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The pres ence of the way for fix a tion of the he red i tary changes in pop u la tions has been sub stan ti ated.  It can
be re al ized due to gene-mod i fi ers se lec tion.  Ac cord ingly, the role of the above genes on the one hand may
in volve the de novo aris ing mu ta tions ren der ing harm less, while on the other hand – their as sim i la tion.
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Ear lier it has been es tab lished [1] that the prog eny of
sil ver-blue fe males (het er o ge neous by aleu tian (ppAa)
and sap phire males of minks ex pe ri enced the sig nif i -
cant de fi ciency of sap phire kits in the course of five sea -
sons of re pro duc tion.  The study on the rea sons re sult -
ing in such dis or der re vealed the in flu ence of se lec tive
elim i na tion of ppaa em bryos [2].  Be sides, the prog eny, 
suc cess fully im planted and com pleted its pre na tal de -
vel op ment in post-na tal pe riod, was shown to pos sess
the in creased lev els of all com po nents fit ness [1].

Reg u lar is the ques tion – why one part of ppaa em -
bryos is sub jected to the se lec tive elim i na tion dur ing
the im plan ta tion and the other part is suc cess fully im -
ple mented, hav ing com peted ppAa em bryos for the im -
plan ta tion places?

The in crease in fit ness of suc cess fully im planted
and new-born sap phire prog eny, as well as some other
nec es sary ev i dences [1, 2], point at the fact that this
prog eny has gone through “screen ing” of pos i tive se -
lec tion in ppAa moth ers’ wombs.  Ev i dently, such se -

lec tive pro cess, as well as any other pro cess, could take
place at the con di tion of the ex is tence of dif fer ent ge -
netic dif fer ences [3] be tween im planted and elim i nated
ppaa em bryos. Hav ing un der stood the es sence of these
dif fer ences, we would be able to an swer the afore men -
tioned ques tion.

A sig nif i cant num ber of facts, dem on strat ing the in -
hib it ing ef fect of re ces sive homozygote Aleutian on re -
pro duc tive func tion of minks are known.  In par tic u lar,
sap phire fe males were noted for de creased fer til ity
com pared to sil ver-blue ppAA and ppAa.  At the same
time they were de tected to have a high per cent age of
bred fe males hav ing no lit ter, shift ing of the dates of
first breed ing along with later im plan ta tion terms, ex -
tended rut ting and de liv er ing terms, as well as pro -
longed ges ta tion pe riod, com pared to both sil ver-blue
and stan dard fe males [4–6].

In ad di tion, sap phire fe males, ver sus sil ver-blue
ones, were spe cific for high level of early post-na tal
with drawal of young growths [4].  It has been es tab -
lished also that the growth rate of sap phire minks is
lower than the one of sil ver-blue minks [7].
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There fore, ppAa and ppAA minks were re vealed to
have higher val ues of all fit ness com po nents, i.e. fer til -
ity, vi a bil ity, growth rate, than the ppaa minks.

Thus, the listed-above facts make a dis tinct point
that the ab sence of re ces sive homozygote gene Aleu -
tian –aa – in minks re sults in de crease of their fit ness
in di ces.  As it was stated by Fisher [8], the se lec tion of
mod i fier genes as sists grad ual elim i na tion of such de -
fects.  Ac cord ing to the hands-on opin ion of now a days 
[8–10], low penetrance and expressivity of re ces sive
mu ta tions in spec i men, iso lated from nat u ral pop u la -
tions, tes ti fies in fa vor of se lec tion on the bases of
men tioned genes.

Sap phire minks, sub dued to the pos i tive se lec tion, – 
the descendents of ppAa fe males and ppaa males, were
ob served to have the in crease in ba sic com po nents of
fit ness [1].  These very con se quences were fore casted at 
pos i tive se lec tion ef fect, di rected to wards the se lec tion
of mod i fier genes [8–10].

Stat ing on the pre sented above, the plau si ble an -
swer to the ques tion on the es sence of ge netic dif fer -
ences be tween se lected and elim i nated sap phire prog -
eny may be the fol low ing: the part of prog eny, which
went through the “screen ing” of pos i tive se lec tion, and
the other part, which was elim i nated, dif fer in one sin -
gle thing – the pres ence or ab sence of mod i fier genes in
the ge no types of their own.

Ac cord ingly, sap phire blastocysts with safe
“ontogenetic des tiny” in clude mod i fier genes, which
sig nif i cantly level the neg a tive ef fect of re ces sive
homozygote Aleu tian on the pro cess of im plan ta tion.  
In this sit u a tion, the bi o log i cal ef fect of the men -
tioned genes is con nected to the lev el ing of suc cess -
ful pos si bil i ties for im plan ta tion of ppaa and ppAa
blastocysts.

Be sides, the ef fect of mod i fi ers is most prob a bly re -
flected on the de vel op ment of sap phire prog eny in the
post-na tal pe riod.  It is in di cated by the as sess ment of
ba sic com po nents of fit ness (fer til ity, vi a bil ity, and
growth rate) of ppaa minks, born from ppAa moth ers;
the in di ces of the lat ter ex cel those of ppaa minks, born
from ppaa moth ers [1].

There fore, the com bined im plan ta tion of ppAa and
ppaa blastocysts, the pos i tive se lec tion is ap par ently di -
rected to ppaa blastocysts, ge no types of which con tain
mod i fier genes.

Pos i tive se lec tion, play ing the “cre ative role” in
mor pho log i cal evo lu tion of or gan isms, is pre sented in
sta bi liz ing and di rect ing types [11].  Gen er ally, pos i -
tive se lec tion pro vides main te nance and re con struc -
tion of morphogenetic de vel op ment pro gram.  How -
ever, de pend ing on the eco log i cal sit u a tion [12], one
of its two types takes the lead ing role in form-build ing
pro cess.  Thus, in the con di tions of con tin u ous sin -
gle-vec tor change in spec i men en vi ron ment, the ef fect 
of di rect ing pos i tive se lec tion pre vails [11].  This ef -
fect is con nected with morphogenetic de vel op ment
pro gram for spec i men, aimed at the for ma tion of new
adap tive bi o log i cal norm [11, 12].  In the course of
such se lec tion, the qual i ta tive change in the men tioned 
pro gram, it ba si cally lies in the re or ga ni za tion of gene
pool ac cord ing to the new eco log i cal re quire ments,
takes place [9, 12].

In the op po site eco log i cal sit u a tion, when the or -
gan ism is ex pe ri enc ing pres sure from the fluc tu at ing
en vi ron ment con di tions, the ef fect of pos i tive sta bi liz -
ing se lec tion steps for ward [11].  This ef fect is di rected
to wards the main te nance and strength en ing of cur rent
adap tive norm, formed in the pro cess of spe cies evo lu -
tion [9, 11].  Mean while, the pro gram of or gan ism’s
per sonal de vel op ment is mostly pre served, and the se -
lec tion fixes the genes, which ad just per turb ing in flu -
ence of the en vi ron ment on the morphogenetic pro cess
[12].  In this ex act way it is pos si ble to de crease sig nif i -
cantly the en vi ron men tal ef fect on ontogenesis.

As it is pre sented by Neo-Dar win ists and the sup -
port ers of evo lu tion ary syn the sis, nat u ral se lec tion in -
creases the tol er ance of the re al iza tion pro cess of or -
gan isms’ mor pho log i cal pro grams in the course of
their his tor i cal de vel op ment [13–15].  As a re sult, per -
sonal de vel op ment of the or gan ism be comes more se -
cured from per turb ing ef fect of var i ous en vi ron men tal
fac tors.  One of the most im por tant of these fac tors is
the pres sure of mutational press [9, 10].  Thus, spe cial
at ten tion is paid to the an swer to the ques tion – how to
achieve the nec es sary pro tec tion of morphogenetic
pro gram?

Ac cord ing to the au thor’s opin ion, mod i fier genes
are the most prob a ble pro tec tors of the pro gram.  Along
with ar gu ments in short com mu ni ca tions [8–10], the re -
sults of our in ves ti ga tion and the con clu sions made
where upon are pre sented as ev i dences [1, 2].
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Ac cord ing to mod ern views on evo lu tion, cur rent
mech a nism of pro tec tion of ge netic pro gram by mod i -
fier genes is formed and se cured by means of pos i tive
se lec tion [8–10].  The mech a nism’s ef fi ciency is fore -
casted to be higher in case of se lec tions at the early
stages of ontogenesis [11, 12], which is con di tioned
by clear-cut de pend ence, i.e. the ear lier ge netic
changes oc cur, the stron ger (evenly in creas ing) are
con di tioned dis tant mor pho log i cal changes in the de -
vel op ing or gan ism [13].

How ever, mutational press in cludes a good seed as
well, as mu ta tions are con sid ered to be one of the
sources of ge netic pool en rich ment.  A high di ver sity
de gree is de ter mined as the cru cial fac tor for the ap pli -
ca tion of ge netic pool by nat u ral se lec tion for solv ing
the prob lems due to the ad ap ta tion of or gan isms to -
wards vari able eco log i cal re quire ments [9, 10].  The
im pov er ish ment of ge netic va ri ety of pop u la tion is con -
sid ered to be the weak en ing de ter mi nant of its evo lu -
tion ary per spec tives [3, 9–11].

In such con di tions, the ef fect of pos i tive se lec tion
has got to be di rected to wards the ac qui si tion of a cer -
tain bal ance, dur ing which, on the one hand, the col lec -
tion of genes, pro vid ing con stant de vel op ment of nor -
mal phe no type, has to be pre served, and, on the other
hand, se cur ing of new genes, en rich ing the “mo bi li za -
tion back-up” of vari abil ity [16], nec es sary for pres er -
va tion of pop u la tion plas tic ity.

The men tioned bal ance may be achieved, first of
all, by means of fix a tion and ac cu mu la tion of mod i fier 
genes by pos i tive se lec tion.  As the ac cu mu la tion pro -
ceeds, mod i fier genes grad u ally smoothen up the neg -
a tive ef fects of de novo mu ta tions, which helps pre -
serv ing the nor mal pro cess of per sonal de vel op ment. 
Thereby, the pos i tive se lec tion con sol i dates a cer tain
set of genes, com pris ing the he red i tary pro gram in the
se ries of gen er a tions, as well as in creases the in ter fer -
ence im mu nity of cur rent pro gram; the sys tem of ge -
netic ho meo sta sis is be ing formed [17], which pro -
vides chan nel ing for per sonal de vel op ment of the or -
gan ism [15].

There fore, the “idea” of pro tec tion of
morphogenetic pro gram, pro vid ing the for ma tion of ge -
neric phe no type of spe cies is re al ized.

The se lec tive work, con nected with as sim i la tion of
mu tant genes, “ren dered harm less” by mod i fier genes,

is tak ing place at the same time.  As a re sult, it is pos si -
ble to main tain a cer tain level of ge netic pool vari abil -
ity, which al lows the pop u la tion to pre serve its
nec es sary adap tive plas tic ity, and, con se quently, evo lu -
tion ary per spec tives [9–11].

In ac cor dance to Charles R. Dar win’s idea, which
ac quired new life in the works of Neo-Dar win ists, nat -
u ral se lec tion ac cu mu lates pos i tive mu ta tions in the
pop u la tions, which in crease the fit ness of spec i mens,
and, there fore, pro vid ing the lat ter with higher evo lu -
tion ary suc cess [9, 10].  How ever, mu ta tions, pro vid -
ing fit ness of in di vid u als, are very rarely to be found
[3, 8–10].  At the same time, the ma jor ity of oc cur ring
de novo mu ta tions sharply de creases the fit ness of
their car ri ers, and the lat ter [car ri ers] are, as a rule,
elim i nated [9–11].

One more way of ac cu mu la tion of mu ta tions has
been the o ret i cally sub stan ti ated.  This way states that
the dom i nant role in the given events is giver to sto -
chas tic pro cesses, which de ter mine the fix a tion of
neu tral or low-neg a tive mu ta tions in side the pop u la -
tion [18].

The ex is tence of the third way of fix a tion, main -
tain ing ge netic vari abil ity and adap tive plas tic ity of
the pop u la tion, is also pos si ble.  This way, as well as
the other two men tioned, pro vides the for ma tion of
“mo bi li za tion back-up” [16] of ge netic vari abil ity of
pop u la tion.  Al though it is not con nected with the
nat u ral se lec tion ef fect, di rected to wards the fix a tion
of pos i tive mu ta tions, pro vid ing their car ri ers with
higher de gree of fit ness.  Head-on move ment im plies
the neu tral iza tion of neg a tive ef fect of mod er ately
ma li cious mutaions (those that de crease the level of
fit ness of spec i mens, but not semi-le thal and le thal
ones) and their sub se quent se lec tive fix a tion.  This
re sult is achieved by means of pos i tive se lec tion of
mod i fier genes.

Ini tial fix a tion of mod i fier genes as a part ge netic
pool of the pop u la tion al lows fur ther “ren der ing harm -
less” of mod er ately ma li cious mu ta tions.  There fore,
the sta bil ity of the pro cess of mor pho log i cal pro gram
re al iza tion and, con se quently, the ho meo sta sis of spec i -
men de vel op ment, are in creased.

Se lec tive fix a tion of “neu tral ized” mu ta tions, in its
turn, en riches the ge netic pop u la tion and con se quently
in creases their adap tive se lec tiv ity.
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The re sults of palaeontological re search re veal that
the his tor i cal de vel op ment of or gan isms is char ac ter -
ized by a rather long (geo log i cal-scale-wise) pe ri ods, in 
the course of which, the rate of evo lu tion ary pro cess
was ap prox i mately even and in suf fi cient [13, 14]. 
How ever, such even ness was in ter rupted by the pe ri ods 
of rapid ac cel er a tion of form-form ing pro cess – the ex -
plo sion of spe cies-for ma tion [10, 13, 14].

Ac cord ing to Rudolf A. Raff and Thomas C.
Kaufman [13], the ac cel er a tion of the evo lu tion ary
pro cess is con di tioned by the ef fect of pos i tive se lec -
tion of the pos i tive type, which pro vides the se lec tion
of genes, re spon si ble for reg u la tion of morphogenesis.  
Thus, the re-ar range ment of morphogenetic pro grams
takes place if a short time, the tar get of which is the
for ma tion of up dated phe no types, cor re spond ing, to a
great de gree, the re quire ments of changed eco log i cal
en vi ron ment.

At the same time, low-rates of evo lu tion ary pro -
cess are spe cific for pro tracted sta bil ity of their forms.  
Mor pho log i cal sta bil ity is de fined by rel a tively con -
stant con di tions of eco log i cal ex is tence of or gan isms
and is pro vided by sta bi liz ing pos i tive se lec tion [11]. 
How ever, the pres er va tion of his tor i cally-formed phe -
no type is not con sid ered to be the re sult of con ser va -
tion of morphogenetic pro gram of or gan ism’s [11,
12].  Its (pro gram’s) long-term sta bi li za tion is
achieved, to the great de gree, by se lec tion of mod i fier
genes.  At the same time the role of the in di cated
genes, on the one hand, is con nected with “ren der ing
harm less” of de novo mu ta tions ap peared, and, on the
other hand, with their as sim i la tion.  In the same way
the pro cess of nor mal per sonal de vel op ment and en -
rich ment of pop u la tion ge netic pool is achieved.

Ac cord ing to the palaeontological data, the his tor i -
cal de vel op ment of or gan isms takes place at the con di -
tions of low evo lu tion ary rates [13, 14].  As it is pre -
sented by au thors in [13], “unhasting” pro cess of his tor -
i cal change ability of the or gan isms ac quires
sat is fac tory ex pla na tion within STE on the pro cess of
microevolution, which pro ceeds the way of se lec tion of 
struc tural genes.

There fore, there is a foun da tion to sup pose that the
big gest part of nat u ral his tory of or gan isms de vel ops
un der the in flu ence of sta bi liz ing pos i tive se lec tion, the
re sults of which are the pres er va tion of mor pho log i cal

norm and the for ma tion of “mo bi lis ing back-up” of ge -
netic vari abil ity of pop u la tions, achieved due to the se -
lec tion of mod i fier genes.

Þ. Â. Âàãèí 

Ïîëîæèòåëüíûé îòáîð ãåíîâ-ìîäèôèêàòîðîâ – ïóòü ôèêñàöèè

íàñëåäñòâåííûõ èçìåíåíèé â ïîïóëÿöèÿõ

Ðåçþìå

Îáîñíîâàíî íàëè÷èå ïóòè çàêðåïëåíèÿ íàñëåäñòâåííûõ
èçìåíåíèé â ïîïóëÿöèÿõ, äîñòèãàþùååñÿ çà ñ÷åò ñåëåêöèè
ãåíîâ-ìîäèôèêàòîðîâ. Ïðè ýòîì ðîëü óêàçàííûõ ãåíîâ, ñ
îäíîé ñòîðîíû, ñâÿçàíà ñ «îáåçâðåæèâàíèåì» âîçíèêàþùèõ de
novo ìóòàöèé, à ñ äðóãîé, – ñ èõ àññèìèëÿöèåé. 

Êëþ÷åâûå ñëîâà: ïîëîæèòåëüíûé îòáîð,
ãåíû-ìîäèôèêàòîðû, íîðêà, áëàñòîöèñòà, ãîìåîñòàç.   
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