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A High Efficient Approach Used for BAC-contig Extension of
Oryza sativa with PCR Sreening the BAC Clone Pools
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Abstract

To extend 8 BAC contigs, which were previoudy located in the 56. 1 —68 cM region of the

chromosome 4 of the Oryza sativa indica GuangL uAi4, 14 pairsof primers were desgned according to
the termina sequencesof the existing seed BACs and were deliberately divided into 3 groups. With the 3
groupsof primer mixtures, 233 pools of BAC DNA that represent 22 368 BAC clonesfrom O. sativa
indica GuangL uAi4 genomic library were screened. 65 podtive clones corregponding to the 8 contigs
were iolated and 29 clones of them were confirmed to be extended to the seed BACs by end sequencing
and fingerprinting. The protocol greatly enhanced the efficiency of the contig extenson and was a9
superior for its gecificity , sendtivity and reusability to the colony in situ hybridization which is a
conventiona method employed in contig extendon and physcal map construction.

Key words

Clone by clone strategy , which is adopted by our
laboratory in sequencing chromoome 4 of Oryza
sativa indica GuangL uAi4, is based on an extensve
physcd map!*™®. Three steps were taken to
construct physical map in our laboratory!® =%

Firstly , anchoring by genetic markers: The
22 368 BAC clones representing the whole library
were blotted on nylon membranes and colony in situ
hybridization usng genetic markers as the probes
were carried out. Thus the firgt batch of seed BACs
were anchored to the gecific loci in the chromosome.
Secondly, chromosome walking: colony in situ
hybridization wasf urther carried out usng short DNA
fragmentsin the terminal sequences of seed BACs as
the probes, thus BAC coontigs were extended.
Thirdly, end-squencing, fingerprinting and
Southern blotting were carried out to corroborate the
overlapping relationships. Extending szes as well as
the overlgpping dze were a0 determined.

Colony in situ hybridization is a conventional
method employed in ocontig extenson and physca
map oongtruction. But it has two mgor
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disadvantages. Firstly, it was very time consuming.
Secondly , the sengtivity of hybridization is not high
enough © that ©me weak dgnas, which probably
come from the low-content templates, may be
ignored. Thirdly, dnce repeat sequences take up
about 50 percent of the rice genome, the nongecific
hybridization rate could be very high.

To improve the process of the contig extenson,
an adternative goproach  based on PCR
screening!™ *! was employed to extend BAC contigs
in the regionfrom 56.1 cM to 68 cM on the long arm
of chromosome 4 of Oryza sativa indica
GuangL uAi4 in the sudy. The results were
corroborated by sverd methods such as
fingerprinting, end-sequencing and egecidly the
finished sequencing results.

1 Materids

The Hindlll BAC library of the O. sativa
indica GuangL uAi4 genome was constructed by
TAO QuanrZhou and HONG Guo-Fan et al. in
1994 ; ECL hybridization kits were from Amersham
Pharmacia Biotech Inc. ; r Tag enzyme kits and DL
2000 DNA marker were from TaKaRa Biotechnology
(Ddian) Co., Ltd; primers were syntheszed by
BioAsa Biotechnology Co., Ltd, Shanghai;
resriction enzymes were from  Boehringer
Mannheim; chemicas were from Sgma Chemical
Co. , Ltd.

2 Methods
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Templates of PCR were prepared as following:
22368 BAC clones in the Hindlll library are
presrved on 233 wells of 96-well plates. Frsly,
each BAC clone wasinoculated in degp 96-well plates
filled with 1. 4 ml LB media with 25 mg/L
chloromycetin and incubated at 37 °C overnight ,
vigoroudy agitated. Then the plasmids were
extracted by dkaine lyss method. The product in
each wdl was disolved in 30 4l TE buffer.
Meanwhile, 233 tubes of DNA mixtures caled
template pools were obtained in the dmilar way , each
of which was equivalent to the mixture of the
plasmids from a secific plate. Thus the 233 plates
and the same number of tubes represented the 22 368
BACs, namdly the Hindlll library. They aré’ sngle
templates” and “ template pools” of PCR,
repectively. Furthermore, before use, the 233 tubes
of plasmids mixture were digatched on three 96-well
plates, one well corregponding to one tube.

Primers were desgned acoording to the following
dx criteria with the aid of software GAPv4. 4: (1)
Primers were based on the sequences near the ends of
seed BACs anchored by genetic markers. (2) The
sequences of the primers should not be repetitive
sequences or have highly amilar sequencesin the rice

genome, which was dfirmed by BLAST. (3) The
lengths of PCR products were digersed in a range
from 200 —500 bp thus length information obtained
from agarose eectrophoreds image could help reduce
the amount of labor, yet the range was not further
wider for the sake of PCR condition uniformity which
directly affected the PCR eficiency. (4) Asto the two
primers that are in a par, there should not be
continuous base pairing that is 4 bp or longer both in
the same primer and between the two primers. (5)
The lengths of primers range from 18 —22 bp. (6)
The anneading temperature is about 52 °C. Thus,
altogether 14 pairs of primers were desgned and
syntheszed.

The sequences of the primers are listed in Table
1.

The 14 pairs of primers were divided into 3
groups each including 3, 5, 6 pars of gecific
primers. The groups were divided following 2 criteria:
(1) No base pairing that is 4 bp or longer existsin the
same primer group lest the false result happen or the
PCR dficiency drops. (2) The lengths of PCR
productsin one group should be different enough to
be distinguished on the agarose electrophoressimage,
which help find the ecific pair of primers

Table 1 The sequences of the primers

Group name Primers name Sequences L ength of products (lp)
Gouwp 1 H815c01HP1F/ R 5 CTGAATAGT GAAAACTGA TG3 296
TAG TGA TAA ATC AAA CCA CG
H622f05SP6F/ R 5 CTC TAT GGA AGT CAT TAAC3 313
CAC TCT TTA TCT CAA TAG G
H123b08HP1F/ R 5 CTT ATA GCA GAGATT TGT G3 213
CTACAA TCT TGA TTT TTG TCC
Group 2 B621d02SP6F/ R 5 AAC TAT TACCAA CAAACCC3 367
ACC ACA ATT CCA CAA ATA C
H717b12HP1F R 5 CCT TTGAGA CCT AAC TAC3 303
CTTATT ATC CCACACATA TC
H622f05HP1F R 5 CTTAAA TTCACTCTCTCAC3 331
GAA AAT GGC TCT ACT CGG
H502b11SP6F/ R 5 TGGCAA TTTAGA AGGATTC3 247
TGGTTAATGTGT ATT GAT G
H502b11HP1F/ R 5 TAA TCGAAGAAGTATCCT G3 220
TGA TCT TCT TGGAATCTT G
Group 3 B621d02T7F R 5 CAA GAA CAT ATA CAC GAA G3 343
CGACTGTACTTCTTGATT G
H525c06SP6F/ R 5 GGT TAT GGC TAA AGA ATAATG3 341
GTCAAGAGA GGT TAA TTA TC
H525c06HP1F/ R 5 TTGTAGACA TTGTACTAGG3 314
GTTAGTATGGTTAGT TCA G
B222c05SP6F/ R 5 CACACA AAACTA TTGCTA TC3 320
GAC AAA TCA AAC ACA CAA TAC
B222c05HP1F R 5 GAGAGA AAGTGA ACA AAA G3 339
CACCAC TATCTC TAATTT ATC
H123b08SP6F/ R 5 AGA TTGTAGACT GTT GAA G3 292

GTGACA TAT TATAGA ATCCAA G
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corresponding to the PCR products. 2 % agarose was
used for best resol ution.

The PCR procedure was asfollowing: Denature:

95°C, 20 s; Firg round: 95 °C, 20 s; 54

°C, 30 s; 72°C, 30 s; g to for 5 cycles;
Second round: 95°C,20s; 52°C,30s; 72
°C, 30 s; @ to for 25 cycles; Sore: 4°C

store. The anneding temperature of first round was 2
°C higher than that of second round o that fase
postive rate could be reduced. The PCR system was
premixed asindicated in Table 2. The most important
inthe Table 2 is the concentration of the templates.
Too high concentration would lead to complex fase
positive results.

PCR reactions were carried out with a 3step
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strategy. PCR step 1: To determine the reation
between the primer groups and the template pools. In
this step, primer group were reacted with template
pools. For example, the primer group 1, which
contained 3 pairs of primers, reacted with the three
96-well plates representing the whole 233 template

Table 2 The components of PCR reaction

Templates (approx. 10 mg/ L) 1yl
Primers (10 mol/ L each) 0.5u1

dNTPs (2.5 mmol/L each) 4u1

Mgd,(25 mmol/ L) 3ul
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Fig.1 Gd eectrophoresis of the pool- PCR results using Groupl primers
There are three pairsof primers(H815c01HP1F/ R, H622f05SP6F/ R, H123b08HPLF/ R) in primer Group 1. The product of H123b08HP1F/ R was
shorter than 250 bp( 213 bp ) while the productsof the other two pair were longer than 250 bp ( 296 bp and 331 bp ) . Snce one band of the DL 2000
marker represents 250 bp , each positive result was attributed to H123b08HP1F R(when <250 bp) or the other two primer pairs(when > 250 bp) .
Such an attribution reduced the amount of labor in step 2. The postive results beonging to H123b08HPLF/ R: H321, H506; The postive results
belonging to either H815c01HPLF/ R or H622f05SP6F/ R : H302, H505, H602, H801, H821, H823; The fdse resuts: H312, H315, H321,

H414 , H424 , H506 , H523, H622 , H701, H815, H802, H820, H925.
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pools. Only with one 4-block thermal cycler and in 80
minutes, information was obtained about which
template pools had postive clones corregonding to
the certain primer group (Fig.1).

Moreover , dnce the length of products had
digtinguishable differences , postive results could be

JCa b F%a M5 S

S 506b S STbMia MWib. Sla S1b

-
801815

Fig.2 Part of theresultsfrom PCR step 2
Each postive result in Fig. 1 was picked out and reacted with one of the
pair(s) of primersto which it was attributed in PCR step 1. Thus each
postive result (representing 96 wells on a certan plate) was attributed
to asnge pair of primers.
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Fig.3 Part of theresultsfrom step 3
After PCR step 1 and step 2, the relationship between sngle plate and
sngle pair of primers was established. In step 3 each one of the 96 BAC
templates that were on a postive plate was reacted with the par of
primers to which the postive plate was attributed. A podtive BAC clone
H505f09 was picked out.

attributed to fewer , such as 2 gecific pairsof primers
within the primer group 1. PCR sep 2: To
determine the relation between the ecific pair of
primers and the template pool () . Inthis step , every
podtive template pool was attributed to a certain pair
of primersin the primer group (Fig.2) by PCR.

PCR step 3: To determine the positive BAC(s)
for the gecific pair of primers. In this step, the
ecific pair of primers reacted with the certain 96
wel plate templates corregponding to the postive
template pool, to determine the postive BAC
template (Fig. 3) .

Pogdtive results obtained from PCR were
subjected to mature techniques in our lab for
confirmation, such as endsequencing, finger-
printing, Southern blotting (see Fig. 4) .

Overlapping dze between the seed BAC and the
postive BAC was estimated based on fingerprinting
and Southern blotting results and accurately
corroborated by end sequencing. Clones that had
overlapping sze less than 25 % but more than 3 kb
were slected for sequencing.

Fig. 4 One o the results of fingerprinting ( A) and
hybridization [ ( B) , seed BAC as the probe]

1,A/ Hindlll marker; 2, H502bl11(the seed BAC) ; 3, H123f08; 4,
H204e02; 5, H615d10; 6, H712d03.

3 Reasults

65 BAC clones were identified by usng pool-
PCR screening to be located in the region from
56.1—68 cM on the chromoome 4 of O. sativa
indica GuangL uAi4. 29 BAC clones of them were
further identified to be located on the 8 contigs by
Southern hybridization and BAC end sequencing
anayss. The relationship between the identified
BACs and the seed BACs are shown in the Table 3.
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Table 3 Therelation between the seed BACs and the positive BACs in the 56. 1—68 cM region of chromosome 4 of O. sativa

indica GuangL uAi4

Seed BACs Podtive Overlgpping length Extension length (kb) Direction of
(length and location) BACs (kb) (appromix.) (gppromix. ) seed BACs
H123b08(99 kb, 56.1 cM) H506a08 70 20 HP1
H321a05 30 80 HP1L
H314f01 60 9 SP6
H815c01 (109 kb, 67.5 cM) H505f09 30 70 HP1L
H821d12 109 <2 HP1L
H823e10 109 5 HPL
H823c12 109 5 HP1L
H622f05(71 kb, 58.9 cM) H602e02 45 3 SP6
H302b04 45 10 SP6
H801e06 70 3 SP6
H414h05 35 30 HP1
H617h08 50 10 HP1L
H717b12(121 kb, 57.5 cM) H414e10 >90 <2 HP1
H417b06 > 60 <2 HP1
B621d02(51 kb, 66.4 cM) H903e04 42 30 SP6
H218a01 >45 10 SP6
H213c02 >40 10 T7
H216a02 15 >50 T7
H218a01 >45 10 T7
H919c01 8 <2 T7
H502b11(114 kb, 56.1 cM) H123f08 0.4 115 SP6
H204e02 0.5 82 SP6
H615d10 53 <2 SP6
H712d03 45 <2 HPL
H525c06 (99 kb, 65.0 cM) H118b03 60 15 HPL
H225d01 55 10 HP1L
B222c¢05(40 kb, 62.1 cM) H206a12 40 30 SP6
H125f04 20 > 65 HP1
H206a12 40 30 HPL

Note: HP1/ T7 and SP6 are not equa to the 5 and 3 ends of the DNA , but the ecific sequences in the BAC vector which determine the

direction of the ingerts.

In tota , the 8 contigs have been extended 510
kb from both directions. One of the identified BAC
clones H321a05 was sHected and sequenced and the
sequencing results supported the concluson in this
work( Fig.5).

4 Discusson

Pool-PCR has 4 advantages over traditiona
method: (1) High efficiency Pooled templates and
primer groups reduced the time of contig extenson
greatly. To finish the elongation from 16 BAC ends,
a proficient technician need only 2 —3 weeks usng
pool PCR while severa months will be needed by
traditiona methods. (2) High sendtivity Following
the protocol in thisarticle, all ssed BAC clonesin the
physca map that has been identified by traditiond
methods have been picked out without exception.
Furthermore, PCR oonsumed by far less DNA
templates than end-sequencing, fingerprinting and
Southern blotting. Through a series of tests we have
found the least yet ill &ficient template dosage as

littleas 1 ng. Too much template could cause false
positive results. (3) Reusability Once the BAC
template pools has been prepared , they are enough for
at least 60 times of chromosome wdking from 14
BAC ends. In mogt dtuations, it is well enough for
the whole chromosome waking. (4) Specificity

Some information from the eectrophoreds images
could help us to digtinguish the false podtive results
from the real ones thus the ecificity and readahility
were greatly enhanced compared to the colony insitu
hybridization. Firstly, the lengths of the fase
postive products were different from what be
supposed in most cases(see Fig. 1). Secondly, fase
postive results due to crosscontamination of
templates or homologous sequences aways gave out
weaker dgnas. Thirdly, snce the cross
contamination often hgppened in the wells near the
red postive ones. If on the electrophoress image a
strong dgna was followed by a series of weaker
dgnals eyecidly in a declining pattern, concluson
could be made with confidence that the strongest
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sgnal represented the rea postive result.

Fig.5 The BAC contig map o the chromosome 4 of O. sativa
indica GuangL uAi4 (56.1—68 cM)

To make the protocol more efficient, we d
tried to use the bacteriain the BAC library directly as
the templatesfor PCR. In 8 timesof test in which all
reaction conditions were the same, only 2 —3 times
had we got posgtive results . It semed that the
sengtivity and repeatability were greatly reduced
compared with that DNA itsadf acting as the
templates. Further experiments will be carried out to
optimize the reaction conditionsfor bacteria PCR.

However , pool-PCR a9 has its disadvantages.
From alot of experimenta results, we can e PCRis
a very sendtive and complex reaction conforming to
Chaos theory, omewhat like exploson process.
Small disturbance can grow more and more violent
until at last a negative clone could give out a seemly
podtive result. Such disturbance comes from 2
reources: (1) Agglomeration” among primers We
have reduced such disturbance to a tolerable extent
through computer-aided primer segregation ( See
Methods) . (2) Crosscontamination of templates
PCR is a very sendtive reaction that even a sngle
copy of template can be identified. We' ve developed a
st of drict rules to minimize crosscontamination,
from plasmid extraction to preservation, and to PCR
reaction. Such a set of rules can reduce fa s postive
results greatly. In most cases, fase podtive results
can be digtinguished from rea postive results for an
experienced researcher.
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