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JKCnepuMeHTanbHas OL,EHKa
MopdoreHeTUUECKUX 3(heKToB
HecbanaHCUPOBAHHOM MaTePUHCKOM
AMeTbl Y NOTOMCTBA Mbilel NUHUN
BALB/c, CBA U BC/IPAE

A.T. Bacunbes, 0. A. Bacunbesa, B. U. CtapuyeHko

MHCTUTYT 3KoNOrmuM pacteHuit v xuBoTHbIX YpO PAH,
r. EkatepuHbypr

vag@ipae.uran.ru

AHHoTauus

MeTogamMu reoMeTpuuecKoit MOpGhOMETpUM OLEHeHbl pasnu-
UMs B U3MEHYMBOCTU pPa3MepoB M hOpMbl HUXKHE YencTu
B 3KCMEePUMEHTaNbHbIX FPynnax MoTOMKOB IMHENHBIX Mbilei
BALB/c, CBA u BC/IPAE npu craHgapTHoM (KOHTponb) M BBYX
HapyWeHHbIX PaLMOHaX NUTaHUA MaTepu: «aueTa-1» - nuTa-
HWe 3epHaMu 0BCa BO BpeMsl 6epeMeHHOCTH U BCKapMTMBaHMS
MOTOMCTBA; «A1eTa-2» - NepeBof, MaTepy C 0BCAHOH MOHOL M-
eTbl Ha CTaHA,APTHOE NUTaHMe Nocne POXAEHUS AeTeHblweil. B
U3MeHuMBOCTb pasMepoB (CS) HauGonblmi 3HaUNMbIH BKNag
BHeC thakTop «aueta» (D), a He «anHus» (L), a Takxe B3au-
MogeiicTeue thaktopos «L x D». BnusiHue thaktopa «non» ()
He nposiBUNOCh. Bapuaumns dopMbl HUXHER YENCTU B MeHb-
weif cteneHu obycnoBneHa thaktopoM D, a Hanbonblnil BKNap,
BHec thakTtop L. PeXXuMbl MaTepMHCKOW AUETbl HEOJHO3HAUHO
BUSIIOT Ha POCT M pasBUTHE: «aueTa-1» Bbi3Bana yrHeTeHue
pocta u pecrabunusauuio MopcdoreHesa MaHpgubyn, a npu
«puete-2» pasMepsl, hopMa u ctabunbHocTb MopdioreHesa y
BCEX JIMHWIA CONU3UNUCD C KOHTPONbHBIMK rpynnamMu. Pesynb-
TaTbl MOryT 6bITb UCNONb30BaHbl ANA pelieHus paaa npobneMm
NoNyNsLMUOHHOI 3KONOTMM, @ TaKXKe YuTeHbl B 06nactu Mepu-
LMHCKOW MepuHaTaNbHOi HYTPULMONOTUN.

KnioueBbie cnoBa:

nabopartopHble NUHeliHble MbllWK, PaLUOH MUTaHUS, U3MEH-
uuBocTb, MopthoreHes, thopMa MaHpZubynbl, reoMeTpuyecKas
MopdomeTpus

BeepeHue

B nocnegHue rofbl ANS pelweHus MHOTUX 3KONOrMYeCcKUX
npo6nem B MMPOBOI NPAKTUKe BCE WKpe NMPUMEHSIOTCS MeTo-
bl PYHKLMOHANbHON M NpU3HaAKoBOW aKonoruu (trait-ecology
n trait-based ecology) [1-5], HaueneHHble Ha BblBNEHME
BMOTUUECKMX KPU3UCHBIX ABMEHWN pasHoro Maclwrtaba [6-8].
3TV NOAXOMbI B 3HAUMTENbHOM Mepe OMMUPatoTCsl Ha 3aBUCK-
MOCTb MpOLECCOB WHAMBUOYANbHOTO PasBUTUS OpraHU3MOB
OT 3KONOTMUECKUX YCNOBUW, U3MEHEHUE KOTOPbIX BMUSIET Ha
npotekaHue MopdioreHesa [9-12]. Hanbonee cyuiectBeHHble
BO3[ENCTBUSA Ha MOpPOreHes XKMBOTHBIX OKa3biBAKT MOrof-

Experimental evaluation

of morphogenetic effects

of unbalanced maternal diet

on the offspring of BALB/c, CBA
and BC/IPAE lines of mice

A. G. Vasil'ev, I. A. Vasileva, V. |. Starichenko

Institute of Plant and Animal Ecology of the Ural Branch of the
Russian Academy of Sciences, Ekaterinburg

vag@ipae.uran.ru

Abstract

The geometric morphometrics methods were used to evalu-
ate differences in the variability of the size and shape of the
mandible in experimental groups of descendants of BALB/c,
CBA and BC/IPAE linear mice with standard (control) and
two disturbed diets of the mother: diet-1 - nutrition with oat
grains during pregnancy and feeding of offspring; diet-2 -
change of the mother’s diet from oatmeal monodiet to the
standard nutrition after the birth of young mice. The most
significant contribution to changeability of centroid sizes
(CS) was made by the factor “diet” (D), not “line” (L), as well
as by the interaction of factors “L x D". The influence of the
factor “sex” (S) did not manifest itself. The variation in the
shape of the mandible was caused mainly not by factor D
but by factor L. The maternal diet regimes had an ambiguous
effect on the growth and development: diet-1 caused growth
inhibition and destabilization of mandible morphogenesis,
whereas diet-2 made sizes, shape and stability of morpho-
genesis in all lines similar to the control groups. The results
can be used to solve a number of problems on population
ecology, as well as taken into account in the field of medical
perinatal nutritional science.

Keywords:

laboratory linear mice, nutrition, variability, morphogenesis,
mandible shape, geometric morphometrics

HO-KNuUMaTtuueckue daxTopsbl [13], Ho 3auacTyto 370 He nps-
MO, a OMOCPefOBaHHOE BIMSAHME, Bbi3BAHHOE 3ABUCALLUM
OT MOTOAHBIX YCNOBUIA U3MEHEHWEM COCTaBa W ypoXKalHOCTH
pacTuTenbHbIx KopMoB [14]. MamMeHeHns MopdoreHesa yacto
HOCAT IYHKLMOHANbHbIA XapakTep, W B OTBET Ha pasHblii Mo
MEeXaHUUeCKoMy COCTaBy KOPM MOTYT U3MEHUTbCA pasMepbl
W thopMa KopMOLO0BbIBAKOWMX OPraHoB, B YAaCTHOCTH, Y Tpbl-
3yHOB 3T0 M3YYEHO Ha NpUMepe HKHEUENHCTHbIX BeTBel [9,
10, 15, 16]. Pe3kue u3MeHeHMs TPOMKM, Bbi3BaHHbIE Koneba-
HWUAMM MOTOLHbIX YCNOBMIA, - YacTbie MPUPOLHbIE ABMNEHUS,
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KOTOpble U3MEHSIOT KOPMOBYHO Ba3y, M UX POfM B AUHaMUKe
UMCNIEHHOCTM MONYNALMIA MENKMX MIEKOMUTAIoWMX NoCBAlLe-
HO [,0BONbHO MHOro pabor [17-19], omHaKo BAMAHWeE Hapylie-
HWIA MUTAHWA Ha MPOLLECChbl POCTa U PasBUTUS B MPUPOAHBIX
nonynauuax usyueHo KpaiHe cna6o [9]. Mpu aToM ameHeHue
OMETbl Ha Pa3sHbIX 3Tanax pa3BUTUS XUBOTHbIX KakK BO BPeMs
BbIHALWMBAHMS, TaK W NpU BCKapMAMBaHWUK MOTOMCTBA, MOXET
BNUSATb Ha MOPChOreHes cKeneta U yHKLMOHaNbHble BO3MOX-
HocTu ocobeit [9, 10, 15], uTo MOXKET OTPA3MTLCA Ha UNCTIEHHO-
CTU M COCTOSIHMM NPUPOIHBIX nonynsauui [14, 19, 20].

Lina Gonee rny6okoro MoHMMaHUs BO3LEACTBUS TpOdU-
UecKoro chakTopa Ha pocT M MOpPGOreHes3 CKeneta WM ero
yacTeil Heo6xolMMa 3KCMepUMeHTanbHas NPoBepKa BAMAHUA
MaTepMHCKOr0 palMoHa MUTAHW] B Mpe- M NOCTHaTaNbHbIN
MepuoLbl OHTOreHe3a C YUYeTOM OLLEHKM COOTHOLIEHUS FeHOTU-
MUUYECKMX U CPpeaoBbIX haKTopoB. B kKauecTBe afieKBaTHOM MO-
[enu 4N9 0CYLeCTBEHNS Nof06HOM OLEHKM MOXKET CIYXUTb
paHee MoMyyeHHbIA aBTOPaMU 3KCMEPUMEHTANbHbIA MaTepu-
an [21], xpaHaumiica B Mysee VHCTUTYTa 3KONOrUK pacTeHuit
1 xuBOTHbIX YpO PAH B BMfie KpaHWONOrMUECKUX KONNEKLUN
Mbllwer nuHuii BALB/c, CBA 1 BC/IPAE. PaHee yacTb 3T0ro Ma-
Tepuana Gbina UCMONb30BaHa B aHanuae YCTOMUMBOCTU Mpo-
ABNEHUS OUCKPETHbIX MOPHONOrMYecKUX BapuaLmil - eHoB
MOPOroBbIX HEMETPUUECKUX MPU3HaKOB uYepena [22, 23] u He-
KOTOPbIX Pa3MepHO-BECOBbIX XapaKTEPUCTUK CKeneTa K cpe-
[0BbIM BO3AEICTBMAM B MPEHaTaNbHOM Pas3BUTUK, a TaKxke
019 MOL,eNUPOBaHNUs LUHAMUKM OCTEOTPOMHBIX TOKCUYECKUX
BewecTs [21, 24]. NMpu 3TOM BbINK U3yUeHbl UMEHEHMUS HUX-
HeWl YeNoCTH C NPUMEHEHWeM TpaauLMOHHOW MOpdOMETpHUM
[22]. B atoit cBA3M npencTaBnseT HECOMHEHHbI WMHTEpPec
M3YyUUTb U3MEHUMBOCTb Pa3MepoB 1 OPMbI HUXKHEN UenocTy
MeTofaMu reoMeTpuueckon moptomerpum [25-27], Kotopble
MO3BONSIOT UX M3yyaTb pa3fenbHO, a TAaKXKe MHTepNpeTupo-
BaTb BbIABNSEMbIE Pa3NMuMa Kak MopdoreHeTMueckue [28-
30]. Mo3ToMy Mbl MIPUMEHWIM [aHHbIA KOMMIEKC METOf0B A
pa3feneHus BIUSHUA (HaKTOPOB «JIMHUS» U «OUeTa» Ha W3-
MEHUMBOCTb PasMepoB U (OPMbI HIKHE UenCcTH B rpynnax
NUHENHDBIX MbIlWeN, UCNONb3ysa SKCTepPUMEHTaNbHbIA KonneK-
LLMOHHBII MaTepuan B KauecTBe 3KONOro-reHeTUUecKoi Mope-
M BNIUSHUS QMETbI MAaTePU Ha pa3BUTUE U PEMOLENMUPOBaHNE
MaHZMOYN B NPUPOLHBIX NONYNSALUAX IPbi3yHOB. BaxxHo 6bino
COOTHECTH YCTOMUMBOCTb PasMepoB U (hOPMbl HUKHEN Yento-
CTM y NpefcTaBuUTENei pasHbIX IMHUIA.

Llenb paboTbl - OLEHKA COOTHOWEHMS BAMSHUSA (aKTO-
POB «JIMHUS» U «MaTePUHCKas LueTa» Ha pasMepbl U thopMy
HWKHeN yentocTu Mblwen nuuuin BALB/c, CBA u BC/IPAE Ha
0CHOBE MeTO0[10B reoMeTpuueckoit MopdomeTpuu. Mapannens-
HO Ha TOM )Xe MaTepuasne BbiiBieHa CTeNeHb CTabuNbHOCTM
pa3BUTUS MaHAMBYbl B KOHTPOMbHbIX U 3KCNEPUMEHTaMNbHbIX
rpynnax.

MaTepMan bl U METO,bl

KonnekunoHHble KpaHWOMOrMuecKkue Marepuansl Ang uc-
CnefioBaHui npepocTaBneHbl MyseeM MWHCTMTYTa 3Komormu
pactenuit 1 uBoTHbIXx YpO PAH. Wccnemyembid MaTepuan
cthopMmupoBaH ocobamu Tpex nuHuit: BALB/c (M3 nuToMHMKa
«Cton6oBas»), CBA (M3 nutomMHuka «Pannonoso») n BC/IPAE.

Nunmna BC/IPAE cosnana B. W. Ctapuuenko v H. M. Nio6awes-
ckuM [21] B BMBapuu MHCTMTYTa 3KONOrMM PAcTEHNI U XKMBOT-
Hbix YpO PAH Ha ocHoBe noTomcTBa rbpmaos F2, nonyyeHHbIX
OT CKpelumBaHua nepsbix Asyx nuuuid (@ BALB/c x & CBA),
¥ NopLepXMUBanach Ha 0CHoBe 6IM3KOPOLCTBEHHOMO CKpeLy-
BaHWs 6 neT. Ha MOMEHT NpoBefeHNUsI 3KCNEPUMEHTOB JIMHUS
BC/IPAE noutv mocTuria COCTOSIHMS reHeTUUECKOM OfIHOPOf -
HOCTM, yL,0BNEeTBOPAtoWero TpeboBaHWaM, NpegbsaBisSeMbIM K
«nHBpeaHbiM» nuHmuaM [21]. Mo yKasaHHbIM Bbille MPUYMHAM
0co6u nuHun BC/IPAE Mornu BbiTb HECKONbKO MEHee OfHO-
POLHBIMUA B TEHETUUYECKOM OTHOLIEHWM, YeM MpefCcTaBuUTenu
nepBbiX OBYX NWUHWA. OMbiTbl N0 M3MEHEHUID MaTepUHCKOM
OMeTbl Mbllleid npoBefeHbl B 1989 r. B nMHMAX BbILENUIM KOH-
TPONbHYIO FPYNMy CaMOK, B TeUEHWUe BCEro 3KCNepuMeHTa co-
LLepXaBLIMXCA Ha CTaHLaPTHOM paLMoHe MUTaHuS. 3Kcnepu-
MeHTanbHble Fpynmbl 6biIK pa3geneHbl Ha ABe YacTu. OgHa us
HUX - «gueTa-1» - noslyyana ToNbKO OBEC B BULLE CYXMX 3ePeH
B TeUeHWe BCEro OMbiTa, T.e. BO BpeMs BCell GepeMeHHOCTH,
BCKapMNI1BaHMs NOTOMCTBA U [0 LOCTUXEHWUS UM 45-pHeB-
Horo Bo3pacTa. Brtopyw rpynny - «pueta-2» - copepxanu
Ha TOW XXe 3KCTMEepUMEHTANbHOW JMeTe, HO TONIbKO BO BpeMs
BepeMeHHOCTM [0 MOMEHTa POLOB, MOCHe YEero XXMBOTHbIX
nepeBeny Ha CTaHAAPTHbI paLMoH NuTaHus. Bo usbexaHue
LeduumTa KanbLys 1 BATAMMHOB B PaLUOH MUTAHWUS BCEX XM-
BOTHbIX BKMKYaNM MUHepanbHyH NMOAKOPMKY KYCKOBbIM Me-
nom (ad libitum) 1 cBexyto 3eneHb. Bopy XMBOTHbIE Monyyanu
6es orpaHuueHuil. Yepes Mecsl, mocne PofoB CaMKW Gbinu
OTCaXXeHbl OT [ETEHbIWeN, KOTOpble NMPOA0MKanyU NUTaThCa B
COOTBETCTBUM C PALMOHOM NUTAHKUS TPYNMbl. IBTaHa3WI0 OCy-
WecTBASNM B 45-1HEBHOM BO3pacTe NOTOMCTBA NyTeM LLepBU-
KanbHoi gucnokaumm [31, 32].

Bcero usyueHo 363 3k3. MaHAUBYN, U3 KOTOPbIX: B IUHUM
BALB/c - 76 (koHTponb - 25: camubl - 10, caMku - 15; «au-
eTta-1» - 32: camupl - 14, caMku - 18; «auera-2» - 19: cam-
ubl - 12, camku - 7); B nmHuu CBA - 115 (KoHTponb - 63: cam-
bl - 30, camMku - 33; «auneta-1» - 34: camunbl - 15, camku - 19;
pueta-2 - 18: camubl - 9, camku - 9); B nuHumn BC/IPAE - 172
(koHTponb - 79: camubl - 40, camku - 39; «auneta-T» - 58: cam-
Lbl - 35, caMkm - 23; «ameta-2» - 35: camubl - 20, camku - 19).

Llna cpaBHeHMs (OpMbl M PasMEPOB HUMXKHEN UenCTH
MPUMEHUNN METOfbl FeOMETPUUECKOA MOP(OMETPUM C UC-
nonb3oBaHueM (oTorpacuii NpaBbiX BETBEM HWUXKHEN uento-
CTU JINHEAHBIX MbIWEN C NIMHIBANbHOW CTOPOHbI, MOAYYEeHHbIX
C MOMOLbI0 NNAHLWETHOro cKaHepa Epson npu nocTosHHOM
onTtuyeckoM paspewenunn 1200 dpi. Ha n3obpaxeHuax ¢ no-
MOlLLbI0 KoMMbloTepHbIX nporpamm ®.[. Ponbda tpsUtil [33]
n tpsDig2 [34] nomectunu koHdmrypaumn ua 20 OCHOBHbIX
FOMONOrMYHLIX U [BYX [OMONHUTENbHbLIX MacwTabupyowmux
MeToK-naHgMapok (landmarks), nossonqiowmux xapakTepuso-
BaTb M3MEHUMBOCTb POPMbI HUXKHEN uentocTy (puc. 1), a Takke
ee LeHTPOMAHOro pasMepa, BbIpaXEHHOM0 B MM.

Mpoueaypy MpoOKpyCTOBOW CynepuMNO3uLLMM BbINOAHUIM
MeTOfoM reHepanusoBaHHoro [lpokpyctoBa aHanusa - GPA
[25] ¢ npuMeHeHMeM MeTOAa HaUMeHbLWWX KBaLpaToB U Bbi-
uuCNIeHMeM NPOKPYCTOBbIX KOOPAMHAT. LleHTponaHbIi pasmep
(centroid size - CS), kocBeHHO oTpaxatowuit o6wuit pasmep,
BbIUMCNANM KaK KBafpaTHbli KOpeHb M3 CyMMbl KBafpaToB
PACCTOSAHMIA OT LLEHTPa KOH(UIypaLuum L0 KaXaou U3 NaHp-
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5 MM

PucyHok 1. CxeMa pasMewieHus MeToK-naHaMapok (1-22) Ha nMHrBanbHON
CTOPOHE MPaBOi HKHE YeNtoCTy NMHEenHbIX Mbllwelt (Ha npumepe BALB/c):
1 - BeplMHa pesLia HUKHel YenCTy; 2 - TOUKa [Lop3anbHOTo Kpast anbBeobl
pesua; 3 - Touka HauBonbLIero HUXHero Nporuba AopP3anbHoOro Kpas MaHAu-
6ynbl B 06nacTu guacteMbl; 4 - Touka nepefHero Kpas anbBeonbl 3yb6a ml;
5 - nepesHuit Lop3anbHbIi KPait KOPOHKM WeyHoro 3y6a m1; 6 - Touka nepe-
CeyeHUs [,op3anbHOro Kpas BEHEUHOrO OTPOCTKA HUXKHEW UYemioCTH C NpoeK-
ument 3y6Horo paga; 7 - TouKa 3afHero Kpas anbeeons 3y6a m3; 8 - BepwmHa
BEHEYHOr0 OTPOCTKa; 9 - TouKa Haubonbluero nepefHero natepanbHoro npo-
ru6a BeHeUHO-COuNeHOBHOIM BnaguHbl; 10 - Touka HauGonbliero BeHTpanb-
Horo nporu6a BeHeYHO-COUNEHOBHOW BNafuHbl; 11 - nepeHuit Kpait Mbilwen-
Ka COUNEHOBHOTO OTPOCTKa; 12 - Touka neperuba BepXHero Kpas Mblluenka
COUNEHOBHOMO 0TPOCTKA; 13 - 3a[HMit KpaWl MbllLesniKa COUNEHOBHOO OTPOCTKA;
14 - Touka HanBonbLuero naTepanbHOro NporuGa couneHoBHO-YIN0BO BNafu-
Hbl; 15 - BeplmHa yrnoBoro oTpocTka; 16 - Touka HaubonbLuero nporuba BeH-
TpanbHOro Kpasi yrnoBoro oTpocTka; 17 - Touka Haubonbluero [op3anbHOro
nporuba cuMdK3nanbHo-yrnoBoi BNafuHbl; 18 - Touka HanGonblero nporu-
6a BeHTpanbHoro Kpas Tena MaHauBynbl N03afyu cMMtU3ManbHoro Byropka;
19 - nepemHuit Kpait cuMdmananbHoro Byropka; 20 - ToUKa BEHTPasbHOrO
Kpasi anbBeonbl pe3ua; 21, 22 - oNonHUTeNbHblE METKM, NOKanKU30BaHHble Ha
NWHerKe AN MaclWTabupoBaHWa Pa3MepoB MaHAMBYNbI, MM.

Figure 1. Layout of landmarks (1-22) on the lingual side of the right mandible
of mice (using the example of BALB/c): 1 - the tip of the incisor of the mandi-
ble; 2 -the point of the dorsal edge of the alveolus of the incisor; 3 - the point
of the greatest lower deflection of the dorsal edge of the mandible in the di-
astema; 4 - the point of the anterior edge the alveoli of the tooth m1; 5 - the
anterior dorsal edge of the crown of the buccal tooth m1; 6 - the intersection
point of the dorsal edge of the coronal process of the mandible with the
projection of the dentition; 7 - the point of the posterior edge of the alveoli of
the tooth m3; 8 - the apex of the coronal process; 9 - the point of the great-
est anterior lateral deflection of the coronal-articular cavity; 10 - the point
of the greatest ventral deflection of the coronal-articular cavity; 11 - the
anterior edge of the condyle of the articular process; 12 - the inflection point
of the upper edge of the condyle of the articular process; 13 - the posterior
edge of the condyle of the articular process; 14 - the point of the greatest
lateral deflection of the articular-angular depression; 15 - the apex of the
angular process; 16 - the point of the greatest deflection of the ventral edge
of the angular process; 17 - the point of the greatest dorsal deflection of the
symphysial-angular depression; 18 - the point of the greatest deflection of
the ventral edge of the mandible body behind the symphysial tubercle; 19 -
the anterior edge of the symphysial tubercle; 20 - the point of the ventral
edge of the incisor alveolus; 21-22 - additional landmarks localized on the
ruler to scale the size of the mandible in mm.

MapoK [25]. B cooTBETCTBUM C CYWLECTBYIOWNMU PEKOMEHa-
LMK [26] OLLEHKY BO3MOXKHbIX anfnoMeTpuueckux admeKTos
KOHM(UrypaLmm MaHanbyn BbINONHWIM Ha OCHOBE aHanu3a pe-
FPECCUOHHBIX 3aBUCUMOCTEN MEXMY LEHTPOMOHbIMU pasme-
pamu (CS) 1 3sHaueHUAMM NepBoil rMaBHOI KoMnoHeHTbl (PCT),
MONYYEHHbIMA N0 MPOKPYCTOBbIM KOOPAWHATAM [N KaXoou
BbIBOPKM. MeXrpynnoBble pasnuums hopMbl HUXKHE YeniocTy
OLLEHEHbl C MOMOLILbI0 KAaHOHWYECKOro aHanu3a MnpoKpycTo-
BbIX KOOPAMHaT. [P MHOXECTBEHHbIX CPaBHEHUAX BbIGOPOK
OLLEHKa MapHbIX Pasn1yuni BbINoNHEeHa Ha ocHose Q-KpuTtepus
NPy anocTepuopHoM napHoM Tecte Tbioku. [1ns OLeHKN BKna-
3 (haKTOPOB «/IMHMS», «M0M», «AMETa» U UX B3aMMOLENCTBMIA

B MEXXTPYMMoBYyI0 M3MeHUMBOCTb LieHTpougHoro pasMepa (CS),
a Takxe 06beMHEHHbIX KAHOHUYECKMUX NMEePEMEHHbIX, NpoBe-
NN COOTBETCTBYHOLLME BapuaHTbl TPeX(aKTOPHbIX AUCnepcu-
OHHbIX aHanu3oB (Three-Way ANOVA u MANQVA). Wepapxuio
MEXTpynnoBbIX Pasfuuuii B UTOTe KAHOHMUECKOro aHanu3a
OLEHWNM MeTofoM KnacTepHoro aHanusa (UPGMA) no Ma-
Tpuue o6obuieHHbIX paccTosHuit MaxanaHo6uca (D), a Tak-
Xe BbluMCneHWeM BennumuH ByTcTpen-nopnepxek (%) B yanax
BETBJIEHUS KnacTepa.

N3BecTHo, uTo NpK BAMSHUM CTpecca 06beM BHYTpUrpyn-
nosoro MopconpocTpaHcTea Bospacraet [10, 30, 35], otpa-
Xas yBennueHue Beepa MOPHOreHeTUUECKUX TPaeKTOpuM.
B nopobHbIX CUTyauMsX U3MEHUMBOCTb M BHYTPUrpynmnoBoe
Mopthopa3sHoobpasue, Kak NpaBuio, YCUNUBAIOTCS, MOCKOMb-
Ky npeobnapatowas yactb ocobeil CTAHOBUTCA He crnocob-
HOM HOpManbHO perynupoBaTb passuTve. [103TOMY OLEHKY
HecTabunbHOCTM pPa3BUTUS OCYLLECTBUAW MO BENMYMHAM
BHYTPUrpynnoBbiX 06beMoB MopdonpocTpaHctBa (VM) Ha
OCHOBE CJlyYalHO BbIPOBHEHHbIX MO MMHUMAMbHOMY 4uCly
Habniopenni (n=18) BbiGopok [12]. Bbiuncnenne VM sbinonHe-
HO MO 3HAUEHWSIM NepBbIX TPEX KAHOHWYECKUX MEpPEeMEHHbIX
(CV1-CV3). O6beM BHYTPUrpynnoBoro MopdonpocTpaHCTEa,
3aK/I0YeHHOro BHYTpM Bbinyknoit o6onouku - 3D convex hull
[12], nocTpoeHHo No MHOXeCTBY KpaeBbiX (HapyXHbIX) OpAK-
HaT 06beKTOoB, BbIYMCIIMAM Ha Base nporpamMHoro mogyns CV
(convex hull volume) B cpege nporpammupoBaHna MatLab.
BenuuuHbl cTangapTHbIX ownbok (SE) ona VM nonyuunu Ha
0CHOBe MoBTOpsAolenca npoLeaypbl 6ytctpena [36] co cny-
yaHbIM 3ameleHueM (bootstrap with replacement). Cratu-
CTUYECKMe pacueTbl, BKNOYas NMpUMeHeHUe MeTof0B reoMe-
TpUUECKOM MOPGIOMETPUM, BLIMONHUAN Ha OCHOBE MaKeToB
npuknagHbix nporpamm TPS [33, 34], MorphoJ 1.7a [27], PAST
£4.12 [37] u Statistica 10.0 [38].

Pe3ynbTatbl U ux obcyxpeHue

CpaBHeHMe LeHTponaHbIX pasmepos (CS)

B nepByto ouepenb NpoBenu U3yyeHue LLeHTPOULHbIX pas-
MepoB HWXHen yentoctu (puc. 2). Mpu cpaBHEHUN KOHTPONb-
HbiX 0coBeid pasHbiX NUHMI HaubBonee KPYMHble CpedHue
pasMepbl MaHguByn uMeroT npeactasutenu nuHuu BALB/c,
HauMeHblune - nuHumu CBA, a ocobu nuuum BC/IPAE 3aHuma-
10T NPOMEXKYTOUHOE MONoXeHue, npubnuxasch K BALB/c (cm.
puc. 2).

N3 puc. 2 cnepyeT, uTo NoNoBbIe pasnuuusa BO BCeX rpyn-
nax CpaBHEHWS He BbIpaXeHbl. TaK)e XOpoLWO BUAHO, UTO BO
BCEX JIMHUAX LLEHTPOMIHbIA pasMep MaHAMBYN pesKko yMeHb-
LAeTCs MO CPaBHEHWIO C KOHTPONbHbIMK FpynnaMu B cryya-
X NPUMEHEHWS MUILEBOrO PaLMoHa «MeTbl-1», 0fHaKo npu
ero 0TMEHe Mocne pofoB pasMepbl NOTOMKOB MOIHOCTbIO UMK
B 3HAaUMTENbHOM Mepe 4OCTUraloT pasMepoB NpefacTaBuTeNen
KOHTpOnbHbIX rpynn. Mexrpynnosoe cpaBHeHue CS, Bbinon-
HEHHOe Ha OCHOBe TPeX(haKTOPHOro AMCMEPCHOHHOMO aHa-
nu3a (tabn. 1), nokasano, uto HauBoONbLIMIA 3HAYUMbIN BKNAf,
B M3MEHUMBOCTb Pa3MepPOB HKHE UenoCTU BHOCUT (aKTop
«pueta» (50.41 % ot obuieit gucnepcun). MexnuHenHble pas-
NMuUg BHOCAT MeHbluuit BKNag, (13.32 %), Ho Npu 3TOM XopoLwo
BbIpaXKeHbl M CTAaTUCTMUECKM 3HauMMbl (cM. Tabn. 1). Pasmep
atekTa (n?) B MaHHOM cliyyae No (aKTopy «AueTa» CooT-
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PucyHok 2. CpaBHeHWe CpefHuX LleHTpouaHbIX pasMepos (CS) ¢ yueToM Be-
NMYMH CTaHLAPTHBIX OWKMBOK (£SE) MeX Ly KOHTPONbHbIMU (KOHTPONb) U 3KC-
nepuMeHTanbHbIMU («aueta-1», «aueta-2») BoiGopkamu camuos (1) u camok
(2) Tpex NuHWIA Mbiwei.

Figure 2. Comparison of average centroid sizes (CS) in view of the values of
standard errors (+SE) between control (Control) and experimental (diet-1,
diet-2) samples of males (1) and females (2) of three lines of mice.

Tpexd)aKTopHbIN [UCNEPCUOHHDII aHaNN3 LEeHTPOUIHbIX pasmepos (CS) HUKHell yentocTh
CaML,0B U CaMOK Mblleii NPy PasHbIX BapuaHTax MaTePUHCKON AMETbI C YUETOM BAUSHUS
haKTOPOB «/IMHUSA», «MOM» U «[UeTa» U BCeX UX B3aMMOLeNCTBUIA

Three-way analysis of variance of centroid sizes (CS) of the mandible of male and
female mice on different maternal diet considering factors “line”, “sex” and “diet” and

all their interactions

YKa3blBaeT Ha TO, UTO M3MEHeHMe MATepPUHCKOM [MeTbl Kak
(hakTopa CpepoBoro TPO(UYECKOro BO3LENCTBUS MO-PasHOMY
BNWSET Ha NpefCcTaBuTeNeil reHeTUUECKN PasHbiX NUHUIA. Ha-
npumep, Mbiwv BALB/c pearupytot cunbHo - npu «auete-1» cy-
LLECTBEHHO CHM)XaIOT pasMepbl, a NpU «AneTe-2» NPaKTUUECKM
BO3BPALLLAOTCA K COCTOSIHMIO KOHTpons, a BC/IPAE - pearupytot
Ha MepBblii PALLMOH NUTAHUS B HaUMEHbLLIEH CTeNeHu, Ho Npu
BTOPOM - BO3BpALLAKTCH K KOHTPOMO He B MONHOW Mepe. Y
npercraeutened nuHuu CBA nocne BO3mencTBUS MULLEBOrO
pauyoHa «AWeTbl-2» TaKXe MPOMCXOAMT HeronHoe BocCTa-
HOBMNEHME Pa3MepoB OTHOCUTENbHO FPYMMbl KOHTPOAbHBIX K-
BOTHbIX. [103TOMy HET COMHEHWS B TOM, YTO B JL@HHOM Clyyae
MPOSIBUNOCH B3aMMOLENCTBUE «FEHOTUMN X Cpefan.

W3meHuMBOCTb thopMbI HUXKHEN YeniocTy

MpepcTaBnano WHTEpPEC OLEHUTb, KaK MpOSIBASHOTCS
MEXIpynnoBble Pa3nuuus B UMEHUMUBOCTU (OPMbI HIKHEN
yenioctu. C 3ToM Lenbilo MPOBENM KaHOHUYECKMIA aHanus
MPOKPYCTOBbIX KOOPAMHAT, XapaKTepu3yoLmnx U3MEHUMBOCTb
thopMbi (Taén. 2).

Mo uToraM KaHOHWYECKOro aHanM3a o0Kasanock, 4To nep-
Bble YeTblpe KaHOHMYECKME MEPEMEHHbIe XapaKTepusyioT
95.1 % o6lieit MeXrpynnoBoil AMUCNepcuu, T.e. LOCTATOUHO
MOSTHO OTPaXatoT MEeXTPYNMOoBbIe Pa3nuunsg hopMbl MaHEUGYN.
PesynbTaTbl KAHOHMYECKOr0 aHanM3a Takke NpefcTaBeHb
Ha puc. 3 v 4 B BUAe opaMHAT BbIBOPOK, PacnonoXeHHbIX B
MA0CKOCTU KaHoHUYeckux ocen CV1u CV2, a
Takxke CV1u CV3. Kaxpplit annuncong pac-
CeMBaHWS OpLMHAT BblBOPOK XapaKTepusyeT
95 % ux pucnepcuu.

Ha nepByt0 KaHOHMYECKYH NEpEMEHHYO
CV1 npuwnock okono 55 % Mexrpynnogoi
Qucrnepcuu, npuyeM, Ha puc. 3 BULHO, uTo
BL,ONb 3TOM OCW OTYETIIMBO NMPOSIBUIUCH OC-

Tabnuua 1

Table 1

VCTOUHMK Cymma CTL;MI'IZII]-ITEVI Cpequuit Vposers | flons Paswep HOBHbIE MEXIWHENHble (reHOTUNUUEeCKMe)
M3MEHUMBOCTH | KBaLpaToB KBappar F 3HaumMo- | mucnep- | abcpexta | PA3NUUMAT CNEBA PACNONIOXKEHbI 3nanncon-

(axrop) (SS) CB?dﬁ_?_;l L (M9) cu(p) | cwm (%) n? [bl U3MeHuMBoCTM NuHuM BALB/c, cnpasa -
ks (L) 48.80 2 2440 | 689 | <00001 | 1332 | 02854 | ‘MHAM CBA, a npoMexyTtouHoe monoxeHue
Mon (S) 004 1 004 01 | 07233 | 001 | 00004 | MEXQy HuMu 3aHumaer nunus BC/IPAE.
Iueta (D) 184.62 2 92.31 2606 | <0.0001 | 50.41 0.6017 Mo KOHTYpHbIM “3Q5P3>K9HV'9M- npuse-
LxS 013 2 007 0.2 0.8277 004 0007 | QDEHHbIM BAOMb [AHHOM KaHOHWUUECKOM ne-
LxD 8.70 4 217 61 0.0001 237 00664 | PEMEHHOM, MOXHO 3aKIOUNTh, UTO KOHEMIY-
SxD 037 2 019 05 | 05936 | 010 | 00030 | Pauusi Mangmubynbi y Mbiweit nuiinn BALB/c
LxSxD 0.62 4 016 04 0.7797 o1 0.0051 XapaKTepusyeTcsl YMeHbLIEHUEM COUNEHOB-
OcratouHas 122.19 345 0.35 33.36 HO-YrNOBOW M CUMAM3UANbHO-YITIOBOM Bria-
06was 366.26 362 100.00 OVH, @ TaKXXe 0THOCUTeNbHbIM YKOpOYeHNeM

BeTCTBYeT npuHaToMy no wkane KosHa (Cohen’s effect size)
[39], xapakTepu3yiower amManasoH pasMepoB 3deKTa, BbICO-
KoMy yposHio (0.6017>0.50), Torma Kak ong daktopa «IuHUs»
OH NUWb HECKONbKo Bbiwe cpepHero yposHa (0.2854>0.15).
MexrpynnoBble NonoBble pa3nuuus no BenuunHe CS He npo-
aunuch (p=0.7233), 1 UX BKNaLOM MOXHO B AAHHOM Clyuae
npeHebpeuyb.

lpuMeyaTenbHo, U4To U3 BCEX BapUAHTOB BO3MOXHbIX B3a-
WMOJENCTBUIA (haKTOPOB 3HAUWMbINA BKNaL B M3MEHUMBOCTb
CS BHecno TonbKo B3auMopencTeme «inmHus x gueta» (L x D),
Ha ponto Kotoporo nmpuwnoch 2.37 % pucnepcun. MocnegHee

yrnoBoro otpoctka. [ing Mbiweit CBA Tu-
MWYHa NPOTMBOMONOXHAA TEHAEHLMS, MPUYEM Y 3TON JIUHUM
BEHEUHbI M COUNEHOBHbIA OTPOCTKM HECKObKO CMeLeHbl
Hasaf. BuaHo Takxke, uto Bce annuncompbl nuHuk BC/IPAE
CMelleHbl BAONb BTOPOM KaHOHMUecKoi ocn - CV2 B oBnacTb
ee MONOXUTENbHBIX 3HaueHUn. Ha faHHyl ocb npuxopuTcs
23.67 % pmcnepeum.

KoHTYpHble U306paXxeHns MaHLMBYN, BNUCaHHbIE B Crnai-
Hbl [ethopMaLMOHHBIX PeLeToK, NO3BONST MHTEpPNpeTUpo-
BaTb Mopdonornyeckue usmeHenns u Bponb CV2. OHu 3a-
KNKYaKTCS rnaBHbIM 06pa3oM B 0THOCUTENbHOM PacLIMPeHuK
y Mbilwen nuHuu BC/IPAE MacceTepHoro oTAena, cMeleHum Be-
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Tabnuua 2 ocobeit nuuun CBA). MoxHo nonaratb, 4To U BAOMb
Pe3yﬂbTaTbl KaHOHUYeCKoro aHanun3a npoKpycToBbiX KOOPAMUHAT, CV2 Takxe MposIBASATCS MEXJTMHEeNHble pasnuuus,
XapaKTepusywumx UsSMeHYMBoCTb q]OprI Maunuﬁyn KOHTPOJNbHbIX KOTOpre BepOFITHee BCEr0 0Tpa)Kal0T OCUBGHHUCTM

U 3KCNepuMeHTanbHbIX rpynn Mbll.l]eﬁ o
P by Table 2 TMHUM BC/IPAE (uMelolieit OCTaTOUHYIO reHeTuue-

The canonical analysis results of Procrustean coordinates CKyto reTeporeHHocTb). M3 Tabn. 2 cnepnyert, uto Ha
characterizing the shape variability of mandibles ocb CV3 npuwnocs 12.61 % Mexrpynnosoit gucnep-

for control and experimental groups of mice cum. Ha puc. 4 npeacTaBneHo MeXrpynnosoe cpas-

] KaHOHWUECKYE nEpemeRHble HeHue BbLﬁOpOK B0/ NEPBOM 1 TPETbEN KaHOHNUe-
J'IMHMZ;A;L;e:l,GnMeTa. ovi | o2 | o3 | cw CKMX ocel. HTepecHO 3aMeTUTb, YTO BAOMb TPETbEU

LieHTpomabl BbIBOPOK KaHOHWUECKO I'IEPEMEHHOﬁ BO BCeX Tpex JINHUAX

BALB/c, KoHTponb, n=25 | -5.867:0.224 | -3.894:0.238 | 3.307:0170 | 1840:0.273 | MPOSBMIOCHL MNapasiefnbHoe CMELEHNE 3NNUMCON-
BALB/c, «aneta-1», n=32 | -4.316+0.203 | -4.095+0.194 | -2.435+0.233 | -0.757+0.262 | [[OB 3KCNEPUMEHTAJIbHBIX rpynn «[uetbl-1» BHU3 B
BALB/c, «amneta-2», n=19 | -5.3990.235 | -0.723+0.212 | 0.547+0.217 | -2.329:0.222 obnacrtb 0TPULLATENbHbIX 3HaueHuit CV3. MoxHo no-
CBA, KoHTpOSib , N=63 45070138 | -1079:0.120 | 1.473:0.119 | -0.566:0.120 | naraTb, YTO M3MEHUMBOCTb BJONb 3TOW OCK XapaKTe-
CBA, «gueta-1», n=34 5.472+0.152 | -2.2880.212 | -2.392+0.208 | 0.118+0.155 pusyet 06u.l,l4171 aong Bcex TIMHWI OJJ.HOHanpaBHEHHbIVI
CBA, «aueta-2», n=18 5.427:0.254 | -0.702:0257 | 1911:0.262 | 0.975:0200 | 3(hheKT M3MeHeHUs hopMbl MaHOUGYN, CBA3aHHbIN
BC/IPAE, konTponb, n=79 | -1.251:0.096 | 2.452:0.089 | 0.779:0.086 | -0.373:0.092 | C BAWUSHWEM NWULLEBOrO pauuoHa «guetbl-1». Mpu-
BC/IPAE, «aivera-T», n=58 | -1.008+0.132 | 15830142 | -2.028+0.148 | 1152:0125 | BefeHHble BAOMb AaHHON OCH KOHTYpHble W306pa-
BC/|PAE, «JJ.METa-Z», n=35| -0.659+0.159 | 3.286+0.146 -0.142+0.139 -0.021£0.144 YXEeHUA HUXKHUX qen}oc]’eﬁ (Out[ines) No3BONAIOT 3a-

PesynbTaTbl OLEHOK: MToru KaHoHMYecKoro aHanuaa KMHOYUTb, UTO NpU BO3[eNCTBUM paLuoHa «JueTbl-1»
CobcTBEHHbIE YKcna 14.2704 6.1375 3.2704 0.9783 MaHouByna y Mbilieit BCex Tpex NuHuiA npuobpetaet
A-kpuTepuit Yunkca 0.0004 0.0056 0.0397 01695

OTHOCUTENbHO MEeHbIIUN MaCCETeprIFI oTnen, y Hee

flons ”“f”‘ipc”""% 55.04 2361 1267 371 YKOPauuBaeTCs YrioBOiA OTPOCTOK M OTHOCHUTENBHO

Kpurepuit 2723 17523 1089.0 5990 yBenuunBaetcs pasMep 3y6Horo pspa. MocnepHuit
Crenenu ceobopbl, d.f. 320 273 228 185

3theKT 0bycnoBneH rnaBHbIM 06pa3oM yrHeTeHu-

VpoBeHb 3HaUMMOCTH, p <0.0001 <0.0001 <0.0001 <0.0001 .

eM pPOCTOBbIX MPOLLECCOB Tena MaHaubynbl y ocobent

Kanonuueckas nepemennas 2, CV2 (22.92 %) rpynn «aueTbl-1» NpU COXpaHeHUU HopManbHoM

6 BC/IPAE CKopocTy pa3BuTKs 3y6HOro papa.

Y MHTepecHo 0TMEeTUTb, UTo hopMa MaHLMby-
nbl y ocobeit rpynn «OueTbi-2» B LENoM Marno
OT/IMYAETCA OT TAaKOBOW B KOHTPOMbHbIX Fpyn-
nmax, T.e. NepeBOf, Ha NONTHOLLEHHOe KOpMNieHue
MaTepu focne pOLOB MO3BONSET [AeTeHblwaM
B 3HAuMTeNnbHOM CTeneHu peanusoBaTb He
TONbKO HOpMarnbHble pasMepbl, HO U Mponop-
Luu MaHaubyn. UcknoueHneM aBnsaoTcs ocobu
rpynnbl «aueta-2» nuHuu BALB/c, y KoTopbix
0TMeuaeTcs CBOeobpa3Hoe MepeknyeHue
R pasBUTMS Ha Apyroit nyTb MopdoreHesa, oT-
NIUHBINA OT TaKOBOrO Y 0COGEN ee KOHTPONbHOM
rpynmbl, Yero He HabnLAETCa Y Mbllei NUHMIA
CBA u BC/IPAE. B pesynbtate MaHgubyna oco-
Beit rpynnbl «gueta-2» y BALB/c otnuuaetcs
OT KOHTpONbHOM Haubonee CyXeHHbIM C GOKOB
¥ OTHOCHUTENbHO YLMHEHHbIM YTTIOBbIM OTPOCT-

PucyHok 3. PesynbTaTbi KAHOHMUECKOTO aHannu3a NPOKPYCTOBLIX KOOPAMHAT, XapakTepusylwnx koM. Takas KOHGUrypauus obneruaet none-
M3MEHUMBOCTb (HOPMbI HIKHEN YemCTU KOHTPOMbHbIX (1, 4, 7) M 3KCMEpUMEHTaNbHbIX: «aue-
Ta-1» (2, 5, 8) u «anerta-2» (3, 6, 9) rpynn nuueitHbx Mblwert BALB/c (1-3), CBA (4-6) n BC/IPAE pedHoe nepeTupaHine KopMa.
(7-9) Bronb CV1 1 CV2. KouTypHbie u3oBpaxenus (outlines) MaHauByn, BiMcaHHble B fedopMa- MexrpynnoBas U3MEHUMBOCTb BAOb BCEX
LIMOHHbIE PeLeTKu BAOMb KaHOHUYECKNX ocew, COOTBETCTBYHT UX MUHUMaNbHbIM U MakcuManb-  KaHOHUUYECKUX MepeMeHHbIX CTaTUCTUYECKU
:bIM 3ng$:MqM. C-Jnnunlcomp.lbl paccemlaaHMf;l;pnMHaT oﬁbep.m:jmoT 95 ‘Vanucnepcuu Bb}:ﬁopﬁk. 3HauuMMa (P < 0.0001)_ Oﬂ.HaKO L5 Gonee NonHo-
igure 3. The canonical analysis results of Procrustean coordinates characterizing the shape _
variability of mandible for control (1, 4, 7) and experimental: diet-1(2, 5, 8) and diet-2 (3, 6, 9) r0 NOHWUMAHWS M UHTEPNPETaLNn BKNaaa yka
groups of linear mice BALB/c (1-3), CBA (4-6) and BC/IPAE (7-9) along CV1and CV2. The outlines 3@HHbIX Bbille (haKTOPOB («<IUHUSI», «M1Of», «Au-
of mandibles inscribed into the deformation lattices along the canonical axes correspond to  €Ta») B MeXFpynmnoByl M3MEHUMBOCTb BAONb
the minimum and maximum values. The ordinate scattering ellipsoids enclose 95 % of the pgcex kaHOHMUecKUXx ocelt 6bin npoBefieH Ux
sample variance.

9 6 3 0 3 6
Kanonnyeckas nepemennas 1, CV1 (57.95 %)

06061LeHHbIA  TPexXthaKTOpHbIA MHOTOMEpHbIN
HEYHOro 0TPOCTKA B NepefiHeM HanpaBneHnu (3To BO MHOTOM  pucnepCMoHHbIN aHanus (Taén. 3).

XapakTepHo u ans nuuumn BALB/c), a Takxe oTHOCMTENbHOM Bknap, Bcex bakTopoB B M3MEHUMBOCTb OKa3ascs cTaTu-
YAIMHEHNM YTNOBOTO 0TPOCTKa (BaHHOe CBOWMCTBO UMEeTCH Y cTUYeCKM 3HauuM. HauBonbluas [ons MexrpynnoBoi muc-
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Kanonuueckas nepemennas 3, CV3 (10.03 %)
BALB/c

pblid MPEeBbIWAET MPUHATHIA CPEHUA YPOBEHb
3HauUeHWK, T.e. pasnuuug no opMe MaHaMGYNbI
B [A,aHHOM HampaBneHUM U3MEHUMBOCTM TaKXKe
ABNANTCA CyWeCTBEHHbIMXA. CpaBHMBasA COOT-
HOlWeHWe [onelt OMCMepCui, 0BYCnoBEeHHbIX
BIMSHUEM (DAKTOPOB «JIMHUSA» U «LUETax», MOXK-
HO 3aKJTHYUUTb, UTO UX BKNafbl B U3MEHUNUBOCTb
LLeHTPOMAHbIX pa3MepoB M (opMbl MaHAMGYN
NPoSIBNAKOTCA B MPOTMBOMONOXHbBIX COOTHO-
wenusx. Ecnu no 3Hauenmam CS (cm. tabn. 1)
thakTop «nuHua» BHocuT 13.32 %, a «aueta» -

PucyHok 4. PeaynbTaTbl KAHOHUYECKOrO aHanM3a NPOKPYCTOBbIX KOOPAMHAT, XapaKTepuayoLux
M3MEHUMBOCTb (hOPMbI HUXHEN YemtocTi KoHTponbHbIX (1, 4, 7) U 3KcnepUMeHTanbHbIX: «aue-
1a-1» (2, 5, 8) u «aunera-2» (3, 6, 9) rpynn nuHenHbIx Mblwen BALB/c (1-3), CBA (4-6) n BC/IPAE
(7-9) Bmonb CV1 1 CV3. KoHTypHble nsobpaxeHus (outlines) maHaubyn, BincaHHble B fedopMa-
LLMOHHbIE PeleTKU BAOMb KaHOHUYECKUX 0CEH, COOTBETCTBYHT UX MUHUMANbHbIM U MaKCUManb-

HbIM 3HaYEeHUAM.

Figure 4. The canonical analysis results of Procrustean coordinates characterizing the shape
variability of mandible for control (1, 4, 7) and experimental: diet-1(2, 5, 8) and diet-2 (3, 6, 9)
groups of linear mice BALB/c (1-3), CBA (4-6) and BC/IPAE (7-9) along CV1and CV3. The outlines
of mandibles inscribed into the deformation lattices along the canonical axes correspond to the

minimum and maximum values.

PesynbTarbl Tpext)aKTOpHOro MHOTOMepHOro AucnepcuoHHoro aHanusa (MANOVA)
KaHOHMYecKux nepeMeHHbix (CV1-CV8), xapakTepuaylowmx MeXrpynnosble pasnuuus
no dopMe MaHpMByN CaMLOB M CaMOK Mbileil NPX pasHbIX BapuaHTaX BAUAHUS MaTepPUHCKOM
AMETbI C YYETOM (haKTOPOB «JIMHUSI», «MOM» U «JUEeTa» U BCEX UX B3aUMOAEACTBUN

The results of three-way multidimensional analysis of variance of canonical variables

(CV1-CV8) characterizing the intergroup differences in shape

of male and female mice against the different influence of maternal diet
'sex” and “diet” and all their interactions

in view of the factors “line”,

50.41 % pmcnepcuu, To npu aHanuse (opMbl No
UTOraM TPexaKTOPHOro AMCMEPCMOHHOTO aHa-
N13a KaHOHUYECKUX nepeMeHHbIx (cM. Tabn. 3)
thakTop «nuHUs» obbscHaeT 50.68 %, a «aue-
Ta» - 11.93 % MexrpynnoBoi aucnepcumu.
TakuM 06pa3oM, MOXKHO 3aKMHOUWTb, UTO
W3MeHeHWe MaTepUHCKOM OMeTbl BIMUSeT Kak
Ha POCTOBble MPOLLECChl 3KCMEepPUMEHTaNbHbIX
MbllLEN, TaK W «MepeKoyaeT» Ux MoptoreHes,
U3MeHaa hopMy MaHanBynbl. B aTolt cBA3M BO3-
HMKaEeT BOMpOC: He ABNAIOTCA N HabnopaeMble
3(heKTbl NPOCTbIM CNEACTBMEM aNNIOMETPUN -
3aBUCMMOCTU M3MEHeHU A (opMbl OT pasMepoB
06bEeKTOB, a He MepeKUeHeM npo-
Lecca MoptoreHesa? [nga oTBeTa Ha
3TOT BOMPOC B COOTBETCTBMM C Cylue-
CTBYIOWMMM peKoMeHpaumuamu [28, 29
Mbl MPOBENMU OLLEHKY PEerpeccUOHHbIX
3aBUCUMOCTEl 3HAUEHW NepBoii rMaB-
HOM KoMnoHeHTbl (PC1), xapaKTepu-
3yloleid Haubonbluyld W3MEHUMBOCTb
(hopMbl MaHAWBYNbI, OT BENMUMH COOT-
BETCTBYHOULMX LIEHTPOMAHbIX pa3MepoB

Tabnuua 3

Table 3

of mandibles

NcTounmnk A-tect Crenenn | Crenewn | VposeHb longa Pasmep ocobeil B Kaxgol BbiBopke. AHanu3
M3MeHunsoCTM |\ - F cBoGoapl | cBoBofbl | 3HAUMMOCTM p.ucnoepcnm athdexTa NOKA3an, uto BO BCEX NEBATU Bbl-

(dpakTop) athdekTa | ocraTka ()] (%) n? ’
TNurns (L) 00120 | 34418 16 676 <0.0001 50.68 08907 | 0OPKax perpeccuoHHas 3aBUCUMOCTb
Mon (S) 08304 | 863 8 338 <0.0001 0.47 0169 | M3MEHUMBOCTW (hOpMbI OT pasmMepos
[vera (D) 01280 | 7585 16 676 <0.0001 193 06422 | OKasanacb CTATUCTMHECKNA HE3Haum-
LxS 0.9281 161 16 676 0.0617 0.19 00366 | MOW (3HaueHusi ypoBHe# 3HaunMocTu
LxD 01585 | 2527 32 1248 <0.0001 6.75 03932 | (P) Bapbuposany ot 0144 po 0.743).
SxD 0.9591 0.89 16 676 0.5424 0.1 00206 | CPERHUA KO3MULMEHT PaHrOBO KOp-
LxSxD 09067 | 105 8 338 0.2864 0.26 00262 | Pensiuum Cnupmera npu aTom cocTasun

nepcum nposiBunach no daxropy «nuHua» - 50.68 %, nonosble
pasnuuus 6binn Hesenuku (0.47 % pMcnepcuu), Ho 3HaUMMBbl, a
Lons aucnepcuu, obycnoBneHHas GakTopoM «AueTa», 3aHs-
na sropoe Mecto - 11.93 %. CyuwecTBeHHbI! 3HaUMMbINA BKNag,
B MEXTPYnmnoBble pasnuuns BHECNO TaKXe B3aMMOLencTBue
(haKTopoB «IMHMA X aueTa» (L x D), Ha ponio aucnepcum Ko-
Toporo npuwnock 6.75 %. OcTanbHble B3aUMOLEACTBUA (haK-
TOPOB OKa3aNWCb CTAaTUCTUYECKM He3HauuMbIMK. Pasmepbl
3thcheKTOB B NPOSIBNEHUM U3MEHUMBOCTY hOPMbl, 06YCNOBNEH-
HOM (haKTOpaMKM «NIUHUS» U «LUeTa», BEIMKM U COOTHOCATCA
C BbICOKUMU 3HaueHuamu (n2=0.50), npuHsaTbiMK KoaHom [39],
uTO YKa3blBAET Ha CYLLECTBEHHbI XapaKTep X BKNagoB. Mpu-
MeuarenbHo, UTo (haKTop B3aMMOLENCTBUS «NIUHUSA X AMEeTa»
TaKXKe XapaKTepuayeTcsi BbICOKMM pasMepoM adekTa, KoTo-

r.=0.004. Takum 06pa3oMm, HeCcMOTpS Ha
CYULECTBEHHbIE Pa3NMuug LEHTPOMOHbIX PasMepoB Mexay
CpaBHMUBAEMbIMU KOHTPONbHBIMU M 3KCMIEPUMEHTAMbHbIMM
rpynnamMu NMHeAHbIX Mbiwen (cM. Tabn. 1, puc. 2), HU B OfHOM
Clyyae annoMeTpUUEcKMe 3aBUCUMOCTM CTATUCTMUECKM He
NoATBEpAMNMC. 103TOMY NPUUMHA BbISBIEHHbIX MOP(ONOTK-
UECKMX PasNNUMIA 3aK/HYAETCA He B 3aBUCALLMX OT pa3MepoB
asniOMETPUUECKUX U3MEHEHMAX, @ B HEOQHOPOOHbIX (Head-
(MHHbBIX) U3MEHEHMAX (HOPMbl MaHAWBYN NPU NEPeKYeHUN
ee MopdioreHesa Ha apyrue ero TpaekTopun. OnpegeneHHbIif
XapaKTep HanpaBMeHWi BbIABNIEHHbIX MOP(ONOTMUYECKNX 13-
MEHEeHMI N03BONSIET CA.ENaTh BbiBOS, 06 MX 06Leil MoaUpUKa-
LLMOHHOI Npupoge.

MpencTaBnano MHTEPEC OUEHUTb TaKKE Mepapxuio
MEXTPYMMOoBbIX PasiMuMit MEXLY NNHUAMM U 3KCMEepUMeH-
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TanbHbIMK TPYNMNaMmu Mblleit Mo UTOraM KaHOHWYECKOro aHa-
nu3a U3MEHUMBOCTU (hOPMbI HUXHEN YeniocTu. [Lng 3Toi Lenu
npoBenu KnactepHblit aHanua (UPGMA) MaTpuLbl 06061LeHHbIX
paccTosHuit MaxanaHo6uca (D), ucnonbays MeTpuUKy LUCTaH-
uuit l'ysepa (Gower) (ee BbiBop 6bin 06ycnoBneH HauBoNbWMUM
3HaueHWeM Ko3(dULMEHTa KO(EHETUUECKOW Koppenauuu
CCC=0.95). PesynbTaTbl KNacTepHOro aHan1aa NpuBeAeHbl Ha
puc. 5.

BALB/c  og Kontpons

5o Huera2

50 Iueral

Kontpons

100

BC/IPAE ﬁ{

Huera2

Jueral

74— Kounrpons

CBA 100 Jlweta2

Juneral

0.5 04 03 02 0.1 0

Mertpuxka ['yBepa (Gower) MaTpuubl 0000IICHHBIX
paccrosiHnit Maxanano6uca (D)

PucyHok 5. PesynbTatbl knactepHoro aHanusa (UPGMA) matpuubl 0606uweH-
HbIX paccTosHui MaxanaHo6uca (D) ¢ yuetoM BbiGpaHHoit MeTpuku yBepa-
MeXny BbIBOPKaMM KOHTPOMbHBIX M 3KCIEPUMEHTaNbHbIX Tpynn Mbiwei. B
y3nax BeTBeil KNacTepoB yKasaHbl BENUUMHbI MOLAEPKEK UX YCTOHUMBOCTH
Ha ocHoBe 6yTCTpen OLeHoK, %.

Figure 5. The results of cluster analysis (UPGMA) of the matrix of generalized
Mahalanobis distances (D) in view of the Gower metric agreed between
samples of control and experimental groups of mice. The nodes of the
clusters’ branches indicate the values of their support based on bootstrap
estimates, %.

13 puc. 5 BUQHO, UTO BCE NUHMU hOPMUPYHOT COBCTBEHHbIE
OTAeNbHble KnacTepbl BbIBOPOK, NpuueM nuHua BC/IPAE o6pa-
3yet 06Wui Makpo-Knactep ¢ nuHuen BALB/c. Hanomuum, uto
nuHns BC/IPAE uMena ruBpuaHOe NPoMCXOXAEHUE OT CaMKu
BALB/c 1 camua CBA, no3ToMy, BO3MOXHO, 3LeCh He CydaiiHo
NPOSIBUNOCH BAUAHME 3MUTeHeTUUECKUX 0COBeHHOCTel MaTe-
puHCcKon nuHmn BALB/c Ha mopdioreHes mbiwert BC/IPAE, uto
HECKONbKO CBMU3UN0 (heHOTUNUYECKUE YepTbl 06enX NIMHUN.
Knactep Mbiweit nuHuu CBA, cooTBETCTBEHHO, OKa3ancs Hau-
bonee putdepeHUMpoBaH 0T HUX. CXopgHas cTpyKTypa cy6-
KNacTepoB 3KCMEpUMEHTasNbHbIX FPynn nposiBunach y npeg-
craButeneit nuHuit CBA un BC/IPAE, y KOTOpbIX KOHTPOSbHbIE
rpynnbl hopMupyroT 06uime cybknactepbl C BETBAMU Fpynnbl
«aueta-2». OgHako y Mbliweid BALB/C KOHTpONbHbIE XMBOT-
Hble YKNOHAKTCS OT cybknactepa, BKNtovatowero obe 3aKc-
nepuMeHTanbHble rpynnbl «gueta-1» U «gueta-2». B uenom
UTOTU KNacTepHOro aHanusa nokasanu, Yto U B Mepapxuu
(hEeHOTUMMUUECKUX Pa3NMuMil Ha MepBoe MEeCTO BbIlNM MeX-
NUHenHble (reHOTUNMUUECKKe) pasnuumua dhopMbl MaHAUBYNbI,
a Ha BTOpoe - 06YCNoBeHHbIe U3MEHEHUEM MaTePUHCKOI K-
eTbl (CpemoBble) pasnuuus.

OueHKa CTabUNbHOCTM PasBUTUS 3KCMEPUMEHTaNbHbIX
rpynn Mblweit

BaHbIM acneKTOM [aHHOro MccrefoBaHus Gbina oueH-
Ka MOP(OreHeTUUECKO peakuuu Mbllleit Ha CTpecc Mare-

PUHCKOrO OpraHu3Ma W OpraHuaMa [EeTeHblleid, BbI3BaHHbIN
COXpaHeHueM «fueTbl-1» 1 ee CMeHoii nocne pofoB. Xopowo
M3BECTHO, YTO [N OLeHKW YPOBHS CTabUnbHOCTU pasBuTUS
YacTo MCMoNb3yeTca OLEHKa (NyKTyUpyIOWel acuMMeTpuu
Moptonoruueckux npuaHakoB [40]. OpHako paHee Hamu
BbIN0 MpennoXKeHo WCMoNb30BaTb AN 3TOM LW OLEHKY
BHYTPUrpynnoBbiXx 06beMOB MOpPdhONPOCTPaHCTBa NpU COMo-
CTaBNEHWUW CNyYaiiHO BbIPOBHEHHBIX MO YMCIY HaBMopeHui
BbiGopok [12]. VBenuueHne obbeMa BHYTPUrPYNNoBOro Mop-
thonpocrtpaHcTBa VM KoCBEHHO OTpaXkaeT y rpynnbl ocobeil
BO3pacTaHMe HecTabUnbHOCTM peanusauuu  TPAeKTopuid
MopdoreHesa. B 6naronpusaTHbIX YCNOBUSX PasBUTUS, Kak
noKasanu Hawu uccnepoBaHus, Mokasatenb o6bema Mop-
thonpocrpaHcTea VM ymenbwaetcs [12]. laHHblit theHOMeH -
BO3pacTaHUs CMeKTpa MofMtMKauuidi B HeBnaronpusaTHbIX
YCNOBMSIX PA3BUTUS XKMBOTHbIX M PacTeHUii Kak deHoTUNnYe-
CKasl peaKLus Ha «MPOBOKALMOHHbIN hoH», Bbin 0GHAPYXEH U
onucaH H.B. MotoebiM [35]. Mbl paHee npegnoxunu HasbiBaTh
370T heHOMeH «NpUHLMNoM MoToBax [12]  ucnonb3osatb ons
peLleHns 3afay NonynaLMoHHOM U 3BOJIOLLMOHHON 3KONOrUK,
CBAA3aHHbIX C OLLEHKOM CTaBUNbHOCTW pa3BuTUS. [N oLeHKU
YPOBHS CTabUNbHOCTU NpoTeKaHUs MopdoreHesa B CPaBHMU-
BAEeMbIX KOHTPONbHbIX 3KCMEPUMEHTaNbHbIX Tpynnax Mbiwei
BCEX TPeX JIMHUIA BbIUMCTIMIY 06bEMbI BHYTPUrPYNMOBbIX MOpP-
thonpocTpaHcTe VM (Tabn. 4).

Mpu CpaBHEHUM KOHTPOMbHbIX FPyNn Haubonbwmii 06beM
BHYTpUrpynnoBoro MoptonpoctpaHctea (VM) u ero pgonto ot
obLero o6beMa uMenu Mbiwn nuHUKM BALB/c, HauMeHbLwmnn -
nuHun BC/IPAE, a npoMexyTouHblii N0 BEAUUMHE — NIUHWM
CBA. CnepoBaTtenbHo, HectabunbHOCTb pa3BuTUS Haubonee
nposBMnachb y Mbilwen nuHuu BALB/c. B akcnepumenTans-
HbIX rpynnax «aueta-1» y Bcex NUHKA BenuumuHa VM sHaumMo
Bonblue, YeM y COOTBETCTBYHLILMX KOHTPOMbHbIX FPynM, 0f-
HAKO MaKCMMalbHbIA MOKa3aTenb NMposBUNICA B 3TOM Clyyae
y BALB/c. BennunHa o6bema MopdionpocTpaHcTea y rpynn
«pueTa-2» BO BCEX JIMHMSAX 3aHMMaeT MPOMEXYTOYHOe Mo-
NOXEHWe MeX[y TaKOBOW Y rPynn KOHTPONb U «aueTa-1». YV
Mbiweit BALB/c rpynna «aueta-2» 3HauMMo OT/IMYAETCS OT
KOHTponbHoM rpynnbl (Q = 5.24; p = 0.011), B ABYX APYrvX NUHK-
X 3TU PasNMUuMsa CTaTUCTUUECKM HeaHaummbl (y CBA: Q = 3.38;
p = 0.304, a y BC/IPAE: Q = 3.57; p = 0.235).

Tabnuua 4
CpaBHEHMe o6bemoB BHYTpUrpynnoeoro Mopmnnpocrpaucrsa (VM)
C yYeToM CTaHpapTHbIX ownboK (£SE) no nepBbIM TpeM
KaHOHUYecKuM nepemeHHbiM (CV1-CV3) y KOHTPONBHBIX
W IKCMepUMeHTanbHbIX rpynn Mbilieun
Table 4
Comparison of volumes of intra-group morphospace (VM) in view

of standard errors (+SE) along the first three canonical variables
(CV1-CV3) in control and experimental groups of mice

CpaBHWBaeMble rpynnbl MbiLe#, JIVHWM Mblweit
fokasatenu BALB/c CBA BC/IPAE
KoHTponb 11.38+0.33 7.75£0.16 6.57+0.16
«[lnera-1» 2445093 | 14.78+0.38 | 8.66+0.30
«[lneta-2» 9.27£0.32 9.11£0.22 8.01:0.24
O6vewm mopponpocTparcTsa 12391:321 | 61844135 | 4156:0.72
ANHAN
[lons ot obuwero oﬁbep:a 26.09 13.02 8.75
MoponpocTpaHcTBa, %
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Mpu 3toM 1 y Mblweld BC Mexpy rpynnamu «pueta-1»
W «JueTa-2» pasnuuua no CpefHuM 3HaueHusiM VM Takxe
HesHauumbl (Q = 1.67; p = 0.967), ykasbiBas Ha GNM3KKA ypo-
BEeHb CTpecca pasBuTUS Y IMHUM B 3TUX 3KCNEPUMEHTAMNbHbIX
rpynnax. PeaynbTaTbl NepeBofa Ha pexxuM «fiueTa-2» yKasbl-
BalOT Ha TO, UTO TPOMUECKOe BO3AENCTBUE B MPeHaTabHbIi
Mepuos, B 3HAUUTENbHOW CTEMEHU KOMMEHCUPYETCa Y Mblllei
CBA u BC/IPAE 3a cueT pecypcoB MaTepMHCKOro opraHuaMa
M LeTeHbIWu No pasMepam 1M BoO MHOTOM No topMe npubnmxa-
t0TCS K NapaMeTpaM KOHTPOSbHbIX. [py 3TOM opraHuam caMoK
nuHun BALB/c cnoco6eH nonHoCTbio KOMMEHCMpPoBaTh 3aMef -
NeHWe POCTOBbIX MPOLLECCOB Y AeTeHbileld, Ho TpoduuecKoe
BO3ME/CTBME HA MaTb B MpeHaTanbHbll Nepuop ycnesaeT
NepeKnounTb MopdoreHes MaHaMBYN y feTeHblWweln 3Ton Nu-
HWW Ha anbTepHATMBHbIN MyTb B OTAIMUME OT NOTOMCTBA ApY-
UX NUHKA. B nocnepHeM cnyuyae nposBngeTcsd reHeTMYecKas
creuudurKa MOporeHeTUUECKOM peakuum y nuuun BALB/c
Ha MpeHaTanbHoe BO3[ENACTBME W3MEHEHHOW MaTepUHCKOW
AMeTbl. BaXKHOCTb reHeTMuUeCKoi 0CHOBBI, hopMUpYIoLeN the-
HOTMMUYECKUIA OTBET Ha MU3MeHeHWe OMeTbl Y NabopaTopHbIX
Mblle#, 6bina oTMeueHa 1 B HeflaBHeM uccnenoBauu M. AMa
c coast. [41). 0630p MUpOBLIX MCCrenoBaHMIA deHoTUNMYe-
CKMX XapaKTepUCTUK HauBonee W3BECTHbIX NIMHWUA WHOpep-
HbIX MbIWeN, K KOTOPbIM OTHOCATCS W [iBe W3yUeHHble HaMu
NIMHWWK, OfHAKO, MOKas3af, YTo MopthonorMueckue U3MeHeHns,
BbI3BaHHble HapyWEHUEM MaTepUHCKOW [MeTbl, M3yyanuchb
KpaiHe pefKo [42], no3ToMy nonyyeHHble HaMW faHHble Cy-
LEeCTBEHHO A0MOMHAT 3TU CBELEHMS.

HanGonbliee Bo3meiicTBME B HaleM crnyyae Habniopa-
nocb NpU BMAHUM peXuMa «aueTa-1». B aToil cBA3M cnepyet
YUMTBIBATb, UTO MPU NEPEX0Ae K CAaMOCTOATENIbHOMY MUTAHUIO,
Korga B 3-HefeNbHOM BO3pacTe MaTepy NepecTarT KOPMUTb
[eTeHblleid MONOKOM, MaHAMByNa Mbilleil CTAaHOBUTCA Hau-
Bonee (eHOTMNMUYECKM NNacTMuHou [15], mocKonbKy nogsep-
raetca pemMofenupoBaHuio NpU B3aUMOLENACTBUW 3NIEMEHTOB
KOCTHO-MbIWEYHOro annaparta B npouecce ob6paboTku Kop-
Ma. BospactaHue pucnepcuu opMmbl MaHAuUByn OTMeueHo
W B 3KCMEpUMEHTaX C yMeHbLUEHNEM KanopUHHOCTU MaTepuH-
CKOMi AuneTbl y Kpbic nuHum Wistar [10].

Wcecnenosanua A. B. bagsesa c coasr. [43], npoBefeHHble
Ha HECKONMbKMX BMAAX 3eMNepoek popja Sorex Mpu peskoi
CMeHe COCTaBa UM CHUXXEeHWUW 0Bunmusa ux KopMoBoit 6asbl no-
Cne NEeCHbIX MOXapoB, BbIBUAM B JIOKaNbHbIX MOMYyNALUSX
CTPecCc-MHOYLMPOBaHHbIE 3MUTEHETUYECKUE U3MEHEHUS, KO-
TOpble COMPOBOXAANUCb MOAUGMUKALMAMU U BO3PaCTaHMEM
(NYKTYMpytoLLeid acUMMeTpUM KOHgUrypaumn MaHauéyn. Mo
aHanorum c 3TMM Bo3pacTaHWe Mopdopa3Hoobpasvs y no-
TOMCTBa NIMHEMHbIX MbIlel B 3KCMEepUMeHTaNbHbIX rpynnax
«pMeTbl-1» TaKkxXe MOrMO NPOSBUTLCS MOCAE MCMbITAHHOTO
CTPEeccoBOro BO3[ENCTBUA 3a CUET ANUTENbHO U3MEHEHHOW
MaTepUHCKOW U COBCTBEHHOW MoHopMeTbl. [py MOBTOPHOM
npoBefeHUn Mofo6HbIX MCCNEAOBaHWNA BrONHE BO3MOXHA
MpoBepKa [,aHHOro NPepnonoXeHUs MeTojaMu MoneKynsp-
HOW 3MUTEeHETUKM.

TakuM 06pa3oM, U3MeHeHWe QMUeTbl CaMOK, BKIOUas Bapu-
aHT NepeBo/ia Ha CTaH,aPTHbIN paLMOH NUTaHWUA Nocne PoioB,
y NpefCcTaBuTENeN BCEX NIMHMI Mbllieil Bbi3Bano CTpecc pas-
BUTUS, NPOABNAIWMIACA B YBENUUEHUM 06beMa BHYTpUrpyn-

MoBOro MOpGONPOCTPaHCTBa — CNEeKTpa MOPQOreHeTUYECKUX
TpaeKTopuit. M03ToMy peXxuM BO3AEeACTBUA «aueTbl-T» npusen
K HauGonblieit gecrabunusauuu MoptoreHesa MaHaubyn, ot
MaKCUManbHOro YPoBHA MOPOreHeTUUYECKON PeaKLun y Mbl-
wel BALB/c B0 MMHMManbHOro ypoBHs y NpefcTaBuTenei
BC/IPAE. MpoMexyTouHas peakumus Ha CTpecc passuTMA Mpu
M3MEHEHWUN MaTePUHCKOM AMeTbl BbIpaXKeHa Y MbIlen UHUN
CBA. VYcroiumsocTb MopdoreHesa Mblweid nuHuu BC/IPAE,
CcKopee Bcero, 06yCcnoBneHa ee 0CTaTOUHOI reHeTUUECKoii re-
TEPOreHHOCTbH U3-3a CPaBHUTENbHO HefaBHero rubpuaHoro
npoucxoxpeHusi. locnegHee cornacyetcs € MOMyYeHHbIMU
paHee pesynbTaTaMu aHanu3a B3aUMOLECTBIUA NepuHaTanb-
HOro MUTaHMa C reHeTMYecKUM pasHoobpasueM nabopatop-
HbIX FPYNN Mbllel, NPOABASAIOLWMMCS BO B3POCHbIX (heHoTUMax
XWBOTHbIX [44]. 3T0 0BCTOATENLCTBO MOrNO CMOCOBCTBOBATh
Bonblueil perynaTopHoit yCTOMUMBOCTH PasBUTUS Mblllei AaH-
HOM NUHUK. MeHbllas «peakTMBHOCTb» Ha W3MEHeHWe [Ou-
eTbl y oco6eit 3TOM NUHWW NposBMNach WU N0 LEHTPOULHOMY
pa3Mepy MaHpubyn. CooTBETCTBEHHO, BbiCOKasi MopcoreHe-
TMUECKas peakTUBHOCTb NuHu BALB/c u CBA Ha pmeiicTeue
Tpochuyeckoro thakTopa Kak no LEeHTPOUGHOMY pa3Mepy, Tak
u no dopme MaHaubyn MoxeT 6biTb 06yCnoBneHa HU3KUMU
perynsTMBHbIMM NOpOramMu PoCTOBbIX MPOLECCOB U Mopgore-
He3a W3-3a OrpaHUUeHHO FreHeTUUECKOI reTeporeHHOCTH Npu
UHBpUaMHre.

Mpu BbIHYXA,EHHO MOHOMaruM MaTepu 0 M nocne poaoB
MMEEeT MEeCTO YrHeTeHWe POCTOBbIX MPOLLECCOB Y MOTOMKOB,
NPUBOASLLEE K YMEHbLIEHMIO UX pa3mMepos [24]. B 10 xe Bpems
MpY 3TOM BEPOSTHO HapyleHWe TUNUYHOro NpoTeKaHUS Mop-
thoreHe3a ocobeil, BbiablBaloliee cneLutnuIeckoe U3MeHeHue
KOHUrypauum ux MaHgubyn v Bnusiowee Ha MoptodyHK-
LLMOHarnbHble 0COBEHHOCTM MOTOMKOB NpWU KOpMOZ06bIBaHUM
W NepBUYHON NepepaboTKe KopMoB. PaHee 6binu oTMeUeHbI
aHanoruyHbole 3teKTbl U3MEHEHUS topMbl MaHAKUBYN U UX
(hYHKLMOHaNbHbIX BO3MOXHOCTEH NpYU 3KCMEPUMEHTaNbHOM
MUTaHUN TPbI3YHOB KOPMOM pasHoit KoHcucTeHuuu [16]. Mpu-
POAHbIe MONYNSALWM Mbllen U LPYrux rpbi3yHOB, Kak NPaBuno,
Bonee reHETMUECKM reTeporeHHb! [45)], noatoMy no aHanorum
c nuuveit BC/IPAE cnepmyeT oXumaTbh Y HUX OTHOCMTENbHO
YCTOMUMBOrO COXpaHeHNs (opMbl MaHAMBYN 3a cueT Gonblueil
perynaTuBHoi cnocoGHOCTU MopdioreHesa Npu BbICOKON UnC-
NEHHOCTY NONYNALUM [aXe NPU PE3KOM HapyLeHUN MaTepuH-
CKOW AMeETbI.

3aknoyueHue

B wrore npoBepeHHOro aHanusa MocnefcTBUi U3MeHe-
HMS MaTepPUHCKOM LMETbl Y JIMHEMHbIX MbllWend BbiSBEHDI
CYLLECTBEHHbIE MEXrpynnoBble PasfiMuug No W3MEeHUUBOCTM
LEHTPOMIHBIX pPasMepoB U (OPMbI HIKHEN YEMHCTH, KOTo-
pble MMEIOT PasHylo reHOTUMUUECKYH M CpefoByHo 06ycnoB-
neHHocTb. oKasaHo, UTO U3MEHUMBOCTb Pa3MepoB MaHAWByN
(Mx pocToBbIX npoLeccos) o6ycnoBneHa B OCHOBHOM Cpefo-
BbIM TPOUUECKMM (DAKTOPOM «fMeTa», a Ha MeXIUHEeHHble
EeHOTUNWYECKUE pPasnuuMa MPUXOLMUTCH KPaTHO MeHbluas
L0NS MeXrpynnoBoi pucnepcuu. Mo dopme HUXKHeH Yento-
CTU NPOABUNACch NPOTMBOMONOXHAA CUTYaLms. B maHHOM cny-
uae (aKTop «IMHWUE», HaMpPOTMB, BHOCUT HauBOMblMIA BKNag,
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B MEXrpynmnoBy M3MEHUMBOCTb KOH(Urypauuii MaHgueyn,
a (aKTop «aueTa» NpoaBnaeTcs B MeHbluei cTeneHu. Cne-
[,0BaTeNbHO, U3MEHUMBOCTb (HOPMbI HUXHEN YENOCTH B 3Ha-
UNTENbHOM CTeneHn 06ycnoBneHa reHoTUNUUECKUMU (haKTo-
paMmu, a CpPefoBble MPUUMHDBI, [aXe Takue Kak MoHotarus,
0Ka3bIBaloT Ha MOpthoreHe3 NOTOMKOB 3HAUUTENIbHO MeHbLUee
BAuaHMe. 03TOMy MpW CpaBHEHUM MPUPOLHBIX MONYNALUNA
BbIIBNIEHHbIE pa3nuuug no dopMe B Gonblueit CTeNeHun creny-
€T MHTEPNpPETMPOBaThb KaK 0BYCNOBNEHHbIE TeHETUUECKUMM 1/
UMW 3NUTEHETUYECKUMU NPUUMHAMM, @ HE CPeLOBbIMK, B TOM
uncne, Tpoduueckummu taktopamu. CXofCTBO HanpaBeHui
MOLMGBMKALMIA (hopMbl MAHAMBYN B pexuMe AnUTENbHON 0B-
CSIHOM MOHOMaruu, NposBUBIIEECS Y MbIlel pasHbIX JIUHUNA,
ABHO He C/yyaiiHo. Mbl nonaraeM, uto OHO CBA3aHO C WUCTO-
PUUYECKM [LaBHO CIOXMBLUMMCS MYNOM NOTEHLMANbHO AOCTYN-
HbIX «aBapUiHbIX» MOLMMUKALUA Pa3BUTUS, MO3BONAWMX
BULY Mus musculus L. KOMNPOMUCCHO WM3MEHSATb CKOPOCTb
W HanpaBnieHue npe- 1 NocTHaTanbHoro MopdoreHesa B Npu-
POLHbLIX MONYNALMAX NPU COOTBETCTBYHLWMX KOHCTENNALMAX
(haKTOPOB CPefbl, peanusys onpegeneHHble heHoTMb.

B npupomHbIx nonynauuax nNpu BbIHYXOEHHOM Beckop-
MULE W HWU3KOA UMCNIEHHOCTM 33 CUeT ycuneHusa 6nusko-
POLCTBEHHOMO CKpEelMBaHWA CrepyeT OXMAATb Pe3KUX U3-
MEHEHWI KOHMUrypaLunM MaHanbyn U ux tyHKLMOHANbHbIX
BO3MOXHOCTeiA. [onyueHHble pesynbTaTbl MO3BONAKT OLe-
HWUTb, KaKne EeHOTUNMYECKUE NPU3HAKM MAHANBYN rpbi3yHOB
BynyT B HauBonbluen cTeneHn NofBepXKeHbl BIUAHUIO Hapy-
LeHUS KOpPMOBOWA Gasbl.

TakuM 06pa3oM, MOAENnMpoBaHWe U3MEHEHWUS NMPUPOLHBbIX
KOPMOBbIX YCNOBUIA B 3KCMEPUMEHTAX Ha JIMHEMHbIX Mblllax
Mo3BONSAET UCMONb30BaTh NONYYEHHbIE Pe3ynbTaTbl ANS Npo-
FHO3MPOBaHMS MOP(OreHeTUUECKNUX peaKLuid MPUPOLHBIX NOo-
NyNALUIA FPbI3YHOB U U3MEHEHUS UX MOP(ODYHKLMOHANbHbIX
0COBeHHOCTe NpK RYKTYaLUW NOrogHO-KNMMaTUUECKUX yC-
NOBMIA, U3MEHSIOLLUX KOPMOBYIO 6a3y XMBOTHBIX W BIUAOLLMUX
Ha UX XM3HECnoCobHOCTb M AMHAMUKY UMCIIEHHOCTM B ecTe-
CTBEHHOM cpefie. deKTbl Pe3KOro NoBbllEeHAS HecTabunb-
HOCTM pPa3BUTUS U UHIMBMPOBaHWE POCTOBbLIX MPOLLECCOB MpU
OnpefieNeHHbIX BapuaHTax HapyleHWs MaTepUHCKOM aueTbl
BA)XHO TAKXKe YUMUTbIBATb B NPaKTUKE MeLULMHCKONA nepuHa-
TanbHOM HYTPULLMONOT UM,
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