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1. Supplementary Results
1.1. Measurement of the q1, q2, p1 and p2 Values

Each chromosome was labelled by working numeric code (Figure S1). Working
numeric codes were assigned randomly and made the counting of chromosomes easier
and exact. Four parts of each chromosome, long arm 1 (41), long arm 2 (42), short arm 1
(p1), short arm 2 (p2), were measured (Figure S2) and calculated as g and p arm according
formulas given in the Section 2.3.

1.2. R Analysis

Measured long (q) and short arm (p) values of each chromosome from one metaphase
were manually written as a numeric vector in R. Vectors of g and p values were inserted into
the table (data.frame () function in R). Chromosomal length (length), difference between g
and p arm (d), g/ p arm ratio (r) and centromeric index (i) were calculated and added into
the same table. We measured chromosomes of ten metaphases of each Carassius species,
thus we created ten tables per species, each table contained 100 rows (= 100 chromosomes)
and seven columns (= ¢, p, length, d, r and 7, including one column of working numeric
codes of chromosomes). Tables of each species were associated into the CAU list (1ist ()
function in R). The list of tables for Carassius auratus was created according following R
scripts, in which CAU abbreviation means C. auratus, and CaXX1IL_1_1, CaXX1IL 1 2
etc. label a specimen. Numeric codes 1-10 situated behind the g, p, length, d, r and i values
correspond to the group of values of certain specimen:

> CAU <- list (CaXX1lIL_1_l=data.frame(pl=pl, ql=ql,
lengthl=pl+ql, dl=ql-pl, rl=ql/pl, i1=100/((ql/pl)+1)),
CaXX1IL_1_2 = data.frame(p2=p2, q2=q2, length2=p2+q2,
d2=q2-p2, r2=q2/p2, i2=100/((q2/p2)+1)),

CaXX1IL_1_3 = data.frame(p3=p3, q3=q3, length3=p3+q3,
d3=q3-p3, r3=q3/p3, i3=100/((q3/p3)+1)),

CaXX1IL_1_4 = data.frame(p4=p4, q4=q4, length4=p4+q4,
d4=q4-p4, r4=q4/p4, i4=100/((q4/p4)+1)),

CaXX1IL_1_7 = data.frame(p5=p5, q5=q5, length5=p5+q5,
d5=q5-p5, r5=q5/p5, i5=100/((q5/p5)+1)),

CaXX1IL_1_8 = data.frame(p6=p6, q6=q6, length6=p6+q6,
d6=q6-p6, r6=q6/p6, i6=100/((g6/p6)+1)),

CaXX1IL_1_6 = data.frame(p7=p7, q7=q7, length7=p7+q7,
d7=q7-p7, r7=q7/p7, i7=100/((q7/p7)+1)),

CaXX1IL_2_1 data.frame (p8=p8, q8=q8, length8=p8+q8,
d8=q8-p8, r8=q8/p8, i8=100/((q8/p8)+1)),

CaXX1IL_2_2 = data.frame(p9=p9, q9=q9, length9=p9+q9,
d9=q9-p9, 19=q9/p9, i9=100/((q9/p9)+1)),

CaXX1IL_2_3 = data.frame(pl0=p10, ql0=qlO0,
length10=p10+q10, d10=q10-p10, r10=ql0/p10,
i10=100/((ql10/p10)+1)))

+ + + + A+t +

All values were sorted descendingly according to i values using order () function
inR:
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> CAU$CaXX1IL_1_1 <-

CAU$CaXX1IL_1_1 [order(-CAU$CaXX1IL_1_1%i1),]
CAU$CaXX1IL_1_2 <-

CAU$CaXX1IL_1_2 [order(—-CAU$CaXX1IL_1_2%i2),]
CAU$CaXxXX1IL_1_3 <-

CAU$CaXX1IL_1_3 [order(—CAU$CaXX1IL_1_3%i3),]
CAU$CaXX1IL_1_4 <-

CAU$CaXX1IL_1_4 [order(—-CAU$CaXX1IL_1_4%i4),]
CAU$CaXxXX1IL_1_7 <-

CAU$CaXX1IL_1_7 [order(—CAU$CaXX1IL_1_7%i5),]
CAU$CaXX1IL_1_8 <-

CAU$CaXX1IL_1_8 [order(-CAU$CaXX1IL_1_8%i6),]
CAU$CaXX1IL_1_6 <-

CAU$CaXX1IL_1_6 [order(—-CAU$CaXX1IL_1_6%i7),]
CAU$CaXxXX1IL_2_1 <-

CAU$CaXX1IL_2_1 [order(—CAU$CaXX1IL_2_1%i8),]
CAU$CaXX1IL_2_2 <-

CAU$CaXX1IL_2_2 [order(—CAU$CaXX1IL_2_2%i9),]
CAU$CaXX1IL_2_3 <-

CAU$CaXX1IL_2_3 [order(—CAU$CaXX1IL_2_3%$i10),]

The length and i values were dissected from each data. frame of the CAU list, and put
as the new separate folders length and i, respectively, into the CAU list:

+V+V+V+V+V+V+V+V+V+

> CAUS$length <- data.frame(lengthl=CAU$CaXX1IL_1_1$lengthl,
length2=CAU$CaXX1IL_1_2$length2,
length3=CAU$CaXX1IL_1_3$length3,
length4=CAU$CaXX1IL_1_4$length4 ,
length5=CAU$CaXX1IL_1_7$length5,
length6=CAU$CaXX1IL_1_8%length6 ,
length7=CAU$CaXX1IL_1_6$length? ,
length8=CAU$CaXX1IL_2_1$length8,
length9=CAU$CaXX1IL_2_2$length9 ,
length10=CAU$CaXX1IL_2_3%lengthl10)

+ + + + + + + o+

CAU$i <- data.frame(il=CAU$CaXX1IL_1_18%il,
i2=CAU$CaXX1IL_1_2$i2 , i3=CAU$CaXX1IL_1_3%i3,
i4=CAU$CaXX1IL_1_4%$i4 , i5=CAU$CaXX1IL_1_7$%$i5,
i6=CAU$CaXX1IL_1_8%i6 , i7=CAU$CaXX1IL_1_6%i7,
i8= CAU$CaXX1IL_2_1%$i8, i9= CAU$CaXX1IL_2_2%i9,
i10= CAU$CaXX1IL_2_3%$i10)

The mean_length and mean_i columns were calculated separately for each row (all
values were still ordered decreasingly according to the i value for the purpose to calculate
chromosomes of the same category) and added into the length and i folder, respectively, of
the CAU list using apply () function:

+ + 4+ + + Vv

> CAU$length$mean_length <- apply (CAU$length[,1:10], 1, mean)
> CAU$i$mean_i <-— apply (CAUS$i[,1:10], 1, mean)

The resulted tables with dissected lengths, their mean (Table S1), i values and their
mean (Table S2) are shown. The columns mean_length and mean_i were plotted. Dot plot
(Figure 1) was generated using plot () function. Parameters of dot plot (par () function)
were designed for creation of three plots within one figure (=three species). Species labels
were included using legend () function.
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> par(mfcol=c(3,1), mai=c(0.53,0.55,0.17,0.1), font=3)
> plot (CAU$i$mean_i, CAU$length$mean_length , pch=16,
+ col="yellow3", ylim = c¢(15, 45), xlim = c¢(0, 50),
+ xlab = "centromeric_index", ylab = "chromosomal_length",
+ ann=TRUE, las=1, abline(v=c(0, 12.5, 25, 35.5, 50),
+ col="gray", lty=2))

Dissection and identification of 50 haploid chromosomes: fifty vectors (=50 homol-
ogous chromosomal pairs = chromosomel-50) were generated using function(){}. The
first vector chromosomel was composed of 20 i values—the first and second highest i values
were dissected from each metaphase of C. auratus (=rows 1 and 2 of i column in which
i values were sorted decreasingly) and identified as chromosome 1 (chrl). The second
vector chromosome2 was composed of 20 i values—third and fourth highest i values were
dissected from each metaphase of C. auratus (=rows 3 and 4) and identified as chr2. The
third vector chromosome3 was composed of fifth and sixth highest i values dissected from
each metaphase of C. auratus (=rows 5 and 6) and identified as chr3. Up to the last 50th
vector chromosome50 was composed of 99th and 100th highest i values (=the lowest i
values) dissected from each metaphase of C. auratus (=rows 99 and 100) and identified as
chr50.

> Select_chrome <- function(i,j) {

+ chromosome <- c¢(CAU$CaXX1IL_1_1$il1[i:j],
+ CAU$CaXX1IL_1_2%i2[i:j],
+ CAU$CaXX1IL_1_3$i3[i:j],
+ CAU$CaXX1IL_1_4$i4[i:j],
+ CAU$CaXX1IL_1_7%i5[i:j],
+ CAU$CaXX1IL_1_8%i6[i:j],
+ CAU$CaXX1IL_1_6%i7[i:j],
+ CAU$CaXX1IL_2_1%i8[i:j],
+ CAU$CaXX1IL_2_2%i9[i:j],
+ CAU$CaXX1IL_2_3$i10[i:j])
+ )

> chromosomel <- Select_chrome(1,2)

> chromosome2 <— Select_chrome(3,4)

> chromosome3 <- Select_chrome(5,6)

> chromosome4 <- Select_chrome(7,8)

> chromosomeb <— Select_chrome(9,10)

> chromosome6 <- Select_chrome(11,12)

> chromosome?7 <- Select_chrome(13,14)

> chromosome8 <- Select_chrome(15,16)

> chromosome9 <- Select_chrome(17,18)

> chromosomelQ <- Select_chrome(19,20)

> chromosomell <- Select_chrome(21,22)

> chromosomel2 <- Select_chrome(23,24)

> chromosomel3 <- Select_chrome(25,26)

> chromosomel4 <- Select_chrome(27,28)

> chromosomel5 <- Select_chrome(29,30)

> chromosomel6 <- Select_chrome(31,32)

> chromosomel7 <- Select_chrome(33,34)

> chromosomel8 <- Select_chrome(35,36)

> chromosomel9 <- Select_chrome(37,38)

> chromosome20 <- Select_chrome(39,40)

> chromosome21 <- Select_chrome(41,42)
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Box plot (Figure 2) was generated using boxplot () function. Parameters of box plot

(par () function) were designed for creation of three plots within one figure. The legend
was included using text () function.

> par(mfcol=c(3,1), mai=c(0.53,0.55,0.1,0.1), font = 4)
> boxplot(chromosomel, chromosome2, chromosome3, chromosome4,
chromosome5, chromosome6, chromosome?7, chromosome8,
chromosome9, chromosomel0,

+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
>

chromosomel3,
chromosomel?7,
chromosome?21,
chromosome25,
chromosome?29,
chromosome33,
chromosome37,
chromosome41,
chromosome45,
chromosome49,

xlab =
boxcol =
boxwex = 0.7,

chromosomel4,
chromosomel8§,
chromosome22,
chromosome26,
chromosome30,
chromosome34,
chromosome38,
chromosome42,
chromosome46,
chromosome50,

names = 1:50)

text (51, 40, "Carassius_auratus", col =

chromosomel5,
chromosomel9,
chromosome?23,
chromosome?27,
chromosome31,
chromosome35,
chromosome39,
chromosome43,
chromosome47,

chromosomell, chromosomel2,

chromosomel6,
chromosome?20,
chromosome?24,
chromosome28,
chromosome32,
chromosome36,
chromosome40,
chromosome44 ,
chromosome48,

ylim=c(-1, 50), xlim=c(1, 50),
horizontal = FALSE, ylab = "centromeric_index",

"chromosome", las = 1, pch = 20, whisklty
"yellow3", boxfill = gray(0.95), boxlwd =

"yellow3",

[l
N W
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R analysis of C. carassius and C. gibelio was done similarly as described in C. auratus
above. Scripts of C. carassius and C. gibelio are available on https:/ /www.github.com upon
request. The g 4 p arm measurements arranged within tables created using the first R
command of this supplement can be accessible in the form of RData file provided as R
workspace, also upon request.

The following scripts involve all three species. Vectors chromosomel—chromosome50
were associated into the lists (CAU_chromel_50, CCA_chromel_50, and CGI_chromel_50).
The i values of each chromosome were separately compared among all species using 50
box plots (Figure 3). Here we show how were parameters of box plots entered and how
was the box plot for chrl with the legend called:

> par(mfcol=c(25,2), mar=c(0.1,2,0.1,0.1), cex.axis = 0.7,

+ ann = F, font = 2, las = 1, yaxp = ¢(0, 50, 10),

+ xaxt = "n"

> boxplot (CAU_chromel_50$chromosomel,

+ CCA_chromel_50%$chromosomel, CGI_chromel_50%$chromosomel,

+ ylim = ¢(1, 50), whisklty = 3, boxcol = c(’yellow3’, 2, 4),
+  boxfill = gray(0.95), boxlwd = 3, boxwex = 0.5)
> text(3.6, 30, "chrl", adj = 1)

Similarly other box plots and legend were called for chr2-50. Output values ($stats)
were called and the i values of each chromosome were compared among all species. The
following R results show an example of the chrl. There is the script of the first box plot
in parentheses followed by result from the console of RStudio. The printed table $stats
shown below generated values of the minimum (Qp) on the first row [1,], first quartile (Q1)
on the second row [2,], median (Q3) on the third row [3,], third quartile (Q3) on the fourth
row [4,], and maximum (Q4) on the fifth row [5,]. The first [,1], second [,2], and third [,3]
columns represent i values of C. auratus, C. carassius, and C. gibelio, respectively. We focused
on the i values within Q;—Q3. In this example, i values within Q;-Q3 range from 47.48232
to 48.74874 in C. auratus, from 46.66665 to 48.91326 in C. carassius, and from 47.76151 to
49.08830 in C. gibelio. All three species share the range of i values between 47.76 and 48.74
thus we concluded that chrl is similar in all three investigated species.

> (boxplot(CAU_chromel_50$chromosomel,

+ CCA_chromel_50%chromosomel, CGI_chromel_50%$chromosomel,

+ ylim = ¢(1, 50), whisklty = 3, boxcol = c¢(’yellow3’, 2, 4),
+ boxfill = gray(0.95), boxlwd = 3, boxwex = 0.5))

$stats

[,1] [,2] [,3]
[1,] 46.06040 44.88883 46.50152
[2,] 47.48232 46.66665 47.76151
[3,] 47.86878 48.28373 48.55148
[4,] 48.74874 48.91326 49.08830
[5,] 49.40714 49.86277 50.80790

$n
[1] 20 20 20

$conf

[,1] [,2] [,3]
[1,] 47.42136 47.49001 48.08272
[2,] 48.31621 49.07745 49.02023
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$out
[1] 45.13813 44.39824

$group
[1] 3 3

$names

(1] "

Standardized karyotype was determined based on the Q, range of each chromosome.
Table with median values of each species was generated using sapply () function (Table 2).
Chromosomal category was assigned by if () {} condition, and for () {} function was used
for loop. Chromosomal categories were added into Table 2. Determination of chromosomal
categories is shown for C. auratus:

> CAU_CCA_CGI_median <- data.frame (CAU_median_i=sapply
+ (CAU_chromel_50, median), CCA_median_i=sapply

+ (CCA_chromel_50, median), CGI_median_i=sapply

+ (CGI_chromel_50, median))

for(i in 1:50) {

if (CAU_CCA_CGI_median$CAU_median[i]>=37.5) {
CAU_CCA_CGI_median$CAU_category[i] = "m"

}

else if (CAU_CCA_CGI_median$CAU_median[i]>=25 &
CAU_CCA_CGI_median$CAU_median[i] <37.5){
CAU_CCA_CGI_median$CAU_category[i] = "sm"

}

else if (CAU_CCA_CGI_median$CAU_median[i]>=12.5 &
CAU_CCA_CGI_median$CAU_median[i] <25){
CAU_CCA_CGI_median$CAU_category[i] = "st"

}

else if (CAU_CCA_CGI_median$CAU_median[i]>0 &
CAU_CCA_CGI_median$CAU_median[i]<12.5) {
CAU_CCA_CGI_median$CAU_category[i] = "a"

}

else {CAU_CCA_CGI_median$CAU_category[i] = "T"

}

T T S T S S S S S A A N

2. Supplementary Figures and Tables
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Figure S1. Giemsa-stained chromosome metaphases (B&W) used for long (g) and short (p) chromosome arms measurement.
The Figure shows one representative metaphase for each sex of each species. Each chromosome has a working numeric
code 1-100. Metaphases show 100 chromosomes in (a) Carassius auratus (CAU) male, (b) C. auratus female, (c) C. carassius
(CCA) male, (d) C. carassius female, (e) C. gibelio (CGI) male and (f) C. gibelio female, white circles in (f) indicate centromeric
regions assigned as the narrowest part of chromosome.
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p=(12.6+12.4)/2
pl= 12.6 q=(14.8+13.6)/2

p2=12.4

ql=14.8 \

42=13.6

Figure S2. Giemsa-stained chromosome dissected from metaphase. Graphical example of the
measurement of metacentric chromosome with four chromosomal arms (two chromatids). Two
thin lines which lead through all four arms cross in the centromeric region—the narrowest part of
chromosome. Long arm 1 (1), long arm 2 (42), short arm 1 (p1), and short arm 2 (p2) have 14.8, 13.6,
12.6, and 12.4 pixels, respectively. Calculation of the g 4 p arm length is shown at the top right of the
figure.
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Table S1. Carassius auratus q + p lengths were dissected from each metaphase and added into separate table. The last column

(mean_length) shows arithmetic mean of length used for dot plot (Figure 1).

chr lengthl length2 length3 length4 length5 length6 length7 length8 length9 lengthl0 mean_length
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41.21
42.17
44.76
50.35
39.81
46.71
49.76
49.22
41.18
37.74
45.60
32.90
34.28
34.24
37.72
31.29
39.13
41.30
42.64
41.11
51.88
57.96
43.09
40.73
32.42
38.40
40.35
35.95
37.08
41.29
43.14
36.26
42.10
34.65
37.96
30.33
53.25
48.79
48.63
40.21
28.98
31.50
33.02
33.77
40.19
43.03
53.02
34.87
37.42
59.13

40.40
36.95
38.98
38.05
39.35
33.17
42.38
33.66
46.24
32.72
33.91
34.80
41.49
31.92
35.02
34.29
36.27
39.55
39.85
44.78
34.91
56.97
32.08
43.09
41.49
46.74
35.46
39.18
30.13
30.73
48.88
35.73
35.90
48.84
29.52
41.25
32.84
33.37
33.47
30.54
45.12
40.72
30.22
37.39
43.10
34.54
43.92
34.58
49.72
30.48

30.25
52.36
36.54
33.25
38.03
38.91
42.81
48.67
32.35
25.50
31.37
39.45
32.12
30.83
28.57
34.64
31.53
28.57
41.80
42.62
30.87
32.68
35.44
34.17
47.51
46.69
28.92
43.12
31.49
35.20
39.23
39.34
42.58
49.13
37.84
50.50
43.27
42.88
33.39
38.15
43.81
37.91
38.27
32.15
44.94
36.00
46.48
40.47
40.97
42.19

27.45
40.42
36.66
33.77
34.49
33.50
36.90
43.43
39.87
33.00
39.35
35.42
34.86
29.57
47.30
43.08
38.49
35.01
33.62
33.95
36.76
33.93
47.79
40.11
27.06
42.19
43.39
59.41
36.73
34.27
35.25
38.56
48.79
36.59
38.31
49.62
30.93
31.53
38.64
40.45
48.80
40.83
65.58
55.64
50.72
37.78
39.29
43.50
42.04
31.28

29.74
33.10
41.53
34.32
37.36
36.18
39.84
29.62
30.02
36.84
26.47
33.72
45.10
36.83
36.05
37.10
34.93
36.87
52.47
34.43
48.89
45.04
40.05
39.38
51.43
38.49
29.06
37.58
37.81
33.41
45.70
45.00
29.10
32.59
38.67
47.41
30.12
48.05
37.24
40.56
33.37
33.33
45.93
27.95
33.83
40.24
41.45
31.61
34.34
36.35

46.99
36.18
39.98
33.20
36.94
30.68
45.20
39.37
34.60
43.22
28.00
35.60
24.14
36.73
39.20
35.87
37.35
38.16
4211
41.72
36.74
38.89
34.30
38.82
37.02
43.66
40.26
32.28
40.99
31.29
32.52
34.96
37.86
42.16
33.99
38.42
38.41
40.66
32.00
50.84
36.82
42.82
43.16
33.33
40.86
50.85
43.61
48.36
37.66
33.98

47.46
46.20
49.60
35.57
26.78
45.60
50.39
49.48
32.24
42.93
41.57
45.18
42.98
31.30
37.21
46.03
36.71
37.82
39.78
36.37
33.17
48.02
51.13
33.03
41.15
31.73
39.06
45.81
34.03
39.52
37.73
28.84
40.87
42.51
66.63
46.99
39.33
47.25
40.49
40.05
36.74
36.16
42.57
16.94
36.79
33.70
52.23
57.74
29.81
36.93

35.38
21.82
20.85
18.22
20.90
15.23
20.24
18.19
20.36
19.33
25.21
23.85
16.35
20.54
20.20
17.86
20.16
21.61
20.80
16.96
17.94
14.94
2091
21.00
20.64
20.06
20.63
16.47
21.27
35.93
22.70
18.84
2241
19.63
22.03
14.37
27.40
19.98
11.78
19.70
17.47
19.89
22.07
21.62
20.31
19.29
23.69
18.22
18.13
19.85

24.49
18.01
21.45
20.32
31.17
15.16
20.49
20.49
23.13
19.19
28.82
20.36
20.90
23.38
13.59
18.20
26.85
15.92
16.17
18.50
22.38
20.12
15.10
19.42
22.79
23.52
34.19
24.30
18.42
19.77
19.15
22.75
21.42
28.22
14.31
23.41
20.71
16.23
21.46
21.17
19.68
23.17
28.44
32.65
17.42
33.63
23.81
21.51
19.15
28.82

12.94
21.74
20.49
17.49
21.28
25.11
2241
23.97
16.45
24.63
26.47
21.47
22.12
18.91
23.30
17.15
20.54
18.21
27.86
19.59
23.86
20.48
24.81
28.28
27.59
14.02
20.92
28.01
17.78
24.34
21.12
24.33
31.30
22.15
23.62
20.75
25.04
25.60
15.38
33.30
15.96
28.38
25.84
26.01
21.81
16.34
31.48
28.31
27.80
27.16

33.63
34.89
35.08
31.45
32.61
32.03
37.04
35.61
31.64
31.51
32.68
32.27
31.43
29.42
31.82
31.55
32.20
31.30
35.71
33.00
33.74
36.90
34.47
33.80
34.91
34.55
33.22
36.21
30.57
32.58
34.54
32.46
35.23
35.65
34.29
36.30
34.13
35.43
31.25
35.50
32.68
33.47
37.51
31.74
35.00
34.54
39.90
35.92
33.71
34.62
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Table S1 - continued from previous page

chr lengthl length2 length3 length4 length5 length6 length7 length8 length9 lengthl0 mean_length
51 3790 3272 4177  55.95 35.59 36.83  37.02 18.72 2546 26.86 34.88
52 4235  40.63  30.80 4175 2923 6197 4746 2450  20.90 24.18 36.38
53 3149 3348 4413 4265 4478 4013  37.28 19.71 21.35 22.35 33.73
54 4457 4240 4678 2549 2536  35.66  41.79 19.04 19.75 21.74 32.26
55 4835 5193 5705 39.83 2660 5897  46.87 2330 2357 29.67 40.61
56 36.09  53.91 36.14 4336 2517  39.63 70.83 22,65  22.82 22.14 37.27
57 3769 3687 4015 5589 2688 4151 46.47 17.09  23.83 17.40 34.38
58 3837 3427 5539 3549 2571 50.51 43.81 21.76 18.17 21.41 34.49
59 5891 28.51 48.07 2527  26.89 36.02 4581 20.14 15.69 27.87 33.32
60 3430 3414 3760  31.69 2272 4145 4554 2477 1628 27.99 31.65
61 2150 3436 4328 3406 2690  43.08 4790 3247  19.65 30.71 33.39
62 39.93 1528 5023 3546  30.80 6149 4928 2199  20.88 22.47 34.78
63 3887 2943 3802  31.53 2558 4217 5646  21.00  29.78 22.49 33.53
64 4999 2651 80.86 2837 1927  49.31 46.77 1795  21.83 44.79 38.57
65 3489 2923 3861 30.61 29.72 4653  38.83 1855  20.09 27.00 31.41
66 2714 3780 4282 3496 3127 3858 3587 18.96 8.64 19.80 29.58
67 4229 3781 56.30 3397  36.60 36.89  45.62 19.87  10.24 25.51 34.51
68 3921 28.53 4894 3122 2894 3436 4097 2416 10.16 15.16 30.17
69 2935 2830 4403  39.61 33.63 3094 4523  24.89 12.37 20.79 30.91
70  29.11 2576 3480 3691 2624 3116 5468  21.62 13.02 22.43 29.57
71 4165 2695 2785 2993 38.19 3035 3751 22.16 14.60 30.37 29.96
72 3368 2648  33.69  23.02 2298 3289 3837  29.08 16.09 32.03 28.83
73 4098 2612 4236 2650 3354 4135 4497 @ 2226 19.25 15.93 31.33
74 3608 4167 3916 3016 = 29.69 1844 4949 17.35 16.88 12.50 29.14
75 4070 3238 29.08 2716  28.79 3017 3847  25.29 11.79 12.48 27.63
76 2373 3281 2413 2814 2987 3035 4744 15.98 12.05 14.02 25.85
77 3387 2595 3877 3157  19.55 25.41 47.56 15.16 11.98 13.50 26.33
78 3712 2209 3947 2731 17.66 2656  41.49 8.30 16.91 9.87 24.68
79 2956  21.56 17.38 3471 23.06 19.48  42.37 14.49 14.71 16.84 23.42
80 3526 3465 4052  31.51 2452 2554 3640 15.11 22.40 18.67 28.46
81 2478 2416 2976 3527  23.05 35.53  34.20 12.45 16.40 11.55 24.72
82 3462 2467 2459 2530 3026 4437 2741 15.64 18.96 12.68 25.85
83 3262  30.02 1872 2396 2548 2339 4251 18.38  22.82 12.26 25.02
84 3329  21.69 17.24 2407  24.85 30.81 42.05 11.77  17.43 17.36 24.05
85 3117 2720 3211 2923 2993 2494 2202 11.90 14.71 18.47 2417
8 2724 2658 2335 4177 2804  31.07 2741 8.54 18.45 15.01 24.74
87 29.71 15.62 2466 3407  23.01 31.72 4525 8.05 19.35 18.47 24.99
88 2797 2589  23.08 3591 2482 3286  33.17 13.38 6.73 14.15 23.80
89 3920 2965 2276 2764 3016 2622 3441 10.74 14.68 16.56 25.20
90 3427 3420 1560  30.80  35.19 2593 4198 12.51 15.79 19.38 26.56
91 3036  36.09 3187 3638 2648 2447  39.74 12.65 17.65 11.74 26.74
92 3385 2213 1949 3594 3533 3298 15.98 12.36 12.23 13.11 23.34
93 3575 30.06 29.67 3450 2534 31.04 49.03 14.04 16.09 13.69 27.92
94 3162 31.06 3466 2848 2122 2574 3298 14.26 17.38 13.36 25.08
95 3190  36.58 13.53  30.08  40.71 2739  36.83 9.66 17.48 16.92 26.11
9% 2997  36.66 4404  30.13 23.88 3230  30.50 12.32 15.47 10.08 26.53
97 3493  31.04 2248 3957 3525 2423 4597 9.96 9.79 15.50 26.87
98 2084 2708 2951 27.04 3778 3350  38.57 8.82 23.57 15.04 26.18
99 3643 2984 2673 3675 2643 3016  28.65 13.56 14.26 14.02 25.68
100 33.16 4732 2844 3525 2814 2827 2979 11.96 12.84 16.81 27.20
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Table S2. Carassius auratus i values were dissected from each metaphase and added into separate table. The last column (mean_i)

shows arithmetic mean of the 7 value used for dot plot (Figure 1).

chr il i2 i3 i4 i5 i6 i7 i8 i9 i10 mean_i
1 4870 4788 47.80 4752 4750 48.09 4722 4941 49.07 49.02 4822
2 48.03 4786 4775 4746 4740 46.06 47.05 49.00 4852 48.80 47.79
3 4742 4654 46.70 47.14 4727 4577 4691 48.69 4756 48.11 47.21
4 47.07 4529 4646 4578 47.06 4526 46.72 48.06 47.13 4759  46.64
5 4547 4338 4577 4499 46.75 4478 46.16 46.46 46.15 4739 45.73
6 4481 42.66 4492 4389 4635 4457 4584 4574 4575 4736 @ 45.19
7 4478 4255 4484 4386 4532 4396 4492 4549 4521 46.77 4477
8 4430 4254 4377 4343 4506 4356 44.78 45.07 4521 46.08 44.38
9 4349 4179 4299 4180 4493 4323 4436 43.85 4481 4585 43.71
10 43.15 40.89 4216 41.14 4493 4314 4342 43.63 4478 4573  43.30
11 4228 4051 42.08 4092 4454 4293 4232 4288 4471 4572  42.89
12 4095 3999 4157 4023 4438 4287 4205 4254 4453 4490 42.40
13 4064 39.13 40.97 3998 4423 4225 4120 4244 4412 4480 4198
14 39.79 3875 40.13 39.69 42.09 42.07 4024 4226 44.06 44.21 41.33
15 39.70 3873 3890 39.63 42.05 42.04 3987 42.04 4352 44.09 41.06
16 39.07 38.66 3857 39.62 41.81 41.89 39.80 42.00 4344 4399  40.89
17 36.68 36.62 3748 3955 41.08 41.61 3950 41.76 43.19 4359  40.10
18 36.44 3641 36.71 3934 40.70 41.12 3947 4168 4244 4355 39.79
19 3624 3638 3649 37.60 4037 4091 39.17 41.19 4221 4344  39.40
20 36.09 3629 3648 36.59 40.17 4033 3855 41.00 4193 4328 39.07
21  36.09 36.26 36.17 3643 40.03 4026 3853 4098 41.87 42.68 3893
22 35.67 36.19 36.00 3642 3896 3954 3823 4091 4131 4258 38.58
23 3554 3571 3599 36.26 3880 39.08 37.81 40.61 4038 4252 3827
24 3538 3552 35.69 3620 3749 3891 3740 4053 40.09 4246 3797
25 3525 35.10 3563 36.056 36.67 3878 37.03 4031 39.67 41.80 37.63
26 3511 3481 35.16 3593 3591 3856 36.87 40.13 3936 4159 3734
27 3478 3481 3479 3572 3580 3843 36.75 39.69 3927 4144 37.15
28 34.61 3479 34.77 3559 3548 38.06 36.57 39.64 39.09 4139 37.00
29 3454 3433 3456 3555 3518 3735 3649 3942 39.01 4137 36.78
30 3430 34.08 3447 3548 3514 3672 3620 39.18 38.77 4114 36.55
31 3427 34.04 3438 3540 34.84 3641 36.09 39.15 38.69 40.86 36.41
32 3414 34.01 3422 3526 3477 3641 36.01 39.06 3868 3852 36.11
33 3396 34.00 3422 3516 3476 3637 3583 3877 3852 3829 3599
34 3392 33.65 34.11 35.02 34.60 3637 35.80 3850 36.76 37.73 35.65
35 3391 3338 34.02 3499 3392 3627 3575 3823 36.64 3756 3547
36 33.89 3334 3398 34.67 33.82 36.08 3544 3820 3647 36.85 3527
37 33.69 33.05 3388 3455 3373 3594 3520 36.67 3645 36.61 34.98
38 3359 3265 3359 3443 3339 3580 3519 3631 3589 36.15 34.70
39 3346 3248 3328 3435 33.08 35.67 3475 36.14 3585 36.01 34.51
40 3252 3246 3322 33.00 33.03 35.64 3430 36.07 3560 3587 34.17
41 3251 3242 3293 3245 3259 3559 34.08 36.07 3492 3580 33.94
42 3247 3225 3293 3227 31.76 3546 3397 3561 3481 3578 33.73
43 3217 3219 3292 3227 3165 3541 3339 3548 3459 3570 33.58
44 3214 3217 3273 31.63 2736 3526 33.15 3547 3454 35.60 33.00
45 32.08 3152 3267 31.13 26.74 3522 3314 3537 34.02 3552 3274
46 3190 3135 3239 3099 2537 3518 3289 3530 3395 3540 3247
47 31.68 30.86 3215 27.83 2346 3498 3286 3521 33.78 35.00 3178
48 31.47 3051 3150 27.10 0.00 3473 31.74 35.07 3330 34.89 29.03
49 3142 29.72 3142 26.61 0.00 3468 3138 3494 3322 3485 28.82
50 3140 29.68 31.39 2472 0.00 34.64 3127 3458 33.15 3458 2854
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Table S2 — continued from previous page
chr il i2 i3 i4 i5 i6 i7 i8 i9 i10 mean_i
51 31.19 29.13 3094 2451 0.00 3415 31.16 3456 32.64 3457 28.29
52 3099 29.09 3094 24.10 0.00 3413 3091 3379 3245 3446  28.09
53 3057 2885 30.84 20.77 0.00 3398 30.82 33.61 3206 3442 27.59
54 3046 2880 3033 0.00 0.00 3373 3046 3359 3176 3440 25.35
55 2958 2874 30.08 0.00 0.00 3334 3027 3356 31.34 3433 2512
56 2884 2863 2992 0.00 0.00 3323 30.13 3355 31.18 3425 2497
57 2880 27.62 2972 0.00 000 3239 30.04 3339 31.03 3424 2472
58 28.09 2715 2934 0.00 0.00 3217 29.78 3337 30.85 33.58 2443
59 2793 2648 2890 0.00 0.00 3090 2950 3337 3079 3334 2412
60 2721 2427 2879 0.00 000 3084 29.02 3330 2935 3315 2359
61 2652 2403 2775 0.00 0.00 3040 2864 33.04 2922 3311 2327
62 2177 000 2637 0.00 000 3028 2859 3289 2899 33.06 20.19
63 2090 0.00 2633 0.00 000 2995 2839 3273 2853 3294 1998
64 0.00 000 2630 0.00 000 2873 2821 3235 2742 3285 17.59
65 0.00 000 2543 0.00 000 2836 2779 3215 2392 3218 1698
66 0.00 0.00 2490 0.00 000 2773 2735 3175 0.00 31.84 14.36
67 0.00 0.00 2407 0.00 000 2284 27.04 3170 0.00 31.80 13.74
68 0.00 0.00 2308 0.00 000 2239 2624 3068 0.00 31.10 13.35
69 0.00 000 2091 000 000 0.00 2606 3030 0.00 3031 1076
70 0.00 0.00 1552 0.00 000 0.00 2584 29.79 0.00 30.08 10.12
71 0.00 000 000 0.00 000 000 2472 26.60 0.00 29.50 8.08
72 0.00 000 000 0.00 000 0.00 2452 2589 0.00 26.60 7.70
73 0.00 000 000 0.00 000 000 2451 2576 0.00 21.15 7.14
74 0.00 000 000 0.00 000 000 2444 2134 0.00 0.00 4.58
75 000 0.00 000 000 0.00 000 2434 1465 0.00 0.00 3.90
76 0.00 000 000 000 000 000 2345 000 0.00 0.00 2.34
77 0.00 000 000 0.00 000 000 2292 000 0.00 0.00 2.29
78 000 0.00 000 000 000 000 2079 0.00 0.00 0.00 2.08
79 0.00 000 000 000 000 000 1736 000 0.00 0.00 1.74
80 000 000 000 000 000 0.00 1728 000 0.00 0.00 1.73
8 000 000 000 000 000 000 708 000 0.00 0.00 0.71
82 000 000 000 000 000 0.00 000 000 0.00 0.00 0.00
83 000 000 0.00 000 000 000 000 000 0.00 0.00 0.00
8 000 000 000 000 000 000 000 000 0.00 0.00 0.00
8 000 000 000 000 000 0.00 000 000 0.00 0.00 0.00
8 000 000 0.00 000 000 000 000 000 0.00 0.00 0.00
8 000 000 000 000 000 000 000 000 0.00 0.00 0.00
88 000 000 000 000 000 0.00 000 000 0.00 0.00 0.00
89 000 000 0.00 000 000 000 000 000 0.00 0.00 0.00
9 000 000 000 000 000 000 000 000 0.00 0.00 0.00
91 000 000 000 000 000 000 000 000 0.00 0.00 0.00
92 000 000 0.00 000 000 000 000 000 0.00 000 0.00
93 000 000 0.00 000 000 000 000 000 0.00 0.00 0.00
94 000 000 000 000 000 000 000 000 0.00 0.00 0.00
9 000 000 000 000 000 0.00 000 000 0.00 0.00 0.00
9% 000 000 0.00 000 000 000 000 000 0.00 0.00 0.00
97 000 000 000 000 000 000 000 000 0.00 0.00 0.00
98 000 000 000 000 000 0.00 000 000 0.00 0.00 0.00
99 000 000 0.00 000 000 000 000 000 0.00 0.00 0.00
100 000 000 0.00 000 000 000 000 000 0.00 0.00 0.00
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