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Serotonin and Adrenals: Regulation of Gunctions, Regulation of Fevelopment

V= 1= Melnikova®: D and N= S= Jondarenko!

-Koltzov Institute of Fevelo}mental Biology of the Russian Academy of Sciences, ul. Vavilov 8[, Mosco , ;;D??@ Russia

e-mail\ v_melnikova ] mail.ru

Serotonin is not only a neurotransmitter, }ut also an important humoral regulator of various physiological
processes outside the central nervous system. In the last decade, the concept of local serotonergic systems in
peripheral organs, where serotonin realizes its effects via autocrineKparacrine mechanisms, has }een devel-
oping. Such local systems have already }een descri}ed in the pancreas, thymus, mammary gland, and }one

marrow.

e consider that a similar local serotonergic system is also characteristic of the adrenal glands. {hese

paired organs are a key component of the mammalian endocrine system, providing a complex physiological

response to stress. {he adrenal glands consist of two parts distinct in origin and function

the cortex and me-

dulla, while serotonin plays an important role in regulation of hormone secretion in }oth of these structures.
{his review is aimed to analyze the structure of the local serotonergic system in the adrenal gland, as well as
its role }oth in the regulation of adrenal functions in adult animals and in the formation of adrenals in em-
}ryogenesis. Znalysis of the availa}le data suggests that local serotonergic systems makes an organ suscepti}le
to fluctuations in the level of serotonin circulating in the }ood at all stages of ontogenesis. {hus, local sensi-
tivity to serotonin provides the possi}ility of systemic humoral coordination of the development and func-
tioning of the adrenal glands and other peripheral organs. Jrom this perspective, the importance of local se-
rotoninergic systems for developmental }iology and medicine gains insight.

Key ords\ adrenals, serotonin, local serotonergic system, medulla, cortex, ontogenesis, catecholamines, ste-

roid hormones, stress, sympathoadrenal system
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Nucleolus Organizer Region Gunctioning in Chicken Zrowing Oocytes:
A Revision of the Existing Views

A: Z= Favidian® D, E= I= [oshel?, S= A= Zalkina!, A= G= Saifitdinova®, and E= R= Zaginskaya!
-St Petersburg University, St. Petersburg, ;DD<?@ Russia
81TMO University, St. Petersburg, ;DX;<; Russia
’qerzen State Pedagogical University of Russia, St. Petersburg, ;D;; [ Russia
e-mail\ a.davidian] s}bu.ru
It is }elieved that the nucleolus organizer region )N__[* in the ovary of adult }irds is inactivated at all stages
of oocyte growth. bowever, in the ovary of uvenile chicken )Gallus g. domesticus* one or two nucleoli were
o}served in50 of early diplotene oocytes. {hese nucleoli were functioning up to the lamp}rush stage. It was
assumed that diplotene oocytes with inactivated N__[ are stored as a pool for development in the ovary of

adult hens. Such a contradiction in the N__[ functional activity in the oocytes of uvenile and adult hens re-
quired special studies. bere we represent new results of a comparative study of the nucleoli in oocytes of

uvenile and adult hens.

e show for the first time that in the oocytes of laying hens the nucleolus appears at

the early diplotene stage and the pre-r [ NZ synthesis continues up to the lamp}rush stage. Zt the lamp}rush
stage, the N__[ is getting inactivated. {he nucleolus disintegrates into large fragments containing }oth pre-
r[[NZ and fi}rillarin. {hen these larger fragments }reak down into small granules that do not contain pre-
r ENZ }ut contain fi}rillarin. {he results resolve the a}ove contradiction and demonstrate a similar pattern
of N__[ functioning in oocytes of adult and uvenile }irds.

Key ords\ chicken, oocytes, diplotene, r [NZ genes, nucleolus organizer region )N__[*, nucleolus

8 8; > 54 1 2023



4 &( ( 18<8?1 Q@qW;, . 8X @<

& & N*
&H#) $ -% &-
“7)Q 5
9 )?> & /%> # - 9O 9% % % /
& 7 /% @ # (< -$.9 #HU% -/&
/ &> # - 897 9 & %’
# /% . &# — )% Pinus sylvestris L=
2023 = $:=)- \ D, =% , 2%/ ] )
z -z Y - , = —=>
+
-3 3 +
) n ,6
*e-mail\ moshchenskaya] krc.karelia.ru
@ = / A15.06.2022 .
@ E 17.10.2022 .
@ ( =E / 10.10.2022 .
+ E ()Pinus sylvestris W.* $, -
B ( $ )b *T AD $ ( ('E )S * -
(B $ / < S b P.sylvestris < < " " (
'B (! $T (b . (D (. (B (= 7 T -
( $ $ = (A ( ( B -
8 E "A $ $ $C C ( < E
B B E , ! < I < (B B (
/ ( 2 $ E ( E E = -
B = = ? (: @M < " )@M - (
P. sylvestris = " = (T P K E " (! TT / -
AD ( ( (B "s )2 B A B "s Hyxza2 v
= ! $Y )™ L) = b* (= B ( = 1
@M - . = = E " p = g = / -
" T )Actin;, -Tubulin, -Tubulin, Ef;a, GAPFq, UB{*. @ ! I B (
(P = / = 1/ = " T -
' B $ E " "AP =
y: N~ \ Pinus sylvestris, ?, '/ (@M - , T P -
FOI: 10.31057KS0475145023010093, EFN: 11 SJ}
& #H B AT /A ? B $P = TT
— E s / /7 = ! E ( ,
= E C ( $ . P =
EC+ E( B ( )@?+*, P P
A B $ - " ! B , T
$ , AD $ " - D AE
E( T , AD $ ( < )]ischer $ B , E TT /
et al., 2019* P (C C ( - =
= - (T «C . - = =, B A = !
- = " D . 1 B E
D = A E =B B =/ . 7 AAB "
= - <D A< B $
D ,= D «c . = ( - = , ' A IE $
lg = (T 7 (P $ )sapW(')'od,S * @ (S =
= doi 10.31057KS0475145023010093  ( ! E = ) =
= "l $. E "7 B B E

27



20 cs8
E ! T! B $(C -
$ )heartwood, b *. @ (!
)transition zone, { *, = < ( < S
]
$ =/ $ : AD I-
B T , B ! B
E , < ¢ @2+ -
$ )Wim et al., 2016*. + E ()Pinus
sylvestris W.*, E (B $ / < S
b , ( " -
( (' (! $T -
(b .
(D (¢ '8 (=17
T ( $ -
$ = (A ( « - -
B , B , = 1 $
/= $ / )M *.C @Y < -
" )em - ** =" (
( B $ 7/ (P = -
( = D = 1 / ,
(B "=/ TB = -
( ". 8 E $
( B EQ $ =(
< ( $= = -
« - B ! B =B
B < -
B E B B ( / (
? S | (A = B B ,
/ = = $ ’?, = -
( =" ( B / -
/ E $ =/ "%
@M 1 .> B 1 ( -
= = < ( = -
T ) E x /-
)T AD (( b * < (A E
P -
/ B $ @M I'B -
(D
A ( E = "I Actin, qgistone,
u}LOC,PGK; ( 1 p = I-
B - -
)Xhen et al., 2016 Wim et al., 2016 Jo et al.,
2019%, E = / E "
P = T 1 B -
( ! Pinus sylvestris
(D ( Db (=8 -
/ $, = (AD E$= B -
/ AD ( ( 72, = -
/ E $ =/ ,= -
, ! = E / @M -
)Uustin et al., 2009, 2010 {aylor et al., 2010*.
$ E = E 1 B
p = = ( I P =
( P. sylvestrisW. = " -
;= (T P K E " (!
TT / AD (( > (B
S )12 A (B "s )

" / A (¥
! ! )30, 70 00,100 * " Pi-
nus sylvestrisW., = ! AD $) = -
? B, =E ? @ -
$)? "8
@

E

m
1

>
o
>
)
&

>
O
©»

B
* &
1o <
K ! = $
"3 )New Urunswick \remium
06°X TJreezers, Lppendorf, E *
= . (

ANm

E
.

( = / (%

E 1ot ) *)2 -

B "y /7 (3 -

$* $1E )S int*)2 B

' {* - $1E )S  ext*

"/ *

| FAN

+ P / M -E
{ris-bXI )pb 0.0, 25 CF& ,2
M , 2 \*\-40, 0
ET :10 C {ris-bXI )p
)pb 0*,1 S~S, 1 C Naxl,

$ )200 *

Oo

! E
! 65°+ M

P
B
¢!

) | icrofuge 20[, Ue kman Xoulter, * -

$ = B 15 , E

B A< "B (
T K! $ =

T = 12000 g B 30

= 4°+, ? $T! E (
< 1 =
70°+. M

<

= < B
T = 12000g= ]

8 8; > 54 1 2023



—n

I

vs)

>
N

= / E $ -
=/ = B = = E
1'$ B B = 37°+. / A E
$ =/ )8 *= = D'A -
/ {100 {hermal cycler ) Uiof[ad , +H
c E 11w [{) :
* & ( / 8 / A "o
E ( 5 / ?) 500 *1
20 C Ilgo)d{*15 primer, 1 20 C)[andom
)dN*10- prlmer $ E $
! o1 " 10
/ & ?1 = -

*

700+ (

11 ! = 3 / $
5 E

2 IN\)I0 C <

11 !

B )= -
{[_starNZN_, U
= DP T !

! " "-p T !
XeIIY{ Zgarose YeI UIO- [ad,+H *@ B
& = "l =

00°+ E

= $& ?= -

6 P. sylvestris
6p - !
@ E P. sylvestris, = -
/ " T , =
= "l E ! Yymno\WZ Z

)https:KK}ioinformatics.ps}.ugent. }eKplazaKversionsk
gymno-plazak*. +P $/ "AE = B -

, E-
)~Uj* )Xhen

) huetal., 2019*, E
etal., 2016* Pinus massoniana, B B
= " NZN-1 $
/ " S3-T T I Pinus

sylvestris W. )accesions ZZW73356.1, ZZW73355.1,
UzZb50000.1*, = NXUl = -
" E Zctin, {u}ulin, L]1lal-4,
YZ\"™b, ~U j Arabido}sis thaliana !'E !
~ni\rotkSwiss\rot )https:Kkwww.uniprot.org*.

1 E E -
$E = = " -

National Xenter for U|otechnology Information
JNXUI* )http:Kkwww.nc}H.nlm.nih.govkStructurekcddK
cdd.shtml* ) ] archler-Uauer, Uryant, 2004* -
Scan\roSite )https:KKprosite.expasy. orgK

scanprositek* )de Xastro et aI 2006*.

B $ 1= = D"A =

ILYZT7) umar etal., 2016* C < -

= / E E -

$ ! E =

= D"A Xlustal . B "(

E = = " = -
(E <%~ )Neigh}or-Voining

method* / ©

1000 = }ootstrap )Saitou, Nei, 1907*.

8= = B K

E P. sylvestrls P massoniana A. thaliana E

= L ] U__SS Needle )https:Kkwww.e }i.ac.ukK
{oolsKpsakem}oss needlek*.

6 6p - 1!
=T /A E VYV =
/ )y = T *X1 9) Uio[ad , +H X

= "1( E ( T / -

AD S UL Yreen )
¢.oM - = / -
EQ 25 , < D $5 g\ X [mix-
bSsS UL[,= 1 = ( E = $ -
)0.4 C*)+ , *, 2 /
& 2,16 ! $, E $
! .? B < & ? -
/ $ ( E I/ (
100 , / = = -
! ( @M = = AD
( :95°X B 5 . 40 /
/ ()95°X,15 *, < )53.9 60. 9°+ 30 *,

P/ ()72°+,30 *& ( < $= =
= ( / " 3% "= L

@M /& 7.



=

X =
X( T )
< " /
\faffl, 2001*. & ( = ( PTT

p
)*@M$—=T / A= (¢ $=-

|—/\ N—r

= 10-
)10 %, 102,103, 10 & ?. X = D"A = -
E =B ( Lxcel ( T 1-
+t  Wg / / (& 7?2 , -
= "I(! B ( $ )slope, k*, -
B (A PTT "= T L 10% K,
( B 1 B (PTT
= " T ‘L )10 ™« 1*
etal.,2012*. < PTT "=
/ " < $ /
E E T / /
=T / = = D = -
=B (Wm[eg\X[)[amakers etal., 2003*.

100 )Xhang
T/

& ( E
= D"A
Uest eeper ! E " "P = -
< = P "H
I B (Xt= T ., E $
( I Norm]inder. C S "
) nw

18

+ B (E E D (-

o= = ] iscrosoft
Lxcel 2010 \ast403 + ' B (=

B -

B = $.

= (= ( -

(H = G .= -

+?

>G

N N
- 2
+ /

@ mn
( E ( ( R I
-1 / {[1zol )Invitro-
gen, +H * Lxtract[NZ) , (*,
\ure _W)Uio-[ad, +H * I <

( B -
$ $ 2, $

21T 7/
EA ( B $

2, ( > $ 260KZ200, 260KZ230
) E.1* " E = -
$E B E . B -

( "2
ET
1 ?

A B = $, ! B -



@8 G H# ? + 8:80@ ©@ ? 31
1= 4= T B = ! B B 2, $ ! $ Pinus
sylvestris W. ¢ = M -ET Y * M -ET = " $P / $ &&+
M K&&+* —S~N)N 15*
M M K&&+
/7 ( 2, 2,
K 260K 230 260K 200 K 260K 230 260K 200
/(7 130.66 )—12.1*| 2.12 )—0.01* |1.07 )—0.000*| 121.2)—9.3* [2.01 )—0.009*| 1.96 )—0.007*
/ ( P 55.99 )—3.2* | 1.56 )—0.009*|1.32 )—0.000*| 144.25 )—11.4* | 2.06 )—0.000* | 1.90 )—0.009*
> (('E ")S ext* | 3.65)—0.09%|115)—0.02* |1.21)—0.00* | 9.6)—1.2* |1.93)—0.009*|1.92)—0.000*
(('E ")S int* | 459)-0.1* |1.35)—0.00* [1.25)—0.07* 12.35)—0.9* |1.97)—0.001* | 1.95 )—0.09*
N C Y g 6.09 )—0.21% | 1.25 )—0.02* | 1.34 )—0.09* | 13.4)—1.9* |1.99)—0.006*|1.96)—0.000*
6
N\ / N\
1S { E < E P. sylvestris
=7 ] = = ( (T 1 6p - !
< ="l "= " (P / (
&&+-E T ) B B ( & -/ 7/ GAPFQq
? EA "E 1 B ( - @ = E $ (
z $ 260KZ200, 260KZ230, " - 4 , AD E = v
AD B = B = = ) E.1* , B YZ\"b , =
< = 1 , B , = ! E = 1 B
A'S, 7 EDS% ?.F - 4= " < , =B
T ?,= B $ 1L ,= 1- ( / " SB3-T T L+ -
B ! = EQ / " s P A/ $ = 1 | B
) 1, 7% 1= / " $GAPFq E
)\S 00009405* , E 1 A/ -
1 = = D ?= 1 = |1 B / " S3-T T -
= D ( 270 = =-
,= B ' ED $ S )& = -
" ’ 1 *1 B 7 ( ]
" 1 K B B $
/ ? P $ .8 / ?
" < P T 1= B
= = 1 ) . 1, @*_ & (: B -
( B = = ? "%
! S AA)S intr, AA
Z AAB )S  ext*. = 1 , B
= D ( « 2,
= B $ ! $B S ,=P
E AB ! " ¢
?,= B ( 'S int S ext, -
= D ( 260 )&= " -
, 1E,1* P T -
" / = = ) .L,Q,[* "
:1:F T 11 !
+= T B = ! B 2, $ T 7/ TP )ynT s
B ? = B $ IS int S ext, / )8%, I $1 7 $
= E.1.#= "1 / " S int )!QE $ $)s t)i[ *B)@*. e $
— — int* )Q* z ext* )[* !
" $= = @M - | - Pinus sylvestris W., = P /
E / - M ET = $P / $8&&+-
¢ (= = $& ? ET
8 8; > 54 1 2023



32 C8 +?
t{ 1 Actinl 5 4or -Tubulin
35 y= 3.08x + 34.68 35 y= 3.07x +33.02
RZ=10.99 RZ=10.99
30k E =21 (111%) 30k E=2.1(111%)
251 251
20 | 20 | | | J
1 0 1 2 3 4 1 0 1 2 3 4 5
LogC LogC
G 401 “Tubulin G 401 Efla_ o
L y= 3.20x + 35.
i 3 R?=10.99
I I E = 2.06 (105%)
30 y= 317x+37.35 30
25| R?=10.98 251
E = 2.07 (107%)
20 1 1 1 1 1 20 1 1 1 J
1 0 1 2 3 4 1 0 1 2 3 4 5
LogC LogC
G Y1 GAPDH G %1 UBQ
351 = 3.08x + 34.98 40 y= 3.21x+36.15
R?=10.99 35 R?Z=10.97
30k E =21 (111%) E = 2.05 (105%)
30+
25r 251
20 L 20 L I
1 0 1 2 3 4 1 0 1 2 3 4 5
LogC LogC
=2=> "= / +t*, = B @M ( < T ’ T
/ / & ? / )WogX*. B E! B 1 B, (= / = = .
T = 1 ! PTT / (/ )R* PTT "/ @M )C.
! )& = " - A.thaliana) ( B E -
, 2 & ( B 70.2 071 *E < %~ E E-
= " ( E \S 00009405 / - , $ PSY<<<<@8 D.
= 1 B / " 3-T T -
! Arabido}sis thaliana 06.2 i
Actin;
- @ = E $
A . Efa 6 AD E = "
@ = E $ ( , B Pinus massoniana
4 , AD E = " ,  Wam}. + $ lE = 1 /B
B T P / 1 A thaliana. = " < , -
+ $ 1E = 1 |B = - .+ " $P A/ -
" < , $ 1= 1 B E <8%”
(T P / 1.+ " $P - Zctin-1 P. massoniana ( ( ( = -
A/ $ 1= ,B ( "\S 00006052)& = " ,
= " ( 2% & $E E $
T P / 1 A. thaliana )& = - =/ B = -
" , . 2E*. 4 E = - " ( Zctin-1 A. thaliana  P. massoniana
T P / 1 )95.0 100.0 *

8 8; 54 1 2023



@8 G # ? + 8;:80 @ ? 33
2=FTT " =T / =/ T = = "l 1 B
/ /% & ?2.G 1 = = 1 B (PTT -
] ? B & ?) K/ A*
’ 500 50 5 0.5
Actin; 1-~4 —0.005 1~ —0.006 1=~ —0.005 1~ —0.005
-Tubulin 12 —0.007 1~ —0.003 1" —0.004 1~ —0.005
-Tubulin 12 —0.006 1~ —0.003 1" —0.005 1~ —0.005
Ef;a 1-~3 —0.005 1M —0 1~ —0.004 1~ —0.003
GAPFq 15 —0.003 1M —0 1" —0.0000 1~ —0.003
uB{ = —0.007 12 —0.004 1~ —0.003 1~ —0.004
4 Tubulin =/ TB "= , = B
- = "
@ = - % @M - . E B = "
0’ T apoe - = 0 S e oM C (= -
B E P. massoniana - - -
| Y ( IE $ / & ?, <
Wam}. + . ¥ HE PoB o ! ( - FT-
( - {udulin. + “gp - T =T /7 (= /
A/ 3 1= 1 ,B 0= o T B ( L
$ E $ A - : -
_ " i - - $ =1 / /$ 05 500
o massoniana N tpulinA. thaliana ¢ = / A, 205 211)105 U1 *
B {u}ulin )& = " - L. 00
, 2% : $ PSY<<<<<Q;?, ) 2= " B
E $ = / B PTT @M
- " —{udulin-2 "l /.  /3%& ?$! 8 PT-
. T . 8B , B
A. thaliana -{u}ulln P. massoniana )96; 99.6 PTT (( (=D _ ’
' ’ = " 1B 1B " " =
PSY<<<B<? D, = s/ /7 e =1 s
-{u}tulin-OA.thaliana  -{u}ulin P. massoniana  _ é (G o ’Ig\'l[')T P -
)95.3 ~100.0 x, = - - y -
E I/ E E T -
6 UB{ / / =T / = = D = -
@ - E $ E =8B (Wln[eg\X[)[amakers etal
]3 AD E — " - 2003*- + = ( P =
, B ~Uj P massoniana. + $ T @ME 2(@ = ,$ 5 - l _ S
1 = 1 = " = - & = - -
B II-EE ' - ’B < n ! / / $& 7 / PT'
E ' = E v B. T "eM = I I 1B (
< E $ %}M’ ( E’ ¢ PTT( = ; IE
R = IE -
PY<cccestQ?. (E . #= " I B $Xt =
T B 11 <= 3 = = " @m
$ E E_= (@ ! / /% &2 <
=/ TB = = $ $ $ = < A
( . "gT $ = . @M - )& - B - I $
= , B.I% I B $PTT E !, -
= " 1 < "
7/ / / E ! =1 / / $= A-
Ay N B B, AD / -
/ ( & 7
& P = / E " P = = -
/" T : / @ @M = " -
PTT " / =T / )= ( & ?) ( ! $*
8 8; > 54 1 2023



34

d(RFU)/AT d(RFU)/dT

d(RFU)/AT

250
200
150
100

50

250
200
150
100

50

400
300
200
100

C8
) Actinl
60 70 80 9I0
T, C
-Tubulin
) 60 70 80 9‘O
T, C
GAPDH
) 60 70 80 90
T, C
3 T = 1 $ $= (=
=1 / 7/ $)1 100
/ A, =1 / / $& 2,
$= = 1 *=-
=7 P PTT -
T / = $= -
190  2.0. " (
" $P = = " -
= 1 B (PTT -
B $ < -
= D = Win[eg\X[.
=/ T8 =T / =-
T = =
1 = ( =
"-p T 0
= ( = @M <-
= $ ( , B B
(= 8 uB{ aMm = -
( =/TB = ,
B $ E AB !

+?
-Tubulin
— 200}
2
=) 150 +
L 100
© 50t
0_ 1 1 1 i
60 70 80 90
T, C
EFla
— 200
o
= 150}
D
3 100
© 50_
0‘ 1 | 1 |
60 70 80 90
T, C
UBQ
150 -
|_
2
=) 100 +
v
= 50 -
O | 1 1 1
60 70 80 90
T, C
@M = T
"% I, B Actin;, -Tu-
bulin, -Tubulin, Ef;a, Ga}Fq E (
= = ( E < =/ TB-
= / ) .3 /
=/ T8B @eM = = D "-P -
T ! 0 ( E
E < = < $
= = $ .
N\ / N
@ B (= / " T
! B (= / )Xt*
" =1 26 34/ .C -
" ' B (P = ( = / -
" T = 1 (T P
" ( ! $! / ,
E (P = ) "
! ( Xt* E = 1 (
8; > 54 1 2023



@8 G # ? + 8;:80 @ ? 35
40 - 40 -
38+ Actinl d 38} -Tubulin
36| 36| d
34+ 34+
32+ 32+
30F a a b c 30} b c
—_— a a
28— == — — 28— = =0
26 1 1 1 1 ] 26 = 1 1 1 1
Phl Xyl SWext  SWint TZ Phl Xyl SWext  SWint TZ
40 - 40 -
q 38 -Tubulin c 38+ EFla
36 |- 36+ ¢
34+ b b b 34+
32+ a I —— == 32 4 a b ¢
30+ - 30+ = =
—_—
281 28 =
26 1 1 1 1 J 26 1 1 1 1
Phi Xyl SWext  SWint TZ Phi Xyl SWext  SWint TZ
40 -
38 - GAPDH
36 -
34t ¢
32+ b b
0+ a a I — -
28 1 [==o==] o
26 1 1 1 1 )
Phl Xyl SWext  SWint TZ
4-F = ( / T Yy < ( I B $+tr ( = " -
. B I B (= 6E B = (.0 ( " = 1 25%$ 75-$= -
/ : 1B ( 1 1B 1 B( < -
E I/
-Tubulin, < P = ( -Tu- & ( ' E I( T /(T P
bulin) 4, T 7 ( , > (('E ")S extt,
" ('E " )S int*, ! !
I = = / T - * 1 _
= D"A= Uest eeper A '+< $ '8 E (X:t (B T I I-
$ / ! ()BS’\* $Xxt ! L?A_ ( P.sylvestris)30 ,70 00
T e 1000 % P I Uest eeperE = -
D be 57 L ABA $ v s pTT/ 7 @
B = PTT /- ' B $ 0.69
* 1.0 ( , B , T -
v @ e T $ p s T A SN 1
$ E " "AP = E I-
1 l B (r ) E . 3*- 8 B " $ E "A ! -
' ' $! E ,B I B -
> = 1 " $ = B "1 B (s™ (
E " P = T Actin;, -Tubulin, -Tubulin,EH;a) =1
= $ ED - ' B $ 162 2.05%*. @ B = -
,= B (. $ E " P = ED $
8 8 > 54 1 2023



36 (@%3] +?
=@ ! E " P = = / T , B = D"A
= Uest eeper )\faffl, 2004*
Actin; -Tubulin -Tubulin EH;a GAPFq
\hl \earson correlation coefficient )r* 0.99 1.0 0.91 0.96 0.95
}-value 0.001 0.001 0.011 0.002 0.004
Standard deviation )S™* 0.23 0.27 0.26 0.29 0.22
yl \earson correlation coefficient )r* 0.96 0.00 0.95 0.97 0.90
}-value 0.003 0.021 0.003 0.001 0.001
Standard deviation )S/™* 0.00 0.10 0.27 0.05 0.12
S ext \earson correlation coefficient )r* 0.96 0.99 0.90 0.96 0.90
}-value 0.002 0.001 0.001 0.002 0.001
Standard deviation )S/™* 0.16 0.15 0.19 0.10 0.26
S int \earson correlation coefficient )r* 0.69 0.74 0.91 0.90 0.96
}-value 0.130 0.093 0.011 0.014 0.002
Standard deviation )S/™* 0.16 0.09 0.10 0.30 0.21
{ \earson correlation coefficient )r* 0.75 0.04 0.05 0.95 0.97
}-value 0.003 0.037 0.034 0.004 0.002
Standard deviation )S™* 2.00 2.17 1.62 2.05 0.07
\earson correlation coefficient )r* 0.94 0.96 0.95 0.95 0.97
}-value 0.001 0.001 0.001 0.001 0.001
Standard deviation )S/™* 1.05 1.52 112 1.19 0.77
) ( $ < E - (= NormJ]inder / -
= 1 B ( = B E " "P = B $
' B (S™ 1) E.3*+B = - B $ , ( B
( 1/ @M . E- ED A / AP =
1 ,E = ! B ( T / = ! -
$ < = "l " 1/ I /7 )Xhietal., 2012*. & (= -
M GAPFg)! B (SN N = 3 / -
MG o e b e ' B E " )stadility valuer,
= (, PTT / - <
E E " P = AD
/ @ E B ( 0.97*, SO g . $ (
E mn > = -
I E mn n P = = / ll_
0.08 - .
T " P. sylvestris W.
0 0.07 ! ==)30 ,70 00 ,100 *
2 0,06 ?< ( == AB ECE W/ T [/
> , T P ,S int,S ext,{ . -
= 0.05F / Norm7]inder GAPFq -
S $ 1 $ PTT/ E " E
0 0.04+ = E E " P = -
0.03 1 1 1 1 ] A $ ( ) . 5*- E I 1
GAPDH -Tubulin Actinl EFla -Tubulin ,= B = = D s s
T 1/ @M -
o < T = E "- A ( )T / ( > T / (
P = = = Norm- T P ,S int,S ext,{ *P.sylvestris ( ( (
Jinder. GAPFQ.

54

1

2023



@8 G # ?
6p

GAPFq

( B ) (

P = T
GAPF(q = ( P Y PAL

; PY(C ( (B TFIH CLEG;-

TFRP Y "=, AD -
1/ A

oI

AD T !
E Wim et al., 2016*. ; PAL
! AB $ T

.@

! B E

[se}
1

PAL
GAPFQE
=B B |
A S int) .6E

8 +G & #

B ( BD (
AD ! B (= B (B , -
= 1 1] " -
B $a@M - .@ P =
P / "%
" ( = D
? 1 !
B n
Pinus sylvestris (< (

o
N
>

0

"l (P -

? )Wal et al., 2001*,

«( A C " E -
E ?1.8 -

B A ( ( ,
PTT

54 1

8;8@ @ ? 37
@ 4 c
| Xyl
’ = Phl
.6
- A e
Al d
: o
0 1
30 180
0 .
6 -
a
4
2
b
TZ SWint TZ SWint
=6= B $P = /= -
= E $ 1 N * 1 _
! Pinus sylvestris )! = ? -
B*)* T 1ON\ZW -
$1E ! $! 70 00- -
"O)E¥)1L 72 ,2 1= *c
= "1 B T YZ\-
Ap A\l T /(T P .,y T /¢ -
.S int E """ { 1
! . , B
=( E B = $.
11 B 1 B( < .
E /
E " ? )Yhawana et al.,
2007*. ¢ P , z
= " ( ( "% 2P -
/ A " M  -ET
+ $= ( = -
M -E 1 =7 "
B = B ( = = ?2 1 ,
P / (VT ! " " I -
" %) EA ( s ?,
= T B = 1 "
1 ¢ = = * = -
$ E )Wimetal., 2016* (P /
? < = "l = -
( = "l M -ET )Xhang
etal., 1993%, = = "l
(E "~ $E = |
! 1 B ( 7 $ 260KZ200



30 Cc8

Z260KZ230. 8E
P /

E
)
E $
2
T

i/ $

T P $B
$ =8

Stasova, 1997*, #! ,B T

A ( E ¢ A (
, ! (G /
< = B $, AD

P / ? 1 P

« (v ¢ =

D <

2003*. PTT

?
< E = = P /
int, S ext P. sylvestris. 8 E "A

$, = < (E "~

E (C, 7

ana, = ! , B E E

<
T
AD = T
)Xhan et al., 2007
?

P. sylvestris

A )Xhen et al.,
$

(

B -
$ )Zntonova,

< (-
(A-

*

(.

Pinus massoni-

(A (ACT )Xhen et al., 2016

Joetal, 2019* u}LOC) Joetal., 2019* #
$ PGK; E " P =
" E ( )Joetal.,2019*.
( ! " Pinus sylvestris W.
B - ! = "

(

+?

, AD )Wim et al., 2016*,
P $ E " P =
/" T P (

E B = /7 T
; ) -, -Tubulin*) -
( == * / -

I )GAPFQg*,

E yuB{*) / E 1 *
Ef;a) , B
., 2012 Niuetal.,2015*. & ( ~
E —

= )ban
= B -

PTT =
= ! ,B = E B
@M c $ /
= B A z 1 B
@M B $=
! $) .2 B ( B-
PTT / E 100 <
EA " (= B @M 1 B

T /.
/

1 P

g®im
~

D @M -
8/ E " = /
= 1 [ =
= = Uest-
NormJ]inder. @ I Uest eeper
T

!'B
" $P
E

I

- II!
eeper

SN 1B E E

E
T < S int
Actin;, -Tubulin, -Tubulin, Ef;a !

I B (r) 069 091*) E .3 { !

Uest eeper / GAPFqQ)S™ 0.07,r 0.97*

E " P = AD $-

( . B " $P = /

PY PAL ( ! !

P. sylvestris = B

! GAPFg = ! I B

' B( < ( ( -

"O$P = ) .6*

(
< ("’ /
€

8 8; > 54 1 2023



H +# 8 H 8
E = 1 -
(# E E =
" EA < B < -
( " " /
? "% B $/ $ %
? = T = -
< )2021 2025 ., .
Cc? 7 " C E , 0105-2021-
0010*, / 121061500002-2,= B -
B $T $= < $ B -
T ) 21-14-00204 )2021 2023 .,
. E * T B $ ! T -
/ *,

+8 %& # F # +7# + & 8

@ = ( A
< = " " B Q.
78 H? # +8
1( (A E T
+@#+87 # G
$ #,p 1.9 .= # B -
$ 21! 1 B $Po}uluskk -
! ( $.2009. .56. 5.+ 791.

Antonova G.H., Stasova V.V. Lffects of environmental factors
on wood formation in larch )Larix deciduas Wd}.* stems KK
{rees. 1997. “. 11. \. 462.
https:Kkdoi.orgk10.1007K\W00009607

Bustin S.A., Beaulieu J.H., quggett J., Jaggi R., Kibenge H.S.,
Olsvik P.A., Penning L.C., Toegel S. | LJL pr@cis: \rac-
tical implementation of minimum standard guidelines
for fluorescence-}ased quantitative real-time \ X[ ex-
periments KK U | X ] ol. Uiol. 2010. “. 11. \. 74.
https:KKdoi.orgk10.1106K1471-2199-11-74

Bustin S.A., Benes V., Garson J.A., gellemans J., qugget J.,
Kubista M., Mueller R., Nolan T., Pfaffl M. | ., Shi}ley G.L.,
Vandesom}ele J., Jitt er C.T. {he ] 1jL guidelines:
minimum information for pu}lication of quantitative re-
al-time \ X[ experiments KK Xlinical Xhemistry. 2009.
“.55.\. 611.
https:KKdoi.orgk10.1373Kclinchem.2000.112797

Chan K.L., go C.L., Namasivayam P., Na}is S. Z simple
and rapid method for [ NZ isolation from plant tissues
with high phenolic compounds and polysaccharides KK
\rotocol Lxchange. 2007.
https:KKdoi.orgk10.1030Knprot.2007

ChangE., ShiS., LiuJ.,ChengT., uel.,Yang .,Yang |].,
Lan {., Jiang Z. Selection of reference genes for quanti-
tative gene expression studies in Platycladus orientalis
)Xupressaceae* —~sing real-time \X[ KK \WoS _ ne.
2012. <. 7)3*: e33270.
https:KKdoi.orgk10.1371K ournal.pone.0033270

Chang S., Puryear J., Cairney J. Z simple and efficient

method for isolating [ NZ from pine trees KK \lant ] ol.
Uiol. [eport. 1993. <. 11. \. 113.

8 8; > 54 1 2023

8;8@ @ ? 39

Chenq.,YangZ.,quY., TanJ., JiaJ., uq., Chen . [ef-
erence genes selection for quantitative gene expression
studies in Pinus massoniana W. KK {rees. 2016. “. 30.
\.. 605.
https:Kkdoi.orgk10.1371K ournal.pone.0205102

Chen Y., Jeining S., Faggard G. \reparation of total [ NZ
from a very small wheat em}ryo suita}le for differential
display KK Znn. Zppl. Uiol. 2003. “. 143. \.. 261.
https:KKdoi.orgK10.1111K .1744-7340.2003.t}00293.x

Chi .,quR.,Yang{.,Zhang .,PanL.,ChenN., ChenM.,
Yang Z., Jang T., ge Y., Yu S. “alidation of reference
genes for gene expression studies in peanut }y quantita-
tive real-time [{-\X[ KK ] ol. Yenet. Yenomics. 2012.
©.207)2*.\. 167.
https:KKdoi.orgk10.1007Kks00430-011-0665-5

de Castro E., Sigrist C.J., Gattiker A., Bulliard V., Langendiik-
Genevaux P.S., Gasteiger E., Bairoch A., qulo N. Scan-
\rosite: detection of \[_SI{L signature matches and
\roJule-associated functional and structural residues
in proteins KK Nucleic Zcids [es. 2006. “. 34. \.. 362.
https:KKdoi.orgk10.1093Knarkgkl124

Hischer U., Kucukoglu M., gelariutta Y., Bhalerao R.P. {he
dynamics of cam}ial stem cell activity KK Znnu. [ev.
\lant Uiol. 2019. . 70. \.. 293.
https:KKdoi.orgk10.1146Kannurev-arplant-050710-100402

Gha ana S., Paul A., Kumar q., Kumar A., Singh q.,
Bhard arP.K.,RaniA., SinghR.S., Raizada J., Singh K.,
Kumar S. Zn [[NZ isolation system for plant tissues rich
in secondary meta}olites KK U | X [es. Notes. 2007.
“.4.\.05.
https:KKdoi.orgk10.1106K1756-0500-4-05

gan .,LuM., ChenY.,ZhanZ., Cui{., Jang. Selection
of relia}le reference genes for gene expression studies
using real-time \X[ in tung tree during seed develop-
ment KK \WoS _ne. 2012. “. 7. \.. e43004.
https:KKdoi.orgk10.1371K ournal.pone.0043004

Kumar S., Stecher G., Tamura K. | LYZ7: ] olecular Lvo-
lutionary Yenetics Znalysis version 7.0 for }igger data-
setskK J ol. Uiol. Lvol. 2016. . 33.\. 1070.
https:KKdoi.orgk10.1093Kmol}evKmsw054

Lal L., Sahoo R., Gu}ta R.K., Sharma P., Kumar S. [NZ
isolation from highphenolic tea leaves and apical }uds KK
\lant ] ol. Uiol. [ep. 2001. “. 19. \. 10la.
https:KKdoi.orgk10.1007KU] 02772161

Lim K.J., Paasela T., ganu A., Ven | inen M., Paulin L.,
Auvinen P., K rkk inen K., Teeri T.q. “evelopmental
changes in scots pine transcriptome during heartwood
formation KK \lant \hysiol. 2016. . 172. \.. 1403.
https:Kkdoi.orgk10.1104Kpp.16.01002

Marchler-Bauer A., Bryant S.q. X~-Search: protein do-
main annotations on the fly Nucleic KK Zcids [ es. 2004.
“.32.\.327.
https:KKdoi.orgk10.1093Knarkgkh454

Meyer-Gauen G., gerbrand q., Pahnke J., Cerff R., Martin ].
Yene structure, expression inLscherichia coliand }io-
chemicalproperties of the NZ”1-dependent glyceralde-
hyde-3-phosphatedehydrogenase from Pinus sylvestris
chloroplasts KK Yene. 1990. “. 209. \. 167.
https:Kkdoi.orgk10.1016KS0370-1119)90*00034-1

Mo J., uld.,Jdin ].,YangL., YinT., ShiJ. Identification of
reference genes for quantitative gene expression studies
in Pinus massoniana and its introgression hy}rid KK



40 Cc8

Jorests 2019. “. 10. \. 707.
https:KKdoi.orgk10.3390Kf10090707

Niu ., Zhang G., uJ., Tao A., Hang P., Su J. Selection of
relia}le reference genes for quantitative real-time \ X[
gene expression analysis in Vute )Corchorus ca}sularis*
under stress treatments KK Jrontiers in \lant Science.
2015. “. 6. \. 040.
https:KKdoi.orgk10.3309Kfpls.2015.00040

Ramakers C., Ruiiter J.M., Fe}rez R.q., Moorman A.H. Zs-
sumption-free analysis of quantitative real-time poly-
merase chain reaction )\X|[* data KK Neurosci. Wett.
2003. “. 339.\.62.
https:KKdoi.orgk10.1016KS0304-3940)02*01423-4

Saitou N., Nei M. {he Neigh}or-Voining | ethod a new
method for reconstructing phylogenetic trees KK | ol.
Uiol. Lvol. 1907. “. 4. \. 406.
https:Kkdoi.orgk10.1093Koxford ournals.mol}ev.a040454

+?

Svec F., Ticho}ad A., Novosadova V., Pfaffl M. ] ., Kubista M.
bow good is a \X[ efficiency estimate: recommenda-
tions for precise and ro}ust g\X|[ efficiency assess-
ments KK Uiomol. etect. juantif. 2015. “. 3. \. 9.
https:KKdoi.orgk10.1016K .}dqg.2015.01.005

Taylor S., Jakem M., Filkkman G., Alsarrai M., Nguyen M. Z
practical approach to [{-g\X[ \u}lishing data that
conform to the | IJL guidelines KK [J ethods. 2010.
“.50.\. S1.
https:KKdoi.orgk10.1016K .ymeth.2010.01.005

ZhuP.,MaY., ZhuL., ChenY., LiR., Ji K. Selection of suit-
a}le reference genes in Pinus massoniana Wam?}. under dif-
ferent a}iotic stresses for q\X [ normalization KK Jorests.
2019. “. 10.\. 632.
https:Kkdoi.orgk10.3390Kf10000632

Pfaffl M. |. Z new mathematical model for relative quanti-
fication in real-time [{-\X[ KK Nucleic Zcids [es.
2001. “. 29. \. L45.
https:Kkdoi.orgk10.1093Knark29.9.e45

Highb g uality RNA Extraction and Evaluation of Reference Zenes
for qPCR Assay of Pinus sylvestris L= Trunk Tissues
{u= L= Moshchenskaya® D, N= A= Zali]ina!, M= A= [orzhenevskiy?,
T= V= Tarelkina!, [ = M= Nikerova!, and O= V= Chirva!
-Horest Research Institute of the Karelian Research Centre of the Russian Academy of Sciences, Petrozavodsk, Russian
e-mail\ moshchenskaya ] krc.karelia.ru

Scots pine )Pinus sylvestris W.* is a species of tree with heartwood )b

* which is forming during aging of sap-

wood)S * ~ueto clear-cut }order }etweenS and b  P.sylvestris should }e used as a model woody plant

for studying patterns of b

formation. Xurrently, molecular genetic methods are used to study the processes

of trunk tissues formation in woody plants often. Z feature of trunk tissues of coniferous trees is a high content
of secondary meta}olites, a low content of nucleic acids, and potential partial degradation of [NZ. In this
work we discuss the choice of most successful method for extraction a high-quality [ NZ for real-time \X|[

YL{-\X[* in P. sylvestris trunk tissues along the radial vector conductive phloemKcam}ial zone
exterior partofS )1 2annual rings*
* for reproduci}le [{-\X[ data. {he expression sta}ility of six
-Tubulin, -Tubulin, Ef;a, GAPFq, UB{* was assessed in all descri}e tis-

tiating xylem
zone ){ **
potential reference genes )Actin;,

{ )2annual rings afore b

differen-
interiorpartof S )1 2annual rings afore transition

sues. NNifferences in expression levels of target genes are shown }y data normalization using reference genes

with different sta}ility of expression.

Key ords\ Pinus sylvestris, [ NZ extraction, normalization, [{-\X[, reference genes, gene expression
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__ne of the most important events in the em}ryonic development of mammals is the division of the ectoderm
into integumentary and neuroectoderm. Signaling cascades induced }y growth factors and cytokines involved
in these processes have }een studied in detail in recent decades. Zt the same time, the contri}ution of extra-
cellular matrix )LX | * to these differentiation lineages remains unknown for mammals, while the signifi-
cance of LX ]| in this process has }een shown in other model organisms. {o assess the effect of LX | on the
formation of ectodermal derivatives, we modeled the neural and epidermal differentiation of human induced
pluripotent stem cells )i\SXs* using su}strates consisting of various LX | molecules and also studied the in-
volvement of one of the central links of the LX ]| signaling cascades, a transcriptional coactivator Z\1 in
differentiation processes. _ur results revealed the stimulatory effect of laminin 332 on the early stages of epi-
dermal differentiation and of type | and 111 collagens on the inducing of the glial fate of late neural differen-

tiation.
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Modelling of the Fecidualization of Mouse Endometrial Stromal Cells
with Su|sequent Em|ryo Implantation in vitro

A= O= Zaidamaka® D, A= V= Muromtsev?, L= S= Izmailoval, Z= A= Marchenko?, and E= A= Vorotelyak!
*Koltzov Institute of Fevelo}mental Biology of the Russian Academy of Sciences, ul. Vavilova 8], Mosco , ;;D??@ Russia
8L_uminex cor}oration, get Zuiderkruis, ; s-gertogenbosch, The Netherlands, Q8;Q MV
e-mail\ stadtrand ] yandex.ru

{he decidualization of stromal cells is a key step in acquiring endometrial receptivity to the em}ryo. {his pro-
cess is regulated }y sex steroid hormones, and in the mouse is additionally induced }y em}ryo attachment.
{here are many protocols for the induction decidualization of stroma in vitro, }ut most of them require ver-
ification of the compliance of the processes occurring in cell culture with those in a living organism. {his work
focuses on the morphology of stromal cells and the expression activity of genes responsi}le for the progression
of decidualization in 2 culture with su}sequent em}ryo attachment. {he feasi}ility of using several variants
of protocols for the induction of decidualization and the possi}ility of using stromal cells after cryopreserva-
tion were also investigated.

Key ords\ endometrium, stroma, decidualization, implantation in vitro, sex steroid hormones
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*Institute of Cytology and Genetics, Siberian Branch of the Russian Academy of Sciences,
}ros}. acad. Lavrentieva, ;<, Novosibirsk, [?<<D< Russia

8Behtereva Institute of the quman Brain of the Russian Academy of Sciences,
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?Pavlov Hirst Saint Petersburg State Medical University, ul. L va Tolstogo, [
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e-mail\ evlena’] bionet.nsc.ru

{he pathological variant p.Y2019S in the LRRK8 gene leads to the occurrence of a hereditary form of \ar-
kinson sdisease )\"**and affects 7  of patients with a familial form of the disease. bowever, the mechanisms

that trigger pathological events during the development of the disease are not yet fully understood.

e 0}-

tained iI\SXs )IXYi043-Z line* from peripheral }lood mononuclear cells of a patient with a hereditary form
of \" associated with the genetic variant ¢.[<QQG>A )p. Y 2019S, rs34637504* in the LRRK8 gene using trans-
fection with episomal vectors. i\SXs rapidly proliferate in dense monolayer cell colonies, are positive for en-

dogenous alkaline phosphatase, have a normal karyotype )46,

* express pluripotency markers ) X{4,

S 2,NZN_Y, {[Z-1-60, SSLZ-4* and are a}le to differentiate into three germ layers )ecto-, endo- and
mesoderm*, which confirms their pluripotent status. Juture directed differentiation of the o}tained i\SXs
into dopaminergic neurons will allow the creation of an in vitro cell model of \”™ associated with the patho-
logical variant ¢.[<QQG>A in the LRRK8 gene, and contri}ute to understanding the pathogenesis of \"™.

Key ords\ \arkinson s disease, induced pluripotent stem cells, polymorphisms, reprogramming
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Zeneration of an Induced Pluripotent Stem Cell Line, ICZi042bA,
|y Reprogramming Peripheral Jlood Mononuclear Cells from Parkinson s Fisease
Patient with ¢.1000G>A Mutation in LRRK2 Zene

E:= V= Zrigor eva® 23D, S= V= Pavloval 2 3, A= A= Malakhova' % 3, S= P- Medvedev: 23, = M= Minina?,
{= V= yatkin*, E= A= [ ha]arova®®, =A:=Rzaev®, L=V- [ovalenko®, and S= M= akian®23
*Institute of Cytology and Genetics, Siberian Branch of the Russian Academy of Sciences,

}ros}. acad. Lavrentieva, ;<, Novosibirsk, [?<<D< Russia

8Meshalkin National Medical Research Center, Ministry of gealth of the Russian Hederation,
ul. Rechkunovskaya, ;Q, Novosibirsk, [?<<QQ Russia

?Institute of Chemical Biology and Hundamental Medicine, Siberian Branch of the Russian Academy of Sciences,
}ros}. acad. Lavrentieva, , Novosibirsk, [?<<D< Russia
®Novosibirsk State University, ul. Pirogova, 8, Novosibirsk, [?<<D< Russia
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[Khanty-Mansiysk Autonomous Okrug  Ugra Surgut State University , }ros}. Lenina, ;, Surgut, [8 @<? Russia
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{he search for new polymorphisms associated with hereditary diseases is important for diagnostics and the
study of the disease development pathology. e have analyzed clinical exome of a \arkinson s disease patient
and identified single-nucleotide variations in the LRRK8 )c. ; <<<G>A, ¢.8; [XA>G* and PINK; )c.;Q[8A>C*
genes. {he LRRKS8\c.; <<<G>A mutation has uncertain clinical significance, and is interesting for further in-
vestigation. e generated induced pluripotent stem cells )INSXs* from \U ] Xs of the patient }y a non-inte-
grating episomal vectors. INSXs demonstrate typical morphology and normal karyotype )46, *, express
pluripotency markers ) X{4,S__ 2, NZN_Y, SSLZ4, {[ Z-1-60*, and are a}le to produce derivatives of
three germ layers.

Key ords\ \arkinson s disease, induced pluripotent stem cells, polymorphisms, reprogramming
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An Induced Pluripotent Stem Cell Line 1CZi023bA O|tained from a Patient
with Parkinson s Fisease Associated Polymorphisms in LRRK2 and PINK1 Zenes
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\arkinson s disease is a neurodegenerative disorder with a range of causes, only 5  of which can }e explained
}y known genetic variants. e revealed polymorphisms in LRRK8 and PINK; genes of a person with parkin-
sonism cases in family anamnesis. \U ] Xs of the patient were reprogrammed with a non-integrating episo-
mal vectors to generate an induced pluripotent stem cell )i\SX* line. {he i\SX line showed typical morphol-
ogy and normal karyotype, expressed pluripotency markers, and was capa}le to differentiate into three germ
layers. {he i\SXs represent a valua}le tool for investigating a potential implication of the genetic variants into
the \arkinson s disease pathogenesis.

Key ords\induced pluripotent stem cells, reprogramming, \arkinson s disease
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-Hederal Research Center Institute of Cytology and Genetics, Siberian Branch of the Russian Academy of Sciences,

}ros}ekt Lavrentyeva ; <, Novosibirsk, [?<<D< Russia
e-mail\ dementyeva] bionet.nsc.ru

~pto 60 of hypertrophic cardiomyopathy cases are due to mutations responsi}le for sarcomere functioning.
bowever, clinical significance is known not for all variants found in hypertrophic cardiomyopathy-associated
genes. ~sing methods of nucleotide sequence editing opens new prospects for clarifying clinical significance
of the variants. Z trinucleotide deletion ¢.1543 1545delZZX )p.Zsn515del* with uncertain significance was
introduced in MYBPC? of induced pluripotent stem cells )i\SXs* of a healthy donor }y X[ IS\ [KXas9.
{hree i\SX lines )IXYi022-Z-3, IXYi022-Z-4, and 1XYi022-Z-5* homozygous at the mutation were gen-
erated. {he i\SX lines with the introduced deletion demonstrated morphology characteristic of human plu-
ripotent cells, normal karyotype )46, *, expressed markers of the pluripotent state ) X{4, NZN_Y,
{[Z-1-60, SSLZ-4*, and were a}le to give rise to derivatives of three germ layers during spontaneous differ-
entiation. Studying properties of cardiomyocytes o}tained under directed differentiation of the IXYi022-Z-3,
IXYi022-Z-4, and IXYi022-Z-5i\SX lines allows esta}lishing pathogenetic contri}ution of the p.Zsn515del
variant in MYBPC? to hypertrophic cardiomyopathy development.

Key ords\ hypertrophic cardiomyopathy, variants of unknown significance, induced pluripotent stem cells,
XIS\ [KXas9
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\arkinson s disease is a multifactorial disease }oth genetic predisposition )5 of all cases*, environmental
factors and age-related changes in the }rain and other }ody systems contri}tute to its etiology. Jor the diag-
nosis and study of the pathology of the development of the disease, it is important to search for new polymor-
phisms associated with hereditary forms of the disease. e analyzed the clinical exome of a 55-year-old pa-
tient with \arkinson s disease and identified a single nucleotide polymorphism in the GLUF8 gene
)c.;@D8T>G*. {his genetic variant is pathogenic according to the Xlin“ar data}ase, }ut the mechanism of
pathogenesis is still poorly understood. In addition, there are currently no relevant models }ased on human
cells, which is of great interest. e generated induced pluripotent stem cells )i\SXs* from patient peripheral
Hood mononuclear cells using non-integrating episomal vectors expressing _ X{4, WJ]4,W-] X,S_ 2,
WINZ20, and p53 sh NZ. {he o}tained i\SX lines )IXYi044-U and IXYi044-X* demonstrate typical LSX-
like morphology, normal karyotype )46, *, express pluripotency markers )_ X{4, S_ 2, NZN_0Y,
SSLZ4, {[Z-1-60* and are a}le to give derivatives of three germ layers. {he i\SX lines IXYi044-U and
IXYi044-X, as well as their neural derivatives, represent an unique in vitro cell model for studying the patho-
genetic mechanisms of the development of \arkinson s disease associated with the c.;@D8T>G mutation in
the GLUF8 gene.

Key ords\ reprogramming, induced pluripotent stem cells, \arkinson s disease, polymorphisms
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