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|

Ref: FSM 4070

4. Research Work Unit Title
Sout hern Institute of Forest Cenetics

5. Project Leader (Nane and address)

Robert L. Doudrick, Project Leader, RWJ FS-SRS-4153, Southern Institute of
Forest Cenetics, Harrison Experinental Forest, 23332 Hi ghway 67, Saucier, MS
39574- 9344

6. Area of Research Applicability | 7. Estimated Duration
Sout heastern United States, National, International | 5 Years

8. Mssion

To di scover the principles of heredity that operate in southern forests and
denonstrate how these principles may be applied to sustain and enhance forest
qual ity and productivity.

9. Justification and Probl em Sel ection

Sout hern pine forests provide a variety of benefits to a diverse public. Both
commodity and non-commodity constituencies nmust be served. The Southern
Institute of Forest Genetics (SIFG is uniquely positioned to neet the needs
of both groups of clients. Qur nore traditional forest genetics research
primarily supports commodity groups by providing fundanmental information
useful to tree inprovenent progranms. This research includes studies on the
suitability of seed sources, the node of inheritance of traits of interest,
and popul ati on managenent strategies. Increased enphasis on biodiversity,
particularly on publicly owned | ands, requires that we expand this traditiona
research to include non-commdity species. This enphasis also requires that
we understand the mechani sms by which evol utionary processes act and interact
to shape, maintain and dissipate variation in species and nulti-species
associ ations that conprise forest communities. Problem1 is to elucidate the
genetics of traits and popul ations and the forces that influence variation
anong and within forest species to facilitate breedi ng, managenent and
conservation efforts.

Sauci er, M ssi ssipp

The genetic controls of disease are particularly conplex. To understand these
controls, one rmust know the individual and popul ati on genetics of both the
host and pathogen, and their interactions. Problem2 is to elucidate the
genetic processes involved in host-pathogen systens.

After nearly 40 years of selection and breeding, there are nore than one
billion genetically inproved southern pine seedlings planted each year

Genetic inprovenent is a continuing process, however, and prograns in the
South are only now beginning the third cycle of recurrent selection and seed
orchard establishment. Cl assical breeding nethods have been effective, but

i nnovative strategies are now needed for breedi ng advanced generations. These
strategies nust be nore efficient and effective, yet maintain genetic

di versity for long-termbreeding to cope with an uncertain future.
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9. Justification and Problem Sel ection (continued):

Uncertainty exists because of the possibility of changes in the environment,
consumer dermands or econom ¢ conditions and | ack of understanding of the
fundanmental basis for trait(s) inheritance. Elenent (a), Problem1lis to
devel op popul ati on nmanagenent strategies for southern pine ecosystens that
will maintain or enhance genetic diversity in the |long-termand provide the
basis for genetic inprovenent in the short-term

The enphasis on ecosystem di versity nmekes an inproved understandi ng of the

bi ol ogy, evolution and genetics of the southern pine species fundanmental to
the devel opment of appropriate strategies for both commercial utilization and
t he ecol ogi cal mai ntenance of the southern pine ecosystens. |Information about
| evel s of genetic variability within and anong popul ati ons of species in
forest ecosystens and the patterns in which it is distributed across
geographic | andscapes is essential to the devel opnent of effective genetic

i mprovenent and gene conservation prograns as well as endeavors involved in
managi ng bi odiversity. O no less inportance to the efficacy of these
enterprises is a fundanental understanding of the nmechani snms by which

evol utionary processes act and interact to shape, maintain, and dissipate
variation in species and nulti-species associations that are conponents of
forest communities. Elenment (b), Problem1 is to elucidate the genetic
principles and evolutionary forces that influence genetic variation within and
anong forest species.

The ability to understand the evol ution and genetics of forest tree species
and to devel op appropriate strategies both for their conmercial use and

mai nt enance of biodiversity will be greatly enhanced by devel oping a
fundament al understandi ng of their genonmi c organi zation. Elenent (c), Problem
1 is to elucidate the genom c organi zati on of forest species.

Managi ng or ensuring the continuance of forest tree popul ations and their
associ at ed ecosystens requi res an understandi ng of how pat hogen popul ati ons
will affect those species and ecosystens. Furthernore, a know edge of the
genetic structure of forest tree host popul ations and their associ ated

pat hogen popul ations is essential to devel oping strategies for the nanagenent
of forests at risk to disease. Two fundanentally different host-pathogen
systens nust be el uci dated: exotic, incipient, or non-coevol ved host-pat hogen
systens El enment (a), Problem 2 and endenic or coevol ved systens El ement (b),
Probl em 2.

10. Approach to Problem Sol ution

Problem 1. Research is needed to elucidate the genetics of traits and
popul ati ons and the forces that influence variation among and within forest
species to facilitate breedi ng, managenent and conservation efforts

Problem 1, Elenent (a). Research is needed to devel op popul ati on managenent
strategi es for southern pine ecosystens that will maintain or enhance genetic
diversity in the | ong-term and provide the basis for genetic inprovenent in
the short-term

Popul ati on managenent strategies for pine ecosystens that will maintain or
enhance genetic diversity in the long-termand provide the basis for genetic
i mprovenent in the short-termare being adopted to breed advanced generations
of genetically inproved southern pines. These strategies have inherent risks
that shoul d be eval uated as soon as possible to mnimze cost and to prevent
failures. Alternative strategies for breeding and gene conservation will be
eval uated by devel opi ng appropriate theoretical nodels, by conputer



simul ati on, and in experinmental populations. A Virginia pine experinmenta
popul ati on has been established that will be used to enhance our understanding
of the basis of inportant traits genetic control in small popul ations.

Because of the long-termnature of tree breeding, the problem of an uncertain
future is a particular concern. Environnents available to forest enterprises
vary over time and traits of interest undergo val ue changes in response to
consuner demand and fluctuating econom c conditions. Miltiple population
systenms have been designed for species under different intensities of
breedi ng, but multiple-population theory is not well understood, particularly
with respect to genetic variation existing in such a systemfollow ng |ong-
term sel ection.

Pl ant and ani mal species in ecosystens nust have sufficient genetic diversity
to respond to changing environnments including environnmental changes brought
about by humans. There is a critical need for the devel opnment of nethodol ogy
and strategies for use in gene conservation prograns for forest species.
Questions pertaining to size and structure of resource popul ati ons are of
speci al inmportance to gene conservation efforts. These factors also are of
significance in the managenent of biodiversity because they influence |evels
and types of diversity. For many species, it may be possible to effectively
i ncorporate gene conservation efforts into the breeding systemused for those
species. Research is needed to develop ways to efficiently conbine the two
objectives into a single system

Bi ochemi cal genetics can be used to increase our know edge about the genetics
of forest trees and in so doing mappi ng and studying the genetics of inportant
traits. Biochem cal markers may be useful also to increase the efficiency of
forest tree breeding prograns. Marker-assisted selection (MAS) can be

nodel ed, but verification of the genetic nodels depends on having
appropriately pedi greed populations in which to do experinments.

Acconpl i shnents pl anned for the next 5 years include:

1. Evaluate alternative nultiple-population breeding strategies using
comput er nodel i ng.

2. Devel op conmputer sinulation nodels for MAS and eval uate the efficacy of
MAS in tree breeding prograns.

3. Analyze results fromthe first generation of selection and breeding in a
Virginia pine nodel popul ation.

4. Establish genetic tests of the second-generation base population in the
Vi rginia pine nodel population.

5. Conmpl ete the second generation of selection and breeding in the Virginia
pi ne nodel popul ation.

Problem 1, Elenent (b). Research is needed to elucidate the genetic
principles and evolutionary forces that influence genetic variation within and
anong forest species.

Know edge about phyl ogenetic relationshi ps anong tree species within taxonon c
genera is needed to help clarify the picture of genetic associations that are
characteristic of forest ecosystems. Analysis of genetic popul ation structure
is a necessary step for acquiring information about the evolutionary factors
that shape genetic variability within a species. In this regard, studies
using both adaptive traits as well as genetically neutral or near-neutra
markers are required to obtain conmplete descriptions of the variability
patterns that exist. |Investigations to discern population structure wthin



species, particularly those that have enphasi zed growth and survival traits in
t he southern pines, have been research priorities in the SIFG for over four
decades. Results have been applied in planting and breedi ng progranms across
the southern US. Although the Southw de Sout hern Pine Seed Source Study
(SSPSSS) has been used to investigate geographic variation patterns in the
sout hern pines for over forty years, it now has uni que value for providing

i nformati on about geographic variation patterns for growth and yield traits at
or near full rotation age. Moreover, because of its long tenure and resulting
exposure to long-termclimatic and edaphic factors, the SSPSSS now has assuned
i ncreased i nportance as an instrument for studying variation in adaptive
responses to these long-term environnental conditions. Thus, active research
i nvol ving analysis of data collected in this and sinmilar |ong-term seed source
experiments should continue. 1In addition, research on popul ation structure
using all ozynme and DNA genetic markers is needed in the southern pines and

ot her forest species. Such studies have value in that they provide insight
about the role that nonsel ective evolutionary processes have i n shaping gene
pools. When results of these investigations are conpared with those observed
for adaptive traits, the findings are a powerful tool for identifying

evol utionary factors nost effective in nolding the genetic nmakeup of
popul ati ons.

Expl oration through study of theoretical nodels is an effective adjunct to
experinmental approaches for obtaining an understandi ng of evolutionary
processes operating in forest populations. Life history evolution in tree
popul ations is conplex and not well understood. Natural selection effects
change over tinme and space and there is a need for the devel opnent of nodels
that adequately describe these effects and their interaction with other

evol utionary influences that shape patterns of genetic variation. Effects
produced by density-dependent selection and its joint action with mgration
and nutation, particularly processes that are involved in maintaining genetic
pol ynor phi snms, are especially inportant, because tree populations, with rare
exception are under density regulation. Analyses of evolutionary dynam cs and
gene action nmodels that influence the conpl ex dynam cal behavior that results
from density-dependent selection and interspecific conpetition nodels is in
its infancy and needs further devel opnent and expansi on

I nformati on about the phylogenetic relationships that exist anmobng subgeneric
taxonom c groups is critical to obtaining a conprehensive assessnent of

bi odi versity and supraspecific genetic associations on a regional scale.

Acqui sition of this know edge will permt a conplete understandi ng of the
mechani snms of speciation and past evolutionary events that contributed to the
devel opnent of the observed phyl ogenetic patterns.

Acconpl i shnents pl anned for the next 5 years include:

1. Analyze and publish growth and yield results for neasurenents taken at 35
years and ol der ages in the SSPSSS. Results will be published for slash
I ongl eaf, loblolly and shortleaf pines.

2. Better define geographic variation in loblolly, shortleaf, |ongleaf and
sl ash pine by intensively sanpling seed sources in the SSPSSS and using
al l ozymes, cortical nonoterpenes and DNA genetic markers to investigate
vari ation patterns.

3. Investigate phylogenetic relationshi ps anong southern pines and rel ated
speci es using both norphol ogical traits and DNA genetic narkers.

4. Analyze dynamics for theoretical genetics nodels that describe density-
dependent natural selection and for nodels of density-dependent
i nterspecific conpetition.



5. Analyze range-w de genetic population structure in American chestnut using
DNA genetic markers.

6. Investigate genetic population structure in natural popul ations of Fraser
fir using biochem cal markers.

Problem 1, Elenent (c) Research is needed on to elucidate the genonic
organi zati on of forest species.

This research will attenpt to integrate reconbinati onal |inkage nmappi ng data
wi th physical mapping data to i nprove our understanding of forest tree genone
organi zation. Since 1990, the SIFG has focused on generating nol ecul ar marker
linkage maps in elite gernplasmto facilitate traditional tree breeding and

i mprovenent strategies. Linkage maps have been constructed for slash pine,

| ongl eaf pine, eastern cottonwood, and chestnut. These nmaps are being used to
i dentify and subsequently select for genom c regions influencing specific
traits of interest such as growmh rate, wood quality, and pathogen resistance
and stress tolerance within these species.

In spite of the fact that |inkage maps can be used to identify and select for
specific traits of interest, there is nmuch concern as to whether these

pedi gree-specific maps will be transferable to other individuals within the
same species, or anong nore distantly rel ated speci es and genera.

One nethod to integrate genetic naps across pedi grees and possibly genera is

t hrough physical mapping. Physical mapping entails two main strategies,
mappi ng markers to contiguous overlays of large insert DNA |ibraries, and the
use of nol ecul ar cytogenetics techni ques. Physical mapping of narkers and
mapped sequences to intact chrompsomes using nol ecul ar cytogenetics techni ques
of fers uni que and conpelling opportunities to address synteny questions and
the feasibility of integrating genetic maps into a consensus framework map for

speci es and genera. ldentification of conserved marker-QIL |inkages will
i mprove efficiency of traditional breeding and selection practices. Physica
mappi ng also will allow estimtes of physical and genetic distance in

different parts of the genone, which is inportant in using many nol ecul ar
techniques in the |arge pine genone. Furthernore, information about the
physi cal map | ocation and nol ecul ar cytol ogy all ow conpari sons between the
genones of different individuals and species. Highly conserved and di vergent
chronosome structures and sequences can be identified, providing information
about the evolutionary rel ationshi ps between them Additional information
about genone conservation can be obtained using techniques such as genomc in
situ hybridization, which allows two or nore genonmes to be conpared directly
at the nolecular level. This technique also may be useful in backcross
breedi ng prograns (such as for Anerican chestnut) to distinguish which

i ndi viduals in the group containing the select marker have the highest
conplinment of DNA fromthe recurrent species.

Acconpl i shments pl anned for the next 5 years include:

1. Integrate pedigree specific reconbinational |inkage naps using physica
mappi ng.

2. Relate areas of physical to genetic distances of the genone.

3. Investigate phylogenetic relationshi ps anong southern pines and rel ated

speci es using both norphol ogical traits and DNA genetic narkers.
4. Dermonstrate the utility of total genonic techniques in accelerating
backcross breeding in forest trees.



5. Study conserved and divergent elenments of the genome and the evol utionary
rel ati onshi ps between speci es using conparative anal ysis.

Envi ronnmental consideration: The studies in this problemarea are expected to
have little or no potential for soil novenent, water quality degradation, or

i mpact on sensitive resource values and are therefore covered under FSH

1909. 15, Chapter 30, “Categorical Exclusion from Docunentation in an EI'S or
EA.” Where environnental concerns may exi st regarding particular studies,
these will be evaluated within individual study plans or by Environnmenta
Assessnents or Environmental |npact Statements prepared with and approved by
cooperating Region staffs.

Problem 2. Research is needed to elucidate the genetic processes involved in
host - pat hogen systens.

Problem 2, Elenent (a). Research is needed to elucidate the genetic processes
i nvolved in exotic, incipient or non-coevol ved host-pat hogen systens.

The SIFGis currently investigating | evels of resistance in Anerican chest nut
x Chi nese chestnut hybrids and their progeny to the chestnut blight fungus.

Mol ecul ar markers are being incorporated into this program and are bei ng used
to identify regions of the chestnut genome conferring this resistance. For
the American chestnut-blight fungus pathosystem the goals are to identify and
i ntrogress these genonic regions fromvarious accessions of Chinese chestnut
into American chestnut through backcrossing. The ultinmate goal is to pyramd
regions until acceptable levels of resistance are obtained. Experience and
know edge gai ned fromthe above research will be used to better understand and
hel p manage for other econonmically or ecologically inportant incipient forest
tree di seases such as Dutch el m di sease, pitch canker, and dogwood

ant hr acnose.

Pitch canker was discovered in the Appal achian region in the md-1940s. No
great attention was paid to this disease for nearly three decades until a

wi despread epidemc began in the md-1970s. This led to the discovery of new
synptons, new hosts, much epi dem ol ogi cal information, and even a new identity
for the infecting fungus. The genetics of this host-pathogen association,
however, has not been well studied. This disease offers forest geneticists
and pat hol ogi sts a uni que opportunity to conpare an incipient pathosystemtoo
nor e established, coevolved systems, such as the fusiformrust di sease on

sout hern pi nes.

Acconpl i shnents pl anned for the next 5 years include:

1. Identify additional nolecular markers specific to American chestnut as
wel | as Chinese chestnut.

2. Map these and existing DNA genetic markers in backcross |ines devel oped
fromtwo different sources of resistance.

3. Fine-scale map around putative chestnut blight fungus resistance | oci

4, Utilize DNA genetic marker data to select resistant Anerican chestnut
hybri d progeny and rogue undesirables from experinental plantings.

5. Uilize these markers to assess |evels and partitioning of genetic
variation in wild popul ati ons of Anmerican chestnut to help better estimate
the nunber of recurrent parents needed at each breeding l|ocation, as well
as to determ ne how many | ocations are needed across the natural range of
the host species.



6. Determine the nature of genetic resistance in slash pine to the pitch
canker fungus and identify molecular markers for putative host resistance
genes.

Probl em 2, Elenent (b). Research is needed to el ucidate endenic or coevol ved
host - pat hogen systens.

Fusiformrust is the npjor disease of loblolly and slash pine in the

sout heastern United States. Despite 40 years of phenotypic selection and
breeding in both species against the fusiformrust fungus, the genetic basis
of this host-pathogen interaction is not clearly understood. Recent efforts
to characterize the genetic interactions involved in the devel opnent of this
di sease have led to the hypothesis that the interaction my conformto a
conpl enentary genetic system |In such a genetic system specific reaction
genes in the host and specific pathogenicity genes in the fungus evol ved
together to determ ne whether a conpatible or inconpatible reaction occurs
(i.e., infection or no infection, respectively). Past research has reported
both increased infection percentages associated with serial inoculation of
slash pine famlies and higher infection and spermatia sporul ati on on
seedlings from sources nearest the origin of inocula. These findings are
consistent with the hypothesis of coevolution and reciprocal adaptation of
conpl ementary genes in the host and pathogen. The formation of a spermatium
is an indication of a successful infection (the conpatible interaction of host
and pathogen) and is certainly a prerequisite for pathogen fecundity.

I ncreased cultivation of exclusive pine genotypes selects fromthe pathogen
popul ati on those genotypes with conplenentarity; the sel ected pathotypes

i ncrease in frequency because they are the only fornms that can infect the

i mproved varieties of pine.

Because the expression of resistance is a function of the genetics of the
host, the genetics of the pathogen, the environnment, and their interaction, it
is necessary to control these factors under experinental conditions in order
to understand the system Research in this elenment involves devel opi ng and
mai nt ai ni ng i ndividual clonal isolates of the fungus with varying |evels of
pat hogeni city, and in challenging individual clones of pines, devel oped both
as rooted cuttings in vivo and as somatic enblings through tissue culture in
vitro, with these fungal isolates in an artificial inoculation system The

I ong-termgoal is to develop efficient systens for genotypi ng host-resistance
| oci and pathogen cultures at their conplenmentary avirulence loci. This
information will give breeders a way to nonitor pathogen avirul ence-allele
frequencies in potential planting areas, and then to select the appropriate
famlies for planting. It also will serve as a nodel for investigating the
genetics of other conplex, coevolved host-pathogen systens.

Research also will involve studies on physiological interrelationships of the
host and pathogen in organized tissues of the tree as well as in tissue
cultures developed in vitro fromspecific tissues of the host. Since cultures
devel oped in vitro from slash pine collective, seedling tissues are known to
el aborate rust fungus-biocidal substances at effective levels, the identity
and biosynthetic control of these substances will be determ ned. Further, any
differential synthesis by unique cultures from specific organi zed host tissues
will be appraised. |In vitro cultures devel oped from specific pine tissues
wi Il be exanmined both for their differential reaction to clonal isolates of
the rust fungus, and their synthesis of any chemical elicitors of defense
reactions. Ganmetophyte seed tissue will be appraised for the presence of rust
fungus reaction genes, for imedi ate subsequent clonal somatic enbryogenesis
from enbryonic tissues within that genotype. This will permt rapid clona



mul tiplication of host genotypes that are either resistant or susceptible to
various clonal isolates of the fusiformrust fungus.



Acconpl i shnments pl anned for the next 5 years include:

1. Determine the extent of genetic variation in the fusiformrust fungus
popul ati on using DNA genetic markers by sanpling across the entire range
of the rust fungus popul ation

2. Continue identification of conplenentary gene pairs in the fusiformrust
pat hosystem on sl ash pine.

3. Map identified avirulence genes in the pathogen to assess genetic
diversity and nonitor gene frequency shifts in the pathogen popul ation

4. Develop a panel of differential host genotypes to verify gene frequency
shifts in the pathogen popul ation

5. Devel op regional panels of differential rust fungus genotypes to assess
the resistance of the host material being deployed in that region

6. Enploy i mature pine ganetophyte tissues for recognition of rust fungus-
resi stance genes, thus permtting subsequent clonal somatic enbryogenesis
usi ng enbryo tissues of sane host genotype.

7. ldentify and determne the biosynthetic regulation of fusiformrust
fungus- bi oci dal conpound(s) el aborated constitutively by tissue cultures
of those southern pines otherw se attacked in vivo to the rust fungus.

8. Appraise reaction to in vitro inoculation using single spore-derived
axenic fusiformrust fungus cultures on differential norphotypes of pine
tissue cultures generated from single pine genotypes.

9. ldentify and determ ne nechanisms) of action of pathogen and host-
el aborated chem cal elicitors of defense reactions to fusiformrust fungus
i n southern pines.

Envi ronnental consideration: The studies in this problemarea are expected to
have little or no potential for soil nmovenment, water quality degradation, or

i mpact on sensitive resource values and are therefore covered under FSH

1909. 15, Chapter 30, “Categorical Exclusion from Docunmentation in an EI'S or
EA.” \Where environnmental concerns may exi st regarding particular studies,
these will be evaluated within individual study plans or by Environmental
Assessnents or Environnental |npact Statements prepared with and approved by
cooperating Region staffs.

11. Cooperations

The SIFG has a |long and productive history of collaborative research with

uni versities, industries, governnent agencies and others. Currently, the SIFG
cooperates on research with 22 colleges and universities in the U S. and two
in Europe, one genetics institute in Europe, the three southeastern forest

i ndustry tree inprovenent cooperatives, four private foundations, and with six
Research Work Units in three Research Stations and Region 5 s National Forest
Gel El ectrophoresis Laboratory, and Regi on 8.

12. Staffing

The scientific staff consists of seven permanent full-tine scientists,

i ncluding the Project Leader and one to two full-time scientists on term
post-doctoral appointnents. Scientists fromother organizations visiting the
SIFG to do research in any one year spend on average three weeks, in tota
contributing generally one additional scientist-year. There are currently
eight full-time permanent technicians, one adm nistrative assistant and one
secretary, and four to six part-tinme intermttent student biol ogical and
forestry aids. Four seniors are supported on the Senior Community Service
Enpl oyment Program by the U.S. Departnent of Education



Scientist Years for

Each Year of the RWID

Probl em Ar ea 1999 2000 2001 2002 2003
1 5.7 5.5 6.0 6.0 6.0

2 2.3 2.5 3.0 3.0 3.0

Tot al 8.0 8.0 9.0 9.0 9.0

Conduct of this research wll
an average annua
$200, 000 per year for

cost

of $250, 000 per year for
non-| aboratory research (appropriated funding).

require eight to nine scientists per year, wth
| aboratory research and

Budget for Each Year of the RWID (x $1, 000)
Probl em Area 1999 2000 2001 2002 2003
1 1, 280 1,070 1, 300 1, 300 1, 300
2 474 684 750 750 750
Tot al 1, 754 1, 754 2,050 2,050 2,050




