Meconopsis Group – Part of the proceedings of the meeting held on 29th May 1999


“Chromosomes and taxonomy of Meconopsis”  by Hugh McAllister

(report compiled by Evelyn Stevens with additional queries and comments (in italics)

by her and with Hugh’s approval)

Chromosome counting in Meconopsis is difficult because of the very large numbers of chromosomes they possess. The results of an earlier investigation were published by James Ratter in 1968. Ratter reported diploid values (2n) of 82 and of around 120 for M. betonicifolia and of about 120 for M. grandis. Hugh thinks that the 2n values of 120 found by Ratter were probably due to his samples being hybrids.

Since the last meeting Hugh had done chromosome counts on the following: - M. betonicifolia, wild collected in Tibet, M. ‘Crewdson hybrids’, M. ‘Betty’s Dream Poppy’ and M. ‘Jimmy Bayne’ from Evelyn Stevens and M. grandis from Ian and Beryl McNaughton. Hugh had previously also counted presumed M. ‘Lingholm Group’ from Ness.

Hugh’s results were: -
M. betonicifolia, wild collected: - 2n = 82   (the base or haploid number, n = 41)

M. betonicifolia, garden stock - several samples: - 2n = 82

It seems likely that 2n=82 is the correct value for M. betonicifolia.

M. betonicifolia is immediately recognisable. There are no stomata (seen as white dots under a x10 hand lens) on the upper surface of the leaves) and at the leaf rosette stage the leaves are truly cordate (heart-shaped at the base).
M. grandis (from Ian McNaughton, but original source not yet known): - 2n = 164

M. ‘Betty’s Dream Poppy’ (from Evelyn. Stevens who obtained it from Cameron
Carmichael): - 2n = 164

M. ‘Jimmy Bayne’: - 2n = same order as above, i.e. Hugh had counted to 2n = more than 130

Therefore it seems very likely that 2n for M. grandis is 164. However, Hugh stressed that he was lacking undoubted wild (and therefore definitely true and uncontaminated) samples of M. grandis. He said that the PSW M. grandis referred to by John Lawson would seem to be worthwhile to investigate. This also applied to a colony of M. grandis grown in a particular part of the garden at Cluny reported by David Tattersfield. The colony has been growing there for many years and continues to produce full capsules of fertile seed. The progeny comes true. The original source is not known, but it is an old cultivar. (Subsequent discussion with John Mattingley suggests that the Cluny colony is probably M. grandis ‘Sikkim’ form (syn. ‘Early Sikkim’)).
Hugh had found that the chromosome value for M. ‘Crewdson hybrids’ was 2n = 123. This is exactly as expected if the haploid values for M. betonicifolia and M. grandis were 41 and 82, respectively (41 + 82 = 123). This plant would be sterile as it has three sets of chromosomes (one from M. betonicifolia and 2 from M. grandis). These cannot pair properly during meiosis and so the resulting plant is sterile. (I think I see a problem with this. It seems that M. ‘Crewdson hybrids’ was originally fertile. John Lawson states definitely that Cecily Crewdson sent Jack Drake seed of her hybrid and that for many years they grew it from seed. He said at the meeting that they grew it from seed until 1959. Since then they have propagated it vegetatively).

Evelyn asked why, if one allows that in the case of M. ‘Jimmy Bayne’ it possesses the M. grandis number of chromosomes, it should be sterile. Hugh replied that M. betonicifolia is obviously self-fertile (i.e. fertile seed is produced by a single individual plant). He was not sure about M. grandis. It is quite to be expected that a long-lived perennial should be self-incompatible (i.e. a single individual cannot produce fertile seed) and there are good evolutionary reasons for this. Also it is well known that there are individual clones of a particular species which are self-fertile and others which are self incompatible. M. ‘Jimmy Bayne’, known to be a long-lived perennial, could be one of the latter.

(But what if it is grown in the presence of other clones, couldn’t it be fertilised by them, in the absence of self-fertility? Hugh’s reply is “Yes”, but fertilisation is only usual if the plants have the same ploidy level).

With regard to the chromosome numbers in M. betonicifolia, M. grandis and the sterile hybrid between them, Hugh concluded that we have a very simple story. M. betonicifolia has a diploid chromosome number, 2n = 82 (as counted by himself and J. Ratter), for M. grandis the number is 164 and for the sterile hybrid between them, 2n = 123 (as in M. ‘Crewdson hybrids’). It was now necessary to confirm these findings with further counts using other hybrids and most urgently of all a “true” (i.e with no possibility of having been contaminated by hybridisation) M. grandis. (But see my comments at the end of the paragraph two above - Hugh’s response is that more work still needs to be done).
Hugh then went on to talk about his work counting the chromosomes in the fertile M. x sheldonii type that they have at Ness Botanic Garden which he thinks is probably/presumably M. ‘Lingholm Group’, i.e. the plant that was discussed by Mike Swift at the last meeting. (Note - It seems to be accepted now that M. ‘Lingholm Group’ is also in circulation under the name M. x sheldonii ‘Blue Ice’, this being a later and therefore invalid name. Note also that Hugh produced a written paper on his findings on chromosome counts in this plant for the last meeting - see the Reports of the Inaugural Meeting (p.14-15).

When the number of chromosomes is very large it is very difficult to count them, or to count them very accurately. However, both Hugh and Kwitton Jong at RBGE find that there are well over 200 chromosomes in this fertile M. x sheldonii ‘Lingholm Group’. In Hugh’s case he has counted 214 chromosomes so far, and it would appear that it has twice the hybrid number of chromosomes, i.e. 246. Hugh explained the mechanism by which full fertility could have been restored to the sterile hybrid from which M. x ‘Lingholm Group’ arose (see Mike Swift’s talk in the Inaugural meeting reports, pp. 13-14 for the history of M. ‘Lingholm’). This would be by an accidental doubling of the chromosomes in a sterile hybrid. (This sort of accidental happening is not uncommon in plants.) This meant that it now had a full set of M. betonicifolia chromosomes (82) and a full set of M. grandis chromosomes (164) to give 2n = 246, thereby producing a new entity or “species” (not actually a true species, but species-like) which had arisen in cultivation. This set of events is an example of allopolyploidy (a doubling up of chromosomes involving two different species). The chromosome complement of 246 (164 from M. grandis and 82 from M. betonicifolia) means that every chromosome has an exact partner, and can therefore undergo normal meiosis and therefore the production of fertile seed.

Hugh explained that the phenomenon which had resulted in the creation of M. ‘Lingholm Group’ has occurred on a number of other occasions. One well documented example is Primula x kewensis. Primula verticillata crosses with P. floribunda to produce a sterile hybrid. In 1904 there occurred the doubling of the chromosomes in a shoot of a plant of this hybrid which then flowered and produced fertile seed. The resulting progeny, P. x kewensis, is fully fertile. This doubling of the chromosomes in the sterile P. floribunda x P. verticillata hybrid has occurred independently twice more since 1904.

To return to meconopsis, Hugh explained that another situation can occur. Basically, a plant with 82 chromosomes cannot interbreed with one with 164 chromosomes. Normally, M. betonicifolia with 82 chromosomes will produce gametes with 41 chromosomes. However, in error (and such errors often happen) the odd gamete will be produced with an unreduced (i.e. diploid, 2n=82) number of chromosomes. This gamete (more likely to be a pollen grain than an embryo sac) from M. betonicifolia could then fertilise a normal, reduced (i.e. haploid, n = 82) embryo sac of M. grandis. This would only happen very occasionally, but if it does happen, there has been created a “half and half” hybrid which could be totally inter-fertile with all other M. grandis in the vicinity.  This process involves the one way transfer of genes from M. betonicifolia into M. grandis. If the chromosomes of M. betonicifolia are sufficiently similar to those of M. grandis (which would happen if the genome of M. betonicifolia is basically half of the genome of M. grandis) this could result in a plant inter-fertile with other plants of M. grandis. Total interfertility is absolutely typical of what happens in such a diploid:tetraploid situation. Other instances of the creation of such diploid:tetraploid entities are well documented, e.g. birches, pink horse chestnut and Spartina anglica.

On the other hand, such a hybridisation event could result in the creation of such a sterile plant as M. ‘Jimmy Bayne’ from a fertile M. grandis

Another point raised by Evelyn is to query whether one way gene transfer as described above could account for the fact that it seems that so-called M. grandis GS600 (of which M. ‘Jimmy Bayne’ seems to be one particular clone) was originally fertile?. It is certain from Sherriff’s diary, which I have examined, that he collected M. grandis GS600 as seed and that it was introduced in that way. In other words, it seems that it was not a sterile, natural hybrid, introduced as a plant, as some people seem to be saying that George Taylor suggested it was.

Yet another point is that John Lawson says quite categorically that at Inshriach, M. grandis GS600 was raised initially from seed and that it only came to lose fertility after the war in the late 40’s/early 50s. In fact, in both the cases of M. x sheldonii ‘Crewdson’s hybrids’ and M. grandis GS600, it seems that they were originally fertile and then gradually lost fertility. In discussion with Dr. Ratter, Hugh McAllister learnt that loss of fertility leading eventually to sterility can be due to inbreeding depression, which can happen when small plant populations as could well occur in gardens interbreed with one another. These populations have a limited gene pool and this could well lead to the reduced fertility and eventual sterility.

Ian McNaughton suggested that with such a large number of chromosomes as 246, it was a mechanical marvel if the chromosomes could achieve perfect pairing at meiosis. He suggested that if this were not achieved there might well be shedding, or abortion, of chromosomes and that this could lead to reduced fertility, and even to sterility.

Hugh agreed that this could be the reason for reduced fertility in M. x sheldonii type plants. It is most unlikely that reduced fertility would be due to hybridisation between M. betonicifolia and M. grandis: this cross would be highly sterile. However, there could be some lines (especially if the plants are very variable) which have irregular chromosome numbers. Evelyn suggested that this might account for reports of M. ‘Lingholm Group’ becoming less fertile. Hugh said that this had not happened at Ness – the plants are very uniform and there is no loss of fertility yet. Although it is quite possible for M. betonicifolia to contaminate M. grandis it is not a common event, and with ploidy levels as in ‘Lingholm’ he would expect it to be fairly true-breeding. If there are instances of loss of fertility, it would be interesting to investigate these individual plants.

When asked by James Cobb, Hugh agreed to write up a protocol for doing chromosome counts in Meconopsis for any members who had the facilities and expertise to help with chromosome work in Meconopsis.
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