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Introgression in black poplar (Populus nigra L. ssp. nigra)
and its transmission
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ABSTRACT: Introgression was studied in the offspring of P. nigra and P. x canadensis female trees using 3 enzymatic
patterns (6-PGD, LAP and GPI). Our investigations were aimed at the offspring from open pollination and controlled pol-
lination by the pollen mixture from 3 clones of P. nigra and 3 clones of P. x canadensis. The rate of introgression in
P. nigra offspring from open pollination was 0.67%. Introgression in 3 offsprings of P. nigra from controlled pollination
was 7.14%. In P. x canadensis the heterozygous: homozygous phenotype ratio in 2 offsprings from open pollination was
1:1; it documents prevailing fertilization by P. nigra pollen. After fertilization by the pollen mixture this segregation ratio
was 1:1 (6-PGD; GPI) or 3:1 (LAP). The offspring of P. x canadensis maternal components are assumed to have a major
share in introgression.
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In the genus Populus spontaneous crossing of some
species of this genus can occur. It is documented by some
well-known interspecific hybrids that were introduced
into cultivation in the 18" century (DATABASES FAO
2000), and by relatively easy crossability of some spe-
cies in controlled conditions (CAGELLI, LEFEVRE 1995).

Introgression is considered to mean a transmission of
genes of one species into the gene pool of another spe-
cies by crossing or backcrossing (ANDERSON, HU-
BRIGHT 1938). It is one of the factors that can cause genetic
disturbance of a species in the open nature. Introgression
of genes of P. X canadensis Moench. that is an interspe-
cific hybrid of P. deltoides Marsh. and P. nigra L. is re-
ported in the autochthonous species of P. nigra in the
conditions of this country. Mutual pollination of P. nigra
and P. X canadensis is a backcross. It is hardly possible
to distinguish these backcrosses from P. nigra on the ba-
sis of morphological traits and to identify introgression
in this way. However biochemical markers or DNA ana-
lyses can be used to determine the parental components
of the plant in question that belong to different species
(HEINZE 1997; BENETKA et al. 1999). An isozyme ana-
lysis is fully sufficient for simple identification of the par-
ticular poplar species (VACKOVA et al. 1998).

Considering the Populus nigra endangerment, it is to
ask a question about the percentage of P. X canadensis
introgression into the gene pool of P, nigra. As plants of
the genus Populus are dioecious, it is important whether
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there are differences in introgression transmission bet-
ween Populus nigra and Populus x canadensis in rela-
tion to mutual pollination or failure of such pollination
and production of germinable seeds.

MATERIAL AND METHOD

Seeds from open pollination were harvested from fe-
male trees of P. nigra and P. x canadensis in the popule-
tum of Silva Tarouca Research Institute for Landscape
and Ornamental Gardening at Prithonice in Michovka lo-
cality. Most of twelve-year trees were fully productive at
the time of seed sampling. Clones 301, 310, 311 and Ivach-
nova were selected from a P. nigra compartment, and cul-
tivars 1-214, Marylandica, Regenerata and Virginiana de
Frignicourt from a P. X canadensis compartment.

For controlled pollination the same clones as for seed
harvest from open pollination (except Ivachnova clone)
were used as female plants while from among the male
plants clones 315, 316 and 327 were selected as P, nigra
representatives and Serotina, Blanc du Poitou and Ro-
busta as P. x canadensis clones. The pollen of six pater-
nal components was mixed at identical volume ratios and
the mixture (MI) was used for pollination.

Seeds from open pollination were harvested from flo-
riferous branches that were sampled from maternal trees
just before capsule dehiscence. Branches were put into
bottles with water where the inflorescences were let ma-
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Fig. 1. Differences in the number of bands are evident in the
enzymatic pattern 6-PGD in the lower part of vertical paths.
The speciesP. x canadensisisidentified by five bands, P. nigra
and P. deltoides by three bands while the bands in P. deltoides
are more distant from each other

ture. Seeds were collected separately after capsule matu-
ration. Controlled crossing was also carried out on flori-
ferous branches put into bottles and in a greenhouse.
Before coming into flowers the inflorescences were iso-
lated in paper bags and rubber balloons were used to pol-
linate flowers through a hole in the paper bag. Pollen
viability was tested by control pollination of several ma-
ternal components by the pollen of particular paternal
components. A paternal genotype was identified in the
offspring by an analysis of three enzymatic patterns
(6-PGD, LAP and GPI). The paternal genotype could be
determined with 85% probability by the combination of
three isoenzymatic patterns (BENETKA et al. 1999). Ho-
mozygous phenotypes identified in zymograms corre-
sponding to P. nigra genotype were designated by letter
N while heterozygous phenotypes corresponding to P, x
canadensis genotype were designated by letter C. In the
enzymatic pattern 6-PGD homozygous phenotypes cor-
responding to P. deltoides genotype were designated by
letter D (Fig. 1, Table 1 and 3). The share of paternal
plants in offspring pollination was determined in P. X
canadensis on the basis of segregation ratios.

Table 1. Buffer systems, electrophoretic conditions and enzymes

ISOZYME ANALYSIS

Fresh young leaves were used for gel electrophoresis.
Samples of 100 mg were homogenized with 10 mg of
insoluble polyvinyl-pyrrolidone (PVP90), 50 mg of ster-
ile sand and 400 pl of extraction buffer (100 mM Tris-
HCI, pH 7.0; polyethylene glycol, 2%; sucrose, 6.8%;
EDTA, 4 mM; PVP 40.4%; Triton X 100, 0.5%; isocitric
acid, 0.8 mM; shikimic acid, 1 mM; glucose-1-phosphate,
0.7 mM and 2-mercaptoethanol, 128 mM). The extract
was absorbed onto 3 x 9 mm filter-papers which were
inserted into horizontal starch gel slabs.

Three enzyme systems were assayed by horizontal
starch gel electrophoresis using two different buffer sys-
tems (Table 1).

Starch gels (11.5%) were prepared from potato starch
(Sigma S 5651, St. Louis, MO, USA). After electrophore-
sis was completed, the gels were sliced horizontally. Gel
slices were stained with specific histochemical stain as-
says (WENDEL, WEEDEN 1989, modified, and VALLE-
JOS 1983, modified).

RESULTS AND DISCUSSION
POLLEN VIABILITY

This notion is considered to mean the pollen capacity
to fertilize ovules that will develop into germinable seeds
after fertilization. In P. nigra the pollen of clones 315,
327 and 316 was tested in three female genotypes in or-
der to exclude a potential failure caused by incompatibi-
lity. Germinable seeds were produced in all cases; it
confirmed good viability of the pollen used.

The results for P x canadensis are summarized in
Table 2. Germinable seeds were produced only by the
male clones Serotina and Blanc du Poitou crossed with
female clones Marylandica and 1-214 while the female
clones Regenerata and Virginiana de Frignicourt did not
produce any seeds. It can be deduced that pollen viabili-
ty was good in two clones of P. x canadensis at least
(Serotina and Blanc du Poitou) or there were no other
barriers for pollination or fertilization and production of
germinable seed. The crosses of female clone 1-214 and

Enzyme

Buffer system Voltage Name EC No. Abbr. Quaternary structure  Loci"
A) Morfoline-citrate 230V 6-phosphogluconate 6-PGD dimer 5
(CrayToN and TreTIAK 1972) dehydrogenase 1.1.1.44

leucine aminopeptidase LAP monomer 2
B) Lithium-borate 200V 3.4.11.1
(SELANDER et al. 1971) glucosephosphate isomerase GPI dimer 2

5.3.1.9
“RaJora (1986)
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Table 2. Pollen viability expressed by the number of plants produced per fertilized inflorescence

o Fertilized Germinable Number of plants produced
Combinations . S
inflorescences seeds per fertilized inflorescence
Marylandica x Serotina 15 0 0
1-214 x Serotina 11 10 0.90
Marylandica x Blanc du Poitou 17 0 0
1-214 x Blanc du Poitou 5 4 0.80
Marylandica x MI 71 12 0.16
1-214 x MI 70 30 0.40
Marylandica x 315 9 1 0.11
1214 x 315 11 12 1.10
Marylandica x 327 10 0 0
1-214 x 327 18 3 0.20
Marylandica x 316 12 0 0
1214 x 316 9 0 0

Pollen mixture (MI) = P. nigra (clones 315, 316, 327) + P. x canadensis (Serotina, Blanc du Poitou, Robusta), identical volume

proportions of pollen

partly Marylandica with P. nigra clones (315 and 327)
yielded offspring; it demonstrates a possibility of cross-
ing these two species.

INTROGRESSION IN THE OFFSPRING
OF POPULUS NIGRA FEMALE PLANTS

Introgression was identified (in a zymogram) as a het-
erozygous phenotype of P. x canadensis after the analy-
sis of three enzymatic patterns 6-PGD, LAP and GPI
(Table 3). Among the offspring from open pollination of
four female genotypes representing a total number of
150 analyzed individuals only one individual with het-
erozygous phenotype was identified. Fertilization by
P. x canadensis pollen was not effective in the other in-
dividuals with 85% probability; it indicates introgression
ata 0.67% level (with 85% probability). Out of 105 ana-

Table 3. Numbersof individual swith hybrid phenotype produced
by two methods of pollination, determined by the isoenzymatic
analysisin P. nigra

Numbers of individuals

Female clon after open after fertilization by
pollination the pollen mixture
N C N C
301 29 0 35 2
310 30 0 25 2
311 53 1 38 3
Ivachnova 37 0 - -
b2 149 1 98 7
% of hybrids 0.67 7.14
N — homozygous phenotypes identified in zymograms corresponding
to P. nigra

C — heterozygous phenotypes corresponding to P. x canadensis
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lyzed individuals there were 7 individuals with heterozy-
gous phenotype in the offspring from fertilization by the
pollen mixture and introgression was 7.14%. The rate of
introgression in the offspring from open pollination is
lower than in spontaneously pollinated stands in the open
nature where it amounted to about 9% (BENETKA et al.
1999). It is to note that a chance of fertilization by for-
eign pollen was high in tested maternal components con-
sidering the populetum species composition. Not even
after fertilization by the pollen mixture when P. x ca-
nadensis pollen was undoubtedly present did introgres-
sion achieve the values of stands in the open nature.

INTROGRESSION IN THE OFFSPRING OF POPULUS
x CANADENSIS FEMALE PLANTS

P. x canadensis could be fertilized either by its own
pollen or by P. nigra pollen. Fertilization by own pollen
is the crossing of two heterozygotes and the segregation
ratio at one locus is 1:2:1 (types P. deltoides : P. x cana-
densis : P. nigra) or 3:1 if it was not possible to distin-
guish the phenotype of P. canadensis from that of
P. deltoides. In case it was pollination by P. nigra, it was
a backcross with segregation ratio 1:1 (types P. nigra :
P x canadensis).

Table 4 shows the frequency of homozygous and het-
erozygous loci of three enzymatic patterns after open
pollination and controlled fertilization by the pollen mix-
ture. Seeds were produced only in two (I-214 and Mary-
landica) out of the four female clones. Segregation ratios
of the tested traits in the offspring from open pollination
were 1:1. This segregation ratio suggests that the frequen-
cy of fertilization by black poplar pollen must have been
high. Fertilization by P. x canadensis pollen is demon-
strated by the phenotypes of P. deltoides type in the en-
zymatic pattern 6-PGD.
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Table 4. Frequency of homozygous and heterozygous loci in three enzymatic patterns produced by two methods of pollination

(in P. x canadensis)

a) after open pollination

Isoenzyme
Clon 6-PGD LAP GPI
N C D N C N C
1-214 11 3 2 6 11 8 9
Marylandica 4 3 0 6 3
11 > 15 8 12 14 13 13
' X2 2.60 0.16 0.00
b) after fertilization by the pollen mixture
Isoenzyme
Combination 6-PGD LAP GPI
N C D N C N C
1-214 x MI 14 11 6 16 17 9
Marylandica x MI 4 6 0 4 6 1 9
13 > 18 18 10 22 18 18
' X2 18.00 5.24 18.00
X2 =384

(0.05)

MI — pollen mixture = black poplar (clones 315, 316, 327) + Canadian poplar (Serotina, Blanc du Poitou, Robusta), identical volume

proportions of pollen

The appearance of a part of seedlings was not different
from P, nigra seedlings, mainly in the offspring of the
female clone Marylandica.

The segregation ratio of phenotypes in the offspring
from fertilization by the pollen mixture was 1:1 in the
enzymatic patterns 6-PGD and GPI. One homozygous
phenotype of P. deltoides type was found in 6-PGD. On
the contrary, the segregation ratio in the enzymatic pat-
tern LAP was highly significantly different from 1:1, it
was identical with the ratio 3:1. A sufficient amount of
P. x canadensis pollen increased its share in fertilization
but fertilization by P. nigra pollen is also documented in
this case by the segregation ratios of enzymatic patterns
6-PGD and GPI.

The percentage share of P. nigra in fertilization of P. x
canadensis female plants cannot be expressed more ex-
actly because the number of analyzed individuals was
low.

CONCLUSION

The results document that introgression of P. x ca-
nadensis into the gene pool of black poplar is not likely
to exceed 10%. JANSSEN (1998) stated that pollen trans-
mission between P. nigra and P. x canadensis could oc-
cur solely from P. nigra to P. X canadensis. MELCHIOR
and SEITZ (1968) and ZSUFFA (1975) also reported that
hybridization could be successful only if P. X canaden-
sis was a maternal component. On the contrary, after fer-
tilization by the pollen mixture in our trial the offspring
of P. nigra female plants comprised 7.14% of hybrids; it
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suggests a possibility of pollination of P. nigra by P. X
canadensis. The above results and our previously pub-
lished results (BENETKA et al. 1999) confirm that P. nig-
ra preferably accepts pollen of its own species. It is to
ask a question which species is a more important source
of seeds coming from introgression. The higher rate of
introgression in seedlings in the open nature (9.7% —
BENETKA et al. 1999) than introgression in the offspring
from open pollination by the female plant of P. nigra
documents that mostly female trees of P. x canadensis
are a source of seeds from P. nigra and P. X canadensis
crossing.
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Introgrese u topolu ¢erného (Populus nigra L. ssp. nigra) a zpusob jejiho SiFeni
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Vyzkumny tstav Silva Taroucy pro krajinu a okrasné zahradnictvi, Prithonice, Ceskd republika

ABSTRAKT: U potomstev samicich stromt P. nigra a P. x canadensis byl sledovan vyskyt introgrese pomoci tfi enzymo-
vych systémi (6-PGD, LAP a GPI). Byla sledovana potomstva z volného opyleni a kontrolovaného opyleni smési pylu od
¢tyt klonu P. nigra a dvou klont P. x canadensis. U druhu P. nigra byl v potomstvech z volného opyleni vyskyt introgrese
0,67 %. Ve tiech potomstvech P. nigra z kontrolovaného opyleni byla introgrese 7,14 %. U druhu P. x canadensis ve dvou
potomstvech z volného opyleni byl pomér heterozygotnich fenotypti k homozygotnim 1 : 1, coz svéd¢i o pievazujicim opy-
leni pylem P. nigra. Po opyleni smési pylu byl tento §t€épny pomér 1 : 1 (6-PGD; GPI) az 3 : 1 (LAP). Lze piedpokladat, ze

vyznamny podil na vyskytu introgrese u druhu P. nigra maji potomstva matek P. X canadensis.

Klic¢ova slova: introgrese; volné opyleni; fizené opyleni; Populus nigra L. ssp. nigra; Populus % canadensis Moench.

Introgresi rozumime vneseni genti jednoho druhu do
genofondu druhého druhu v dusledku kfizeni nebo zpét-
ného kfizeni. Introgrese zplsobuje genetické naruSeni
takto ovlivnéného druhu. Uvadi se, ze v CR je auto-
chtonni topol ¢erny ohrozen introgresi hlavné ze strany
topolu kanadského (Populus x canadensis Moench.).

V ¢lanku je sledovan vyskyt introgrese u potomstev po
volném opyleni od étyf samicich klonti topolu ¢erného
a dvou samicich kultivarti topolu kanadského a u potom-
stev z opyleni smési pylu tfi samcich klont topolu
¢erného a tii samcich kultivar topolu kanadského.
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Vyskyt introgrese byl stanoven jako podil heterozygotd,
zjisténych analyzou tfi enzymovych systémut (6-PGD,
LAP a GPI) ve sledovaném potomstvu. Pfi opyleni mezi
topolem ¢ernym a topolem kanadskym dochazi ke zpét-
nému kiizeni, a proto se u potomstev z tohoto kiizeni
pomér homozygotl a heterozygott, zjistény na zymogra-
mech, blizi 1 : 1. V pfipad¢ kiizeni dvou topold kanad-
skych jsou stépné poméry 3 : 1, kdy homozygotni fenotyp
topolu Cerného je zastoupen ve 25 %.

V potomstvech z volného opyleni u topolu cerného byl
mezi 150 analyzovanymi jedinci nalezen pouze jeden
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hybridni fenotyp, tzn. Ze introgrese se vyskytla v 0,67 %.
V potomstvech po opyleni smési pylu se hybridni feno-
typ vyskytl u 7,14 % ze 105 jedincu.

Od ctyf samicich kultivart topolu kanadského jak po
volném, tak i po fizeném opyleni byla sklizena semena
pouze u dvou matek. V potomstvech z volného opyleni
u topolu kanadského se $tépné poméry sledovanych
znakti shodovaly s pomérem 1 : 1, coz dokazuje, Ze muse-
lo dochézet k rozsahlému opyleni topolem ¢ernym. Po
opyleni smési pylu byl tento st€pny pomér 1 : 1 (u enzy-

movych systéma 6-PGD a GPI) az 3 : 1 (LAP), proto
i zde muselo dojit k opyleni i topolem ¢ernym. Cast tiile-
tych semenact se morfologicky nelisila od semenact to-
polu ¢erného.

V predchozich pokusech u pfirodnich populaci topolu
cern¢ho byla zjisténa introgrese v rozsahu az 9 %. Vzhle-
dem k tomu, ze topol Cerny prednostné piijima vlastni
pyl, lze predpokladat, Ze na jeho introgresi se vyznamné
podileji semenace od samicich rostlin topolu kanadského,
opylené pylem topolu ¢erného.
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