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Abstiact

Isozlme an" l !s . \  was us.d.ro inv.sr iedrr  rh(  Ecncr jc popul . r r iun srrurrure oi  pondcrn<a prne f r .  m r l r r(  u lsrrp dr .n in ca,rern Munrrna.  Rcsulrs arc d iscusse\ l  in  rcrms of  ,Jesigning d prugcny 16r ro
selccf  r ' ($ $rr i .n proJuic seeJl iner w rh . r  suprr ior  abi l i ry  to surv i rc on r . r r , r icd .bal- rn i r ic  r r r r ls .
l r  rs  ( , . .mJred rhJr  sel f f r i^n oI  

-5 
prrrnr  r rees div idcd rm.ng i  sranJs wi  cf t jcreorty, ;npt .  rhc

grnerrc drlefsrry p.cscnr. Due ro rhc narural stand history, a large amount of gcnc flow bitwccn
rtands anLl  rhe nlat i rcJysnal l  area berng rcforested,  genc conservat lon is  not  of  concern.  ̂ s : r .esur( ,
rh'i. three ',r l,rur parenr rrLes whose progeny havc thc best survilal rates can be used for furure secd
Lot rcuon. Se e(iron ot rhree or fbur rrees should allow a Iarge genetic gain evcn rhough only t5
parcnts are b€ing rest€d.

In l roduct ion

Mine-spoil reclarnation has becorne imponanr in many parts of the s,orlcl in recenr years.
Local larvs ofren require rhar native species be established. and that the productivity oI
reclaimed laod be equal to or greater rhan what ir lvas before mioing. Most research effort
is put torvards the engineering problems of regrading the spoils to create a medium
suitable for the desired plant species, ot towards rhe cultural rechniques of seeding and
planting. Fen'er studies have investigatecl rhe poreotiat for intraspecific selection of
plants exhibiting generic superioriry in survival o! growrh on the reclaimed sites.

Most plant species sho*'a great deal of variability that can be attributed ro geoetic
differences among indivicluals. This vatiability has been used in agriculrure, horticulmte
and forestry in selecting ancl breecling lioes considered superior for rhe specific improve-
ment objectives. In reclamarion rvork, Plass (1969) found a grear deal of variation
among open-pollinarecl families of Virgioia plne (Pintts tirginiana) in their ability
to survive on acid surface-mine spoils. Cetain hybrid poplar clones have also shown
superior survival abil ity on mine-spoils (Jones 1973, Davidson 1980). Geographic lo-
cation of the seecl source has been found to influence a plant's ability ro survrve oo
mine-spoils for elclet (Alna.'; glxtinota) (Funk 1971), Austrian pine (pinur gra)
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(Neys and Cech 1977 ) , and several species of birch (Betala spp.) ( Daviclson 1977 ).
Scanlon (1979) reports differeotial survival and growth oo mine-spoil sires among
families for various shrub species. Taxonomic lines within a number of plant species
have also been found ro exhibit varyiog abilities to survive on soils with high heavy-
metal concentrations (Antonovics et al. 7971).

Plants of high genetic quality, in terms of survival on mine-spoil areas, could pro,
vide economic benefirs fot reclamation efforts in rno ways: 1. increased survival for a
normal amount of site trearmeot and planting expense, or 2. satisfactory survival for less
than norm, r l  r i re  ( re . r rmenr  rnJ  p lanr ing  expense.

At Coistrip, in southeastern Montana, large ttacts o{ land are being srrip-mined for
coal. The dry climate in this area hinders reclamarion efforts. althoush rgasonable suc-
cess has been achieved rvith grass and shrub species. lodigenous prnderoso pite (pittat
po d(rokt y^r. tcafLlor lTt') is generally limited to rocky upland sires (Richarclson
19131 ), and preliminarv efforts to establish this species on regra<led mine-spoils have
failed ( MSU 1978 ) .

To jnsure a high generic quality io seed being used for reforestation efforts, a selec-
tioo program is being carried out to identify opeo-pollinated ponderosa pine families
that exhibit a superior ability to survive on mine-spoil areas. (Mine-spoils used in this
study consist of soils that are reconsuuced and graded as the first stage of reclamation.)
This paper describes the use of isozyme analysis to estimate the amount and distribution
of genetic variation in ponderosa pine from the Colsuip area, and its application to the
selection of parent trees.

lsozyme Analysis

The use of electrophoresis ro estimare certaio genetic characteristics of populations has
become widespread since the late 1960's. The technique uses an elecrric c-urrenr ro
separale enzyme proteins ir a gel medium. An enzyme is coded by the DNA found
at certain chromosome locations (loci); the various forms of an enzyme coded at differ
ent loci are called isozyrr-res. Isozyme variants result when alteroate gene forms (alleles)
are fouod at a chromosome locus. The isozyme variants will often rnjcrate ar different
rates through the gel. Follorving elccrrophoresis. the gel is srained foi the desired en-
zymes; isozyme variants can be detected by their location on the gel. (See Harris and
Hopkinson (1976) for derailed procedures). Data from isozyme analysis allows accurare
estimates of genetic variation and other generic characteristics.

In conifers the amount aod distribution of genetic diversity in quantitatively mea-
sured growth characerisrics is reflected in estimates from isozyme analysis. ponderosa
pine from rhe nofthefn Rocky Mountaios exhibits a grear deal of isozyme variarion,
with about ll8 pelcenr of the variation being due to genetic djfferences among iodivicl-
uals within a srand, and 12 percenr due ro differences among srands (O'Malley et al.
1979). This result is in general agreement with a snrdy by Madsen and Blake (1977)
which attributes 28.5 percent of the genetic variation in tv,o year height growrh ro
differences among stands. Most coniferous species exhibit a large amount of isozyme
variability as q'ell as a great deal of variability in quantitative characteristics. Horvever,
species such as red pine (Pinu rc:inov) (Forvler and Motris 1977, Allend.ott o al.
1982) and \\,estern red cedat (Thuja plicata) (Copes 1981) exhibit very lirtle genetic
variation in qllaoritative characeristics, and have also shown little isozyme variability.
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Isozyme analysis offers a fast and inexpensive method of estimating the genetic srruc-
ture of populations. This is basic but important knowledge rvhich can improve the
efficiency of a prolfam aimed at selecring and breeding for the genetic improvement of
a characteristic.

Melhods

Ponderosa pine in the Colstrip area is generally found in small stands isolated by grass,
lands. To investigare rhe amount ancl distribution of genetic variation in these isolated
glnderosa pine srands, open-pollinarecl seeds were colleced from 50 trees thtoughout
each of 6 stands. The staods were separated by varying distances ranging lrom 0.9 to
13.6 kilometers. Stand areas and densities are shown in Table 1.

TABLU L .  S ize .  a lea .  dens i t r ,  rnd  eene l ic  ho terozysos i i t  ( I te )  f ( ) r  s ix  Donderos i  D 'nc  s tuds  sunf le . l
ne&r  Crns t r iD ,  X lon iana.

Nuhbe.
Stand , r i  l .ees*

H€i

I

4
5

2 6 0
J20
L 2 0
4 0 0

2:t : t0
2 2 ;

i i. t

t . {
3. .1

12. .1
5 . 2

5 !
t-4

1 r  0
1 1 1

4 3

All stands cohbined

1 2 .  S
l ; 1 . 2
I  ! . i
t 1 . i
1 0 . . 1
I  t . !

H f  r  1 :1 .6

*Nurn l )e r  o l  l r r . rs  o i  reDr .duc t ivc  ase  esr imNt fd  f .om { i r  Dho ios .

To estimate allele frequencies in the present stands, as well as genotype frequencies
in the seecl crops, one seed from each ttee was screened fot isozyme v;rrianrs in mega-
gametophyre and embryo tissue over 23 rsozyme ltrci. Fresh ponderosa pioe seeds from
rhe Colstrip area do nor require stratification ( lMoods and Blake 1981), therefore,
seeds were soaked in water for 18 hours and germinated ar room remperature on moisr
filter paper. Megagamerophytes and embryos were disseced from the seeds, when the
radicie had extended about one ceflrimeter. and were crushed in 0-2 to 0.5 ml of distilled
water io proporrioo ro rhe amount of tissue present. Homogenate from the megagame-
tophyte and embryo of each seed was absorbed into filter paper wicks and placed sep-
ately in a srarch gel for electrophoresrs.

Electiophoreric merhods, enzymes, and allelic variants are desctibed by \W<xds er al.
(1983). Eozyme srains are descrikd by Allendorf et al. (1.977). For a geoeral descrip-
tion of elec.rophoretic techniques io conifers see Conkle (i!72).

Resulls

The amouot of genetic variation, as estimated from is<rzyme analysis, is generally ex-
pressed as the average proporrion of loci per individual (seed) exhibiting more rhao
one electtophoretically detecable isozyme allele. This ratio is called the genetic herero-
zygosiry (He1. Values of He for individual stands varied from 10.3 to 11.7 percert,
with an average over all stands of 12.6 percent (Table 1). No significant (prob.

) 0.05 ) differeoces in Fle were found among stands.
The amount of genetic heterozygosiry in ponderosa pine from the Colstrip area
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(12.6 percent) is lower than for ponderosa pine from rhe flofrhero Rtxky Mountains
iq the U.S. ( 18.6 percent) (Allendorf et al. 1982).It is also lo*'er rhao rhe averaqe fo!
20 coniferous species (20.7 percent ) compiled by Hamrick et al.  (1981) (see Fig. 1).
However, levels of l1e in Colstrip pine are high relative ro many plant and animal
species, and also ro some conifer spccies, indicating that considcrable generi!  vJriJr ion
exists in these oooulat ions.

The genetic heterozygosity in populations can be parritioned into the amount
genecic diversity wirhin subpopulat ions (stands) and rhe genetic diversity which
clue ro t l i f fcrences arrong subpopulat ions (Nei 1973). Io the Colstr ip pine stands, ao
avcrage of 91.l.5 perccnt of rhe genetic heterozygosiry is found q'ithin individual srands
ancl 1.5 percenr is due ro dif fercnces amons scancls. Alrhough the 1.5 percent is small .
signif icanr gene frequency dif ferences exist among stancls at vlme loci.

Discussion

In orlcr for tree improvement to be successful,  generic variarion must be present in the
species and poprLlations from rvhiclr p^rent trees are chosen. Isozyme analysis indicates
that ponclerosa pine io rhe Colstrip atea is genetically variable. rnd local popularions
u,i l l  t ikely provide t lre vrr iat ion needed ior improvernenr. $Tirhour suff icient variarion

C o l s t r i p  p o n d e r o s a  p i n e
H e  =  1 2 . 6

0  5  1 0  1 5  2 0  2 5  3 0  3 5  4 0  4 5
A v e r a g e  p e r c e n t  h e t e r o z y g o s i t y

Fisure 1. Distributioal 
ffiil:,*. 

heterozysosiry (He) found in 22 conifer species (data from

o f

;
I

z
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in local stands, seed would have to be collected over a large geogtaphic area to obtain
the variable genotypes needed. Using local trees as progeny test parenrs, avoids the sur-
vival and growth problems often encounrered when seecl is moved fron-r its narural origin.
Also, the use of local trees involves less rime and expense in seed collection and main-
tenance of selected pareots.

Selection of Parents for Progeny Testing

In most tree improvement projects, parent trees with the desired phenotype (i.e., rapicl
volume grou'th, straight bole, etc.) are selected from natural stands. If progeny from
these paienrs aiso exhibit these rrairs, rhen an inirial geoeric gain is made from rhe
phenotypic selection. The trait of nine-spoil survival is not exhibited by a naturaily
occurring tree, therefole parenrs caonor be selecred on this basis_ To derermine rvhich
pareot trees produce progeoy most able to survive on regraded mioe-spoils, seedlings
from various rrees musr be planted in an appropriate clesign, and survival rares cle,
termined (progeny test). On the basis of progeny survival, parent uees cao rhen be
selected for operarional seed collection and, if desired, future breeding. Timber pr<xluc,
tion is nor the objective of this mine-spoil re6cresrarion, rherefore selection for traits
such as rapid height growth is not of concern for rhis study.

Since pareot trees caonor be chosen on the basis of their phenotype, ir is desirable
to choose parents which *ill represen! a cross section of the genetic r:rrierion pre:enf
in local stands. Isozyme analysis indicates about 98.) percent of the genetic diversity
exists within a stand. There{ore, by ch<x.rsing parena lrees from a single stand, genotypes
will be drawn from a pu>l containing all but 1.5 petcent of rhe genetic variation. Sig-
oificant genetic differences also exist amoog stands, however, so by sampling parenr uees
from a number of sraods a more diverse cross secriori of genotypes cao be included
(Brown 1978). Isozyme analysis results allow parerir rrees to be chosen in a design
that efficiently samples the local genetic diversity.

Seed prcxluction veties among trees in ponderosa pine. Open-pollinared seed is used
to produce seedlings for the progeny rest, so good seed production is necessary to select
parent trees. Parenrs producing progeny with superior survival ability u'ill be used for
future opetational seed collection. If seed production is heritable, rhen rrees from se-
lected parents established on mioe-spoils ,oiil ulso be good seed proclucers and srands are
more l ikely ro become 5elf-regeneriring.

Selection of Genetically Superior Trees

Followiog the progeny resr, parelrt uees whose progeny had the best survival rate on the
mine-spoils n ill be chosen for future seed production. The amount of genetic gain (G)
achieved by selecting rhese parents is dependent upon selection differential (S) and
the degree to which a rrait is passed from parent to offspring (herir;rbil iry: h1:
G: Sh- Selection differential is a measure of the difference between the average progeny
survival rate over all parents ancl the average survival rate of progeny from the best se-
lecred parents. The ferver number of best parents chosen, the highet rhe selected average
ancl the greater rhe selecion differential and genetic gain.

Genetally in tree improvement rvork, gene conservarioo is of concetn (Adams
1981). Large scale forestery operarions may significaotly alter the generic resource;
measures are reguired to minimize the loss of genetic diversity. A tade-off is reached
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between conserving a reasonably large superior population and genetic gain. In order
to achieve a large sclection differential, as well as to maintain a sufficient number of
superior rrees, maoy inclividuals (100-1000) are usually tested and the best 40 or 50
selected for a breecling population.

The conscrvation of genotypes, by selecting a large number of superior parents from
pro€ieny test resuirs, is considered unnecessary in this project for the follo*,iog reasons:

1. Strip-mine spoil reforestation involves small areas of land (relative to the areas
reforcstcd in large-scale forestry operations), and oniy small patches will be re-
forested, *'ith most areas being reclaimed to grasslands.

2. Opcn pollinated fan-rilies *'ill be used, thetefore, even with a small number of
female parents, a large number of rnale parents will be iocluded.

J. Areas will only be mined and reforested once, and stands will regenerate oaturally
after rhey ate established. Isozyme analysis indicates a grc'at deal of pollen move-
ment takes place bctn'een stands ( \ifurds et al. 1983), causing a broadening of
rhe generic base in future llenerations.

,1. The natural fire history of ponderosa

common for stands to originate from

1981  )  .

Selection of three or four parent trees with the best progeny survival should be suf
ficieot to meer seed requirements. By selecting such a small number of geneticxlly
superior rrees, a high selection differential aod genetic gain should be obtained from a
progeny test involving a small oumber of parents. For this project, a progeoy test io-
volving 75 parent rrees) selected over 5 different stands (15 per stand), is considered
sufficieor to achieve a large generic gain, while keeping the investment in seed collectioo
and progeny testinll small.

In the Colstrip area, obtaining a higb survival rate of seecllings planted on mine-
spoils is rhe n-rain objective; wood volume production is of little concem. Seedling mor-
tality is hiehest follon'ing planting, aod the success or failure of a seedling will likely
be determined rvithio one or ts'o years. This is a great advantage in terms of parent
rrec selection. The short period of time required to obtain results meaos that the iovest-
menr in pro€leny testing fleed only be carried on for one or two yeals before superior
seed can be used ooerationallv.
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