
A FOUNDER PROJECT: MARKING T H E  DOMESTICATION 
BASELINE FOR FOREST TREES ' 

INTRODUCTION 
C>ne of the most apparent benefits of forest genomics progratntnes is t o  provide genotypic information 

on the original sclectioris of tree itn[xovemcnt programmes worlclwide. In many brcecling programmes, branches 
from these selections were graftecl onto seedlings and the grafted seectlings composeci the first seeci orchards for 
planting programmes. With aclvanced generation orcharcis or  new vegetative propagation technuloky, these 
original orcl-tarcis have becon-te genetic arclli~~es. 3'hese archives conserve the original selections or  founcfers of 
clomesticatcd forests tlius providitlg :in opportunity for gcnotyping the entire population of founders. The 
winciow of opportunity, known as a 120uncier l3roject, is narrowing for obtaining 1)NA samples from founclers 
because archives are being lost to pests, pathogens, extreme weather events, climate change, constricting budgets 
and increasing demands for arable land. 

MEASURING THE GENETIC CONSEQUENCES OF FOREST DOMESTICATION 
The foremost reason for genotyping founders as part of a l7ounder Project is to provide a baseline for 

tracking genetic consequences of forest domestication. Genotypic information on the founders provides a 
baseline against which later generatic~ns or  v:irious breeding strategies can be testeci for loss or  increase in genetic 
cli.crersity. I3arly generations of recurrent genetic improvement are expecteel to maintain high levels of genetic 
diversity, since population-level improvetncnt conscwcs allelic cliversity as a r-neans of ensuring long-term 
aclaptation (Williams e f  a / ,  1994; hf clieand anti 13ricl~n~ater, 19%; W l ~ i  tc el trl. ,  lC)03). In tiiorc 111 tcrlsi~~c ljreccling 
prr,gratntnes, gcnotyping foi~ntfcrs allows f;,r :in cstirnatc of tlic loss ot  genetic clivcrstty t l l ~ t t  c;ui occiir ttic 
tradeoff benveen enhanced genetic gains and rlccreaseti genetic ctivcrsity. In those programmes that emphasize 
gene stewardship rather than tnaximum genetic pin, genotyping founders provictes a baseline for monitoring 
effects of large shifts in breeding or  procluction populatioil size as 21 result of climate ch;tt~gc, reduction in 
population sizes, itsc of vegetative propagules or  selective scecl collection. 

IDENTIFYING DIAGNOSTIC ALLELES FOR TRACING GERMPLASM ORIGIN FOR 
EXOTIC SPECIES 

Another application for a 1;ouncler Project is to clctermine the original provenance(s) of an exotic species 
o r  Ianclrace. Again, a fout-tdcr genotype ci:tt:ll,asc provicles a I~aselinc or  a Ei)tlntl:ltion for comparison. 'I'lierc arc 
numerous exotic forest tree species for which provenance introtluctions are not known. In this situation, 
founders for the species within its incligenous range are first genotypetl for Ilypetvariable mc.)lccular markers. A 
search for diagnostic alleles at common frequencies is conducteci and declareel successful if a common allele 
appears in one provenance but not in another. These diagnostic allele patterns are determined in the indigenous 
range and then coniparecl with t lie exotic poltulatic )ns it1 cj~tcstioti. An cxamplc for 1'illri.r trrr,/fi I ,. i t i t  rocluct ions it1 

Zimbabwe is shown in 13ox 1, 
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States Atlantic seaboard from Maryland to ITloricfa and westward to central Texas. The nlississippi River Val: 
rougilly cielinc:~tes the c;tstcrt1 anci the western parts of the species' range. A small iouncler gcnc)t\rping data: 
w;ts clcvclopcd wit11 36 nuclear microsatcllitc tnarkcrs nncl 171 I;)tinclcrs coilccretl frotn grafted archives 
natural stanel scicctions tnaclc frotl~ 1950 t o  1970 (Al-l<:tl>;tIj;lh ;111ci lV~lli>~tns, 2002). '1'11esc 1'. /tred(i tounclt 
represent the species in its natural range prior to intensive plantation establishment and domestication in the la; 
20"1 century. Similarly, a srnall set of %itnl,:tl)\ve selections were assayed for the same t11icrosatcllites tlt 

cotnparcd with the founder dataset. 

'I't~e first step is to find alleles tllitt ciistinguish one prt>vennnce frc~i11 anotl~cr witliiil the natural range 
the species. I3iagns,stic o r  unique allcles within stands or  siil~populations :Ire often frequent with molecti 
111arkcrs tltan 11:tt~e 1;trge tl i~tnl~ers (> 1 0 )  o f  ;tllclcs per Ioci~s. 1li;lgtlostic alleles rnitst occur in frequencies ;tt3ovc 
percent. 1,ess freciucnt marker alleles m:ty ;11so 1~ al~sent in one popul:itiotl anrl 1,rcsutlt in :~t~otlicr popttl;ttic. 
1,ut this is more likely due to sampling so tltese alleles are not trcatecl as cliagnostic. 

I v .  Ihe  second step is to check for these c1i;tgilostic allclcs in the exotic population in clucstion. T 
provenance origin o f  I? tartkr in Zimbalxxx I~as  been an open question for dccacles. 13y comparing eastern at 
western 1). t ~ e d a  sources, four tl~arker alleles appear diagnostic ~l 'ahlc 1). 'l'tle larger founder sample size 
Table 1 shows that Zirnbabwe population is at1 aclmixture o f  eastern and western sources although the diagnosl 
alleles reported in an earlier study rS(iilliarns et r~l,, 2C)OO) ch:ltlgecl with the f;)i~rf~ltf  illcrease in founder populatic 
size. 

Table 1. 1'itrrl-r tcredcl in Zimbabwe is still :tn atitnixture basett o n  the larger survey (N =171) across tlte indigenous specic 
ranee. 

The asterisk (*) represerlts the one diagnostic allele common to the stnaller and larger sample sizes. Western regions a 
I3astrop Cctunty (I3A) ancl iVestern Gulf OVC;). 1;:tsrcrn regions arc Soi~th (:;irolina to 1;loricla (SC-ITJ,) ; I I ~  Nortlteast (NI') 

Locus I Allele 1 Zimbabwe 

A sltarccl fountler genotyping tlatabase for l! tliedc~ provicles a resource where other it~vestigators ca 
compare founder genotypic data against their own cxotic popiilations. (Ithers can cletertninc provenances fc 
ctthcr countries planting I! /UP{/(Z 21s an exotic plantatic,~~ species. Slinrilig :I foi~ncler genotype tl;~t:il~ast :it t l .  

ilrces cot11 tnitteci to reciundant ge~lot!-pit~g. 

OTHER APPLICATIONS FOR A FOUNDER PROJECT 

I I I BA I WG 1 SC-FIA I NE 
Western 

In those breetling prtjgrarnmes which have extensive advanced generation breeding, a ITounder 13rctject I 
useful for finelkg the right pctiigrecs for linkage map construction and for tracing haplotypes hetwee 
populations and generations. If hvo molccular markers prove to be closely linked, then they delineate a segner 
o f  chromosotne, defined as a haplotype. Each diploid jndivitliral has two haplotypes, one cctntributed by it 
nlatcrn;\l parent artti one contri\-ti~tcd Ijy its p;ttcrn;\l j-xirctl t (I;igut-c 1). 

Eastern 

A Founder Project woulcj provide a useful database for locating one or  more copies of a particula 
haplotype t o  trace among a founcler's clescentiants. %'be principal value to tracing haplotyping occurs if there ar 
pedigrees for each founder in cluestion. Tracing particular haplotypes in related pctiigrees is quite relevant to tref 
breeders or ecologists if a given I~aplotype has been shown to be correlated with major phenotypic changer 
adverse or  beneficial (Gwaze et d l ,  2003). 
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If the h a p l o w e  spans a chromosomal interval that includes one or  more genes influencing the 
phenotypic trait in question then this type of haplotype is known as a quantitative trait loci or  QTI, (see review in 
Williams, 1998). Starting with the haplotype information already available in the founder genotype database saves 
precious time ancl lab resources otherwise spent searching for a pedigree suited to an important experimental 
cluestion. Applications for a I'ountler Projects also extend to teaching, professions1 ant1 practic:il tr:uning in 
breeding, consemation and ecological genetics of forest trees. 

Fiyure 1. An example of tracing haplotypes from four unrelated foiinders through a tllree-generation pcrligrce. 

Founder 1 Founder 2 Founder 3 Founder 4 

A, - B 2  A4 - B2 A, ,  - 4 A, - 4 
4 - 4 4 4  - 4 4 4  - 4 4 5  - 4 

Parent 12 

A, - B2 

4'4 - B2 

Parent 34 

A, 2  - 4 
- 

Offspring 

Note that each founder has two unique haplotypes or  chromosomal segments. With recombination or  
crossing-over, each founder can contribute one of four haplotypes t o  the next generation. In this example, 
Founder 3 contributes a recombinant haplotype (AI2-B5) ancl Founder 4 contributes a parental haplotype (A6-I.3,) 
to Parent 34. 

GENOME COVERAGE A N D  CHOICE OF MOLECULAR MARKlZRS FOR A FOUNDER 
PROJECT 

There is no ideal molecular marker for a Founder Project so the best strategy is to include several types 
of markers as funding permits: this might include microsatellites, isozymes, and polymorphic gene sequences. 
Including mitochondria1 or  chloroplast markers is quite vital for parental identification, for phylogeography 
stutiies anti for measuring gene flow anti population tliffcrentiation. 'Ihe lxst marker systems for a tTouncter 
I'roject have the following properties: 

* the marker's polymorphism corresponds to a known change in its I INA sequence, 
marker assays are low-cost, 
for nuclear markers, it is important that a marker score discern between homozygotes ancl hcterctzygotes. 

This property is important because heterozygosity is the basis for measuring genetic diversity changes 
during chmcstication. This becomes especially important for highly heterozygous species that typically have 
multiple allele systems (see Box 2, Figure 2). Dominant marker systems such as RAI'Ds or AFI,I's hnvc no 
prominent role in founder genotype databases because neither heterozygosity nor multiple ;~lleles can be 
discerned. 
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Box 2. An example of Founder Project showing a nuclear microsatellite. 

I2olymorp1-tism levels of nuclear microsatellites tend to be very high for focal species (Echt et a/., 1996). 
The high number of alleles per locus offers a method o f  measuriilg allelic diversity with increased resoludon. 
Marker Pt'IX4114 shows a nuclear microsatellite for I'ilrm tn~dCz which has a multiple-allele intercross 
configuration (Figure 2). 

The mating type conftPtration is multiple-allele intercross with four alleles. This means that there are 
tour different heterozygote classes for the full-sib prclgeny. 1,adcler (h-I) shows hvo trlolecular bands sizes 120 and 
105 bp, respectively. IAanes 1 to it show genotypes for four unrclatctl granciparcnts and Lanes 5 to 6 sllow 
genotypes for two unrelated parents tfescenctetl from grandparents. Innes 7, 8, 9 and 14 show the four different 
types of heterozygotes that occur with the mating of the original highly heterctzygous founders (or grandparents 
in this pcctigree). 

Fi~mre 2. Microsatellite marker Pt'1')(4 1 14 is shown for a founder genotype and its descendants for I3inus t a d .  

hf 1 2 3 4 5 6 7 8 0 1 0  1 1  12 1.3 14 

fvf: molecular weight marker. 

hlarker 13tT>(41 14 shows different alleles segregating among four different founcfers. In this advanceci- 
generation programme, the founders were mated painvise and their respective offspring, shown as parents 

PUBLIC CURATORSHIP OF A FOUNDER PROJECT 

Curatorship of a Founder Project should extend from database management to storage of voucher 
specimens. Many founders are archivecf in remote, unprotectetl areas so ;I voi~cher specimen from each founcler 
should be archived in a safe place as an insurance policy. 1,ong-term storage of freeze-dried leaf tissue and seecls 
tends to he more stable than DNA in the event that a founder is lost in the field. Voucher specimens ensure 
future availability t>f founder DNA for assaying new types of marker systems not yet avail;ible for use today. 

Ilatal>ase lxlanagement sh<>ulci be stantlardizeti so that genotyping recorcls arc easily retrieved. CYiith time 
arict adciecl resources, phenotypic clata can be coml3incd with a 1;ounder Project's genotypic data. 'lihis might 
include original descriptions of the founder, its offspring's measurennents and breeciing values as well as records 
on  pest and pathogen attack. 'rille goal is to provitle ;I streamlinccl rccord of genotypic ancI phenotypic 
descriptions that will outlast a human career. (:ontinuity of a database with foitncier genotyping and recorct 
keeping can t3e priceless in the event of political upheaval, extreme weather events, or financial shortfall. 

(;cnotypic data from the forintlcr prc)jects shoi~lri l ~ c  tnnclc av;lit;ll>le for ptll~lic use through Internet 
access anti government ciatat,asc storage. '-l'his is a political ol~staclc for so  til;lny progratnnles i r l  private and 
public sectt)rs alike. O n e  must ask whcthcr it is bettcr to have no genotype database resources for an important 
species rather tli:m s1l:rre resoitrccs. I t  is itnport:int t o  consiclcr t11:tt forestry rese;irch arid cciucation worldwitle 
has had a tradition of modest funding to the extent that cooperation and sharing have been a necessity. Sharing a 
founder genotype tiatabase is consistent with a tradition of sharetl genetic resources. 

A founder genotype project in the public domain serves as a unifying framework for tree breeding, 
genetics, genomics and molecular technology, It can be viewed a founctation for other applications o f  markers 
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into breeding programmes Williams and Byrarn, 2001). A founder genotype database will no doubt raise some 
important questions about intellechal property that will require careful consensus-building among different 
organizations contriburing DNA samples from founders. 

Agricultural conservation programmes should be stucfied closely as examples of framework ancf, 
infrastmcture for long-term ctatat~ase maintenance. 120r example, the United State Ileparttiient of Agriculture has 
a C;ern~pIasni Resources Infi)rmatic>n Ncturork (GRIN) database that can be accessed via the l%'el~ and it  noiv 
includes forest trees @ttp://ww.ars-grin.go4). A Founder Project for l)il2ru tlieda is now ~tndemay at the 
USIIA Forest Service's So~ithertl f2orest Genetics Institute. l-he plan is t o  post its fottnder genotype dat:lbase on 
the Web but the level of rletaitcci infr>r~nation pcrnlittcci t ~ y  k~undcr  cc~ntributors will ultitiiatcly cictertl~ine its 
value to the larger forest genetics community. 
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