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- ABSTRACT |

The AFLP technology was used fo develop AFLP markers characterizing 10 maize inbred
lines and generating unique fingerprint for each inbred line. Selective amplification of the genomic
DNA from the ten inbred lines, using eighteen primer combinations, revealed a total number of
1143 amplicons. The number of polymorphic amplicons across the 10 inbred lines was 902,
representing a level of polymorphism of 78.9%. Genetic distances berween lines were calculated
from AFLP data using the Dice coefficient. UPGMA analysis and dendrogram clustered the ten
inbred lines into two main clusters, each composed of different groups revealing relationships
which were basically consistent with the pedigree of the inbred lines. Moreover, unique AFLP
markers characterizing each of the ten inbred lines were identified. The fotal number of unique
markers was 122 positive markers and 73 negative markers. The number of unique markers per
genotype ranged from 4 9 45. Inbred line 8d 7 was characterized by the highest number of unique
markers (39 positive and O negative markers). While, line A188 revealed the lowest number of
unique markers (4 markers). The results assess the potentiality of the AFLP technology for
characterizing at the molecular level and for generating unique fingerprint for each inbred line.
This could have great impact in plant improving programs, particularly, of important crops such as
maize.

Keywords: Molecular markers, AFLP, maize, fingerprinting, genotyping, structural genomics and
genetic similarity.
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In addition, the use of DNA markers for

| - INTRODUCTION -~ |

he emerging technologies have
revolutionized plant genetics and

breeding in the last few decades. Plant

genomic rescarch has produced molecular
tools for scientist to improve breeding
efficiency and accuracy. One of these
important tools is the development of
molecular markers. The usefulness of DNA
markers for germplasm characterization and
estimation of genetic relationships has been
well demonstrated for different crops (Ahmed,
1999; Cao er al, 1999; Moeller and Schaal,

marker assisted selection brings extraordinary
promise for streamlining many crop
improvement efforts (Tanksley et al., 1988 and
Ribant and Hoisington, 1998).

Moreover, DNA markers proved to be
useful in predicting genotypes that may be
used in new crosses, particularly in certain
crops such as maize where the challenge to
maize breeders is to identify inbred lines that
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produce highly heterotic hybrids (Ajmone
Marsan er al., 1998).

Different molecular markers have been
applied for germplasm identification and
characterization such as RFLP (restriction
fragment length polymorphism, Botstein er al.,
1980), RAPD (random amplified polymorphic
DNA, Williams et al,, 1990) and SSRs (simple
sequence repeats, Litt and Lutty, 1989).

More recently, a DNA fingerprinting
technique, called amplified fragment length
polymorphism (AFLP} has been developed by
Zabeau and Vos (1993) and Vos er al. (1995).
AFLP markers are genomic restriction
fragments detected after selective
amplification using the polymerase chain
reaction (Saiki et al, 1985). AFLPs are
Mendelian  markers with a number of
appealing features relative to other molecular
markers including (i) a high multiplex ratio,
thus, revealing a 10-fold increase in the
number of informative markers per analysis,
(it) its ability to give highly reproducible
banding patterns, and (iii) no priori sequence
information of the DNA is necessary.
Therefore, they provide a very powerful tool
for genomic DNA fingerprinting of genomes
of any origin or complexity, including those of
maize (Vos ef al., 1995 and Ajmone Marsan et
al., 1998).

The present study has been conducted
with the main objectives to develop AFLP
markers characterizing 10 maize inbred lines,
to develop a fingerprint identifying each
inbred line and to establish the genetic
relationships among these lines as detected by
AFLP analysis.

| MATERIALS AND METHODS - |

Plant material

The plant material used in this study
consisted of 10 maize inbred lines. Seeds were
kindly provided by the Maize Department,

Field Crops Research Institute, Agricultural
Research Center, Giza, Egypt. The genetic
backgrounds of the 10 inbred lines are
described in Table (1).

Genomic DNA isolation

The total genomic DNA was isolated
from young leaves of the 10 inbred lines as
described by Aitchitt er af. (1993). Leaf tissues
(2 g) were harvested and frozen in liquid
nitrogen; the frozen tissue was then ground to
a fime powder. The powdered tissue was
homogenized in 14 ml of DNA extraction
buffer (1.4 M NaCl, 20 mM EDTA, 100 mM
tris-HCI pH 8.0, 3% w/v CTAB, 1% v/v 2-
mercaptoethanol) and incubated at 65 C for 30
min. This mixture was then extracted with an
equal volume of chloroform-isoamyl alcohol
(24:1), and the DNA in aqueous phase was
precipitated with an equal volume of
isopropanol. The DNA was pelleted by
centrifugation, washed with 70% (v/v) ethanol
and dissolved in 3ml of TE buffer (10 mM
Tris, I mM EDTA, pH 8.0). The DNA
solution was then treated with RNASE (10
pg/ml at 37°C for 30 min), re-precipitated with
7.5 ml ethanol, 0.3 M sodium acetate and
dissolved in I ml of TE buffer. Agarose gel
electrophoresis confirmed that the DNA was
of high molecular weight with no degradation
or contaminating RNA.

AFLP analysis

The AFLP procedure was performed,
with minor modifications according to the
protocol of Vos et al. (1995) that is supplied
with the AFLP Analysis System I kit (Gibco,
BRL). Approximately 500 ng DNA of each
DNA sample was digested simultaneously
with EcoRl and Msel at 37°C for 2 hr. The
digested samples were incubated at 70°C for
I5 min to inactivate the restriction
endonucleases. EcoRI and Msel adapters were
ligated to the digested samples at 20°C for 4
hr. This was done to generate template DNA
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for amplification. Preamplification was carried
out with +1 - primers each carrying one
selective nucleotide (EcoRI + A and Msel +C)
in a thermocycler for 20 cycles (94°C/30s,
56°C/60s and 72°C/60s). The amplification
products were diluted 50 fold in TE buffer and
stored at -20°C. Selective amplification was
carried out with EcoRI + 3 - primers and Msel

+3— primers and 5 pl of the diluted PCR
products from the preamplification. Eighteen
primer pair combinations were employed in
this study (Table 2). The PCR amplification
was performed as follows: one cycle at 94°C
for 30s, 65°C for 30s and 72°C for 60s,
followed by 13 cycles of touchdown PCR in
which the annealing temperature was lowered
by 0.7°C every cycle. This was followed by 23
cycles at 94°C for 30s, 536°C for 30s and 72°C
for 60s.

Gel analysis

The reaction products were mixed with
equal volumes of formamide loading buffer
(98%formamide, 10mM EDTA, bromophenol
blue and xylene cyanol), denaturated by
incubating at 90°C for 3 min and quickly
cooled on ice. The products were analyzed on
8% denaturing polyacrylamide gels. The gel
was Tun at constant power (50-55 W) until the
dye was about 2/3 down the length of the gel.
The gel was silver stained using a DNA silver
staining system from Promega, according 1o
the manufacturer instructions.

Data analysis

The amplified fragments were scored
visually as present (1) or absent (0). The Dice
coefficient of similarity (Sneath and Sokal,
1973) was used to obtain estimates of genetic
similarity for phenetic analysis. A dendrogram
was constructed using the unweighted pair
group method with arithmetic average
(UPGMA).

[ RESULTS AND DISCUSSION ]

Molecular markers have become, over
the last few decades, a promising method for
maize fingerprinting, which are based not only
on restriction fragment length polymorphisms
(RFLPs), but particularly on polymerase chain
reaction {(PCR) generated markers, such as
random  amplified polymorphic = DNAs
(RAPDs)  (Williams et al, 1990},
microsatellites (SSRs) (Litt and Lutty, 1989)
and more recently, amplified fragment length
polymorphisms (AFLPs) (Zabeau and Vos,
1993).

In the present study, ten maize inbred
lines were assayed for AFLPs using 18
selective primer combinations. Fingerprinting
revealed a total number of 1143 unambiguous
amplified fragments, ranging in size from 50
to 2700 nucieotides. The number of amplified
fragments detected after selective
amplification with the different primer
combinations varied from 33 to 128 (Fig. |
and Table 2). The number of polymorphic
amplicons across the 10 inbred lines was 902
representing a level of polymorphism of
78.9%. The different primers revealed
different number of polymorphic amplicons
ranging from 29 to 102 with an average of
50.1 polymorphic amplicon per primer
combination. In this respect, Ajmone Marsan
et al. (1998) analyzed the genetic diversity
among 13 maize inbred lines and reported that
the number of AFLP polymorphic bands
ranged from 19 to 52 with an average of 34.8.
While El-Khishin er al. (2003) detected 47-
118 polymorphic bands with an average of
85.3 among 20 maize inbred lines representing
a level of polymorphism of 80.1%. The level
of polymorphism revealed by the different
primer combinations ranged from 33% in
primer combination /3 to 100% i primer
combination 3/4. Hussein e al. (2002a)

. reported that the level of polymorphism
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revealed by six AFLP primer combinations in
cotton ranged from 38% to 65%. While, in
maize El-Khishin er al. (2003) revealed a level
of polymorphism ranging from 064.4% to
86.3%. In addition, Adawy er af. (2003)
claimed that the level of polymorphism in date
palm ranged from 17% to 81% as revealed by
28 AFLPs primer combinations.

Genetic distances among inbreds

The scoring data obtained from the
eighteen primer combinations were used to
determine the genetic similarity among the ten
maize inbred lines using the Dice coefficient.
These similarity matrices were then used in the
cluster analysis to generate a dendrogram
using the UPGMA method. A summary of the
genetic similarity among lines is presented in
Table (3).

The genetic similarity estimates ranged
from 65.1% to 80.9%. The highest genetic
sitnilarity (80.9) was between inbreds Sd 7 and
Gz 649 and between Sd 7 and Gz 603. While,
the lowest genetic similanty (65.1%) was
exhibited between Sd 62 and Sd 7. These
results are in good agreement with the
pedigree of these lines. As shown in Table (1)
Sd 7 is one of the progenators of Gz 603 only,
therefore it contributed to its genetic make-up
which was reflected as the closest genetic
similarity. While the low similarity value
between Sd 7 and Sd 62 reflects their highly
divergent origin, where Sd62 is derived from
Tipalcinco No.5, while Sd 7 is derived from a
cross between American early dent X
composite A4,

The genetic relationships were expressed
as shown in the dendrogram (Fig. 2) which
iliustrates the graphical representation of the
genetic distances among the ten maize inbred
lines. The dendrogram clustered the ten inbred
lines into 2 main clusters. One cluster was
composed of two groups where Sd 63 and Sd
62 formed one group which reflects their close
relationship since both lines were derived from
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Tipalcinco No.5. The second group comprised
Gz 643 and Gz 624. This is also in close
correspondence with their pedigree, as they are
both resulting from crossing B73 with Sd 62.
In the second cluster, Gz 649 and Gz 639
grouped together and Sd 7 grouped with Gz
603, thus, reflecting their  pedigree
relationships. In this respect, Goulao et al
(2001) in apple and El-Khishin et af. (2003) in
maize reported that the hybrid cultivars
sharing common parents tend io group
together in cluster analysis, suggesting that the

genetic  similarity  values  obtained by
molecular markers appear to correspond to the
known pedigree information. Moreover,

Assem (2001) and El-Tiriby er al. (2003)
studied the regencration ability of the same
inbred fines and showed that Gz 643 and Gz
024 revealed the highest regeneration ability,
while Sd 7 and Gz 603 revealed the lowest
regeneration ability. Lines Sd 62 and Sd 63
showed moderate response on the callus
induction and regeneration media.

Characterization of inbred lines by AFLP
unique markers

In the present study, genotype specific
AFLP  markers were  successful in
characterizing all the tested inbred lines. As
shown in Table (4), the AFLP assay permitted
the identification of the different lines by a
total of 122 unique positive markers (UPM)
and / or 73 unique negative markers (UNM).
The total number of UPM per genotype ranged
from 3 to 39, while the number of UNM per
genotype varied from 1 to 24. The highest
number of unique markers (45) was exhibited
by the inbred line Sd 7 which was
characterized by 39 positive and 6 negative
markers. While, the lowest number (4) was
revealed by line A188 (3 positive and 1
negative markers). The different primer
combinations revealed different numbers of
unique positive and or negative markers across
the ten inbred lines, thus revealing a unique
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fingerprint for each inbred line.

The results obtained in this study point
out the usefulness of the AFLP marker system
for fingerprinting maize inbred lines with high
accuracy. This could be attributed to the high
multiplex ratio of the AFLP assay. Different
authors reached to the same conclusicn
concerning the efficiency of the AFLP
technology (Negi et al, 2000 in pepper,
Degani et al, 2001 in strawberry; Hussein et
al., 2002a in cotton, and 2003 in c¢itrus; Adawy

Table (1): Pedigrees of the ten maize inbred lines.

et al., 2003 in date palm and El-Khishin ef al.,
2003 in date palm). Therefore, the use of
AFLP’s fingerprint in maize breeding
programs is highly recommended to assess
seed purity, selection of parental lines that
could provide the highest heterotic effect,

determination of marker assisted selection,
prediction of heterotic response of hybrids and

protection of breeders rights.

Maize line Pedigree
'Sd 62 Tepaicinco No.5

*Sd 63 Tepalcinco No.5

*Sd 7 American early dent x composite A4

Al88 American line

Gz 643 B73 x Sd 62

"Gz 624 B73x3d 62

Gz 639 B73 x Sd 62

*Gz 649 B73xS8d 62

Gz 650 B73x Sd 62

‘Gz 603 B37xSd7(Bcl Sa7)
Gz = Giza *53d = Sids “Bc = backcross

Table (2): Summarized results obtained by AFLP data analysis showing AFLP primer
combinations, total number of amplicons, number of polymorphic amplicons and
level of polymorphism detected by different primer combinations among the ten maize

inbred lines.
Primer Total no. of Polymorphic .
Code combination amplicons amplicons Polymorphism %

172 AACICAC 51 64.56
1/3 AACICAG 36 53.00
1/4 AAC/CAT 45 60.00
22 AAG/CAC 57 77.03
223 AAG/CAG 29 37.88
24 AAGICAT 37 72.55
27 ' AAGICTG 51 i 63.00
28 AAGI/ICTT a5 83.33
373 ACA/CAG | 18 73.10
3/4 ACAJCAT ) 37 100.00
4/4 ACC/CAT 78 86.67
415 ACCI/CTA 42 64.62
4/6 ACCICTC 97 98938
514 ACGI/CAT 30 73.17
56 ACG/ICTC 39 95.12
6/6 ACT/CTC 128 102 79.69
7/8 AGC/CTT 41 80.39
872 AGG/CAC 58 47 81.03
Total 1143 902 78.90
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Table (3): Geuelnc similarity matrix campu!ad acmrdmg to Dice coefficient based on AFLP data.

2 3 G 7 8 9 10
I 5d 62 100.0
2 5d 63 794 100.0
3 Gz 624 | 744 719 100.0
4 Gz 643 | 74.1 79.3 50.3 100.0
3 Gzed9 | 715 74.9 76.3 80.8 100.0
6 Gz 649 | 69.8 72.0 74.5 78.3 87.3 100.0
7 AlBE 68.1 71.3 72.9 e TE.1 78.5 100.0
5 Gz 630 | 60.6 73.6 3.7 74.2 13.5 152 72.0 100.0
9 Gz 603 | 65.7 606.0 69.0 722 T2 171 759 68.4 100.0
10 5d7 65.1 67.4 69.9 126 80.8 80,9 8.1 9.2 80.9 100.0
1/2 . 8/2 6/6
M1 2 3 45 67 B %10 I 2 3 4356 7 8°0.00 M 23 4567 8 WM

BO0 bp
TOO bp

T b
&00 bp

500 bp

4040 bp

300 bp

200 bp

100 bp

Fig. (1): AFLF profiles of the ten maize inbred lines as revealed by primers combinations 1/2, 8/2
and 6/6. Lanes 1 to 10 refer to inbred lines: Sd 62, Sd 63, G 624, G 643, G 639, G 649,
Al&S, G 650, (: 603, Sd 7. M: refers to 100 bp DNA ladder.
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Table (4): Unique positive (UPM) and negative (UNM) AFLP markers, markers size and total number of markers

“characterizing each of the ten maize inbred lines.
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Fig. (2): Dendrogram of 10 maize inbred lines revealed by UPGMA cluster analysis.
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