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Abstract The contam ination of chloroplast and m itochondrial DNAs was a serious problem during genome sequencing of
rice (Omnyza sativa L. ssp indica) by whole-genome shotgun strategy Pulse field gel electrophoresis ( PFGE) was utilized to
purify rice genomic DNA  which could efficiently rem ove the organelles ( chloroplast and mitochondrion) DNA and reduce
to 0. 2% .
seedlings were compared and the differences between HB method and NIB method in high molecular weight{ HMW ) DNA

the contam ination ratio from 3% At the same time the rice DNAs yielded from yellow seedlings and green

isolation were also studied Finally a set of methods for obtaining the whole and highly pure rice genomic DNAs were

proposed which included culturing rice yellow seedling isolating embedding and lysising rice nuclei purifying and

recove ring rice genom ic DNAs in low melting point (LMP) agarose gel by PFGE Ultrasonic treatment on HMW DNAs in

the melting LMP gel at 38°C was reported at first tine it facilitated to obtain the desired DNA fragments for construction of
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shotgun library and gradient libraries

Key words rice genomic DNA shotgun sequencing

The recent improvements in automated DNA

sequencing have made whole-genome  shotgun
sequencing ( WGS) an attractive approach for gene
discovery in both small and large gen{n‘nes}L v

etal” and Stephen ef al e separately produced a
draft sequence of the rice genome by WGS using
The major steps of WGS are as

rice genom ic DNAs are sheared or restricted to

different rice species
follows
desired sizg the
fragments are cloned into a universal vector and the
shotgun libraries (1.5~ 3 kb inserts) are constructed

yield random fragments of the

sequencing reactions are performed with a pair of
universal primers on randomly selected clones in the
shotgun libraries when the reads coverage is at 2X

these sequencing reads are assembled into contigg

subsequently the sequencing information gotten from
gradient libraries is used to fill and span the different
length of repeat gap and construct desired scaffold
( full sequenced molecule). One of the main lim itations
of fully
so the preparmation
When the
nomal method is used to prepare rice genomic DNAs

in the WGS approach is the generation
representative small insert libraries
of high quality genomic DNAs is critical
sequencing two major problems are

Firstly

for shotgun
encountered the frequent existence of the
serious contam ination of organelle ( chloroplast and
m itochondrion) DNAs which causes a lot of troubles
in late sequencing Secondly how to obtain efficiently

the needed large quantity (about2 mg) of high quality

rice genomic DNAs In order to solve the above

lim itations  and  problems many  comparative
experiments were done and some results were reported

in this paper
1 Material and methods

1.1 Seedling culture of rice

1 000 rice seeds were washed twice with distilled
water soaked in distilled water at 37C for 24 h and
then arranged evenly on the tela surface in a tray The
seeds were cultured at 30C for about 7 days When the
length of seedlings was between 8 ~ 10 cm, the
seedlings wer cut liquid nitrogen or
stored at — 70C for late use

The difference between the culture of yellow

grinded with

seedlings and green seedlings was that the fomer was
done under the complete dark condition during the
whole period of culure
1.2 Extraction of rice genom ic DNAs

Two different methods used to extract rice genom ic
DNAs were compared one was homogenization buffer
(HB) method modified from Zhang et al 1 the other
was nuclei isolation buffer (NIB) method modified from

»]6]

“Molecular Cloning The major reagents used in

these two methods are listed in Table 1

’ Corresponding author
Tel 86-10-64889378& E-mail bwand® genetics ac cn
Received Febmary 26 2003 Accepted May 28 2003



200% 30 (5) EMEESEMYIBIERE

Prog Biochem. Biophys - 745-

Table 1 The buffer components of HB and NIB

Com ponent ( HB) Component (NIB)

Reagents
Tris
KC1
EDTA
H om ogen ation Spem idine
buffer Spem ine
Sucrose

f-Me reap toe thanol

Washing buffer

10 mmol/L 10 mmol/L

80 mmol/L 100 mmol/L

10 mmol/L 10 mmol/L
I mmol/L 4 mmol/L
I mmol/L I mmol/L

0.5 mol/L 0.5 mol/L
0. 15% 0. 1%

Adjust pH 10 9.4~ 9.5 with NaOH
The above buffer plus 0. 2%  Triton X-100

The NIB buffer without

EDTA, pH 9.0~ 9.3 0.5 mol/L
B-mercaptoethanol
Lysis buffer
Sodium lauryl sarcosine 15% 2. S
Prote inase K 0.5~ 1 g/L 1 g/L

1.3 Purification and recovery of rice genom ic
HMW DNAs by pulse field gel electrophoresis

1.3.1
electrophomresis( PFGE): 150 m1 of 1% agarose gel was
dissolved in 0.5 x TBE cooled to 60C and pourcd
into gel mold (Bio-Rad) of 21 cm x 12.7 em. A comb
sealed with plastic stick was put into the

Preparation of agarose gel for pulse field gel

sample
position to form a long slotwell the gel was solidified

by nature A trough of 20 ¢cm x 2 ¢m size was made on

(LMP) agarose gel were prepared with 0.5 x TBE and
poured into the prepared trough

1.3.2 Purification of rice genomic HMW DNAs by
PFGE CHEF Mapper ( Bio-Rad) was used for PFGE
The plugs containing rice genomic high molecular
weight{ HMW ) DNAs were pemeated into 0. 5 x TBE
for 1 h before electrophoresis then the plugs were laid
in the sample slotwell side by side and sealed with

LMP agarose gel Thus it was ready for PFGE The

the solidified gel by removing some gel with a scalpel conditions of PFGE were showed in Table 2 the total
which was just 0.5 e¢m from the front edge of sample tine was 24 h
well At the same timeg 40 m1of 1% low melting point
Table 2 Conditions of PFGE for purifying and recovering rice genom ic HM W DNAs
Voltage Included Initial switch time Run time Other
gradient/( Veem™ ') angle /() Final switch time/s /h conditions
State 1 60 60
Block | 6 15 .
State 2 - 60 60 0.5 x TBE
1% gel
State 1 60 90
Block 2 6 9 lac
State 2 - 60 90

1.3.3 Recovery of rice genom ic HMW DNAs in LMP
gel When PFGE was finished lcm gel was excised at
both edges and stained in 0.5 mg/L EB for 20 ~

30 min The exact position ( the band width) of rice
HMW DNAs in the gel was dettmined with a
fluorescence mler under the UV lamp and then the
remaining unstained gel containing HMW DNAs was
excised from the cormesponding position detem ined just
before and collected in 1.5 m1 wbes

1.4 Ultrasonic treatment on rice genom ic DNAs

1.4.1 1In the LMP agarose About 600 mg LMP gels
containing rice HMW DNAs were put in each 1.5 ml
tubeg melted at 65C for 10 min
38C water - bath for ultrasonic treatment

then transferred to a
The tubes

confaining LMP gel with HMW DNAs were trated by
specially designed ultrasonic equipment under number

|l power one by ong and immediately put back to
38C water bath
1.4.2 In TE solution The rice genomic DNAs

recovered by NIB method was dissolved in TE and

sonicattd under number 1 power using specially
designed ultrasonic equipment

1.4.3 Checking the size of rice DNAs size afier
ultrasonic treatment 4 M1 liquid was taken from each
eppendorf tube and mixed evenly with 1 B of 10 x
loading buffer separately their size range was checked

by common electrophoresis
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2 Results and discussion

2.1 Comparison of rice HMW DNAs obtained
from yellow seedlings and green seedlings
Comparison of HMW DNAs obtained from yellow
seedlings and green seedlings by the HB method was
showed in Figure 1 It was clear that by PFGE
the content of HMW DNAs from yellow
seedlings was 4 times higher than that from gren
Rice
only one centrifigation is needed thus

purification

seedlings yellow seedlings contain less
chloroplast
reduced the chance of losing and destroying the nuclej
so the recovery ratio of rice HMW DNA was high By
comparison in order to remove organelle DNAs in the
nuclei of rice green seedlings three times lavation and
three times centrifugation were needed nuclei losses
concurred during these processes

2.2 Comparison between HB and NIB method for
preparation of rice HMW DNAs

the reagents and the
in HB and NIB

these two

In isolating the rice nuclei
procedures were alnost the same
method The
methods was as follows the nuclei was embedded in
LMP agarose gel in HB method while the nuclei was
suspended in liquid in NIB method which led to the
different operations of nuclei lysis DNA extraction and

main difference between
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The refore, the

very different results were gotten for recovering rice
HMW DNAs as shown in Table 3

4 s
r—

purification in the following procedures

|
|

g

Fig.1 Comparison of HMW DNAs obtained from yellow
seedlings and green seedlings after purification of PFGF

I, 5: rice green seedlings 2, 3, 4 rice yellow seedlings Each sample is

the same plug size that wpmresents DNAs content from 20 g original rice
seedlings R is a fluorescence mler The arrow points the HMW DNAs
bands

Table3 Comparison of HB and NIB method for preparation of rice HM W DNAs

HB

Centrifugation condition for
nuclei isolation
States of nuclei

Condition of nuclei

1900 ¢ 4C, 20 min

Embedded in LMP agarose gel

NIB

3000¢g 4C, 12 min

Suspended in liquid

50C, 48 ko in lysis buffer 37C, 1 h inlysis buffer

lysis maction

LMP agarose gel

Method of DNA rcovery

Quality of DNA

ultrosonic treatment

Quantity of DNA

pulse field gel electrophomwrsis

Large DNA fragments (more than
1 000 kb); less than 0. 2% chloroplast
and m itochondrion DNAg easy for

100~ 200 g DNA /20~ 40 g material

phenol/chlorofom / sopentanod
isopropanol centrifugation

30~ 50 kb DNA fragments mor
than ¥ contam ination of
chloroplast and m itochond rion
DNAs

100 Hg DNA /100 g material

2.2.1 Technique procedures Technique procedures of
NIB method steps under flowing
condition suspension and lysis of
rice nuclei
several centrifugations
DNA loss or destroy So large quantities of rice samples
were needed for DNA preparmation by this method 100 g

included many

such as isolation
purification of rice genomic DNAs by

which made the rice genomic

per batch at least
However the rice genomic DNAs were treated
mainly in LMP gel in the technique procedures of HB

method such as lysising rice nuclej purifying and

recovering HMW DNAs by PFGE The DNAs released
from nuclei could be protected by LMP gel thus the
DNAs sheared by foreign force were avoided and the
degradation and loss of the DNAs wer gratly
reduced

2.2.2 Centrifugation conditions for nuclei isolation To
isolate rice nuclej centrifugation was used in both HB
and NIB methods but their centrifugation conditions
wemre different In HB method it was at 1 900 g 4C
for20 min while in NIB method it was at 3 000 g

4C for12 min HB method facilitated to isolate nuclei
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from omganelle DNAs while NIB method used grater
centrifigation force was easy organe lle
(chloroplast and m itochondrion) DNA contam ination
2.2.3 Quality and quantity of prepared HMW DNAs
The sizes of recovered DNA fragments were different
between the two methods genemlly lager than
1 000 kb by HB method while only 30~ 50 kb by
NIB method The large DNA fragments were good for
getting the desired fragments sizes of 1.5~ 3 kb and
3~ 12 kb by the ultrasonic treatment making the DNA
fragments more rprsentative

According to the sequencing result the organelle
DNA contam ination was less than 0.2% in HB
method while more than 3% in NIB method

For shotgun sequencing 2 mg of rice DNAs were
required therefore the DNA recovery rate should be
considered To obtain 100 Hg of rice DNAs 20 g of
rice yellow seedling samples were needed when using
HB method while 100 g samples are needed when
using NIB method So the DNA recovery rate of HB
method is 5 times greater than that of the NIB method
2.3 PFGE is an efficient technique to remove the
organelle DNA contam ination

When preparing rice HMW DNAs by NIB method
the lavation with washing buffer and differential
centrifugation could remove part of mitochondrial DNAs
and chloroplast DNAs but the contamination of
organelle DNAs was still serious The 3% organelle
DNAs not only hindered the sequencing speed but also
was time-consuming and costly
tough problem, PFGE technique was applied to purify
DNAs  the rmsult was
encouraging only less than 0.2% omganelle DNA
contam ination was found during DNA sequencing The
reason was that the DNA fragments with sizes less than
IMb were emoved ( Figure 1) at the PFGE condition of
6 V/iem, 120° 60 s switch time for 15 h and 90 s
switch time for 9 h (Table 1), which included the rice
chloroplast DNAs ( 135 kb) and mitochondrial DNAs
(492 kb) (http // www esh utexas edu/bot350m/
lecnotes/MITOCHONDRIA).
2.4 Difference between ultasonic treatment in TE
buffer and in LMP gel

Generally the ultrasonic treatment on genom ic
DNAs was done in TE, while the HMW DNASs obtained
by HB method was done in LMP gel At first agarase
was utilized to digest the LMP gel to release the rice
DNAs which not only required operation steps but
also increased cost In order to reduce cost and save
ting the melting LMP gel containing rice HMW DNAs
was directly sonicated at 38C. The result showed that
the melting LMP gel could protect rice DNAs from
ultrasonic treatment To obfain 1.5~ 3 kb DNA 10~
13 s treatment was needed in LMP gel while only 1~
2 s treatment was needed in TE It was clear that the

to cause

In order to solve this

and recover rice nuclei
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ultrasonic treatment in TE was very short which was
difficult to operate to get DNA fragments larger than
5 kb in size Therforg ultrasonic treatment on rice
DNAs in melting LMP gel facilitated to obtain the
larger DNA insert fragments such as 3~ 5 kh 5~
Tkh 7~ 9 kb and 9~ 11 kb gradient size manges
which were used to constmuct the gradient libraries
2.5 Development of plant DNA extraction
m ethods

DNA extraction is the basic and first step to study
plant genome and molecular characteristics at DNA
level A large number of DNA extraction protocols can
be found in the littrature many of these are slight
variation of other procedures 7= The widely used
traditional plant DNA prparation methods are CTAB
and SDS As the development of marker assistant
selection in plant breeding the simple rapid and high

throughput methods to extract plant DNAs are
. 10~ 13 g

requ ired . On the other hand  specific and

consistent detection is requird for accurate

identification of a particular genetic modification in a
plant sample especially in the tmansgenic plant in
which the modification is present in trace amounts
Sq the different requirements for plant DNA lead to
the different plant DNA extraction methods

The isolated plant nuclei were embedded in LMP
plugs to prepare plant HMW DNAs and PFGE was
used to isolate large DNA fragments during the
constuction of bacterial artificial chromosome ( BAC)
libraries The improved method was specially
designed from these references to meet our goal of
preparing high quality rice genom ic DNAs for shotgun
sequencing We mainly concemed the following three
aspects the contamination of organelle ( chloroplast
and mitochondrion) DNAs was as low as possible the
amount of DNA was higher than 1 mg and the total
DNAs should represent the whole genome The result

showed that our purpose was realized

3 Conclusion

Through above compamative study the following
conclusions were drawn  a. Using rice yellow seedlings
could get high yield of rice HMW DNAs with less
contam ination of chloroplast DNAs b. HB method
largely reduced the matio of damaged degraded and
lost rice genom ic DNAs due to the protection of LMP
agarose c¢. PFGE was an efficient technique to purify
and recover rice HMW DNAs especially to reduce the
contam ination of chloroplast and m itochondrial DNAs
d. Ultrasonic treatment on rice HMW DNAs in LMP
facilitated to get the desired DNA fragments

To combine techniques together could
produce enough DNAs with high quality in rlatively
short time In establishment of the draft sequence of
Oz sativa L ssp  Indica, a quarter of rice genom ic

these
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DNAs was prepared by the present method Manual 29~ 34 Springer Heidelberg 29~ 34
8 Gang D R, Weber D 1 Prpamtion of genomic DNA for RAPD
analysis from thick-walled domant teliospores of Tilletin species
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