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ABSTRACT
Plant artificial chromosomes (PAC) may be used as a new vector to introduce

chromosome segments of hundreds Kb to Mb length into plant cell. Two YAC clones were
identified to be with the 178 bp Arabidopsis centromeric repeat sequences. Arabidopsis
telomere was cloned from PCR products using telomere repeat primers. A 2000bp fragment
of ARS was released from Genomic BAC clone T14A4 by ClaI digestion and subcloned into
Pbluescript. Plasmid vectors have been constructed to integrate necessary elements of PAC
into both right and left YAC arms. Retrofitting YAC clones carrying Arabidopsis centromere
segment by homologous recombination with the constructed right and left arm vectors were
performed and confirmed in yeast. The modified YACs are expected to generate PAC after
being transferred into B. napus and Arabidopsis protoplast by liposome-mediated method.
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INTRODUCTION
The successfully construction of yeast artificial chromosomes (YACs) (1) in S. cerevisiae

provided an important tools both for the study of yeast chromosome function and as large
capacity cloning vectors. The use of similar strategy in human cells to produce human artificial
chromosome may be expected to provide an important tool for the transgenic of large DNA
sequences into human cells (2).  Plant artificial chromosomes (PAC) may be used as a new
vector to introduce chromosome segments of hundreds Kb to Mb length into plant cell.

Any mitotic stable linear chromosomes, natural or artificial, should bear three basic
elements: a centromere, two telomeres and origins of replication. Genome sequencing has
produced sufficient genetic resources from which one could mine the necessary elements for
PAC construction. There is a highly abundant repetitive DNA sequence family of Arabidopsis
centromere, Atcon, which is similar to human α-satellite DNA in structure, the best-
characterized human DNA associated with the centromeric region (3,4). Sequence information
for telomere and ars is also available in Arabidopsis database. We reported primary work on
constructing PAC of Arabidopsis for genetic improvement of rapeseed.

 MATERIALS AND METHODS
AAllll  ggeenneerraall  DDNNAA  mmaanniippuullaattiioonn  wwaass  ppeerrffoorrmmeedd  bbyy  ssttaannddaarrdd  pprroocceedduurreess..    FFoorr  ppuurriiffiiccaattiioonn,,

DDNNAA  wwaass  eexxcciisseedd  ffrroomm  tthhee  11%%  ggeell  aanndd  ppuurriiffiieedd  aawwaayy  ffrroomm  tthhee  aaggaarroossee  uussiinngg  QQIIAAqquuiicckk  GGeell
EExxttrraaccttiioonn  KKiitt  ((QQiiggeenn))  aaccccoorrddiinngg  ttoo  tthhee  mmaannuuffaaccttuurreerr’’ss  iinnssttrruuccttiioonnss..  FFoorr  TT--AA  cclloonnee,,  PPCCRR
pprroodduuccttss  wweerree  lleeggaatteedd  ttoo  ppGGEEMM--TT  EEaassyy  VVeeccttoorr  ((pprroommeeggaa))  aaccccoorrddiinngg  ttoo  tthhee  mmaannuuffaaccttuurreerr’’ss
iinnssttrruuccttiioonnss..  PPllaassmmiidd  pp55RRAADDEE22  ccaarrrryyiinngg  22..88  kkbb  AADDEE22  ffrraaggmmeenntt  wwaass  ddoonnaatteedd  bbyy  PPrrooffeessssoorr
JJiinnggzzee  LLiinn  ((NNaattiioonnaall  YYaanngg--MMiinngg  UUnniivveerrssiittyy,,  TTAAIIWWAANN));;  ppRRSS440000  wwaass  oobbttaaiinneedd  ffrroomm  PPrrooffeessssoorr
JJoohhnn  CCaannnnoonn  ((UUnniivveerrssiittyy  ooff  MMiissssoouurrii--CCoolluummbbiiaa,,  UUSSAA));;  ppCCAAMMBBIIAA11330033  ccoonnttaaiinniinngg  GGFFPP55  wwaass
oobbttaaiinneedd  ffrroomm  CCeenntteerr  ffoorr  tthhee  AApppplliiccaattiioonn  ooff  MMoolleeccuullaarr  BBiioollooggyy  ttoo  IInntteerrnnaattiioonnaall  AAggrriiccuullttuurree,,
AAuussttrraalliiaa..

Yeast cells were grown up in the AHC medium to a density OD600 of 1 to 2. The
“LiAc/ssDNA/PEG” lithium acetate transformation protocol was performed.

Seedlings of Brassica napus and Arabidopsis were grown on the MS medium. Cotyledons
or leaves from 3-4 weeks old plants were used for protoplast isolation. Leaves were cut into
0.5-1 mm strips with fresh razor blades without wounding. 100-200 leaves were digested in 3
ml cellulase/macerozyme solution for 18hr (B. napus cotyledons) or14hr (Arabidopsis leaves)
without shaking in the dark 25?. Protoplasts were released by shaking gently for 1 min.

RESULTS
Telomeric sequence generation. Telomeric DNA was generated by PCR using telomeric
repeats as primers in the absence of template..  As the PCR cycles going on, a heterogeneous
population of molecules consisting of repeat arrays of various lengths has been produced.
FFoolllloowwiinngg  PPCCRR,,  eeaacchh  rreeaaccttiioonn  wwaass  ssuubbjjeecctteedd  ttoo  aaggaarroossee  ggeell  eelleeccttrroopphhoorreessiiss  ttoo  ppuurriiffyy  tteelloommeerriicc
DDNNAA  >>11kkbb..  TThhee  ppuurriiffiieedd  tteelloommeerriicc  DDNNAA  wwaass  lleeggaatteedd  ttoo  ppGGEEMM--TT  EEaassyy  VVeeccttoorr  ttoo  ggeenneerraattee
ppllaassmmiidd  PPGGTT110000..

Centromere isolation and identification. Eight Arabidopsis YAC clones near the centromere
were selected and collected from the Arabidopsis Biological Resource Center. Four pairs of



PCR primers were designed according to the Atcon sequence. Centromeric DNA was
amplified  bbyy  uussiinngg  tthheessee  YAC clones genomic DNA as template. Two candidate YAC clones,
CIC8H8 and CIC6F6 were proved to have the Atcon sequences. These two were chosen to
construct PAC. TThhee  PPCCRR  pprroodduuccttss  wweerree  aallssoo  lleeggaatteedd  ttoo  ppGGEEMM--TT  EEaassyy  VVeeccttoorr  aanndd  tthhee  cclloonneess
wweerree  sseeqquueenncceedd  bbyy  GGEENNEE  CCoommppaannyy..

Plasmid Constructions. A 1.9kb ClaI fragment containing the ars3 sequence was digested
from one Arabidopsis BAC clone T14A4 and subcloned into the pBluescript M13 ClaI site to
generate plasmid pBA101. 793bp truncated URA3- fragment was produced by PCR using
primers ural and urar. After PPCCRR,,  eexxcciissiinngg  ffrroomm  ggeell  aanndd  ppuurriiffyyiinngg  aawwaayy  ffrroomm  tthhee  aaggaarroossee,,  tthhee
ppuurriiffiieedd  DDNNAA  wwaass  ddiiggeesstteedd  bbyy  EEccooRRII  aanndd  BBaammHHII  aanndd  tthheenn  ssuubbcclloonneedd  iinnttoo  pBA101 to generate
ppllaassmmiidd  ppBBAAUU110022..  110087bp truncated TRP1- fragment was produced by PCR using primers trpl
and trpr. This fragment wwaass  aallssoo  ddiiggeesstteedd  bbyy  EEccooRRII  aanndd  BBaammHHII  aanndd  tthheenn  ssuubbcclloonneedd into
pBluescript to generate  ppllaassmmiidd  ppBBTT110033..  BBootthh  ppBBAAUU110022  aanndd  ppBBTT110033  wweerree  ddiiggeesstteedd  bbyy  SSaallII
aanndd  BBaammHHII,,  22..88kkbb  ffrraaggmmeenntt  ffrroomm  ppBBAAUU110022  aanndd  11..00kkbb  ffrraaggmmeenntt  ffrroomm  ppBBTT110033  wweerree
rreessppeeccttiivveellyy  ssuubbcclloonneedd  iinnttoo  PPUUCC111188  ttoo  ggeenneerraattee  ppllaassmmiidd  ppUUAAUU110044  aanndd  ppUUTT110055..  TThhee
AArraabbiiddooppssiiss  tteelloommeerree  ffrraaggmmeenntt  wwaass  rreelleeaasseedd  ffrroomm  PPGGTT110000  bbyy  AAppaaII  aanndd  PPssttII  aanndd  ssuubbcclloonneedd
into pBluescript to generate  ppllaassmmiidd  PPBBTT110066..  22..88  kkbb  AADDEE22  ffrraaggmmeenntt  wwaass  rreelleeaasseedd  ffrroomm
pp55RRAADDEE22  bbyy  BBaammHHII  aanndd  ssuubbcclloonneedd  iinnttoo  PPBBTT110066  ttoo  ggeenneerraattee  ppllaassmmiidd  PPBBTTAA110077..  TThhee  44..11kkbb
ffrraaggmmeenntt  ggeenneerrrraatteedd  bbyy  ddiiggeessttiinngg  PPBBTTAA110077  wwiitthh  SSaaccII  aanndd  KKppnnII  aanndd  tthhee  22..88kkbb  ffrraaggmmeenntt
ggeenneerrrraatteedd  bbyy  ddiiggeessttiinngg  ppUUAAUU110044  wwiitthh  SSaallII  aanndd  KKppnnII  wweerree  lliiggaatteedd  ttoo  ppCCAAMMBB11330033  ddiiggeesstteedd  bbyy
SSaaccII  aanndd  SSaallII  ttoo  ggeenneerraatteedd  ppllaassmmiidd  ppCCRR110099  ((FFiigg  55aa))..  TThhee  11..33kkbb  ffrraaggmmeenntt  ggeenneerrrraatteedd  bbyy
ddiiggeessttiinngg  PPBBTT110066  wwiitthh  XXbbaaII  aanndd  KKppnnII  aanndd  tthhee  11..00kkbb  ffrraaggmmeenntt  ggeenneerrrraatteedd  bbyy  ddiiggeessttiinngg  ppUUTT110055
wwiitthh  SSaallII  aanndd  KKppnnII  wweerree  lliiggaatteedd  ttoo  ppRRSS440000  ddiiggeesstteedd  bbyy  XXbbaaII  aanndd  SSaallII  ttoo  ggeenneerraatteedd  ppllaassmmiidd
ppRRLL110088

YAC Modification and Character. The selected YAC clone was transformed with ApaI-
linearized ppCCRR110077. The transformants was selected in adenine negative plates. The white
transformants that no longer grow on plates lacking uracil but still grow on plates with uracil
was transformed with SmaI-linearized ppRRLL110088..  The transformants were firstly selected in the
g418 positive plates and the positive clones that no longer grow on plates lacking tryptophan
but still grow on plates with tryptophan were chosen as candidate clones. Bright green
fluorescence was observed by fluorescence microscope for the main 395nm excitation and
509nm emission peaks of GFP. The plugs of yeast DNA were separated on 1% PFGE
agarose gel with a pulse of 30 seconds for 12 hours followed by a pulse of 60 seconds during
15 hours in 0.5XTBE buffer. A slice containing the YAC is excised and purified by dialyze.

Protoplast Transfection. The protoplasts were spied down and resuspened in MMg solution
before PEG transfection. 10 µl commercial liposome and 10 µg purified YAC-DNA were
incubated in a total volume of 100 µL sterile water for 10 min at room temperature to allow
formation of DNA-lipid complexes. The DNA-containing mixture was added to 0.5 mL of a
suspension of protoplasts and mixed gently. 0.5 mL PEG solution was added into the mixture
and was incubated for 15 minutes at room temperature. The protoplasts were washed twice
by pelleting at 600 rpm for 5 min, and incubate in 3 mL PCM1 in the dark at 25 °C for 48 hr.
However, the protoplasts showed only red chlorophyll autofluorescence under fluorescence
microscope and are proved to be untransformed.

DISCUSSION
Conventional plant transformation techniques, such as Agrobacterium-mediated transformation,

PEG-mediated direct gene transfer, and particle bombardment cannot be used for the transfer of
intact YACs, either because the technique does not accommodate large pieces of DNA or because
it will damage high-molecular-weight DNA. YACs up to 650kb have been introduced into
mammalian cells by lipofection, while somewhat smaller YACs have been introduced by
microjection. However, neither technique works efficiently in plant transformation for cell wall.
So isolating plant protoplast would improve transformation efficiency. We have used
commercial liposome with PEG to transform huge PAC into plant protoplasts. Although we
didn’t get desire transformats by this method, there are still many other methods can be tried
such as microjection or fusing yeast spheroplasts to plant protoplasts.
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