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T
he national 

straw
berry 

(F
raga ria L.) genetic resource collection is assigned to the

U
.S

. D
epartm

ent of A
griculture, 

A
gricultural 

R
esearch S

ervice, N
ational 

C
lonal 

G
erm

plasm
R

epository at C
orvallis, 

O
re. T

his collection is preserved prim
arily 

as potted plants 
in a

screenhouse and about 250 clones are kept as in vitro 
cultured plantlets. T

he in vitro 
plantlets

are available for distribution 
to international 

requestors, from
 the prim

ary 
screenhouse plants,

and constitute a backup. S
tandard in vitro procedures involve 

storage of straw
berry 

plantlets 
in

sem
iperm

eable plastic tissue culture bags on a plant grow
th-regulator-free 

storage m
edium

 
at 4

.C
. T

hese plants rem
ain viable 

for several years in these conditions. W
e perform

ed 
experim

ents
to determ

ine if cold storage or culture on high N
'-benzyladenine 

(B
A

) concentrations 
caused

som
aclonal variation 

in straw
berries. N

o differences w
ere detected based on random

ly 
am

pli-
fied polym

orphic 
D

N
A

 
(R

A
P

D
) m

arkers or in observation of specific m
orphological 

traits. O
ur

procedures produce plants from
 preexisting m

eristem
atic 

tissues and stable genotypes and
avoid callus proliferation. 

T
he potential 

for m
islabeling 

exists and in vitro 
propagation 

system
s

should include 
identity 

verification 
as a final step.
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 N
ational C

lonal G
erm

plasm
 R

epository at C
orvallis, O

re., is
assigned to preserve tem

perate fruit, 
nut, and specialty crops. T

he national
collection of F

ragaria L., straw
berry genetic resources is stored at this facility. T

his
collection includes about 50 species and subspecific taxa from

 aroW
1d the w

orld repre-
sented by about 1300 straw

berry clones preserved as potted plants and m
ore than 300

seedlots. N
early 19%

 of this collection, about 250 clones, is preserved as in-vitro cultured
plantlets. A

dditional clones w
ill be placed in culture as tim

e and resources perm
it.
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T
he goal of in vitro 

culture at the R
epository is to preserve and retain specific

genotypes. Plants are m
aintained in culture as a backup for the prim

ary collection that is
stored as potted plants in a screenhouse. In addition, in vitro cultures provide readily
available m

aterial for distribution to dom
estic and foreign requestors.

T
he philosophy of culturing plants for genetic resource preservation is different than

that for m
assive production for com

m
ercial purposes. W

e do not try to m
axim

ize plant
production in conservation efforts. T

he R
epository procedure begins w

ith the collection
of runner shoot tips from

 screenhouse plants. P
lantlets are produced w

ith low
 plant

~
ow

th 
regulator concentrations in the m

edium
. F

or storage the plantlets are planted in
sem

iperm
eable plastic tissue culture bags on a plant ~

ow
th regulator (P

G
R

)-free storage
m

edium
, cold acclim

atized for 1 w
eek and placed at 4 O

C
. Plantlets are inventoried and

rated for viability every 4 m
onths. S

traw
berry plantlets can rem

ain under these refriger-
ated conditions for 1 to 2 years before repropagation is required (R

eed, 1991, 1999).
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M
icropropagation of straw

berries (F
ragaria sp.

is reported to lead to som
aclonal
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variation in som
e genotypes (up to 0.46%

 in 'P
ocahontas') (5a11S

avini et al., 1990). C
hanges include leaf-

color variants and dw
arf plants (C

am
eron and H

ancock, 1986; Irkaeva and M
atveena, 1997; S

ansavini
et al., 1990; S

w
artz et aI., 1981). O

ther characteristics are epigenetic in nature and disappear over tim
e

(K
oruza 

and Jeleska, 1993). N
um

erous 
authors 

report 
that 

genetic 
changes including 

insertions,

1991;
K

ane et aI., 1992) although few
 of the phenotypic 

sym
ptom

s are heritable 
(K

arp, 1995; S
ansavini et aI.,

1990).
M

ost som
adonaJ variations 

occur in plants regenerated 
from

 
cultures 

that have gone through 
a

dedifferentiation 
phase, i.e., callus. T

he role of P
G

R
 as agents of m

utation 
is under study by several

investigators. 
A

m
holdt-S

chm
itt 

(1993) discovered 
that indole-3-acetic 

acid (IA
A

) 
and inositol 

in the
grow

th 
m

edium
 resulted in D

N
A

 
rearrangem

ents and m
ethylation 

changes in (D
aucus carota L.) callus

cultures. 
H

ow
ever, 

cropping 
and vegetative 

perform
ance 

of 
runner 

progeny of m
icropropagated

straw
berry plants w

ere not influenced 
by cytokinin 

concentration in the tissue culture m
edium

 
(B

eech
et aI., 1988). 

.

A
t the N

C
G

R
 w

e w
anted 

to know
 

if 
our in-vitro 

culture 
practices 

w
ere inducing 

som
aclonal

variation. 
W

e chose to focus on the benzyladenine 
(B

A
) concentration 

in the m
edium

 
over several

passages in culture, and to look at plantlets 
that w

ere stored for 4 years at 4 °C
 w

ith repropagation 
at

about IS
-m

onth intervals. 'P
ocahontas' w

as chosen for study because of earlier reports of high levels of
som

aclonal variation 
(S

ansavini et aI., 1990). W
e tested the genetic stability 

of 'P
ocahontas' plantlets

m
 plantlets in vitro or in the field 

(K
um

ar et aI., 1999).
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R
-free m

edium
 

for 4 years w
ere tested. In addition 

five nm
ners 

w
ere collected from

 greenhouse
plants, initiated into culture, and m

ultiplied 
on 5 or 15 ~

 
B

A
 for 8 m

onths before sam
ple collection for

D
N

A
 

extraction. O
ne hundred 

plantlets 
from

 
each B

A
 treatm

ent 
and 50 cold-stored plantlets w

ere
acclim

atized 
and field planted for m

orphological 
evaluation.
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In vitro-grow

n 
plantlets of F

ragaria xananassa 'P
ocahontas' on 15 ~

 
B

A
 m

edium
 w

ere com
pact and

pale green in color w
hile those on 5 I.IM

 BA
 w

ere 
taller and dark green. H

eight 
variation persisted in

potted 
plants. C

old-,stored plants w
ere not m

orphologically 
different 

from
 51.1M

 BA
 plants (fable 

1).
M

icropropagated 
'P

ocahontas' plants grow
n on 5 and 15 rnM

 B
A

 m
edium

 
or cold-stored on P

G
R

-free
m

edium
 

for over 4 years w
ere 

grow
n 

in the field 
to exam

ine m
orphological 

variation. 
M

ost of the
m

orphological 
characteristics did not differ for field grow

n plantS
 inicropropagated 

on 5 and 15 ~
 

B
A

m
edium

, 
but cold-stored 

plants w
ere less vigorous 

both 
vegetatively 

and 
reproductively 

than B
A

-
treated plants. C

old-stored plants had few
er trusses, low

er vigor, few
er and sm

aller fruit and poor fruit
color, but they did produce significantly 

m
ore runners than nonstored plants (fable 1). D

ifferences in
m

orphological 
characteristics appeared 

to be epigenetic 
in nature, 

i.e., disappearing 
after several

m
onths 

grow
th, and w

ere not indicative 
that m

utations 
had occurred 

(K
um

ar et al., 1999).
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polym
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(R
A

P
D

) m
arkers w

ere used to detennine if cold storage

N
o indication 

of m
~

tation w
as detected, through 

gain or loss of fragm
ents, in over 200 loci am

plified 
by

29 of 30 O
peron prim

ers tested (K
um

ar et al., 1999). O
ne prim

er; 
O

P
F

-18 (n'C
C

C
G

G
G

T
r), 

generated
an inconsistent polym

orphism
 

that did not correlate w
ith 

any treatm
ents. P

ossible changes in m
ethy-
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I lation patterns of rR
N

A
 genes of straw

berries w
ere exam

ined using S
outhern blot analysis. C

hanges in

m
ethylation patterns w

ere observed in one sam
ple from

 plants grow
n on 15 m

M
 B

A
 m

edium
 and in one

of the cold-stored plants. A
 R

A
P

D
 length polym

orphism
 'w

as observed in tw
o sam

ples from
 plantlets

derived from
 one explant.

T
he one variant plant arising from

 the B
A

 treatm
ents could be due to changes in gene expression,

but by the end of the season that plant and its runners began to appear norm
al, suggesting the change

w
as epigenetic. S

ansaviniet al. (1990) reported that som
e variations w

ere m
asked by other character-

isticsand tended to appear in later seasons. W
e did not continue the study beyond one season. How

ever,
absence of polym

orphism
 in R

A
P

D
 m

arkers and lack of m
ajor changes in D

N
A

 m
ethylation indicated

that few
, if any, genetic changes w

ere present but m
asked in B

A
-treated or cold-stored plants. T

he
absence of polym

orphisrns in the specifically am
plified 

D
N

A
 

w
e exam

ined does not exclude the
possibility that m

utations occurred in other repetitive D
N

A
 segm

ents or coding regions (genes) of the
genom

e. N
either B

A
 treatm

ent nor cold storage per se appeared to be a cause of som
aclonal variation

(K
um

ar et al., 1999).
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S
tandard culture practices at the N

C
G

R
 are designed to m

inim
ize som

aclonal variation. A
lthough

variant plants are rare, the staff avoids possible problem
s by discarding hyperhydric, and chim

eral
plants, and those produced from

 callus tissues: M
ultiplication m

edium
 contains 4.4 ~ 

B
A

 and the cold-
storage m

edium
 is free of all grow

th regulators. C
old-stored cultures are repropagated on average at 15

m
onths (range of 12 to 24 m

onths). T
hey require one or tw

o passages in the grow
th room

 before further
storage. C

ultures are tested for bacterial contam
inants on a regular basis (T

anprasert and R
eed, 1997)
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everal steps are im
portant 

in avoiding som
aclonal variation in m

icropropagation ~
em

es.
M

icropropagated plants should be produced from
pree'xisting m

eristem
s (not adventitious buds), and

reg~
nerated from

 young tissues and stable genotypes, w
hile callus and protoplasts sJ:lould be avoided

(Jain and D
e K

lerk, 1998). N
um

erous reports point to the im
portance of proper explant choice (A

delberg
et aI" 1994).

T
able 1. M

orphological 
analysis of field-grow

n 
'P

ocahontas' straw
berry 

plants from
 in vitro plantlets 

m
ulti-

plied 
on N

C
G

R
-F

R
A

 
m

edium
 

w
ith 

5 or 15 ~
 

B
A

 for 8 m
onths or stored at 4 D

C
 for 4 years on m

edium
 

w
ithout

N
6-benzyladenine. 

D
ata from

 K
um

ar 
et al., 1999.

In-vitro grow
th conditio~

C
haracteristic

C
old 

stored

104.8 b
70.6b
62.7b

119.0b
6A

c
6.2b
3.8 b

13.6a
0.5 b
5.0b
3.5 b
1.3b
7.0b
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m
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m
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P
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R
lInl1cril1~

N
um
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T
 ot~
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11U

l11bcr
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' 
fruit 

"'t:ight 
I g)

P
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' 
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T
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,,'cight 
(g)

100
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A
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a 

76.1 
a

66.1 
a 

67.1 
a

123.0 ab 
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7.2 a
4.4 
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4.5 a

11.4b 
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1.6 a
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R
esearchers, breeders and certification program

s have an increased interest in m
edium

-term
germ

plasm
 storage for m

any crop plants. Im
provem

ents in storage containers, conditions, and m
edia

germ
plasm

 (R
eed and H

um
m

er, 1995). The num
ber of accessions presentlym

 cold storage is increasing
as additional specim

ens are collected from
 around the w

orld and cultivated genotypes are added to the
germ

plasm
 core. In vitro collections w

ill 
continue to play an im

portant role in the distribution 
of

pathogen-negative plants throughout the w
orld. T

he desire for correctly identified, pathogen-negative
gennplasm

 is increasing. S
om

e certification program
s have adopted in vitro culture as standard

technique in the production of pathogen-negative plants from
 stock collections. V

irus and virus-like
pathogens do not spread betw

een in vitro cultures.

can be m
aintained for long-term

 as stable in vitro cultures. M
utation rates do not appear to be higher

in culture than in vivo over the term
 considered in this study. H

ow
ever, potential for m

islabeling exists
and
identity verification step exists and laboratories m

ust use a com
bination of field evaluation and

m
olecular techniques to check their culture system

s.
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