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Summary. A direct comparison of microspore culture 
and anther culture was made in Brassica napus using F 1 
crosses of Regent (canola) by Golden (rapeseed), and 
their reciprocals, as well as a hybrid between Reston and 
a highly embryogenic, canola-quality breeding line 
(G231) as donor plants. The study confirmed that mi- 
crospore culture can be ten times more efficient than 
anther culture for embryo production. Embryo yields 
from cultures initiated from the RestonxG231 were 
four-fold greater than those initiated from the Re- 
gent x Golden crosses, and significant differences were 
also detected among cultures initiated from the different 
Regent x Golden crosses. These results illustrate the in- 
fluence that donor plant genotype has on embryo 
production. However, superior embryogenic potential 
among donor material was not always coincident with 
superior plant production. The average haploid-to- 
diploid ratio in microspore-derived regenerates was 2:1 
for the population obtained from the Regent x Golden 
crosses but 1:1 for the Reston x G231 cross. For both 
types of material, the frequency of diploids increased 
upon repeated cycles of explanting. A field study showed 
that there were no differences between the populations of 
anther-derived and microspore-derived spontaneous 
diploid and doubled haploid lines, with respect to the 
days required for them to flower or to mature. The infor- 
mation is valuable for canola breeding programs consid- 
ering the use of haploidy. 
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Introduction 

The first successes with the production of microspore- 
derived embryos from Brassica anther cultures were re- 
ported by Keller et al. (1975) and Thomas and Wenzel 
(1975). In the early studies, the embryo production fre- 
quencies were low and embryo production was sporadic. 
Since that time there have been significant improvements 
in the anther culture technique that have made it more 
productive and reliable. These include preconditioning 
the donor material at low temperatures (Keller et al. 
1982; Keller and Armstrong 1983), using liquid culture 
media (Lichter 1982), and incubating the cultures contin- 
uously at 30~ or 35~ prior to maintenance at 25~ 
(Keller and Armstrong 1978, 1979). With the best geno- 
types, 100-900 embryos per 100 cultured anthers have 
been obtained (Keller and Stringam 1978; Dunwell and 
Cornish 1985). 

The development of a culture system for isolated 
B. napus microspores by Lichter in 1982 was a major 
advance in B. napus haploid production technology. Us- 
ing the isolated microspore cultures, yields in excess of 
150,000 embryoids per 100 anther equivalents have 
been reported (Swanson et al. 1987; Kott et al. 1988). 
Only one comparison of the two techniques with the 
same genotypes has been reported (Lichter et al. 1988). 
Since the genotype and the physiological state (Keller 
1984; Thurling and Chay 1984) of the donor plant affect 
the productivity of the androgenic cultures initiated from 
them, the relative efficacy of the two techniques can only 
truly be evaluated by isolating microspores and anthers 
from the same donor plants. 

In the present study, the embryo production frequen- 
cies and plant production frequencies in anther and mi- 
crospore cultures initiated from three Fls obtained from 
crosses between Regent and Golden, and their recipro- 
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cals, as well as a hybrid between Reston and a canola- 

quality breeding line, G231, were compared. The study 

also contributes to the very limited information that is 

available on the effects of  subculturing on the ploidy of  

regenerates from microspore culture. Furthermore,  the 

days to flower and days to reach maturity of  the adro- 

genic lines from the Regent x Golden crosses were com- 

pared in the field. This information is of  value to plant 

breeders considering the use of  these techniques to rapid- 

ly produce homozygous lines. 

Materials and methods 

Plant material 

The donor plants for microspore and anther culture were F 1 
hybrids obtained from crosses between individual plants of the 
spring Brassica napus L. cultivars Regent (canola) and Golden 
(rapeseed) and their reciprocals. Plants of the same cultivar were 
chosen to have similar erucic acid and glucosinolate levels. The 
levels were determined by gas liquid chromatography, in ex- 
tracts from half cotyledons of imbibed seeds as described by 
Downey and Harvey (1963). A cross between the spring Brassica 
napus cultivar Reston (high erucic, low glucosinolate) and a 
highly embryogenic, canola breeding line, G231, was also used 
to initiate androgenic cultures. 

Donor plants for anther and microspore culture were grown 
from the F 1 hybrid seed. Six randomly chosen seeds of each 
cross were planted in Jiffy-7 peat pellets, and were transferred 
after 2 weeks to 15-cm (6") plastic pots containing MetroMix 
(W.R. Grace and Co., Ajax, Ontario) potting medium. The 
plants were grown in an environmentally controlled growth 
room under a 16-h photoperiod and a 22~ day/18~ night 
temperature regime. Grolux Wide Spectrum and Cool White 
fluorescent lamps (Sylvania Canada, Drummondville, Quebec) 
supplied a photosynthetic photon flux density of 250 IxM m- 2 
sec-1 at bench level. The plants were watered as required and 
20:20:20 (N:P:K) fertilizer was applied twice weekly at a rate of 
lg1-1 .  

Microspore and anther techniques 

Buds 4 -  5 mm in length were removed from the terminal and the 
upper two axillary racemes of donor plants that had approxi- 
mately five open flowers on the terminal raceme. The buds were 
surface-sterilized in a 5.7% hypochlorite solution for 10 min and 
were subsequently rinsed three times (for 5 min) with auto- 
claved, deionized-distilled water. Intact anthers were removed 
from buds which had petal-to-anther ratios between 1:2 and 2:3. 
From each bud, two of the six anthers were randomly chosen for 
microspore culture and the remaining four were used for anther 
culture. 

Anthers for anther culture were floated on 2.5 ml of M41 
liquid medium (Keller et al. 1975) with 10% sucrose, 0.1 mg 1-1 
2,4-D, and 0.1 mg 1-1 naphthalene acetic acid (NAA) in 
60 • 15 mm Falcon plates (Becton Dickinson, Labware, Ox- 
nard/CA). Twelve intact anthers were placed into each plate and 
these were incubated, in the dark, at 35 ~ for 2 days followed 
by 28 days at 25 ~ to induce embryogenesis. 

Anthers for microspore culture were bulked in the liquid B5 
medium and macerated with a teflon rod to release the mi- 
crospores. The resulting suspension was filtered through 63 lam 
and 44 lam Nytex filters, and the filtrate was centrifuged at 
1,000 rpm for 3 min to pellet the microspores. The supernatant 
was removed and the microspores were resuspended in B5 wash 

and centrifuged at 1,000 rpm for 3 min. This step was repeated 
three times. The final microspore pellet was resuspended in a 
modified Nitsch and Nitsch (1967) liquid NLN medium (Lichter 
1981, 1982), to give a microspore density of approximately 
204,000 microspores/ml- 1. One milliliter of microspore suspen- 
sion was added to 60 x 15 mm Falcon plates which already con- 
tained 1.5 ml of liquid NLN, to give a final microspore density 
of 81,600 microspores ml- 1. Microspore cultures were incubat- 
ed in the dark at 32~ for 3 days followed by 19 days at 25~ 
(Chuong and Beversdorf 1985). 

Embryo culture and regeneration 

After 22 days for microspore cultures and 30 days for anther 
cultures, the cotyledonary embryos (Chuong and Beversdorf 
1985) that were produced were counted and transferred to solid 
B5-H medium, containing 2% sucrose and 0.8% agar without 
hormones (Gamborg et al. 1968). Additional cotyledonary em- 
bryos were transferred from the microspore culture plates at 25 
days and from the anther culture plates at 33 days onto solid 
B5-H, to rescue embryos that had previously been too small. 

After 4 weeks, the number of plants that had developed 
normal shoots and roots were counted, individually labelled, 
and transferred to fiats containing MetroMix and covered with 
a clear plastic lid. Abnormal regenerates, lacking either a well- 
developed shoot apical meristem or root system, were explanted 
onto solid B5-H to induce normal plantlet development. After 
6 weeks, the normal regenerates which had developed were 
transferred to MetroMix in the growth room, as described 
above, and a second explant onto fresh B5-H was performed 
with recalcitrant material. After 4 weeks, the normal regenerates 
which developed were transferred to the growth room, while the 
remainder of the material was discarded. 

Colchicine doubling and seed production 

At flowering, the ploidy of the regenerates was assessed by 
examining the floral morphology. Spontaneous diploids were 
bagged to produce selfed seed, while haploid plants underwent 
colchicine treatment. The roots of the haploid plants were 
washed and immersed in a 0.1 mg 1-1 colchicine solution con- 
taining a few drops of a surfactant (Tween 20) for 5 h. The 
treated plants were rinsed, potted in styrofoam cups containing 
MetroMix, and placed in the growth room. Doubled flowers or 
sectors of the treated plants were bagged to produce selfed seed 
from these doubled haploids. 

Field observations 

A total of 185 spontaneous diploid and doubled haploid lines 
(160 microspore-derived and 25 anther-derived) from the Re- 
gent • Golden crosses were produced. These lines were hand- 
planted in 1.5-m rows with an intra-row spacing of 10 cm and 
inter-row spacing of 50 cm in early May of 1987. Notes on days 
to flower and days to maturity were recorded for each individual 
line. A days-to-flower value was given to rows when each plant 
in the row had at least one flower, and a days-to-maturity value 
was given to rows when a pod taken from the terminal raceme 
of each plant contained 75% brown seeds. 

Results 

Embryo production for microspore and anther culture 

Embryo production frequencies in microspore and an- 
ther cultures initiated from six Regent • Golden crosses 

are shown in Table 1. Microspore cultures initiated from 
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Table 1. Embryo and plant production frequencies from microspore and anther cultures initiated from six Regent • Golden crosses 

Cross Normal embryos Normal primary Normal secondary 
per 100 anthers regenerates regenerates 

per 100 embryos per 100 explants 

m/c a a/c b m/c a/c m/c a/c 

R2 • G2 c 190.1 ab 3.3 b 2.9 0.0 13.2 22.5 
G2 • R2 224.9 ab 8.0 b 1.1 4.7 11.9 25.1 
R8 • G6 56.5 b 9.0 b 0.0 0.8 22.7 21.3 
G6 • R8 32.4 b 3.6 b 1.8 0.0 15.6 22.8 
R14 • G20 418.3 a 44.5 a 2.4 1.1 23.2 17.2 
G20 x R14 336.5 a 43.0 a 1.8 0.0 21.0 20.6 

Average 209.8 18.6 1.7 1.1 17.9 21.6 

a m/c, microspore culture 
b a/c, anther culture 
c R, Regent, G, Golden 

- means within a column followed by the same letter are not significantly different (P>0.05), as determined by a Duncan's New 
Multiple Range Test 

Table 2. Embryo and plant production frequencies from microspore and anther cultures initiated from the Reston x G231 cross 

Cross Normal embryos Normal primary Normal secondary 
per 100 anthers regenerates regenerates 

per 100 embryos per 100 explants 

m/c ~ a/c b m/c a/c m/c a/c 

Reston x G231 1,325.0 804.5* 6.2 1.0" 11.2 3.9** 

a m/c, microspore culture 
b a/c, anther culture 
*' **' mean yields from anther culture and microspore culture are significantly different at the 5% and 1% level, respectively 

Regent-8 x Golden-6 and its reciprocal produced the least 
embryos,  Regent-2 x Golden-2 and its reciprocal were 
intermediate in their response, and  Regent-14 x Golden-  
20 and its reciprocal produced the most  embryos.  In 
comparison,  anther  cultures init iated from Regent- 
2 x Golden-2 and Regent-8 x Golden-6,  and their recip- 
rocals produced fewer embryos  than Regent- 
14 x Golden-20 and its reciprocal.  Microspore  cultures 
were on average ten times more productive than anther  
cultures. 

An  analysis of  variance of  embryo product ion fre- 
quencies in androgenic cultures init iated from the six 
Regent  x Golden  crosses indicated that  the mean number  
of  normal  embryos produced per 100 anthers among 
microspore  cultures was not  significantly different at the 
5% level of  confidence. However,  a Duncan ' s  New Mul-  
tiple Range Test detected significant differences among 
the embryo product ion frequencies in microspore cul- 
tures init iated from the different crosses (Table 1). An 
analysis of  variance of  the embryo product ion frequen- 
cies for anther  cultures init iated from the same crosses 
indicated that  highly significant differences existed 
among crosses, and this was suppor ted  by a Duncan ' s  

New Multiple Range Test (Table 1). In addit ion,  there 
appeared  to be an interact ion between culture technique 
and the source of  the microspores,  part icular ly for Re- 
gent-2 x Golden-2 and its reciprocal.  

Table 2 shows that  high frequencies of  embryo pro-  
duct ion were achieved in microspore and anther  cultures 
init iated from the Reston x G231 cross. Embryo  produc-  
tion frequencies were on average four times higher than 
those observed for cultures init iated from the Re- 
gent x Golden crosses. An  analysis of  variance of  embryo 
product ion frequencies in the cultures init iated from the 
Reston x G231 cross showed a significant ( P =  0.05) dif- 
ference between microspore and anther  culture, with the 
former being superior. 

Plant production frequencies from primary embryos 
and hypocotyl explants 

Plant  product ion frequencies from pr imary  embryos ob- 
tained from cultures init iated from the Regent  x Golden 
crosses were less than 5% (Table 1). The analysis of  
variance indicated that  the source of  the embryo did not  
have a significant effect on the plant  product ion frequen- 
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Fig. 1 A and B. Days to flower for 
A microspore-derived and B an- 
ther-derived androgenic lines ob- 
tained from cultures initiated from 
the Regent x Golden crosses. The 
m e a n s + s t a n d a r d  errors for the 
populations are indicated; n = 160 
for microspore culture; n = 25 for 
anther culture 
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Fig. 2 A and B. Days to maturity 
for A microspore-derived and B 
anther-derived androgenic lines 
obtained from cultures initiated 
from the Regent x Golden cross- 
es. The means +s tandard  errors 
for the populations are indicated; 
n = 160 for microspore culture; 
n = 25 for anther culture 

T a b l e  3. Frequencies of  haploid and diploid lines regenerated from androgenic embryos and explants of  embryos obtained from 
microspore cultures initiated from Regent x Golden and Reston x G231 crosses 

Cross Primary regenerates Explant I Explant II Total regenerates 

Hap" Dip Hap Dip Hap Dip Hap Dip 

No. % No. % No. % No. % No. % No. % No. % No. % 

R2 x G2 u 5 56 4 44 
G2 x R2 47 82 10 18 
R8 x G 6  1 100 0 0 
G6 x R8 0 - 0 - 
R14 x G20 37 74 13 26 
G20 x R14 13 87 2 13 

Regent x Golden total 103 - 29 - 
no. of  regenerates 

Regent x Golden avg. (%) - 80 - 20 

Reston x G231 97 55 78 45 

5 56 4 44 
45 88 6 12 

6 75 2 25 
4 67 2 33 

41 76 13 24 
27 75 9 25 

128 - 36 - 

- 7 3  - 27 

24 47 27 53 

23 74 8 26 33 67 16 33 
25 76 8 24 117 83 24 17 

5 83 1 17 12 80 3 20 
1 3 3  2 6 7  5 5 6  4 44 

47 60 31 40 125 69 57 31 
29 60 19 40 69 70 30 30 

130 - 69 - 361 - 134 - 

- 6 4  36 - 71 - 29 

- 121 54 105 46 

a Hap - Haploid; Dip - Diploid 
u R - Regent; G - Golden 
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cy, since no significant cross, culture, or interaction ef- 
fects were detected. Direct plant production frequencies 
obtained from cultures initiated from the Reston x G231 
cross were similar to those observed for the Re- 
gent x Golden embryos (Table 2). However, an analysis 
of variance showed that microspore-derived embryos 
from the Reston x G231 cross were significantly more 
likely to develop directly into plants than anther-derived 
embryos. 

In total, 12%-25~ of the Regent x Golden embryo- 
derived hypocotyl explants developed into plants after 
two rounds of subculturing onto fresh media (Table 1). 
No significant cross, culture, or interaction effects were 
detected by an analysis of variance of this data. Plant 
production from hypocotyl explants was substantially 
less for embryos obtained from androgenic cultures ini- 
tiated from the Reston x G231 cross (Table 2) than that 
from the Regent x Golden crosses (Table 1). The analysis 
of variance of the secondary regeneration frequencies 
from Reston x G231 embryos showed that plant regener- 
ation from hypocotyl explants of microspore-derived em- 
bryos was significantly (P=0.01) more frequent than 
that from anther-derived embryos. 

Ploidy of lines regenerated from microspore culture 

Because the number of anther-derived lines was low, only 
the microspore-derived lines were compared with respect 
to their ploidy. Table 3 shows that 80% of the lines 
regenerated directly from embryos obtained from cul- 
tures of the Regent x Golden crosses were haploid. How- 
ever, the frequency of haploids declined to 73% and 64% 
in the regenerates obtained from the first and second 
explant cultures, respectively, of the same material. 

In contrast, haploid-to-diploid frequencies in the 
population of regenerates obtained from the primary em- 
bryo from microspore cultures initiated from the Res- 
ton x G231 cross were nearly equal (Table 3). As with the 
Regent x Golden material, the frequency of haploids was 
lower in the explant-derived regenerates than in those 
obtained from the primary embryo. 

Days to flower and days to maturity for microspore- 
and anther-derived plants 

Figure 1 illustrates that the distribution of 160 mi- 
crospore-derived and 25 anther-derived androgenic lines 
for the character days to flower are very similar. Both 
populations appeared to be normally distributed about a 
mean value of 54 days. Figure 2 shows the distributions 
of the same populations of plants for the parameter days 
to maturity. As for the days-to-flower parameter, the 
populations from microspore culture and anther culture 
were very similar, with mean values of 101 and 100 days, 
respectively. In addition, both populations tended to be 
skewed to include a larger proportion of early lines. 

Discussion 

The results of the present study using F 1 hybrids of Re- 
gent x Golden and Reston x G231 demonstrated that mi- 
crospore culture is two to ten times more efficient in 
embryo production than anther culture. The direct com- 
parison, thus, confirms what can be inferred from the 
results obtained from separate tests of these two tech- 
niques, namely, that microspore culture is the superior 
technique. It has been suggested that the low productiv- 
ity of anther cultures may be caused by severe competi- 
tion among microspores within the confines of the anther 
(Hoffmann 1980; Hoffmann et al. 1982) or by inhibitory 
leachates from the anther wall (Heberle-Bors 1984). 

The genotype of the donor plant is a strong determi- 
nant of the embryogenic capacity of microspores isolated 
from them (Nitsch 1969; Guha etal. 1970; Seguin- 
Schwartz et al. 1983; Heberle-Bors 1984; Dunwell et al. 
1985; Chuong et al. 1988a; Kott et al. 1988). A four-fold 
greater embryo yield from cultures initiated from the 
Reston x G231 cross compared to those initiated from 
the Regent x Golden crosses illustrates the influence that 
donor plant genotype has on embryo productivity. Since 
most B. napus varieties are somewhat heterogeneous, in- 
dividuals in an F1 population would be expected to be 
different. Therefore, differences in the embryogenic re- 
sponses observed among cultures initiated from the three 
Regent x Golden crosses also reflect the effect of plant 
genotype on embryogenesis. The nucleus appears to be 
the site of the genes controlling embryogenesis, since no 
differences in productivity between cultures initiated 
from reciprocal Regent x Golden crosses were noted. 
This lack of a reciprocal effect agrees with results ob- 
tained by Seguin-Schwartz et al. (1983). 

Several studies have indicated that androgenic em- 
bryogenesis can be improved through hybridization with 
highly embryogenic genotypes (Wenzel 1979) and that 
the embryogenic character is transferable to the F~ 
(Seguin-Schwartz et al. 1983). The G231 cultivar has 
been shown to be highly embryogenic (Kott et al. 1988). 
Cosequently, the superior embryogenic potential of the 
Reston x G231 hybrid may be due to the characteristics 
of the G231 parent. 

The results of the present study agree with previous 
studies (Keller and Armstrong 1983; Keller 1984; 
Chuong et al. 1988 a) that concluded that the frequency 
of plant production from microspore-derived embryos is 
under genetic control. Furthermore, the genes that pro- 
mote plantlet production do not appear to be the same as 
the ones that are involved in embryogenesis, since the 
Reston x G231 cross showed superior embryo produc- 
tion than the Regent x Golden crosses, but the plantlet 
production frequencies per embryo were very similar. In 
addition, there was a genotype-dependent influence of 
androgenic culture technique on plant production. Em- 
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bryos obtained from microspore and anther cultures, ini- 
tiated from the Regent • Golden crosses, were not differ- 
ent with respect to their plant production frequencies 
both directly from the primary embryo or from 
hypocotyl explants. However, microspore-derived em- 
bryos from the Reston x G231 cross were superior in 
plant regeneration to anther-derived embryos for both 
primary and secondary plant regeneration. Possibly the 
40-fold greater productivity of the Reston x G231 versus 
Regent x Golden anther cultures resulted in embryos 
that were deficient or more stress-sensitive in the former 
than the latter. The embryo production frequency in an- 
drogenesis is usually inversely related to the size and 
quality of embryos produced (Chuong and Beversdorf 
1985). 

A marked difference between the haploid to diploid 
ratios observed for the populations of microspore- 
derived lines from the Regent x Golden versus the Res- 
ton x G231 crosses suggests that this characteristic is also 
under genetic control. Previous reports of genotype- 
dependent effects on this ratio have been made by 
Chuong etal. (1988b). It is of interest that this ratio 
changed to favour diploids the longer the material re- 
mained in culture. This observation is consistent with 
previous reports of polyploidization of long-term tissue 
cultures and, in particular, chromosome doubling in hap- 
loid lines (Sacristan 1971). An understanding of the pro- 
cess that leads to chromosome doubling in the mi- 
crospore-derived cultures may ultimately allow the 
ploidy of the regenerates to be manipulated. This would 
be particularly advantageous for plant breeding pro- 
grams, because it would reduce or eliminate the need for 
colchicine doubling and, thus, substantially reduce pure 
line production times and costs. 

The field studies indicated that the populations of 
plants produced by microspore culture or anther culture 
from the Regent • Golden crosses did not differ with 
respect to days to flower or days to maturity. These 
results suggest that the androgenic procedures are equiv- 
alent with regard to the population of gametes that are 
induced to develop into plantlets. All the populations are 
continuous, which is in agreement with studies of flower- 
ing and maturity in Brassica (Thurling and Das 1979) 
that indicate that these are quantitatively inherited traits. 
The skewness of the populations to early maturity may 
represent in vitro selection in the tissue culture systems, 
as has been suggested for glucosinolate content in andro- 
genic populations of Brassica napus by Wenzel (1979), or 
may reflect environmental effects or segregation patterns 
of genes controlling this trait in the material. 

Very little information about the field characteristics 
of populations of Brassica plants obtained from anther 
or microspore culture is available. However, a recent 
comparison of microspore-derived and single-seed de- 
scent populations shows that they are equivalent with 

respect to their fatty acid profiles (Chen and Beversdorf 
1987), and analyses of androgenic populations for a 
number of simply inherited and complexly inherited 
traits (Siebel and Pauls 1987) and for glucosinolate levels 
(Lichter et al. 1988) suggest that fears that haploidy leads 
to the production of inferior lines are largely unfounded. 
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