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1. INTRODUCTION

PREvIous papers in this series (Westerman and Lawrence, 1970; Westerman,
1 970a, 1 970b) have concerned the investigation of genotype-environment
interaction in inbred lines of the species. Though this material poses fewer
-malytical problems than that from natural populations, it suffers from the
disadvantage that the variation observed cannot be confidently ascribed to
an adaptive response by the lines to a variable environment. For this
purpose, we must consider material sampled from a wild population.

The present paper, therefore, presents a genetic analysis of the average
and developmental phenotypes of the descendants of plants sampled from
a disused railway-track population at Wixford, Warwickshire. Seed was
collected from this location in the summer of 1967, and prior to this experi-
ment the descendants of 16 of the original plants sampled had been inbred
by self-fertilisation for two generations. This paper concerns a diallel set
of crosses between seven of these lineages, chosen to represent the full range
of early- and late-flowering times.

2. MATERIAL AND METHODS

The diallel progenies were sown directly on to agar medium, and then
vernalised for 4 weeks at 1 10 C. After the vernalisation period, they
were raised in four environments, set at 10°, 15°, 20° and 25° C. respectively,
and with a constant photoperiod of 16 hours. In each environment, ten
seeds per family were sown in each of two independently randomised
blocks. All other details are similar to those described in Westerman and
Lawrence (1970).

The quantitative characters scored were flowering time, height, number
of leaves in the basal rosette, and number of siliquae produced by each
plant.

3. RESULTS

The first plants flowered on day 18, and scoring was terminated after
approximately 90 days of flowering in each environment. Percentage
germination was 96 per cent., and less than 2 per cent, of the plants failed
to flower; these non-flowering plants, most of which occurred at 25° C.
(table 1), have been excluded from the data presented here. From the
family means for each character in each environment (tables 1-4), it is
clear that, as expected, the population sample comprises a mixture of early-

383



384 JANE M. WESTERMAN

TABLE 1

Mean flowering time of diallel families at each temperature. Numbers of
non-flowering plants are in brackets

10° C

1 2 3 4 5 6 7 F

1 6930 76•79 7490 70•11 74•95 6725 7539 7152
2 7028 5486 5341 8393 5414 7050 5566 6391
3 75.93 53•15 5210 78•25 50•65 7318 59•14 6346
4 7135 8397 8950 9422 8180 74•15 87•50 8165
5 73•75 5591 4990 8155 5255 7001 (1) 5095 6300
6 6173 7179 7116 7135 726O 6540 7805 7046
7 7028 5545 5510 8120 6070 7389 5681 6550

15° C.

1 2 3 4 5 6 7

1 68•22 7307 (1) 7445 7551 76•67 59•10 7700 7107
2 7527 41•15 4255 4465 4565 6394 44•77 5447
3 7358 4187 3847 7789 (1) 3970 6752 46•08 55'70
4 8298 89•26 (1) 8930 9520 (3) 84'94 8016 (1) 86•14 8100
5 6925 4184 3980 7883 391I 7161 4220 5615
6 6085 71•18 6705 7317 6900 5794 67•89 67•14
7 6081 (1) 4624 4435 8072 4840 7262 4591 5779

20° C.
-

1 2 3 4 5 6 7 F

I 41•39 45.94 46•15 5134 47•44 3650 4722 4494
2 48•39 2339 2364 7395 26•30 3906 2475 3780
3 40•67 2472 2175 6640 2265 4785 (1) 2455 3544
4 5384 67•45 (1) 5996 78•58 (3) 6244 54•69 5970 (4) 6306
5 4356 2255 2335 5975 (2) 2321 4567 2278 3562
6 4100 5760 49•30 51•77 (1) 4843 4050 4331 4616
7 4435 2505 23•48 6447 (1) 2436 5005 2497 3600

25° C.

1 2 3 4 5 6 7

1 4665 5505 5395 6545 5081 49•36 5641 (I) 5121
2 5190 (1) 2359 23•15 7792 (5) 2210 4128 2250 3892
3 4855 2405 2250 6525 (3) 2155 5728 (1) 2484 3758
4 6510 7998 (8) 70•67 (8) 8583 (10) 7342 (3) 6568 67•55 (6) 7070
5 4720 2370 22•65 7077 (4) 2270 5424 (1) 21•75 3735
6 41•11 5197 4656 (2) 6000 4355 3961 4425 4875
7 38•80 2410 2265 5645 (3) 2565 47.95 2365 3573

F = Array mean.
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TABLE 2

Mean height at flowering time of diallel families at each temperature

100 C

1 2 3 4 5 6 7 70

1 3800 5116 5900 6039 5250 3640 5959 5020
2 4949 4792 4213 7567 3774 59•25 4735 5182
3 5947 36•65 34•75 8195 40•71 5589 45•19 4952
4 5985 7759 7371 6822 71•40 6925 8272 7040
5 56•10 38•02 3334 71•25 3502 5371 3490 4713
6 3022 67•25 53•37 60•20 52•75 34•95 6380 5300
7 5266 47•35 4240 65•15 47•40 70•03 52•13 5449

15° C.

1 2 3 4 5 6 7 70

1 29•61 42•34 48•90 45•64 3606 2226 4494 39.fl
2 4177 29•20 29•95 3695 3590 4240 3988 3750
3 47•50 31•43 3025 52•69 29•65 4916 3469 3977
4 4668 4751 51•05 47•20 4906 51•39 5109 4773
5 4435 3072 33•25 5249 3080 4806 32•75 3798
6 2840 4766 4872 4330 4082 2654 4160 4020
7 39.45 4.fl 39.34 4606 3695 4&00 4070 4102

20° C.

1 2 3 4 5 6 7 70

1 8261 69•90 67•60 8684 75•92 7295 8417 7712
2 73•11 6665 6667 6783 6990 8006 7402 71•26
3 71•49 65•37 6515 71•00 6045 7664 7360 7072
4 71•08 8323 87•O6 7650 78•79 9106 82•24 7881
5 7801 66•64 6960 85•83 61•00 85•95 71•46 7222
6 79•15 7595 8205 83•34 7443 6665 7252 78•20
7 8424 71•70 68•23 6209 72•07 87•37 7681 7552

25° C.

1 2 3 4 5 6 7 70

1 5865 5790 57.78 87•95 68•06 64•27 7825 6857
2 6432 6492 6610 90•92 63•70 7324 7425 6889
3 7190 6565 6470 8055 6530 71•83 7419 6942
4 8930 7115 8454 7454 7860 85•48 90•15 81•38

5 6330 69•75 67•20 6419 6915 6697 7160 6777
6 6506 6478 6677 8156 6635 5878 8270 7109
7 7460 7280 7028 8545 65•40 8872 8045 7781

70 = Array mean.
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TABLE 3

Mean leaf number of diallel families at each temperature

100 C.

1 2 3 4 5 6 7

I 19•16 22-37 23-95 1984 23-25 1833 2324 20-88
2 20-59 1386 1291 2297 1394 22O5 1362 1707
3 2145 1210 11•40 2215 11-55 20-43 1390 1654
4 2060 2424 2421 2323 2395 21-00 23-61 2274
5 2099 1267 1155 2385 11-95 2237 10-80 1700
6 1778 1984 2123 22-00 23-35 17-95 22-25 20•63
7 2166 1400 13-25 2345 15-85 22-25 1234 1733

15° C.

1 2 3 4 5 6 7

1 2150 2408 2595 2328 2605 18•93 25-37 2314
2 2477 1200 11-50 1280 13-30 1999 1264 1622
3 24-17 1160 1041 2563 1076 2074 12-54 16-62
4 2541 2568 2580 2370 25•67 25-22 26•19 2385
5 24-10 1161 1080 2526 1027 23-89 1175 1729
6 1905 2290 20-31 2362 23-59 19-34 2157 21-60
7 19.74 1215 1201 2339 1470 2387 13-05 1729

20° C.

1 2 3 4 5 6 7

1 1100 1290 13-95 12-59 14-05 1017 1378 1287
2 14-56 676 6-81 2411 7-00 11-45 7-37 11-23
3 1227 7•35 5-70 19-87 650 1615 680 1050
4 16-09 2154 1734 20•92 18-13 1643 1673 1854
5 1317 715 625 17-88 6-11 12•84 634 1027
6 11-70 16-30 15-10 16•79 1530 12-00 1305 13-83
7 1289 7•15 7-25 2017 7-00 1439 6-46 10-42

25° C.

1 2 3 4 5 6 7

1 1175 1720 1761 2026 1525 1394 1737 1517
2 1711 701 625 2392 6-51 1301 690 1167
3 14-55 675 605 1870 574 1661 690 1066
4 2040 2300 1893 26-04 22•19 2192 1936 2130
5 1405 610 575 23-41 6-25 1652 550 1106
6 1083 1612 12-96 16-22 1355 11-00 1230 1428
7 10-25 645 6-31 1781 780 1394 630 1025

= Array mean.
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TABLE 4

Mean siliqua number of diallelfamilies at each temperature

100 C.

1 2 3 4 5 6 7

1 36•69 3243 34•10 2723 31•85 37•45 3035 3285
2 3055 3405 3412 3030 31•04 28•45 3287 3202
3 3300 33"I0 3390 3030 3215 31•51 3707 33•20
4 2960 30•71 3056 28•43 3215 29•16 3065 2959
5 3226 36•31 34•10 2980 34•90 2917 3725 32•76
6 3556 2825 3156 2890 2905 33•43 31•75 31•30
7 32•11 31•75 35•10 2800 3375 3060 34'52 3288

15° C.

1 2 3 4 5 6 7 f
1 3128 2528 2511 27•26 2445 29•40 2487 2692
2 2550 2640 2700 2525 2670 2346 2817 2605
3 2377 27•01 25•52 23•55 25•31 2536 27•12 2571
4 2698 24•79 2495 2515 2245 25•77 2378 2498
5 24•45 25•84 2665 24•77 2529 2520 2640 2516
6 3190 25•46 25•05 24•99 2505 32•47 2318 26•63
7 2540 2748 2805 2489 2440 2310 2660 2572

20° C.

1 2 3 4 5 6 7 f
1 19•29 7•89 889 548 957 1292 9•29 9•&4

2 1146 1076 9•72 6•45 10•70 806 1090 907
3 678 9•39 1I•60 4•91 1028 750 1078 907
4 7.05 5•65 4•49 2•75 9•98 880 540 613
5 11•58 992 1080 8•09 1183 925 1030 1027
6 918 5•12 718 9•68 8•36 11.11 8'68 882
7 921 1021 12•95 442 11•24 6•54 864 909

25° C.

1 2 3 4 5 6 7 f
1 94' 765 8•89 5•71 631 8•19 550 7•68

2 662 11•40 1120 557 1131 5•96 1095 897
3 810 1145 11•70 5•56 1180 645 942 9•46

4 6'89 450 426 4•92 409 662 436 532
5 690 11•75 1270 4.90 1225 7•07 1220 936
6 1056 575 911 645 730 961 580 744
7 745 10'05 1011 572 10•25 5•67 1125 857

= Array mean.
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and late-flowering types. The obvious differences between environments
are least between 200 and 25° C., a fact which can be attributed in part to
irregularities in the 20° C. environment. At both 20° and 25° C., the high
temperatures caused some degree of irregular flowering and incomplete
siliqua development. The mean siliqua numbers at these temperatures are
therefore unexpectedly low (table 4), and indeed the plants appeared less
healthy than those grown at 10° and 15° C.

TABLE 5

Hayman analyses of variance of the average phenotype. Entries are mean squares

Source d.f. FT HT LN SN
a 6 10658.7510*** 2347.4718*** 1065.0078*** 115.5225***
b 21 1066.9244*** 460.0133*** 151.7518*** 37.4514***

b1 1 3091.2988*** 2603.8431*** 627.9360*** 139.8930***
b2 6 43.5170** 276.0748*** 8.4442*** 9.5152***

14 1360.9294*** 388.7134*** 179.1562*** 42.1068***
c 6 179.8924*** 86.7781* 11.6090*** 42750
d 15 53.1078*** 63.5882* 8.7861*** 1•6467
t 48 1838.2060*** 525.4084*** 203.7142*** 31.8743***

Environments 3 15950.2427*** 25699.0829*** 1259.6660*** 14401071 l'"

Exa 18 219.0159*** 251.2261*** 31.3817*** 16.2552***
Ex b 63 33.3332*** 100.6398*** 5.5232*** 47870***

Exb1 3 38.2677* 92.9461* 32596 54601
Exb2 18 l50000 479350 28398 34933
Exb, 42 44.8378*** 123.7771*** 6.8350*** 5.2933***

Exc 18 62.6889*** 340702 7.9413*** 28959
Exd 45 39.94)*** 53.2047** 4.2540*** 23245
Ext 144 62.2717*** 96.3184*** 86612*** 5.2146***

Blocks 1 20574 8282551*** 04758 413.3819***

Bxt 48 128033 48.8610* 26646 27432

ExB 3 81234l""' 230.9006** 12.3121*** 62.5761***

ExBxt 144 143624 41.9813* 23361 27738

Replicates 3134* 145029 347302 20017 24822

FT = flowering time, HT = height, LN = leafnumber, SN = siliqua number.
(* 3037 for SN.)

(a) Average phenotype

The Hayman (1954) analyses of variance (table 5) indicate the presence
of both additive and non-additive variation for all four characters; there
are also significant differences between reciprocal crosses with respect to
flowering time and leaf number. The model appropriate for the genetic
effects is Eisenhart's (1947) Model I, since these families comprise a quota
sample of those originally collected. The significance of the b1 item in all
cases implies that the non-additive variance is directional, dominance being
in the direction of late flowering, tallness and a large number of basal leaves
(tables 1-3). For the fitness character (table 4), parent 4 possesses the
greatest number of dominant alleles and produces thd least siliquae, thus
suggesting that dominance is in the direction of a small number of siliquae.
At the higher temperatures only, this dominance of parent 4 could be due
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to an underestimate of its score for siliqua number because of the failure
of plants to flower (table 1). However, we are confident that this rather
surprising outcome may be ascribed to the obvious truncation of growth
suffered by some of the plants in this experiment, in consequence of their
having exhausted the supply of nutrients and water in the agar medium.
Clearly, under conditions of agar culture, the longer the interval between
germination and flowering, the less moisture and nutrients will be retained
by the medium at flowering time. Thus when family 4, which is by far
the latest parent (table 1), began to flower, the agar lost its moisture very
rapidly, leading to early death, and, hence, truncation of siliqua production
at a premature stage. On the other hand, families which flowered earlier
were subject to less stress during growth, and often finished flowering before
the agar had dried up completely. In conjunction with this effect, members
of array 4 were in general the largest plants, bearing most leaves and most
shoots. Consequently, they required more nutrients and moisture from
the medium at all stages during their growth than did earlier flowering,
smaller types. Indeed, the latter effect may be the more important since,
even after a vernalisation treatment of 12 weeks, parent 4 still produced the
lowest number of siliquae, although its time to flowering was markedly
reduced (Jones, personal communication).

Turning now to the inheritance of the developmental phenotype, it is
clear that, as was the case for the average phenotype, the additive mean
square (E x a) is the largest item with respect to all characters. Analysis
of the data within environments shows that the magnitude of the additive
effects increases with temperature for flowering time and leaf number.
There appears howevel to be no linear relationship in this respect for the
remaining characters. In contrast to the average phenotype, the mean
dominance deviation (E x b1) is small, indicating that the direction of
dominance does not change with temperature. The significant non-additive
variation (E x b3) is remarkably constant in magnitude over environments
for flowering time and leaf number, but decreases with increasing temper-
ature for height and siliqua number. Reciprocal differences, both con-
sistent (c) and specific (d), interact with environments effectively only with
respect to flowering time and leaf number, and are largest at 150 C.

(b) Developmental phenotype
In the earlier papers which were concerned with diallel crosses between

inbred lines, the linear and non-linear components of the developmental
phenotype were estimated by regressing family means on to environmental
means, the latter being calculated as the average performance of the parents
in that environment (Perkins, 1970). The specification of the environment
in this way is less informative in the present case where we cannot assume
that the parents are homozygotes. Family means have been regressed,
therefore, on to environmental values defined as the average performance
of all 49 families raised in that environment. Then the phenotype of family i
in environment j is

= t'+d+(l +)ej'+i5 (Perkins andJinks, 1968)

where d is now defined as the genetic effect of the ith family, rather than the
additive genetic effect of that family, as in analyses of inbred lines.
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The genetic analysis of the linear and non-linear components of genotype-.
environment interaction were performed in exactly the same manner as
described in Westerman (bc. cit.). The total sum of squares with respect
to the linear components of interaction now becomes however

(t2—l)cv+ •'2 with (t2—l) degrees of freedom;

and with respect to the non-linear component of interaction is

(t2—l)(s—2)cr+ with (t2—l)(s--2) degrees of freedom,j1 i1
where a = replicates mean square

s = number of environments

t = numbei of diallel parents.

TABLE 6

Hayman analyses of variance of the linear and non-linear components of the

developmental phenotype

FT HT

Linear Non-linear Linear Non-linear
r r -

Source df. M.S. d.f. M.S. d.f. M.S. d.f. M.S.
a 6 352.6742*** 36 60.0079*** 6 1260296*** 36 148.5525***
b 21 40.0149*** 126 20.9338*** 21 126.8051*** 126 61.0978***

b1 1 151160 6 216724 1 1256285 6 474496
6 238028 36 l11622 6 212590 36 55.3408*

14 48.7484*** 84 250688*** 14 172.1232*** 84 64.5400***
c 6 40.8329** 36 32.1968*** 6 225693 36 306447
d 15 38.9744*** 90 21.1702** 15 515029 90 420447

48 78.8744*** 288 27.2998*** 48 90.1467*** 288 62.2689***

Replicates 3134 145029 3134 145029 3134 347302 3134 347302

LN SN

Linear Non-linear Linear Non-linear
C (

Source d.f. M.S. d.f. M.S. d.f. M.S. d.f. M.S.
a 6 58.8339*** 36 7.0599*** 6 13.6032*** 36 9.1779***
b 21 10.0418*** 126 2.8482*** 21 4.7593** 126 3.2911*

b1 1 10.0006* 6 19916 1 1•8773 6 30203
b, 6 39774 36 22413 6 35908 36 34257

14 12.6437*** 84 3.1694*** 14 5.4723** 84 3.2517*
c 6 5.5559* 36 4.5119*** 6 420l6 36 2•1767
d 15 6.587l*** 90 25070 15 13707 90 25692
t 48 14.5006*** 288 3.4760*** 48 4.7361*** 288 3.6620***

Replicates 3134 20017 3134 20017 3037 24822 3037 24822

The results of these analyses are presented in table 6. The linear com-
ponent of the developmental phenotype is in all cases larger than the non-
linear component, the former accounting for 84, 67, 90 and 66 per cent.
of the total variation attributable to genotype-environment interaction for
flowering time, height, leaf and siliqua number, respectively. We noted
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earlier that additive effects appear to be important in respect of the inter-
action of these families with the environment. The present analyses show
that the additive mean square is in general the largest item with respect
to both the linear and the non-linear response; that is, its importance is
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FIG. 1.—The relationship of mean siliqua number and the response of the three primary
characters. The unbroken lines indicate the position of the three groups (see text).
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(1 + fl,), for each of the three primary characters. The diagrams are divided
into four parts by the average of the (1 +j')'s, which is of course unity,
and by the average siliqua number of the 49 families.

At first sight, the interpretation of the diagram for flowering time appears
unambiguous. All the points lie on a significant regression line running
from the top-right to the bottom-left quarter; in other words, the pre-
dominant mode of developmental regulation appears to be such that
flexibility is advantageous. Closer examination of this diagram, however,
reveals a more complex situation; the 28 points fall into three groups, as
indicated by the unbroken lines on fig. 1. The first group, which consists
of the seven families having parent 4 as one parent, lies in the bottom
left-hand quarter; that is, these families produce a iow number of siliquae,
and their flowering time changes relatively little over environments. The
second group of points falls on the whole in the bottom right-hand quarter,
and concerns hybrids between an early (2, 3, 5, 7) and a late (1, 6) flowering
parent. Since the reproductive output of these Ft's is much lower than
that of their parents, they display considerable non-allelic interaction with
respect to siliqua number; their response for flowering time is, however,
similar to the response of their parents. Finally, crosses between two late
or two early parents constitute the third set of points, in the top right-hand
quarter. These 13 points, formed by crosses within early- and late-flowering
types, fall on a significant regression line running from the top-left to the
bottom-right corner of this quarter; that is, these families manifest various
degrees of developmental stability, with the late parents (1 and 6) and their
hybrid being the most stable.

Turning to the diagram for height (fig. 1), we find that exactly the
same three groups of points can again be distinguished, although the first
and second groups now overlap. Thus, the hybrids between an early- and
a late-flowering parent (Group II) not only produce fewer siliquae, but also
tend to respond less with respect to height, than do their parents. Within
the third group, in the top right-hand quarter, there is some tendency for
the 13 points, and in particular those which concern hybrids, to exhibit
varying proportions of developmental flexibility, the late families 1 and
i x 6 being now the most flexible.

An examination of the diagram for leaf number (fig. 1) indicates that
the general picture is similar to that for the other primary characters. In
the first group, we notice that the hybrid 2 x 4 lies outside the diagram,
since it has a (1 +/31) value of less than zero; in other words, its response
to temperature, though slight, is opposite in direction to that of the other
27 families. The relative reponse of parent 4 over environments is even
less for leaf number than for flowering time and height, thus emphasising
the contrast between the developmental phenotype of this parent and that
of the remaining six parents. The explanation of this consistent and
marked difference in the level of variability exhibited by parent 4 is, however,
not clear. Furthermore, we recall that the low reproductive output of
this parent may be ascribed to truncation by growth on agar medium. For
both these reasons, families having parent 4 as one parent will be excluded
from further discussion. The hybrids in the second group appear in general
to change more over environments with respect to leaf number than do
their parents; that is, they are less stable. However, the development of
members of the third group, consisting of crosses between two early or two
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late parents, is apparently not regulated in any specific manner. The mode
of developmental regulation of leaf number has been previously found
(Westerman and Lawrence, 1970; Westerman, 1 970b) to be more diverse
than that of the other primary characters. Thus, although the average
phenotypes of flowering time and leaf number are always highly, but not
completely, correlated, the developmental phenotypes of these two characters
are in general relatively unassociated.

4. Discussxor

The families in this natural population of Arabidopsis fall into two distinct
groups, an early-flowering type with a low number of basal leaves (families
2, 3, 5, 7) and a late-flowering type with a large number of leaves (families
1, 6). These types also differ in their response to vernalisation, in that the
early type requires no vernalisation, while the late type has a marked
vernalisation requirement (Jones, personal communication). This popula-
tion was chosen for study in the belief that the bimodal distribution of
variation with respect to flowering time and leaf number indicated a poiy-
morphic situation.

In a polymorphic population, crosses between the two morphs should
of course on average be at least as fit as crosses within the morphs, assuming
that the environmental niches of the morphs are equally represented in
the sample used. We recall, however, that hybrids between an early-
and a late-flowering parent produce fewer siliquae than do either of their
parents. Furthermore, the low reproductive output of these hybrids does
not appear to be a result of truncation of their growth since, when array 4
is omitted, there is no association between flowering time and siliqua
number. Regarding high siliqua number as synonymous with high fitness,
we are therefore forced to conclude that it is unlikely that the early- and
late-flowering types share a common gene pool; that is, they are independent
populations.

The interpretation of these results, assuming that there are two in-
dependent populations, is not quite straightforward. With respect to
flowering time, for example, interpopulation hybrids might be expected
to be less stable than intrapopulation hybrids. We noted earlier (fig. 1),
however, that the large difference in reproductive output between non-
co-adapted and co-adapted crosses is not apparently accompanied by any
difference in the variability of this primary character. Thus the conclusion
that the early- and late-flowering types comprise sympatric populations
is obviously speculative. Further information would be desirable, for
instance, on the amount of outcrossing that occurs under natural conditions.

Despite the discontinuity in average phenotype between the early and
late populations, their developmental phenotypes are nevertheless remark-
ably similar; the genetic systems controlling these two aspects of the total
phenotype are therefore apparently unrelated. The optimum for flowering
time in this material appears to be brought about by stabilisation of the
expression of the genes concerned, with the late-flowering families being
the most stable. The response of inbred lines to temperature (Westerman
and Lawrence, 1970; Westerman, I 970a) and to photoperiod (Westerman
1970b) has also been consistently found to be such that stability of expression
is advantageous. We may argue then that the genotype-environmental
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interactions displayed by this character are not adaptive; a thesis which
is further supported by the synchrony of the flowering response observed
in the wild.

With respect to height, on the other hand, a high level of variability
appears to be the adaptive optimum; this has been observed both for
inbred lines (Westerman and Lawrence, 1970; Westerman, 1970b) and
for this wild material. We conclude that height is therefore an opportunistic
character, possessing the capacity to express different optimal phenotypes
in different environments.

The last point is concerned with some assessment of the method used
to examine the evolutionary role of genotype-environment interaction.
This method relates the average phenotype of a fitness character to the
developmental phenotype of a primary character; the relationship may
be direct or via a correlation between these and the average phenotype of
the primary character. We have seen above that the same direct association
has been consistently observed in all four experiments with respect to each
of the two characters, flowering time and height. On the other hand, the
correlatons of both mean siliqua number and the response of the primary
character with the mean expression of the primary character are not
uniform over experiments for either character. We may be confident,
therefore, that this method provides an informative and convenient means
of ascertaining whether the variation exhibited in respect of genotype-
environment interaction is or is not adaptive.

5. SUMMARY

1. The diallel progenies of seven partly inbred descendants of a natural
population of Arabidopsis were analysed genetically with respect to four
metrical characters, flowering time, height, leaf and siliqua number.

2. The inheritance of all characters is determined by genes with both
additive and non-additive effects; there are also significant differences
between reciprocal crosses for flowering time and leaf number.

3. All characters exhibit genotype-environment interaction, and for
flowering time and leaf number the interaction is largely accounted for by
a linear regression to the environmental values.

4. Both linear and non-linear response to environment is controlled
by additive and non-additive (b5) variation, and, with respect to flowering
time and leaf number, reciprocal differences.

5. The optimum for flowering time is brought about by stabilisation of
the expression of the genes concerned, the late-flowering families being the
most stable. With respect to height, on the other hand, a high level of
variability appears to be the adaptive optimum.

6. The results suggest that the early- and late-flowering families
comprise two independent populations, rather than one polymorphic
population.
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