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NOR Variability in Twins
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Abstract. The number of AgNOR (NOR") and the amount of AgNOR (NORM") were
analysed by means of two multilevel analyses of variance in a total of 12 twin pairs: 3
female and 4 male MZ and 5 male DZ pairs. In the first analysis, only zygosity was con-
trolled; in the second, chromosome types D and G were controlled as well as the interac-
tion between chromosome type and zygosity. For NOR" and NORM®, when chromosome
types D and G are not distinguished, the within-pair variance is greater, though not signifi-
cantly, in DZ than in MZ pairs; but it is highly significantly greater when chromosome
type (D or G type) is under control. This confirms an important genetic determination of
NOR" and NORM" when in the ANOVA model the D and G types are controlled. How-
ever, nongenetic factors.also influence the Ag-NOR patterns, but not enough to conceal
the genetically defined rDNA pattern. Indeed, about 50% of the cells transcribe their
rDNA in a way not closely dependent on the rDNA background and significant intrapair
differences of NOR" pattern exist in MZ twins.
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INTRODUCTION

In man, the major genes responsible for ribosomal RNA synthesis (NORs) and therefore
for the organisation of nucleolar components [for a review, see 24] are localized on the
stalks of the short arms of the ten acrocentric chromosomes [4,7,9,10]. The number of
ribosomal DNA (rDNA) genes per human NOR is highly variable [28] and the total num-
ber of ribosomal gene copies varies from individual to individual [5].

Under given controlled conditions, NORs are specifically stained by silver {8], which
binds to a chromosome-associated protein [24] identified by Hubbell et al [13]. In man,
however, the 10 NORs do not always react positively. The number of silverstained NORs
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(Ag-NORs) has been found to be characteristic, though variable, within an individual
[1,11,15]. It has also been shown that only those NORs, which were functionally
active in rRNA synthesis during the preceding interphase [17,18], are stainable with
silver. Whether the observed variability of Ag-NORs reflects individual difference in the
amount of rDNA or the influence of other factors on rRNA activity is not clear.

In human cells, good correlations have been obtained between amount of rDNA and
participation in satellite associations [4,28], between NOR size and participation in
satellite associations [19], between NOR staining and intercentromeric distances [11], and
finally between amount of rDNA and NOR staining in 6 out of 8 individuals [29]. Howe-
ver, there still appear exceptions to these relationships, since NOR negative chromosomes
are sometimes also involved in associations [11,19], since some acrocentrics with large
amounts of rDNA do not show higher frequencies of associations [7,28], and finally
since no correlation between amount of rDNA and NOR staining was found in 2 out of
8 individuals {29].

In somatic cell hybrids, NOR activation of human chromosomes progessively occurs
in mouse-human hybrids [3,18] destined to lose human chromosomes, but in the early
stages of hybrid growth the time of disappearance of human NORs is not closely cor-
related with loss of human chromosomes. There is no evidence of inactivation in IDNA
genes in mouse-Chinese hamster hybrids [30] nor in mouse-Syrian hamster hybrids [6,
21,26] even after loss of chromosomes of either species.

These data suggest that the individual NOR pattern is influenced by both hereditary
components and environmental factors.

To compare the influence of genetic and regulatory factors, we performed a study
on cultured peripheral lymphocytes from twins. We analysed the variation with respect to
Ag stainability of NORs within and between individuals, including a comparison between
MZ and DZ same sexed twin pairs.

MATERIAL AND METHODS
1. Description of samples

A total of 12 twin pairs was studied: 3 female and 4 male MZ and 5 male DZ pairs.
All were healthy Caucasoids, with ages varying from 18 to 25 years; their socio-economic
level could be described as medium or high. They were collected through inquiries at
university level and all were living in Belgium.

The twin were tested for 8 blood groups (ABO, Rhesus, MNSs, P, Kell, Lewis, Duf-
fy and Kidd), 7 serum groups (Hp, Gc, Gm, Km, Bf, C; and Tf), 8 enzymatic groups
(Acpi, PGMy, AK, ADA, GPT, PGD, EsD, GLO) and the HLA types. The 12 pairs were
divided into two groups: 7 pairs concordant for all the tested parameters and thus proba-
bly MZ, and 5 pairs discordant for at least one parameter and therefore DZ. The probabi-
lity of dizygosity for blood-concordant pairs has an expected value of 0.00022, the
extreme values being 0.00003 and 0.00091. The probabilities were calculated by the
method of Race and Sanger {23]. :

No twin included in this study had any acute of chronic hematological disease or
suffered from acute or chronic virus disease (except for one case of mononucleosis). None
had received blood transfusions nor had been treated with radiotherapy.
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2. Cytogenetic analysis

Blood from all subjects was cultured for 48 hr following standard methods. Chromosome
preparations were always spread after fixation for 40 min (1:3 acetic and methanol
treatment) and Ag-stained according to Howell [12] and Schwarzacher et al [24] one or
two weeks later.

About 50 metaphase cells per individual were photographed and analysed. Only
euploid metaphases in which at least one positive NOR was observed were selected on a
negative projection table. The number of positive D or G type chromosomes and the size
of the silver precipitate (0 = absence, 1 = small amount, 2 = moderate amount, 3 = large
amount ) were registered by the same person according to Miller et al [19].

The results of the cytogenetic analysis are given in Table 3 together with relevant
mean values. For NOR", the mean number of silver stained D or G type chromosomes per
metaphase was calculated for each individual.

For NORM®, mean NORM values were calculated for D and G type chromosomes as
shown in Table 3. The relative amount of NORM" on D-group chromosomes is obtained
for each individual by the following formula:

(mean NORM" on D) / (mean NORM® on D + G) X 100.

3. Analysis of variance

Variability between MZ and DZ twins for both the number of NORs and the amount
of NOR™ (NORM") was analysed by means of two multilevel analyses of variance. In the
first, only zygosity was controlled; in the second, both chromosome types D and G were
controlled as well as the interaction between chromosome type and zygosity.

The following variables were used:

1) Number of NOR"

Ist analysis (D and G type chromosomes not distinguished): the variable is, per cell,
the mean number of acrocentric chromosomes with a NOR”; the variable ranges from
almost O to 1.

2nd analysis (chromosome of the D and G types are distinguished in each cell): there are
two variables per cell, the mean number of D chromosomes with a NOR" and the mean
number of G chromosomes with a NOR". Both variables range from almost 0 to 1.

2) Amount of NOR" (NORM")

Ist analysis (D and G type chromosomes not distinguished): the variable is, per cell, the
mean amount of NOR” on the acrocentric chromosomes; the variable ranges from almost
0to 3.

2nd analysis (chromosomes of the D and G types are distinguished in each cell): there are
two variables per cell, the mean amount of NOR" on the D chromosome and the mean
amount on the G chromosome. Both variables range from almost 0 to 3.

Note: To characterize the amount of NOR" in a cell, as stated before, an arbitrary value (0, 1, 2, 3) is
given to each NOR, fy, fy, f5, f3 denoting the frequencies*of the chromosomes with respective values
0, 1, 2, 3; the variable measuring the mean amount of NOR in a cell is

(0 Xt +1Xf +2Xf +3Xf3)/ (fg +1; +1f, +13).
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The denominator is respectively 10, 6 or 4, according to wether all the acrocentrics of the cell are
considered or only the chromosomes of D type or those of the G type.

In the first analysis, we applied an ANOVA model with one fixed effect and three
random effects as shown in Table 1.

Table 1.
Source of variation Sum of squares Degrees of freedom

Between zygosities (fixed) Q4 1
Among pairs within zygosities (random) Q3 10
Between pairs within MZ Q3 6
Between pairs within DZ Q3 4
Between individuals within pairs (random) Q, 12
Between individuals within MZ pairs Q3 7
Between individuals within DZ pairs Q3 5
Among cells within individuals (random) Q; 1,176
Total Q 1,199

In the second analysis, the variability of the mean NOR" and the mean NORM" per
D and per G type chromosome is also studied by an ANOVA mixed model but with two
fixed effects and three random effects (Table 2). Actually the two analyses together con-
stitute one analysis of variance of a complex repeated measures type [31].

Table 2.
Source of variation Sum of squares Degrees of freedom

Between chromosome types (D vs G, fixed) Qs 1
Type X Zygosity (fixed) Qg4 1
Type X Pairs within zygosities (random) Qs 10
Type X Pairs among MZ Q3 6
Type X Pairs among DZ Q3 4
Type X Individual within pairs (random) Q, 12
Type X Individual within MZ pairs Q) 7
Type X Individual within DZ pairs Qy 5
Type X Cells within individuals (random) Qg 1,176
Total Q 1,200

F and F tests were performed at each line of the two ANOVA’s, We chose a =5% as
level of significance.

RESULTS
1. Cytogenetic data

Table 3 summarizes the rumber of metaphases analysed for the different MZ and DZ
twin pairs, the frequencies of cells (% ) with different NOR" values, the relative NORM"
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Table 3. Data from the Cytogenetic Analysis

NOR" NORM®

% cells with Mean D-NOR® Mean G-NOR” Relative *Mear+1 *Mearz

Twin Sex n 2 3 4 S 6 7 8 9 10 per per NORM' on D-NORM per G-NORM per

NOR' per metaphase metaphase metaphase D-chrom. metaphase metaphase
MZ 011 F 50 4 6 12 18 40 20 5.06 3.36 60.0 6.28 4.14
012 I’ 50 2 4 10 16 28 28 12 4.64 3.32 58.3 6.02 4.26
MZ 021 M 50 8 10 22 35 18 8 4.14 3.52 54.0 4.68 4.08
022 M 50 6 18 30 18 26 2 4.10 3.36 54.9 4.52 3.62
MZ 041 M 50 2 6 16 28 32 10 2 4 3.82 2.58 59.7 4.22 3.12
042 M 50 2 4 32 24 28 10 4.10 2.92 58.4 4.32 3.28
MZ 051 F 50 2 6 18 10 26 14 18 4 4.14 2.86 591 4.62 3.20
052 F 50 6 2 8 12 24 36 10 2 4.10 2.70 60.3 5.16 3.72
MZ 061 M 50 2 6 8 32 24 16 6 4 4.34 2.24 66.0 4.52 2.44
062 M 50 12 14 30 30 12 2 4.90 2.32 67.9 5.40 2.72
MZ 111 K 50 4 6 28 24 20 14 4 3.74 2.34 52.8 4.12 2.56
112 F 50 6 10 20 32 22 8 2 3.46 2.40 59.0 4.06 2.86
MZ 121 M 50 4 6 24 28 22 14 2 3.88 2.94 56.9 4.06 3.18
122 M 50 4 12 26 26 22 8 2 4.04 3.04 57.1 4.36 3.40
DZ 031 M 50 8 10 32 22 22 6 4.10 2.46 62.5 6.72 3.34
032 M 45 2 11 20 27 20 20 3.87 3.24 54.4 5.4 4.31
DZ 071 M 50 4 14 34 30 16 2 3.64 2.84 56.2 3.84 3.32
072 M 50 10 10 24 18 28 14 4.32 2.80 60.7 5.44 3.76
DZ 081 M 50 2 18 28 16 28 8 0 3.52 3.20 524 4.06 3.80
082 M 50 2 2 16 26 18 20 14 2 3.50 3.30 51.5 3.70 3.58
DZ 091 M 50 2 10 24 24 26 14 4.08 1.98 67.3 4.24 2.26
092 M 50 2 24 16 32 14 4 4 4 3.04 2.76 52.4 3.80 2.98
DZ 101 M 50 2 6 2 22 18 24 20 6 4.68 2.62 64.1 5.32 3.02
102 M 50 6 14 28 22 16 12 2 418 2.56 62.0 4.54 2.74



https://doi.org/10.1017/S0001566000004669

146 Weltens et al

L'L« 8¢ 89 8« § 6L9« SIS 8°8¢S 9¢ « $T 96T (8« £)0T« 9) 0S¢ 81
'8« 6'S 0L 6< S €09« 8°CS £'8S Ov <« 9T L'1g OT< V0T« 9 0s 9 AIoM ST L
'8 0s 0¢ 786118132
0S 0t AoreydeZ
0861
, S 01«9 L 1 e 12 suoy
0T« ¢ b1« ¢ 91 6L61
L'L 0T« § €79 0T« € 1< T (4t uosIea pue Ary
€6« T8 L8 01«8 L'8S« €€ 9 66« T8 C 8L61 IDYIRZIBMDS
8 '8 8 9'¥e 9've 9¢ T pue IBES]ONIN
98«69 9L V9« $S 09 b1« 8 € 8L61 [E12
YLl T'L L 1L« 9§ §'€9 (AR T neqy
01«9 Ple¢ 1€ LL6T 1839
0T« L bl ¢ 0T IRES[ONIN

L« S'¢ L'EL« 0'CS 6'59 (6« PNL<«©) 6
L« t 08L« L'1T TLS B« D(L«¢) 1T LL6T AdlIRA
L<9 19% 91 9L6T B 12
6«8 woorg
€6« 76 €6 0T« 6 8V« 9t 5849 0T« 8 Y4 [4 9L61 18 3
€L+ S9 6’9 8« L S« Vv 37 8« S Y4 4 arnisedpoon)

oduer ueauwt ofuer ofuer ueaut o3uer uesw W d
[enpiatput 9%+ . d% Isqunu JYON [enpialput suo jo
_oow\ MMOZ 1od * * repowt oma yim soseydejow oy} mommw_mwuuﬁ Eo%wmm oyiny
aseIoAy LJON [2POl +Q 9, seseydejow jo g, ur YON jo aduey JOON J

y8nory; pajeuIr}sa UOTIBLIEA [ENPIAIPULISIU]

y3noI1yj paieluliss UOHRIEA [RENPIAIDUTRIIU]

s93400yduiA] WeWRH Ut ( YON) HNOUTY JON "¢ 9EL

https://doi.org/10.1017/5S0001566000004669 Published online by Cambridge University Press


https://doi.org/10.1017/S0001566000004669

ssaud Aissaaun abplgquied Aq auluo paysiignd 699700000995 L000S/ZL0L°0L/B10"10p//:sdny

Table 5. Analysis of Variance for NOR" and NORM"

NOR® NORM"
dF (* Fand F" (*
Source of variation Sum of squares af F u;alues( ) daf P Sum of squares df m\:alues( ) af P
Analysss |
Between zygosities (fixed) 0.36 1 1.16(%) (1,10) ns 0.01 1 0.01(*) (1,9) ns
Among pairs within zygosities (random) 3.63 10 7.35(%) (10,13) P <0.001 14.02 10 7.59(*%) (10,10) 0.001 <P <0.005
Between pairs within MZ 2.89 6 11.34 6,7) 0.001 <P <0.005 8.00 6 11.45 6. 0.001 <P <0.005
Berween pairs within DZ 0.73 4 3.04 4.5) Bs 6.02 4 5.26 4.5) 0.025<P<0.05
Between individuals within pairs (random) 0.60 12 2.45 (12,1176)  0.001 <P <0.005 2.25 12 335 (12,1176) P <0.001
Between individuals within MZ pairs 0.30 7 210 (7,1176)  0.025 <P <0.05 0.82 7 2.09 (7,1176)  0.025 <P <0.05
Between individuals within DZ pairs 0.30 5 294 (5,1176) 0.01 <P <0.025 143 5 511 (5,1176) P <0.001
Among cells within individuals (random) 23.93 1176 65.80 1176
Total 28.51 1199 82.07 1199
Analysis 2
Between chromosome types (I vs G, fixed) 0.51 1 0.77(*) (1,10) ns 1.29 1 1.50(*) (1,9) ns
1ype X Zygosity (fixed) 0.13 1 0.20(*) {1,9) ns 0.02 1 0.02(*) 1.8) ns
Type X Pairs within zygosities (random) 6.57 10 2.80(% (10,6) ns 8.50 10 1.99(%) (10,6) ns
Type X Pairs among MZ 3.87 6 21.50 6,7) P <0.001 4.23 6 14.10 6.7) 0.001 <P <0.005
Type X Pairs among DZ 2.70 4 1.24 4.5 ns 4.28 4 1.08 “.5) ns
[vpe X Individual within pairs (random) 292 12 7.06 (12,1176) P <0.001 5.31 12 7.72 (12,1176) P<0.001
Type X Ind. within MZ pairs 0.21 7 0.88 (7,1176) ns 0.36 7 0.88 (7,11176) ns
Type X Ind. within D2 pairs 2.72 5 16.00 {5,1136) P<0.001 4.96 5 17.37 (5,1176) P<0.001
ivpe X Cells within individuals (random) 39.76 1176 66.97 1176
Total 49.89 1200 82.09 1200
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on the D-type chromosomes (NORM" on D) / (NORM® on D + G); the mean D-NOR" and
G-NOR" per metaphase and the mean D-NORM" and G-NORM" per metaphase were ad-
ded to make our data comparable with results from the literature (see Table 4).

A clearcut intraindividual variation of NOR" is found since within an individual the
metaphases with the modal NOR" value account for only 24 to 40% of the total number
of metaphases. It means that at least 60% of the cells present a NOR" pattern different
from the dominating NOR" pattern of this individual.

Interindividual variation is observed for both the mean NOR" value on D + G type
chromosomes and the mean NORM" value on D + G type chromosomes per metaphase;
these values range from 5.80 to 8.42 and from 6.50 to 10.42 for NOR" and NORM",
respectively.

2. Analysis of variance

The results of the statistical analysis of variance are collected in Table 5. This table gives,
from the left to right, the considered source of variation, the sum of squares with the
degrees of freedom and the level of significance of the F and F’ values.

In analysis 1, the results for both NOR" and NORM" are nearly similar. In both cases,
significance is found for variation of individuals within twin pairs, but more for DZ than
for MZ pairs. When variation between pairs within zygosities is considered, high signifi-
cance is found among MZ pairs but none or a low one among DZ pairs. No significant
effect is found between zygosities.

Analysis 2, instead of considering the mean NOR" or the mean NORM" per acrocen-
tric chromosome, uses the mean NOR" or the mean NORM" per D and G type chromo-
some, respectively. Inthisway, D and G type chromosomes are controlled. Since the levels
of significance of the F and F’ values are nearly identical for NOR" and NORM®, we will
consider that the results for NOR" and NORM" are similar:

1) a significant interaction is found between chromosome type X individuals within
pairs, an interaction which appears to occur primarily in DZ (P < 0.001) but not in
MZ pairs;

2) although there is no significant overall interaction for chromosome type X pairs
within zygosities, a significant interaction is found for chromosome type X MZ pairs
(0.001 <P < 0.005) but not for chromosome type X DZ pairs;

3) no significant interaction is observed between chromosome type X zygosity;

4) no statistically significant difference is found between NOR" pattern on D or G type
chromosomes.

DISCUSSION

Although intraindividual and interindividual variability of Ag-stainable NOR patterns has
been observed by different authors, few data are available on the mathematical estimation
of this variability.

Estimations of the genetic and environmental component were obtained in two
analyses of NOR activity in human lymphocytes from twins. One study performed in 19
MZ and 21 DZ twin pairs [2] indicated 2 low heritability of NORM" but a higher genetic
influence on NOR". A more recent work on 20 MZ and 20 DZ pairs showed by an analy-
sis of intrapair concordance as well as intrapair variance [32] that NOR™ and NORM" are
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highly heritable traits; the degree of genetic determination proved to be 0.98 when the
NOR" was studied and 0.94 if NORM" was analysed. Moreover, the intrapair differences
for any particular acrocentric chromosome proved to be significantly greater in DZ than
in MZ twins.

We performed two multilevel analyses of the variance; in both analyses the results
for NOR* and NORM" are quite similar.

In the first analysis, where only zygosity is controlled, the within MZ pairs variance
is less significant than the within DZ pairs variance, as expected. The variation between
pairs is highly significant for MZ pairs but not significant for DZ pairs; this may be due
just to chance. But no difference is observed between the zygosities.

In second analysis, bot chromosome types D and G are controlled as well as zygosity;
there is no significant interaction between chromosome type and zygosity, and no signifi-
cant differences are observed when the mean NOR" (or NORM") are compared on D and
G chromosome types.

The interaction between chromosome type X pairs is statistically significant among
MZ pairs but not among DZ pairs; in contrast, the interaction between chromosome type
X individuals within pairs is statistically significant within DZ pairs but not within MZ
pairs. This is because MZ cotwins are genetically identical but the variation from one pair
to another is just like the variation from one independent individual to another. In con-
trast, for DZ twins the genetic variation is partitioned both among and within twin pairs.

Both analyses thus confirm that NOR" and NORM" are more similar in two indivi-
duals of a MZ twin pair than in two individuals of a DZ twin pair; however, the interpair
variability is so important that a comparison between zygosities shows no statistically
significant differences.

Since the ratio, variation within DZ pairs on variation within MZ pairs, is essential for
the genetic determination of NOR behavior, we performed a complementary test compar-
ing the within pairs variation in DZ and MZ pairs with F equal to

_ _mean squares within DZ
5,7 mean squares within MZ

The results of this analysis are given in:Table 6.

Table 6. F Values Obtained by Comparing the Within Pairs Variation in DZ and MZ Pairs when D and
G Type Chromosomes are or are not Under Control

NOR® NORM"
Analysis 1 F5,7 =1.399 F5’7 =2.444
dsoguishedy ns ns
Analysis 2 F5’7=18.13 F5,7=19.80
(D and G type P<0.001 P <0.001

controlled)

_ mean squares within DZ

mean squares within MZ
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For NOR" and NORM®, when chromosome types D and G are not distinguished, the
DZ within pair variance is greater, though not significantly, than the MZ within pair
variance. But for both NOR" and NORM®, the within pair variance is highly significantly
greater in DZ than in MZ pairs when chromosome type (D or G type) is controlled.

Therefore, even with fewer twin pairs than others [2 ,32], we have also found results
pointing to an important genetic determination of NOR" and NORM" when in the ANO-
VA the D and G types are under control.

CONCLUSION

From experiments correlating rDNA gene content of individual chromosomes with NOR
stainability of these acrocentrics {29], it is considered that in a large majority of indivi-
duals (6 out of the 8 examined), the NOR pattern reflects the relative amount of rDNA
present in these chromosomes. Numerous other data from the literature [1,11,15] indi-
cate the presence of a genetic component in NOR" patterns.

Our results confirm the existence of an important genetic influence on the AgNOR
pattern. However, one might wonder which factors are able to modify the expression of
the genetically determined rDNA pattern. One may distinguish between external factors,
such as living conditions, viral infection, culture conditions, and internal factors (which
might be genetically determined) such as regulatory mechanisms, existence of different
lymphocytic subpopulations with different responses to PHA stimulation, role of non-
tDNA chromosomal material (spacer DNA) responsible for nucleolar association and
therefore for activation of rDNA transcription [29].
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