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ABSTRACT 

Comparative analysis of daiamla frequeodes • tenninaUzaUon In seYeD varieties of T. 
artIJIku.m'. one Yariety of T. perskum have been attempte4 at late diplotene/diakinesis 
• metapbase I. Variety EC 119466 showed IIfaIIest daiamla rr;.1IeDq at both the phases. 
Relative I"IIIIIdIIg lor inean bindent IeDgth is more 01' less similar ~ '01' var. EC 119463, 
T. penkum. EC 119467. V-I063, saaestialdifferential rate of c:oadensatloo. Obsenatloos 
811 ddasma frequencies • tenninaUzation iDdicate isolation of penkum from OCher varieties 
of CIU'IbIkum, though it is DOt abrupt as artIJIku.m YlU'. ,.,,.,......... also showed heferoceneity 
with other c:artIIIkum varieties. . 

Key wenls: 	Triticum clIrthiicum, T. persicum, cbiasma frequency, terminaJization, intraspecific 
variation. 

• 
Triticum persicum Nevsk. has been merged under T. carthlicum by lakubziner 

[1]. Mac Key [2] also grouped it under ssp. carthlicum of T. turgidum based on 
morphology and genetic behaviour. However, Deodikar et al. [3], based on their 
observations on hybrids of these species with T. durum, suggested that this merger 
is not proper. Hence, we have attempted to verify the above suggestion to treat 
carthlicum and persicum as separate taxa on the basis of variations in chiasma 
frequencies and terminalization in these two species. 

MATERIALS AND METHODS 

Chiasma frequencies of seven' varieties of T. carthlicum and one variety of T. 
persicum were studied in tem(K)rary squash preparations. Data on total number of 
chiasmata and total bivalent length were recorded from camera lucida drawings made 
at table level using fluotar oil-immersion objective. Coefficient of correlation between 
total number of chiasmata and toal bivalent length per (K)llen mother cell (p.m.c.) 
were calculated by adopting the formula of Panse and Sukhatme [4]. Relative 
heterogeneity between two varieties was estimated by the Brandt and Snedecor's 
formula for heterogeneity (cf. Bailey [5]). 
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RESULTS 

CHIASMA FREQUENCIES oAT LATE DIPLOTENEIDIAKINESIS 

Data collected on total number of chiasmata, number of bivalents with 1-5 
chiasmata, total bivalent length, and correlation coefficient at late diplotene/early 
diakinesis are presented in Table 1. Mean chiasma frequency ranges from 32.8 to 
41.2 per p.rn.c., maximum being in EC 119466. followed by V-I063. The lowest 
frequency was obtained in T. pers;cum and EC 119463. Bivalents with single chiasmata 
are absent in carthlicum varieties but present in T. persicum. The proportion of 
bivalents .with 4-5 chiasmata is highest in V-I063 and EC 119466. Similarly, total 
bivalent length per p.m.c is highest in EC 119466 (169.2 #Lm), and lowest in V-1S82 
(102:0 p..m). In T.persicum, this value is 136.0 #Lm. Mean bivalent length- per unit 
chiasma is maximum in EC 119463 and minimum in V -1582. 

Table I. CllIIISma frequency at diplotene in the varieties 01 T. autIIIIamI 

Variety Total Meanllllmberofbivalents Cbi_ Number of Mean Mean Mean Q)ef. 

p.m.c. .. itk chiasmata perp.m.c. chiasmall bivalent bivalent 110. of fJCietll 
analysed 	 per IeD&th len&th cbias- of 

bivalenl per per unit IIItIII per oorreIi­
p.m.c. chiamIa 1m,.of lion 

2 4 S mean rank mean (pm) (pm) bivalentruse 
IeD&th 

T. NII1ItIkum 20 9.S 4.30 0.25 32.8 7 2-4 2.34 14.0 4.41 22.7 0.49" 
nr. EC 119463 

T.pmimm 10 OJ 9.2 4.40 0.10 3203 8 14 2.31 136.0 4.21 23.7 0.68" 

1. tlllTlrlinmr 10 4.7 8.30 1.00 38.3 2-4 2.74 160.3 4. III 23.9 0.31 
var.fulpws.m 

Var.ECII9466 6 4.0 7.33 2.17 O.s 41.2 2-4 2.94 169.2 4.11 24,3 0.91" 

Var. V·11WI3 10 4.3 6.80 2.90 40.6 2 2-4 2.90 1l9.s 3,44 29.1 O.SS"" 

Var. Stanmeum IS 5.12 7.80 1.07 37.9 4 2-4 2.71 128.8 3.40 29.4 0.66" 

Var. EC 119467 II 7.0 6.73 0.21 lS.3 . 5 2-4 2.52 111.9 3.15 31.S 0.88"" 

Var. V·I582 12 9.5 4.17 0.33 32.8 6 1-4 2.35 102.0 3.11 32.2 0.66~ 

'. '*SigDffii:am at 0.05 and 0.01 !nels. mpecIiwIy. 

The coefficient of. correlation betWeen total bivalent lengtband total number 
of chiasmat~ per p.m.c. is highly significant at bOth levels in var.Stamneum, V-I063 
and EC 119467. Other varieties showed significance at 0.05 level except for var. 
fulginosum. 

CHIASMA FREQUENCY AT METAPHASE·I 

Similar data recorded at metaphase-I indicate that the relative ranking of 
chiasma frequency remains more or less similar at both the phases except for var. 
V·I063 (Table 2). The lower values of T. persicum at metaphase I suggest localized 
or stationary chiasmata. 
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Table 2. cw- I'requeocy at metaph_ I III the yarietles GI T. cartIJIkum 

Variety 101a1 MellI _berofbiYaJenls CIIiasmata Nulberof MellI Mean Mean Coef­
p.m.c. willi dIia!maIa perp.m.c. chiasmata bivalent bivalent no. of ficient 

analysed per 
bivalent 

length 
per 

p.m.c. 

length cIlias­ of 
pedDiI mala per correia­
ctriab 1000000f lion 

0 2 4 mean rant range mean (jim) (jim) bivalent 
length 

T.pmiaIm 10 2.M 9.so 1.90 27.3, 8 1-3 1.95 44.8 1.64 M.9 0.53 

T. aII'IIrIinmt II US 8.4S 4.73 0.36 33.0 1-4 2.36 S2.0 1.58 63.4 O.fIO" . 


_.ECII'WI6 


Var.fuI~ 26 0.114 1.42 7ih 4.62 0.23 3Ui 3 0-4 2.26 4S.S 1.44 69.4 0.67"" 

Var. EC 119467 13 0.1lI 0.78 7.77 S.07 0.31 32.8 2 0-4 2.34 46.1 1.41 71.1 0.17 

Var. EcH9463 10 0.10 1.111 9.10 2.90 0.10 29.1 6 0-4 2.1lI 38.8 1.33 7S.0 0.74' 

Var. SIamneum 9 0.89 9.55 3.56 30.7 1-3 2.19 38.8 1.27 19.0 0.62 

Var. V-I582 10 O.lll 9.so 3.70 30.9 4 1-3 2.21 36.7 1.19 84.1 O:W 

Var. V-IOO II 0.1)1) 2.82 8.73 2.36 27.4 7 0-3 L.9S 31.6 1.IS 86.6 0.81"" 
I 

", ,.Sipi&ant .. O.os aad 0.01 levels, respccIheIy. 

The proportion of bivalents with zero chiasma is maxirilum in Be 119463, 
followed by V-IOO and Be 119467, and minimum in var. fulginosum.. On the 
contrary, the higheSt number of bivalents with four chiasmata was observed in Be 
119466 at metaphase*I. Lower values were obtained in Be 119463. 

Significant correlation coefficient between total bivalent length and total number 
of chiasmata per p.m.c. at 0_01 and 0.05 levels was noted in var. fulginosum and 
V-I063, whereas the other varieties showed significance at 0.05 level, except for T. 
penicum, and the varieties Stamneum and Be 119467. There is constancy in 
significance at diplotene and metaphase-I at both levels in V-I063, whereas significance 
at 0_05 level was observed 'in Be 119463, Be 119466 and V-lS82. Significance in 
correlation coefficients between chiasma frequency and bivalent length indicates 
random distribution of chiasmata. Nonsignificant values suggest restricted localization 
of chiasmata due to linear differentiation. 

CHIASMA MOVEMENT AND TERMINALIZATlON 

Observations on the number of interstitial and terminal chiasmata and terminali­
zation are presented in Table 3. 

The proportion of interstitial chiasmata at diplotene is highest in Be 119466 
and V-I063,and lowest in T. penicum. During metaphase-I, the maximum number 
of interstitial chiasmata were found in Be 119467 and minimum inV-I063. Thus, 
T. per$icum showed minimum interstitial chiasmata during both stages, either 
suggesting random distribution of chiasmata as well as free terminalization, or there, 
is no linear differentiation leading to localization of chiasmata. 
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Tallie 3. Relative coeftkieRt 01 terglilUJUzation in T. ctrfbIkum species· variedell 

Type Mean chiasma frequency Mean chiasma frequency Coefficient 
at diplotene at metaphase J oftennina-

Iization* 
intersti­ tenninal total ratio intersti­ tenninal total ratio 
tial tial 

(a) (b) (c) a:b (a) (b) (c) a:b 

T.amhliamt 4.83 28.0 32.8 0.15 3.70 n.2 30.9 0.14 0.94 
var. V-lS82 

var. EC 119467 7.n 28.0 35.3 0.26 5.69 n.l 32.8 0.21 0.92 

var. Ee 119463 4.m 28.0 32.8 0.17 3.10 26.0 29.1 0.12 0.89 

T.p.micum 4.60 n.7 32.3 0.16 1.90 25.4 1:1.3 o.m 0.85 

T. CIf1IIrIicum 10.30 28.0 38.3 0.36 5.08 26.5 31.6 0.19 0.83 
var. Jidginolum 
vai'. Stamneum 9.93 28.0 37.9 0.35 3.56 27.1 30.7 0.13 0.81 

var. Ee 119466 13.17 28.0 41.2 0.47 S.4.S n.s 33.0 0.20 0.80 

var. v-I063 12.60 28.0 40.6 0.45 2.36 25.0 27.4 0.09 0.67 

-Coefficient of tenninalization estimated as ratio of total chiasma frequency at Ml : diplotene. 

HETEROGENEITY AMONG VARIETIES OF T. CARTHLlCUM 

The relative, heterogeneity worked out from diplotene and metaphase-I is 
presented in Table 4. 

T.peniaIm V-1S82 Ee 119467 Ee 119466 Be 119463 V-I063 Stamneum 

T. ctI11hlicum var. V-I582 -(+) 
ECl19467 -(-) +(-) 
ECl19MJ6 -.(-) + (-) +(-) 
ECU9463 

V-IQ63 
+(+) 
+(-) 

+(+) 
-(-) 

-(-) 
-(-) 

-(-) 
-(+) + (-) 

Stamneum 
fulginosutn 

-(-) 
-(-) 

+(-) 
-(-) 

+f-) 
+(-) 

+(-) 
-(-) 

+(-) 
-(-) 

- ~-) 
-(-J -(+) 

, + SigDific:aDt heterogeneity and homogeneity at 0.05 level, respectively (metaphase I). 
The signs in parentheses indicate heterogeneity at 0.05 level (diplotene). 

T. persicum and T. carthlicum V3r. fu/ginosum displayed maximum heterogeneity 
art'Iong all other varieties both at diplotene and metaphase-I stages. These o~rvations 
corroborate the number of chiasmata per 100 p.m of bivalent length at both stages. 
This indicates nonrandom crossing over or localization of chiasmata in these two types. 
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DISCUSSION 

Each specieslvariety is characterized by constancy in karyotypes and chiasma 
frequencies. Variations in karyotypes and chiasma frequencies were reported earlier 
[6-8]. 

Seven varieties of T_ carthlicum and one variety of T. persicum invariably 
showed. 14 bivalents. 

The total number of chiasmata per p.m.c. is maximum in EC 119466 at both 
stages. There is also very high degree of association between bivalent length and 
chiasma frequency per p.m.c. in this variety. This implies random distribution of 
chiasmata and continuous uninterrupted linear homology. Lack of such correspondence 
due to stationary or nonshifting of chiasmata suggests interrupted linear homology. 

The variations observed in total bivalent length per p.m.c. may be due to: 1) 
tendencies for differential linear condensation of bivalents in individual species at 
the corresponding diplotene and metaphase-I stages, and 2) observational error due 
to the choice of noncomparable diplotene and metaphase-I cells with the same 
degree of spiralization and linear condensation. Though attempts have been made 
to select p.m.c. with comparable phases, it is difficult to exclude the source of errors. 

The relative ranking of species for mean bivalent length per unit chiasma is 
more or less similar in vars. fulginosum, Stamneum, EC 119466 and V-1582 at both 
stages, whereas in EC 119463, T. p~rsicum, EC 119467 and V-I063, the sequence 
differs conspicuously. This suggests the possibility of differential rate of condensation 
at these stages in the latter varieties. 

Thus, our observations on chiasma frequencies and terminalization support the 
isolation of persicum from other varieties of carthlicum. Mean number of chiasmata 
per p.m.c., number of chiasmata per bivalent, and number of chiasmata per 100 
",m bivalent length also support the separation of persicum from carthlicum. However, 
this separation does not appear to be abrupt as carthlicum var. fulginosum and 
persicum showed heterogeneity with other carthlicum varieties. 
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