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nOJIHMOP<I>H3AM npOTEHHCKHX MAPKEPA KO,lJ;
HALF-SIB JIHHHJA OMOPHKE

IhBOA: Y pany cy npaxasaaa pe3yJITaTl1 yrsphasan,a crenena reHeTCKOr nona
Mop<!>113Ma nanaja nonycponnaxa, yrpahenax y reneparasny ceaencxy nnaaraxy
OMOpl1Ke KOjl1 npananajy pa3nl1tIl1Tl1M sapajereraaa OMOpl1Ke: var. semidihotomy,
var. serbica Hvar. nana, npl1MeHOM npOTel1HCKl1X MapKepa. AHan113a y COnl1Ma pa
CTBOPJI,l1Bl1X nporeana, ceuena 12 reHOTl1nOBa OMOpl1Ke, 06aBJI,eHa je paaasaja
IbeM - enexrporpopesoa na nOnl1aKpl1naMH.Ll:HOM reny MeTOAOM Lea m m I i (1970).
)l;06HjeHH enexrporpoperpaaa nocnyxana cy xao OCHOBa sa nspasynaaaa,e Koe<!>l1
uajerrra Cnl1tIHOCTl1 no <!>OpMyJIl1 She e n -a (1972), KaKO 113Meijy HH,nHBl1Aya yay
Tap CaMl1X nl1Hl1ja, TaKO HMeijy JIl1Hl1jMa. Ienercxa 6nHCKOCT OAHOCHO YAaJI,eHOCT
113Meijy aHan113HpaHOr MaTepl1jana yrspheaa je npl1MeHOM xnacrep aHaJIH3e.
KJhYQHe pesn: nannje nOJIycpOAHl1Ka OMOpl1Ke, nonHMop<!>113aM, npOTel1HCKl1

MapKepl1

POLYMORPHISM OF PROTEIN MARKERS IN SERBIAN SPRUCE
HALF-SIB LINES

Abstract: This paper present the resultes of determination of the degree of genetic
polymorphism of Serbian spruce half-sib lines belonging to different varieties:
var. semidihotomy, var. serbica and var. nana, incorporated in the seedling seed or
chard, by the application of protein markers. The analysis in the salts of soluble pro
teins of the endosperms of 12 Serbian spruce genotypes was performed by separa
tion - electrophoresis on the polyacrylamide gel using Leammli (1970) method.
The obtained electrophoregrams were the base for the calculation of the coefficient
of similarity, by She e n (1972) formula, both between individuals within the lines
and between the lines. The genetic distance of the analysed material was assessed
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by cluster analysis. The study results show that phenotypic variability between the
analysed varieties of Serbian spruce is genetically determined.
Key words: half-sib linies of Serbian spruce, protein markers, polymorphism

1. YBO,LJ;

)l;oCa.ll.aUIIhe npouene reHeUPIKe BapHja6JUIHOCTH JIHHHja nonycponaaxa yrpa
1)eHHx y reueparanuy ceaencxy nnatrraxy oxopaxe, 6a3HpaHe cy na MOP4>OJIOlliKHM xa
paKTepHCTHKaMa (Hc aj en B., TyQOBHli A., Ma r apy r-a M., Lllnj as ah-Hnxo
JIHh M., 1996). Me1)YTHM, Mop4>oMeTpHjcKa csojcraa cy nO.lJ,JIO)f(Ha yrauajy 4>aKTopa
cnon.aunse cpennae, llITOnOKpHBa neo excnpecnje caaor reuoruna.

H3 THX paanora, sa npeuasnajy npoueny reHeTHQKeBapHja6HJIHOCTH reHOTHnOBa
ynyrap JIHHHja nonycponnnxa, xao HH3Me1)y H>HX, xopaurhena cy MOJIeKyJIapHH MapKepH
nouohy KOjHX ce yrnuaj 4>aKTopa crrorsaunse cpeznme CBO.ll.H aa MHHHMyM, a nocvarpa

11..(2-A 11..(2·6 11..(2·1..( 11..(4-A 11..(4-6 11..(4-1..( 161-A 161-6 161-1..( 1,1:\1-1 1,1:\1-2 1,1:\1-3

CJlMKa 1. Enexrpodioperpaa (xoanjyrepcxa ofipahea)y COJII1Ma pacr
BOPJbI1BI1X nporenna 1130JIOBalll1X 113 ceuena 12reHOTl1nOBa

Picture 1. Electrophoregrams in the salt of soluble proteins isolated
from endosperms of 12 Serbian spruce genotypes
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nonHMop<l>H3aM npOTeHHCKHX MapKepa KOJl, half-sib nHHHjaoMopHKe

ce rrpOMeJbHBOCT xoja ce nanasn non ,uHpeKTHOM reHeTWlKOM KOHTpOJIOM (KoHcTaH
TUHOB K., MJIa,ueHoBHn-~pHHHn C., 2000).

2. MATEPlfJAJI If METO,ll, PA,lI,A

ITOJIHMOP<pU3aM rrpOTeHHCKHX MapKepa JIHHHja nonycponnnxa OMopHKe yrsphea
je na OCHOBy onafipannx reHOTHrrOBa TpH aapajerera:

I>-BapH;eTeT semidihotomy - 6e3 BH,uJbHBRX 6HOTWlKRX MJlH a6UOTH4KRX yspoxa
crrOHTaHO ce jaarsa ",uBOBpIIIHOCT - JIa)KHa naxorovaja";

Il-BapHjeTeT serbica - run rpanan.a KapaKTepHCTH4aH aa THrrH4aH xatiaryc OMO
pnxe (nncoxo-eperenacra spounsa);

lI-BapHjeTeT nana - norrynaryrsun, MaKCHMaJIHe BHCHHe,uo 1,8 m.

AHaJIM3a y COJIHMa paCTBOpJbHBHX nporenna, ceaeua 12 reHOTHrrOBa osropaxe, H3
4eTHpH JIHHHje nonycponaaxa: 1lJ,2,1lJ,4, II>1 H lAl, ofianrsena je pasnnajan.ea - eJIeKT
porpopeaov na rrOJIHaKpHJIaMH,uHoM reny MeTo,uOM Leaill m 1i (1970) (K ar p A., K r e
sovich S., Bhat K.V., Ayad W.G., Hodgkin T., 1997).

~06HjeHH enexrpotpoperpawa, KOjH cy otipahemr KOMrrjyTepcKHM nporpaaov
.Anylist" (CJIHKa 1) rrOCJIy)KHJIH cy xao OCHOBa sa aspaaynaaan,e xoediauajeirra CJIH4HO
CTH, rro <pOpMyJIH She en -a (1972) (M JIan eHOBHn -~p a HHn c., 1995) KaKO YHYTap
caMHX JIHHHja, TaKO H H3Mel)y IhHX. Tenercxa 6JIHCKOCT, O,uHOCHO ynarsenocr; H3Mel)y
aHaJIH3HpaHor MaTepHjaJIa yraphena je npHMeHoM KJIaCTep aHaJIH3e.

3. PE3YJITATIf CA ,lI,HCKYClfJOM

Ha OCHOBy ,u06HjeHHx enexrporpoperpaaa, a y UHJbY yrsphnsarsa reHeTH4Ke 6JIH
CKOCTH O,uHOCHO y)].aJbeHOCTH aHaJIH3HpaHHX HH,uHBH,uya, rj, JIHHHja, yrsphen je Koe<pH
UHjeHT CJIH4HOCTH ynopehnsan.ea 6poja H pacnopezta npOTeHHCKHX <ppaKUHja - TpaKa.
BapHja6HJIHOCT xeoduruajenra CJIH4HOCTH na HH,uHBH,uyaJIHOM, O,uHOCHO JIHHHjCKOM, HH
BOY npnxasan je y Ta6eJIaMa 1 H 2.

A06HjeHH nenana aa HH,uHBU,uyaJIHOM HHBOy noxasyjy BpJIO BapHja6HJIHe spen
HOCTH mrnexca CJIH4HOCTH KOjH ce xpehe y ,uHjarra30Hy on 34,28% (H3Meljy HH,uuBH.uye
IlJ,4-I> H lEI-A))].o 91,66% (H3Mel)y HH,uHBH,uye IlJ,4-I> H IlJ,4-lJ,).

I1H,ueKc CJIH4HOCTH na HHBOy JIHHHja noxasyje najaehy ynyrapnnnajcxy CJIH4HO
CT KO,u JIHHHja 1~1 H 1lJ,4, KO,u KOjHX HH,ueKC CJIH4HOCTH H3HOCH 85%, O,uHOCHO 80,83%,
,uOK je HH,ueKC CJIH4HOCTH ynyrap JIHHHja 1I>1 H 1lJ,4HeIIITO MalhHH H3HOCH 64,26%, on
HOCHO 61,76%. ~06HjeHH noztaunMel)yJIHHHjcKor mrnesca CJIH4HOCTU HMajy apennocrn
onor napaaerpa y pacnony on 44,51-67,24%. Hajaehn HH,ueKC CJIH4HOCTH 3a6eJIe)KeH je
H3Mel)y JIHHHja 1lJ,2 H 1lJ,4 H H3HOCH 67,24%, IIITO ce Momo 04eKHBaTH C063HpOM na ce
paznr 0 JIHHHjaMa xoje npnnanajy HCTOM aapnjerery .Ll", Hajaau.a HH,ueKC CJIHYIHOCTH
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Tafiena 1. I1ImeKc CJIHtIHOCTH H3Mel)y HH)l.HBH)l.ya ynyrap aHaJIH3HpaHHX JIHHHja
Table 1. Index of similarity between individuals intra half-sib lines

-< ~ ::r -< ~ ::r -< ~ ::r -e ~ ~I I I I I I I I I I I
N e e :; -.:t -.:t - - - - - -::r ::r ::r ~ ~ ~ ~ ~ ~- - - - - - - - - - - -

1IJ;2-A 54,28 69,23 73,33 67,75 73,33 41,67 45,94 42,00 61,11 54,29 57,15
1IJ;2-1i 45,45 44,12 42,86 45,46 53,13 51,52 53,13 52,78 47,36 51,42
1IJ;2-IJ; 95,83 75,00 87,50 4063 39,39 51,52 57,57 48,57 53,13
1IJ;4-A 70,00 91,66 43,75 37,14 52,94 54,54 53,33 54,54
1IJ;4-1i 85,18 34,28 40,45 50,00 58,80 52,94 50,00
1IJ;4-IJ; 46,15 42,85 52,94 55,88 51,52 54,55
11i1-A 81,48 47,05 44,44 40,00 42,86
11i1-1i 52,94 52,77 48,57 51,52
11i1-IJ; 83,87 80,00 83,33
l,[(l-A 83,33 86,66
1,[(1-1i 85,42
1,LJ;1-I.J,

Tafiena 2. I1ImeKc CmltIHOCm H3Mel)y JIHImja aatienexenje KO.n:JIHHHje IIJA H lEI, on-
nOJIycpO)l.HHKa HOCHO JIHHHje 1"Q2 H lEI, H H3HOCH

Table 2. Index of similarity among half-sib lines
44,51 %, O.n:HOCHO 46,55%, UITO ce MO)l(e

10;2 1IJ;4 llil 1,[(1 o6jacHHTH reHeTCKHM pa3JIHKaMa OBHX
1IJ;2 61,76 67,24 46,54 53,71 JIHHHja, O.n:HOCHO reHOTHnOBa MaTepHH-
1IJ;4 80,83 44,51 54,01

CKHX crafiana o.n: KOjHXOHe norasy HH-
IIi1 64,26 58,61
1,[(1 85,00 nexc CJIHtIHOCTH on 54,01%, rj. 53,71%

H3Meijy JIHHHja lQ4 H

1)].1, O.n:HOCHO lQ2 H

1)].1, KOjHce MO)l(eCMa

TpaTH3HaqajHHM,TYMa

qH ce na cnenehn aa

qlIH: 1) CJIHqHOM rene

THqKOM KOHCTHTYlJ,HjOM

JIHHHja sapnjerera "Q"
H ,,)]."; 2) npocropaasr
pacnopenou OBHX JIH

nnja - jenaa nope.n:npy
re, na je seposarnoha
lliHXOBor cnOHTaHor

onpauraaarsa seha on
npocexa na HHBOy ue
JIe nnauraxe.

182

1lJ,2-A ;
1lJ,2-lJ,

, ;

! ! ! f1lJ,4-A I
,

; ! ;,
!nts-u I

1

I 1

1l.(4-I> I f--

1I>1-lJ,
l.lll-A I
rzn-s JJ-l

'--

izn-u
1l.(2-I>
II>I-I> ! !i
II>I-A

,
1

1
,

i,
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

rpa«lmKOH 1. )J.eH)l.pOrpaM KJIaCTep aHaJIH3e ypahen aa OCHOBy npo
TCHHCKHX MapKcpa, na HHBOy 12 HImHBH)l.ya pa3JIHtIH
THX JIHImjanOJIycpO)l.HHKa

Figure 1. Cluster analysis dendrogram based on protein markers at
the level of 12 individuals of different half-sib lines



nOJIHMopl{>H3aM npOTeHHCKHX MapKepa KO,n half-sib JIHHHja oMopHKe

Y WiJbY yrephanarsa reaerasxe 6JUlCKOCTR O,lJ,HOCHO y,lJ,aJbeHOCTR R3MeijyJIRHRja
nOJIycpO,lJ,HRKa na OCHOBy ananase nporenacxax MapKepa, ypahena je KJIaCTep ananasa
(rpaqiaxon 1). Ha OCHOBy nennporpaua KJIaCTep ananase, MO)Ke ce KOHCTaTOBaTR na ce
ananaaapane JIRHRje nonycponnaxa rpyrnnuy y 3 xouoreae rpyne. TIpBy l.JRHe RH,lJ,RBR
nye JIRHRje lEI, npyry RH,lJ,RBR,lJ,ye JIRHRje l)J.l, nox je rpeha xoxoreaa rpyna najneha R
l.JRHe je RH,lJ,RBR,lJ,ye JIRHRje 1~2 R 1~4. OBaKo rpynacane RH,lJ,RBR,lJ,ye RCTe JIRHRje nOJIy
Cp0,lJ,HRKa y RCTe xovorene ueJIRHe norsphyjy ncnpaanocr rrpaaene npOTeRHcKRx Map
xepa aa noysnanaje ynoanasaa,e reneraxe ,lJ,RCTaHue, O,lJ,HOCHO 6JIRCKOCTR, R3Meljyana
JIR3HpaHor MaTepRjana.

4. 3AKJbyqAK

Pe3YJITaTR 06aBJbeHRX ncrpaacaaatsa noxasyjy peJIaTRBHO BRCOKe Bpe,lJ,HOCTR
xoerpauajeara CJIRl.JHOCTR YHYTap caMRX JIRHRja, ,lJ,OK cy Bpe,lJ,HOCTR KoeqmURjeHTa CJIHl.J
HOCTR R3Meijy aHanR3RpaHRX JIRHRja 3HaTHO Malhe,a crenen nacnepsaje seha. Hajsehy
CJIRl.JHOCTR na OCHOBy npOTeRHCKRX MapKepa noxasyjy JIRHHje var. semidihotomy R
nana, ,lJ,OK JIRHRje var. serbica noxasyjy 3HaTHO MalheKoeqmURjeHTe CJIRl.JHOCTR ca JIRHR
jaaa var. semidihotomy R var. nana. )J.06RjeHR pe3yJITaTR noxasyjy na je cnonrana ljJeHo
TRnCKa BapRja6l1JIHOCT Meijy aHanR3RpaHRM aapnjereraxa OMopRKe reHeTRl.JKR nerep
MRHRcaHa, nrro rrornphyjy pe3yJITaTR KJIaCTep aaanase KOjR nare reHOTRrrOBe rpynmny
no XOMoreHHM rpynasta, a xoje RCTOBpeMeHO npencraarsajy JIRHRje nOJIycpO,lJ,HRKa.

EBH,lJ,eHTRpaHR MalhR Koe<l>RURjeHT CJIHl.JHOCTR sapajerera serbica, ca ,lJ,pyrn:M
aHanR3RpRHRM sapajerernaa, BepOBaTHO je nOCJIe,lJ,Rua yzce renercxe rrpOMeHJbRBOCTR
osor sapajerera, Tj. n.erose Bene 6JIRCKOCTR npenasxaa ljJopMaMa, ,lJ,OK cy npyra nsa sa
pajerera Kp03 cneunjauajy BpCTe HaCTanR xacnnje.
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POLYMORPHISM OF PROTEIN MARKERS IN SERBIAN SPRUCE HALF-SIB LINES
Summary

The analysis of protein markers was applied in the determination of the degree of genetic
polymorphism of half-sib lines of Serbian spruce varieties: var. semidihotomy, var. serbica and
var. nana, incorporated in the seedling seed orchard.

The analysis in the salts of soluble proteins of endosperms of 12 Serbian spruce genotypes
was performed by separation - electrophoresis on the polyacrylamide gel using Lea m m 1i (1970)
method.

The obtained electrophoregrams were the base for the calculation of the coefficient of sim
ilarity, by She en (1972) formula, both between individuals within the lines and between the lines.
The genetic distance of the analysed material was assessed by cluster analysis.

The results of the research show relatively high values of the coefficient of similarity with
in the lines, while the values of the coefficients of similarity between the analysed lines are signif
icantly lower and the degree of dispersion is higher. Based on protein markers, the greatest simi
larity is observed for the lines var. semidihotomy and nana, while the lines var. serbica have con
siderably lower coefficients of similarity with the lines var. semidihotomy and var. nana.

The study results show that the spontaneous phenotypic variability between the analysed
varieties of Serbian spruce is genetically determined.
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