Variabilita vysky postavy



Vyska postavy
* Nejvetsi Clovek:
Robert Wadlow (1918 — 1940) — 272 cm
* Nejmensi Clovek
‘Chandra Bahadur Dangi (*1939) — 56 cm




Vyska postavy
* Prumérna celosvétova vyska
Muzi 173 cm, zeny 160 cm
* Nejvyssi narod
Nizozemci
muzi 183 cm, zeny 170
* Nejmensi narod
lovci a sberaci Efe, Kongo
prumérna vyska 150 cm
« Ceska republika
muzi 180 cm, zeny 167 cm




Vyska postavy

« Galton (1885): 928 déti a 205 rodicu
stanovil midparent height
vySka déti je rovna pruméru souctu vysky otce a 1,08
nasobku vysky matky

* Fischer (1918):

The Correlation Between Relatives on the Supposition
of Mendelian Inheritance

Vyska postavy je ovlivhovana mnoha geny malée
ucinku a vlivem prostredi
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Vyska postavy
& AN
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Rust postavy

*Auxologie

je nauka zabyvajici se vSemi aspekty lidského rustu (auxo - rostu, z

fectiny) a rust definuje jako soubor vS§ech zmén dosud nezralého
(rostouciho) organismu.

*Porovnava stav zkoumaného jedince s rlstovymi standarty platnymi
pro danou populaci



Rust dlouhych kosti

Structure of a Long Bone

Zakladem vysky postavy jsou
Kosti dolnich koncetin, zejména
Kosti stehenni

Kosti dolnich kongetin patfi mezi
tzv. kosti dlouhé

Embryonalni zaklad z chrupavky ™

Osifikace (kostnateni) —
osteoblasty, osteocyty

Perichondralni a enchondralni
osifikace




Vyvoj dlouhe kosti
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(5) Ossification of the
epiphyses; when
completed, hyaline
cartilage remains only
in the epiphyseal plates
and articular cartilages.



Vyvoj dlouhé kosti

Parts of a Growing Bone

‘Wrisl Banes

_~ Epiphysis

(Growth Plate)

— [dataphysis

— Diaphysis
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Rustovy spurt
= zrychleny rust, v détském véku, cca kazdé dva roky

predskolni, detsky, pozdni detsky...
mirné individualné ovlivhéno
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Hormony ovlivaujici rust

Infantilni komponenta (I):

druha polovina gestace az 3. a 4. rok

gonadotropiny, inzulin, IGF | a IGF |l, ph GH

rustovy hormon, hormony stitné zlazy

Detska komponenta (C):

9. mésic — konec rustu postavy

IGF | a rustovy hormon

Pubertalni komponenta (P):

10 let divky az 13 — 18 let, 11 let chlapci az 15,5 — 20 let

IGF | a rstovy hormon, pohlavni hormony (FSH, LH,
estrogeny, testosteron)




Rust postavy a zmény proporci
tela




Narodni vyzkumy rustu deti

1985 Matiegka

1951 Fetter, organizoval celostatni antropologicke
vyzkumy mladeze

1961 celostatni vyzkum mladeze v roce 1971 a
1981

2001 Posledni vyzkum 2001.

1955, 1960, 1965 a 1975 Opakovana méreni cvi¢encl
Ceskoslovenskych spartakiad

1980, 1985 a 1990 byly v souvislosti s konanim Ceskoslovenskych

spartakiad provedeny dalSi antropologické vyzkumy Ceské populace.
Byla zmé&fena Siroka Skala télesnych rozmérl détské, adolescentni a
dospélé populace.
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Pohlavni rozdily ve vysce postavy
Muzi jsou prumérné o 9% vySSi
V evoluci rodu Homo doslo k redukci
pohlavniho dimorfismu vysky postavy
Viiv systému manzelstvi — monogamie,
polygamie

U muzu marker atraktivity — evolucni
zvyhodneni



Geneticky zaklad vysky postavy

* Heritabilita = 0, 8 (Silvenoinen et al., 2003b)

* 80% telesné vysky je dana geneticky

* Polygenni dedicnost

* Rozvojove zeme H = 0, 65 — vyssi vliv prostredi
(Luke et al., 2001)

« QTL = quantitative trait loci

« Studie na dvojcatech




GWAS studie

Genom wide associted studies

Vyzkum pomoci Cipu — 304 226 SNP
Probandi rozdeleni pohlavi a vysky postavy
Pocet probandu:

25174 Islandanu, 2876 Holandanu, 1770 Ameri¢anu
evropského puvodu, 1148 Afroameri¢anu, 3024
Skandinavcu



Nejvyznamnejsi lokusy a jejich
funkce

180 lokusu — asi 40% geneticky podminéné vysky

Dale se do determinace vysky zapojuji vzacné alely (40%)
20% interakce genu

Prispévek alel 0,3 — 0,6 cm

SNP v genu ZBTB38 maji nejsilnéjSi asociaci s vySkou
Gen zodpovédny za vazbu na metylovanou DNA

Dale geny ADAMTS — enzymy zodpovedné za metabolismus
chrupavky, populacné (etnicky) specifické

FBLNS a EFEMP1 — geny pro fibulin a fibrilin, spojitost s
Marfanovym syndromem



Table 2 SNPs with P between 1075 and 1.6 »« 1077 in the meta-analysis of association with height

Effiect
Effect Effect
SMNP J Allele Freq. Region ICE DUT USe DGI USa Sean P AN DAMN P Comb. Comb. P Meighboring genes
ree733301 G 087 2p23 64 127 171 - 27 B2 x 107 - - 7.5(1.5) B2 = 107 ADCY3, RBJ, POMC, DNMT3A, DTNB
1062483 C 091 2g35 6.5 24 B2 131 BE 12x10% - - 6.9(1.4) 1.2 = 10% IHH, CRYBAZ, FEV, SLC23A3, TUBAI
749052 A 054 2q37 B85 124 90 B8O 36 14 x10% - - B.7(1.B) 14 = 10% NPPC, DIS3LZ, COPS7B, PDEED, PTMA
43451156 T 063 326 40 74 -26 9.2 0.0 67 x10% - - 440100 6.7 = 105 GOLIM4, SERPINII
w 710841 A 027 4aq2l 53 3E 53 38 47 19« 10% - - E.0(1.00 1.9 = 10 BMP3, PRKGZ, RASGEFIB
% r3ILISET 075 bBg3l 45 85 50 51 46 B2=x10¢ - - 48(1.1) B2 = 10% PITXI, PCBO2, CATSPER3 TXNDCI5,
E DDX4E, CAMLG
E 12199222 T 033 6p22A 46 03 79 G&E 6.2 50x10% 4.1 0048 4409 6.5 =107 NUPIS3, CAPZ, KIFI34
S mU39506EC  04B 6p2lF 32 47 46 49 02 75=10% - - 3.5(0.8) 7.5 = 10% SUPTIH, RUNXZ
E re314268 C 034 6qle 43 B85 74 30 42 77 =107 - - 461009 7.7 = 107 LIN2Z8B, HACEI, BVES, POPDC3
E ro4BE7004 G 069 6q2l 44 BE 12 &3 16 41=10% - - 4.7(1.0) 4.1 = 10% PPILG, CDIS4, SMPDE MNICALT,
2 ZBTE24
E rel4903BET 042 6g22 47 62 24 70 2B 71x107 23 035 4.8(1.0) 5.6 = 107 CoxfI73
E reBEY9ST6 G 028 6g23 31 51 46 B2 45 11=x10% 04 085 3.8 (0.8 56 = 10% LIMBETLS, SAMD3
E m2E14BZET 025 Og22 54 28 135 65 -10 37x107 14 053 54(1.1) 9.3 = 107 SPINI, CCRK
; 46063 T 052 9Sg3Z 42 61 23 - 9.5 12x10% 38 0052 4408 17=x107 cozial
E r21E7642 A 039 12pl3 44 61 131 01 BO 35« 10% 28 016 46(1.0) 1.5 = 10% ETve
E 11611208 A 006 12pl2 114 45 106 - 360 22x 0% - - 114 (2.4) 2.2 = 10% PDE3A, 5LCOICI, SLCO1B3
o rclll77e69 A 031 12ql5 37 B2 93 - 39 32x10% - - 45(1.0) 3.2 « 10°% LYZ YEATS4, FRSZ, CPSF6, CCT2,
g LRRCID
E r3BZ5199C 024 12q22 65 37 46 79 259 46107 39 016 6.2(1.2) 1.8 = 107 S0CS2, MRPL4Z, CRADD, UBE2N
m 123907 G 035 13ql4 36 51 02 - 116 76x 1078 - - 3.B(0.8) 76 = 10% DLEU7
L =10132817G 057 14913 56 20 05 05 6.6 9.9 10% - - 45(1.0) 9.9x 10% NKX2-1, MBIF, NKX2-8, PAXS
E 2664380 T 078 15q25 46 BO BO B3 273 BEx 107 - - 4.5(0.9) B6 = 107 ADAMTSL3, SH3GL3
o r2326458C 026 16024 54 62 3B - 34 77 =107 - - B.1(1.0) 7.7 = 107 ZDHHC?, CRISPLDZ2, USPIO
E 7209435 C 027 17g23C 50 71 34 16 289 71107 - - 48100 7.1 = 107 MAP3K3, WDRSS, LYKS5, MTIF
& wm7249094G 059 15pl3 41 23 116 - 40 13x10% - - 4.3(0.9) 1.3« 10% ADAMTSIO, MYOIF, PRAMI, OR2Z]
,.E eEOBB792T 026 20911 50 55 53 42 45 39x10% 37 0078 4.7(1L.0) BO = 107 UQOC, GDFS, CEP250, EIFE, MMP24
= mb7Eleld A 0459 22ql1 42 BB 359 - 3.2 64 x10% - - 4.3(1.0) 6.4 = 10% BCR, GNAZ, RTDRI, IGLL]
8 m=1474563T 058 Xg2l 49 04 20 11 64 31x10% — - 35(0.8) 3.1 = 10% I1TM24
R SMPs with Pbetwesn 10-5 and 1.6 = 10-7 inthe meta-analysis of association with height in the leelandic (ICE, n = 25,174), Dutch (DUT, n = 2,876), Europeans Americans
B (USe, n= 1,770}, DGl {7 = 3,024), Alican Americans (USa, m = 1,148) and Danish (DAN, n = 5517) samples. Scan Prefers to the Pyalue obtained from combining all the

genome-wide association samples (ICE, DUT, USe, DGl and USa). Comb. refars to the results obtained by combining the scan results with the Danish results. Effects are in
percentage of standard deviation; s.2.m. is given in brackets for the combined effect estimate. P values are comected wsing genomic contral.

Gudbajartasson et al., 2008



Genoveé interakce

* Heterozygotnost— vyssi vyska

 Homozygotnost— aditivni ucinek alel u
recesivnich homozygotu

* Inbredni deprese (Mc Quillan et al., 2012)



HPRD

Human protein reaction databes

Sestavena mapa drah ovlivnujicich vysku tela
Interakce protein — protein, protein — DNA
Pres 200 interakci



Drahy zapojene do rizeni vysky
postavy (Simeone et Alberti, 2014)
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Figure 1. Pathway analysis. Graphical representation of the height-associated proteins relationships retieved through SNOW network analysis.
Proteins are represented as nodes (hubs), the biological relationships between the nodes (edges) are represented as lines. Height-associated
proteins are in red; linker proteins are in white; miRNA are in gray. Major hubs are in magenta; SMAD isoforms are in blue.




Epigenetické faktory — metylace DNA

/0 z 87 genu asociovanych s vyskou postavy
ma v blizkosti (2000 pb) promotoru CpG
ostrovy

CpG ostrovy = vice jak 55% CpG, kratsi nez
500 pb

standardne nemetylovane — geny jsou aktivni
metylovane — regulace transkripce



Vliv prostredi na vysku postavy

* Prirodni podminky

* Vyziva

* Onemocneéni

* Socioekonomicke faktory



Bergmanovo pravidlo

« Endotermni (,teplokrevni®)
zivocichove v teplych oblastech
dosahuji vétSich rozméru nez
jejich pribuzni v oblastech s
chladnym podnebim. Ve
studenych oblastech se totiz
vyplati mit maly pomer povrchu
k objemu, aby nedochazelo ke
ztratam tepla — a plati, ze velké
teleso ma tento pomer mensi

» Plati pro Cloveka?

(A)




Bergmanovo pravidlo

* Roberts (1953): teplota podnebi pozitivhe
koreluje s vyskou tela

* Roberts (1978): v teplejsim podnebi ma Clovek
delSi nohy

« Kutzmarzyk et Leonard (1998). delka postavy
v sede negativne koreluje s teplotou podnebi



Tri zakladni typy postavy v Iidské populaci, niloticka, eskymécké a pygmejska

185 cm

165 cm

145 cm

Niloticky typ postavy Eskymak Pygme;

Niloticka postava je charakterizovana vysokou vySkou postavy kratkym trupem, dlouhymi koncCetinami a tenkou
vrstvou podkozniho tuku. Tato postava je rozSifena mezi pasteveckymi kmeny obyvajicimi vychodni Afriku
(Watusové, Masaiové, Nuerové. Postava charakteristicka pro eskymaky je charakterizovana nizkou postavou,
dlouhym trupem, kratkymi koncCetinami a silnou vrstvou podkozniho tuku. Pygmejové maji ve srovnani s
pfedchozimi typy postav nizkou postavu s dlouhym trupem, kratkyma nohama a silnou vrstvou podkozniho tuku.



Geograficke rozdeleni vysky postavy

 http://ourworldindata.org/data/food-
agriculture/human-height/
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TRENDS in Eoology & Evolulion

Fgure 1. Association of the human pygmy phenotype with tropical rainforest habitats. (a) Approximate locations of small-bodied hunter-gath erer populations discussed in
this article, with mean adult male stature estimates [6,10,65,78,79]. The smallest modern human statures (mean adult male height < 155 cm) are always assodated with
tropical rainforests [red circles). Some hunter-gatherer populations occupying savanna-woodlands [(black circles) are also relatively small, such as the Hiwi of the
Venezuelan llanos, the Hadza of Tanzania and the 'Kung San of Botswana and Mamibia. Precipitation data are from the Tropical Rainfall Measuring Mission (Goddard Space
Flight Center, Mational Aeronautics and Space Administration; httpiArmm.gsfo.nasa.gov). (b} Yanomamd male, Venezuela (photograph by Raymond Hames, with
permission). (e} Efe male, Democratic Republic of Congo |photograph by William Wheeler, with permission from the Mational Anthrmopological Archives, Smithsonian
Institution). [d} Batek male, Malaysia, with white-handed gibbon [Hykbates lar) hunted by blowdart (photograph by Kirk Endicott, with pemission).



Pygmejove

* Pygmejsky fenotyp

* PriCiny malého vzrustu?
Strava

Termoregulace

Fosterovo pravidlo
Mobilita

Historie populace

Geny

Endokrinni systém

TRENDS in Ecology & Evaiution

Figure 2. Thermogmaphic image of Batek hunter-gatherers after a 1 h hike in their
rainforest habitat (Taman Megara National Park, Malaysia). Internal and external
body temperatures can be estimated using a thermographic camera. Analysis of
pixels from the open mouth provides a good estimate of core body tempermature.
The open-mouth pixels of the taller man [a) [~164 cm) show an elevated core
ternperature of 38.0 °C, whereas those of the shorter man [b) [~158 cm) show a
normal core temperature of 36.9 °C. An estimate of the skin surface temperature
based on facial pixels excluding the open mouth did not differ substantially
betwean them (mean values of 36.1°C and 36.4 °C, respectively). Although not
representing a formal test of the thermoregulatory hypothesis as an explanation
for pygmy phenoctype evolution, the higher core body temperature of the taller
man following physical activity illustrates the plausibility of its underlying
premise —that in tropical rainforests, where the thermoregulatory mechanism of
sweat production and evaporation is inefficient, smaller bodies might confer a
fitness advantage by generating less internal heat during activity. Images were
captured with a ThermaCAM SC640 (FLIR Systems, Boston, MA, USA) under
photographic license number 395108 issued by the Department of Wildlife and
Mational Parks, Malaysia.



Sekularni trend

« Zrychleny rust a vyvoj déti, drive nastupuiji
fyzické zmény a narusta i hmotnost a télesna
vyska dospivajicich

* Souvisi se zmenou vyzivy, se snizenim vyskytu
vetsiny drive tradicnich detskych nemoci, s
misenim etnik a prodlouzenim puberty

» Sekularni akcelerace probiha predevsim u
populaci v Evrope a Severni Americe



Sekularni trend

Zbrzdeni trendu behem prvni a druhé svetove valky

Patrny i na obyvatelstvu severni Afriky, Brazilie a na
kanadskych lunitech

Mayové v USA +10 cm za generaci oproti vstevnikum
z puvodni Guatemaly

Od 80. let v zapadni Evrope dochazi ke stagnaci



Vliv onemocneni na vysku postavy

* Rozvojove zeme:

infekCni choroby

casto synergisticky efekt s podvyzivou
* Rozvinuté zeme:

astma, diabetes



Vyzkumy vlivu prostredi

* Vyzkumy UNICEF a IMPROVING CHILD NUTRITION
WHO v rozvojovych - e
zemich | ’

* Vliv podpurnych
programu na rust
postavy

gmlc?renr u nlcef 5&:@}



Sekularni trend a socioekonomické
faktory

Pozitivni korelace s:

vzdelanim matky, HDP, nastupem
menarche, genetickym mixovanim populaci,

financni nezasvislosti zen
*Negativni korelace s:
poCtem sourozencu, velikosti rodiny



Vliv stravy na vysku postavy

Uz nedostatek zivin v prenatalnim vyvoji
ovlivni vysku

Proteiny

Vitaminy—AaD

Mineraly: Ca, P, Mn, Zn, Fe

Leky!



Patologie vysky postavy

Nanismus = trpaslictvi
Disproporcionalni nanismus —trupem

_—

Y [itmmbel®

Hypofyzarni nanismus proporce. a
Nanismus pri kretenismu |
Nanismus u predéasné puberty 1

a

Gigantismus
Akromeaqgalie




Patologie vysky postavy

Hormonalni poruchy (STH, TSH, ...)

Metabolické poruchy pfi chronickém systémovem onemocnéni
acidoza pri onemocnéni ledvin, diabetes mellitus, ...

tkanova hypoxie pri fibroza plic, vada srdce, anémie, ...
proteinovy a energeticky deficit pri hladoveni, mentalni anorexie, celiakie, ..

porucha vodniho a elektrolytového metabolismu pfi diabetes insipidus,
onemocnéni ledvin,..

porucha kalciofosfatového metabolismu pfri rachitis (deficit vit.D),
onemocnéni ledvin, ...

porucha kostniho metabolismu pfi osteogenesis imperfecta,
hypochondroplazii, ...

chronicky zanét pfi juvenilni chronicke artritide, ...



Patologie vysky postavy

« Genetické poruchy
— Dysmorfické syndromy: Fanconiho pancytopenie, ...
— Chromozomalni aberace: Trisomie 13, 18, Turneruv syndom ...
— SNP mutace: achondroplasie, Marfauv syndrom

— Poskozeni plodu: alkohol, nikotin, polychlorované bifenyly,
subkompenzovany diabetes matky, ...

— Infekce plodu: Cytomegalovirus, rubeola, syfilis, toxoplasmoza,
varicella — zoster, ...



