Chapter 5 inWhich DNA Marker for Which Purpose? Final Compendium of the Research
ProjectDevelopment, optimisation and validation of molecular tools for assessment of
biodiversity in forest trees in the European Union DGXII Biotechnology FW IV Research
ProgrammeMolecular Tools for Biodiversity. Gillet, E.M. (ed.). 1999. URL
http://webdoc.sub.gwdg.de/ebook/y/1999/whichmarker/index.htm

DIG-labelled AFLPs in oaks - A DNA marker for reconstruction of full- or
half-sib family relationships ?

B. Ziegenhagelt, V. Kuhlenkamg, R. Brettschneidé; F. Schol2, B.R. Stephah B. Degert

1Federal Research Centre for Forestry and Forest Products, Institute for Forest Genetics &
Tree BreedingSieker Landstrasse 22927 GrosshansdoGermany

2Centre for Applied Plant Molecular Biology, AMP I, Institute for General Botany,
Ohnhorststrasse 182609 HamburgiGermany

3INRA, Station de Recherches Forestiéres Guayane,
Campus agronomiqu8P 709,97387 Kourou Cedexzuayane Francaise

*Corresponding author: Ema#iegenha@aixh0001.holz.uni-hamburg.de

Abstract

Within populations of forest tree species, highly polymorphic genetic markers are supposec
enable the reconstruction of family relationships. This pilot study is on validating AFLPs as
markers for differentiation among full- and half-sib-family relationships in the broad-leaved f
species oakQuercus spy). For this purpose, the DIG-labelled AFLP technique was adapted
oaks and Mendelian inheritance analysis conducted by segregation analysis of polymorphit
among parents and their full-sib progeny using three different PECs. The polymorphic DNA
fragments were mainly found to follow a dominant mode of gene action. Pairwise Tanimoto
distances were computed both within a subset of full-sibs as well as within a subset of half-
later on compared. First results reveal different distributions of Tanimoto distances betweer
subsets. However, strong overlapping of frequencies occurred in one of nine distance class
potential of dominant AFLP markers for reconstruction of family structures is discussed witt
to spatial genetic analysis.

Key-words treesQuercus spp DIG-AFLPs, chemiluminescence, inheritance analysis, genet
distance, family relationships

Abbreviations AFLP (Amplified Fragment Length PolymorphisnBEC
(Primer-Enzyme-CombinationRIG (DIG-Oxigenine-based chemiluminescent detection systt
according to Boehringer Mannheim, Germai®\jL.P® (AFLP-Trademark, Keygene,
Wageningen, The Netherlands).

Introduction

In the forest tree genus oak, highly polymorphic nuclear microsatellites have been demonsi



be powerful codominant DNA markers for parentage analysis and thus for reconstruction of
mating system and/or gene flow (Dow and Ashley 1996, Lexatl 1997, Streiffet al 1999).
Furthermore, in oak species, microsatellite markers were successfully applied for
verifying/falsifying maternal half-sib relationships from subsets of just a few seeds fieater
1999).

What are the perspectives for end-usess.in practical forest management? By assessment o
degree of kinshipg.g.family structures, the effects of forest management on the mating syst
tree species will be better understood. Using the data for simulation, the effects may then b
estimated over a few generations (Degeal 1996). Another application is examined in the ak
mentioned study bizexeret al (1999, this Compendium): This category of highly polymorphic
DNA markers is shown to be a new and promising tool for controlling family relationships w
charges of forest reproductive material harvested for trade.

Nuclear microsatellites have one disadvantage: Their development is time and thus money
consuming in any species or genus. In contrast, AFLP technology is a universal marker tec
It is therefore worthwhile to test this fingerprint technology for its capacity in comparison wit
nuclear microsatellites. A comprehensive evaluation of these two DNA marker categories is
in the review article byRobinson and Harri€l999, this Compendium). These authors mainly
consider the use of microsatellites and AFLPs in plant population genetics and phylogeneti
analyses. For oaks, an experimental approach for testing the applicability of AFLPs in a
comparative parentage analysis is presente@éperet al. (1999, this Compendium).

Here, a pilot study is presented on validating AFLPs as DNA markers for differentiating bet
full- and half-sib family relationships in the broad-leaved tree 'oQkigfcus spy). For this
purpose, as one of the goals of the project, non-radioactively labelled AFLP technology wa:
adapted to oaks in order to provide a protocol for laboratories that have neither isotopes nc
automated sequencing equipment. In a next step, a subset of full-sibs as well as a subset ¢
were determined from a single tree progeny by means of microsatellite markers. The full-sil
was the basis for a comprehensive inheritance analysis checking three different PECs. In a
AFLP banding patterns from full- and half-sibs were analysed for pairwise Tanimoto distanc
guestion that will be later on discussed is: Do AFLP markers provide a reliable tool for estin
the degree of kinship within a tree population?

Material and Methods
Determination of an oak half-sib and an oak full-sib family from a single tree progeny

Oak seedlings were sampled that had been grown from acorns collected beneath one adul
pedunculate oak tre€(ercus robul..) (the putative seed parent) in the Arboretum of the Inst
for Forest Genetics and Forest Tree Breeding in Grosshansdorf. Using nuclear microsatelli
markers for paternity analysis, it was possible to reconstruct subsets of half- and full-sib se
from the single tree progeny. For this purpose 45 adult oak trees of the Arboretum, includin
seed parent, and a total of 116 seedlings were analysed at three to four microsatellite loci.

these data, in a first step those seedlings were excluded from subsequent analyses that dic
any allele at each of three microsatellite loci with the seed parent. The remaining data were
subjected to paternity analysis. On the basis of three microsatellite loci, a putative pollen pe
could be assigned to the seedlings with an average exclusion percentage of 91. Excluding

seedlings were tentatively divided into full-sib families, each with a different pollen parent. 1
maximum size of these tentative full-sib families turned out to be 35. These 35 candidate fL



were then analysed at a fourth microsatellite locus. The results finally revealed that 33 of th
unambiguougull-sib seedlings of the seed parent and their respective pollen parent. Furthetr
the data set were screened for the maximum number of seedlings representing a 'true’
half-sib-family, where each member has a different pollen parent. 11 seedlings were the m:
number that could be determined to be half-sibs of the same seed parent at the above-mer
level of exclusion (91%). See below for the methods in detalil.

DNA extraction:

50 - 100 mg (fresh weight) leaf material was homogenised in Eppendorf tubes using a shalk
(Retsch GmbH, Haan, Germany; Ziegenhagjes. 1993) and total DNA extracted according tc
Dumolinet al (1995) with slight modifications including a final treatment with 0.5 pg RNase
(Boehringer Mannheim, Germany) at 37° C for 30 minutes.

Microsatellite analysis:

The following microsatellite loci as characterised by Steinketheat (1997) were analysed:
SsSrQpZAG1/5, ssrQpZAG36, ssrQpZAGY9, ssrQpZAG104.

PCR amplification PCR cocktail and cycle profile were designed according to Stteatf (1998).
PCR was run in the Touch-DoWwM Thermal System (Hybaid Limited, Teddington, UK).
Separation and staining &?CR productsThe PCR products were pre-treated according to St
et al (1998) and run in a 6% denaturating polyacrylamide gel (Rotiphor 40, 38:2
alcrylamide:bisacrylamide, Roth, Karlsruhe, Germany), using a sequencing gel apparatus (
BRL, Life Technologies, Eggenstein, Germany). The gels were run in 1XTBE buffer adjuste
8.3 at 2000 V for 2.5 to 3 h. Silver staining of the gels was performed according toebaéiff
(1998).

Paternity analysis:

Paternity analysis was performed by the Computer-programme FAMILIA, v. 1.0 (Degen 19!
unpublished). This programme operates by paternity exclusion and on the assumption of a
restricted gene flow.

Performance of DI G-AFLP technology and analysis of banding patterns
DIG-Oxigenine protocol

Total DNA from the parents and their 33 full-sib offsprings as well as the total DNA of the s
parent and its 11 half-sib offsprings was analysed for AFLP banding patterns. DIG-labelled
technology was adapted to oaks using a combination of different protocols. The basic protc
that by the patent holder for AFERVos et al 1995). Our DIG-Oxigenine approach is a
modification of a protocol by Gebhardt (1995, unpublished, MPI, K&ln, Germany) that was
optimised for maize by Brettschneider (1996). Details of our protocol will be published elsey
(Ziegenhagemt al, submitted).

Three different PECs were chosen that are assumed to follow different profiles of sampling
the genome (more random-like or more cluster-like profiles, Peleman, personal communice
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Inheritance analysis

Inheritance analysis was conducted on the full-sib family taking the DNA banding patterns,
generated by the three different PECs. The banding patterns were screened for polymorph
these band positions assigned with discrete values from 1’ to 'n’ ranging from the smallest
greatest length of the DNA fragments. In this way, the gel lanes of the individual AFLPs of ¢
and pollen parent followed by the 33 full-sibs were translated into columns of three Excel te
The latter were imported into the computer programme CoTrix (Degen 1996). By means of
programme the banding patterns were digitised into a 1/0 matrix (present/absent band at tr
relevant band position) which is the basis for segregation analysis. From the obtained segrt
data, the programme reconstructs the most probable parental combination according to the
six different cases of combinations. Test of null hypothesis is done by means of a G-Test w
included in the programme (for the six cases, see Degen 1996 and below).

Distance analysis:

Pairwise estimation of genetic distances between individuals were done by computing
similarity/dissimilarity of AFLP banding patterns. The Tanimoto distance measure was usec
pairwise comparison of the individual banding patterns within both subsets, the full-sibs anc
half-sibs. This comparison of banding patterns was done dPstidsePEC only.

The Tanimoto distance was calculated by the programme CoTrix as follows (formula in: De
and Trampisch 1985):
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where
k = band position,
n = number of different band positions,

X,i = value of the 1/0 matrix of band position k of the individual i, and

Xy = value of the 1/0 matrix of band position k of the individual j.

Results
Adaptation of DIG-labelled AFLP technology

DIG-labelled AFLP technology was successfully adapted to oak and provided distinct and



reproducible banding patterns. The usage of all three PECs resulted in highly polymorphic
the PEC$£co/MseandHind/Mseexhibiting a greater number of bands and a greater number
polymorphic bands than the PESt/Mse Figure 1gives an example of DIG-detected AFLP
banding patterns in a subset of the analysed oak full-sib family.

KB M F KB M F

Figure 1: DIG-detected AFLP patterns of a full-sib oak family. Section of a gel demonstratin
patterns by using PERst/Mse M = seed parent = pollen parentN] andF were loaded in
replicates)KB = Molecular Size Standard V (Boehringer, Mannheim, Germany).




PEC Reconstruction of the parental combinations
No. of bands (six cases, | to VI)
scored

I I 1 A% \% Vi

Number of significant band combinations 3
candidates for codominant markers

192

Eco/Mse 0 0 0 1 30 0
46

Hind/Mse 0 0 0 0 12 0
48

Pst/Mse 0 0 0 0 21 0
28

Table 1: Results of segregation analysis of polymorphic bands among parents and full-sib
As defined in CoTrix (Degen 1996), the parental combinations are as follows:
| =parental combination I: both parents are different homozygotes
Il = parental combination II: both parents are different heterozygotes
[Il = parental combination Ill: both parents are different heterozygotes and share one allele
IV = parental combination IV: both parents have the same heterozygous genotype
V =parental combination V: one parent with heterozygous, the other with homozygous gel
the homozygote shares one allele of the heterozygote
VI = parental combination VI: one parent with heterozygous. the other with homozygous ge
the genotypes do not share any allele

Inheritance analysis

Table lgives the results of segregration analysis. For all three PECs, the parental combina
was predominantly reconstructed. Only once was the parental combination 1V also reconsti
however at a low level of significance (ns=1.05). From all combinations in case V, those ba
combinations were regarded as candidates for codominance that were reconstructed at a I¢
significance of ns0.05. For the obtained candidate combinations (for numbers, see Table 1)
hypothesis of ‘codominance’ cannot be rejected. Thus at first glance, there is an unexpecte
number of band combinations that significantly fit with codominant mode of gene action. Hc
among the parental combination V, all band combinations share one band with another sig
combination. In sum, only one candidate combination from case IV out of a total of 122
polymorphic bands indeed reflects a low proportion of codominant AFLP marker bands. Th
confirms the already known predominantly dominant mode of gene action in AFLP banding
patterns (see discussion).

Tanimoto distances
Results of the pairwise Tanimoto distance analysis are summarisigalie 2 The figure

demonstrates the relative occurrences of pairwise Tanimoto distances within 9 different dis
classes.



Whereas the parents of the full-sibs are characterised by Tanimoto distance of 0.55 (data r
shown), all members of either the full-sib or the half-sib family are less distant to each othe!
values of the Tanimoto distance are all < 0.50 except three pairwise combinations of half-si
achieved a maximum value of 0.50. As can be judged Figore 2 the Tanimoto distances follc
more or less a Gauss distribution and furthermore it is observed that the distribution is diffe
between the two subsets. For the half-sibs there is a visible shift of the curve towards great
Tanimoto distances. In this subset, as opposed to the full-sibs, the first three distance class
represented. The half-sibs only start at a Tanimoto distance of 0.20. In the first three classe
distinct differentiation between the subsets of full- and half-sibs is possible. On the other he
there is a strong overlapping of frequencies in distance class No. 6 (0.30-0.34). Here, half-
full-sibs cannot be distinguished, not even by frequencies.

Distribution of Pairwise Tanimoto Listances
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Figure 2: Distribution of pairwise Tanimoto distances within the two subsets, full- and half-s
The distribution is given as relative occurrences within 9 defined distance classes ranging f
to 0.50 Tanimoto distance.

Discussion

In our study we succeeded in adapting non-radioactive AFLP technology to the forest tree ’
(Quercus spyp. Our protocol (Ziegenhaget al, submitted) is in line with other chemiluminesc
protocols that have already been published for different organisms including herbaceous pl
species€.g, Lin et al 1997, Vrielinget al 1997). Recently, De Greét al (1998) reported on a
special chemiluminescent AFLP technique applied on sessilé€aakdus petrae@Matt.) Liebl.).
They used the kit '"AFLP Analysis System I' by Gibco BRL (Life Technologies).

Our protocol revealed the reproducibility of banding patterns when applied to independent |
extractions from the same individual. Also, in a network of European laboratories, AFLPs tt



out to be extremely highly reproducible when working on the same DNA with the same detse
system (Jonest al 1998). Working on the same DNA samples, it could also be shown that t|
still a remarkable reproducibility between two basically different AFLP detection techniques
DIG detected AFLP patterns (our laboratory, Grosshansdorf) and the patterns detected by
automated sequencing equipment (INRA, Bordeaux) were very close to each other (Kreme
personal communication).

Since AFLPs were introduced as a multi-locus fingerprinting technique in plantet(¥b4995),
this technique is being extensively exploited as DNA markers in numerous genetic analyse
Robinson and Harri@his Compendium) give a comprehensive evaluation of this marker as ¢
in population genetics and phylogenetic studies. Moreover, the potential of AFLPs has beel
demonstrated for genome mapping, QTL analysis, and for identifying genomic regions invo
disease resistance.g, Cerveraet al 1996, Debener and Mattiesch 1999).

As in other studies, also in our analysis this multi-locus approach resulted in highly polymoi
DNA banding patterns. It is of interest to test its capacity for analysing population genetic p
at the individual level or at the within-population level. At this scale and in forest trees, AFL|
be a desired alternative to nuclear microsatellites in view of the universal applicability of AF
throughout a large range of forest tree species. The usage of DNA polymorphisms as mark
population genetics necessarily needs knowledge on the mode of inheritance. Thus we det
an oak full-sib family from a single tree progeny using nuclear microsatellite markers. By m
this 'reconstructed controlled cross’ we performed inheritance analysis. This is supposed tc
difficult in multi-locus DNA fingerprints, as band combinations representing different alleles
respective locus may not necessarily be neighbouring bands in the gel éDatd:995).
However, the computer programme CoTrix (Degen 1996) enabled a complete segregation
of the digitised banding patterns. On the basis of a 0/1 segregation of the bands, only one
combination out of 122 bands was detected that followed a codominant mode of gene actic
far, many other combinations in our study that were found to fit with codominance could no
explained, as these combinations always shared one band with another candidate combine
codominance cannot be ruled out in these cases, as DNA fragments of identical size are nc
necessarily fragments of identical sequence. An answer to this question can only be given
sequence analysis. In sum, our results as obtained by this 'qualitative’ (absence/presence
inheritance analysis are in agreement with other published results: With respect to the fragi
originating from nuclear DNA (also, to some extent fragments from organelle DNA may be
included in the patterns) AFLPs are more or less dominant genetic markem®rabhu and
Gresshoff 1994).

In spite of their not being codominant markers, we tested the capacity of AFLPs for genetic
differentiation among full- and half-sibs of oaks. First results of this pilot study reveal that p:
Tanimoto distances are differently distributed within these two subsets. A distinct differentic
may be possible in the 'low-frequency’ distance classes. In contrast, strong overlapping of
frequencies in a ’high-frequency’ distance class is supposed to prevent an overall differenti
This effect of overlapping may be due to the prevailing dominant mode of inheritance, at le:
concluded from 0/1 segregation analysis. Also, non-homology or co-migration may be a
widespread phenomenon with this marker, and it may introduce a bias into genetic distance
(Robinson and Harrjghis Compendium). So far, there is only little knowledge on the proport
codominant marker bands when, instead of presence/absence, the intensity of the bands is
infer the homo- or heterozygosity-status (Castiglienal. 1999).

Furthermore, the pilot study needs to be completed. Further analyses should include more
that are known to sample different genomic regions and should be conducted on an increa:



sample size for both the two different subsets and members of the subsets. By this, our firs
may be strengthened and a definite answer be given to the initial question.

Since according to our resultsdiatinctdifferentiation between full- and half-sib families seem
difficult, as is consequently an assessment of the degree of kinship within randomly sample
subsets of a population, what about other possible purposes for this DNA marker in popula
genetics?

First, there is good evidence for the usefulness of this marker for paternity analysis in case
microsatellite markers are not available. Rece@brberet al (this Compendium) demonstratet
the capacity of AFLPs for parentage analysis in oaks with exclusion percentages almost as
those achieved by nuclear microsatellites. Furthermore by AFLPs, DedbedgfL998) explored
numerous single plus tree progenies of oak for the level of within-family genetic variation. T
found it to be higher when assessed with AFLPs than with other DNA markers and assume
level of variation to be an appropriate basis for breeding purposes. Begjefi999) determined
strong spatial genetic differentiation of a tropical tree species using AFLPs and interpreted
terms of family structures. Ecological genetic studies revealed a correlation between AFLP
variation and the variation of the considered ecophysiological ¢.git Pakniyatet al 1997). The
usage of AFLPs in the latter two studies addresses an old request for markers that may difi
between stochastic population genetic processes, such as the mating system, and process
selection. Hence, in spatial genetic analyses it may be of future interest to sort out from the
polymorphic bands that mark either the one or the other population genetic process. Espec
addressing adaptively relevant DNA polymorphism, sequence analysis of the relevant DNA
fragments may be useful.
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