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Summary

Adenylate Kinase (AK) was examined by starch gel electrophoresis for strain
differences in the guppy, Poecilia reticulata. The electrophoretic patterns revealed
two gene loci (4k-1 and Ak-2) encoding the AK enzyme and the existence of a null
allele at the 4k-2 locus.

Different phenotypic frequencies at 4k-2 were observed among 16 strains and
between females and males within each strain. Such phenomenon has been
observed in the Mdh-4 variants with a mode of partial sex-linked inheritance and
Ak-2 variants which also suggests a mode of partial sex-linked inheritance (both
X and Y chromosome). A linkage between 4k-2 and Mdh-4 locus was revealed.

Introduction

The guppy, Poecilia reticulata, because of its short life cycle, is one of the
most useful model for the study of genetics. Sexual dimorphism in which the
males show striking color patterns can be used for the study of the mode of
inheritance of sex-linked or autosomal genes (1,2). The establishment of several
strains and strain differences can be useful information about the following
genetic characteristics ; electrophoretic markers (3), growth and reproductive
related trains (4), low and high temperature tolerance (5, 6), and salinity tolerance
(7).

Fujio et al. (5) measured responses to low temperature (12°C, 24h) in different
strains of the guppy and indicated a mode of sex-linked inheritance (X chromo-
some) for resistant I(R) and sensitivity (r) to the low temperature treatment.

Fujio and Macaranas (8) found different phenotypic frequencies at Mdh-4
among strains and between females and males within each strain and demonstrat-
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ed a mode of partial sex-linked inheritance (both X and Y chromosomes) for a null
allele.

This work presents evidence that the adenylate kinase (AK) variation is due
to a null allele which follows a mode of partial sex-linked inheritance with special
reference to linkage of Mdh-4 locus.

Materials and Methods

Sixteen guppy strains, S, S3, S3HL, O, SC, M1, G, A, B, C, D, D1, F, F22, T
and T1, were used for studies on the inheritance of electrophoretic markers. The
creation of the strains was based on the color pattern of males (G, A, B, C, D, D1,
F, T and T1), subdivision of original strains (S, 83, S3HL and F22), originated
from wild population (0), and originated from hybrids of different strains (SC and
M1). They were maintained in 60 [ aquaria at reasonable densities of 300-500
individuals per aquarium, depending on the average size of the strain. The fish
were kept at a temperature of 23+2°C and fed ground carp pellets twice a day
with dried Daphnia as a supplement. Willow moss was placed in the aquarium
primarily as a hiding place for newborn guppies.

For electrophoretic analysis, the matured guppies were sampled at random
from each strain and the samples were kept frozen at —40°C. Each whole body
was homogenized with distilled water and centrifuged at 3,500 rpm for 15 min to
obtain the supernatant for starch gel electrophoresis.

Electrophresis and staining procedures were based on Fujio (9). Loci were
numbered from the most anodal as Aat-1 and so on, and alleles were designated
as 4, B, C from the most anodal downwards. In the present study, the 4k-2 and
Mdh-4 variants were designated as 4 and a to denote a null allele.

Results

Fig. 1 shows the expression of AK isozyme in whole body homogenates of the
guppy. Two types of phenotype were observed in AK isozymes; one type
exhibited a two banded pattern and the other one exhibited a one banded pattern.
Two loci, Ak-1 and Ak-2, were assumed to control activity of the AK enzyme.
The Ak-1 locus was monomorphic for all strains, while the 4%-2 locus exhibited
variation, which was evidenced by single and null bands. This absence of
activity was observed in the O, SC, M1, G, A, B, D, D1, F, F22, T and T1 strains,
but was not observed in the S, S3, S3HL and C strains. Table 1 shows the
phenotypic distribution at 4k-2 in 16 guppy strains where A designates the
banded phenotype and a designates the null phenotype. The frequencies of A
and a varied among strains as well as between females and males. Similar
phenomenon were observed at Mdh-4 locus as shown in Table 2. The frequencies
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Fic.1. The expression of AK isozyme on the starch gel electrophoresis.

TaBLE 1. Phenotypes of Ak-2 Variants for 16 Strains of the Guppy

Female Male

Strain No. of Phenotype No. of Phenotype

Fish A a Fish A a
S 25 25 0 25 25 0
S3 32 32 0 34 34 0
S3HL 60 60 0 60 60 0
0) 47 44 3 32 30 2
SC 35 33 2 35 35 0
M1 52 49 3 50 50 0
G 27 23 4 31 30 1
A 56 51 5 64 64 0
B 73 62 11 30 29 1
C 31 31 0 67 67 0
D 70 49 21 15 12 3
D1 36 29 7 44 41 3
F 63 56 7 36 33 3
22 17 16 1 35 35 0
T 70 63 7 41 36 5
T1 52 34 18 52 39 13

of A and a varied among strains as well as between females and males. Different
phenotypic frequencies at Mdh-4 between females and males demonstrated a mode
of a partial sex-linked inheritance (8). Therefore, different phenotypic fre-
quencies at Ak-2 between females and males suggested a mode of a partial
sex-linked inheritance in comparison with no differences between females and
males in the gene frequencies of the Aat-1, Pgm-1, Pgm-2 and Sod-2 locus in all
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TABLE 2. Phenotypes of Mdh-4 Variants for 16 Strains of the Guppy

Female Male

Strain No. of Phenotype No. of Phenotype

Fish A a Fish A a
S 25 24 1 25 25 0
S3 51 35 16 68 55 13
S3HL 60 55 5 60 60 0
0 48 45 3 32 30 2
SC 35 33 2 35 35 0
M1 52 33 19 50 49 1
G 27 21 6 31 30 1
A 56 49 7 64 64 0
B 73 62 11 30 29 1
C 38 26 12 74 69 5
D 70 38 32 15 15 0
D1 36 19 17 44 44 4
F 63 56 7 36 27 9
F22 17 13 4 35 34 1
T 70 67 3 41 41 0
T1 52 29 23 52 34 18

strains (Table 3).
Genotypes of phenotype A were X*X* X*Y4 X“X°, X“Y* and X°Y“, while
genotypes of phenotype a were X°X* and X“Y".

The gene frequencies of the 4 and a allele on the X and Y chromosomes of
16 guppy strains were calculated based on the frequency of the phenotype a in
both females and males. The frequency of the null allele a on the X chromosome
was calculated by the formula, qa = /a;/N;, where a; is the number of a in females
and N; is the total number of females. On the other hand, the frequency of the
null allele a on the Y chromosome was calculated by the formula, qa = (a, /Ny )/
Ja;/N;, where a;, is the number of a in males and N, is the total number of males.

As shown in Table 4, the null allele at the A%-2 locus was detected in both
X and Y chromosomes of the O, G, B, D, D1, F, T and T1 strains and in only X
chromosome of the SC, M1, A and F22 strains, but was not detected in both X and
Y chromosomes of the S3, S3HL and C strains. The O, F and T strain had the
same frequency of null allele in both X and Y chromosomes. The highest
frequency of the null allele on the X chromosome was observed in the T1 strain
(qa=0.588), and the highest frequency on the Y chromosome was also observed in
the T1 strain (qa =0.425).



5

the guppy

1s0zymes in

Polymorphism of a null allele for AK

- 6100+2960  610°0+880°0 484 8200F€I6'0  820°0+L80°0 (441 &pos

- LV0'0+8€2°0  L¥O'0FZ9¥0 a4 670°0FILY0  6%0°0+6350 (4¢] g-wbg LL

- ¥70°0+3961°0 ¥%0°0+2908°0 1 2E00F6LI0  2EO0OFIZ80 0L g-ubq

- 9¢0°0+8L80  9€0°0+33L0 1y 0£0°0+0¢80  0£0°0+09T1°0 0L [-wbq €L

- €80°0+62L°0  €90°0+1L30 qe G90'0+¥280  G90°0+9LT0 LI Gpos ecd

- LY0'0+9080  L¥O0OF¥61°0 9¢ geo'0+0180  G€0'0+061°0 €9 &apos |

- 670°0+€690  6¥0°0+L0E0 44 LS0°0FG290  LQ00+GLEOD 9€ oy 1a

- €L0°0+0020  €L0'0+0080 gl 2E00F+TLT0  Z€0'0+6328°0 0L g-wbq

- 16000090 160°0+00%°0 Gl 6£0°0+€690  6800+L0€°0 0L -my a

- ¥€0°0+€22°0  ¥€0°0+LLLO YL €90°0+80€0  €200+L69°0 8¢ g-wbq

- 660°0+8€€0  6£0°0+299°0 ¥L $90'0+3%%€0  ¥200+899°0 8¢ oy 0

- $600+€€2°0  ¥S0'0+€9L0 0g 9¢0°0+€9%°0  9€0'0+LVLO €L g-wbq

- $900+€€%°0  ¥900+L950 0g 0v0'0+LL60  0V00+€29°0 €L -my q

- LEO'0+PET0  LEO'O+99L0 ¥9 0%0'0+1%20  0¥00+6SL0 9g -my A

- 8%0'0+896°0 830'0+280°0 49 920°0+€96'0  9200+L€0°0 LZ Gpos

- 1€0°0+290°0 180°0+4€6°0 83 920°0+2L€00  9200+€96°0 LG I-wy O

- 0S0'0F0E¥'0  080°0F0LG0 0¢ 8¥0°0+€2v'0  8¥0'0+LLGO 4¢] [-wbq

- 6700+029°0  6¥0°0+08€0 0g LY0'0FGEY0  LYOOFG9E°0 4¢] -y I

- 0900+€¥20  090'0+LG¥0 144 6G0°0F627'0  690°0+1LG0 ge [-ubq

- £600+63L0  €90°0+F1LZ0 ge 8%0°0+0080  8%00+00%0 Ge -my 08

- 9¢0°0+¥%600  980°0+9060 (4% GEO'0+8ET'0  SE0'0+T980 8Y g-wbq

- 190'0+3GLE0 190°0+929°0 (4% 9%00+3%620  9¥0'0+80L0 8¥ -wy 0

- 980'0+8080  9£0'0+3%61°0 09 LEO'0+Z6L0  LEO'0O+8B0TO 09 &pos

- 880'0+QLL'0  8€0'0+SEZ0 09 860°0+86L0  880°0+LITO 09 [-ubq "THES

- 0%0'0+1€6°0  0¥0'0+699°0 89 8%00+26€0  8¥0°0+809°0 19 [-ubq

- 0¥00+6990  0¥0'0+1EE0 89 LY0'0+L990  LVOO+EFEO 19 -my €8

- €900+02L0  €900+082°0 514 G90'0+00L0  990°0+00€°0 11 [-wbq

— 090'0F0%20  090°0+09L0 114 &r0'0+0010  Z¥00+0060 92 [-my S
SO[BUI PU® SO[eUId] b b st - gb b ustq snoor] sureng
UoeM]8(q OUSIBIL(] o[eI jo "'oN o[ewo [ Jo "oN ‘

swong fiddny g1 sof syuvuvg swhizosy Jo saouanbosg susy

‘¢ 314V,



A.A. Barinova et al.

“+ £q peyeorpul st GO o= JO [9A9] © 18 SOUAISYIP JUBOYIUBIG : 4,

‘T oqe, ut

UMOYS ‘S9[BUI JO I9qUINU [€303 oY) sjusserd “N pue se[ew ul ® Jo Iequnu oY) spusserd “e oroym ‘’N/*8//(“N/"“e)=0b :,,
"1 9[qe], Ul UMOYS ‘Se[BUISJ JO IOQUINU [€}0} oY) sjusseld ‘N pue se[ewej Ul © Jo Iequinu oy sjussaid ‘e ezeym ’N/'e/vb :

+ 690°0+327°0 6900+GLG°0 44 8%0°0+889°0 8¥0°0+3217°0 4¢] 1L
- 9L00+98¢°0  9L0'0+¥190 134 6€0°0+91€°0 6£0°0+¥89°0 0L . €L
+ 0 0001 ge PLOOFEVE0 ¥L00+LGL0 LI (44
- %L00+082°0 8LO'0+0GL0 9€ eh0'0+€E€0 ev0'0+L99°0 €9 q
+ Gg0'0+9810 Ge0'0+5¥80 44 6200+ 1¥7°0 690°0+689°0 9¢ a
- ¥e1'0+29¢°0 $21°0+9€9°0 a1 Gr0'0+8¥%2°0 er0'0+2870 0L a
- 0 0001 VL 0 0001 8¢ 9]
+ 2200+6800 Ge00+116°0 0¢ 0%0'0+88¢0  0¥0°0+3190 €L g
+ 0 000'T ¥9 €70°0+662°0 €700+ 10L°0 9¢ A
+ 1900+ 1800 10'0+€16°0 |25 990'0+98¢°0 990'0+G19°0 Lg )
+ 0 000'1 0g Gv0'0+0¥2°0 gv0'0+09L°0 (44 N
+ 0 000'T ae 190°0+6€2°0 160'0+19L°0 ge N
- LLOO+G¥E0  LLOOFGGLO (44 ¥90'0+€392°0 ¥90'0+LVL0 8Y 0
- 0 000'T 09 0 0001 09 THES
- 0 000'T 89 0 0001 G €S
- 0 000'T 119 0 000’1 114 S
44 9WOSOUWIOIYD X pue Y ¢ 0D b qsy +?b yb ysy ureng
U99M79q SOUBIYL(] Jo 'oN Jo ‘'oN :

QUIOSOUIOITD- §

UIOSOWOIY9-Y

fiddng a1 fo suwug gr 4of suonvuny zZ-yy fo soyuonbosg susx)

RACYCAAN



7

Polymorphism of a null allele for AK isozymes in the guppy

UMOUS ‘So[TI JO IqUUNU [8)0} oY) syuasard “N pue sefew Ul B Jo Isquinu oY} syueserd e azoym !N /'e)r/(MN/"™e)=vb :
‘1 o[qB], Ul UMOYS ‘SO[eWId) JO IqUINU [8109 93 sjueserd ’N pue so[ewIa) UL ® JO IOQUINU Y9 sjuesexd e azoym ‘!N /*e/vb :

‘4 £q peyeOTpUL ST GO'0=J JO [9A9] B 1B SOULIOPIP JUBOYIUIG :

'To[qE],

9IOSOWOIY- X

SWOSOWOIYD-Y

- 6900F 1260  690°0F6L¥0 2¢ 9700F G990  900FGEED 2¢ 1L
+ 0 0001 w $00FL0Z0  FEOOTEBLO oL N
+ 0F00F6200  0V00F 1760 gg 9800FC8¥0  980°0FCIG0 L1 2ed
+ BLOOTIGLO  BLOOTF6¥E0 9¢ TO0TELE0  BHOOFLIYO £9 a
+ 1600F2EI0  T1S0°0F 8980 W GC00FL890  GGO0OTEIE0 9¢ 1a
+ 0 000'T a1 OFO0FILI0  0FO0FFEEO0 oL a
+ 800F 0310  880'0F008°0 L LE00FZC0  LI00T8EHO 8¢ 0
+ 160079800  1S0°0F 160 08 0F00T88E0  0FO0F Y0 gL q
+ 0 000'T 79 SVO0F6620  EHOOFIOLO 9g v
+ 0 000T 1€ 8900FILF0  890°0F 6250 13 9
+ 9200F V800  980°0F996°0 0g 800FT090  8¥0°0F 9660 e N
+ 0 000'T ag 1600F6£20  1900F19L0 ge 08
—~ LLOOFO0SZ0  LLOOFOGLO 2€ PWO0F0SZ0  FHO0TO0GL0 8% 0
+ 0 000'T 09 1500F6820  T500FIILO 09 THES
+ LGOOFTIFE0  LGO0T629°0 89 65000980  650°0T OFF0 1 £s
+ 0 000'T 74 LE00F00Z0  LG0'0F 0080 a2 S
+ + 4OWIOSOTIOIYD & PU® X +P vP sy +2P ve sy weng
UQOMIOq UYL Jo 'oN Jo 'ON :

fiddny oy fo suiong 9r +0f suouwuvg FYPU Jo sowouonbosg ousy -G IIAV],



] A.A. Barinova et al.

On the other hand, the null allele at the Mdh-4 locus was observed in all the
guppy strains except for the males in the S, S3HL, SC, G, A, D and T strains
(Table 5). The highest frequency of the null allele on the X chromosome was
observed in the D1 strain (qa =0.687), while the lowest was observed in the Strain
(qa=0.200). The highest frequency of the null allele on the Y chromosome was
observed in the F strain (qa=0.751).

Discussion

The first discovery of a Y-linked inheritance was demonstrated in the guppy
by Schmidt (10) and Winge (11). Two genes Ir and Ma which control the color
pattern were found on the crossing of two strains and were continuously transmit-
ted from father to son, grand son and so on, and nerev to be inherited through the
mother. Subsequently, many . color genes have been demonstrated by genetic
analysis. Some of them were linked with the X and Y chromosomes.

Winge (12) commented that the term “sex-linked” ought to be applied only
to the condition of inheritance explainable by the presence of the factor in
question in those sex-chromosomes which are normally found in individuals of
both sexes (X and Z chromosomes). On the other hand, Yamamoto (13) suggested
that all modes of autosomal inheritance are sex-linked. Thus, sex-linked inheri-
tance includes various types of modes and it may depend on which homologus
segments are shared by the X and Y chromosomes. When the X and Y chromo-
some contain at least some homologus segments, genes may be partially sex-linked
as demonstrated in the present work. :

Furthermore, the possibility of crossing-over between the X and Y chromo-
somes would suggest that they contain homologus regions, that is, the genes both
from X to Y and Y to X cross-over relatively frequently.

Ten years ago, in the S3 strain, the frequency of the null allele at the Mdh-4
was 0.298 in the X chromosome and 0 in the Y chromosome (8). And in this
study, the frequency of the null allele was 0.560 in the X chromosome and 0.341
in the Y chromosome. Similar phenomenon were also observed in the F strain.
These results suggest the crossing-over between the X and Y chromosomes.
However, such phenomenon were not observed in the SC strain, suggesting no
crossing-over between the X and Y chromosomes in this strain. This suggestion
was indirectly introduced by the fact that the SC strain originated from the cross
between a single male of the cobra type strain and 2 or 3 females of the non-cobra
type strain ; all SC males were observed to be the phenotype A which mean that
the Y chromosome of the SC strain may contain only A allele.

To prove whether two kinds of Y chromosomes in the crossing-over between
X and Y chromosomes exist or not in the guppy population, it would be necessary
to attempt the cross experiments.
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