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Part I. The Ne Genetics
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TREE GENETICS
AND IMPROVEMENT

We've come a long way from the fifties, and
we're just on the threshold of genetic engineering.

By Calvin F. Bey, Daniel B. Houston, and Ronald J. Dinus

voted an entire issue to “Progress

in Tree Improvement,” the topic
was a novelty to the forestry profés-
sion. Since then we have come a long
way. Although still not a household
word, tree improvement is increasingly
recognized as an essential part of forest
management. Consideration of the ge-
netic resource now begins with forest
planning. Stanley Krugman discusses
conservation of the natural genetic
base in “The Ethical Question” on page
40, Genetic considerations are now part
and parcel of silvicultural preserip-
tions, stock propagation, seed deploy-
ment, and maintenance treatments.

Tree improvement is a complex sci-
ence and a multifaceted art. Not only
the scope has broadened—regional con-
ferences, short courses, international
programs, new forest-genetics text-
books, and a multitude of articles in nu-
merous journals attest to a flurry of ac-
tivity in the field.

Tree improvement, as with any spe-
cialty, is most valuable when integrated
within land-management programs.
Major efforts are currently geared to

E n 1958, when the JOURNAL de-

developing improved seed for reforesta-
tion programs, though W.J. Libby, in
“Clonal Propagation” on page 37, tells
us that mass cloning is on the horizon.
Michael Greenwood, in “Shortening
Generations” on page 38, reports that
nursery managers and reforestation
specialists are joining tree-improve-
ment specialists as key participants in
the process of realizing genetic gains.
Coordinated efforts are essential in
matching seed needs and supply.

With improved seeds come new ques-
tions: Is it better to establish planta-
tions of single- or multi-family lines?
Can we match genotypes with specific
sites? As plantations develop from im-
proved seeds, additional questions
emerge: Are old thinning and harvest
schedules still appropriate? Can we ig-
nore insects and disease, or will they

(Continued on page 36)

Calvin F. Bey is program leader, USDA Forest
Service, Pacific Northwest Forest and Range Ex-
periment Station, Juneau, AK; Daniel B. Houston
is associate professor, Department of Forestry,
Ohio State University, Wooster; and Ronald J.
Dinus is with International Paper Company, Tux-
edo Park, NY.

B/ochem/ca/ genet/asts :
ref ine tools for the future

By M. Theﬁiﬁseh k,r(rjdnl:(lle :

heck the laboratory reports af-:
. ter your: next physical. You'll
3 . find mformatxonm anumber of
biochemical processes. Procedures liké’

* those used in the medical sciences ar
- yielding valuable mformatmn about ge:
*netic differences among trees and tree,
. "pests:. New: proeedures that provxd
= ways to isolate and move genes ‘are a
vancing progress in tree improvemen

- These procedurés can be apphed to fo
. estry because life processes are i
, markably similar in all organisms.
.- Living organisms code and transmi
: genetlc information by means of deox
ribonucleic acid—DNA. This nucléic:

' makmg different enzymes.. And en-
& zymes—hke machmes in factories
modify raw materials to make prod-.
_ ucts, Cells—like factories—are sites for
* thousands of metabolic reactions. Clu:
ters of cells differentiate to become tis
sues. Production, differentiation, and

acid has a four-letter molecular alpha- -
: bet that codes the basic structure. for'::
genes, which are the blueprints for. -

—
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‘measure varlatlon.
- Studies on variati
st-tree evolutibn‘a

‘help explam for-
can be applied to

:information for_setting seed-zone “and

‘of unmarked seed collectlons, selectmg

" Data on vanatwn in DNA enzymes,

4 . chemical tests detect genetic variation
" unaffected by environmental variation.

~ Such tests identify specific DNA codes, :

~enzymes, and cellular products in a

‘tree. They detect alpe'mative: genes (al-*

orms of the code and vanatlon in gene £
products are the sources of genetic var-
jation among organisms. Decoding .
-DNA and identifying different forms of -
nzymes and cellular products help us 5

tree breeding;: -Analyses have prov1ded ‘

"breedmg -population boundaries, deter-
mining the probable geographie origin

‘parents for improvement ‘programs,
and ﬁngerprmtmg getatlve propa-.
1.

: »;tf;and cell products complement informa- -
_tion gained from progeny tests. Bio- .’

%

.vearly work using biochemical proce-
.- dures began when techniques were de- -

“enzymes were developed later, and now

_and decode DNA

- Monoterpenes

. “Many cellular products exist in Lrees,
but the monoterpenes in conifer resin
were among the first molecules thor-
‘oughly studied. Monoterpene surveys
of resin from the wood, bark, and leaves

- of individual trees became common

“In forest trees, asin other orgamsms, -

-veloped for analyzing special classes of
-compounds. Procedures for separating -

laboratories are begmmng to 1solate ‘

when eqmpment for rapid and preclseh ;
. analyses (gas chromatog'raphs) became‘

-"available. :

S Monoterpenes are separated as mtro- .
v gen gas carries them through a chro-
. “matographic column. Signals from a de-
“tecting “device record kinds and ::

proportlons of monoterpenes in each -

. sample. Geneticists, having determined
“the inheritance of several . monoter-
" penes, can now classify trees by genetlc‘
" types and closely predlct the compo-"
- nents of resin in progeny of controlled

CI’OSSES.

Forestry will benefit from new- re-
_ search on metabolic products, as prog-: -
- ress is made in developing even more -]

sensitive equlpment Detecting varia-
(Contmued on page 36)
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(Bey, continued from page 34)

become more troublesome? Tree-im-
provement workers are doing more
than generating improved seeds. They
are taking part in a network of special-
ists to answer land-management ques-
tions.

All tree-improvement programs are
not alike. Dissimilarities are due to bio-
logical differences among species, such
as flowering habits, traits for improve-
ment, disease problems, graftability,
and seed production. Differences also
result from geography, landowner ob-
jectives, and demand for improved
seeds. The result has been the develop-

ment of specialists for related species
and even for individual species.
Different programs have also devel-
oped because of differing philosophical
approaches to tree improvement. When
programs were getting started in the
1950s, tree-improvement workers had
no standard textbooks for guidance.
While some programs followed Euro-
pean traditions, others developed their
own. Philosophical differences have

been healthy. Workers in each program
have been forced to look critically at
their approach and to develop sound bi-
ological and economic justifications.
Research has helped identify and
solve problems in tree improvement.
Researchers began working on prove-
nance trials, but full-fledged progeny
testing is now a routine part of tree-
improvement programs. Topics such as
advanced-generation breeding, short-
ened generations, resistance breeding,
and control of cone and seed insects are
being given priority. While emphasis
has been on solving practical problems,
activity continues in basic research, in-

(i Conlcle,_ continued from page 35)

nute quantities may lead to a better un-

derstanding  of how trees grow, “how
they d1fferentxate and how they resist -

- Workers mv forestry laboratone can
- analyze. enzymes from ‘seeds, needles,

~ buds, and cambium for genetlc mforma-_f
tion on'as many as 60genes. That num-

ber is mcreasmg Dissimilar enzymes
._separate after being loaded on gels and

 subjected to high-voltage direct cur-

- rent. Histochemical stains. then veal
: the Tocation of each’ ‘enzyme.:

. Conifer seeds are particularly useful
for these studies because the nutritive -
 tissue surrounding the embryo has the -

- same genetic makeup as the egg from,

. the seed parent and those from the ol-
“len parent. .
“= By analyzmg enzymes,
learn much about variation among

'f'trees, ‘progeny, and _populations.: Asl

- with’ monoterpenes, knowmg geo-

graphie pattems of enzyme variation -
< may-help in deciding; where to. put’ .
- boundaries for seed zones and breeding
" zones. Enzymes are excellent for iden-

tion in compounds present in only:'r_ni'-A X

- quite different conclusions. If a varia-:
- which the embryo developed. This fea-
‘.f'.'ture allows researchers to dlstmgmsh‘,

. ~be verified and if the relationship is:
* between genetic factors coming from

- strong, it could be an efficient way to "

breeders can-t =
.- Using- the nutritive tissue in conifer. ::: -

volving genetic engineering, tissue cul-

Autoradwgmphy of pme mot tzp

txfymg clones and determmmg the par .
entage and purlty of seed lots. Enzyme
differences among pollen parents are:
‘used to determine pollination effective-.
ness, estimate the proportion of self--
= ing, and monitor contammatlon from 3
“ sources outside seed orchards. - - rect electric current m gel -2,

- In general, progress from artificial smular to that use : ] i
selection depends on the amount of ge-".
* netic variation present in breeding pop-
ulations, and enzyme analyses provid
3 good estimate ‘of this value.” Some:
~lines. of research suggest that trees
with the most variation have the high--
est growth potential. Others lead to*

" tion-growth potential relationship can

s select and breed trees. - i maps of trees::.:
. Genes for known enzymes are also. ~ *ADNA frag'ment \
ﬁ,important for mapping chromosomes. = specxﬁc gene can

»--geeds, researchers estimate the. dis-:

* ‘tance between genes and map their po--
sitions relative to one another. Such

- maps will be useful for locating and:
studying other genes that controlf
growth and pest remstance o e
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ture, and population theory. Thompson
Conkle, in “Decoding Tree DNA” on
page 34, describes trends in biochem-
ical genetic research. These supportive
efforts will supply the information
needed for tree-improvement programs
of the future.

The SAF Working Group on Tree Ge-
netics and Improvement prepared this
series of articles to bring together in-
formation on current approaches and
programs and to highlight special-inter-
est topics relevant to land manage-
ment. Our intent is to present a survey
of the field that will inform other natu-
ral-resource professionals and place

useful information in their hands. =

by injecting . engmeered particles into
single cells growing in tissue culture.

‘Growing trees from cells i is necessary
after injecting particles, but the proce-

*, surviving high- salt concentrations or
< cold shock might produce hardler trees

".-for such conditions. .- o
.Several - major problems must be -
solved before desirable’ genes are iden-

tified, replicated, and put into recipient

o --value, secondary pr oducts

: A'M Thompson Conkle S
" Geneticist, USDA Forest Service

.- Pacific Southwest Forest and Range

Experiment Station, Berkeley, CA

procedure bypasses th mfectlon step

Research is now under way in tissue-
'culture laboratones to discover how to .
grow_whole trees from smgle cells. ©

dures have another important use. Ge- -
net.lclsts plan to select variant cells that - |
either arise naturally during culture or

are induced by chemical and environ-

- mental stimulants. For example, cells

trees.-But research is advancing. Be-
fore too many years, forest scientists -
‘will bypass breeding blocks and long-
term tests to move pest-resistant genes
into trees lacking them; to develop "
trees resistant to herbicides; to engi-

neer trees with small branches and
strong aplcal dominance; and even to
* develop trees as sources of new, hlgh .

Clonal Propagation

The clones are coming!

By W.J. Libby

sexual or vegetative propaga-
Ation—cloning—of trees has

been a useful tool in traditional
tree improvement. Cloning also prom-
ises to be the basis of a revolution in
tree improvement with important ef-
fects on silviculture, forest policy, for-
est harvesting, and wood utilization.
Reasons for cloning and the ability to
clone effectively vary among species,
and even among age classes within spe-
cies.

Grafting and rooting have been the
traditional methods. Grafting can be
performed reliably with most species.
In some species, graft incompatibilities
develop anywhere from a year or so to
over a decade after grafting, resulting
in failure of the graft union. The cost
per graft is generally high, and the ef-
fects of the rootstocks are an additional
variable. These factors limit grafts to a
set of specialty uses, mostly as a way of
moving select genotypes to breeding
orchards or expanding such genotypes
in seed orchards.

By contrast, stecklings (plantable
rooted cuttings) can in some cases be
produced for costs similar to those of
seedlings; in a few cases for even less.
Low costs plus freedom from delayed
mortality and from rootstock interac-
tions mean that stecklings can be con-
sidered for many uses, from mass prop-
agation for production plantations to
research requiring high genetic control.
Unlike grafting, the rooting of cuttings
is highly sensitive to the effects of mat-
uration of the donor tree. In general,
cuttings from juvenile donors root eas-
ily and subsequently grow like seed-

(Continued on page 38)

W.J. Libby
Professor of Genetics and Forestry
University of California, Berkeley

The goal is to produce embryoids from
cell culture and encapsulate them to
produce artificial seeds with high clonal
fidelity.
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