATGAAGCCAGGAAACCCTCTCCAGGAAGACCAA CAAAGGCATCC 

S6 ------------------------ - - - ------------- I w- w --- l--- - - - - - - - " " " ' 320 

GTACCCACAATCGGCCTTGAAGGAGAAGAGACCCGSGTCCCATAGAG 

I. R D v K 2 G N F D F s R. K. L. N. K. G. Y 
3S st to 

ArGATTAACCTTGCCATGGATTGCAccAGAAGTACAGAAGAGCAGATAAATCAAAA 
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62. ---- 
TAACAAAAGGAACGGACCAAACGGGCOAGCOCGCrg 

8 is STO 
D E N A M D . F. C. K. Y. R. R. A. D. C S K - 

assessm-rearmar-kamur wasmonasuvre m-m-m------------as rarm-rr-e- 68 O 

GCAGCCAGGCCCCCCGCCAGCAAGAAAOCAA.C.A.T.CGGTTAAATCCCGs 
58 ----- 

CGCAGCCAGAAGGATGGCGGCGCGAGAGAACAATAGGAGCA 
see-easano ------------------------------- faO 

A. A. S. G. A. S. K. K. E. E. T. V K S I C - 

GCGGAAACCGAGGGACCAAC AACCCCAGAAAACAGCCC"AAAGATCA AG 
A ------------------------------------------------------- 300 

GCCATGGCCCCGGGTTGGAAGAGCTGAAATCGCGGAOATAGTC 

A. V. N. R. G. T. N. K P S Q. K. T. L. A P N S - K - 

AAAGCAGCGGGAAAGACA AGAGCCGGAATGACAGACCAGATGGGAGAGACCAATAGC 
3 O ------------------------------------------------------------- 350 

rCGCGCCCCGTCCGAGCCniACGACGGCACCCCGGCC 

K. A. A. G. K. R A R N D M T R W E R I, N, S - 

CAAGGGGCAGAAG33CGGCA ACCAGOAAAGAGGACCAGCACAAGGAACAA 
36 -------------------------------------------------------------- - e2O 

GECCCCGTCCCCAGACCGAATTGAAGECGAICACACTGGCCGCCTGTG 

C. G. A. E. G. S G - T S A K D W E S T R N N - 

CCCAGGGAAAAGAGAAGAGAGCCGCCAGCAGGAAGAAAAGCGCTAGAT 
e 2 -------------------------- - -------------------------------------- i.e.80 

GGAAGCCACTCTCCTCCCCGGAAACGGACAGCCTCTCGCGAAAACTA 

S. G. E. K. R. R. E . . . C. E. G. R. K. A. . . D - 

TCCGC AGAGACAATGCGCCAA TCCAA ACCACAAG ACACCAAGCCC 
98 ----------------------------------------------------------------- 2 O40 

AAAGACGTCCTGACAGACAAGGAAGGGG ACTCATAGAGGCGAGGA 

F L Q E T M S V P P N E E 7 S K A P - S 

ACGCTAGAGAAAACGGGAGCGCCCCAGGG CTGAGAAGSAACCA 
we us a -a, -armsar as were to the up muonoram ran us mora war- ---------------------------------- 2:00 

TGAGA ACCCTGCCCATCGACGAGAAGGCCCTTCGACCTTCCTTGAAGAAATA 
2 O 4. l 

T. S. M. R. K. R. W. A. A. L. G. K. A. E. K. E. Y - 
lot 

CGACCCCAAGCCACGGCCAACGGCGGCCTGAAGCAGGGGAC3TAATGAGAAG 
2 O gacross accordacacascarcascacciarcacciaccacci 

1 r s M 2 t c s n g g g g a "b v c e s - 
a AAAGAC3GCCTGCCAG3AACCAAAGGSCCGAGCCC gait CCAGATC 

cascacassic.cgi-Cassacagascaiacascaca. “ 
x 2 g g c s G T K G F R A s - c s r. s - 



Patent Application Publication Nov. 7, 2002 Sheet 7 of 17 US 2002/0164757 A1 

222 

228 

234 

240 

246 

2 5 2 

258 

264 

TGOACCAAGGCC AGATAGACGGGGCGCGGGAGAOGAACCCA 
y 22.30 

AACGGGrcocGGATECATCGCACACCAGACCCCCCAATGAACAATGSAGA 
C G P K C D V W S A G V . . . . . . 

12-3 

ATGGGAAGGACACCCACGGGACCCTGACGACATAAAGGCGCACAACA 
o 

--------------------------------------------------------- 23 40 TAccorrcarGTGGAAAGIGACCACGGGAcrgrCETG:ArcCCGTAACGEGTCG 
123. 

M G R T P E G D 2 E N K. D. A. Q. L. - 

CGAGGCAGGAAGAAAGGGAAGAGCCAAGCGCACAACCGGAAICCCCCC 
---------------------------------------------------------------- 2400 
GOCCGCACOTAATACCCCACGGCGCGGGGCACAGGAGAAAG33 

R S E - E - W. E. W. A. K. N. R. E. S S a 

A. ATACGAGTCAAGGTACTGAAGGGGATGGAGTFGAGAAAACGGEGCGAACC a - a 

incontainagercastincarnacticciaccaccinaccaccess" 
". Y. E S R Y K. G. M. S. R. K. W. C. E. --- 

AACACAAAACGCAGAGAGCTAGACGA ACCACACCCTCCACCTCGTGAT 

TGIGETGCGCTCCAAAGATCGCATAAGGTGATAGcGAAGAA G3AGOAACTA 
2 S. C 

N. T. K. R. R. E. F. , D W , s , , , , W D - 

AAATGGACCGAACCCGAGGCGACGAATCAGCGCAGAGGAGCCCAAGCACGA 
-------------------------------------------------------------- - - 2550 
TTACAAACTGGCAATGGGCTCCGCGCTAGTCGCGTCCCCGAGAGTCGGCG 

K C L T V N R. R. R. i. S. A. E. D. A. L. K. E. D - 

TCTCCACCCAGACATGAACCCAGAAACCAAATGOTCCAAACAGCAGCCACA 4. 

Acaciassical actic Actressinacasas:carcassig 
F F : P W H E T R N Q. M. L. L & C Q S T - 

GGGGCTGACGCAGAAGCCAAACCTA AACT racArgriagraaraac 
acciaccacrocercarcere carcatalagascardiac 
V W A D A V S Q T L N Y , C , e. 
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Fig. 4 

-----------. ------ --------------------------------------- 60 
CCGCGAAGGGGCGGAGGCCCTGTGTGGAGCTAACGGCAGMAAA 

ATGATGGGAATCACGGCSAACGGECCAGAAAAA C 
6 --------- ------ a----------------------------------------------- 

COAGIAGAGIAGAGICACACCCAGAGCCGC AACACAGGCGGAA 
2 C 

sy 4- - t M. E. N. . . A. N. C. W. C. K. N. . 

AACCATAGOACCAAGCACCCTTCGCCAA CTCTCCGCCOSATCOA 
2 --------------------------------------------------------------- 30 

TGGAAAAACAAGGGACGAAGAAGGAAACGCGAAGAAGAGCGGGAAAGG 

N. H. F. M. E. T. N. A F , C E , , , A Q 2 
- 

EC GAACCGCAAGAGCCAGGGACGAGTAACAGOAAGCATAG 
8L -------------------- ----------------------------------------------- 24 O 

AGACCCACGGACGAACAATCGGCCACAATGACCAGCAGCCAAATCA 
- s = t t c L = A a c : , s a s g a s 

GCAATAATCCAAAGGOAAAAACGCCCAGCCCGGTATAT, GCACCA 
24. ----------------------- as as -ao - rs is a masa a - rs - - - - - ---- are a- - - - - -- a------- a- - - -e- - - - see 3 OO 

CGAAAAAGGAACCAAGTGCGGAGCAGAGCCAAAAAAACGAAGAG. 
s A z z c L is s : . . g g g : - ; a s 

GCAAGGGAICCTTGGAGAGGCTGAAGCGCATGGCCCTGGAAGAA 
3 O - - - - - --------------- -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -s a re - r- 36 

ACGAAATCAACCAGAAGAACCCCCGACTCGACGAACTAACGGGACACTCCAAA 
C. F. K. I. D G. E. A. E. A. A. L. C E O Y wh 

us 
GCGAA CCTGGTGGGCAGCTGGGCATATC". CTGGEC AIATAAGAAT 

36 - - - - - - - - - -- - - an as on mar - - a ro-ro me as a r or -- a-- a- - - - - - - - - - - - - - - - - - - as - a - - - - - 420 

CGACTCCAAGGACCACCACCCGACCCGAAAGAAGAACCAGAAAAACA 
3 t is 

A. E. E. V P G G. A. A. G. E. Y. , L. G. A. R. Y 
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TCTGGGAGGAAGAACTGOAATACAACAGAGGATGGOAT'GOATGACCAG 
42 --------------------aparose users -- or assisam-m-n is as sam-m------------------------- 480 

AGACCCCCCTOGACAAGATGIGCAAATCOACCGAACAGAAACTAGGAAC 

S. G. R. K. N. C. S O. O. F. R. M. A. E. S. F D 
5é TGGGGAAGOAAGGAGAACgraGrrroccaceaagaa CONCAAOAG 

48 ---------------------------------------------------------------- SAO 
ACAACCCCGTATACCCGAAACACAAATCOACGGCGACCCGGGTTGOAA 

56 c E A : G E L c s : " A E E A s r. v. 
TCGGGAAGIGCTCCCAGCGCAAAACGGAGAACAAAGAAAAGCTCCA 

54 -------------------------------- - - - - - - - - -- - - - - - - - - - - - - - - - - -- SOO 

AAGCCCACAACGAAGGGCGCAGAAGAACACACGTCATCGAAGAG. 

F. G. N. V. A. S. O. R. G. K. T. C. V. E. C. R. S E S 

GAAGGAGCAACCATAGACCAGATACAGATTCGATAAGGCCTT. AACAGGTA 
60 -------------------> w-a------------------------------------------- 660 

CIICOTCGGGTATCTGGECTAATGTCAAGACTATCCGGAATTCATGTCCAAAT 

E G A T I D Q I. T. D S D K. A. L. K. D. T. G. L. 

TCGCAAACAGAACACATTCCAGGAGAGAACCAACAAGACTGAAAATAGCAGCAGCC 
66 ------------------------------------------------------------------ 720 

AGCGIGCTGTGTAAGGTCCTCTCTTGGTTGTCAGACTTAAACGTCGTCGGA 

S O. T E E . P G E N C C D L. K. I. M. Q Q P 

GGAGA ACCACCAAATACTGACAGGCAACTTAGACAAACGGATGGGACTTGAACACA 
721. ---------------------------------------------------------------- 780 

CCCTATAAGGGGTTAGACTGTCCGTTGAATCATGT, GCCACCCTGAACTTGTGT 

G D C P P N T D R O L S T N G W D N 

67 
CCCCCAGFGCTTTACAGGTAATGGATGCTCCACCGCCTCTGCECTAAGAATATG 

78 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - as no ma e- - - a 840 

GGAAGAGGTCACGAAAATGICCATACCACGAGGGGCGGAGACGAAGAATCATAC 

(1. P S P W I, L Q W M D A P P L. L. L. K. N M 

CGTCGCCAGCAGGGAAGGATCGATGTCGACATGGAGGCGTGGCGCGAAGA 
84 -- - - - - - - - - - - - - - - - - - ------ - - - - - - ---a - - - - - - - - ------------------------ 900 

GCAGOAGGCGTCACCTTCCTAGAAACACAGACATGACCTCACGCACACGCAGCTTC 

R. R. P. A. W. E. G. S M S W H G W R. W. R. R. R. 
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I AACTTAGGAAGAAGOAGCAGAGGCCAAGAAGAATCGGGCGCCGCCGTAG 
or Yuba and won ----------------------------------------------------- 960 

TGAAAAAACACTCA ACAGCGCCCGAGFOOTAGACCCGCGGCGGCACA 
9 O. 

3 
N. F. R S E E S A. A. C. E. E. S. G. R. R. R. S. 

GCAGAAAGCAGOAAGGAAAAAGAACCAGCGCGCAGGAAAAGACCCA 
96 ---------------------------------------------------------------- 020 

CGA-CATCGTCGTCCTTTTCTTAGGATACAGCGTCAGAAACCCAAGGGTA sala 

A. R. I. A. A. R. K. K. N P M S O S F. G. K. D S H 

TGGTACACCACCTCCGAGTCAAACTATGCACCTTCCTCCCGATGATGGA 
O2 ------------------------------wis- us r is a mas-a- ---------------------- 080 

ACCAAGAGAAAGGGAAGGCTCAGGATACGTGGAAGAGAAAGGAGCACAACC 
W H L S P S E S N Y A P S S S M G. 

83 Ascarcelangcaacaaaaaarcratic CGACCAAATGACCA 
108 ------------------------------------------------------------------ ill-40 

TACGTCAGGTTTCGTCGTCTTCGCTAAGGACTATGGCAATGAGATTACAGG 
83 k c s : G s s : : - - D - 2 

GOAACGACGCAGGCCAGCGTAAGGACACTGGAAGCCTGGATGACAGGAAAAG 
li4 --------- -------au----as a re -- - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - -n - - war--- 

CGTIGCTGCAGTCCGGTCAGACIATTCACTGGACCTCGAGACAACCACCCTTC 
1. 2 C O 

A. T. T. S. G. Q S W S D T G S S W D E. E. K. 

TCAAATCCTAGTGAACTTCCCCGGACGTCAGCCTATCGGAATTCAGAAGG is do -- 

120 ----------------------------------------------------------- - - - - - - - 25 O 
AGTAGGACACTTAGAAGGGGCCAGCAAAGCGGAAAAAGACCAAAGCCAC. 
S N P S E S S 9 D R F S S. G. T. S. E. W. 

CTAGGCAC GAAAATTCTGGAGATGGCCACAGGCATTACAATGTACAAGTG.C.A. 
25 - - - - - - - - - - - - - - - - - - - he r- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - r - r - -n 

GATCCGAAG ACTTAAGAACCCACCGGGTCCGTAAATGATACATGTTCACAGC 
S 

L. G. K T G D G E R H L E M Y K C O 
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g 

GAAGCTGFCIGGCAFATCAAAAGCACCCAGAAACAATACAATACACACGGGCC 
32 ---------------------------------------------------------------- 

1381 

SOL 

56 

l621. 

68. 

74. 

CCGAAACAACCGIATAGTCGATAGAGTCTTGATGITATGTGTGACCCAAGAG 

A A. Y. C. K. L. S. C. K. C. Y. N. T. H. W. V. It 

Asclergaarascarriagctaclagaciaccacaceactercer 
racarcelacorrectatalaccargo-Garagiccacciaccala 

"y G. K. A. Y. E. E. L. O. D Y F N A D S S 
e 

M. Q. 

ACCGCCACAAAAG ACCTATGCTGGAAGGAAGGATACA ACCCACTG 
------------------e-r-ar--arra- - - ------ - - - - - -------- - - - - re--a -ura we -- a-- - - 

TGAGAACGAGEAGATTCATAGGAATACGAAACCTCCACCACGTATGAGGFGACAA 
A. H. O. K. Y. P. Y. A. L. E G M D . Y S T V 

til 
CTTACACCGAAAGAAGAGAGAGGGSGCATCGGCCAGGAACGACAGT 
umbresa apa-ana----------------------------- - - - - -------------------- - - - - - - -ss 

GAAAAGGGACFCCCACCCAACCCGATAGACCGAGCCTTGACAAAGCAA 
- 

I, H. L. K. E. E. M. R. G Y A C E L L S V 
izi 3 

garcaccrgicacarcelligrge GGGAACTGACAGGCGAAGGAT 
a La - - - --------------------------------------------------------------- 

CAGCGGACAGAGGCTAGGACCACACGTCACCC"GACAATGTCAAACGCATCCA 
3 

D R L S P E S W C A v G N c Y S L R & D 
CAGAACGCCCAAAAGFTCAGAGAGCACOAACTGAAGAAAGATTCACATAT 
-----------as earns arm-reat r s - - - - -an are -e in - - - - - - - - - - - - - - - - m - - - - - - 

GTACTAGACGAGAGTACAAAGTCTCCGAAGGTTGACTACT CAAGTGATA 

H D T A L. K. M. F. C R A . C. L. N E R F T Y 
2. 

GCACAACCCTTGGGCCACGAS"GCCGCAGGAAGAATCGAGGATGCAGAGAGA 
mh it was a Ph. we wr - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

GTGTAGGGAAACACCGGTGCCAAACGGCGTAACCTCTAAGCCCTACGTCTCTCT 
As 

A. H. T. L. C. G E E F. A. A. L. E. E. F. E. D A E R 

TGCACCGGAAGGCTCGGGCAAGAACGAGACACTATAATGAGGACGGC"G3A 
awa- are up a new - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

ACGATGGCCTTCCGAGACCCGTACAGCCTGTGATATTACGACCAGCCAGAACCT 

C. Y. R. K. A. L. G. I. D R. H. Y N. A. W. Y. G. L. G 

380 

1. 5 s O 

620 

68 C. 

SOO 
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AGACCACCGCAGGAGAAATCGGGCGCAGOATCAAOAACGGCCCC 
8 O ---------a-as as as as as as as esses as a re - ones as a was a -s-s-s-e- ress ----- a--------es-------- -- 360 

TACGGAAGAAGCAGCCCAAGCCAAACGCGCGAGAAAGGACCGAGAG 

M T Y. L. R. O. E. K. E. E. F. A. Q. H. C. F. Q. L. A. L. 

CAAAAAATCCAAGACCAGCACATGTGACAGGAAGCGCAGAGOA. 
86 ------------------------------------------------------------------- S2O 

GAAGGCAGAAGOAGTAGACACAATGAACTAACGAAACGAOCG 

C N P R S S W M C Y Y G A. L. H. E. S 
45 

AAGAGAAACGATGAGGCGTIGATGATGATGGAGAAGGCTGEACCACTGATGCAAAGAA 
92 - - - - - -------------------- - - - - - - - - - - - - - - - - - - - - - - - -a -----s - or ----- -- 98O 

TCTCGCTACCCGCAACTACTACACCCTCCGACAEGAGTGACACGTTTCIA 
15 D E A D M M M = k A v - T D A K 

CCGCCCCCAAG ACACAAGGCCACAATAACCAGCCAGGGAATCACAAAGCA. 
e8. -------------------------------------------------------------------- 2040 

GGCGAGGGGTTCAGAGCCGAGGAAATCGGCGGACCACAAAGGCG 

, p K. Y. Y. K. A. H. , T S , G D Y F. K. A. 

CAGAAAGTTAGAAGAGCCAAAGAATGGCCCCAAGAAAGCAGTGCCATGCACG 
204 --------------------- -- - - - - - - - rea is -re as as - a- -- - - - - - - - --- as an as - - - - - - -- 2 OO 

GCTCAAAAICTCCGAGTTTCCTTACACGAGGAGCTCGCACAGGACGAGC 

O K W L E E . K E C A P C E S S W H A S 

CTGGCAAAAAACAATCAGC AAAGOAAACGACAAAGCCGGACATCGGCAT". 
2O - - - - - - - - - -- - - -es as a se - - --- as a -s - - - - as -a- -e ss asses - - - - -- - - - - - - - - - - - - - - - - - - - 250 

GAACCGTAATGTEAGTCGATTCGTATGCIGITCGGCACAATGAAAGCCGT 

L. G. K. Y N C K C Y O K. A. W. L. H. F G 
is e 

GcGGATTAAGCC TCTCCATCTGATGCTGTCAAGAAAAGCTACATGGAGAGG 
26 - - - - - - - - - -- - - as as r - - - -- - - - - - as as - - -- r - - - - - as as as --- - - as as - as - a - - - - - - - - - - - 2220 

CGAAACCAAATCGGGAAGAGGAGACACGACAGOACCGAAG ACCCCC 
is 16 

S D A V K . K A. Y. M. E. R. A D S P S 
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6t 
TGAACCCGACGAGCCGGGACGGAGGAAAACCGAGACACGGCGGAA 

222- ----- ----------------------------------------------------------- 223 O 
AACAGAGGCGCC3ACCACCGCCCCCAAACACAAAACACGCCCAA 

L 2 O E. W. T. E. E. N. L. r 

ACACAGAAGCCAAAACCCAAAGOATCCGAATCOACTAGAT 
228. ------------------- ------------------ -s-ro as me - - - - - -o -sa-m mo as a me war as--Pers 2.340 

TGGGCCAAACAAAGAGTAAGGGCAGAGACAAAAAAGGAGAAACA 

CAGOGGGACACCCAAAACAAAACGAAAAAACAGAGGGAAAAC 
234. ----------------------------------------------- - - - - - ------------ 24 CO 

CAGAACACCGATGGCAGGACAATAATGAACTCCAATAAG 

AGAAAAIGIATAGAG:GGGTTTGAATTCATCTCCAAGTGGAACTTGT 
240 --------------------------------- - - - - - - - - - - - - - - - - - - - - - - - - - - - -- 

CAACAATCOAACCCAAACAAAAGAAAGAAAAGGCACCGAAAACAA 
2 4. 6 O 

CAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
246 ---------------n - - - - - - - - - - - - - - - sers - - - - a -si-e-ass - - - - - - - - - - - - 25.2 
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Codc27A1. 
Coc27B 

Coc27 All 
Cdc27B 

Cdc27A 
Cdc27B 

CCC27A 
Cdc27B 

Cdc27A 
Cdc27B 

Cdc27A 
Cdc27B 

Cdc27A 
Cdc27B 

Cdc27A 
Cdc27B 

Cdc27A 
Cdc27B 

Cdc27A 
Cdc27B 

Colc27A1 
Cdc27B 

Cdc27A1 
CCC 27B 

CCC 27 All 
CCC 27B 

Coic 27 All 
Cdc27B 

Cdc27A1 
Cdc27B 

Cdc27A 
Cdc27B 

SEQ ID NO 6 

MMENA KNNMFT ICEIILAQFPSEVNIQLIARCYLSNS 
MEA - O SR YK RICAEFPSEWNOLIATSYLQ 

SEQ ID NO 10 
SEQ ID NO 6 

51 - QAYSAYY SKTPOSRYFAF DGEAEAALP- CEDYAEEVP 
50 - QAYSAYH. QMAQSRYIFAI DNEAESAC PGAEr 

SEQ ID NO 0 

100 - GGAAGHYLIGIIYRYSGRKNCSI99FRMALSFDPLCWEAYGEIC 
99 - NGAAGHYLLGLIY- - - - A-QOFKQSLTI AYEEC 

SEQ ID NO 10 

ST ASQR, CWEORISFSEG-AIDQ - - TD --KDG 
TA ETAAISOKOYMOO-I G. NEERNSTSTKNTSSEDYS 

SEQ ID NO 10 

50 - 
44 - 

94 - LS TE PGENOODLKIMQQPGDIPPNTDRQISTNGWDLNTPSPWLL, 
93 - PROSKHOSHG,KDESGNFHSHGVNGGV - - - - SEY - NTPSPWAAOS 

244 - D - APPPI, NMRRPAVEG- S- - - - - - - G - WRWRRRNFFSE- - - 
238 - GIAPPPL-FRNFQ-PAVANPNSITDSSPKST STIQAPRRKFVDEGKL 

280 - - ESAEAQEESG-RRR TAA- - - - - - - RKKNPMSOSFGKD LSP 
286 - RKSGRFSDSGPRR-SS SADSGANNSSWAT GNWINNA GG 

SEO D NO 2 

32 - SESNYAPS IGKCROSSK- - - - - - EAIPD-Tv--------TINDP 
335- - - - - - - - - ARS - WTRKGHSWANENM-DEG RGEPFDDSRPNTAS 

356 - TTSGCSWS GSSWO E3SN9 SE - - PDRFSLS-G SE G 
375 - TTGSMASND- - - - QE GGIAMSSOT - - - -ITI NIRTG 

4 03 - D HMYKCOEALA SQ WIMOVGKAYFELODYFNADS 
417 - EGCRLSYMYRCOEALDT PH GWVISOVGKAYFELI EAEK 

453- S QKY YSTV, YAKEE ACESWDRISPE 
467 - AFR ASPYC YSIWYEKED SYLAQEIISTDRIAPO 

503 - CAWGNCYSLR TALKMFORAQINE YAHTCGHEFAA A. 
517 - CAMGNOYSO TALKNFLRAWONP YACCEYTT G 

553 - ERCYRK GDTRHYNAWYGLGMTYLRQEKF O LALO SSW 
567 - MKSYQ DTRHYNAWYGLGMIYLRQEK. SE RMAF SSSW 

6 O3 - IMC AHES D AWDAKNPPKY SLGOYH 
67 - MSY S KRS E. AWADRKNPMYO CIERLD 

653 - KAOK CA AS- QIKQYDKAWLHIFGAIDESPS 
667 - EAE APS A. RRNMHDKAMIHFGLADMKPP 

SEQ ID NO 7 

702 - PSDAWK PDEWTEEN 
76 - A PDEDESP 

FIGURE 6 
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A 1 2 3 4 5 6 7 - 

B 1 2 3 4 5 6 7 8 9 - 

FIGURE 7 
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A 1 2 3 4 5 6 7 - 

B 1 2 3 4 5 6 7 8 9 - 

Oa - OOOOOO 

FIGURE 8 
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PLANT PROTEINS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001) This is a continuation application of PCT/EP00/ 
06401 filed on Jul. 5, 2000, which PCT application claims 
priority of European patent application number 99202214.5 
filed on Jul. 5, 1999, both herein incorporated by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to at least partially 
purified protein, capable of modulating the DNA replication 
in plants, muteins thereof, DNA coding therefor and to a 
method to confer to one or more plant cells the capacity to 
provide Such a protein or mutein. The invention also relates 
to plants, comprising the Said DNA and the progeny thereof. 

BACKGROUND OF THE INVENTION 

0003. The regulation of the cell cycle in plants is poorly 
understood. Most of the knowledge regarding the regulation 
of DNA replication, also known as the S-phase of the cell 
cycle regulation originates from experimental data obtained 
in yeast and mammalian cells. However, the importance to 
understand the cell cycle regulation in plant cells has 
become increasingly important in agriculture, e.g. to control 
growth of plants at StreSS conditions, to obtain resistance 
against parasites that block or modulate the cell cycle 
regulation, or to improve the yield of agriculturally impor 
tant crops. Further, one might be interested to intervene in 
the cell cycle regulation by allowing further rounds of DNA 
replication, but Simultaneously preventing further cell cycle 
progreSS by blocking the Subsequent mitosis. In this way, 
cells may be obtained having multiple Sets of their genetic 
material, So that plants with a high rate of endoreduplication 
may be generated. The term "endoreduplication' means 
recurrent DNA replication without consequent mitosis and 
cytokinesis. 
0004. From experiments in yeast, it is known that DNA 
replication and mitosis are coupled events in the cell cycle. 
Paulovich et al., 1997; Cell 88, 315-321. Genetic studies in 
yeast for example Suggest that the CDC7 Serine-threonine 
kinase plays a role in the initiation of DNA synthesis. 
Evidence has been presented that CDC7 is apparently 
directly involved in the activation of individual early-as 
well as late replication origins during S-phase (Bousset and 
Diffley, 1998, Genes Dev 12, 480-490; Donaldson et al., 
1998, Genes Dev 12,491-501). The protein levels of CDC7 
are constant during the cell cycle. 
0005 Activation of CDC7 as a kinase occurs at the G1/S 
transition of the cell cycle and is dependent on the binding 
with another factor, DBF4, at the G1/S transition of the cell 
cycle, probably by phosphorylating proteins at the origins 
(Kitada et al., 1992; Genetics 131: 21-29, Lei et al; Genes 
and Development 11,3365-3374, 1997). In order to function 
as a kinase, the CDC7 kinase may be a Substrate for one or 
more phosphorylation events. Overexpressed kinase-nega 
tive mutants of CDC7 arrest yeast cells in the G1 to S 
transition and inhibit growth. Further experiments showed 
that the inactivation of wild-type CDC7 function probably 
can be explained through titration of DBF4 by the inactive 
cdc7 mutant proteins (Ohtoshi et al., 1997, Mol Gen Genet 
254, 562-570). In addition to mechanisms to control the 
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onset of DNA replication, other mechanisms contribute to 
restrict DNA replication to occur only once during the cell 
cycle. For example, the CDC16, CDC23 and CDC27 pro 
teins are part of a high molecular weight complex, known as 
the anaphase promoting complex (APC) or cycloSome, (see 
Romanowski and Madine, Trends in Cell Biology 6, 184 
188, 1996, and Wuarin and Nurse, Cell 85,785-787 (1996), 
both incorporated herein by reference). The complex in 
yeast is composed of at least 8 proteins, the TPR (tetratri 
copeptide repeat) containing proteins CDC16, CDC23 and 
CDC27, and five other subunits named APC1, APC2, APC4, 
APC5 and APC7 (Peters et al. 1996, Science 274, 1199 
1201). The APC targets its substrates for proteolytic degra 
dation by catalyzing the ligation of ubiquitin molecules to 
these Substrates. APC-dependent proteolysis is required for 
the Separation of the Sister chromatids at meta- to anaphase 
transition and for the final exit from mitosis. Among the 
APC-substrates are the anaphase inhibitor protein Pds1p and 
mitotic cyclins Such as cyclin B, respectively (Ciosk et al. 
1998, Cell 93, 1067-1076; Cohen-Fix et al. 1996, Genes Dev 
10, 3081-3093; Sudakin et al. 1995, Mol Biol Cell 6, 
185-198; Jorgensen et al. 1998, Mol Cell Biol 18, 468-476; 
Townsley and Ruderman 1998, Trends Cell Biol 8, 238 
244). To become active as a ubiquitin-ligase, at least 
CDC16, CDC23 and CDC27 need to be phosphorylated in 
the M-phase (Ollendorf and Donoghue 1997, J Biol Chem 
272,32011-32018). Activated APC persists throughout G1 
of the Subsequent cell cycle to prevent premature appearance 
of B-type cyclins which would result in an uncontrolled 
entry into S-phase (Irniger and Nasmyth 1997, J Cell Sci 
110, 1523-1531). It has been demonstrated in yeast that 
mutations in either of at least two of the APC components, 
CDC16 and CDC27, can result in DNA overreplication 
without intervening passages through M-phases (Heichman 
and Roberts 1996, Cell 85, 39-48). CDC16, CDC23 and 
CDC27 all are tetratricopeptide repeat (TPR) containing 
proteins. A Suggested minimal consensus Sequence of the 
TPR motif is as follows: X-W-X-L-G-X-Y-Xs-A-X-F- 
X-A-X-P-X (Lamb et al. 1994, EMBOJ 13,4321-4328; 
X denotes any amino acid, X, a stretch of n of Such amino 
acids). However, the consensus residues can exhibit signifi 
cant degeneracy and little or no homology is present in 
non-consensus residues. The hydrophobicity and size of the 
consensus residues, rather than their identity, Seems to be 
important. TPR motifs are present in a wide variety of 
proteins functional in yeast and higher eukaryotes in mitosis 
(including the APC protein components CDC16, CDC23 
and CDC27), transcription, Splicing, protein import and 
neurogenesis (Goebl and Yanagida 1991, Trends Biochem 
Sci 16, 173-177). The TPR forms a C. helical structure, 
tandem repeats organize into a Superhelical Structure ideally 
Suited as interfaces for protein recognition (Groves and 
Barford 1999, Curr Opin Struct Biol 9,383-389). Within the 
C. helix, two amphipathic domains are usually present, one 
at the NH-terminus and the other near the COOH-terminus 
(Sikorski et al. 1990, Cell 60,307-317). 

SUMMARY OF THE INVENTION 

0006. In order to understand the mechanisms playing a 
role in plant cell cycle regulation, in particular the DNA 
replication, and to understand endoreduplication in plants, 
the present inventors isolated several novel plant DNA 
Sequences, coding for novel proteins, or novel amino acid 
sequences thereof involved in the modulation of DNA 
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replication, using degenerated PCR primers based on known 
genomic or cDNA sequences, e.g. of yeast, mammals and 
insects. 

0007 “Capable of modulating the DNA replication in 
plants' is to be understood as the capacity of a protein to 
alter the natural DNA replication mechanism in the said 
plant, e.g. by up- or down-regulation of the DNA replication 
in a way, different from the natural Situation, or to a higher 
or lower eXtent with respect to the natural Situation. The 
natural Situation is to be understood as the Situation wherein 
DNA replication takes place in plants, in which the DNA 
replication machinery is not affected by the introduction of 
foreign genetic material. Such altering includes mediating 
e.g. the onset of DNA replication, the rate and extent of DNA 
replication, the timing of DNA replication in the cell cycle, 
coupling or uncoupling DNA replication with/from actual 
Subsequent cell division etcetera. 
0008 Proteins 
0009. By using degenerated oligonucleotides as amplifi 
cation primers, based on conserved Sequence regions of the 
CDC7 homologue gene of Saccharomyces cerevisiae and 
Schizosaccharomyces pombe and on conserved Sequence 
regions of the CDC27 homologue genes of Schizosaccha 
romyces pombe and from Aspergillus Nidulans, drosophila 
and human, the present inventorS Surprisingly found Such 
novel proteins and amino acid Sequences. Reference is made 
to the examples. 
0.010 Thus, novel cDNAS and proteins comprising one or 
more novel amino acid sequences were found. The present 
invention therefore relates in the first place to an at least 
partially purified protein, capable of modulating DNA rep 
lication in plants, at least comprising in the amino acid 
Sequence 

0011) a) one or more of the amino acid sequences 
chosen from the group consisting of those, given by 
SEQ ID NOS 2, 3 and 4, 

0012 b) one or more of the amino acid sequences 
chosen from the group consisting of those, given by 
SEQ ID NOS 6, 7, 10 and 12. 

0013 c) one or more amino acid sequences having 
at least 50% amino acid identity with those of a), or 

0014 d) one or more amino acid sequences having 
at least 50% amino acid identity with those of b). 

0.015. By using degenerated CDC7 oligonucleotides to 
amplify a PCR fragment as is indicated above and will be 
further detailed in the examples, a novel Arabidopsis cl)NA 
comprising coding Sequence of an novel Arabidopsis CDC7 
homologue gene was found (SEQ ID NO 8). By comparison 
of the said sequences with sequences of the EMBL and 
EMBLnew databanks, a genomic Arabidopsis thalian 
sequence was found (accession number Z97342). In this 
known genomic Sequence however, only 11 exons were 
identified. The novel DNA according to the present inven 
tion however clearly indicated the presence of 3 additional 
coding Sequences coding for novel amino acid Sequences 
(SEQ ID NO 2, 3, 4) being part of a DNA replication 
modulating plant protein, homologous to yeast CDC7. 
0016. The novel amino acid sequence SEQ ID No 2 
(GYGIVYKATRKTDGTEFAIK) is located in two highly 
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conserved domains in protein kinases, Domain I and II 
(Hawks et al., 1988, Science 241, 42-52). The sequence 
GYGIV is part of the nucleotide (ATP) binding domain, also 
known as Domain I in protein kinases. Domain I is part of 
the catalytic domain of protein kinases. The Glycines (G) are 
believed to form an elbow around the nucleotide, and the 
Valine (V) is believed to contribute to positioning of the 
Glycines. The first Glycine and the Valine are invariant in all 
protein kinases. The Second Glycine is almost invariant. 
0017. The sequence AIK in the same peptide is also 
highly conserved and it is located in Domain II, which is also 
part of the catalytic domain. The Alanine (A) and the Lysine 
(K) are invariant in all kinases, and the Isoleucine is highly 
conserved. The Lysine residue appears to be involved in 
mediating the phosphotransfer reaction (Hawks et al., 1988). 
0018. This exon is responsible for the kinase activity of 
CDC 7. This implies that the CDC 7 coding sequence from 
the State of the art is not functional. 

0019. The novel exon encoded by amino acid sequence 
SEQ ID No 3 (DVIEKKDGPCSGTKGFRAPE) is part of 
Domain VIII of protein kinases. Mutagenesis has implicated 
a role of this domain in the catalytic activity (Hawks et al., 
1988). In the sequence TKGFRAPE, the amino acids Threo 
nine (T), Phenylalanine and Alanine (A) are highly con 
served, and the Glutamic Acid (E) is invariant. Moreover, 
Substitution of the corresponding threonine in the yeast 
CDC7 homologue (position 281 of the yeast CDC7; position 
722 in SEQID No 1) to a glutamate resulted in a dominant 
negative CDC7mutant (Ohtoshi et al. 1997, Mol Gen Genet 
254, 562-570). 
0020. The novel exon, encoded by amino acid sequences 
SEQ ID No 4 (NIKDIAQLRGSEELWEVAKLHNRESS 
FPK) is located in Domain XI of protein kinases, and that in 
the peptide, the first Leucine (L), and the Second Lysine (K) 
are highly conserved and therefore are believed to be quite 
important for the correct activity of the protein. 
0021. In addition, using degenerated CDC27 oligonucle 
otides, an Arabidopsis thalian cDNA sequence termed 
CDC27A1 was found, which upon comparison in the above 
mentioned databanks, showed high homology with an Ara 
bidopsis thalian genomic DNA sequence (accession number 
AC 001645). Again, the coding sequence of CDC27A1 
(SEQ ID NO 9), found by the present inventors, indicated 
the presence of two additional coding regions in the Arabi 
dopsis CDC27, the gene, corresponding with the amino acid 
sequences given by SEQID NOS 6 and 7. Thus, novel DNA 
replication modulating proteins in plants were found, com 
prising one or more of the above mentioned novel amino 
acid Sequences. 

0022. The novel exon encoded by amino acid sequence 
SEQID No 6 (VNLQLLARCYLSNQAYSAYYILK) is part 
of a unique NH2-terminal domain conserved in CDC27 
homologues of different origin. The unique domain is 
located upstream of the NH-terminal TPR unit of CDC27 
(Tugendreich et al. 1993, Proc Natl Acad Sci USA 90, 
10031-10035). The role of this domain is currently not 
known, but its conservation Suggests that it is indispensable 
for CDC27 function. The NH-terminal TPR of CDC27 is 
not tandemly repeated and spans the amino acid residues 
174 to 202 in SEQ ID No 5. Proteins, comprising this novel 
eXOn Sequence according to the invention may therefore 
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promote APC-substrate action and therewith allowing DNA 
replication. On the other hand, a peptide comprising the 
novel exon Sequence may be used to occupy the binding 
region of the Substrates for the APC complex, and therewith 
inhibiting the complex-Substrate interactions, resulting in 
inactivation of APC and to polyploiddization/endoredupli 
cation. 

0023 The novel amino acid sequence SEQ ID No 7 
(AYMERLILPDELVTEENL) is located just after the last 
(10th) TPR of CDC27 spanning the amino acid residues 
670-703 in SEQ ID No 5. Carboxy-terminal extensions 
downstream from this 10" TPR and variable in length and 
sequence are common in all known CDC27 proteins. How 
ever, the sequence SEQ ID No 7 shows 50 and 55% 
homology to the corresponding regions of the CDC27 
homologues of Schizosaccaromyces pombe and Aspergillus 
nidulans, respectively. Moreover, and previously not recog 
nized, the 25 carboxy-terminal amino acids (ending with 
SEQ ID No 7) immediately downstream of the 10th TPR 
compose aids exists in the SKI3 antiviral protein of Sac 
charomyces cerevisiae (Rhee et al. 1989, Yeast 5, 149-158). 
Remarkably, three consecutive core amino acids of this 
TPR, RLI, are also present in SEQ ID No 7 and, although 
very limited, Some further homology can be discovered. 
Thus, although circumstancial, these data may Suggest that 
SEQ ID No. 7 is part of a truncated TPR. If so, the block of 
tandemly repeated TPRS in CDC27 should be extended from 
9 (spanning amino acids 406 to 703 in SEQ ID No 5) to 10 
(amino acids 704 to 728 in SEQ ID No 5). Interestingly, it 
has been Suggested that a dimer of the basic 34 amino acid 
TPR repeat is the more common evolutionary unit (Sikorski 
et al. 1990, Cell 60, 307-317). 
0024. By analyzing patterns of CDC27A1 expression, the 
present inventors furthermore identified the existence of a 
second isoform of the CDC27A1 gene. Said isoform, termed 
CDC27A2 is characterized in that a fragment of 33 nucle 
otides present in CDC27A1 (nucleotides 1029-1061 of SEQ 
ID NO9) is missing in CDC27A2. The nucleotide sequence 
of the CDC27A2 clDNA is given in SEQ ID NO 14, the 
corresponding amino acid Sequence of the CDC27A2 pro 
tein is defined in SEO ID NO 11. SEO ID NO 11 is different 
from SEQ ID NO 5 in that the amino acid sequence 
AIPDTVTLNDP' (SEQ ID NO 12) present in CDC27A1 is 
absent in CDC27A2. 

0025) Another CDC27-like gene from Arabidopsis 
thaliana was identified by the present inventors via in Silico 
cloning. The gene, termed CDC27B has GenBank accession 
number AC006081 and is annotated as CDC27. However, 
upon isolation and characterization of the corresponding 
cDNA, the present inventors noticed that the amino acid 
Sequence predicted and presented in GenBank is lacking the 
stretch of 161 NH-terminal amino acids as given in SEQID 
NO 10. 

0026. The cDNA sequence of CDC27B is defined in SEQ 
ID NO 15 and the derived amino acid sequence of the 
CDC27B protein is given in SEQ ID NO 13. The full-length 
CDC27B protein comprises a peptide 75% identical to the 
peptide as defined in SEQ ID NO 6. As discussed Supra, 
SEQ ID NO 6, and thus also SEQ ID NO 10, are part of a 
unique NH2-terminal domain conserved in CDC27 homo 
logues of different origin. 
0027. The effect of mutations in one out of the tandem 
series of TPRs can be very specific. For instance, a point 
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mutation in the most highly conserved 7" TPR domain of 
yeast CDC27 results in a greatly reduced affinity for inter 
action with yeast CDC23, but not for interaction with yeast 
CDC16 or wild-type CDC27. A single amino acid insertion 
in the Same domain destroys the C-helix and abolishes 
interaction with wild-type CDC27 as well as CDC16 (Lamb 
et al. 1994, EMBO J 13, 4321-4328). Moreover, detailed 
experiments with the human TPR-containing CDC16 and 
CDC27 homologues and another TPR-containing protein 
regulating the APC-activity, PP5, revealed that TPR proteins 
display discriminate binding to other TPR proteins. More 
specifically for CDC27, deletion of the first TPR domain in 
this protein abolishes CDC16 binding, but not PP5 binding 
(Ollendorf and Donoghue 1997, J Biol Chem 272,32011 
32018). Mutagenesis studies with the yeast CDC23 showed 
that only a few residues in or near the most canonical 6" 
TPR unit result in temperature-sensitive defects (Sikorski et 
al. 1993, Mol Cell Biol 13, 1212-1221). Separate TPR 
domains thus seem to be involved in Specific interactions 
with other proteins and only very limited alterations in these 
domains seem to be tolerated. 

0028. Any erroneous modulation of APC activity, e.g. by 
mutations in SEQ ID No 6 as part of a conserved sequence 
in CDC27 proteins and/or SEQ ID No 7 being a putative 
novel truncated TPR motif in CDC27, will likely result in 
loss of control over normal DNA replication cycles via the 
mechanisms described above. Mutations in CDC27 can 
indeed trigger DNA overreplication and thus the generation 
of polyploid cells (Heichmann and Roberts 1996, Cell 85, 
39-48). Such endoreduplication might be related to cell 
expansion (Traas et al. 1998, Curr Opin Plant Biol 1, 
498-503) and, thus, a higher storage capacity in Such poly 
ploid cells. This advantageous property is highly desired in 
crop plants or parts of plants Such as Seeds, roots, tubers and 
fruits. 

0029 Modulating the said amino acid sequence would 
impair the formation of functional APC, whereas cdc27 
comprising Such a mutation would still be able to interact 
with the substrate and therewith titrating the substrate out, 
leading to the abolishment of APC-function in the plant cell, 
resulting in polyploid cells. 
0030. It is to be understood, that DNA replication modu 
lating proteins according to the present invention, compris 
ing one or more of the above mentioned amino acid 
Sequences, or having 80% amino acid identity therewith, 
may originate from plant Species as well as from other 
Species as long as the Said proteins are capable of modulat 
ing DNA replication in one or more plant Species. 
0031. The term “protein' is to be understood as any 
amino acid Sequence having a biological function, option 
ally modified by e.g. glycosylation. The protein according to 
the present invention preferably comprises one or more of 
the amino acid sequences according to c) or d), the respec 
tive amino acid identity preferably being at least 50%. 
0032. The term “protein' includes single-chain polypep 
tide molecules as well as multiple-polypeptide complexes 
where individual constituent polypeptides are linked by 
covalent or non-covalent means. The term “polypeptide' 
includes peptides of two or more amino acids in length, 
typically having more than 5, 10 or 20 amino acids. 
0033. It will be understood that amino acid sequences of 
the invention are not limited to the Sequences obtained from 
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the particular protein but also include homologous 
Sequences obtained from any Source, for example related 
plant proteins, cellular homologues and Synthetic peptides, 
as well as variants or derivatives thereof. 

0034. Thus, the present invention covers variants, homo 
logues or derivatives of the amino acid Sequences of the 
present invention, as well as variants, homologues or deriva 
tives of the nucleotide Sequence coding for the amino acid 
Sequences of the present invention. 

0035) In the context of the present invention, a homolo 
gous Sequence is taken to include an amino acid Sequence 
which is at least 50, 60, 70, 80 or 90% identical, preferably 
at least 95 or 98% identical at the amino acid level over at 
least 18, preferably all amino acids within the Sequences as 
shown in SEQID Nos 2, 3, 4, 6 and 7 in the sequence listing 
herein. In particular, homology should typically be consid 
ered with respect to those regions of the Sequence known to 
be essential for the above discussed functions of the novel 
amino acid Sequences rather than non-essential neighbour 
ing Sequences. Although homology can also be considered 
in terms of similarity (i.e. amino acid residues having similar 
chemical properties/functions), in the context of the present 
invention it is preferred to express homology in terms of 
Sequence identity. 

0.036 Homology comparisons can be conducted by eye, 
or more usually, with the aid of readily available Sequence 
comparison programs. These commercially available com 
puter programs can calculate % homology between two or 
more Sequences. 

0037 % Homology may be calculated over contiguous 
Sequences, i.e. one Sequence is aligned with the other 
Sequence and each amino acid in one Sequence directly 
compared with the corresponding amino acid in the other 
Sequence, one residue at a time. This is called an “ungapped' 
alignment. Typically, Such ungapped alignments are per 
formed only over a relatively short number of residues (for 
example less than 50 contiguous amino acids). 
0.038 Although this is a very simple and consistent 
method, it fails to take into consideration that, for example, 
in an otherwise identical pair of Sequences, one insertion or 
deletion will cause the following amino acid residues to be 
put out of alignment, thus potentially resulting in a large 
reduction in % homology when a global alignment is 
performed. Consequently, most Sequence comparison meth 
ods are designed to produce optimal alignments that take 
into consideration possible insertions and deletions without 
penalising unduly the overall homology Score. This is 
achieved by inserting "gaps' in the Sequence alignment to 
try to maximise local homology. 
0.039 However, these more complex methods assign 
"gap penalties' to each gap that occurs in the alignment So 
that, for the same number of identical amino acids, a 
Sequence alignment with as few gaps as possible-reflecting 
higher relatedness between the two compared Sequences 
will achieve a higher Score than one with many gaps. "Affine 
gap costs' are typically used that charge a relatively high 
cost for the existence of a gap and a Smaller penalty for each 
Subsequent residue in the gap. This is the most commonly 
used gap Scoring System. High gap penalties will of course 
produce optimised alignments with fewer gaps. Most align 
ment programs allow the gap penalties to be modified. 
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However, it is preferred to use the default values when using 
Such Software for Sequence comparisons. For example when 
using the GCG Wisconsin Bestfit package (see below) the 
default gap penalty for amino acid Sequences is -12 for a 
gap and -4 for each extension. 

0040 Calculation of maximum % homology therefore 
firstly requires the production of an optimal alignment, 
taking into consideration gap penalties. A Suitable computer 
program for carrying out Such an alignment is the GCG 
Wisconsin Bestfit package (University of Wisconsin, 
U.S.A., Devereux et al., 1984, Nucleic Acids Research 
12:387). Examples of other software than can perform 
Sequence comparisons include, but are not limited to, the 
BLAST package (see http://www.ncbi.nih.gov/BLAST/), 
FASTA (Atschulet al., 1990, J. Mol. Biol., 403-410; FASTA 
is available for online Searching at, for example, http:// 
www.2ebi.ac.uk.fasta3) and the GENEWORKS suite of 
comparison tools. However it is preferred to use the GCG 
Bestfit program. 

0041 Although the final % homology can be measured in 
terms of identity, the alignment process itself is typically not 
based on an all-or-nothing pair comparison. Instead, a Scaled 
Similarity Score matrix is generally used that assigns Scores 
to each pairwise comparison based on chemical Similarity or 
evolutionary distance. An example of Such a matrix com 
monly used is the BLOSUM62 matrix-the default matrix 
for the BLAST suite of programs. GCG Wisconsin programs 
generally use either the public default values or a custom 
Symbol comparison table if Supplied (see user manual for 
further details). It is preferred to use the public default 
values for the GCG package, or in the case of other Software, 
the default matrix, Such as BLOSUM62. 

0042. Once the software has produced an optimal align 
ment, it is possible to calculate % homology, preferably % 
Sequence identity. The Software typically does this as part of 
the Sequence comparison and generates a numerical result. 

0043 Polypeptide Variants and Derivatives 

0044) The terms “variant” or “derivative” in relation to 
the amino acid Sequences of the present invention includes 
any Substitution of, variation of, modification of, replace 
ment of, deletion of or addition of one (or more) amino acids 
from or to the Sequence providing the resultant amino acid 
Sequence has Similar activity as the polypeptides presented 
in the Sequence listings. 

004.5 The sequences of the invention may be modified 
for use in the present invention. Typically, modifications are 
made that maintain the activity of the Sequence. Amino acid 
substitutions may be made, for example from 1, 2 or 3 to 10, 
20 or 30 substitutions provided that the modified sequence 
retains the relevant activity. E.g. the kinase activity should 
be maintained in Such a variant of a peptide according to the 
invention comprising SEQ ID NO 2. Amino acid substitu 
tions may include the use of non-naturally occurring ana 
logues, for example to increase blood plasma half-life of a 
therapeutically administered polypeptide. 

0046 Conservative substitutions may be made, for 
example according to the Table below. Amino acids in the 
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Same block in the Second column and preferably in the same 
line in the third column may be substituted for each other: 

ALIPEHATIC GAP 
I LV 
CSTM 
NO 

Polar - charged DE 
KR 
H. F W Y 

Non-polar 

Polar - uncharged 

AROMATIC 

0047 Proteins of the invention are typically made by 
recombinant means. However they may also be made by 
Synthetic means using techniques well known to skilled 
perSons Such as Solid phase Synthesis. Proteins of the inven 
tion may also be produced as fusion proteins, for example to 
aid in extraction and purification. Examples of fusion pro 
tein partners include glutathione-S-transferase (GST), 
6xHis, GAL4 (DNA binding and/or transcriptional activa 
tion domains) and f-galactosidase. It may also be conve 
nient to include a proteolytic cleavage Site between the 
fusion protein partner and the protein Sequence of interest to 
allow removal of fusion protein sequences. Preferably the 
fusion protein will not hinder the function of the protein of 
interest Sequence. 
0.048 Proteins of the invention may be in a substantially 
isolated form. It will be understood that the protein may be 
mixed with carriers or diluents which will not interfere with 
the intended purpose of the protein and still be regarded as 
Substantially isolated. A protein of the invention may also be 
in a substantially purified form, in which case it will 
generally comprise the protein in a preparation in which 
more than 90%, e.g. 95%, 98% or 99% of the protein in the 
preparation is a protein of the invention. 
0049. In a special embodiment, the protein according to 
the present invention comprises the amino acid Sequence as 
given in SEQ ID NO 1 or NO 5 or NO 11 or NO 13, or has 
at least 50%, preferably at least 60%, more preferably at 
least 70, still more preferably 80% and most preferably at 
least 90% amino acid identity with one of the said 
sequences. SEQID NO 1 relates to the complete amino acid 
sequence (889 AA) of the novel CDC7 protein according to 
the present invention comprising SEQ ID NOS 2, 3 and 4 
(AA 411-430, 710-729, 767-795). SEQ ID NO 5 is the 
complete amino acid Sequence (727 AA) of the novel plant 
CDC27A1 comprising SEQ ID NOS 6 and 7 and 12 (AA 
37-60 and AA 711–727 and AA 344-354 respectively). SEQ 
ID NO 11 is the complete amino acid sequence (716 AA) of 
the novel plant CDC27A2 comprising SEQ ID NOS 6 and 
7(AA37-60 and AA 700-716, respectively) but lacking SEQ 
ID NO 12. 

0050 SEQ ID NO 13 is the complete amino acid 
sequence (739 AA) of the novel plant CDC27B comprising 
SEQID NO 10 (AA-1-161) which itself comprises a peptide 
75% identical to SEQ ID NO 6 (AA 36-59). 
0051 Although the proteins according to the present 
invention may be of non-plant origin, as is indicated above, 
the protein according to the present invention is preferably 
a plant protein, more preferably a CDC7 or CDC27 protein, 
or a functional analogue thereof. A functional analogue is to 
be understood as any protein or peptide having Similar 
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biological effects as a plant CDC7 protein or a CDC27 
protein, irrespectively of the origin thereof. 

0.052 Mutein 
0053. In another embodiment, the present invention 
relates to a mutein of the protein according to the present 
invention, Said mutein comprising at least one amino acid 
substitution, deletion or addition, affecting the DNA repli 
cative effect of the Said protein. 
0054 AS is already indicated above, the proteins accord 
ing to the present invention are of high interest for an 
improvement of e.g. agricultural crops or parasite resistance. 
By Substituting, deleting or adding amino acids to the 
protein according to the present invention, the modulating 
effect thereof can be affected, which may lead to desirable or 
improved properties of the protein. 
0055. In particular, DNA replication modulating proteins 
according to the invention may be activated or deions or 
additions may be situated within or flanking the amino acid 
sequence, as given by SEQ ID NOS 2, 3, 4, 6, 7, 10 or 12 
(or having at least 50% amino acid identity therewith). 
0056 DNA replicating modulating proteins according to 
the invention may also comprise one or more tetratricopep 
tide repeat (TPR) domains. Such domains have been iden 
tified in CDC27 (amino acid regions 174-202, 403-431, 
432-465, 466-499, 500-533, 534-567, 568-601, 602-635, 
636-669, 670-703 in SEQ ID No 5; delineation of regions 
based on the yeast CDC27 homologue; Lamb et al. 1994, 
EMBO J13, 4321-4328) as well as in CDC16, CDC23 and 
many other proteins (Goebl and Yanagida 1991, Trends 
Biochem Sci 16, 173-177). The function of these TPR 
domains is to enable the protein to interact with other 
proteins in the anaphase promoting complex (APC). In the 
CDC27 protein according to the present invention, a novel 
TPR or TPR-like domain has been identified which includes 
SEQ ID No 7. Mutation analysis in TPR domains of yeast 
CDC27 has revealed that intact TPRs are necessary for 
CDC27 function (Lamb et al. 1984, EMBOJ 13,4321-4328) 
and, thus, also for a functional APC. In the absence of 
CDC27 function, DNA synthesis becomes uncoupled from 
cell cycle progression resulting in the establishment of 
polyploid cells (Heichman and Roberts 1996, Cell 85, 
39-48). 
0057 Peptides 
0058. Further, the present invention relates to a peptide, 
comprising 

0059 a) one or more of the amino acid sequences 
chosen from the group consisting of those given by 
SEQ ID NOS 2, 3 and 4, 

0060 b) one or more of the amino acid sequences 
chosen from the group consisting of those, given by 
SEQ ID NOS 6 and 7, 

0061 c) one or more amino acid sequences having 
at least 50% amino acid identity with those of a), or 

0062 d) one or more amino acid sequences having 
at least 50% amino acid identity with those of b). 

0063. These peptides, firstly identified by the present 
inventors, are or maybe part of important regulatory Sites for 
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binding cellular factors or being a Substrate for activating/ 
deactivating mechanisms, Such as phosphorylation. 

0064.) Antibodies 
0065. Furthermore, the present invention relates to anti 
bodies Specifically recognizing a cell cycle interacting pro 
tein according to the invention or parts, i.e. Specific frag 
ments or epitopes, of Such a protein. The antibodies of the 
invention can be used to identify and isolate other cell cycle 
interacting proteins and genes in any organism, preferably 
plants. These antibodies can be monoclonal antibodies, 
polyclonal antibodies or Synthetic antibodies as well as 
fragments of antibodies, Such as Fab, Fv or ScFV fragments 
etc. Monoclonal antibodies can be prepared, for example, by 
the techniques as originally described in Kohler and Mil 
stein, Nature 256 (1975),495, and Galfré, J. Meth. Enzymol. 
73 (1981), 3, which comprise the fusion of mouse myeloma 
cells to Spleen cells derived from immunized mammals. 
Furthermore, antibodies or fragments thereof to the afore 
mentioned peptides can be obtained by using methods which 
are described, e.g., in Harlow and Lane "Antibodies, A 
Laboratory Manual”, CSH Press, Cold Spring Harbor, 1988. 
These antibodies can be used, for example, for the immu 
noprecipitation and immunolocalization of proteins accord 
ing to the invention as well as for the monitoring of the 
Synthesis of Such proteins, for example, in recombinant 
organisms, and for the identification of compounds interact 
ing with the protein according to the invention. For example, 
Surface plasmon resonance as employed in the BIAcore 
System can be used to increase the efficiency of phage 
antibodies Selections, yielding a high increment of affinity 
from a Single library of phage antibodies which bind to an 
epitope of the protein of the invention (Schier, Human 
Antibodies Hybridomas 7 (1996), 97-105; Malmborg, J. 
Immunol. Methods 183 (1995), 7-13). In many cases, the 
binding phenomena of antibodies to antigens is equivalent to 
other ligand/anti-ligand binding. 

0.066 DNA Sequences 

0067 Further, the present invention relates to a non 
genomic DNA sequence, coding for a protein or mutein or 
peptide according to the present invention, or a DNA 
Sequence having a sequence homology of at least 75% with 
the Said Sequence, or to the complementary Sequence 
thereof. Also DNA sequences having at least 75% homology 
with the above mentioned DNA sequences are encompassed 
within the invention. These Sequences are particularly useful 
in the generation of DNA vectors to multiply the DNA 
Sequence or to introduce the Said Sequence in a host organ 
ism, in order to obtain the encoded protein. Further said 
Sequences or parts thereof are advantageously used to iden 
tify and isolate homologous Sequences from other biological 
Species. 

0068 The DNA sequence is preferably substantially free 
of Sequences intervening the coding Sequence, and is pref 
erably cDNA. 
0069 DNA-sequences of the invention comprise nucleic 
acid Sequences encoding the amino acid Sequences of the 
invention. It will be understood by a skilled person that 
numerous different polynucleotides can encode the same 
polypeptide as a result of the degeneracy of the genetic code. 
In addition, it is to be understood that Skilled perSons may, 
using routine techniques, make nucleotide Substitutions that 
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do not affect the polypeptide Sequence encoded by the 
polynucleotides of the invention to reflect the codon usage 
of any particular host organism in which the polypeptides of 
the invention are to be expressed. 
0070 Polynucleotides of the invention may comprise 
DNA or RNA. They may be single-stranded or double 
Stranded. They may also be polynucleotides which include 
within them synthetic or modified nucleotides. A number of 
different types of modification to oligonucleotides are 
known in the art. These include methylphosphonate and 
phosphorothioate backbones, addition of acridine or polyl 
ysine chains at the 3' and/or 5' ends of the molecule. For the 
purposes of the present invention, it is to be understood that 
the polynucleotides described herein may be modified by 
any method available in the art. Such modifications may be 
carried out in order to enhance the in Vivo activity or life 
span of polynucleotides of the invention. 
0071. The terms “variant”, “homologue” or “derivative” 
in relation to the nucleotide Sequence of the present inven 
tion include any Substitution of, variation of, modification 
of, replacement of, deletion of or addition of one (or more) 
nucleic acid from or to the Sequence providing the resultant 
nucleotide Sequence codes for a polypeptide, preferably 
having at least the same activity as Sequences presented in 
the Sequence listings. 
0072 AS indicated above, with respect to sequence 
homology, preferably there is at least 75%, more preferably 
at least 85%, more preferably at least 90% homology to the 
Sequences shown in the Sequence listing herein. More pref 
erably there is at least 95%, more preferably at least 98%, 
homology. Nucleotide homology comparisons may be con 
ducted as described above. A preferred Sequence comparison 
program is the GCG Winsconsin Bestfit program described 
above. The default scoring matrix has a match value of 10 
for each identical nucleotide and -9 for each mismatch. The 
default gap creation penalty is -50 and the default gap 
extension penalty is -3 for each nucleotide. 
0073. The present invention also encompasses nucleotide 
Sequences that are capable of hybridising Selectively to the 
Sequences presented herein, or any variant, fragment or 
derivative thereof, or to the complement of any of the above. 
Nucleotide Sequences are preferably at least 15 nucleotides 
in length, more preferably at least 20, 30, 40 or 50 nucle 
otides in length. 
0074 The term “hybridization” as used herein shall 
include “the proceSS by which a Strand of nucleic acid joins 
with a complementary Strand through base pairing” as well 
as the process of amplification as carried out in polymerase 
chain reaction technologies. 

0075 30, for instance at least 40, 60 or 100 or more 
contiguous nucleotides. Preferred polynucleotides of the 
invention will comprise regions preferably at least 80 or 
90% and more preferably at least 95% homologous to 
nucleotides (1229-1291), (2126-2187) or (2298-2385) of 
SEQ ID No 8 or (109-181) or (2125-21.81) or (1029-1061) 
of SEQ ID No 9; or (109-181) or (2092-2148) of SEQ ID 
NO 14; or (1-483) of SEQ ID NO 15. 
0076 Hybridization conditions are based on the melting 
temperature (Tm) of the nucleic acid binding complex, as 
taught in Berger and Kimmel (1987, Guide to Molecular 
Cloning Techniques, Methods in Enzymology, Vol 152, 
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Academic Press, San Diego Calif.), and confer a defined 
“Stringency” as explained below. 
0.077 Maximum stringency typically occurs at about 
Tm-5°C. (5 C. below the Tm of the probe); high stringency 
at about 5 C. to 10° C. below Tm; intermediate stringency 
at about 10 C. to 20 C. below Tm; and low stringency at 
about 20° C. to 25° C. below Tm. As will be understood by 
those of skill in the art, a maximum Stringency hybridization 
can be used to identify or detect identical polynucleotide 
Sequences while an intermediate (or low) Stringency hybrid 
ization can be used to identify or detect Similar or related 
polynucleotide Sequences. 
0078. In a preferred aspect, the present invention covers 
nucleotide Sequences that can hybridise to the nucleotide 
Sequence of the present invention under Stringent conditions 
(e.g. 65° C. and 0.1xSSC (1xSSC=0.15 M NaCl, 0.015 M 
Na Citrate pH 7.0). 
0079. Where the polynucleotide of the invention is 
double-stranded, both strands of the duplex, either individu 
ally or in combination, are encompassed by the present 
invention. Where the polynucleotide is single-Stranded, it is 
to be understood that the complementary Sequence of that 
polynucleotide is also included within the Scope of the 
present invention. 
0080 Polynucleotides which are not 100% homologous 
to the sequences of the present invention but fall within the 
Scope of the invention can be obtained in a number of ways. 
Other variants of the Sequences described herein may be 
obtained for example by probing DNA libraries made from 
a range of individuals, for example individuals from differ 
ent populations. In addition, other viral/bacterial, or cellular 
homologues particularly cellular homologues found in plant 
cells, may be obtained and Such homologues and fragments 
thereof in general will be capable of selectively hybridising 
to the Sequences shown in the Sequence listing herein. Such 
Sequences may be obtained by probing cDNA libraries made 
from or genomic DNA libraries from other animal Species, 
and probing Such libraries with probes comprising all or part 
of SEQID Nos 8 or 9 or 14 or 15. This may be useful where 
for example under conditions of medium to high Stringency. 
Similar considerations apply to obtaining Species homo 
logues and allelic variants of the polypeptide or nucleotide 
Sequences of the invention. 
0.081 Variants and strain/species homologues may also 
be obtained using degenerate PCR which will use primers 
designed to target Sequences within the variants and homo 
logues encoding conserved amino acid Sequences within the 
Sequences of the present invention. Conserved Sequences 
can be predicted, for example, by aligning the amino acid 
Sequences from Several variants/homologues. Sequence 
alignments can be performed using computer Software 
known in the art. For example the GCG Wisconsin PileUp 
program is widely used. 
0082 The primers used in degenerate PCR will contain 
one or more degenerate positions and will be used at 
Stringency conditions lower than those used for cloning 
Sequences with Single Sequence primers against known 
Sequences. 

0.083 Alternatively, such polynucleotides may be 
obtained by Site directed mutagenesis of characterised 
sequences, such as SEQ ID No 8 or 9. This may be useful 
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where for example Silent codon changes are required to 
Sequences to optimise codon preferences for a particular 
host cell in which the polynucleotide Sequences are being 
expressed. Other Sequence changes may be desired in order 
to introduce restriction enzyme recognition sites, or to alter 
the property or function of the polypeptides encoded by the 
polynucleotides. 
0084 Polynucleotides of the invention may be used to 
produce a primer, e.g. a PCR primer, a primer for an 
alternative amplification reaction, a probe e.g. labelled with 
a revealing label by conventional means using radioactive or 
non-radioactive labels, or the polynucleotides may be cloned 
into vectors. Such primers, probes and other fragments will 
be at least 15, preferably at least 20, for example at least 25, 
30 or 40 nucleotides in length, and are also encompassed by 
the term polynucleotides of the invention as used herein. 
0085 Polynucleotides such as a DNA polynucleotides 
and probes according to the invention may be produced 
recombinantly, Synthetically, or by any means available to 
those of skill in the art. They may also be cloned by standard 
techniques. 
0086. In general, primers will be produced by synthetic 
means, involving a step wise manufacture of the desired 
nucleic acid Sequence one nucleotide at a time. Techniques 
for accomplishing this using automated techniques are 
readily available in the art. 
0087 Longer polynucleotides will generally be produced 
using recombinant means, for example using a PCR (poly 
merase chain reaction) cloning techniques. This will involve 
making a pair of primers (e.g. of about 15 to 30 nucleotides) 
flanking a region of the lipid targeting Sequence which it is 
desired to clone, bringing the primers into contact with 
mRNA or cDNA obtained from an animal or human cell, 
performing a polymerase chain reaction under conditions 
which bring about amplification of the desired region, iso 
lating the amplified fragment (e.g. by purifying the reaction 
mixture on an agarose gel) and recovering the amplified 
DNA. The primers may be designed to contain suitable 
restriction enzyme recognition sites So that the amplified 
DNA can be cloned into a suitable cloning vector. 
0088 For expression of the DNA sequence according to 
the invention it may in Some instances be advantageous to 
incorporate one or more intervening sequences (introns) in 
the Sequence coding for the protein to be expressed, as in 
Some expression Systems, one or more splicing events must 
take place in order to obtain high expression rates (e.g. for 
expression of a barley thionin in transgenic tobacco, Car 
mona et al. 1993, Plant J 3, 457-462). 
0089. However, in most cases, the coding sequence (i.e. 
the cDNA), accompanied by the proper regulatory elements, 
Such as promotor and terminator Sequences, are Sufficient for 
proper expression. 

0090. In a special embodiment (referring to FIGS. 1 and 
2), the invention relates to a cDNA sequence, comprising the 
DNA sequence as given by SEQ ID NO 8 or SEQ ID NO 9 
or SEQ ID NO 14 or SEQ ID NO 15, or having a sequence 
homology with SEQ ID NO 8 or SEQ ID NO 9 or SEQ ID 
NO 14 or SEO ID NO 15 of at least 75% or is the 
complementary sequence thereof. SEQ ID NO 8 is the 
cDNA sequence of CDC7 of Arabidopsis thaliana,compris 
ing the coding Sequence for the newly identified amino acid 
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sequences (SEQ ID NOS 2, 3 and 4) as are discussed above. 
SEQ ID NO 9, is the cDNA sequence of CDC27 of Arabi 
dopsis thaliana,includes the Sequences coding for the newly 
identified amino acid sequences (SEQ ID NOS 6 and 7 and 
12) as discussed above. SEQ ID NO 14 is the cDNA 
sequence of CDC27A2 of Arabidopsis thalian and includes 
the Sequences coding for the newly identified amino acid 
sequences (SEQ ID Nos. 6 and 7) as discussed above but 
lacks the Sequence coding for the newly identified amino 
acid sequence (SEQ ID NO 12). 
0091 SEQ ID NO 15 is the cDNA sequence of CDC27B 
of Arabidopsis thalian and includes the Sequences coding 
for the newly identified amino acid sequence (SEQ ID NO 
10) as discussed above. 
0092. The presence of the amino acid sequences accord 
ing to the present invention in DNA replication modulating 
proteins, in particular in CDC7 and CDC27 respectively, 
may play an important role in the biological function of the 
said proteins. Also, the sequences according to SEQID NOS 
8 and 9 and 14 and 15, or parts thereof, can advantageously 
be used to isolate and identify homologntary Sequence 
thereof. Such a DNA sequence codes for an amino acid 
sequence that till now was not known to be part of DNA 
replication modulating proteins, in particular of CDC7 and 
CDC27. It was now found, that DNA sequences, corre 
sponding to the nucleotides 1229-1291, 2126-2187 and 
2298-2385 of SEO ID NO 8 code for new amino acid 
sequences of plant CDC7. The DNA sequence, correspond 
ing to nucleotides 109-181 and 2125-2148 of SEQ ID NO 9 
code for novel amino acid sequences of plant CDC27A1, of 
Arabidopsis thaliana.The DNA sequence, corresponding to 
nucleotides 109-181 and 2092-2148 of SEO ID NO 14 code 
for novel amino acid sequences of plant CDC27A2 of 
Arabidopsis thaliana.The DNA sequence, corresponding to 
nucleotides 1-483 of SEO ID NO 15 codes for novel amino 
acid sequence of plant CDC27B of Arabidopsis thaliana. 
Said DNA sequences may therefore in particular be used to 
identify and isolate genes or gene fragments from other 
plants or organisms that are homologous to the CDC7 or 
CDC27 sequence discussed above. 

0093 Probes and Primers 
0094. In a further embodiment, the DNA sequences 
according to the invention may be used as primers for use in 
a nucleic acid amplification technique. Said primers can be 
used in a particular amplification technique to identify and 
isolate Substantially homologous nucleic acid molecules 
from other plant Species. The design and use of Said primers 
is known by the person skilled in the art. Preferably such 
amplification primers comprise a contiguous Sequence of at 
least 6 nucleotides, in particular 13 nucleotides, preferably 
15 to 25 nucleotides or more, identical or complementary to 
the nucleotide Sequence encoding the amino acid Sequence 
of SEQID Nos 1-7 and 10-13. Another application is the use 
as a hybridization probe to identify nucleic acid molecules 
hybridizing with a nucleic acid molecule of the invention by 
homology screening of genomic DNA or cDNA libraries. 
Furthermore, the person skilled in the art is well aware that 
it is also possible to label Such a nucleic acid probe with an 
appropriate marker for Specific applications, Such as for the 
detection of the presence of a nucleic acid molecule of the 
invention in a Sample derived from an organism, in particu 
lar plants. A number of companies Such as Pharmacia 
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Biotech (Piscataway N.J.), Promega (Madison Wis.), and 
US Biochemical Corp (Cleveland Ohio) supply commercial 
kits and protocols for these procedures. Suitable reporter 
molecules or labels include those radionuclides, enzymes, 
fluorescent, chemiluminescent, or chromogenic agents as 
well as Substrates, cofactors, inhibitors, magnetic particles 
and the like. 

0095 The nucleic acid sequence for a protein of the 
invention can also be used to generate hybridization probes 
for mapping the naturally occurring genomic Sequence. The 
Sequence may be mapped to a particular chromosome or to 
a Specific region of the chromosome using well known 
techniques. These include in Situ hybridization to chromo 
Somal spreads, flow-Sorted chromosomal preparations, or 
artificial chromosome constructions Such as yeast artificial 
chromosomes, bacterial artificial chromosomes, bacterial P1 
constructions or Single chromosome cDNA libraries as 
reviewed in Price (Blood Rev. 7 (1993), 127-134) and Trask 
(Trends Genet. 7 (1991), 149-154). 
0.096 Vectors 
0097 Polynucleotides of the invention can be incorpo 
rated into a recombinant replicable vector. The vector may 
be used to replicate the nucleic acid in a compatible host cell. 
Thus in a further embodiment, the invention provides a 
method of making polynucleotides of the invention by 
introducing a polynucleotide of the invention into a repli 
cable vector, introducing the vector into a compatible host 
cell, and growing the host cell under conditions which bring 
about replication of the vector. The vector may be recovered 
from the host cell. Suitable host cells include bacteria Such 
as E. coli, yeast, mammalian cell lines and other eukaryotic 
cell lines, for example insect Sf9 cells. 
0098 Preferably, a polynucleotide of the invention in a 
vector is operably linked to a control Sequence that is 
capable of providing for the expression of the coding 
Sequence by the host cell, i.e. the vector is an expression 
vector. The term “operably linked” means that the compo 
nents described are in a relationship permitting them to 
function in their intended manner. A regulatory Sequence 
“operably linked' to a coding Sequence is ligated in Such a 
way that expression of the coding Sequence is achieved 
under condition compatible with the control Sequences. 
0099. The control sequences may be modified, for 
example by the addition of further transcriptional regulatory 
elements to make the level of transcription directed by the 
control Sequences more responsive to transcriptional modu 
lators. 

0100 Vectors of the invention may be transformed or 
transfected into a Suitable host cell as described below to 
provide for expression of a protein of the invention. This 
process may comprise culturing a host cell transformed with 
an expression vector as described above under conditions to 
provide for expression by the vector of a coding Sequence 
encoding the protein, and optionally recovering the 
expressed protein. 

0101 The vectors may be for example, plasmid or virus 
vectors provided with an origin of replication, optionally a 
promoter for the expression of the Said polynucleotide and 
optionally a regulator of the promoter. The Vectors may 
contain one or more Selectable marker genes, for example an 
ampicillin resistance gene in the case of a bacterial plasmid 
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or a neomycin resistance gene for a mammalian vector. 
Vectors may be used, for example, to transfect or transform 
a host cell. 

0102 Control sequences operably linked to sequences 
encoding the protein of the invention include promoters/ 
enhancers and other expression regulation signals. These 
control Sequences may be Selected to be compatible with the 
host cell for which the expression vector is designed to be 
used in. The term promoter is well-known in the art and 
encompasses nucleic acid regions ranging in size and com 
plexity from minimal promoters to promoters including 
upstream elements and enhancers. 
0103) The promoter is typically selected from promoters 
which are functional in mammalian, cells, although prokary 
otic promoters and promoters functional in other eukaryotic 
cells may be used. The promoter is typically derived from 
promoter Sequences of Viral or eukaryotic genes. For 
example, it may be a promoter derived from the genome of 
a cell in which expression is to occur. With respect to 
eukaryotic promoters, they may be promoters that function 
in a ubiquitous manner (Such as promoters of a-actin, 
b-actin, tubulin) or, alternatively, a tissue-specific manner 
(Such as promoters of the genes for pyruvate kinase). Tissue 
Specific promoterS Specific for Selected plant tissue cells are 
particularly preferred, see below in Section “transgenic 
plants'. 

0104. It may also be advantageous for the promoters to be 
inducible So that the levels of expression of the heterologous 
gene can be regulated during the life-time of the cell. 
Inducible means that the levels of expression obtained using 
the promoter can be regulated. 

0105. In addition, any of these promoters may be modi 
fied by the addition of further regulatory Sequences, for 
example enhancer Sequences. Chimeric promoters may also 
be used comprising Sequence elements from two or more 
different promoters described above. 

0106 Therefore, the invention relates to DNA vectors, 
particularly plasmids, cosmids, viruses, bacteriophages and 
other vectors used conventionally in genetic engineering that 
comprise a DNA sequence according to the invention. 
Methods which are well known to those skilled in the art can 
be used to construct various plasmids and vectors: See for 
example, the techniques described in Sambrook, Molecular 
Cloning A Laboratory Manual, Cold Spring Habor Labora 
tory (1989) N.Y. and Ausubel, Current Protocols in Molecu 
lar Biology, Green Publishing Associates and Wiley Inter 
science, N.Y. (1989), (1994). Said vector further preferably 
comprises a promoter, functional in plant cells, operably 
linked to the DNA sequence, according to the invention. 
With Such a vector, the DNA sequence according to the 
invention can be expressed in plant cells and may modulate 
the DNA replication in the said cells. 

0107 Identifying Derivatives, Variants and Homologs of 
the Cell Cycle Interacting Proteins of the Invention 

0108. In another embodiment, the present invention 
relates to a method for identifying and/or obtaining proteins 
capable of modulating the DNA replication in plants, com 
prising a two-hybrid Screening assay, using CDC27 or 
CDC7 polynucleotide sequences as a bait and a cDNA 
library of a cell Suspension culture as prey. 
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0109 The yeast two-hybrid assay is a genetic strategy 
developed to identify proteins (encoded by the cDNAs, the 
preys) able to interact in vivo with a known protein (the 
bait). Interactions between proteins are detected through 
the reconstitution of the activity of a transcription activator 
and the Subsequent expression of a reporter gene. The cell 
culture may be from any organism possessing cell cycle 
interacting proteins Such as animals, preferably mammals. 
Particularly preferred are plant cell Suspension cultures Such 
as from Arabidopsis. The nucleic acid molecules encoding 
proteins or peptides identified to interact with CDC7 or 
CDC27 in the above mentioned assay can be easily obtained 
and Sequenced by methods known in the art. Therefore, the 
present invention also relates to a DNA sequence encoding 
a cell cycle interacting protein obtainable by the method of 
the invention. 

0110 Transgenic Plants 
0.111) To analyse the industrial applicabilities of the 
invention, transformed plants can be made using the nucle 
otide Sequences according to the invention. Such a transfor 
mation of the new gene(s), proteins or inactivated variants/ 
muteins thereof will either positively or negatively have an 
effect on cell division. Methods to modify the expression 
levels and/or the activity are known to perSons skilled in the 
art and include for instance overexpression, co-Suppression, 
the use of ribozymes, Sense and anti-Sense Strategies, gene 
Silencing approaches. “Sense Strand” refers to the Strand of 
a double-stranded DNA molecule that is homologous to a 
mRNA transcript thereof. The “anti-sense strand” contains 
an inverted Sequence which is complementary to that of the 
“sense strand”. 

0112 Hence, the nucleic acid molecules according to the 
invention are in particular useful for the genetic manipula 
tion of plant cells in order to modify the characteristics of 
plants and to obtain plants with modified, preferably with 
improved or useful phenotypes. Similarly, the invention can 
also be used to modulate the cell division and the growth of 
cells, preferentially plant cells, in in Vitro cultures. A trans 
formed plant can thus be obtained by transforming a plant 
cell with a gene encoding a polypeptide concerned or 
fragment thereof alone or in combination. For this purpose 
tissue specific promoters, in one construct or being present 
as a separate construct in addition to the Sequence con 
cerned, can be used. 

0113 Thus, the present invention relates to a method for 
the production of transgenic plants, plant cells or plant tissue 
comprising the introduction of a nucleic acid molecule or 
vector of the invention into the genome of Said plant, plant 
cell or plant tissue. 

0114. The invention further relates to a method for modu 
lating DNA replication in plant cells, plant parts or plants by 
conferring to one or more plant cells the capacity to provide 
a protein, or a mutein thereof according to the invention, in 
an amount sufficient to modulate DNA replication and/or to 
block mitosis of the said cells. 

0.115. In particular, the said capacity is conferred to one 
or more plant cells, by 

0116 a) transforming one or more plant cells with 
DNA according to the invention or with a vector 
according to the invention, 
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0117 b) maintain or culture the plant cells in order 
to regenerate plant parts or plants from the trans 
formed cells 

0118 c) incubating the cells, plant parts or plants at 
conditions, allowing expression of the DNA accord 
ing to claim 11 or 12, to produce a protein according 
to the invention or a mutein thereof according to the 
invention. For the expression of the nucleic acid 
molecules according to the invention in Sense or 
antisense orientation in plant cells, the molecules are 
placed under the control of regulatory elements 
which ensure the expression in plant cells. These 
regulatory elements may be heterologous or homolo 
gous with respect to the nucleic acid molecule to be 
expressed as well with respect to the plant Species to 
be transformed. In general, Such regulatory elements 
comprise a promoter active in plant cells. To obtain 
expression in all tissueS of a transgenic plant, pref 
erably constitutive promoters are used, Such as the 
35 S promoter of CaMV (Odell, Nature 313 (1985), 
810-812) or promoters of the polyubiquitin genes of 
maize (Christensen, Plant Mol. Biol. 18 (1982), 
675-689). In order to achieve expression in specific 
tissueS of a transgenic plant it is possible to use tissue 
Specific promoters (See, e.g., Stockhaus, EMBO J. 8 
(1989), 224.5-2251). Known are also promoters 
which are specifically active in tubers of potatoes or 
in Seeds of different plants Species, Such as maize, 
Vicia, wheat, barley etc. Inducible promoters may be 
used in order to be able to exactly control eXpression. 
An example for inducible promoters are the promot 
ers of genes encoding heat shock proteins. Also 
microSpore-Specific regulatory elements and their 
uses have been described (WO96/16182). Further 
more, the chemically inducible Tet-System may be 
employed (Gatz, Mol. Gen. Genet. 227 (1991); 229 
237). Further suitable promoters are known to the 
perSon Skilled in the art and are described, e.g., in 
Ward (Plant Mol. Biol. 22 (1993), 361-366). The 
regulatory elements may further comprise transcrip 
tional and/or translational enhancers functional in 
plants cells. Furthermore, the regulatory elements 
may include transcription termination Signals, Such 
as a poly-A signal, which lead to the addition of a 
poly A tail to the transcript which may improve its 
stability. 

0119) Methods for the introduction of foreign DNA into 
plants are also well known in the art. These include, for 
example, the transformation of plant cells or tissues with 
T-DNA using Agrobacterium tumefaciens or Agrobacterium 
rhizogenes, the fusion of protoplasts, direct gene transfer 
(See, e.g., EP-A 164575), injection, electroporation, biolistic 
methods like particle bombardment, pollen-mediated trans 
formation, plant RNA virus-mediated transformation, lipo 
Some-mediated transformation, transformation using 
wounded or enzyme-degraded immature embryos, or 
wounded or enzyme-degraded embryogenic callus and other 
methods known in the art. 

0120 In general, the plants which can be modified 
according to the invention and which either show overex 
pression of a protein according to the invention or a reduc 
tion of the Synthesis of Such a protein can be derived from 
any desired plant Species. They can be monocotyledonous 
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plants or dicotyledonous plants, preferably they belong to 
plant species of interest in agriculture, wood culture or 
horticulture interest, Such as crop plants (e.g. maize, rice, 
barley, wheat, rye, oats etc.), potatoes, oil producing plants 
(e.g. oilseed rape, Sunflower, peanut, Soybean, etc.), cotton, 
Sugar beet, Sugar cane, leguminous plants (e.g. beans, peas 
etc.), wood producing plants, preferably trees, etc. The 
invention further relates to progeny of Such plants and to 
plant material Such as roots, flowers, fruit, leaves, pollen, 
Seeds, Seedlings or tubers, obtainable from the plant accord 
ing to the invention. 
0121 The invention further relates to a plant cell, trans 
formed with a vector according to the present invention, or 
comprising DNA according to the present invention. The 
invention also relates to plants, obtainable by the method 
according to the present invention and to progeny of Such a 
plant and to plant material, Such as roots, flowers, fruit, 
leaves, pollen, Seeds, Seedlings or tubers, obtainable from 
the plant according to the invention. 
0122) Mutants 
0123. In further embodiments of the invention, expres 
sion of dominant negative mutants of CDC7 or CDC27 are 
used to modulate DNA replication in plant cells, plant 
tissues, plant organs and/or whole plants. These embodi 
ments involve the overexpression of a mutein or mutant 
gene according to the present invention which will inhibit 
the function of a wild-type allele when expressed in the same 
cell, thereby the phenotype of a transgenic plant, plant organ 
or plant cell expressing the mutant will be that of a blocked 
cell cycle progression. 

0.124. Herskowitz, Nature 329: 219-222 (1987), reviews 
the inactivation of genes by interference at the protein level, 
which is achieved through the expression of Specific genetic 
elements encoding a polypeptide comprising both intact, 
functional domains of the wild type protein as well as 
nonfunctional domains of the same wild type protein. Such 
peptides are known as dominant negative mutant proteins. 
0.125 Examples of dominant negative mutants are given 
below. 

0126 CDC7 Dominant Negative Mutant-Nematode 
Resistance 

0127. In a special embodiment of the present invention, 
a DNA vector comprises DNA, coding for a mutein accord 
ing to the present invention, that is operably linked to a 
nematode-induced promoter, Said promoter functional in 
plant cells. Nematode infection of plants may cause Severe 
problems to plant growth and crop generation. After pen 
etrating the roots of their hosts, nematodes induce, at the 
infection Sites, the development of feeding cells, Specialised 
in the uptake of Solutes from the vascular System of the 
plant. These infection sites are of crucial importance for the 
development for the parasite. In this way, root-knot nema 
todes induce multinucleated giant cells in the infected plant 
with highly elevated DNA contents. By specifically blocking 
the DNA synthesis in the feeding cells, the formation of the 
Said multinucleated giant cells may be blocked, So that the 
nematodes may not further develop. One can contemplate 
that a CDC7 mutein, which is not further capable to induce 
the onset of the DNA synthesis, e.g. by loss of one or more 
phosphorylation sites or loSS of binding function to a plant 
homolog of yeast DBF4 (Jackson et al 1993 Mol Cell Biol 
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13, 2899-2908) could, when present in sufficient amounts, 
block the onset of the DNA synthesis. When DNA, coding 
for Such a mutein, and under the control of a promoter, 
functional in plant cells and inducible by the presence of 
nematodes in or in the vicinity of the plant cells, is com 
prised in the plant cells, the mutein can be expressed in the 
presence or vicinity of nematodes. This may lead to a DNA 
Synthesis block, there with avoiding further nematode devel 
opment. The advantage of Such a System is the fact that the 
plant is not producing any heterologous nematocide, that 
may be harmful for the plant itself. Such a system is not 
restricted to CDC7. The person, skilled in the art, aware of 
this application, will be well aware of the possibilities to 
take other DNA replication modulating proteins, Such as 
CDC27 for developing an analogous anti-nematode System. 
0128 CDC27 Mutant-Endoreduplication 
0129. A further embodiment of the invention involves the 
down regulation of CDC27. A further embodiment of the 
invention involves the downregulation of CDC27 resulting 
in suppression of the APC complex, modulation of DNA 
replication and/or blocking mitosis. This can be achieved by 
expression of CDC27 point mutants. An alternative Strategy 
can be envisaged involving a CDC27 mutein consisting of a 
block of TPR tandem repeats. Such a mutein is still likely to 
interact with other TPR-containing proteins from the APC 
such as CDC16 and CDC23 or APC regulator proteins such 
as PP5. As such, APC component proteins or APC regulator 
proteins would probably be titrated out and normal APC 
function be prevented. Based on results already obtained 
from experiments designed to delineate TPR domains 
involved in the interaction between two TPR proteins (Lamb 
et al. 1984, EMBO J 13, 4321-4328; Ollendorf and Dono 
ghue 1997, J Biol Chem 272,32011-32018), this strategy 
might indeed would prove valuable. Overexpression of 
CDC27 muteins, via the effect on the APC, can be used to 
enhance endoreduplication in plant cells, plant tissues, plant 
organs, or whole plants. 
0130 For example, as is described above, a CDC27 
mutein wherein the SEQ ID No 7 has been mutated, leading 
to the incapability of this mutein to bind with other factors 
of the APC can be mentioned. The mutated protein would be 
still able to interact with the substrate, therewith titrating out 
the APC, abolishing or at least Seriously reducing the 
APC-function, leading to the formation of polyploid cells. 
Also, mutations in SEQ ID No. 6 or 10 could render the 
mutein incapable of interacting with the Substrate but still 
capable of binding with the other factors of the APC 
complex. The result is the generation of a dominant nega 
tive, as the complex will not be able to drive the destruction 
of key components of the cell cycle machinery, responsible 
to control the number of DNA-replication cycles. 
0131 By manipulating the level of endoreduplication one 
can increase the Storage capacity of, for example, endosperm 
cells. Thus, another aspect of the current invention is that 
one or more DNA sequences, vectors or proteins, regulatory 
Sequences or recombinant DNA molecules of the invention 
can be used to modulate, for instance, endoreduplication in 
Storage cells, Storage tissues and/or Storage organs of plants 
or parts thereof. 
0132) Preferred target storage organs and parts thereof for 
the modulation of endoreduplication are, for instance, Seeds 
(Such as from cereals,als, oilseed crops), roots (Such as in 
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Sugar beet), tubers (Such as in potato) and fruits (Such as in 
vegetables and fruit species). Furthermore it is expected that 
increased endoreduplication in Storage organs and parts 
thereof correlates with enhanced Storage capacity and as 
such with improved yield. In yet another embodiment of the 
invention, a plant with modulated endoreduplication in the 
whole plant or parts thereof can be obtained from a single 
plant cell by transforming the cell, in a manner known to the 
skilled perSon, with the above-described means. 
0133) CDC27 and CDC7 Mutants–Sterile Plants 
0134) Another embodiment of the invention relates to a 
method for modulating DNA replication and the resultant 
generation of male or female Sterile plants. This would be 
achieved by the expression of dominant negative mutants of 
either cdc7 or cdc27 under the control of very specific 
promoters—either from male or female gametophytes-to 
block cell division and disrupt meiosis. The resulting plants 
would be naturally sterile. 
0135). Overexpression of CDC7 and DBF4 Activate DNA 
Synthesis 

0.136 Another embodiment of the invention relates to a 
method for the generation of plant cells, plant tissues, plant 
organs, or whole plants with the capacity for the overex 
pression of CDC7 in combination with a plant homolog of 
Dbf4 thereby modulating DNA replication. Results in yeast 
indicate that the association of Dbf\! with CDC7 is essential 
for the G1 to S transition, namely DNA synthesis (Ohtoshi 
A, Miyake T, Arai K, Masai H; Mol Gen Genet 254(5): 
562-70 May 20, 1997). Therefore in the present invention, 
by overexpressing both CDC7 and Dbf\! proteins, one can 
activate, stimulate or initiate DNA synthesis in cells where 
DNA Synthesis does not normally take place, Such as cells 
that have already gone through the cell cycle. As a conse 
quence the amount of DNA is increased in the cell therewith 
manipulating the level of endoreduplication as is outlined 
above. 

0137 Polyploid Plants 
0.138 Another embodiment of the invention relates to the 
generation of polyploid plant cells, plant parts or plants. 

0.139. If for example, plant cells are transformed with a 
vector, comprising the coding Sequence of plant CDC27, 
according to the present invention, under the control of a 
Suitable promotor and optionally other expression control 
ling elements, these plant cells may produce CDC27. When 
the said plant cells produce CDC27 protein in a sufficient 
amount, extra rounds of DNA replication may take place 
before mitosis, leading to polyploid cells. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0140 Characterisation of CDC7 and CD27 Genes 
0141. The architecture of the CDC7 and CDC27 genes 
are illustrated in FIGS. 1 and 2 and 5. FIG. 1 illustrates the 
genomic architecture of the Arabidopsis CDC7 gene, 
wherein the exons are boxed. The numbers above the box 
indicate the length of the exon, the number below and 
between two boxes indicates the length of the intron. 
0142. The total length of the coding sequence is 2667 
nucleotides, coding for 889 amino acids. The fifth, eleventh 
and thirteenth exons comprise novel coding Sequence; in 
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FIG. 1, the corresponding boxes are black. It is to be 
understood, and obvious to a skilled perSon, that the first and 
the last triplet of the coding Sequence of an exon, may 
partially be encoded by the last two or one nucleotide(s) 
from the adjacent downstream exon, and, accordingly, by the 
first two or one nucleotide(s) of the adjacent upstream exon. 
In FIGS. 2 and 5, the genomic architecture of the CDC27A1 
and CDC27B genes, respectively, of Arabidopsis thalian are 
depicted as explained for FIG. 1. The second and the 
sixteenth (last) exon (black in FIG. 2) comprise novel 
coding Sequences and were not identified in the known 
genomic CDC27A1 sequence of Arabidopsis thalian (see 
text). The entire sequence comprises 2184 nucleotides, 
corresponding to 727 amino acids. 

0143) The first 5 exons (black in FIG. 5) and part of the 
6" exon (black in FIG. 5) comprise novel coding sequences 
and were not identified in the known genomic CDC27B 
Sequence of Arabidopsis thalian (see text). The entire 
Sequence comprises 2151 nucleotides, corresponding to 716 
amino acids. 

0144). In FIGS. 3 and 4, the complete cDNA sequence of 
CDC7 and CDC27A1, respectively, according to the present 
invention are depicted, with the respective encoded amino 
acid Sequence therebelow. Vertical lines in the nucleotide 
sequence indicate the exon boundaries, i.e. is the bound 
ary between exons 2 and 3. The exon boundaries are derived 
from genomic CDC7 and CDC27A1 sequences (see 
examples 1 and 2 respectively). Such lines are also drawn in 
the amino acid Sequence, although, as is indicated above, the 
amino acids, flanking Such a vertical line, may be partially 
encoded by the adjacent eXon. Exact positioning of the 
Vertical line is in Such a case not possible and is Set at the left 
or the right of Such an amino acid in an arbitrary manner. See 
examples 1 and 2 for further details. 

0145 An alignment of the CDC27A1 (SEQ ID NO 5) 
and CDC27B (SEQ ID NO 13) amino acid sequences is 
given in FIG. 6 with indication of SEQID NOS 6, 7, 10 and 
12. Said CDC27A1 and CDC27B sequences are 49% iden 
tical when gaps are introduced in the Sequences to ensure 
optimal alignment and maximal identity. 

0146). In FIGS. 7 and 8, the expression of CDC27A and 
CDC27B genes is illustrated. FIG. 7A shows expression of 
CDC27A genes (both CDC27A1 and CDC27A2 are 
detected; indicated by the arrows) in several Arabidopsis 
thalian tissues: 1-etiolated Seedlings; 2-flowers, 3-buds, 
4-stems; 5-leaves, 6-roots, Siliques, -negative control. FIG. 
7B shows the expression of CDC27A genes in Arabidopsis 
thalian root cultures treated with different Substances: 1-ab 
Scisic acid (ABA), 2-2,4-dichlorophenoxyacetic acid (2,4- 
D), 3-hydroxyurea, 4-kinetin; 5-kinetin--1-naphthaleneace 
tic acid (NAA); 6-NAA, 7-oryzalin; 8-starvation; 
9-untreated control roots; -negative control. FIG. 8A shows 
the expression of the CDC27B gene in several Arabidopsis 
thaliana tissues as outlined in FIG. 7A. FIG. 7B illustrates 
the expression of the CDC27B gene in Arabidopsis root 
cultures treated with different Substances as outlined in FIG. 
7B. 

0147 The invention will now be further illustrated by the 
following examples, that are not intended to limit the Scope 
of the invention. 

Nov. 7, 2002 

EXAMPLES 

0.148 Although in general the techniques mentioned 
herein are well known in the art, reference may be made in 
particular to Sambrook et al., Molecular Cloning, A Labo 
ratory Manual (1989) and Ausubel et al., Current Protocols 
in Molecular Biology (1995), John Wiley & Sons, Inc. 
Further, Scientific explanations and reasonings in the 
examples are given for illustrative reasons only, without 
however being bound thereto. 

Example 1 

Isolation of an Apabidopsis CDC7 Homologue 
0149 Conserved regions of the Saccharomyces cerevisae 
and Schizosaccharomyces pombe CDC7 homologue genes 
were used to Synthesize degenerated oligonucleotides to 
amplify an Arabidopsis CDC7 homologue cDNA fragment. 
These oligonucleotides were as follows: 

1 (sense) : 
5' AAA/GATA/C/T GGA/C/G/T GAA/G GGA/C/G/T ACA/ 
C/G/T TT 3' 

2 (sense) : 
5' ATA/C/T ATA/C/T CAC/T AGA/G GAA/G ATA/C/TAA 
3 

3 (antisense) : 
5' AG C/TTC A/C/G/TGG A/C/G/TGC C/TCT A/GAA A/C/ 
G/TC 3' 

4 (antisense) : 
5' AC A/C/G/TCC A/C/G/TA/GC A/GCT CCA A/C/G/TAT 
A/GTC 3' 

0150 First strand cDNA prepared from whole Arabidop 
sis plants using the SuperScript Preamplification System 
from Life Technologies was used as template in nested PCR 
reactions. The first reaction was carried using the pair of 
oligos 1 and 4, and the Second reaction used oligoS 2 and 3. 
PCR conditions were essentially as described (Ferreira et al. 
1991). A fragment of approximately 650 bp was eluted from 
an agarose gel, cloned in pCEM-T and Sequenced. Sequenc 
ing comparison using the GCG-package version 9.1 showed 
that the deduced amino acid Sequence of the PCR fragment 
has approximately 40% homology to the published yeast 
CDC7 Sequences. This fragment was then used to Screen a 
lambda gt10 cDNA library prepared from total Arabidopsis 
plants. The largest cDNA isolated, approximately 1.2 kb, 
was completely Sequenced by the dideoxy method. This 
Arabidopsis cDNA contains an open reading frame encoded 
encoding a polypeptide of 384 amino acids (amino acid 473 
to amino acid 856 in FIG. 3). With the SRS search program 
the EMBL and EMBLnew databanks were screened for gene 
Sequences designated or annotated with the term cdc7. One 
genomic Sequence from Arabidopsis thalian was found 
(accession number Z97342). This submitted genomic 
Sequence comprised a predicted gene, indicated as “having 
similarity to protein kinase HSK of fission yeast”, having 11 
exons and coding for a protein having 829 amino acids. 
0151. With the GCG-package version 9.1, the said 
genomic Sequence was compared with the identified partial 
cDNA sequence, using the “best-fit program”. The identified 
cDNA-sequence covered nucleotides 119827 to 121978 of 
the genomic sequence of Z97342. 
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0152 The identified cDNA-sequence did not correspond 
with the complete coding Sequence of the predicted gene on 
the Z97342 sequence. Within the present cDNA sequence, 
two additional coding sequences (additional exons) were 
identified, namely nucleotides no 120770-120709 and 
120350-120263 of Z97342, coding for the amino acid 
sequences of SEQ ID NOS 3 and 4 respectively. 
0153. Upon comparison with the genomic Arabidopsis 
Sequence, it however appeared that the present cDNA was 
not complete. To complete our cDNA at the 5' side we used 
the CAP-finder kit (Clontech), using the primers (CTCTC 
CCATCTGGTCATGTC, #1; GAACATGCAGTAGCCG 
TACC, #2) specified for the cDNA, in nested PCR reactions. 
For the missing 3' end, two nested Sequences Specific for the 
cDNA (AAATGGTGCGAACTCAACAC, #2) and 
(TATGGGAAGTAGCCAAGCTG, #1) and an anchored 
oligo-dT on the lower strand were used. PCR conditions 
were essentially as described (Ferreira et al., 1991). The 
fragments were eluted from agarose gel and cloned using 
Standard techniques and Sequenced. The deduced amino acid 
sequence encoded by the PCR fragment showed clear 
homology to the yeast published CDC7 Sequences and 
matched with an the above mentioned Arabidopsis genomic 
Sequence. The DNA-fragment, comprising the missing 5' 
terminal Sequence, comprised an additional coding Sequence 
of 63 nt (nrs 122340 to 122278 in Z97342) not identified in 
Z97342, coding for the amino acid sequence of SEQID NO 
2. 

0154 With the obtained sequences, the complete cDNA 
for the CDC7 homologue of Arabidopsis thalian could be 
reconstructed, which is illustrated in FIG. 3 and in SEQ ID 
NO 8. 

0155 The presently identified CDC7 cDNA comprises 
additional novel coding Sequences, corresponding to novel 
exons (nos 5, 11 and 13 in FIG. 3), that were not identified 
in Z97342, and codes for a protein of 890 amino acids. 

Example 2 

Isolation of the Arabidopsis CDC27A1 Gene and 
cDNA 

0156 Conserved regions of the published CDC27 homo 
logue genes (Sikorski et al., 1991 Cold Spring Harbor 
Symposia on Quantitative Biology Vol LVI, 663-673, 1991) 
were used to Synthesize degenerated oligonucleotides to 
amplify Arabidopsis CDC27 cDNA. The oligonucleotides 
were as follows: 

1 (sense) : 
5' TGG GTA/C/G/T TTA/G GCA/C/G/T A/CAA/G GG 3' 

2 (sense) : 
5' ATG GAA/C/G/T G/ATT/C/ATA/TC/T AGA/C/G/T AC 
3 

3 (antisense) : 
5' AGA/G CAT/C TATAC AATWC GCA/CAG/T T 
GG 3' 

4 (antisense) : 
5' TATAAAG AC/T CAT A/C/G/TCC CATAA A/C/G/CC A/ 
GAA 

0157 First strand cDNA prepared from flower buds was 
used as template in nested PCR reactions. The first reaction 
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was carried using the pair of oligos 1 and 4, and the Second 
reaction used oligos 2 and 3. PCR conditions were as 
described (Ferreira et al., 1991, Plant Cell 3, 531-540), 
except that the annealing temperature of the first reaction 
was 45 C, and for the second reaction, 37 C was used. A 
fragment of approximately 300 bp was eluted from agarose 
gel and cloned in pCEM-T. Out of 16 clones sequenced, two 
showed high homology to published CDC27 sequences 
(Sikorski et al., 1991 Cold Spring Harbor Symposia on 
Quantitative Biology vol LVI, 663-673, 1991). This frag 
ment was then used to screen a lambda gt10 cDNA library 
prepared from total Arabidopsis plants. The isolated target 
cDNA, approximately 2.5 kb, was completely Sequenced by 
the dideoxy method and is shown in FIG. 4 and in SEQ ID 
nr 9. A combination of restriction enzymes and oligonucle 
otide Subcloning was used to produce the templates for 
Sequencing. 

0158. The Arabidopsis CDC27A1 cDNA contains one 
open reading frame, encoding a polypeptide of 727 amino 
acids (FIG. 4). With the SRS search program, the databanks 
EMBL and EMBL new were screened for gene sequences, 
homologous to the present CDC27 cDNA sequence. A 
genomic sequence from Arabidopsis thalian (accession 
number AC001645) was found, comprising 14 exons, cod 
ing for a protein of 727 AA. With the GCG-package version 
9.1, the present cDNA-Sequence was compared with the Said 
genomic Arabidopsis sequence (1) using the “best fit 
program. It appeared that the present cDNA comprised 
additional coding information for two novel exons, namely 
the second and last exon of the Arabidopsis CDC27-gene 
(exons 2 and 16 in FIG. 4). 
0159. The amino acid sequences encoded by the second 
and last exon are depicted in SEQ ID NOS 6 and 7 
respectively. 

Example 3 

Dominant Negative Mutants of CDC7 

0.160) Dominant negative mutants of CDC7 (CDC7 DN) 
are constructed by creating Substitution mutations including 
amino acid residues 1 (G), 5 (V), 18 (A) and 20 (K) of SEQ 
ID No2, amino acid residues 13 (T), 16 (F), 18 (A) and 20 
(E) of SEQ ID No3; amino acid residues 7 (L) and 18 (K) 
of SEQ ID No4. Substitutions are not conservative. Expres 
sion of a CDC7 DN in a whole plant, a plant tissue, a plant 
organ or a plant cell results in cell cycle arrest at G1/S. These 
results are in line with the Situation in yeast, wherein one 
such substitution, threonine 13 of SEQ ID No 3 (position 
722 in SEQ ID No 1) to a glutamate has proven to create a 
dominant negative CDC7 in yeast. This CDC7 DN is 
inactive as a kinase but can still bind DBF4, thus preventing 
activation of wild-type CDC7 molecules (Ohtoshi et al. 
1997, Mol Gen Genet 254, 562-570). 
0161 The CDC7 DN mutants can be obtained by site 
directed mutagenesis using the ExSite PCR-based site 
directed mutagenesis kit (Stratagene, La Jolla, Calif.). Fidel 
ity of the mutagenesis are confirmed by Sequencing. 
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Example 4 

Mutants of CDC27 

0162 Several types of CDC27 mutelns can be consid 
ered: 

0163 (1) Insertion of an amino acid such as proline 
(P) in the amino acid sequence SEQ ID No 7, e.g. 
behind the tyrosine (Y) residue leads to a loss-of 
function of the APC. It is believed that Such an 
insertion deforms the predicted (C. helix of the novel 
TPR-like domain of which SEQ ID No. 7 is part and 
causes a disturbance of the overall three-dimensional 
structure of CDC27, therewith titrating out func 
tional proteins of the APC, such as CDC16 or CDC 
23, leading to loss of APC function. In line with these 
results, altering the C. helix Structure in one of the 
TPR units of yeast CDC27 has been proven, and of 
any of the TPR units has been hypothesized, to 
destroy CDC27 function (Lamb et al. 1984, EMBO 
J. 13, 4321-4328). 

0164 (2) Deletion of the NH2-terminal 100 to 220 
or 200 to 220 amino acids of CDC27 also leads to 
loss of function of the APC by titrating out molecules 
such as APC substrates or APC regulators. This 
domain encompasses the conserved amino acid 
sequence SEQ ID No 6 as well as the first TPR unit 
of CDC27. Deletion of this sequence in human 
CDC27 abrogates binding of e.g. CDC16, but not of 
that of e.g. PP5, an APC regulator protein (Ollendorf 
and Donoghue 1997, J Biol Chem 272, 32011 
32018). 

0165 (3) CDC27 muteins consisting of the con 
served NH2-terminal domain (containing SEQ ID 
No6) and 1, 2 or more of the downstream TPR units. 

0166 (4) CDC27 muteins consisting of the novel 
TPR-like domain (ending with SEQ ID No.7) pre 
ceded by 1, 2 or more of the upstream TPR units. 

0167 Muteins described in (3) and (4) act as those 
described in (1) or (2). 
0168 The point mutants in (1) are obtained by site 
directed mutagenesis using the ExSite PCR-based site 
directed mutagenesis kit (Stratagene, La Jolla, Calif.). Fidel 
ity of the mutagenesis are confirmed by Sequencing. 
Deletion mutants in (2), (3) and (4) are obtained by high 
fidelity PCR (Expand High Fidelity PCR System, Boe 
hiringer, Mannheim) using primers designed to amplify the 
desired stretches of the CDC27 nucleotide sequence. Prim 
erS include extensions recognized by restriction endonu 
cleases to allow easy cloning in a vector Such as puC18. 
Amplified Sequences are checked by nucleotide Sequence 
determination. 

01.69 Expressing such CDC27 muteins in a whole plant, 
a plant tissue, a plant organ or a plant cell will cause 
malfunctioning of the APC and thus repetitive cycles of 
DNA synthesis without intervening mitosis. This endoredu 
plication results in a polyploid phenotype. 

Example 5 

Nematode Resistance CDC7 DN 

0170 In order to obtain nematode resistance, the CDC7 
DN coding Sequence is operably linked to a plant promoter 
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responsive to nematode infection and to the NOS polyade 
nylation site. The ARM1 or Att0728 promoters can be used 
(Barthels et al. 1997, Plant Cell 9, 2119-2134). The CDC7 
DN expression cassette is Subsequently transferred to a 
binary vector such as pGSC1704 and the resulting vector 
electroporated into Agrobacterium tumefaciens C58C1RifR 
(pGV2260). Transformants are selected on streptomycin/ 
Spectinomycin containing medium and checked for the 
presence of the integral transformed binary vector. Arabi 
dopsis thaliana Col-O is transformed with the selected A. 
tumefaciens strain by the floral dip method (Clough and 
Bent 1998, Plant J 16, 735-743). Transgenic plants are 
Selected after Seed germination in the presence of hygromy 
cin. Selected transgenic lines and untransformed control 
lines are infected with root knot or cyst nematodes. Suc 
cessfulness of infection is Scored visually two weeks after 
inoculation (in vitro infection) or six weeks after inoculation 
(infection of Soil-grown plants). Transgenic lines are con 
sidered resistant relative to control plants when they display 
a significant decrease in the number of females or cysts on 
roots and/or a significantly reduction in nematode feeding 
Sites and/or egg production and/or viable nematodes in the 
eggS. 

Example 6 

Male Sterility CDC7 DN and CDC27 Muteins 
0171 Male sterility in plants are obtained by disrupting 
normal pollen development. This is achieved by preventing 
normal cell division of tapetum cells in the antherS. Oper 
ably linking CDC7 DN or CDC27 mutein to a tapetum 
specific promoter such as Osg6B (TSuchiya et al. 1995, Plant 
Cell Physiol 36,487-494) and to a NOS polyadenylation site 
will result in a Suitable expression cassette. Introduction of 
this cassette into A. thaliana is done as described in example 
5. Selected transformant lines have a reduced and/or abnor 
mal pollen formation/development. This is assessed using 
microscopic methods. 

Example 7 

Endoreduplication CDC27 Muteins 
0172 Any of the muteins are operably linked to a con 
stitutive promoter such as the CaMV 35S promoter (Kay et 
al. 1987, Science 236, 1299-1302) or to a seed endosperm 
Specific promoter Such as from a 2S albumin Seed Storage 
protein (Guerche et al. 1990, Plant Cell 2, 469-478) or to the 
BLZ2 promoter (Carbonero et al., 1999 in press) and to a 
polyadenylation signal. Such expression cassettes are trans 
ferred to A. thaliana as described in example 5. Selected 
transformant lines have a general higher rate of endoredu 
plicating cells (CaMV 35S promoter) and/or produce seeds 
with a higher amount of polyploid endosperm cells (2S 
albumin promoter). Endoreduplication or polyploidism is 
assessed in Several ways. 
0173 Confocal microscopy is applied to measure the 
nuclear diameter. Polyploid cells normally have enlarged 
nuclei in order to harbor the increased DNA content. 

0.174. The DNA content of plant cells is measured by 
flow cytometry (Galbraith et al. 1991, Plant Physiol 96, 
985-989). 
0175. The cyclin B-degrading activity of the APC is 
determined as described by King et al. (1995, Cell 91, 
279-288). 
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Example 8 

CDC27 Gene Expression Analysis by RT-PCR 

0176 First-strand cDNA was prepared from RNA iso 
lated from different Arabidopsis thalian tissues (etiolated 
Seedlings, flowers, flower buds, Stems, leaves; roots, Siliq 
ues) and from Arabidopsis thalian root cultures treated for 
48 h with different chemical substances (10 M abscisic 
acid; 107 M 2,4-dichlorophenoxyacetic acid; 100 mM 
hydroxyurea; 10 M kinetin; 10 M kinetin+10 M 
1-naphthaleneacetice acid; 10 M1-naphthaleneacetic acid; 
2% (w/v) oryzalin). PCR was performed with these cDNAS 
using CDC27A-specific primers (sense primer 51' CCG 
TAGTGCTAGAAT AGC A3' and antisense primer 5' AGT 
CAG CGT TGA AGT c3) or CDC27B-specific primers 
(sense primer 5' TCT CTC GAG GAA GAA AGG CAA 
CAA3' and antisense primer 5' GGTTCTTGG AGT AGC 
TAT GGTTTC 3"). The resulting fragments generated by 
PCR were Seperated in an agarose gel, blotted to a nylon 
membrane and hybridized with an 'P labeled CDC27A or 
CDC 27B DNA probe. Results are shown in FIG. 7 for 
CDC27A where the arrows indicate the presence of 2 bands, 
differing by 30 nucleotides. Sequencing of both fragments 
showed that they are identical, except for the 30 bp insertion. 
FIG. 8 illustrates the results for CDC27B. 

0177. The pictures in FIGS. 7 and 8 are representative of 
3 independent experiments. Both genes are expressed in all 
plant tissues, but at reduced levels in open flowers an 
Siliques. Expression of both genes is not drastically affected 
by hormone treatments, except for a reduction in expression 
levels observed when roots were incubated with 2,4-D 
(2,4-dichlorophenoxyacetic acid). 
0.178 Ubiquitin specific primers were used in separated 
RT-PCR reactions, using the same first strand cDNAS and, 
after hybrization, the ubiquitin Signals were used to normal 
ize the experiments with CDC27A and CDC27B (data not 
shown). While the results of the experiments with hydrox 
yurea and ory Zalin that are shown Suggest a reduction in 
CDC27A expression levels when roots are treated with 
hydroxyurea. If these experiments are normalized with the 
results of ubiquitin experiments the difference is not signifi 
cant. However, a decrease in CDC27B expression is 
observed in hydroxyurea treated roots, even when the results 
are normalized with ubiquitin. This result would indicate 
that CDC27B expression could be cell cycle regulated. 

Example 9 

Isolation of an Arabidopsis CDC27A2 c)NA 

0179 The RT-PCR products obtained with the CDC27A 
Specific primers as defined in Example 8 were cloned. 
CDC27A clones corresponding to the transcripts of different 
sizes (see FIG. 7) were identified and their nucleotide 
Sequences determined. This revealed that both type of 
CDC27A clones had identical nucleotide sequences with the 
exception of a stretch of 33 nucleotides which was absent 
from the shorter CDC27A cDNA. Hence, the longest 
CDC27A cDNA is referred to as CDC27A1 (SEQID NO 9) 
whereas the shorter CDC27A cDNA is referred to as 
CDC27A2 (SEQ ID NO 14). 
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Example 10 

Isolation of an Arabidopsis CDC27B Gene and 
cDNA 

0180. By means of in silico cloning a second Arabidopsis 
thaliana CDC27 homologue was identified with GenBank 
accession number AC006081. The GeneMark Software was 
used to predict the exon-intron structure of the gene (see 
FIG. 5) and it was observed that the animo acid sequence of 
the protein derived from the predicted open reading frame 
comprised an extra 161 amino acids at the NH2-terminus as 
compared to the GenBank Sequence. Subsequently the cod 
ing region was isolated by PCR on cDNA using primer lying 
immediately outside of the predicted open reading frame. A 
product of the expected Size was obtained, cloned and its 
nucleotide Sequence determined to confirm the predicted 
open reading frame. The primers used to clone the open 
reading frame were: sense primer 5' TCTCTC GAG GAA 
GAA AGG CAA CAA3' and antisense primer 5' GGTTCT 
TGG AGT AGC TAT GGTTTC 3'. The new Arabidopsis 
CDC27 homologue is referred to as CDC27B. 
0181. The CDC27A1 and CDC27B proteins are aligned 
in FIG. 6 and are only 49% identical. 
What is claimed is 

1. At least partially purified protein, capable of modulat 
ing DNA replication in plants, at least comprising in the 
amino acid Sequence: 

a) one or more of the amino acid sequences chosen from 
the group consisting of those, given by SEQID NOS 6, 
7, 10 and 12, or 

b) one or more amino acid sequences having at least 50% 
amino acid identity with those of a). 

2. Protein according to claim 1, comprising one or more 
of the amino acid sequences according to b), the respective 
amino acid identity being at least 90%. 

3. Protein according to claim 1, having the amino acid 
sequence as given in SEQ ID NO 5 or NO 11 or NO 13, or 
having at least 50% amino acid identity with one of the said 
Sequences. 

4. Protein according to claim 1, being a plant CDC27 
protein or a functional analogue thereof. 

5. Mutein of a protein according to claim 1, comprising at 
least one amino acid Substitution, deletion or addition, 
affecting the DNA replicative effect of the said protein. 

6. Mutein according to claim 5, wherein at least one of the 
phosphorylatable amino acidS are deleted or substituted by 
one or more non-phosphorylatable amino acids. 

7. Peptide, comprising: 

a) one or more of the amino acid sequences chosen from 
the group consisting of those, given by SEQID NOS 6, 
7, 10 and 12, or 

b) one or more amino acid sequences having at least 50% 
amino acid identity with those of a). 

8. Antibody, Specifically recognizing a protein according 
to claim 1, a mutein according to claim 5 or a peptide 
according to claim 7. 

9. Antibody according to claim 8, being at least partially 
purified. 

10. Non-genomic DNA sequence coding for a protein 
according to claim 1, for a mutein according to claim 5, or 
for a peptide according to claim 7, or a DNA sequence 
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having a Sequence homology of at least 75% of the Said 
Sequence or the complementary DNA sequence thereof. 

11. DNA sequence according to claim 10, being Substan 
tially free of Sequences intervening the coding Sequence. 

12. DNA sequence according to claim 10, comprising the 
DNA sequence as given by SEQID NO 9 or SEQID NO 14 
or SEQID NO 15 or having a sequence homology with SEQ 
ID NO 9 or SEO ID NO 14 or SEO ID NO 15 of at least 75% 
or the complementary Sequence thereof. 

13. DNA sequence, coding for a peptide according to 
claim 7, corresponding to nucleotides 109-181 or 2125-218.1 
or 1029-1061 of SEQ ID NO 9, or to nucleotides 109-181 or 
2092-2148 of SEOID NO 14 or to nucleotides 1-483 of SEO 
ID NO 15, or a DNA sequence, having a Sequence homology 
of at least 75% to the Said Sequence or the complementary 
Sequence thereof. 

14. DNA vector, at least comprising the DNA sequence 
according to claim 10. 

15. DNA vector according to claim 14, further comprising 
a promoter, functional in plant cells, operably linked to the 
DNA sequence according to claim 10. 

16. DNA vector according to claim 14 or 15 comprising 
DNA coding for a mutein according to claim 5, operably 
linked to a nematode-induced promoter, functional in plant 
cells. 

17. Method for positively or negatively effecting plant cell 
division, comprising the Step of transforming plant cells 
with DNA according to claim 10 or with a DNA vector 
according to claim 14. 

18. Method for modulating the growth of plant cells, 
comprising the step of transforming plant cells with DNA 
according to claim 10 or with a DNA vector according to 
claim 14. 

19. Method for modulating DNA replication in plant cells, 
plant parts or plants by conferring to one or more plant cells 
the capacity to provide a protein according to claim 1, or a 
mutein thereof according to claim 5, in an amount Sufficient 
to modulate DNA replication and/or to block mitosis of the 
Said cells. 
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20. Method according to any of the claims 17-19, wherein 
the Said capacity is conferred to one or more plant cells, by 

a) transforming one or more plant cells with DNA accord 
ing to claim 11 or with a DNA vector according to 
claim 14, 

b) culturing the plant cells in order to regenerate plant 
parts or plants from the transformed cells, or 

c) incubating the cells, plant parts or plants at conditions 
allowing expression of the said DNA to produce the 
Said protein or a mutein. 

21. Method according to claim 17, for the generation of 
polypoid plant cells, plant parts or plants. 

22. Method for identifying and/or obtaining proteins 
capable of modulating the DNA replication in plants, com 
prising a two-hybrid Screening assay, using CDC27 poly 
nucleotide Sequences as a bait and a cDNA library or of a 
cell Suspension culture as a prey. 

23. Method for the production of transgenic plants, plant 
cells or plant tissue, comprising the introduction of a nucleic 
acid molecule according to claim 10 or a vector according to 
claim 14 into the genome of Said plant, plant cell or plant 
tissue. 

24. Plant cell, transformed with a vector according to 
claim 14, or comprising the DNA according to claim 10. 

25. Plant, obtainable by the method according to claim 17. 
26. Progeny of a plant according to claim 25. 
27. Plant material Such as roots, flowers, fruit, leaves, 

pollen, Seeds, Seedlings or tubers, obtainable from a plant 
according to claim 25. 

28. Plant material Such as roots, flowers, fruit, leaves, 
pollen, Seeds, Seedlings or tubers, obtainable from a plant 
according to claim 26. 


