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HODNOCENI MEXICKYCH ODRUD PSENIC JARNICH
Z HLEDISKA JAKOSTI ZRNA, JEHO VYNOSU A VYSKY ROSTLIN

Evzenie KOSTKANOVA, Zdenék STEHNO, Martin MANEV

Vyzkumny iustav rostlinné vyroby, 161 06 Praha 6-Ruzyné

Mexické odridy a novoSlechténi pSenice jarni (55 odriid) a jedna esko-
slovensk4 kontrolni odrfida Sandra byly sledovdny v letech 1990 a 1991
v pokusu v fepafské vyrobni oblasti se subtypem fepafsko-pSeni¢nym.
V pfispévku jsou uvedeny vysledky obsahu hrubych bilkovin v susiné zrna,
mikrosedimentaéni hodnoty $rotu (SDS-test), mokrého lepku v mouce, jeho
bobtnavosti a taZnosti, pekafské hodnoty doplnéné o vynosy zrna, hmotnost
1000 zrn a vy3ku rostlin, ziskané podle obvyklych metod a postupfl.
V hodnotéch viech zji§fovanych charakteristik se projevil vliv roénikd.
Nejmens{ variabilita v souboru byla zji§t€éna u obsahu hrubych bilkovin
a nejveétsi u bobtnavosti a taZnosti mokrého lepku. NejvysSich priimérnych
hodnot za oba roky dosihly u hrubgch bilkovin odrfida Calidad 18,7 g ve
100 g sus. zrna, u mikrosedimentaéni hodnoty Srotu rovnéZ odrfida Calidad
8,7 ml, u obsahu mokrého lepku v mouce odriida Thornbird ,,S*“ 45,0 g ve
100 g, u bobtnavosti mokrého lepku odrida Chiroca ,,S*“ 16,0 ml, u pekafské
hodnoty n3l. K (ML)7406(BITHOOR)//Maya ,,S“ 76,5 bodfi, nejtaznéjsi byl
lepek u nsl. TSI/VEE 5 ,S“ 21 cm, vynos suliny zrna u &eskoslovenské
odrfidy Sandra 6,5 t/ha, hmotnost 1000 zrn u n$l. JUP/BJY ,S“/PRL ,S“
50,2 g a u vysky rostlin odréida Ani ,,S“ 111,0 cm. Kromé v§nosu zrna se
nase odriida Sandra v souboru svymi hodnotami projevila jako priimérn4.

pSenice jarni; zrno; jakost nutri¢ni a technologick4; hrubé bilkoviny; mikro-
SDS-test; mokry lepek; pekafskd hodnota; vynos zrna; hmotnost 1000 zrn;
vyska rostlin

Ve Vyzkumném dstavu rostlinné vyroby v oddéleni genové banky se hodnoti
vybrané soubory odrid a novoslechténi naSeho a svétového sortimentu pSenic pro
zjisténi jejich vlastnosti a piipadné nésledné vyuZiti ve Slechtitelskych programech.

Odriidy pSenice vyslechténé v Mezindrodnim centru pro $lechténi kukufice
a pSenice (CIMMYT) v Mexiku tvofi velice v§znamnou skupinu genetickych
zdroji této plodiny. Byly vyslechtény ne pro konkrétni klimatické podminky té
které zemé, ale naopak s cilem jejich vyuzZiti v co nejSirSim spektru klimatickych
podminek riznych zemé&pisnych oblasti. Splnéni tohoto cile umoZznilo pfedevsim
cilevédomé vnaseni gendl necitlivosti k fotoperiodé do nové vytvafenych geno-
typd, do kterych byly dile zabudoviny geny podmitiujici odolnosti ke stresdm
(biotickym a abiotick§m) a dal$i cenné hospodafské vlastnosti.
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Mexické odridy psenice jarni jsme proto vyclenili do zvlaStniho souboru
a jako &eskoslovenskou kontrolni odridu jsme zvolili odridu Sandra, k jejimuZ
vyslechténi byly mexické pSenice vyuZity, a kterd svym typem témto odriddm velice
dobfe odpovida.

V pfedklddaném piispévku hodnotime tento soubor po strdnce nutri¢ni
a technologické jakosti zrna dopIn&né o jeho vynos, hmotnost 1000 zrn a vy3ku
rostlin. Navazujeme na nase piedchézejici price zabyvajici se metodami stanoveni{
ukazateld kvality zma (Kostkanovd et al, 1989), pfimym hodnocenim
riznych vybranych soubori jarnich pSenic (Kostkanov4, Stehno, 1989;
Kostkanovié etal, 1992) a hodnocen{ odrid pro vydéani jejich katalogu
Skor pik etal, 1991).

MATERIAL a METODY

Pokus s 55 mexickymi odriidami a novoslechténimi pSenice jarni a s jednou
Ceskoslovenskou kontrolni odridou Sandra byl zaloZen na pokusnych polich
VURYV v Praze-Ruzyni v letech 1990 a 1991. Jedn4 se o vyrobnf oblast fepaiskou
se subtypem reparsko-pSeni¢nym. Pida je hlinito-jilovitd a klima mirn&€ teplé
a mirné& vlhké. Zikladni meteorologické daje jsou uvedeny v tab. I. Agrotechni-
ka byla obvykl4d pro danou plodinu v zkou$ené oblasti a pro viechny odridy
a novoSlechténi jednotni. Predplodinami byly v obou letech luskovino-obilné
smésky. Predsetové bylo hnojeno N - 65, P - 48, K - 90 kg ¢&. Z. /ha a produkéné N -
20 kg &. Z./ha. Byly aplikovény herbicidy Glean 75 DF (10 g/ha) a Syncuran
(1 kg/ha). Vysevy byly uskute¢nény 14. 3. 1990 a 19.-25. 3. 1991 a sklizné

I. Z4kladni meteorologické tdaje v pokusnych letech 1990 a 1991 (leden aZ srpen) — Basic
meteorological data in the experimental years 1990 and 1991 (January to August)

Rok' | Masic® | 1. 2. 3. 4. 5. 6. 7. 8. |L-8
oo Em‘;f 92| 143 | 143 | 413 | 382 | 506 | 26| 582 | 2287

5“2{"6’)“’4 05| 39| 58| 55| 137|156 | 169 193 | 102
. 2(;'1‘;1;? 20| 149 | 168 | 473 | 550 | 816 | 526 | 29,8 | 3000

E‘g’é‘)’“ 15 43| 57| 74| 91| 157 | 212 205 | .96
" z (ﬁ:‘)‘!’ 200 | 180 | 240 | 400 | 530| 61,0 | 69,0 | 780 | 3630
ks 3‘(?C“)’“ -1,0 of| 39| 85| 140 17,0 | 189 | 17.8 9,9

lyear; Zmonth; 3precipu'tations; *temperature; S50-ye¢u' average
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progedeny 3.-4. 8.1990 a 17.-19. 8. 1991. Rozméry skliziiovych parcelek byly
4m".

Pouzité metody:

— obsah hrubych bilkovin dle Kjeldahla na pifstrojové lince Kjeltec Auto System
II. $védské firmy Tecator, prepocitdvaci faktor pro hrubé bilkoviny 5,7; vysledky
uvedeny v su$in€ zrna;

— mikrosedimentaéni hodnota Srotu (mikro-SDS-test) za pouZiti dodecylsulfétu
sodného (H ¥ Z a, 1986);

— obsah mokrého lepku v mouce za pouZiti Glutomatic Systemu firmy Falling
Number ze Svédska (ICC norma &. 137);

— bobtnavost lepku podle Berlinera v Horelové tipravé (H o r e 1, 1956);
— pekar'sk4 hodnota podle Prugara (Prugar, 1959;Prugar etal., 1959);
— taZnost mokrého lepku za pomoci pravitka;

— vynos zrna, hmotnost 1000 zrn a vyska rostlin zji§fovéany podle obvyklych postu-
pi. Vynos zrna je uveden v susiné (pro moZny propocet vynosi hrubych bilkovin
z jednotky plochy).

VYSLEDKY a DISKUSE

Vysledky zjist€né u sledovaného souboru jsou uvedeny v tab. II (ukazatelé
nutri¢ni a pekarské technologické jakosti) a v tab. III (v§nos zrna, hmotnost 1000
zm a vyika rostlin) se z4kladnim statistickym hodnocenim podle Skorpika
(S k o rp ik, 1965). Pro rozs4hlost materi4lu neni mo¥no se vyjadiovat ke viem
odrid4dm a novoslechténim a budeme se zmitiovat pouze o n&kterych.

Na celkovych prim&mych hodnotéch jednotlivych let se projevil vliv ro¢ni-
ki. Tento fakt 1ze zdivodnit podminkami p&stovéni, které b&hem vegetaéniho
obdobf rostliny mély. V roce 1990 po mirné zimé& bylo moZno provést rany vysev.
Porosty dobre vzesly, odnoZily a chladné&j$i podasi v kvétnu a fervnu zajistilo
jejich dobry rist a vyvoj. Chladnéji bylo i v ervenci, a tim bylo dozrdvéni zrna
pozvolnéj$i. Vynosy suliny zrna i vysky rostlin byly v tomto roce vys3i, ale
ukazatele kvality zrmma dosahovaly prevdZné niZ3ich hodnot (zfedovaci efekt).
Zreteln&ji vySsi byly pouze vysledky bobtnavosti mokrého lepku, kterd je vsak
hlavné odridovou vlastnosti, méné ovlivnitelnou podminkami prostredi. Rok 1991
se lisil od predchézejiciho hlavné vy3$$imi teplotami v mé&sici ¢ervenci. Vlivem
té&chto teplot, ve srovnini s predchédzejicim rokem, se urychlilo dozrdvéni, a to
mélo nejpravdépodobnéji za nésledek sniZenf vynosid suSiny zma, vySek rostlin
a zvydeni vétSiny hodnot ukazateld jeho jakosti. Hmotnost 1000 zm vSak byla
v priméru vys3i (to znamend, vzhledem k v§nosim, nasazeni niZ$tho poltu zrna,
které dosdhlo vétSich velikosti). Uvedené o ovlivnénych hodnotich ro¢nikem
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II. Nutriénf a technologick4 jakost zrna odriid a novoslechténi pfenic jarnich plivodem
technological quality of grain of spring wheats native to Mexico and of the control Czecho-

e Hrubébﬂk(mn‘y Mikroscdimemasc':ni
& 1 2 ol v su$iné zra hodnota rotu
g;\lrs Odriida /novoSlechténi Piv (g ve 100 g) (ml)
1990 | 1991 x 1990 | 1991 x

1.|Ani ,S* MEX | 16,7 | 16,5 | 166 | 84 7.4 79
2.|Antbird ,,S* MEX | 152 | 176 | 164 | 6,0 6,9 6,5
3.|Baya,,S* MEX | 152 | 185 | 169 | 79 7,4 N
4.|Bluejay MEX | 14,1 | 17,6 | 159 | 7,7 7,1 7.4
5.|Bluetit ,,S* MEX | 13,8 [ 145 | 142 | 6,5 55 6,0
6.|Bobito ,,S* MEX | 14,1 | 151 | 146 | 6,6 70 | 68
7.|Bobolink MEX | 144 | 164 | 154 | 7.2 72 72
8.|Bollilo,,S* MEX | 136 | 151 | 144 | 6,2 6,2 6,2
9.|Bolsena ,,S* MEX | 143 | 171 | 157 | 7.5 72 7.4
10.|BOW/YD ,S“/ZZ ,S* MEX | 152 | 18,2 | 16,7 | 8.2 7.4 7.8
11.|Calidad MEX | 164 | 209 | 18,7 | 89 8.4 8,7
12.|Ciano T 79 MEX | 136 | 140 | 138 | 65 59 6,2
13.|CNO 79/PRL ,,S* MEX | 149 | 179 | 164 | 7,7 6,6 72
14.|Complex MEX | 142 | 162 | 152 | 69 7.4 7.2
15.|Crow ,,S* MEX | 140 | 158 | 149 | 74 6,3 6,9
16.|Dove ,,S*/BUC,,S“ (1) MEX | 166 | 192 | 179 | 7.2 70 | 71
17.|Dove ,S*“/BUC,,S“ (2) MEX | 156 | 189 | 173 | 7.8 T2 75
18. |Flycatcher MEX | 133 | 164 | 149 | 88 17 83
19.|Gavilan MEX | 134 | 154 | 144 | 73 7,1 72
20.|Gim,,S* MEX | 133 | 151 | 142 | 5.1 53 52
21.|Guasave F 81 MEX | 138 | 149 | 144 | 6,0 53 57
22. |Hoopoe MEX | 154 | 152 | 153 | 57 4,6 52
23. |Huasteco M 81 MEX | 143 | 149 | 146 | 7.7 6,7 72
24.|Chapingo 74 MEX | 13,8 | 163 | 151 | 8,1 6,5 73
25. |Chiroca ,,S* MEX | 129 | 148 | 139 | 7.1 72 7.2
26.|JUP/BJY ,S“/PRL ,S* MEX | 158 | 180 | 169 | 7.5 6,9 72
27.|Kauz, S"“ (34) MEX | 12,8 | 16,6 | 14,7 | 49 5.5 52
28.|Kauz,,S*“ (54) MEX | 13,1 | 16,7 | 149 | 52 52 52
29.(Kea MEX | 14,1 | 157 | 149 | 57 54 56
30.|K(ML)7406(BITHOORY/Maya ,S*“ | MEX | 158 | 194 | 17,6 | 80 73 7,7
31.|K134(60¥4/TOB/BMAN/BB3/CAL| MEX | 152 | 17,1 | 162 | 7.4 6,6 70
32.|Lira MEX | 143 | 176 | 160 | 6,0 52 56
33.|Lira,,S* MEX | 13,7 | 16,6 | 152 | 54 55 55
34.|Mor,,S* MEX | 13,5 | 150 | 143 | 68 73 7,1
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z Mexika a kontrolni &eskoslovenské odriidy Sandra v letech 1990 a 1991 — Nutritive and
slovak variety Sandra in 1990 and 1991

6 Bobtnavost 8 TaZnost
Mokry lepellc (;,0 m;mce mokrého lepku7 Pekai’sztﬁlo;lnota ekiihe leplcug
(gve g (ml) y (cm)

1990 | 1991 x 1990 | 1991 x 1990 | 1991 x 1990 | 1991 x
37,0 | 40,0 | 38,5 2 3 3,0 | 42,5 | 49,0 | 45,8 14 20 | 17,0
29,0 | 39,0 | 34,0 11 11 | 11,0 | 64,0 | 75,1 | 69,6 7 71 170
32,0 | 42,0 | 37,0 11 7 9,0 | 68,0 | 650 | 66,5 6 9 8,0
32,0 | 42,0 | 37,0 4 4 4,0 | 440 | 547 | 494 13 8| 11,0
31,0 | 40,0 | 35,5 6 40 [ 50,0 | 41,0 | 45,5 12 18 | 15,0

oy

29,0 | 33,0 | 31,0 11 10 | 11,0 | 64,0 | 67,0 | 65,5 8 8 8,0
31,0 | 38,0 | 345 11 8 | 10,0 | 68,0 | 66,5 | 67,3 8 10 90
24,0 | 33,0 | 28,5 11 8 [ 10,0 | 52,0 | 61,0 | 56,5 7 9 8,0
25,0 | 35,0 | 30,0 12 12 | 12,0 | 56,0 | 73,5 | 64,8 8 91| 90
28,0 | 40,0 | 34,0 10 7 90 | 59,5 | 63,8 | 61,7 8 12 | 10,0
340 | 49,0 | 41,5 10 11 | 11,0 | 69,0 | 81,1 | 75,1 7 7 7,0
29,5 | 31,5 | 30,5 5 7 6,0 | 41,5 | 593 | 50,4 9 9 9.0
29,0 | 450 | 37,0 5 1 30| 41,5 | 43,9 | 42,7 13 22 | 18,0
31,0 | 38,0 | 34,5 9 6 8,0 | 61,0 [ 59,5 | 60,3 13 91 11,0.
31,0 | 38,0 | 345 4 5 50| 42,0 | 56,5 | 49,3 9 16 | 13,0
38,0 | 48,0 | 43,0 8 6 70 | 66,8 | 653 | 66,1 15 8| 12,0
340 | 49,0 | 41,5 9 4 70| 66,0 | 58,6 | 62,3 11 20 | 16,0
26,0 | 37,0 | 31,5 13 10 | 12,0 | 58,0 | 71,5 | 64,8 5 9 7.0
25,0 | 36,0 | 30,5 14 10 | 12,0 [ 60,0 | 70,5 | 65,3 5 8 7,0
30,0 [ 39,0 | 345 4 8 6,0 | 405 | 67,1 | 53,8 10 14 | 12,0
29,0 | 33,0 | 31,0 7 9 80 | 50,5 | 640 | 57,3 15 8 | 12,0

38,0 | 39,0 | 385 4 4 40| 52,0 | 525 | 52,3 14 26 | 20,0
31,0 | 37,0 | 34,0 11 11 | 11,0 | 66,0 | 73,5 | 69,8 8 7 8,0
250 | 34,0 | 29,5 14 8| 11,0 | 60,0 | 62,5 | 61,3 6 8 70
24,0 | 350 | 29,5 15 16 | 16,0 | 60,0 | 82,0 | 71,0 9 6 8,0
38,0 | 47,0 | 42,5 6 3 50| 59,5 | 53,1 | 56,3 11 11 | 11,0
30,0 | 44,0 | 37,0 5 5 50| 445 | 622 | 534 13 18 | 16,0
30,0 | 43,0 | 36,5 4 4 40 | 40,5 | 553 | 47,9 13 91 11,0
32,0 | 38,0 | 350 8 5 7,0 | 60,0 | 565 | 58,3 14 18 | 16,0
34,0 | 47,0 | 405 13 10 | 120 [ 75,0 | 77,9 | 76,5 8 9 9,0
34,0 | 46,0 | 40,0 7 2 50 | 58,0 | 48,5 | 53,3 13 14 | 14,0
32,0 | 42,0 | 37,0 5 4 50| 48,0 | 54,7 | 51,4 12 17 | 15,0
30,0 | 40,0 | 35,0 10 7 9.0 | 64,0 | 63,8 | 63,9 12 16 | 14,0
23,0 | 33,0 | 28,0 18 11 | 150 | 61,0 | 69,0 | 65,0 5 7 6,0
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Pokragovini tabulky Il - Table II continue

Hrubé bﬂkovm4y Mikrosedimenta¢ni

Pofa- ol 2 . 3 v susiné zma hodnota Srotu

g:'z Odruda’ /novoslechténi Pivod (gve 100 g) (ml)
1990 | 1991 x 1990 | 1991 x

35. (Myna ,S*/VUL ,S* MEX | 133 | 143 | 138 | 7,1 7,6 7,4
36. INAC/TRM MEX | 133 | 14,7 | 140 | 6,6 5,9 6,3
37. |Neelkant MEX | 152 | 16,6 | 159 | 7,5 73 7,4
38. |Pajonal MEX | 13,7 | 159 | 148 | 6,7 6,3 6,5
39. |Parula ,,S* MEX | 144 | 150 | 147 | 6,2 4,5 54
40. |PEA ,S“ MEX | 158 | 193 | 17,5 | 5,7 52 | 55
41. |PF 70354/ALD ,S“/MES , S MEX | 142 | 20,5 | 174 | 6,8 6,1 6,5
42. |PF 7619/Dove ,S*“/CEP 7670 MEX | 143 | 17,0 | 15,7 | 8,1 6,7 7,4
43. |Pheasant , S* MEX | 142 | 16,9 | 156 | 54 59 5.7
44, |Pima/Saka//AN ,S* MEX | 142 | 16,5 | 154 | 6,8 59 6,4
45. |R37/GHL 121//KAL/BB/3/KLT,S*| MEX | 14,7 | 17,5 | 16,1 | 8,2 7,2 7.7
46. |Sarhad 83 MEX | 144 | 152 | 148 | 6,5 58 6,2
47. [Spinetail MEX | 151 | 17,2 | 16,2 | 5.2 53 53
48. |SW 55 MEX | 146 | 170 | 158 | 6,6 6,0 6,3
49. | Thornbird ,,S* MEX | 174 | 174 | 174 | 6,6 6,1 6,4
50. | Tonichi ,S* 81 MEX | 132 | 149 | 141 | 6,9 6,5 | 67
51. [TSI/VEE 5 , .S MEX | 13,7 | 153 | 145 | 53 4,7 50
52. |Tyrant ,S* MEX | 158 | 18,7 | 173 73 7,2 73
53. |VEE 5,S“/TRAP 1 MEX | 13,7 | 16,2 | 150 | 7.8 7,5 1.7
54. |VEE ,,S*/BOW , S“ MEX | 145 | 174 | 16,0 | 58 53 5,6
55. |Victoria M 81 MEX | 139 | 155 | 14,7 | 8,9 6,8 7,9
56. |Sandra CSK | 144 | 145 | 145 | 73 6,4 | 6,9
X 144 | 16,6 | 155 | 6,9 6,4 | 6,7
S 1,0 1,6 1,2 1,0 0,9 0,9
= 134- | 15,0- | 14,3- | 59- | 5,5- | 58-
XS 154 182|167 79 | 73 | 76
v 6,9 9,6 7,7 | 145 | 141 | 134

Ivariety; 2advanced line; 3origin; “crude protein in grain dry matter; Smeal microsedimentation

value; ®wet gluten in flour; 'wet gluten swelling; *baking quali (scores); Swet gluten extensibility
g g g g quality
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Mokry lepek Bobtnavost 8 Taznost
v mouce® mokrého leplcu7 Pekai‘s(:il;o;inota mokrého lepku9
(gve 100g) (ml) i (cm)

1990 | 1991 x 1990 | 1991 x 1990 | 1991 x 1990 | 1991 x
26,0 | 38,0 | 32,0 14 11,0 | 62,0 | 66,5 | 64,3 6 7 7,0
31,0 | 38,0 | 34,5 5 40 | 46,0 | 43,0 | 445 14 14 | 14,0
35,0 | 40,0 | 37,5 8,0 | 67,0 | 60,8 | 63,9 8 12 | 10,0
28,0 | 43,0 | 35,5 13 11,0 | 65,5 | 72,5 | 69,0 6 10 8,0
34,0 | 38,0 | 36,0 4,0 | 53,0 | 47,0 | 50,0 14 17 | 16,0
36,0 | 47,0 | 41,5 7,0 | 645 | 62,0 | 633 9 14 | 12,0
36,0 | 50,0 | 43,0 6,0 | 60,5 [ 59,2 | 59,9 10 20 | 150
31,0 | 43,0 | 37,0 6,0 | 53,0 [ 553 | 54,2 16 15 | 16,0
31,0 | 39,0 | 35,0 8,0 | 61,0 [ 63,5 | 62,3 9 16 | 13,0
32,0 | 43,0 | 37,5 50 | 51,0 [ 553 | 53,2 12 12 | 12,0
30,0 | 33,0 | 31,5 15 10 | 13,0 | 74,0 | 67,0 | 70,5 10 8 9,0
29,0 | 34,0 | 31,5 10 8 9,0 | 62,0 | 62,5 | 62,3 10 14 | 12,0
37,0 | 43,0 | 40,0 2 1 2,0 | 42,5 | 42,7 | 426 15 16 | 16,0
29,0 | 41,0 | 35,0 14 9| 120 | 70,0 | 71,3 | 70,7 7 11 9,0
440 | 46,0 | 45,0 3 4 4,0 | 51,6 | 56,8 | 54,2 19 14 | 16,0

9

2

S

[= N = IR BECN I SRV )
R I R T T LY N - I e R S e ]

26,0 | 32,0 | 29,0 10 10,0 | 45,0 | 62,0 | 53,5 9 9 9,0
32,0 | 44,0 | 38,0 4 30| 43,0 | 47,3 | 452 15 26 | 21,0
37,0 | 48,0 | 42,5 6 6,0 | 58,5 | 62,6 | 60,6 13 17 | 150
23,0 | 33,0 | 28,0 15 14 | 150 | 57,0 | 76,5 | 66,8 6 7 7,0
32,0 | 46,0 | 39,0 8 4 6,0 | 59,0 | 56,8 | 57,9 12 12 | 12,0
27,0 | 350 | 31,0 11 10 | 11,0 | 58,5 | 72,5 | 65,5 10 20 | 15,0
313 | 31,5 | 314 11 8 | 10,0 | 66,5 | 555 | 61,0 9 10 | 10,0
309 | 39,9 | 354 | 8,7 6,7 80 | 56,9 | 61,5 | 59,2 | 10,4 | 12,6 | 11,6

43 52| 43 39 | 34 35 9,4 9,7 8,5 33 5,0 3,6
26,6- | 34,7- | 31,1- | 48- | 3,3- | 4,5- | 47,5-| 51,8- | 50,7- | 7,1- | 7,6- | 8,0-
352 | 451 | 39,7 | 12,6 | 10,1 | 11,5 | 66,3 | 71,2 | 67,7 | 13,7 | 17,6 | 152
139 | 13,0 | 12,3 | 448 | 50,7 | 43,8 | 16,5 | 158 | 14,5 | 31,7 | 39,7 | 31,0

x = viZen§ primér - weighed mean; S = smérodatné odchylka — standard deviation; x = S = mezni
hodnoty - limit values; V = koeficient variability — coefficient of variability
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nebylo v3ak vZdy u viech odrid a n3l. pravidlem, ale znaéné pievaZovalo, o SemZ
svédCi i dosaZzené mezni hodnoty.

U obsahu hrubych bilkovin bylo rozmezi hodnot od 12,8 g ve 100 g v roce
1990 u odridy Kauz ,,S* (34) do 20,9 g ve 100 g u odridy Calidad v roce 1991.
Mikrosedimenta¢ni hodnoty se pohybovaly v rozpéti od 4,5 ml u odridy Paru-
12,8 v roce 1991 k nejvy$$imu zji$ténému sedimentu 8,9 ml u odridy Victoria M
81 v roce 1990. Mokry lepek byl stanoven v rozmezi od 23,0 g ve 100 g u odridy
Mor ,,S*“a VEE 5 ,,S“/TRAP 1 v roce 1990 k obzvlasté vysoké hodnot& 50,0 g ve
100 g u nsl. odridy PF 70354/ALD ,,S“/MES ,,S*“ v roce 1991. Hodnoty bobtna-
vosti lepku se pohybovaly od 1,0 ml u n§l. CNO 79/PRL ,,S* a odridy Spinetail
v roce 1991 do 18,0 ml u odridy Mor ,,S* v roce 1990. Pekafsk4 hodnota méla
celkové rozmezi od 40,5 bodi u odridy Gim ,,S* a Kauz ,,S* (54) v roce 1990
do 82,0 bodiim u odridy Chiroca ,,S* vroce 1991. TaZnost mokrého lepku kolisala
od 5,0 cm u odrid Gavilan, Flycatcher, Mor ,,S* v roce 1990 k 26,0 cm u odrid
Hoopoe a TSI/VEE 5 ,,S* v roce 1991. NejniZ3i vynos suiny zma 2,2 t/ha byl
zjist€n v roce 1991 u odridy Tyrant ,,S* a nejvyssi 6,8 t/ha u kontroln{ ¢eskoslo-
venské odridy Sandra v tomtéZ roce. Rozmezi hmotnosti 1000 zrn se pohybovalo
od 31,6 g v roce 1990 u odridy Guasave F 81 k hodnot& 53,2 g v roce 1991
u odridy Bluetit ,,S“. Vy8ka rostlin byla nejniZ$i u odridy Calidad v roce 1991
63,0 cm a nejvyssi 118,0 cm u odridy Ani ,,S* v roce 1990.

V nésledujicim pfehledu uvddime v sestupném poradi odridy a novo$lechté-
ni, které dosdhly ve zkouSeném souboru u jednotlivych ukazateld jakosti zrna, jeho
vynosu, hmotnosti 1000 zrn a vysky rostlin nadprimémych hodnot ziskanych jako
primér z obou let.

Hrubé bilkoviny (g ve 100 g su$. zrna):

Calidad 18,7; Dove ,S“/BUC,,S*“ (1) 17,9; K(ML) 7406 (BITHOOR)//Maya
»317,6; PEA ,,S“ 17,6; PF 70354/ALD ,,S“/MES ,,S* 17,4; Thornbird ,,S* 17,4;
Tyrant ,,S* 17,3; Dove ,,S“/BUC ,S*“ (2) 17,3; Baya ,S* 16,9; JUP/BJY,,S*/
PRL,,S* 16,9; BOW/YD ,,S“/ZZ ,,S* 16,7 (spodni hranice nadprimémosti 16,7).

Mikrosedimentacni hodnota Srotu (ml):

Calidad 8,7, Flycatcher 8,3; Ani ,,S“ 7,9; Victoria M 81 7,9; BOW/YD ,S“/ZZ
»5¢ 7.8; K (ML) 7406 (BITHOOR)/ Maya ,S“ 7,7, Baya ,S“ 7,7, R 37/GHL
121/ KAL/BB/3/KLT ,S“ 7,7, VEE 5 ,S* /TRAP 1 7,7 (spodni hranice nadpri-
mérnosti 7,6).

Mokry lepek v mouce (g ve 100 g):

Thornbird ,,S* 45,0; Dove ,,S“/BUC ,,S* (1) 43,0; PF 70354/ALD ,,S“/MES
»5“43,0; JUP/BJY ,,S“/PRL,,S*“42,5; Tyrant S5 42,5; Calidad 41,5; Dove,,S*“/BUC
w5 (2) 41,5; PEA ,S* 41,5;K (ML)7406 (BITHOOR)//Maya ,.S* 40,5; K 134
(60)/4/TOB//BMAN//BB/3/CAL 40,0; Spinetail 40,0 (spodni hranice nadprimé&mosti
39.7).
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III. Vynos zrna, hmotnost 1000 zrn a vySka rostlin u odriid a novoSlechténi pSenic jarnich plivodem z Mexika a kontroln{
&eskoslovenské odrfidy Sandra v letech 1990 a 1991 - Grain yield, 1.000 grain weight and plant height in spring wheats native to
Mexico and in the control Czechoslovak variety Sandra in 1990 and 1991

Pota- V¢nos susiny zrna* Hmotnost 1000 zrn® Vy&ka rostlin®

dové Odriida'/novoglechténi® Piivod® (tha™) ® (cm)

&alo 1990 | 1991 | x | 1990 [ 1991 | x [ 1990 [1991] *
1. | Ani,S“ MEX | 42 | 47 | 45 | 381 | 449 | 41,5 | 118 | 103 [111,0
2. | Antbird ,S* MEX | 59 | 47 | 53 | 335 | 353 | 344 75 | 711 | 73,0
3. | Baya,S“ MEX | 55 | 38 | 47 | 420 | 49,9 | 46,0 83 | 83 | 830
4. | Bluejay MEX | 59 | 36 | 48 | 372 | 423 | 39,8 85 | 83 | 84,0
5. | Bluetit,S* MEX | 47 | 38 | 43 | 379 | 532 | 456 80 | 78 | 79,0
6. | Bobito,S* MEX | 53 | 51 | 52 | 371 | 413 | 422 85 | 78 | 820
7. | Bobolink MEX | 59 | 47 | 53 | 381 | 41,1 | 396 | 100 | 81 | 91,0
8. | Bollilo,S* MEX | 55 | 48 | 52 | 363 | 521 | 442 | 100 | 91 | 96,0
9. | Bolsena,S* MEX | 57 | 44 | 51 | 447 | 505 | 47,6 80 | 88 | 84,0
10. | BOW/YD ,S“/ZZ ,S“ MEX | 54 | 39 | 47 | 446 | 482 | 464 93 | 82 | 88,0
11. | Calidad MEX | 49 | 32 | 41 | 375 | 377 | 376 75 | 63 | 69,0
12. | CianoT79 MEX | 47 | 51 | 49 | 366 | 451 | 409 82| 79 | 81,0
13. | CNO 79/PRL,S* MEX | 51 | 34 | 43 | 454 | 47,7 | 46,6 80 | 75 | 78,0
14. | Complex MEX | 51 | 51 | 51 | 352 | 423 | 388 | 100 | 95 | 98,0
15. | Crow,s“ MEX | 55 | 41 | 48 | 363 | 39,1 | 377 83 | 81 | 820
16. | Dove,S“/BUC,S*(1) MEX | 40 | 28 | 34 | 434 | 481 | 458 85 | 82 | 84,0
17. | Dove,S“/BUC,S“(2) MEX | 44 | 35 | 40 | 422 | 471 | 447 83 | 75 | 79,0
18. | Flycatcher MEX | 60 | 45 | 53 | 436 | 49,9 | 468 9 | 82 | 86,0
19. | Gavilan MEX | 53 | 57 | 55 | 402 | 453 | 428 98 | 90 | 94,0
20. | Gim,S“ MEX | 49 | 42 | 46 | 356 | 442 | 39,9 85 | 66 | 76,0
21. | Guasave F 81 MEX | 52 | 44 | 48 | 316 | 320 | 318 80 | 82 | 81,0
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Pofa- V¢nos susiny zrna’ Hmotnost 1000 zrn® Vy3ka rostlin®
dové Odritda' /novoslechténi® Pivod® (tha™) @ (cm)

Shslo 1990 [ 1991 [ x [ 1990 [ 1991 | = [ 1990 [1991] *
22. | Hoopoe MEX 5,6 5,6 5,6 42,4 46,1 443 83 88 86,0
23. | Huasteco M 81 MEX 52 52 52 32,6 38,3 35,5 90 84 87,0
24. | Chapingo 74 MEX 49 48 49 39,0 | 49,1 44,1 83 75 79,0
25. | Chiroca,S* MEX 6,2 51 57 44,5 382 | 414 90 | 94 92,0
26. | JUPBJY ,S“/PRL,S* MEX 5,6 29 43 49,3 51,1 50,2 93 95 94,0
27. | Kauz,S“(34) MEX 6,2 42 5.2 36,1 389 | 37,5 70 | 65 68,0
28. | Kauz,S“(54) MEX 54 4,0 4,7 340 | 39,6 | 36,8 73 66 70,0
29. | Kea MEX 5.1 4,1 4,6 42,6 414 42,0 82 85 84,0
30. | K(ML)7406(BITHOOR)//Maya ,,S* MEX 49 29 39 35,5 44,7 40,1 98 86 92,0
31. | K134(60)/4/TOB/BMAN// //BB/3/CAL MEX 4,7 42 4,5 37,7 | 493 43,5 85 76 81,0
32. | Lira MEX 58 33 4,6 44,1 448 | 445 75 65 70,0
33. | Lira,S* MEX 53 4.5 49 40,3 433 41,8 85 75 80,0
34. | Mor,S* MEX 6,2 4,5 54 39,8 42,7 413 70 64 67,0
35. | Myna,S“/VUL ,S* MEX 6,3 54 59 36,6 38,1 37,4 85 95 90,0
36. | NAC/TRM MEX 50 53 52 342 | 44,1 39,2 85 80 83,0
37. | Neelkant MEX 4,6 41 44 42,0 | 503 46,2 90 | 85 88,0
38. | Pajonal MEX 54 55 55 33,1 45,8 39,5 83 76 80,0
39. | Parula,S*“ MEX 50 6,3 57 38,5 40,7 39,6 83 70 77,0
40. | Pea,S* MEX 42 3,0 3,6 35,0 | 41,7 38,4 75 72 74,0
41. | PF70354/ALD,S“/MES ,S* MEX 44 34 39 41,6 | 46,5 44,1 93 91 92,0
42. | PF7619/Dove,,S“/CEP7670 MEX 5.6 42 49 41,1 44,0 42,6 85 81 83,0
43. | Pheasant,S* MEX 50 44 4,7 40,3 52,9 | 46,6 73 66 70,0
44. | Pima/Saka//AN ,S* MEX 44 4,0 42 44,7 420 | 434 103 97 |100,0
45. | R37/GHL-121//KAL/BB/3/KLT,.S* MEX 55 38 4,7 33,1 40,4 36,8 85 78 82,0
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Pota- V¢nos suliny zrna’ Hmotnost 1000 zrn® Vy3ka rostlin®
dové Odriida'/novoslechténi Piivod® (tha™) ) (cm)
&alo 1990 [ 1991 | x [ 1990 [ 1991 [ x [ 1990 [1901] *
46. | Sarhad 83 MEX a5 59| 52| 31,7 | 326 | 322 9 | 79| 850
47. | Spinetail MEX 53| 33| 43| 463 | 468 | 46,6 83 | 85 | 84,0
48. | Swss MEX 46 | 32| 39| 41,4 | 493 | 454 98 | 83 | 91,0
49. | Thornbird ,S* MEX 44 | 30| 37| 354 | 431 | 393 | 103 | 94 | 99,0
50. | Tonichi,S*81 MEX 52| 51 52| 329 | 472 | 401 80 | 80 [ 80,0
51. | TSI/VEES,S“ MEX 63| 55| 59| 335 | 41,2 | 374 85 | 80 | 83,0
52. | Tyrant,S* MEX 43 | 22| 33| 398 | 41,3 | 406 85 | 91 | 880
53. | VEES5,S“/TRAP1 MEX 56 | 48| 52| 328 | 442 | 385 88 | 88 | 88,0
54. | VEE,S“/BOW ,S“ MEX 60| 42| 51| 338 | 356 | 347 83 | 76 | 80,0
55. | Victoria M 81 MEX 38| 58| 48| 368 | 447 | 408 75 | 75 | 75,0
56. | Sandra CSK 62| 68| 65| 348 | 392 | 370 88 | 78 | 83,0
¥ 52| 44| 48| 385 | 440 | 41,3 | 860 [808 | 836
S 0,6 10| 07| 43| 50| 41 92 | 92 | 87
- 46- | 34-| 41-|342- | 39,0- | 37,2- | 76,8- |71,6- | 74,9-
xx§ 58| 54| 55| 428 | 490 | 454 | 952 (90,0 | 923
14 11,5 [ 22,7 | 146 | 11,2 | 11,4 | 99 | 107 (11,4 | 104

Lvariety; 2advanced line; 3origin; 4yield of grain dry matter; 51,000 grain weight; 6plam height
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Bobtnavost mokrého lepku (ml):

Chiroca ,,S*“ 16,0; Mor ,,S“ 15,0; VEE 5 ,S“/TRAP 1 15,0; R 37/GHL-
121//KAL/BB/3/KLT ,,S* 13,0; Bolsena ,,S* 12,0; Flycatcher 12,0; Gavilan 12,0;
K (ML) 7406 (BITHOOR)// Maya ,,S* 12,0; SW 55 12,0 (spodni hranice nadpri-
mérmosti 11,5).

Pekaiska hodnota (body):

K (ML) 7406 (BITHOOR)//Maya ,,S*“ 76,5; Calidad 75,1; Chiroca ,,S*“ 71,0;
SW 55 70,7; R 37/GHL-121//KAL/BB/3/KLT ,,S* 70,5; Huasteco M 81 69,8;
Antbird ,,S* 69,6; Pajonal 69,0 (spodni hranice nadprimémosti 67,7).

TaZnost mokrého lepku (cm):

TSI/VEE 5 ,,S“ 21,0; Hoopoe 20,0 CNO 79/PRL ,,S“ 18,0; Ani ,,S“ 17,0;
Dove ,,S“/BUC ,,S* (2) 16,0; Kauz ,,S* (34) 16,0; Kea 16,0; Parula ,,S*“ 16,0; PF
7619/Dove ,,S*“/CEP 7670 16,0; Spinetail 16,0; Thornbird ,,S* 16,0 (spodni hranice
nadprimémosti 15,2).

Vynos suSiny zrna (t/ha):

Sandra 6,5; Myna ,,S“/VUL ,,S* 5,9; TSI VEE 5 ,,S* 5,9; Chiroca ,,S“ 5,7,
Parula ,,S* 5,7; Hoopoe 5,6; Pajonal 5,5 (spodni hranice nadprimémosti 5,5).

Hmotnost 1000 zrn (g):

JUP/BJY ,,S“/PRL ,,S* 50,2; Bolsena 47,6; Flycatcher 46,8, CNO 79/PRL
»5'* 46,6; Pheasant ,,.S* 46,6; Spinetail 46,6; BOW/YD ,S“/ZZ ,.S* 46,4; Neelkant
46,2; Baya ,,S* 46,0; Dove ,,S*“/BUC ,,S* (1) 45,8; Bluetit ,,S* 45,6; SW 55 45,4
(spodni hranice nadprimérnosti 45,4).
Vyska rostlin (cm):

Ani ,,S*“ 111,0; Pima/Saka//AN ,S* 100,0; Thornbird ,,S* 99,0; Complex
98,0; Bollilo ,,S 96,0; Gavilan 94,0; JUP/BJY ,,S“/PRL ,,S* 94,0 (spodni hranice
nadprimémosti 92,3).

Hodnoty odrid a nsl. v uvedeném prehledu vyhodnocené jako nadprimérné
v daném souboru lze podle Klasifikdtoru genus Triticum L. autori Bare § etal.
(1985), vydaného pro potieby hodnoceni genetickych zdroji (dile uvadén jako
Klasifik4tor), hodnotit ndsledovné:

- za velmi vysoky povaZovat obsah hrubych bilkovin odridy Calidad;

- za velmi dobré viechny hodnoty mikrosedimenta¢niho testu;

- za vysoké vysledky stanoveni obsahu hrubych bilkovin kromé jiZ vy3Se uvedené
odriidy Calidad, cca vSechny hodnoty obsahu mokrého lepku, u bobtnavosti
mokrého lepku u odrid Chiroca ,,S“, Mor ,,S“ nsl. VEE 5 ,S“/TRAP 1,
u pekar'ské hodnoty n$l. K (ML) 7406 (BITHOOR)//Maya ,S*, R 37/GHL-
121//KAL/BB/3/KLT ,,S*, odriid Calidad, Chiroca ,,S*, SW 55;

- za vyS3{ stfedni u bobtnavosti mokrého lepku u nsl. R 37/GHL- 121//KAL
/BB/3/KLT ,,S“ K (ML) 7406 (BITHOOR)//Maya ,,S*“, odrid Bolsena ,,S“,
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Flycatcher, Gavilan, SW 55 a u pekafské hodnoty u odriid Antbird ,,S“, Huasteco
M 81 a Pajonal.

Pokud se zaméiime na prehled nadprimémych hodnot v souboru, lze si
z tab. I a III doplnit i ziskané idaje o dal§ich charakteristikdch uvddénych odrid
a ndl. U jednotlivych ukazateld podle priméri za oba sledované roky zjistime, Ze
napf. odrida Calidad doséhla nejvy$siho nadprimémého obsahu hrubych bilkovin
(18,7 g ve 100 g), nadprimé&mé a rovnéZ nejvys§i mikrosedimentaéni hodnoty
§rotu (8,7 ml), obsahu mokrého lepku (41,5 g ve 100 g), pekarské hodnoty (75,1
bodi, podle Klasifikdtoru vysokd, podle Prugara velmi dobrd), ale kvalita lepku,
vyjidfend jako jeho bobtnavost, byla jen prim&€md (11,0 ml). Podprim&mad byla
taZnost lepku (7,0 cm) a na hranici primérmosti a podprimérnosti byl vynos susiny
zma (4,1 t/ha). Hmotnost 1000 zrn se udrZela v rozmezi primémosti (37,6 g)
a vyska rostlin byla jedna z nejniZsich (69,0 cm). Obdobnym zplisobem lze hodno-
tit i dal$i odridy a nsl.

U odridy Flycatcher, u které je z celého souboru druhid nejvyss$i mikro-
sedimenta¢ni hodnota $rotu (8,3 ml), kterd piedpovidd pekai'sky silnou (kvalitni)
odrddu, coZ potvrzuje i dobrd nadprimémnd bobtnavost lepku (12,0 ml), je mnoZstvi
lepku v8ak uZ pouze primémé (31,5 g ve 100 g), stejné jako obsah hrubych bilkovin
(14,9 g ve 100 g) a pekaiskd hodnota (64,8 bodd, podle Klasifikdtoru vys3i stfedni,
podle Prugara dobré). Vynos susiny zrna (5,3 t/ha) zna¢f lep$i primér.

Odrida Thornbird ,,S* s nejvy$§im obsahem mokrého lepku v hodnoceném
souboru (45,0 g ve 100 g) doséhla téZ nadprim&mého obsahu hrubych bilkovin
(17,4 g ve 100 g), ale uZ jen prim®mé mikrosedimenta¢ni hodnoty (6,4 ml),
podprimérné bobtnavosti lepku (4,0 ml) a pfedpoklddanou nadprimémou jeho
taZnost (16 cm), coZ se projevilo jiZ jen primérnou pekaiskou hodnotou (54,2 bodi).
Z t&chto divodid neni moZno doporuéit podle nasich vysledkd odridu Thornbird
»5* za piipadného donora dobré kvality, ale i jeji vynos (3,7 t/ha) 1ze hodnotit
v daném souboru jako podprimémy.

Nejlepsi bobtnavost lepku byla zji$téna u odridy Chiroca ,,S“ (16,0 ml).
Hlavn€ vzhledem k této skutecnosti u ni byla vyéislena v poradi tfeti nejvyssi
pekaiskd hodnota (71,0 bodd, podle Klasifikdtoru vysokd, podle Prugara velmi
dobrd), i kdyZ obsah mokrého lepku byl podprimémy (29,5 g ve 100 g). Podprii-
mémy byl téZ obsah hrubych bilkovin (13,9 g ve 100 g), primérné byla mikro-
sedimenta¢ni hodnota (7,2 ml), stejné€ jako i taZnost mokrého lepku (8,0 cm), vynos
suSiny zrna byl vSak v poradi tfeti nejvyssi (5,7 t/ha), nadprimémy.

Pokud sledujeme dal3{ odridy a n3l. s nadprim&mou bobtnavosti lepku,
konstatujeme, Ze odriida Mor ,,S* a n8l. VEE 5 ,,S“/TRP 1, ob& s 15,0 ml, maji
v souboru podprimérmny obsah lepku (28,0 g ve 100 g), &imZ je pekaiskd hodnota
jen priméma (65,0 a 66,8 bodd, podle Klasifik4toru vy3si stfedni a podle Prugara
dobrd). Jejich vynos susiny zma je rovnéZ primémy (5,4 a 5,2 t/ha), ale se
znalnymi rozdily v jednotlivych letech. Treti nejvy33i bobtnavost mokrého lepku
mélo nsl. R 37/GHL 121//KAL/BB/3/KLT ,,S* 13,0 ml. Z tab. II zjistime, Ze je
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jeho obsah hrubych bilkovin v souboru primémy (16,1 g ve 100 g, podle Klasi-
fikdtoru vysoky), nadprimérnd je mikrosedimenta¢ni hodnota $rotu (7,7 ml), obsah
mokrého lepku je vak hiZ$i primér (31,5 g ve 100 g) a pekarskd hodnota nadpri-
mérnd (70,5 bodd, podle Klasifikdtoru na hranici stfednf a vysoké, podle Prugara
na hranici dobré a velmi dobré). Vynosové je viak toto nsl. pouze primémé (4,7
t/ha) s rozdily v letech. Odridy Bolsena ,,S“ a Gavilan s bobtnavosti mokrého
lepku 12,0 ml Ize zafadit podle naSich vysledki v pekaiské jakosti mezi hodnotové
primérné (64,8 a 65,3 bodd, podle Klasifikdtoru stfedni pekafskd hodnota, podle
Prugara dobrd). Odriida SW 55 s toutéZ bobtnavosti lepku (12,0 ml) byla v pekai'ské
hodnoté& (70,7 bodi) podle Klasifikdtoru ohodnocend na rozhrani stfedni a vysoké
a podle Prugara na rozhrani dobré a velmi dobré jakosti. Obsah lepku je primémy
(35,0 g ve 100 g) a vynos (3,9 t/ha) niZ8i primér. Obsah hrubych bilkovin je u této
odridy 15,8 g ve 100 g, coZ znali v naSem souboru stfedni hodnotu a podle
Klasifikdtoru vysoky obsah.

Bodové ohodnoceni pekafské hodnoty bylo nejvyssi u n3l. K (ML) 7406
(BITHOOR)//Maya ,,S“ (76,5 bodd, podle Klasifikdtoru vysoké, podle Prugara
velmi dobré). U tohoto n3l. byly je3t€ nadprimémé bobtnavost lepku (12,0 ml),
jeho obsah (40,5 g ve 100 g), obsah hrubych bilkovin v zmu (17,6 g ve 100 g, tfeti
v poradi nejvy33i) a mikrosedimentatni hodnota $rotu (7,7 ml, &tvrtd v poradi
nejvy$si). Ve vynosu susiny zma se vSak toto n$l. umistilo v souboru jako
podprimémé (3,9 t/ha).

Je tfeba se zminit o dosud nediskutovanych odridéch Antbird ,,S* a Huasteco
M 81. Obé& v obou letech sledovani mé&ly vyrovnané vysledky bobtnavosti mokrého
lepku (11,0 ml), coZ v naSem souboru znali vy33$i primérnou bobtnavost
i prim&my obsah mokrého lepku (34,0 g ve 100 g), ale pekafskd hodnota byla
nadprimémd (69,6 a 69,8 bodd, dle Klasifikdtoru vyssi stfedni, podle Prugara
dobrd). Co se tye vynosl suiny zrna (5,3 a 5,2 t/ha), 1ze je v naSem souboru
zafadit mezi vyS$i primérné.

NejtaZnéj$i mokry lepek byl zjidt€n u nl. TSVVEE 5 ,.S“ (21,0 cm). Odpo-
vidaly mu i podprimémé bobtnavost (3,0 ml), mikrosedimentaén{ hodnota (5,0 ml)
a pekarskd hodnota (45,2 bodii). Obsahy mokrého lepku (38,0 g ve 100 g) a hru-
bych bilkovin (14,5 g ve 100 g) byly primérmé, ale toto nil. se vyznalovalo
vysokym vynosem suSiny zma (5,9 t/ha, druhy nejvy3si).

Nase kontrolni odrida Sandra se projevila v souboru v ukazatelich jakosti
zma jako primémd a lze ji takto hodnotit i podle Klasifikdtoru (obsah hrubych
bilkovin v zrnu 14,5 g ve 100 g, mikrosedimentaéni hodnota $rotu 6,9 ml, obsah
mokrého lepku 31,4 g ve 100 g, bobtnavost lepku 10 ml, pekaisk4 hodnota 61,0 bo-
dd - podle Prugara dobr4, taZnost mokrého lepku 10 cm). Zcela v3ak vynikla ve
vynosu sudiny zrna. Umistila se v pofadi na prvnim misté s vynosem 6,5 t/ha.
Hmotnost 1000 zrn byla u ni zjisténa podprimém4 (37,0 g) a vySka rostlin
primeérnd (83,0 cm).

Vynosové se k odridé Sandra nejvice pfibliZuji nsl. Myna ,,S*“/VUL ,,S*
a odriida TSI VEE 5 ,S% ob& s vynosem 5,9 t/ha a dvé daldi odridy Parula
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»3‘ a Chiroca ,,S* s v§nosem 5,7 t/ha. O odriidé Chiroca ,,S* s vysokou bobtna-
vosti mokrého lepku, jsme pojedndvali jiZz difve. U nsl. Myna ,,S*“/VUL ,,S“ je
obsah hrubych bilkovin jeden z nejniZSich v souboru (13,8 g ve 100 g), obsah
mokrého lepku niZ$i primér souboru (32,0 g ve 100 g) s velkymi ro&nikovymi
rozdily. Jeho bobtnavost 11,0 ml 1ze hodnotit v souboru jako lepsi primér stejné
jako i pekafskou jakost (64,3 bodi, podle Klasifikdtoru vyssi stfedni a podle
Prugara dobr4). S ohledem k ro¢nikovym rozdilim i u bobtnavosti mokrého lepku
(v roce 1990 napt. 14,0 ml) je zapotiebi tomuto n3l. jeSt€¢ v&€novat pozornost.
Odridy TSI VEES ,,S* s bobtnavosti lepku 3,0 ml a Parula ,,S* s 4,0 ml po strdnce
pekafské jakosti zma nelze doporudit za dobré. Ob& mély 'v naSem souboru
i podprimérné mikrosedimenta¢ni hodnoty Srotu (5,0 a 5,4 ml). Obsahy hrubych
bilkovin 14,5 a 14,7 g ve 100 g lze zafadit mezi prim&mé (podle Klasifikitoru
mezi vy$§{ stfedni). Odrida Hoopoe s nadprim&mym vynosem susiny zma (5,6
t/ha) po strance jeho pekaiské jakosti dosdhla niZsich hodnot. Toto nelze v3ak fici
0 odriidé Pajonal s vynosem 5,5 t/ha. Tato odriida u ukazateld jakosti zma méla
vét§inou hodnoty primérné.

Nejveétsi a nejt€Zsi zmo v souboru mélo nsl. JUP/BJY ,,S*/PRL ,,S“ (50,2 g),
které mélo nadprimé&mou hodnotu obsahu hrubych bilkovin (16,9 g ve 100 g)
a nadprimérny byl i obsah mokrého lepku (42,5 g ve 100 g), ale jeho bobtnavost
byla niZ3{ (5,0 ml, podle Klasifikdtoru nizkd). Prim&mé byly mikrosedimentaéni
hodnota $rotu (7,2 ml), pekaisk4 hodnota (56,3 bodi), taZnost mokrého lepku (11,0
cm) a vynos zrna (4,3 t/ha). Rostliny u tohoto n$l. byly nadprimérné vysoké (94,0
cm).

Nejvariabilné&j$i v souboru u ukazateld jakosti jsou hodnoty bobtnavosti
lepku (koef. var. 43,8) a jeho taZnosti (koef. var. 31,0). Nejméné kolisaji hodnoty
obsahu hrubych bilkovin (koef. var. 7,7). Ostatn{ koeficienty se pohybuji cca od
12,3 do 14,5. U ukazateld mechanickych rozbori je u hmotnosti 1000 zrn koefi-
cient variability 9,9; u vy3ky rostlin 10,4 a u vynosu zma 14,6, u kterého se
projevily i znaéné rozdily v jednotlivych letech (1990 - 11,5; 1991 - 22,7). Na
viechny jmenované ukazatele piisobi cely komplex vlivil (nejvyraznéji odrida,
stanovist€, ro¢nik, jejich interakce a dalsi), jejich podily jsme vSak v této préci
nezjitovali. Nékterym t&mto otdzkdm jsme se v&novali v pfedchézejicich letech
u jinych souborl pSenic, pii jinak organizovanych pokusech (Kostkanovié
et al., 1987, 1989).

Nasi snahou bylo, aby pfedloZené vysledky tykajici se nékterych charakte-
ristik p3enic jarnich pdvodem z Mexika, prispély k jejich poznani v podminkach
naSeho stdtu. Av3ak vzhledem k jejich jen dvouletému sledovani na jednom
stanovisti ve vyrobni oblasti fepaiské, je tfeba uvedené tdaje posuzovat jako
relativni a informativni. Diikladné poznéni téchto zd4 se hodnotnych materiald by
prineslo viceleté sledovéni a pouZiti dal$ich pfipadné i pfesnéjsich metod, napf.
pro poznéni pekarské technologické jakosti provedeni pifimého pekarského poku-
su, ktery z technickych divodi byl pro nds neproveditelny (nevlastnime potiebné
pristrojové zafizeni).
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Doslo dne 2. 7. 1993

E. Kostkanovd, Z. Stehno, M. Manev ( Research Institute for Crop Production,
Praha-Ruzyné, Czech Republic)
Evalution of Mexican spring wheat in view of grain quality, its yield
and the plant height

Mexican cultivars and new selection of spring wheat (55 cultivars) with one
Czechoslovak cultivar Sandra were studied in the years 1990 and 1991 in the trial in
the sugar beet growing region with sugar beet-wheat subtype. The contribution
presents the results of the crude protein content in the grain dry matter by the method
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after Kjedahl, microsedimentary values of ground wheat (SDS-test) after H§ Z a
(1986), wet gluten in flour according to the standard ICC 137, swelling capacity of
wet gluten after Berliner in Horel‘s modification (H o r e 1, 1956), gluten ductility by
means of ruler and in compliance with ordinary approaches, grain dry matter yield per
ha, 1.000 grain weight and the height of plants. The effect of the years was manifested
in values of all determining characteristics. The lowest variability in the set was found
in the crude protein content and the highest in swelling capacity and ductibility of wet
gluten. The following highest average values for both the years were acquired : crude
proteins - the Calidad cultivar - 18.7 g in 100 g, microsedimentary value of ground
wheat - also the Calidad cultivar - 8.7 ml, in wet gluten content in flour - the Thornbird
»o“ cultivar - 45 g in 100 g, in swelling capacity of wet gluten - the Chiroca
»S“ cultivar - 16 ml, in baking quality the advanced line K (ML) 7406 (BI-
THOOR)//Maya ,S“ 76.5 points, the most extensible (21 cm) was gluten in the
advanced line TSI/VEE ,S“ grain yield was highest in Czechoslovak cultivar
Sandra 6.5 t/ha, 1.000 grain weight in the advanced line JUP/BJY ,,S“/PRL ,,S“ 50.2 g
and in the height of plants in the cultivar Ani ,S“ - 111 cm. Apart from the grain yield,
our cultivar Sandra was manifested in the set by its values as average.

spring wheat; grain; nutritive and technological quality; crude proteins; micro-SDS-
test; wet gluten; baking quality; grain yield; 1.000 grain weight; plant height
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UPOZORNEN{ PRO SLECHTITELE

Redakenif rada v&deckého &asopisu GENETIKA A SLECHTEN(
rozhodla z divodi evidence v genbanké4ch, ochrany autorstvi a z diivodi
vzdé€ldvacich a osvétovych publikovat struéné popisy nové registrovanych
odriid v Ceské a Slovenské republice.

Nézev piisp&vku musi obsahovat jméno odridy, Cesky (slovensky)
a latinsky ndzev druhu. Dédle bude uvedena $lechtitelsk4 stanice, Slechti-
tel, vychozi materidl, metoda Slechténi, popis odridy v&etn&€ velmi
struénych vysledki a oficidlnich zkouSek a doporucend oblast p&stovani.
Metoda musi byt pops4dna v mezindrodné& obvyklé terminologii.

Popis m4 slouZit k odliSeni od jin§ch registrovanych odriid nejen
v Ceské a Slovenské republice, ale i v zemich Evropského spole&enstvi.
Vysledky zkouSek doporudujeme uvést ve srovnéni s odridou registro-
vanou v Evropském spolecenstvi. Popis odriidy bude ukon&en adresou
udrZovatele odridy a adresou distributora certifikovaného osiva.

Cely piispévek nesmi presdhnout 15 fddek Eeského &i slovenského
textu a 15 rddek textu anglického (celkem na jednu strdnku). Jako vzor
1ze pouZit popisy v Crop Science nebo Canadian Journal of Plant Science
(1991, s. 1289).

Popisy odrid je moZno zasilat na adresu :

Prof. O. Chloupek, DrSc.
Vysoka4 Skola zem&d&lsk4,
613 00 Bmo
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NUTRICNI A VYNOSOVE UKAZATELE ODLISNYCH GENOTYPU
JARN{HO KRMNEHO JECMENE A VZTAHY MEZI NIMI

Jaroslava EHRENBERGEROVA

Vysokd Skola zemédélskd, Zemédélskd 1, 613 00 Brno

Skupina bezpluch§ch genotypl jarnfho krmného je&mene vykédzala nepril-
kazn& vy3¥{ obsah esencidlnich aminokyselin (3,83 %) a lyzinu (0,495 %),
vy3§i podil lyzinu v bilkovinéch (3,50 %) i vy¥3{ vynos bilkovin (0,59 t/ha)
alyzinu (22,5 kg/ha), neZ genotypy pluchaté a ¢emozmné i neZ sladovnick4
odrida Zenit. Pluchat4 svétlozmn4 linie 5 vynikla podilem lyzinu v bilko-
vinich (4,34 %). Genotypy femozmné se vyznaCovaly nejvy3$im obsahem
bilkovin, av8ak vynos bilkovin a lyzinu i podil lyzinu v bilkovinich mély ze
sledovanych skupin nejniZsi. Zdpomny, statisticky vysoce v§znamny vztah
mezi obsahem bilkovin (13,60 - 14,11 %) a podilem lyzinu v bilkovinich
(aZ 3,81 %) byl nejsiln&jii u bezpluchych genotypil. Toto zji’t€ni podporuje
nézor odbornikli z oblasti vyZivy zvifat, Ze pro poZadovany podil lyzinu
v bilkovindch (3,8 - 4,3 %) neni Zidouc{i dal¥{ zvyZovan{ obsahu bilkovin
v zmu, nebot by klesal podil lyzinu v bilkovinich. O negativnim vztahu
obsahu bilkovin & lyzinu a vynosu bilkovin & lyzinu ¢ermozmnych geno-
typl sv&d&i vypoltené zdporné korelani koeficienty. U pluchat§ych
sv&tlozmnych genotypil byly tyto koreladni koeficienty kladné, stfedn& sil-
né; u bezpluchych genotypi silné, kladné - r pro obsah a vynos lyzinu &inil
0,955™. Pro bezpluché genotypy byl rovn&% stanoven silny kladny vztah
mezi obsahem lyzinu a vynosem zrna. Zjit€né skute¢nosti jsou piedpokla-
dem pro dal¥{ Slechténi bezpluchych genotypi.

jarni krmny je€men; Hordeum; Slechténi; bilkoviny; lyzin; esencidlni amino-
kyseliny

Negativni vztah mezi vynosem zrna a obsahem bilkovin i lyzinu
(Hagberg, Karlson, 1970; Munck et al, 1970; Olsen, 1978) byl
hlavnim divodem dosavadniho neidspéchu ve Slechténi nutri¢né kvalitn&jsich
jarnich krmnych je¢mend. Av3ak potieba odrid se zlepSenymi nutriénimi para-
metry (tj. s vy3$im obsahem bilkovin, esencidlnich aminokyselin, zejména lyzinu
a tryptofanu, a s nizkym obsahem antinutri¢nich l4tek typu beta-glukand, tanind
aj.) je Z4douci pro vyZivu zejména monogastrickych zvifat. Podle ddaji, které
uvddi Rjad&ikov (1978), je¢men se zvySenou nutriéni hodnotou sniZuje
potrebu energie na jednotku Zivo&i$né produkce. RovnéZ Vaculov 4 (1988)
potvrdila, Ze vysoky obsah a podil lyzinu v bilkovindch sniZuje spotfebu krmiva.
Newman etal (1990) uvidéji, Ze odridy s vysokym obsahem lyzinu v zrnu
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maji vy33{ biologickou hodnotu bilkovin a prasata jimi krmen4 spotfebovala méné
séje v krmné ddvce neZ kdyZ byla krmen4 tradi¢nimi odridami.

Z nékterych novéjsich praci je patrné, Ze vhodnymi $lechtitelskymi postupy
l1ze dosdhnout linii nejen nutri¢n&€ vhodné&jsich, ale i vynosnych. Napiiklad
Heinrichs (1980 - nepublikovidno) nepotvrdil vyznamnou zdpornou korelaci
mezi vynosem zrna a obsahem lyzinu v bilkovindch. W e lc h et al. (1981) udi-
vaji kladny vztah mezi vynosem zrna a vynosem bilkovin z jednotky plochy.
M u n ¢ k (1972) vyslovil pfesvédéeni, Ze nutriéné hodnotné&;j${ je¢meny i pies
problémy, které dosud pfi jejich Slechténi existujf, maji budoucnost. Przy -
bylska (1975)aKudla etal. (1988) nalezli genotypy s vysokym obsahem
proteinuis vysokym v§nosemzma.Tallberg aE g gum (1986) podporuji
ve své préci Slechténi a vyuZivani je¢menid s vy$§i biologickou hodnotou i pies
jejich niZ8{ vynos a doporudujf je k vyuZitf i v huménn{ vyZivé. Bach
Knudsen etal. (1987) stanovili vy33{ biologickou hodnotu u jarnich krmnych
je¢menti neZ u ozimych ddnsk§ch krmnych je¢mend.

Zamér této price spocival v ureni nutridni kvality dvaceti linif jarniho
krmného je¢mene a stanoveni jejtho vztahu k vynosovym ukazateldm. Zkousené
linie pfisluely podle barvy zrna a pluchatosti &i bezpluchosti ke tfem genotypim:

1. svétlozrnnym pluchatym,
2. svétlozmmnym bezpluchym,
3. dermozmnym.

Cilem préce bylo zjistit, které ze sledovanych genotypti budou po strince
nutrién{ i vynosové vhodné pro $lechténi odrid jarniho krmného jeCmene.
Bezpluché odridy jarniho jemene jsou Slecht®ny zejména v USA, Japonsku,
Dénsku a Svédsku.

MATERIAL a METODY

V tifletém polnim pokusu (1988 a% 1990) bylo na Slechtitelské stanici
v BraniSovicich zkouseno 20 linii jarniho krmného je¢mene, které néleZely do
tfech skupin :
L. genotypy svétlozrnné pluchaté,
II. genotypy svétlozrmné bezpluché,
III. genotypy &ernozrnné pluchaté i bezpluché.

Jako kontroly byly zafazeny sladovnickd odrida Zenit a krmn4 bezpluché
linie KM 280 (autorka ing. Vaculov4). Linie pochézejici z vlastniho kfiZeni jsou
oznadeny pismenem B, linie oznaené BR poskytl i m% Rii%i¢ka ze $S BraniSovice
a linie oznadené M pochézely od doc. Uhlika z VSZ Praha (tab. I). Pokus byl
zaloZen ve &tyfech opakovénich o velikosti parcel 10 m?, ¥ftka ¥4dkd &inila 12,5
cm.
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Obsah aminokyselin v zrnu byl stanoven na automatickém analyzitoru AAA
339N (mimo tryptofan), obsah bilkovin vypolteny z obsahu dusikatych litek,
stanovenych na piistroji Kjeltec AUTO analyzér 1030 na Ustavu vyZivy zvifat
Vysoké $koly zemé&délské v Bmé&. Esencidlni aminokyseliny pro monogastrickd
zvifata byly stanoveny podle Zemana a Simedka (Zeman, §P imecek, 1991).
Diéle byl vypocten podil lyzinu v 16 g dusiku.

Vysledky byly vyhodnoceny #-testem a vztahy mezi vynosovymi a nutriéni-
mi ukazately byly vypo&teny Pearsonovymi korelaénimi koeficienty.

VYSLEDKY a DISKUSE

Nejvyssi prim&my obsah esencidlnich aminokyselin (EAK) za sledované
obdobi (tab. I) vykédzala skupina svétlozrnnych bezpluchych genotypl, &imZ
sou&asné& prekonala nejen primé&rnou hodnotu kontroln{ odriidy Zenit, ale i krmnou
kontrolu KM 280. Odriida Zenit byla prekondna v prim&€mém obsahu EAK vét3i-
nou sledovanych linif, ne v8ak statisticky vyznamné&, protoZe se lifil ve sledo-
vanych letech. Nejvy$§i hodnoty obsahu EAK v rdmci celého sledovaného souboru
patfily linifm 18 a 20, néleZejicim k ernozrnnym genotypim. U téchto linif je
patrny dominantni d¢inek geni kontrolujicich zvySeny obsah EAK apochézejici
od donort Hordeum nudimelanocrithum a H. nigrinudum. Podobn4 zji¥t&€n{ uvadi
O1sen (1980) pro hodnotu bazickych aminokyselin v kifZenich s donorem Riso
1508. Jmenované linie mély i nejvyssi obsah bilkovin v su$in€ zma, av3ak nelze
je povaZovat za nutrién& nejvhodné&js{, nebof obsah lyzinu a zejména pak jeho
podil v bilkovindch neodpovidd poZadavkim a jsou také mélo vynosné
(Ehrenbergero v 4, nepublikovidno). Tomu odpovid4 i velmi nizky vynos
lyzinu a bilkovin z jednotky plochy pfi porovnani s ostatnimi sledovanymi liniemi.
Z bezpluchych genotypi vynikla vysokym obsahem EAK linie 11, coZ mohlo byt
zpisobeno mutaci, ponévadZ vznikla mutagenezi, jak uvadé&ji jejf autofi U h1ik
aM arek (1988). Tatolinie se vyznadovala vysokym obsahema vynosem lyzinu
i podilem lyzinu v bilkovinich; v§nosem zrma po zohledn&ni bezpluchosti mirné
prevysuje kontrolni odriida Zenit. Obsah lyzinu statisticky v§znamné prevySoval
sladovnickou odriidu Zenit u bezpluchych linif 9 a 14. Cel4 skupina bezpluchych
genotypil pak vykdzala nejvyss{ obsah lyzinu, vy33{ neZ méla odrida Zenit. Toto
zjiSténi souhlasi s vysledky, které uvddéjf Tallberg aE ggum (1986) aze
kterych vyplyv4, Ze hladina threoninu a lyzinu a biologick4 hodnota proteinu byla
u bezpluchych mutantd vy38i neZ u pluchatych sladovnickych kontrol.

Podil lyzinu v bilkovin4ch pfevaZné vétSiny bezpluchych genotypl odpovidd
poZadovanym hodnotdm pro dietu monogastrickych zvitat (3,8 - 4,3 %). Podilem
2,89 % neodpovidé pouze linie 10 s nejvy$§im obsahem bilkovin v této skupiné
genotypd, coZ je potvrzeno korelaénim koeficientem - 0,975™" pro obsah bilkovin
a podil lyzinu v bilkovinédch v rdmci bezpluchych genotypi. Toto zjist€n{ potvrzu-
je nédzor odbornikd z oblasti vyZivy zvitat, Ze nenf nutny vysoky obsah bilkovin
v zmu, nebof by v nich klesal podil lyzinu (Sime&ek, Minaf¥{k, 1982).
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I. Ukazatele nutri¢ni a v§nosové kvality (x za obdobi 1988 aZ 1990) — Nutritional and yield
values (averages 1988 to 1990)

Linje , | BaK® | Bilkoviny Lyzin’ Vynos
&! Pivod obsah | (beah® | vinos® | obsah vinos | podil g® m
(%) %) | @ha) | (%) | kg/ha) | vi6gN | @ha)

1 | M16 289 | 11,56 | 0609 | 0413 24,3 3,57 5,92
2 | M22 322 | 1148 | 0616 | 0,428 26,6 3,78 5,98
3 | M32 266 | 1138 | 0511 | 0358 183 3,16 5.11
4 | B53 299 | 11,88 | 0518 | 0,388 18,7 3,27 4,81
5| B713 351 | 1225 | 0543 | 0511° | 260 434 5,09
6 | B8B2H | 326 | 13,8 | 0561 | 0426 18,8 3,11 4,41
7 | B93 321 | 1236 | 0503 | 0416 18,5 3,39 445
8 | BR30414| 13,80 1441 | 0647 | 0416 20,2 2,83 4,85
‘;ﬁﬁ‘;’t‘y’;‘;‘ shl 319 | 1239 | o564 | 0420 | 21,5 3,44 5,08
9 | B64 3,75 | 13,65° | 0609 | 05387 | 258 3,81 4,79
10 | B94 378 | 1581 | 0632 | 0,458 19,9 2,89 435
11 | M24 411 | 1360 | 0575 | 0,503 23,5 3,68 4,67
12 | M33 3,79 | 1408 | 0598 | 0491 23,0 3,52 4,68
13 | M86 382 | 1411° | 0566 | 0479 20,9 3,41 437
14 | B2HOH | 373 | 1367° | 0560 | 0501° | 22,0 3,68 4,41
X svétlozrnnych
et mf 383 | 1415 | 059 | 0495 | 225 3,50 4,54
15 | BS.1 334 | 1404 | 0556 | 0420 17,6 3,02 420
16 | BR664 313 | 11,14 | 0427 | 0,409 1.9 3,71 433
17 | BR881 400 | 1483 | 0432 | 0468 14,6 3,16 3,13
18 | B2K9H | 428 | 17,07 | 0393 | 0482 12,6 2,93 2,52
19 | BR30133| 324 | 1322 | 0631 | 0362 18,5 2,68 5,11
20 | B7.1 420 | 1488 | 0452 | 0527 17,2 3,38 3,26
X &rmozrnngch'? | 3,70 | 1420 | 0482 | 0445 | 164 3,15 3,75
Kontroly13
1 | Zenit 3,08 | 1099 | 0515 | 0362 17,8 3,28 497
2 | KM280 | 377 1401 | 0551 | 0655 27,4 4,67 418

* P < 0,05 k odrid& Zenit — compared to Zenit cv.
* P< 0,01 k odrid& Zenit — compared to Zenit cv.

Uines No.; ongm. 3content of essential ammoacnds protem. Scontent; Yleld lysme. 8rauo of

lysine to protein; yleld of grain; Ohghl-gram hulled; hght-gram hull-less; zblack-grmn, control
cultivars

266



Genet. a Slecht., 29, 1993 (4) : 263-270

Tento ndzor vyjadfuji i odbornici zabyvajici se vyuZitim je¢mene v humanni
vizivée (Newman etal.,, 1990). Primérnéd hodnota podilu lyzinu v bilkovinich
u genotyptl bezpluchych (i kdyZ sniZend linii 10), je vSak stdle neprikazné vyssi
neZ u skupiny ¢ernozrnnych i svétlozrmnych pluchat$ch genotypd. Z pluchatych
genotypl v podilu i obsahu lyzinu vynikla v§nosn linie 5 s niZ§im obsahem EAK
a bilkovin, a tedy i s niZz§im vynosem bilkovin. V§nosem lyzinu vynikla z celého
souboru linie 2, rovnéZ pluchati, kterd ma vSak rovnéZ jako linie S niz$i obsah
bilkovin a lyzinu. Takeé jeji biologicka hodnota bilkovin jenizkA (Ehrenberge -

IL. Vztahy mezi nutri¢nimi a v§nosovymi ukazateli (priimérné hodnoty z let 1988 aZ 1990) -
Correlations between nutritional and yield values (averages 1988 to 1990)

1 ’ Obsah’ (%) Lyzin’ Vynos
Ukazatel Typ zrna ¥ . § ] podil v?nosg bilkovin
EAK lyzinu bilkovin® v16EN8 (k &{ha) (t/ha)
Zrmo p 0262 | 0046 |-059 | 0449 | 0,790° | 0,514
vinos!! (vha) | b | -0260 | 0793 | 0565 | 0676 | 0937 | 0,148
¢ |-0918 | 0872° | 0792 |-0129 | 0883 | 0824
; P 0499 | 0171 | 0374 |-0101 | 0503
Bilkoviny
véuve (ha) b |-025 |-018 | 0709 |-055 |-0014
¢ |-0612 |-0707 |-0328 |-0593 | 0705
Lyzin P 0203 | 0645 |-0335 | 0,795
- b 0131 | 0955 |-0,712 | 0832
¢ |-0761 |-0548 |-079 | 0143
Lyzin P 0,031 | 0,746 | 0,512
podilvi6gN| 0,165 | 090" | 0975
¢ |-0070 | 0310 |-0477
Bilkoviny ) 0762 | 0,190
obsah (%) b |-0246 | 0791
¢ 0870° | 0,639
0,630
Lyzin p ’
obsah (%) b 0,020
& 0,896

P<005; “'P<0,01

p = svétlozrné pluchaté — light grain hulled ; b = svétlozrnné bezpluché - light grain hull-less;

¢ = &ernozrnné - black-grain

lindicator; 2 grain type; 3<>ontent, essential ammoacnds conlentlysme, content of protein; lysme,
8ratio of lysine to protein; yxeld of lysme, yleld of protem, yleld of grain
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rovd, 1991). Dal$i linie ze skupiny pluchatych genotypd nevyhovovaly
v nutri¢nich ukazatelich, mély nizky obsah EAK, bilkovin, lyzinu a podil lyzinu
v bilkovindch; nékteré dévaly i nizky vynos bilkovin a lyzinu.

Porovndme-li vynos bilkovin, vynos lyzinu i podil lyzinu, zjistime, Ze nej-
vys$ich primé€mych hodnot za t¥fleté obdobi zkousen{ dosahuje skupina genotypl
bezpluchych.

Z4aporn4 korelace mezi obsahem bilkovin a v§nosem zrna z jednotky plochy
(Heger etal, 1989; Rek-Ciepla et al, 1985), byla zjiSt€na i v naSich
vysledcich (tab. II), i kdyZ korelaéni koeficienty nebyly statisticky vyznamné.
Tento zdporny vztah byl silné&jsi u genotypl fernozmnych, které dosahovaly
zéroveri nejvyssiho obsahu bilkovin v zrmu. Z toho vyplyv4, Ze neni Z4ddoucf, aby
se obsah bilkovin v zrnu zvySoval nad hranici 15 %, coZ podporuje Pr i c e (1980)
tvrzenim, Ze nad tuto hranici stoup4 obsah prolaminového dusiku, ktery dobytek
nedokdZe zuZitkovat. O vhodnosti stfedniho obsahu bilkovin (12 - 14 %) svéd&i
i vypodteny kladny vztah (r = 0,793) u genotypi bezpluch§ch pro obsah lyzinu
a vynos zrna, nebot u genotypii ernozrnnych byl tento vztah zdporny, statisticky
vyznamny, coZ potvrdilai Vaculov4d (1988). Kladny vztah mezi vynosem
zrna a obsahem lyzinu u bezpluchych genotypii koresponduje i s jejich statisticky
vyznamnym korelaénim koeficientem pro vynos zrna a lyzinu, nejvy3$im ze
srovnévanych skupin genotypi. Byla zjiSténa vysok4 zdpornd hodnota korelaéniho
koeficientu (-0,975"") pro obsah bilkovin a podil lyzinu v nich (F o c k e, 1977)
u bezpluchych genotypid (tab. II), podporujici rovnéZz néazor, Ze neni Z4adouci
zvy3ovat obsah bilkovin, ale spife zvySovat podil lyzinu v nich. Tento podil je
pravé nejniZsi u linie 10 s nejvy$$im obsahem bilkovin ze skupiny genotypd
bezpluchych (tab. I).

Korelaéni koeficient pro obsah lyzinu a bilkovin u genotypi ¢ernozrnnych
byl v souladu se zjifténim (Pomeranz, 1975), které nepotvrzuje jeho nega-
tivnf hodnotu u materidlu s vy$$im obsahem bilkovin; u bezpluchych genotypi se
stfednim obsahem bilkovin jsme nalezli tento vztah zéporny a siln&j3i neZ uvéadi
Vaculovié (1988) pro celou skupinu jarnich a ozimych je¢mend. U genotypl
pluchatych a bezpluchych byl podobné nalezen kladny vztah mezi vynosem zrna
a podilem lyzinu v bilkovinéch, pfi¢emzZ siln&j$i byl tento vztah u genotypi bez-
pluchych.

Ve prospéch bezpluchych genotypi svédél silny (siln&j${ neZ u genotypil
pluchatych) kladny vztah mezi vynosem bilkovin z jednotky plochy a obsahem
bilkovin v zrmu na rozdil od genotypi Cernozrmnych. Kladny, statisticky vyznamny
byl vztah mezi vynosem lyzinu a jeho podilem v bilkovinidch u genotypi
bezpluchych i pluchatych, u genotypti éernozmnych byl zdporny. Vynos bilkovin
byl v kladném vztahu k vynosu zrna, nejniZ3{ hodnota korelace byla prokdzéna
u bezpluchych genotypi, zatimco vysokou pritkaznou hodnotou u &ernozrnnych
genotypi bylo potvrzeno, Ze vysoky vynos bilkovin by u nich musel byt zabezpe-
¢en vysokym vynosem zrna, coZ se ukdzalo podle vysledkd v této praci dosaZenych
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neredlné. Vynos lyzinu byl jednoznaéné kladné a pritkazné spojen s vynosem zrna,
nejsiln&ji u bezpluchych genotypd.
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J. Ehrenbergerovd (University of Agriculture, Brno, Czech Republic)

Nutritional and yield value of different genotypes of spring feed barley
and their correlations

Twenty lines of spring feed barley were tested in experiments during 1988 -1990
at Breeding Station in BraniSovice. These lines belonged to three groups of genotypes
by the colour and the hull of grains. The first group included light grain hulled
genotypes, the second light grain hull-less ones and the black grain ones were in the
third group. The malting cultivar Zenit and feed hull-less line KM 280 were used as
control cultivars (author ing. Vaculovai).

The group of hull-less genotypes of spring feed barley proved insignificantly higher
values of essential amino-acid and lysine content, higher average values of lysine in
protein and higher yield of protein and lysine per unit area than the hulled and
black-grain genotypes and also than the malting control cultivar Zenit (insignificant
- tab. I). The hulled light grain line 5 excelled in the percentage value of lysine in
protein (4.34 %). The black grain genotypes had the highest content of protein,
however their protein and lysine yield and percentage value of lysine in protein were
the lowest compared to the other groups of genotypes.

The negative correlation between the protein content and grain yield per unit area
was found out for all genotype groups (tab. II). A positive strong correlation was
determined in the content of lysine and grain yield, however only for hull-less
genotypes. A stronger positive correlation for protein yield and protein content in
grains, for lysine content and yield (statistically highly significant) was found in the
hull-less genotypes compared with the hulled ones. As for the black grain genotypes,
their correlations were negative. We determined the negative correlation between
protein content and lysine content in protein in hull-less genotypes, which supports
the opinion of dietetics that it is not good to increase protein content in grain because
lysine content in protein decreases.

spring feed barley; Hordeum; breeding; protein; lysine; essential aminoacids
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GENETIKA REZISTENCE ODRUD PSENICE OZIME SOFIA, SENTA,
SIMONA, VLADA A VEGA KE RZI TRAVNI{ A RZI PSENICNE

Pavel BARTOS, Eva STUCHLIKOVA, Renata HANUSOVA

Vyizkumny istav rostlinné vyroby, 161 06 Praha 6-Ruzyné

V letech 1990 aZ 1992 byly kromé& slovensk§ch odriid povoleny tii odridy
pSenice ozimé, Sofia, Senta a Simona ze Slechtitelské stanice Stupice, odriida
Vega ze Slechtitelské stanice Hrubgice a odriida Vlada ze Slechtitelské stanice
Brani¥ovice. U t&chto odriid se zji¥toval jejich geneticky zdklad rezistence ke
rzi travni a rzi pSeniéné, pokud k t¥mto rzim vykazovaly odolnost ve skle-
nikovy§ch testech. Srovndvaly se reakce t&chto odriid k p&ti rasdm rzi travni
a k ¥esti rasdm rzi p¥eni¢né s liniemi nebo odriidami se zndmymi geny
rezistence a zji¥fovala se reakce kifZenci t¥chto odrid v F,, F,, ptipadné F,
generaci ve fazi jednoho aZ dvou listh ve skleniku. Tak bylo stanoveno, Ze
odrlidy Sofia a Senta majf ,Zitnou rezistenci (translokace 1BL/IRS, geny
Sr31, Lr26, Yr9, Pm8). Odriida Simona m4 gen rezistence ke rzi travnf totoZny
8 odriidou Zdar. Je viak nichylnd ke viem pouZitym rasidm rzi pSeni&né.
U odriidy Vlada ¥t€peni kiiZencli odpovidalo tfem recesivnim geniim
rezistence ke rzi travni a dv€ma genlim rezistence ke rzi pSeni¢né. U odriidy
Vega byl prokizin gen rezistence ke rzi pSeni¢né Lr3, ke rzi travni byla odoln4
jen malé &4st rostlin této odriidy. Krom& gent jiZ difve vyuZitfch v sortimentu
povolenych odriid se s odriidou Vlada dostdvaji na provozni plochy nové geny
rezistence, coZ pfispivé k Zidouci diverzifikaci genetického z4kladu rezistence
ke rzim nafich povolenych odriid pSenice ozimé.

rez travni; rez pSeni¢né; odriidov4 odolnost; povolené odriidy pSenice

Udaje o genech rezistence k chorob4dm maji v§znam nejen pro Slechtitele, ale
i pro péstitelskou praxi, protoZe umoZiiuj{ volbu vhodnych kombinaci odriid sniZuji-
cich riziko ztrat pfi epidemiich. Vysledky studia starSich Ceskych, moravskych
a slovenskych odrid pSenice ozimé jsou shrnuty v publikacich Barto ¥ et al.
(1990), Stuchlikov4 etal. (1989) aBartos Stuchlikovid (1990).
Udaje o &eskych a moravskych odriidch pienice ozimé povolengch v letech 1990 aZ
1992 jsou uvedeny v této préci.

MATERIAL a METODY

Osivo pouZité k pokusim pochédzelo z UKZUZ Sedlec, rasy rzi z rasovych
analyz, které se kardoro&n& provad&ji u vzorkd z rizngch lokalit Cech, Moravy
a Slovenska. Pivod a rok povoleni studovanych odrid je uveden v tab. I.
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L. Rok povoleni, piivod a Lr a Sr geny studovanych odriid — Year of registration, pedigree and
Lr and Sr genes of the studied cultivars

5 4
Rok Geny rezistence
Odriida’ ; Piivod®
povoleni Lr Sr
Sofia 1990 (Mil'oﬂOVSké 808 x Artois Despl'el) X 326 31
(Weihenstephan 378/57 x Maris Huntsman) '
Surries 1991 (Benno x Sava) x (Mironovsk4 808 x Artois 326 37
Desprez) '
S — 1990 g :rihenstephan 378/57 x Maris Huntsman) x _ Kby
Mironovsk4 808 x [(Ka3tick4 osinatd x T.
Vlada 1990 timopheevi x Harrachsweizen) x ++ | A+
(Harrachsweizen x San Pastore x Kavkaz)]
Vega 1992 Hana x Selekta 3 -

Lcultivar; 2year of registration; 3pedigree; *resistance genes

Testy probihaly ve skleniku pfi teplotdch 17 aZ 22 °C za dosvétlovén{ z4fivko-
vymi rdmy. Rostliny jsme inokulovali potirdnim prvniho listu suspenzi uredospor
s néslednou inkubaci za vysoké vzdu¥né vlhkosti pod uzavienymi sklenénymi vélci po
24 aZ 48 hodin. Napadeni jsme hodnotili infek&énimi typy, které popsaliS tak man
et al. (1962).

VYSLEDKY

Sofia a Senta: Udaje v tab. II ukazuji, Ze reakce odriid Sofia a Senta jsou
srovnatelné s reakcemi odridy Sparta, u niZ byly jiZ diffve prokdzény geny Sr31,
Lr26 a Lr3 Barto$§ etal, 1990; Stuchlikov4 et al., 1989). Shodné
reakce ke rzi travni md i linie s translokaci 1BL/1RS (geny Sr31, Lr26, Yr9 a PmS8).
Reakce ke rzi pSeni¢né odpovidaji kombinaci reakc{ zminéné linie s reakcemi linie
s genem Lr3, coZ rovnéZ potvrzuje pfitomnost gend Sr31, Lr26 a Lr3 v odridich
Sofia a Senta. Stépenf F, generace kifZen{ Sofia x Zdar k rase 11 (G 425) rzi travn{
(tab. III), jakoZ i St€peni F, generace kiiZeni Senta x Regina k rase 21 (G 69) rzi
travni, se bliZi $t€pnému poméru 3 rezistentni : 1 ndchyln4, charakteristickému pro
jeden dominantni gen s nadbytkem néchylnych rostlin (pres 30 %). Podobny vy3si
podil nichylnych rostlin byl zji§tovén u odrid s translokaci 1BL/IRS i v dfivé&jsich
pokusech(Barto§ etal, 1990;Stuchlikov4 etal., 1989). Pivod odridy
Sofia, totoZny s odridou Sparta, ukazuje, Ze translokace 1BL/IRS s geny
rezistence Sr31 a Lr26 pochézi zfejmé z kmene Weihenstephan 378/57, gen Lr3
z odridy Mironovské4 808. U odridy Senta se translokace 1BL/IRS odvozuje od
odridy Benno, gen Lr3 od odriidy Mironovsk4 808.
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Simona: Odrida Simona mé&la podobné reakce ke rzi travni jako odrida Zdar,
nepfihliZime-li k malému podilu odolnych rostlin k rasdm 102 a 11 vedle velké v&tSiny
néchylngch rostlin. Stdpenf 3 rezistentni : 1 nichyln4 v F generaci kif¥en{ Simona
x Regina po inokulaci rasou 14 rzi travni potvrdilo pfitomnost jednoho dominantniho
genu, nestépeni v F2 generaci kifZeni Simona x Zdar ukézalo, Ze ob& odriidy maji
identicky gen rezistence. Pivod odridy Simona ukazuje, Ze gen, jiZ diive prozatimn&
oznaceny symbolem Sr Zdar, je odvozen od odriidy Zdar, coZ je od jednoho z rodi&d.
PrestoZe v plivodu odridy Simona je odrida Weihenstephan 378/57, translokace
1BL/1RS se ve vybérech neuplatnila, coZ mohlo souviset se snahou vyhnout se niZ¥{
pekaiské kvalit€ spojené s translokaci 1BL/1RS.

Vlada: Odrida Vlada byla ndchylnd k rase 102 a 11 rzi travni s malym podilem
odolnych rostlin, aviak odolnd k rasdm 14, 21 a 34. Né4chyln4 reakce v F, ukdzala
recesivni zaloZeni rezistence v kiiZeni Vlada x Regina i Vlada x Zdar. Stépenf F,
generace t&hto kiiZen{ ukazalo, Ze rezistenci fidi nejmén& dvarecesivni geny. Nicméné&
$té€pny pomér pro dva recesivni geny (7 rezistentnich : 9 nichylnych) byl u kifZeni
Vlada x Regina na hranici prilkaznosti, u $t&peni Vlada x Zdar pod hranic{ prilkaznosti
(tab. IIT). V F; generaci kiiZeni Vlada x Regina bylo z 52 testovanych linif 18 odoIngch,
7 ndchylnych a 27 linif §t&pilo. Pfedpoklddany 5t&8pny pomér pro dva recesivni geny
je 7 rezistentnich : 1 ndchyln4 : 8 §t&€picich; pro zjist&né 5t€pné poméry je xz =5,52,
P =0,2 - 0,05, tedy rovn&Z na hranici prikaznosti. Zji§t¥nym $t&pnym pomé&rim lépe
odpovidd hypotéza tii recesivnich geni rezistence, z nichZ dva jsou komplementarn{
(3t€peni 19 odolnych : 45 ndchylnych). Zjist&€né hodnoty P byly pro kiiZeni Vlada
x Regina 0,5 - 0,2 a pro kiiZeni Vlada x Zdar 0,8 - 0,5. Velmi dobrd shoda byla
i s pfedpoklddanym 5t€penim v F; generaci - 19 odolnych : 7 nachylngch : 38 5t&€pi-
cich, zji%t¥né x* = 1,203, P = 0,8 - 0,5. K ov&fent této hypotézy by bylo tieba daliich
kiiZeni, protoZe ani jiné sloZit&j3i genetické zaloZeni rezistence nelze vyloucit.

Ke rzi p¥eni¢né méla odriida Vlada s odolnou reakci ke tyfem ze Sesti uZitych
ras znalné $iroky rozsah rezistence, podobné jako odrida Branka, pochéizejici
z téZe Slechtitelské stanice. Odrida Vlada se v3ak lifila od odridy Branka
néchylnou reakci k rase 77 (243). Tento rozdil, podobné jako odli¥ny geneticky
zéklad rezistence ke rzi travni ukazuje, Ze odrida Vlada, na rozdil od odridy
Branka, nem4 rezistenci zaloZenou na translokaci 1BL/1RS. Pravdé&podobnou
pritomnost dvou genil rezistence ke rzi pSeni¢né ukazuje $t€peni v F2 generaci
kifZeni Vlada x Regina a Vlada x Zdar. Zatimco k rase 53 SaBa (izol4t 3015) 3t&-
pila uvedend kfiZeni v poméru charakteristickém pro dva dominantni geny
(I5 odolnych : 1 nichylnd), k rase 61 SaBa (izol4t 628) bylo moZné interpretovat
vysledky jako $té€pen{ jednoho dominantniho a jednoho recesivniho genu. To lze
vysvétlit tak, Ze u jednoho genu je jedna alela genu rezistence dostate¢nd
k rezistentni reakci k ob&ma rasdm; u druhého genu jen k jedné rase (53 SaBa),
kdeZto pro rezistentni reakci k druhé rase (61 SaBa) musi byt pfitomny obé& alely
tohoto genu. O které geny se jedn4, 1ze jen t€Zko na zdkladé reakc{ a plivodu odriidy
usuzovat.
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II. Reakce odriidy ke rzi travnf a rzi pSeni¢né — Reactions of the varieties to stem and leaf rust of wheat

Rez travni® Rez p§eniénﬁ3
Odrdda’ [0 14 21 34 11 | 53SaB | 14SaBa | 61 | 61SaBa| 77 | 77SaBa
G964 G702 G69 G334 G425 2049 600 1887 628 243 1947
Sofia : 1 :1 1 i1 | 0; 0 3 0 3
Senta : 3 4 1+ 1 HES 0; 0; 0 3 0; 3
Simona 30) | 3 3 3() 3 3 3 3 3 3
Vlada 3 i1(2+) i1-2 0;1-2 3G 0; 0 0 0; 3 3
Vega 3 3 3(1-2) 32 3(1-2) 0; 0; 3 3 3 3
1BL/IRS H i1 | | | 3 3 0 3 0 3
Lr3 - " . . ; 0; : 3 3 3 3
Zdar 3 i1 3 3 3 3 3 3 3 3 3
Branka : : : : : 0 0 0 0 0 3
Sparta ; 1 | i i1 3| 0; 0 3 0; 3

LLT-TLT * (¥) €661 ‘6T WIS © 10u2D

Icult.ivar; Zstem rust; 3eaf rust
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I11. St¥penf reakcf ke rzi travnf a rzi p¥eni¢né v F; generaci kff%encl — Segregation of reactions to stem and leaf rust of wheat in F2
generation of crosses

1 2 3 Poget rostlin* Predpoklédané
Kifzent Rez Rasa izoldt celkem® | odolné® | nichyln€’ Stépe X d
Sofia x Zdar P.gr. |11/G425 189 126 63 3:1 7.25 <0,01
Senta x Regina P.gr. |[21/G69 171 110 61 3:1 10,11 <0,01
Simona x Regina P.gr. |[14/G530 299 220 79 3:1 032 | 08-05
Simona x Zdar P.gr. |14/G530 343 341 2" . . -
' 7:9 345 | 02-0,05
Vlada x Regina P. gr. 34/G334 91 31 60 i o84 05-02
Vlada x Zdar P.gr. |34/G334 87 28 59 - S e s e
== 19:45 027 | 08-0,5
Vlada x Regina P.rec. |61SaBa/628 111 90 21 13:3 002 |099-095
P.rec. |53SaBa/3015 107 98 9 15:1 084 | 05-02
Vlada x Zdar P. rec. 61SaBa /628 115 91 24 13:3 0,34 0,8-0,5
P.rec. |53SaBa/3015 116 106 10 15:3 1,11 | 05-02
Vega x Hana P. rec. 53SaBa /3015 117 117 0 - - -

Odridy nichylné k dané rase jsou podtrZeny — Cultivars susceptible to the given race are underlined

P. gr. = Puccinia graminis subsp. graminis - rez travaf — stem rust

P. rec. = Puccinia persistens Plow. var. triticina (Eriks.) Urban et Markové (= P. recondita) - rez p3eniéné — leaf rust
* pravd&podobn& pimé&s — probably admixture

1cross; 2rust; *race / isolate; *number of plants; 9 tb(al; ®resistant; 7suscepu'ble; 8expected segregation

LLT-TLT* (¥) €661 ‘67 “IUPIS ®© “PUD
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Vega: Odrida Vega md jen mens{ podil rostlin odolnych ke tfem z péti ras rzi
travni, pouZitych k testim. Prevlddaji rostliny nidchylné. Reakce ke rzi pSeni¢né je
shodnd s linif s genem Lr3. Identita geni rezistence ke rzi pSeni¢né v odriidich
Vega a Hana, u niZ byl jiZ difve prokdzén gen Lr3, byla potvrzena v F, generaci
kifZeni uvedenych odrid tim, Ze nevystépila Z4dnd nichyln4 rostlina. Odrida Vega
m4 tedy gen rezistence ke rzi pSeni¢né Lr3.

DISKUSE

Z &eskych odrid pSenice ozimé, povolenych v letech 1990 aZ 1992, maji dvé
odridy ze Slechtitelské stanice Stupice, a to Sofia a Senta, translokaci 1BL/IRS,
tedy nejrozsitend;si zdroj rezistence i v diive povolenych odridich. Z geni Sr31,
Lr26, Yr9 a Pm8, které tato translokace nese, zistdva zcela i¢inny jenom gen
rezistence ke rzi travni Sr31, dal$i geny jsou i¢inné jen k méné vyznamnym rasdm.
Translokace 1BL/1IRS mé pozitivni vliv na vynos a na regeneraci rostlin
z explantdtovych kultur vyuZivanych v dihaploidnim $lechténi, av§ak negativni
vliv na pekaiskou jakost. Treti &esk4 povolend odriida ze Slechtitelské stanice
Stupice je odoln4 jen k mén& vyznamné rase 14 rzi travni (gen predb&Zné oznaen
;ymbolem Sr Zdar) a je nichylnd ke rzi pSeni¢né. Moravskd odrida Vega ze

lechtitelské stanice HrubCice m4 jen mens3i ¢4st rostlin odolnych k vyznamnym
rasdmrzi travni 34, 11 a 21. Jeji rezistence ke rzi pSeni¢né je podmiriovand genem
Lr3, Eastym ve star§ich odridich. Tento gen je G¢inny jen k méné vyznamnym
ras4m této rzi. Druh4 moravsk4 odriida Vlada ze Slechtitelské stanice BraniSovice
rozSifuje geneticky zédklad rezistence genofondu povolenych odrid jak ke rzi
travni, tak ke rzi pSeni¢né. Jeji rezistence se li3i od rezistence diive povolenych
odrid.

Hodnotime-li rezistenci z hlediska rizika vyskytu dosud pievlddajicich ras rzi
travni, pak lze pfedpokladat dostatenou genetickou ochranu u odridy Vlada, jen
slabou, ¢4ste¢nou u odridy Vega a dobrou ochranu u odriid Sofia a Senta. Odriida
Simona neni k prevlddajicim rasim odolnd, ale neni také urfena pro oblasti
potenciélné ohroZené rz{ travni.

Proti nejroz3itenéj$im rasdm rzi p3eni¢né poskytuje genetickou ochranu
rezistence odrida Vlada, pfi roz$iten{ odridy ;je viak pravdépodobné i roz§iren{
virulentnich ras. Stupeii napadeni dal$ich studovanych odrid bude zéviset spiSe na
jejich polnf horizontéln{ rezistenci neZ na jejich specifickych genech rezistence,
nei¢innych k prevlddajicim rasdm.
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P. Barto$, E. Stuchlikovd, R. HanuSovd (Research Institute for Crop Production,
Praha-Ruzyné, Czech Republic)

Genetics of stem and leaf rust resistance of winter wheat cultivars Sofia, Senta,
Simona, Vlada and Vega

In the years 1990-1992 three winter wheat cultivars Sofia, Senta and Simona from
the Plant Breeding Station Stupice, cultivar Vega from the Plant Breeding Station
Hrublice and cultivar Vlada from the Plant Breeding Station BraniSovice were
registered in the former Czechoslovakia in addition to two Slovak winter wheats.
Genes for stem and leaf rust resistance were studied in the above - mentioned cultivars
from the Czech Republic. Reactions to five stem rust races and six leaf rust races were
compared with the reactions of cultivars or lines possessing known resistance genes.
Progenies of the crosses with the studied cultivars were inoculated with avirulent races
and rust reactions were determined in F,, F, and F; generations at the 1-2 leaf stage in
the greenhouse. Cultivars Sofia and Senta were found to have the “rye resistance*
(IBL/IRS translocation, genes Sr31, Lr26, Yr9 and Pm8). The stem rust resistance gene
of the cultivar Simona is identical with that one of the cultivar Zdar. Simona was
susceptible to all leaf rust races used in the test. The cultivar Vlada possesses probably
three unidentified recessive genes for stem rust resistance and two unidentified genes
for leaf rust resistance. In the cultivar Vega the gene Lr3 for leaf rust resistance was
identified. Only a small part of the plants of Vega were also resistant to stem rust. Rust
resistance genes of the cultivars Sofia, Senta, Simona and Vega were used in the
cultivars registered in the former Czechoslovakia already earlier. Rustresistance genes
in the cultivar Vlada seem to be new in the assortment of the registered winter wheat
cultivars. This is favourable for the desirable diversification of disease resistance
genes in the grown cultivars.

stem rust; leaf rust; variety resistance; registered wheat varieties
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ODOLNOST SLOVENSKYCH ODRUD A NOVOSLECHTENI(
PSENICE OZIME K PADL{ TRAVNIMU
(ERYSIPHE GRAMINIS DC.F. SP. TRITICI MARCHAL)

Renata HANUSOVA, Pavel BARTOS

Vyizkumny iistav rostlinné vyroby, 161 06 Praha 6-Ruzyné

Slovenské povolené odriidy a novollecht®n{ pSenice ozimé ze stétnich odri-
dovych zkousek UKZUZ byly v letech 1989 a% 1992 testovény vice izolaty
patogena za G&elem stanoveni genetického zikladu jejich rezistence k padli
travnimu ve fazi prvniho listu. Pfitomnost znim§ch major genii rezistence pak
byla ovéfovéna hybridologickou anal§zou, tj. testovinim kiiZencl studo-
vanych odriid v F1, F2 a F3 generaci rovn&Z ve fézi prvniho listu. Kromé&
znimych major genti rezistence Pm2, Pm4b, Pm5, Pm6, Pm8 byl zjiitén
Ginek dosud neurfenych genil rezistence k padli travnimu u odriidy Soldur
a novoslechténi pSenice tvrdé SO-D-94. V odriidé Agra byla prokizina
pfitomnost genu - inhibitoru se specifickym G&inkem ke genu Pm8. V polnich
pokusech pfi pfirozeném vyskytu padli travniho byla zji¥t€na u n&kterych
odriid a linif bez major geni rezistence polni odolnost v dosp&losti.

Erysiphe graminis £. sp. tritici; pSenice ozim4; specifickd rezistence; major
geny

Padli travni Erysiphe graminis f. sp. tritici je zdvaZnym patogenem na
Senici, vyskytujicim se pravideln& predeviim ve stfedni a severni &4sti Evropy.
kody, které padli travni zpisobuje, mohou v né€kterych pifpadech presidhnout

25 % vymosu (Felsenstein, 1991). Krom& agrotechnickych opatieni, jako
je pfimérené hnojeni dusikem a vhodné doba seti, 1ze napadeni padlim redukovat
hlavné péstovanim odolnych odriid nebo aplikaci fungicidi. Vhodnou kombinac{
uvedenych piistupd mohou byt ztrity sniZeny na minimum. Geneticky podminéné
odolnost je navic zplisob ochrany rostlin, ktery nezatéZuje Zivotni prostiedi.

MATERIAL a METODY

V letech 1989 aZ 1992 jsme studovali geneticky zdklad rezistence k padli
travnimu u slovenskych povolenych odrid pSenice ozimé a u novoslecht&ni zkou-
Sengch v t&chto letech ve sttnich odriidovych zkouskdch UKZUZ.

Osivo pouZité k pokusiim pochézelo z odriidové zkuSebny UKZUZ Sedlec
a bylo totoZné s osivem pouZitym v pislu¥ném roce v pokusech UKZUZ. Izol4ty
patogena byly ziskédny formou jednopustulovych izolac{ z pfirozené populace padli
travniho v Praze-Ruzyni. Vybrané izolaty se liSily reakcemi k diferencianim
odriddm testovaciho sortimentu a umoZiiovaly uréit jednotlivé znimé geny
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rezistence. Udaje o pfitomnosti genu PmS byly ziskény spolupraci s Katedrou pro
péstovani a Slechténi rostlin ve Weihenstephanu, T. U. Mnichov, SRN.

Pro aproximativni anal§zy, tj. testy vice rasami patogena, i pro genetické
analyzy jsme rostliny pfedpéstovavali v kofenacich ve skleniku pfi teploté 15 aZz
25 °C a ve fazi prvniho listu jsme je zakryté sklenénymi vélci inokulovali popra-
Senim konidiemi padli. Vélce jsme pfikryli gdzou a dile pfechovévali v klima-
tizovaném boxu s teplotnim a svételnym reZimem (noc - 10 hodin, 10 aZ 12 °C;
den - 14 hodin, 15 aZ 18 °C, osvétleni 3 000 Ix). Reakce studovanych odriid a linii
jsme srovnivali s reakcemi odriid se zndmymi geny rezistence a podle shodnych
reakci usuzovali na pfitomnost tychZ gend rezistence (H a n u § o v 4, 1992).

U odriid, u nichZ se podle v§sledkd aproximativnich anal§z dalo usuzovat na
pfitomnost zndmych gend rezistence k padlf travnimu, jsme déle studovali gene-
tické zaloZeni rezistence hybridologickou analyzou. Hodnotili jsme reakce F1, F2
a F3 generace kiiZencl studované odriidy s nidchylnou odriidou nebo s jinou odrd-
dou se zndmymi geny rezistence.

Odolnost odrid a novoslechténi byla po &tyfi roky (u novoslechténi dva az
&tyfi roky) hodnocena rovnéz v dospélosti v polnich pokusech ve VORV Praha-
-Ruzyné stupnici UKZUZ po napadeni pfirozenou populaci padlf travniho
(1 - nachylna aZ 9 - odolnd).

VYSLEDKY a DISKUSE

Tab. I a II shrnuji Gdaje o genetickém zaloZeni odolnosti odriid a novo-
$lechténi k padli travnimu. Vét$ina odriid m4 jeden nebo dva zndmé major geny
rezistence (geny Pm2, Pm4b, Pm5, Pm6, Pm8), odridy Blava, Kositka a Viginta
nemaji Zidny major gen rezistence. Odolnost odriidy tetraploidni pSenice tvrdé
Soldur je fizena dosud neuréenym genem (nebo geny) rezistence, G&innym vici
viem izoldtdm patogena pouZitym k testim. U poloviny testovanych novoslechté-
ni nepfedpoklddime Zidny zndmy major gen rezistence. Odolnost ostatnich
novoslechténi fidi geny Pm2, Pm4b, Pm6, Pm8, a to vét§inou v kombinaci. Linie
S0O-D-94 mé vysokou rezistenci podminénou dosud neuréenym genem (geny)
rezistence podobné jako odriida Soldur. V posledni &4sti tabulek I a IT jsou ddaje
o primérném stupni napadeni odrid a linii v dospélosti v polnich podminkéach.

Vysledky hybridologickych analyz, tj. reakce v F; generaci, $t€peni v F, a F, gene-
raci a vyhodnoceni shody ziskanych $t€pnych pomérid s odekdvanym St€pnym pomé-
rem pomoci xz- testu, jsou shrnuty v tab. III. Tab. IV uv4di reakce rodi¢ovskych odriid
ze studovanych kfiZeni k pouZitym izolatdm padli travniho. U odrid s translokaci
1B/1R jsme pfi interpretaci vysledki brali v Gvahu zkuSenosti s nepravidelnym (sniZe-
nym) pfenosem genetické informace ziskané z cizich chromoz6émi (tj. nadbytek
nachylnych rostlin proti o¢ekdvanému Sté€peni), které byly dfive popsdny (Barto§,
Bares§, 1971).

Odriida Agra pochézi z kiiZzeni Purdue 66278 x SO 27-281. Druhy rodi¢ je
kiizencem odrid Aurora a S 985. Odriida Agra mé podle aproximativnich analyz
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L Odolnost slovenskych odrild pSenice ozimé k padli travnimu (Erysiphe graminis f. sp.
tritict) ve VURV Praha-Ruzyné v letech 1989 aZ 1992 pfi pfirozeném napadeni v polnich
pokusech (1 - nichylnd, 9 - odolnd) — Resistance of Slovak winter wheat cultivars to powdery
mildew (Erysiphe graminis f. sp. tritici) under natural field infection at Prague-Ruzyné€ in the
years 1989 to 1992 (1 - susceptible, 9 - resistant)

1 A . 5 | O stupeii napadeni
Odrada Rok povolen{ Geny rezistence v dI:)es pel or:: 2

S geny rezistence”
*Agra 1985 PM2, 6, (8) 6,6
*Danubia 1984 PM5, 8 4,9
Ilona 1989 PM5 6,5
*Iris 1983 PMS5, 8 45
*Livia 1991 PMS8 54
*Roxana 1985 PM4b, 8 35
Soldur 1989 + 8,3
*Torysa 1992 PM2, 6 6,3
Bez geni rezistence’

Blava 1992 - 5,4
Kosiitka 1981 - 3,6
Viginta 1984 - 6,1

* u odridy byla provedena hybridologick4 analyza — hybridologic analysis was carried out in the
cultivar

;cuhivar; 2cultivars with resistance genes; 3cultivars without resistance genes; 4 registration year;
resistance genes; 6avc:rage degree of infestation at adult stage

odolnost podminénou kombinaci gend Pm2 a Pm6, ziskanych z linie Purdue
66278. PrestoZe obsahuje geny odolnosti ke rzi travni Sr31 (Barto§,
Stuchlikov4,1987) a ke rzi pSeni¢né Lr26 (Barto §, et al.,, 1990), tedy
translokaci 1BL/1RS pfenesenou pravdépodobné z odriidy Aurora, neprojevuje se
v ni gen Pm8. Vysledky ukazuji nachylnou reakci F1 generace kfiZeni odrid Agra
x Vala po inokulaci izolatem 47, avirulentnim ke genu Pm8 a virulentnim ke genu
Pm2 a Pmé6. Tento v§sledek nesvéd¢i o pfitomnosti genu Pm8 v odriidé Agra.
V F generaci kiiZzeni Agra x Vala v8ak po inokulaci timtéZ izolatem 47 vyStépily
odolné rostliny v poméru 3 odolné : 13 nichylnym a linie F3 generace té€chto kiiZeni
Stépily v poméru 1R : 7S : 8 seg. Uvedené $t€pné poméry nasvédcuji tomu, Ze
odriida Agra mé pfedpoklddany gen odolnosti k padli Pm8, aviak inhibovany
dal$im genem. Jedna se zfejmé o gen - inhibitor (supresor) se specifick§ym G¢inkem
ke genu Pm8.

V F2 generaci kfiZzeni odrid Agra x Vala byl po inokulaci izoldtem 45
virulentnim ke genu Pm8, Pm2 a avirulentnim ke genu Pmé6 zji$t€n $t€pn§ pomér
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II. Odolnost slovenskych novoslechténi pSenice ozimé k padli travnimu (Erysiphe graminis
f. sp. tritici) ve VURV Praha-Ruzyné v letech 1989 a%1992 pfi ptirozeném napadeni v polnich
pokusech (1 - nichylnd, 9 - odolnd) — Resistance of Slovak winter wheat advanced lines
to powdery mildew (Erysiphe graminis f. sp. tritici) under natural field infection at Prague-
Ruzyné in the years 1989 to 1992 (1 - susceptible, 9 - resistant)

Novoslechténi® P i‘edpok.]édané;eny O stupeii napadem
rezistence v dospélosti’

Linie s geny rezistence?

PS 1l PM2, 8 43
RA10 PM8 43
SK 8090 PM2, 6, 4b/8 7.0

SO 2392 PM2, 6, 8 8,2
SO-D-94 + 8,0
Linie bez genti rezistence’

BU 30 . 4,5
RA 18 = 43

SO 4002 - 5,7

SO 7953 : 6,3

SO 8561 - 6.5

S0 928 - 6.0

! advanced line; 2ines with resistance genes; 3lines without resistance genes; 4postulated resistance
genes; 5average degree of infestation at adult stage

3R :1S, coZ ukazuje jeden dominantni gen v odriidé Agra, a to Pm6 s pravdé-
podobnosti P = 0,8 - 0,5. Po inokulaci stejného kiiZeni izoldtem 74 virulentnim ke
genu Pmé a avirulentnim k Pm2 a Pm6 se bliZi pomér 106 odolngych : 13 nachylnym
rostlindm pfedpoklddanému $t€pnému poméru 15 : 1 pro dva dominantni geny
(pfedpokladané geny Pm2 a Pm6), aviak jen statisticky neprikazné. VEtsi pocet
niachylnych rostlin mize byt zplsoben slabsim projevem genu Pmé6 ve stadiu
jednoho aZ dvou listd k nékterym izolatdm padli. Bylo zjisténo, Ze rezistence
fizend timto genem se ¢asto plné projevi aZ v pozdé€jsich fazich vyvoje rostliny
(od tfetiho listu) Jorgensen,J ensen, 1972). Dobré exprese genu Pmé6 ve
stejném kfiZeni po inokulaci rasou 45 tuto moZnost sice nepotvrzuje, ale je nutno
vzit v ivahu i moZny vliv vnéjsich podminek a genotypu izoldtu patogena a geno-
typu testovanych rostlin (rizné linie téhoZ kiiZeni) na projev genu Pm6. '
V F1 generaci kiiZeni odrlid Agra x Danubia po inokulaci izoldtem 47 byly
vSechny rostliny nidchylné a v F2 generaci byl zjistén $t€pn§ pomér 1R : 3S. Tyto
vysledky lze interpretovat dvojim zplsobem:
a) gen Pm8 v odridé Agra chybi a gen Pm8 v odriidé Danubia mé v kiiZeni odriid
Agra x Danubia recesivni i¢inek;
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b) ziskané $t€pné poméry odpovidaji pfitomnosti dominantniho genu Pm8 v odridé
Agra i v odridé Danubia a dominantniho inhibitoru v odriidé Agra.

Dvojim zplisobem miZeme vysvétlit také rezistentni reakci rostlin v Fi
generaci a $t€peni 108 rezistentnich : 20 ndchylnym rostlindm v F> generaci kiiZeni
odrlid Agra x Selekta:

a) §tépny pomér odpovid4 pfitomnosti gentt Pm8 a Pm4bv odridé Selekta, jednoho
s dominantnim a jednoho s recesivnim G¢inkem;

b) $t€pny§ pomér ukazuje na dominantni genPm8 a dominantni inhibitor tohoto genu
v odriidé Agra a dva dominantni geny (Pm8 a Pm4b ) v odridé Selekta.

Vzhledem k diikazu pfitomnosti genu Pm8 v odriidé Agra v kfiZeni odriid
Agra x Vala je u obou kfiZeni pravdépodobné;si druhd moZnost.

Odriida Danubia vznikla z kiiZeni odriid Purdue 5571 x (Aurora x S 985) a gen
Pmé8, ptedpoklddany podle reakci k souboru izolatll, mohla ziskat z odriidy Aurora.
Ve tfech testech F2 generace kfiZeni odrlid Maris Huntsman x Danubia bylo po inoku-
laci izolaty 47 a 35 (oba avirulentni k Pm8 a virulentni k Pm2 a Pmo6) zji$t€no St€pe-
ni, které 1ze vysvétlit pfitomnosti jednoho recesivniho genu v odriidé Danubia - Pm8
se snizenym prenosem. Uéinek genli Pm2 a Pm6 v odriidé Maris Huntsman vylou-
¢ila virulence pouZitych izolatd k témto genlim.

Diikazem genu Pm8 v odriidé Danubia jsou téZ vysledky ziskané analyzou
kiiZzeni odriid Agra x Danubia, které byly jiZ popsiny u odriidy Agra.

Recesivni gen Pm5 miZeme v odridé Danubia pouze pfedpoklddat podle vysledkd,
které uvadéji L u t z et al. (1992), ktef{ zjistili gen Pm5 aproximativni analyzou v
odriidé Danubia i v rodi¢ovské odriidé Purdue 5571. Nédmi vytvoren4 kolekce izol4th
neumoZiiovala prokizat gen Pm5 ve studovanych odriidach.

Odrida Iris pochazi z kfiZeni odriid Siete Cerros x Kavkaz. Pfitomnost genu Pm8,
pfedpoklddaného podle reakci k souboru ras v odridé Iris, jsme studovali v F1 a F2
generaci kfiZeni odriid Iris x Regina. Ndchyln4 reakce rostlin v F1 generaci po inoku-
laci izoldtem 35 a 47 (oba avirulentni ke genu Pm8) ukazuje recesivni zaloZeni genu
Pm8 v této kombinaci. To také potvrdila Stépeni v F2 generaci.

Stépeni v F7 generaci kfiZeni odrid Iris x Fox odpovid4 §t&pnému poméru 3R : 1S pro
jeden dominantni gen rezistence. Gen Pm8 v odridé Iris m4 dominantni nebo rece-
sivni Ginek, coZ je zfejmé podminéno genotypem druhého rodice.

Lutz etal.(1992) popsali u odridy Iris dva geny rezistence - Pm5 a Pm8 - stejné
jako u odridy Danubia. Gen Pm8 pochézi pravdépodobné z odriidy Kavkaz a gen
PmS5 z odridy Siete Cerros, jak vypl§va z jejich reakci k souboru izol4td.

Odrtda Livia byla vyslechténa z kombinace odriid K 3756-1-76 x Ko$idtka. Reakce
kfiZenc odriid Livia a Zdar v F2 generad po inokulad izoldtem 201 avirulentnim ke
genim Pm4b a Pm8 podporuje predpoklddanou pfitomnost genu Pm8 v odriidé Livia.
Ziskany $t¢pny pomeér 127 R : 9 S odpovid4 s pravdépodobnosti P = 0,99 - 0,95 teore-
tickému $tépeni pro dva dominantni geny, tj. Pm4b v odridé Zdar a Pm8 v odridé
Livia.

Odriida Roxana je kiiZencem odriid Solo a Kavkaz. Pro diikaz pfedpoklddaného
genu Pm4b jsme pouZili kiiZeni odriid Roxana x Zdar. Po inokulaci izoldtem 102
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III. Hybridologick4 analyza odolnosti slovenskych odrid penice k padli travnimu (Erysiphe graminis f. sp. tritici) - Hybridologic analysis of
powdery mildew resistance (Erysiphe graminis f. sp. tritici) in Slovak wheat cultivars

Kfieni ! Gene- | 1,043 Poiet rostlin / linii* Ocekivapé 2z 5
race R S | Se | = Easpent
Fi 47 . 5 . 5 -
F2 47 24 87 . 111 3:13 0,6080 0,5-0,2
F3 47 E 19 26 48" 1:7:8 0,3442 0,95-0,80
Agra x Vala Fy 45 1 i i 1 i
F2 45 104 37 . 141 3:1 0,1157 0,8-0,5
F1 74 1 . 3 1 .
F2 74 106 13 . 119 15:1 4,4377 0,05 - 0,01
Agra x Danubia F1 47 R 8 ) 8 )
F2 47 43 132 . 175 1:3 0,0170 0,99 - 0,95
Agra x Selekta F1 4 2 R . 2 )
F2 47 108 20 . 128 i3:3 0,8204 0,5-0,2
P 35 22 125 R 147 1:3 7,8930 <0,01
F2 47 15 106 & 121 1:3 10,2505 <0,01
F1 35 - 6 . 6 -
Iris x Regma FZ 35 33 120 - 153 1:3 0,9693 0,5 - 0,2
F1 47 . 5 " 5 .
F2 47 34 112 . 146 1:3 0,2411 0,8-0,5

-

88Z-6L7 : (P)E66T 67 <I9S B 12U
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PoZet rostlin / linif*

s 2 - Ocekivapé
Kiizeni ! Seng- | Lzolsr i T Mopeat N P

Tris x Fox F2 35 64 24 . 88 3:1 0,7878 0,5-0.2

Livia x Zdar Fa 201 127 9 - 136 15:1 0,03130 0,99 - 0,95

Roxana x Zdar F2 102 118 - - 118 -

Roxana x Regina F2 58 99 45 % 144 3:1 3,3690 0,20 - 0,05

Marks Hunonaii x Roxsid | B 47| 143 5| - 168 1353 16490 0,20

15:1 21,3500 <0,01

F1 45 3 s - 3 -

Torysa x Zdar F2 45 92 25 . 117 3:1 0,8233 0,5-0.2
F2 1 106 8 - 114 15:1 0,1145 08-0,5

R = rezistentni - resistant; S = nichylny - susceptible; Seg. = $tépici - segregating

1

cross; 2 generation; 3isolate; “number of plants / lines; sexpected segregation

‘6Z “1YO9IS & JPUID

887-6LT : (¥) €661
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IV. Reakce rodicovskych odrfid k izoldtim padli travniho pouZitym k testovéni F;, F, a F,
generace kfiZzench (R - odolnd, S - nichylnd) - Response of parental cultivars to powdery
mildew isolates used in the tests of F,, F, and F, generations of the crosses (R - resistant,
S - susceptible)

Predpoklddané Reakee k izol4tu®

Odriida’ geny

rezistence? 1 35 | 45 47 58 74 | 102 | 201
Agra Pm2, 6,(8) R | s R
Danubia Pms5, 8 R R
Fox - R
Iris Pm5, 8 R R
Livia Pm8 R
Maris
Huntsman bm2,6 S S
Regina Pm5 S S S
Roxana Pm4b, 5,8 R R R
Selekta Pm4b, 8 R
Torysa Pm2,6 R R
Vala N S S S
Zdar Pm4b, 5 S S R R

Leultivar; 2posmlated resistance genes; 3're,sponsc.-, to isolate

avirulentnim ke genu Pm4b a virulentnim ke genu Pm8 nevystépila z celkového poctu
118 rostlin Z24dné nidchylnd, coZ nasvéd¢uje identité genl odolnosti v obou odridich,
a to genu Pm4b.

V kiiZeni odrid Roxana x Regina byla v F2 generaci pc inokulaci izolitem
58 avirulentnim ke genu Pm8 zjist€na shoda se $t€pnym pomérem 3 : 1, byl viak
pozorovan vétsi pocet ndchylnych rostlin proti ofekdvanému poctu pfi $tépeni pro
jeden dominantni gen odolnosti. Tento posun k nidchylnosti miZeme vysvétlit
nepravidelnym pfenosem genetické informace u nékterych genotypt s &4sti ciziho
chromozému. V kiiZeni odriid Maris Huntsman x Roxana $tépeni 143R : 25S po
inokulaci izol4tem avirulentnim ke genim Pm4b a Pm8 a virulentnim ke gendm
Pm2 a Pmé6 vypovidé o pfitomnosti dvou gend, a to pfedpoklddanych gend Pm4b
a Pm8, z nichZ jeden je recesivni a druh§ dominantni, nelze v8ak vyloucit ani
pfitomnost dvou dominantnich gend (Pm4b a Pm8) a posun po¢tu nichylnych
rostlin za hranici prikaznosti.

Pfedpoklddané geny odolnosti Pm4b a Pm8 v odriidé Roxana pochézeji
z rodi¢ovskych odrid Solo (Lutz etal, 1992, Heun,Fischbe ck,1987a)
a Kavkaz.
Odriida Torysa pochézi z kfiZeni odrid Maris Marksman x Vala. Aproximativné
u ni byly zji$t€ny dva geny rezistence - Pm2 a Pm6. F1 a F2 generaci kiiZeni odrid
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Torysa x Zdar jsme testovali izoldtem 45, avirulentnim ke genu Pm6 a virulentnim ke
genim Pm2 a Pm4b. Odoln4 reakce v F1 a §té€peni v poméru 3R : 1S v F2 potvrdily
piitomnost jednoho dominantniho genu, a to zfejmé genu Pm6, v odridé Torysa.

V F2 generaci téhoZ kiiZeni po inokulaci izoldtem 1 avirulentnim ke genfm
Pm2 a Pm6 a virulentnim ke genu Pm4b $t&pily rostliny v poméru 106 R : 8S, coZ
odpovida teoretickému poméru 15 R : 1S pro dva dominantni geny. Tento v§sledek
miZeme povazovat za dikaz gend Pm2 a Pm6 v odridé Torysa.

Jak vyplyva z vysledki analyz, slovenské odridy a novoslechténi maji vétsi-
nou kombinace nékolika zndmych major genf rezistence, a to gend Pm2, Pm4b,
Pm5, Pm6 a Pm8. Z nich jsou geny Pm5 a Pm8 v naSich podminkich jiZ netdc¢inné.
Dobrou specifickou odolnost v dospélosti podmitiuje dvojice gend Pm2+6, kterd
fidi stfedné rezistentni aZ rezistentni reakci odrid Agra a Torysa v polnich
podminkich. Rezistentni jsou téZ dvé€ novoslechténi, u kterych pfedpokldddme
geny Pm2+6, a to linie SK 8090 a SO 2392. )

Perspektivni se zd4 odolnost tvrdych pSenic Soldur a SO-D-94, i kdyZ
v oblasti péstovani odridy Soldur za¢ind byt pfekondvana virulentni rasou.

Kromé genfl G¢innych u mladych i dospélych rostlin, které byly v této praci
studovany, mohou mit odriidy odolnost jen v dospélosti, jejiZ existenci ani gene-
ticky zdklad nemohly sklenikové testy na rostlindch ve fazi jednoho aZ dvou listd
prokézat. Napf. odridy Ilona a Livia, které maji jen nei¢inné geny Pm5 a Pm8,
byly polnich pokusech v dospélosti stfedné odolné aZ odolné. Jejich odolnost Ize
pficist plisobeni gendl projevujicich se jen v dospélosti. Polni odolnost mé také
odrida bez specifického genu rezistence - Viginta, povolend v roce 1984, a pravdé-
podobné i odrida Blava. Také odolnost tif novoslecht&ni ze SS Solary - SO 7953,
SO 8561 a SO 928 - podmiriuji geny pro polni odolnost.

V soucdasné situaci, kdy spektrum $lechtitelsky vyuZitelnfch major gend
rezistence neni Siroké, je vhodné vyuzivat i vySe uvedené formy rezistence,
charakteristické pomalym pribéhem choroby a niZ$im napadenim v polnich
podminkéch. Vybéry na tento typ rezistence jsou viak ndro¢né;jsi a nelze je béZné
provéadét ve skleniku u mladych rostlin jako pfi vibérech na specifickou rezistenci.
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R. HanusSovd, P. Barto$ (Research Institute for Crop Production, Praha-Ruzyné,
Czech Republic)

Powdery mildew resistance of Slovak winter wheat cultivars and advanced lines

In the years 1989 to 1992 the specific resistance of Slovak winter wheat cultivars
and advanced lines to powdery mildew was studied. Tests were carried out at the stage
of seedlings in the growth chamber. Wheat seedlings were inoculated at the stage of
the first leaf by dusting the plants with spores in glass cylinders and then kept at
15 - 18 °C. Known genes for powdery mildew resistance have been assessed according
to the responses of the set of isolates and in many cases results were confirmed by
analyses of F, F, and F, generations of suitable crosses. During the years 1989 to
1992 field resistance of all cultivars and advanced lines was studied. Results obtained
are presented in Tabs. I to IV.

The following cultivars are expected to possess the known genes for resistance to
powdery mildew : Agra - Pm2, Pm6, Pm8, Inh., Danubia - Pm5, Pm8, Ilona - Pm5,
Iris - PmS5, Pm8, Livia - Pm8, Roxana - Pm4b, Pm8, Torysa - Pm2, Pm6, Soldur - +.
The gene Pm8 (translocation 1BL/1RS) in the cultivar Agra is suppressed by another
dominant gene - inhibitor with the specific effect on the gene Pm8. Among the
cultivars without major genes of resistance, the cultivars Viginta and Blava were quite
resistant in the field. In one half of advanced lines tested, specific resistance has been
determined. Three lines possess the field resistance.

The Slovak wheat cultivars and advanced lines possess genes for resistance Pm2,
Pm4b, PmS5, Pm6, Pm8, individually or mostly in various combinations, Pm2 + Pm6
being the only efficient gene combination in the field. Triticum durum cultivar Soldur,
and the line SO-D-94 possess unidentified gene (s), efficient to all powdery mildew
isolates used in the tests. :

Erysiphe graminis f. sp. tritici, winter wheat; specific resistance; major genes
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KRATKA SDELENI

GEN Rht1 U ODRUDY PSENICE OZIME VLADA
Vadclav SIP, Miroslav SKORPIK

Vyizkumny iistav rostlinné vyroby, 161 06 Praha 6-Ruzyné

Determinace vyznamnych genld u odrlid vyuZivanych ve S$lechtitelskych
hybridiza¢nich programech se uplatfiuje pfi vybéru vhodného genetického
materidlu. Udaje o pfitomnosti gent kratkostébelnosti (Rht) ve svétovém sorti-
mentu p3enic jsou dostupné jak z v&€deckych publikaci (Gale et al., 1981,
Worland, 1986; Yamada, 1990), tak ze soubornych katalogh vyda-
vanych u nés (§ korpik etal.,,1991;Martynov etal.,1992). ZRht genl
mé zvlaStni postaveni skupina, kterd se d4 identifikovat na zdklad€ necitlivosti
na aplikovany giberelin (GA;). V nasem sortimentu odrid pSenice se uplatnily
pfedeviim RAt geny necitlivosti na GA; pochézejici z odriidy Norin 10 - Rht1,
lokalizovany na chromozomu 4A a Rht2 lokalizovany na kridtkém rameni chro-
mozomu 4D (G ale etal., 1981). V jiZni Evropé (ziejmé i u nds) m4 pomérné
Siroké zastoupeni také gen oznalovany Rht1S (z odriidy Saitama 27) se slabsi
necitlivosti na GA,, ¢asto kombinovany s genem citlivosti na giberelin Rht8
(Worland, 1986). Vzhledem ke slabsi necitlivosti se viak pfitomnost genu
Rht1S hybridologickou cestou zjisfuje obtiZné&.

Za G&elem detekce Rht genu necitlivosti na giberelin u Eeské povolené odriidy
Vlada (BR 1193) bylo providéno kfiZeni s odridami Siete Cerros (nositel genu
RhtI) a Brigand (Rht2). V hybridni generaci F, a u rodiovskych odriid byl aplikovén
giberelin (GA,). Testace u juvenilnich rostlin probihala podle popsané metodiky

L. Typ reakce na GA,, priimér a rozptyl v délce nadzemni &4sti ke konci Sepele druhého listu
(cm) u kiiZencil F, a u rodiSovskych odriid - Classification of GA, response, mean values
and variances in the above-ground plant part to the tip of second leaf lamina (cm) of F,
generation crosses and parental varieties

Kiizenec/ rodicovské . 2 Poget rostlin”
odriida necitliv§ch na GAs®| citlivych na GAs*
Vlada x Brigand (Rht2) 1630 | 19,141 93 6
Viada x Siete Cerros (RhtI) | 1594 | 3,667 100 ,
Viada 1603 | 5434 38 :
Brigand 13,25 2,223 88 -
Siete Cerros 13,56 2,276 35 -

1cross/parental variety; Znumber of plants; 3insensitive to GA;; 4sensitive to GA,
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(Sip etal., 1986). Z tab. I je ziejmé, Ze u rodidovskych odriid a kfiZence Vlada x
Siete Cerros (Rhtl) se vyskytly pouze rostliny necitlivé na GA;. U kfiZence
Vlada x Brigand (Rht2) viak bylo detekovédno Sest rostlin se zfetelnou citlivosti
a zbyvajicich 93 rostlin bylo necitlivych na GA;. To odpovid4 3t€pnému poméru
1 : 15, s dominanci pro necitlivost (x> = 0,00606 < xzo.gs (1) = 3,84). Rozptyl
v délce nadzemnf &4sti rostlin ke konci Eepele druhého listu byl vyznamné vyss{
u kiiZence Vlada x Brigand neZ u kfiZence Vlada x Siete Cerros a rodi¢ovskych
odriid. Rozptyl ziistane vys$si i po vyloudeni Sesti rostlin s odliSnym typem
reakce na GA, (s2 = 10,844). Vyssi variabilita ve vzristu rostlin je evidentné
plsobena segregaci pfi nedplnosti dominance. Jako netiplnou oznadili dominanci
alel pro insensitivitu na GA; (z odrlidy Norin 10) Gale a Law (1976).
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V. Sip, M. Skorpik (Research Institute for Crop Production, Praha-Ruzyné, Czech Republic)
Gene Rhtl in the Czech winter wheat variety Vlada

Data about the presence of important genes are communicated to wheat breeders by
catalogues published in Czech Republic S korpik etal, 1991; Martynov
et al., 1992). Gene Rht1 in the Czech winter wheat variety Vlada was determined on
the basis of testing the response to applied gibberellic acid (GA,) in the F, generation
test crosses. The segregated population showed significantly greater variance in the
above-ground part of two-leaf plants than parental varieties (Table I).

Triticum aestivum L..; Rht genes; response to gibberellic acid
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POSTGRADUALNI STUDIUM Z OBORU GENETIKY
PRILOHA CASOPISU GENETIKA A SLECHTENI, 29, 1993, CiSLO 4

DNA POLYMORPHISM AND RAPD TECHNOLOGY®

Petr SAMEC

Institute of Plant Molecular Biology, AS CR, BraniSovskd 31,
370 05 Ceské Budéjovice, Czech Republic

Introduction of molecular-biology methods into plant improvement has provided
contemporary plant breeders with a powerful tool for direct analysis, manipulation,
and targeted modification of crop genomes. Within the repertoir of applied molecular
techniques, the development of molecular markers is fundamental.

“Molecular phenotyping“ of genomes was well established by studying poly-
morphism of protein and isozyme systems, the strategy of which is currently
widely used (Wiesner etal., 1993). Circamvention of disturbing environmental
impacts on manifestation of markers derived from phenotype may be achieved by
developing direct DNA-based markers (Tin gey, T uf o, 1993).

Besides the disturbances in accurate heritable reproduction, phenotypic markers
suffer from their low number amenable to routine analyses. For instance, the number
of isozyme markers is limited by the number of known biochemical assays to detect
enzymatic activity (usually location on the electrophoretic gel is required) and is
guessed to be around 100 (T an ks 1 e y, 1983). On the other hand, the number of
polymorphic regions within the eukaryotic genome is several order of magnitudes
higher. Thus, DNA markers are now expected to play the more and more important
role in the near future of plant breeding technology.

DNA markers simply detect differences in genetic information, in other words they
are based on polymorphism in DNA sequences carried by two or more individuals.
DNA markers involve a still rapidly growing up number of various applications. It is
worth to mention among others so called DNA fingerprinting used for discrimination
of various genotypes, cultivars or determination of seed lot genetic purity (Kirby,
1990; Munthali etal, 1992), paternity testing in breeding schemes (W elsh
et al., 1991a), tracing the genes of interest during breeding programs (Deragon,
L a n d ry, 1992), extracting agriculturally valuable traits from exotic germplasm into
domestic cultivars and genetic mapping (Paterson etal., 1991). DNA markers

The preparation of this paper as a part of our research in RAPD technology was enabled
by the support of the Ministry of Economy, grant projects Z-660-02 and Z-660-03.
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may well be used for “phylogenetic walking“ (Doyle, Knipple, 1991) and
studying molecular evolution (Erlich, Arnheim,1992), in analyzing popula-
tion structure, diversity and dynamics (Ny bo m, S c h a a I, 1990). Consequently,
such an approach has various applications in ecology and epidemiology (W el s h,
McClelland,1991a,b).

Two basic questions arise when dealing with DNA markers:

1. Which regions throughout a genome are polymorphic or hypervariable or in other
words with high mutation frequency (and thus suitable for generation of DNA
markers) and where are they located?

2. Which strategies may be designed to reveal such a polymorphism and, consequently,
to generate markers?

NATURE OF DNA POLYMORPHISM

In general, DNA sequences may be arranged in a single copy, mid-repetitive or
highly repetitive sequences with quite different functional constraints, i. e. coding,
regulatory or noncoding. Hence, different rates of evolution and levels of variation
arise(Schaal etal,1991). There are several factors playing roles in shaping local
levels of DNA sequence variation besides the functional constraint such as variation
in mutation rate, different forms of selection, recombinant rates (Be gun,
A quadro, 1992) and so called genetic hitch-hiking (Kaplan etal., 1989;
for explanation see the glossary). Moreover, there is probably a very strong
correlation between local DNA conformation and local DNA sequence poly-
morphism in the sense that there may act a strong requirement for local sequence-
dependent DNA structure, DNA curvature (T ri f o n o v, 1991). Hence, any base
substitution may mean a failing in function such as capability of protein binding
(Harrington, 1992).

We should also keep in mind the differences between nuclear, chloroplast, and
mitochondrial genomes due to their specificities as mtDNA and cpDNA may
represent a substantial part of isolated genomic DNA especially when rapid
genome isolation techniques are used like that described by Stewart, Via
(1993).

Locally measured silent substitution rate of nucleotides in mtDNA was reported
to be less than one-third of that in cpDNA, which evolves only half as fast as plant
nDNA (Wolfe etal., 1987). However, the comparison of nucleotide substitu-
tion rate between various cell genomes need not be valid for all sequence regions
or may be species dependent (Komarnitsky etal,,1990;Martin etal.,
1992). When comparing variability of plastid and mitochondrial genome as -
a whole, plant mitochondrial genome (210 kb - 2500 kb long) is much more
complex with occurrence of various repetitions mutually recombining whereas
plastid genome (130 kb) harbors usually 20 kb of inverted repetitive region
flanked with unique gene copies. Thus, the basic structure of the mitochondrial
genome is considered as inherently more variable than in the plastid genome
(Walbot, Cullis, 1985) and may contribute substantially to overall DNA
polymorphism.
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When dealing with hypervariable polymorphic regions, we can recognize two
types of variability: either single nucleotide substitutions (point mutations) or
variability in the number of tandem repeats in repetitive loci called VNTR
(variable number of tandem repeats), (Nakamura et al., 1987). In this con-
nection we can also mention abbreviations like HVR (hypervariable regions) or
HVE (hypervariable elements), (He | i 0, 1991), see the glossary for explanation.

rDNA

Within nuclear genome ribosomal DNA (»DNA) has been a subject of intensive
studies for a long time. rDNAs are nuclear gene sequences that code for 178S, 5.8S,
and 258 subunits of plant ribosome and there are the intervening spacer regions within
rDNA sequences. rDNA belongs to mid-repetitive sequences with 1400-60 000 copies
per genome. Individual genes are arranged in tandem repeats and may occur at one or
several sites throughout genome (Lo n g, D a w i d, 1980).

There are dramatic differences in functional constraints between coding regions of
rDNA and nontranscribed intergenic spacer regions. Variation within coding region,
if any, is caused by methylation. On the other hand highly variable intergenic spacer
may even be the site of mitotic crossing-over which results in somatic variation
(Schaal etal., 1991). It means that DNA markers derived from rDNA may show
differences even within one individual plant! As concerns the applications, coding
regions of 7DNA are suitable for phylogenetic studies whereas noncoding spacers are
potent in discrimination of individuals (Schaal, Learn,1988). .

tDNA

tRNA genes occur in multiple copies dispersed throughout the genome (Lon g,
D a wid, 1980). There are shared sequence motives of ZRNA genes as well as variable
regions. Thus, tRNA gene clusters offer relatively complex fingerprints. tRNA genes
are likely to give fingerprints that vary at the species or genus level as tDNA is
relatively stable over evolutionary time scale (Welsh, Mc Clelland, 1991).

Minisatellites

In 1985 a new type of hypervariable nuclear sequences was discovered in human
genome called minisatellites. It is a type of repetitive sequences composed of
tandem repeats of a distinct core usually of 10 - 30 base pairs long (consensus
sequence) with medium to high variability. The term minisatellite was chosen
because this class of DNA is not so highly repetitive as true satellite DNA (Jef -
freys etal., 1985). Minisatellites are preferentially located near telomers (We -
11s etal.,, 1989), so they are not uniformly distributed throughout genome like
microsatellites (see below). Later it was proven that minisatellites occur
throughout eukaryotes including plant kingdom and are very suitable for DNA
fingerprinting. Plant minisatellites were first revealed and studied using heterolo-
gous bacteriophage probe M13 (Ro gstad etal., 1988). M13 heterologous probe
is the smallest Clal/Bsml fragment of the bacteriophage M13 genome. This
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fragment includes two regions with repeats capable of hybridizing with eukaryotic
minisatellites (Vassart etal., 1987).

As concerns applications, minisatellites are highly potent in genotyping, i. e. in
identification of individuals (Vahala etal., 1991).

Microsatellites

In 1984 it was found that eukaryotic genomes are densely interspersed with simple
sequences which consist of stretches of tandemly repeated nucleotide motives as short
as 1 - 4 base pairs (T a utz, R en z 1984). Later such regions were termed
microsatellites (L i t t, L u t y, 1989). They almost invariably show extensive
polymorphism due to site-specificlength variation as a consequence of the occurrence
of different number of repeat units. A survey of published DNA sequence data for the
presence of dinucleotide and trinucleotide microsatellites revealed that they are widely
distributed in higher plants. For instance (AT) and (TAT), microsatellites from
soybean genome were shown to be highly polymorphic as a consequence of length
variation, somatically stable and inherited in a co-dominant Mendelian fashion
(Morgante, Olivieri, 1993). From rice genome, moderately polymorphic
(GGC)ll microsatellite was described (Zha o, Kochert, 1993). As concerns the
applications, DNA microsatellites represent a vast source of highly informative mar-
kers. Moreover, they are almost evenly distributed throughout the genome and meet,
by definition, so called sequence-tagged sites (STSs). Thus, they probably substan-
tially contribute to physical mapping of genomes (W e b e r, 1990).

Other regions of DNA polymorphism

Of course, there are repetitive regions representing smooth transitions around
the definition of mini- and microsatellites. For instance, tomato telomeres are
composed of a terminal 7-base-pair tandem repeat and closely linked 162-base-
pair subtelomeric repeat. It was shown that telomeric sites are more variable than
any other region of the tomato genome known so far and can be used to distinguish
closely related plant genomes that are otherwise very similar at DNA level. The
inheritance in Mendelian fashion suggests applications also in genetic mapping
(Broun etal,, 1992).

Another approach was proven to work. Zinc finger proteins represent a sub-
stantial eukaryotic protein family in which the internal zinc finger domains
are often tandemly repeated. Using fully degenerate PCR primers (primers
designed according to amino acid sequence and respecting all permutations
of nucleotides) designed to respect the sharing sequence consensus or in
other words primers complementary to zinc-finger amino-terminus of zinc- .
protein genes (Cys-Pro-Glu-Cys-Gly-Lys-Ser-Phe motif), the DNA poly-
morphism was revealed as useful for species identification in Phytophthora.
This type of DNA polymorphism was termed “Zinc Fingerprinting“ and re-
lated markers “ZIF markers“ (Unk1les et al., 1992). Similar is the case of
polymorphism reported for homeobox genes (N e v o et al., 1992) applied to
molecular-population studies.
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Special type of fingerprinting is the fingerprinting of RNA population through
cDNA synthesis. Reproducible patterns were obtained when typing samples of
total RNA from various tissues. The differences are probably due to sequence
polymorphisms and are useful for a mapping of genes. This strategy should be
applicable to detect differences between RNA populations in a variety of
situations (Wels h etal., 1992).

Random genomic sequences

By far not all polymorphic regions of DNA are known as concerns their sequences,
function or chromosome location. Despite of the lack of this knowledge they may
be exploited for DNA typing. The analysis of restriction-site variation in random
nuclear sequences has been extremely important in the construction of genetic
maps (Y o u n g, 1990). A result of recent development making amenable this rank
of DNA-polymorphism is so called RAPD technique (Random Amplified Polymor-
phic DNA), which is the main subject of the following chapters of this review.

TECHNIQUES TO REVEAL DNA POLYMORPHISM

There are four basic strategies to monitor DNA polymorphism. Each strategy is
covered by a tremendous number of techniques and their modifications targeted to
scale-down arrangement, high sensitivity and as low as possible concentration of
genomic DNA. '

These four strategies are based on four types of techniques:
hybridization of nucleic acids,
enzymatic amplification of nucleic acids,
special electrophoretic techniques,

DNA sequencing.

R et

Hybridization strategy

Yet recently, the most widely used approach of DNA typing based on hybridization
of nucleic acids has been, and still in many cases is restriction fragment length
polymorphism (RFLP) (W al to n, 1990). RFLPs are products of changes in the bases
within restriction enzyme target sites (i. e. point mutations) or they are consequences
of deletions or insertions within restriction fragments or rearrangments of DNA
(Welsh etal, 1991a).

Besides the broad repertoir of RFLP-successful applications, there are some disad-
vantages there. RFLP marker-assisted selection is time and labor consuming. Radioi-
sotopic labelling of probes is applied in most cases which requires special laboratory
. certification and personal training. Moreover, it usually requires a large amount of
highly purified and intact genomic DNA. This makes almost impossible, for instance,
an early and nondestructive testing of young seedlings (Deragon, Landry,
1992). Perhaps the most serious disadvantage is the necessity of having specific DNA
probe which determines regions of the genome which are monitored. Especially the
lack of universal probe(s) lead to the development of a new set of very potent
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modifications. To circumvent the requirement for a specific DNA probe to generate
DNA fingerprinting, short synthetic oligonucleotides were successfully used as RFLP
probes targeted mainly to the mini- and microsatellite regions within genome
(Drmanac etal,1991; Mariat, Ver gna ud, 1992). Oligonucleotide hy-
bridization was especially at its beginning highly troublesome because hybridization
conditions have to be optimized very carefully as short probes may fail to hybridize
in a desired quality (Scha fer etal., 1988). Currently very popular M13 fragment
from bacteriophage genome (Vahala etal.,, 1991) was revealed as a “natural“
probe useful to monitor minisatellite polymorphism. ‘

A special technique which also belongs by its nature to the hybridization class is so
called “Ampliprobe“ system. In this system DNA is hybridized by a specific probe
cloned before into M13 phage vector. Cyclic molecules of hybridized single stranded
M13 probes are then hybridized with secondary probes labelled with alkaline phos-
phatase. Detecting the phosphatase activity, multiple amplification of sequence signal
is obtained through phosphatase activity (Birkenmeyer, Mushahwar,
1991).

As the following parts of this review will be focused on amplification techniques,
first we mention here very briefly strategies “3“ and “4“.

DGGE (Denaturing Gradient Gel Electrophoresis) and PFGE (Pulsed Field Gel
Electrophoresis) belong to the third class of the strategies mentioned above. DGGE
detects single-base sequence polymorphism and is used to search for such polymor-
phicregions(Sheffield etal.,, 1992). Enhanced polymorphism may be revealed
when combining RAPD and DGGE techniques to facilitate pedigree assessment
within cereal crops (Dweikat etal, 1993).

PFGE is an electrophoretic method used to separate large DNA fragments in the gel
after application of pulsing electric field. This technique was successful for instance
in generation of DNA fingerprints of various bacterial strains (Saulnier etal.,
1993).

DNA sequencing is undoubtedly the most perfect method to reveal DNA poly-
morphism. Strategies for sequencing lay in the core of big superprojects of sequencing
complex eukaryotic genomes. Related techniques develop rapidly achieving the level
of “high-tech“ (W ats o n et al., 1993). They would deserve a special review and
are quite out of the scope of this paper.

Amplification strategy

The last several years have witnessed the introduction of quite revolutionary
“amplification“ methods for the detection of nucleic acid targets, which exploit the
semiconservative replicative functions of nucleic acids to amplify probe or target
sequences. '

These techniques include those requiring temperature cycling - the polymerase chain
reaction (PCR), the ligase chain reaction (LCR) and transcription-based ampli-
fication as well as isothermal systems such as self-sustained sequence replication
(3SR), nucleic acid sequence-based amplification (NASBA), probe amplification
using Q-f replicase and strand displacement amplification (Birkenmeyer,
Mushahwar,1991; Walker etal,,1992; Lande gren, 1993).
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The best known and the most widely used is polymerase chain reaction (Fig. 1.,
Saiki etal, 1985; 1988). During PCR selective enzymatic amplification of
target DNA segment (up to 10 or even more kilobases long -K ainz etal.,1992)
proceeds. The target is determined by a pair of oligonucleotide primers which are
complementary to the ends of target DNA segment. PCR is capable to produce
large quantities of specific DNA from small, partially degraded and impure
samples. Up to 10" amplification of original template concentration may be achieved
after25 cycles(Innis, Gelfand,1990).

Many traditional recombinant DNA cloning methods can be complemented or
even circumvent by PCR, and novel applications of this technique now permit studies
that have not been possible before. The main advantages of PCR, i. e. simplicity,
speed and sensitivity together with versatility due to the tremendous number of
various applications, have made PCR the basic strategy in molecular biology.

The main limitation of PCR is the necessity of prior knowledge of a target DNA
sequence to design a couple of suitable oligonucleotide primers flanking this target.
Thus PCR is limited by the knowledge of at least flanking sequences of the DNA
region to be amplified.

Recently, a new DNA-polymorphism assay based on PCR has been developed
which requires no sequence information about the target genome (Williams et
al., 1990). Random amplified polymorphic DNA (RAPD) assay utilizes only one short
oligonucleotide primer (usually around 10 bases long), instead of two primers in PCR
(usually 20-30 bases long to facilitate the required specificity), the sequence of which
is quite arbitrary. Thereby, in theory, total genomic sequence information is amenable
to analysis.

Surprisingly, only one short primer of 5-10 bases in length is able to generate a
relatively rich set of amplification products. After adequate resolution on agarose or
polyacrylamide gel using electrophoresis, a “fingerprint“ of genome is produced. This
fingerprint is unique for each primer-genome combination(Caetano-Anollés
etal., 1991).

PCR-derived RAPD technique, its detailed principles, modifications, and vast
repertoir of applications creates a core of the following chapters.

POLYMERASE CHAIN REACTION

Polymerase chain reaction (PCR) was developed in 1984 by a team of scientists at
Cetus Corporation (Saiki etal., 1985). Since the first report in 1985 more than
5000 scientific papers had been published using PCR by 1992 (Arnheim,Er -
l1ich, 1992).

General features of PCR

PCR is typical with very little amount of DNA sample required for analysis [down
tolcell(Li etal,1988;Zhangetal,1992; Brown etal., 1993)], low purity
of DNA, simplicity to set up reaction (single tube protocol), extremely high speed and
sensitivity (single copy segment is detectable in the DNA background of 1.5 million
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diploid cells (Saiki etal., 1988) although there may be difficulties in obtaining
high reproducibility of such assays (Gibbs, 1990).

PCR products can be used as probes, for subsequent ligation into vectors. PCR
can replace cloning of DNA. Direct cloning of PCR products into vectors was
developed (Scharf etal., 1986). Direct sequencing of PCR products is of high
importance for its speed (Wong etal.,1987,Innis etal., 1988).

Basic principle

The principle of PCR is very simple (Fig. 1). There are two oligonucleotide primers,
either of them is designed to be complementary to the opposite end of the target DNA
sequence to be amplified. The length of primers has to be enough to avoid nonspecific
annealing (template-primer hybridization) to non-target genome sequences (A rn he -
im, Erlich, 1992).

Temperature profile and mechanism of PCR reaction

PCR is carried out in the series of cycles. Each cycle consists of three steps: thermal
template-DNA denaturation, primer annealing and primer extension. These steps are
carried out at different appropriate temperature each.

Denaturation

First step of PCR process (Fig. 1) is DNA denaturation, usually within the tempera-
ture interval of 90 - 95 °C. Target double stranded DNA is melted into two single
strands. Denaturation step of PCR cycle is very important. Incomplete denatura-
tion allows the DNA strands to “snap back“, which reduces product yield Innis,
Gelfand, 1990).

Denaturation temperature which is too high and/or kept too long leads to the loss of
enzyme activity. The half-life of Taq polymerase activity is 2 hours, 40 minutes and
5 minutes at 92.5 °C, 95 °C and 97.5 °C, respectively Innis,Gel fand, 1990).

Annealing

After denaturation the temperature is decreased to enable primer-template anneal-
ing. Annealing temperature usually ranges between 55 - 72 °C. The temperature and
duration required for primer annealing depend upon the primer-base composition,

length and primer concentration. At typical primer concentration of 0.2 uM a comple-
tion of annealing requires only a few seconds (Innis,Gel fand, 1990).

It is possible to calculate the annealing temperature theoretically using several
formulas (Sambrook etal, 1989; Rychlik et al, 1990). An applicable
annealing temperature is recommended 5 °C below the true melting temperature (7).
of both primers (Innis, Gel fand, 1990). Therefore the sequences of primers
should allow similar T .

However, it is often necessary to determine the optimal annealing temperature
empirically, because it also depends upon T, of product (Ry chlik etal., 1990).

Optimal annealing temperature is crucial for both specificity and sensitivity of PCR.
If the annealing temperature is too low, then non-specific annealing and subsequent
extension may occur, which results in the production of unspecific products, i. €. in
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high background similar to the earliest PCRs performed at 37 °C with the Klenow
fragment polymerase (Sai ki etal., 1985).

Extension

Final step of the individual cycle is primer extension. Using Taq polymerase, primer
extensions are traditionally performed at 72 °C because this temperature is close to
polymerase optimum for extending primers on an M13-based model template. The
time of extension depends upon the length and the concentration of the target
sequence and upon temperature (Innis, Gelfand, 1990).

For Taq polymerase the estimates for the rate of nucleotide incorporation at
72 °C vary from 35 to 100 nucleotides per second depending upon the buffer, pH,
salt concentration and the nature of DNA template (Innis etal., 1988).

The extension time of 1 minute at 72 °C is considered sufficient for products up to
2 kb in length. However, longer extension times may be helpful in early cycles if the
substrate concentration is very low, and in the late cycles when product concentration
exceeds enzyme concentration (Innis, Gel fand, 1990).

Cycling
After the first cycle the products form double strands. Each strand itself can act as
a template in the following cycle. Note that there are no products of expected length
after the first cycle because polymerase goes on its activity along the template
molecules often far behind the position of the opposite primer (Fig. 1).
Subsequently, the second cycle is performed. In this cycle the first generation
of single strands of predicted length is generated. The number of these precious

amplification products is exponentially increased during the progress of PCR
reaction according to the formula (Arnheim, Erlich, 1992):

N=n.(1+E° (1)

where: N - the final amount of product
n - initial amount of target sequence
E - efficiency of amplification
¢ - number of PCR cycles

We can conclude that the cycle number is an important parameter. According
to K. Mullis : “If you have to go more than 40 cycles to amplify a single-copy
gene, there is something seriously wrong with your PCR*.

Products of PCR reaction

Efficiency of PCR usually ranges from 52 to 100 percent (Saiki etal., 1985,
1988; Arnheim, Erlich, 1992). Actually, it depends upon the target
nucleotide sequence and almost all reaction parameters. Apparently, the efficiency
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of PCR tends to decrease in late cycles. This is described as a “plateau effect” which
may be caused by various factors (Innis, Gelfand, 1990). g

The amount of target could be increased during reaction up to 10" times.
Thereby the target segment of known length is detectable using gel electro-
phoresis over genomic DNA background by Southern blotting (S aiki etal.,
1985) or directly by ethidium bromide staining (Sai ki etal., 1988).

PCR specificity

To increase the specificity and sensitivity of PCR a “two-steps“ PCR protocol is
recommended (Kim,Smithies, 1988). This assumes to perform the annealing
and extension steps at the same temperature. This prevents low stringency annealing-
-extension events and reduces nonspecific background.

The same are the reasons for the “hot-start“ technique (Erlich etal.,1991), when
thermostable polymerase is added to a reaction mixture only after the initial denatur-
ation step. The reaction mixture set up at a temperature higher than the annealing
temperature improved both product yield and specificity of PCR (D Aquila
et al.,, 1991).

The addition of ssDNA binding proteins has also been reported to increase
specific amplification (Erlich etal., 1991).

In the following chapters we review in detail RAPD as a special modification
of PCR technique which opens new approaches to exploitation of DNA poly-
morphism.

RAPD - RANDOM AMPLIFIED POLYMORPHIC DNA

General principles of RAPDs

Random amplified polymorphic DNA (RAPD) was originally described in 1990
(Williams etal., 1990). The main difference from normal PCR consists in
using only one oligonucleotide primer in the reaction. This primer is substantially
shorter (about 10 bases long) in comparison with ordinary PCR primers (25-30
bases long), which implicates a lower annealing temperature. Although the primer
sequence is fully arbitrary, the discrete DNA fragments may be surprisingly
amplified. A wide range of DNA templates is amenable to RAPD analysis such as
the bacterial, fungal, plant and animal ones, including the human DNA (Tables I
and II for review).

Usually numerous amplification products are generated during RAPD reaction.
These products differ from each other in length and in internal nucleotide sequence
‘(Dweikat etal., 1993). After gel electrophoresis a banding pattern or “finger-
print“ of genome may be obtained.

The total number of products and the length of each one depend upon primer
and template DNA and the resulting pattern is unique for each primer-template
combination. The number of amplification products ranges from less than 10
to over a hundred. This number correlates with genome size and is determined
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by primer sequence. It is hard to guess the appearance of fingerprint in
advance. Some primers which produced rich banding pattern in combination
with one template failed to produce any band with another template (Caeta -
no-Anollés etal, 1991).

In theory, the number of primer target sequences within genomic DNA is
defined by the formula (Sambrook etal, 1989):

N=@1/4C (2

where: N - number of target sequences
L. length of primer
C - complexity of genome

As the distribution of bases within genome isnotrandom (S tuckl e etal.,, 1992),
only one tenth of the target sites is supposed to occur around 1kb range, amenable to
RAPD amplification. Of these sites, only one fourth of the primer positions is correct
to create the primer couples on the opposite strands with three ends facing each other.
Only such orientation of the four possible permutations sustains exponential DNA
amplification (B assam et al., 1992). Only those RAPD products resulting from
exponential amplification have discrete lengths and are detectable after separation by
electrophoresis over the unspecific background.

On the other hand, the number of priming sites (and subsequently the number of
amplified fragments) can be much higher because of tolerated “mismatch“ annealing,
which probably proceeds. It is evident on smaller (bacterial) genomes, producing the
number of amplification fragments comparable to that obtained from plant or mammal
DNAWilliams etal, 1990).

Impact of reaction components on RAPD pattern

Usually used reaction components and range of their concentrations are summarized
in Table IIL

Due to the complexity of reaction kinetics, the RAPD reaction is sensitive to
reaction conditions as for obtaining both appropriate and reproducible results.
Certain conditions cause high variations in reproducibility, but there exist a “win-
dow“ of conditions under which the results are reproducible (B assam etal,
1992).

One of the possible models of RAPD reaction was provided by Caetano .
- Anollés et al.(1992a). All products of a single-primer PCR have palind-
romic termini which allow the formation of hairpin loops within and/or between
different products. Thus, the products may be in the form of primer-template and
template-template duplexes as well as in the form of single-strands and hairpin
loops. The different species of molecules tend to establish an equilibrium while
the enzyme anchoring and primer extension transform the relatively rare primer
template duplexes into accumulating amplification products.
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Species Cbjective Source
1 3
Arabidopsis thaliana + Reiter et al., 1992
Arachis hypoagea + + Hallward et al., 1992
Arachis sp. + + Lanham et al., 1992
Avena sativa Penner et al., 1993
Avena sativa + Dweikat et al., 1993
Beta vulgaris Upphoff, Wricke, 1992
Betula alleghaniensis + Roy et al., 1992
Brassica oleracea + Kresovich et al., 1992
Carica papaya + Stiles et al., 1993
Festuca sp. + Wiesner et al., unpubl.
Gliricidia sp. + Chalmers et al., 1992
Deragon, Landry, 1992
Glycine soja + Williams et al., 1990
+ Caetano-Anollés et al., 1991

Hordeum vulgare + Benito et al., 1993
Hordeum vulgare + Dweikat et al., 1993
Lactuca sativa Paran et al., 1991
Lolium sp. + Wiesner et al., unpubl.
Eycapersicim Martin et al., 1993
esculentum
Malus x domestica + Koller et al., 1993
Medicago sativa + Echt et al., 1992
Microseris elegans Heusden, Bachmann, 1992
Oryza sativa + Fukuoka et al., 1992
Phaseolus vulgaris Miklas et al., 1993
Picea glauca + Carlson et al., 1991
Pisum sativum + Samec et al., unpubl.
Pseudotsuga menziesii + Carlson et al., 1991
Secchurrim Sobral, Honeycutt, 1993
spontaneum
Secale cereale + Benito et al., 1993
Stylosanthes sp. + Kazan et al., 1993
Trnticum aestivum + Dweikat et al., 1993
Triticum sp. Vierling, Nguyen, 1992
Theobroma cacao + Wilde et al., 1992

"1 - genotype or cultivar identification; 2 - gene mapping; 3 - segregation analysis; 4 - population
genetics; 5 - speciation, phylogenetics & evolutionary relationships

303



Genet a Slecht., 29, 1993 (4) : 291-320

I1. Applications of RAPD to non-plant organisms

Objective”
Species Source
1 2 3 4
Bacteria:
Bacillus thuringiensis + Brousseau et al., 1993
Brucella sp. + Fekete et al., 1992
Campylobacter jejuni + Mazurier et al., 1992
Clostridium difficile + McMillin, Muldrow, 1992
Escherichia coli + Bassam et al., 1992
Haemophilus somnus + Myers et al., 1993
Klebsiella pneumoniae + Bassam et al., 1992
Listeria sp. + Mazurier, Wernars, 1992
Porphyromonas gingivalis + Ménard et al., 1992
Rhizobium leguminosarum + Harrison et al., 1992
Staphylococcus aureus - Saulnier et al., 1993
Streptococcus uberis + JBaay;am; :::l]."’ 11999922’
Fungi:
Agaricus bisporus + Khush et al., 1992,
Aspergillus fumigatus + Aufauvre, Brown et al., 1992
Candida sp. + Lehmann et al., 1992
Hirsutella longicolla + Strongman, MacKay, 1993
Histoplasma capsulatum + Kersulyte et al., 1992
Protozoa:
Trypanosoma sp. + Tibayrenc et al., 1993
Leishmania sp. Tibayrenc et al., 1993
Plasmodium sp. Tibayrenc et al., 1993
Animals:
Melanoplus sp. + Chapco et al., 1992
Apis mellifera Hunt, Page, 1992
Papio cynocephalus Riedy et al., 1992
Homo sapiens + Caetano-Anollés et al., 1991
+ Riedy et al., 1992

" 1 - genotype or strain identification; 2 - gene mapping; 3 - segregation analysis; 4 - population
genetics; 5 - speciation, phylogenetics & evolutionary relationships
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Primers

Primers are used in the RAPD reactions usually at 0.2 uM concentration (W i -
Iliams etal., 1990).

However, recenly reported fingerprints produced at such concentrations were
more erratic. In general, when using Taq or Pfu polymerases (for additional
information about thermostable polymerases see below), the primer concentrations
of 0.1 uM caused significant failures and did not work reliably at this concentration
(Sobral-Honeycutt, 1993). Hardly any no amplification products were
produced with less than 0.3 pM primer (B a s s a m etal., 1992). A higher primer
concentration increased the yield of the amplification products without altering

III. Components of RAPD reaction

. Taql'2
Template | Primer 3 MgCL | dNTPs
polymerase Buffer
(ag/100 )| M) | (137100 ) (mM) | (mM)
Commonl 10mM Tris-HCl
used Y| 50-200 |0.2-0.4* 2-5 50mM KCl 15-40|0.1-0.2
pH=83
0.001% - 0.1% gelatin
Extremes 20 ug 9 10 : 10 0.500 .
appeared® | 0O.1ng | 0.6 08 Z’;p‘f’;‘:a > D 3100 | g4 | «0ioas

lunit definition: One unit of activity is the amount of enzyme required to incorporate 10 nmoles
of (*H)-dTTP in 30 minutes at 80 °C (Stratagene); 2usage of the other thermostable polymerases
is discussed in the text; >original buffer from polymerase manufacturer is strongly recommended;
4in the recent works 1-3 uM of primer is recommended; >for additional information see the text

fingerprint consistency(B a ss a m et al.,, 1992). Optimal amplification profiles
were obtained with primer concentration between 3 and 9 puM with Stoffel fragment
polymerase and 3 - 4.2 puM with AmpliTaq polymerase (B ass am etal., 1992).
AmpliTaq is the trademark for cloned recombinant Taq polymerase of Perkin-
-Elmer-Cetus Corp.

Decreasing the primer concentration from 10 uM caused a decrease in the number
of products mostly in the lower molecular weight range (Sobral,Honeycutt,
1993). Shorter RAPD fragments (less than 500 bp) are generated at a high primer
concentration of 3.2 - 6.4 uM, whereas large fragments amplify readily at concentration
0.1-04puM(Ellsworth etal,1993).

When predicting an optimal primer concentration, the primer/template ratio is also
significant. Efficient amplification may be achieved using the primer concentration
between 1.6 - 6.4 uM with approximately 0.3 - 1.0 pg of template DNA
(Ellsworth etal., 1993).
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Some primers produce a few or no amplification products under certain conditions,
but they function after increasing both primer and template concentrations M ura -
lidharan,Wakeland,1993).

Annealing specificity and stability depends upon temperature above all, but also on
other reaction conditions and upon target segment sequence and structure. Generally,
under lower temperature the likelihood of “mismatches” is larger.

Mismatched pairing is allowed only at 5° end of primer. Taq polymerase cannot
extend primers with a mismatch within 3‘-terminal oligonucleotide domain, which is
about eight baseslong(Caetano-Anollés etal,1992a). Such phenomenon
appears to be common also to other polymerases, for example Drosophilla DNA
polymerase alpha (Petruska etal., 1988).

Apparently, the 3°-end domain determines a priming site and single base change in
this region may cause a complete change in the set of amplified DNA segments. At
the 5¢-side the changes are much less dramatic(Williams etal,1990;Caeta -
no-Anollés etal, 1992a).

Usually, the sequences of primers are described as arbitrary, but there are several limits
for primer design, like G + C content in short primers which should be 40 % or higher
(Williams etal, 1990) to ensure the stability of primer-template duplexes.

DNA template

Optimal template concentration is unique for each species. It depends on genome
size. For bacterial DNA, a relatively higher template concentration is recommended in
comparison with greater genomes (Bassam etal., 1992).

Optimal template concentration is closely related to DNA extraction method. With
banana template DNA, no bands were obtained using 6.4 ng . ul?, but amplification
of the number of bands occurred as the DNA concentration decreased, with the most
extensive pattern emerging at 0.064 ng . ul™. At the same reaction conditions, the
optimal concentration for rice DNA was 3.4ng.ul"(Munthali etal, 1992).

Fingerprints can be produced from very small amounts of template DNA. An
amount of 10 - 20 pg of template can be used for a variety of organisms (Caeta -
no-Anollés etal, 1991, 1992a). Recently, DNA from single protoplasts of
wheat and tobacco has been successfully used for RAPD analysis (Bro wn etal,
1993). One cell represents about 1 pg DNA(Bennett,Smith, 1976, 1991,
Bennett etal, 1982). However, for most plant species, good results can be
achieved using about 1 ng genomic DNA per pl of reaction.

DNA extraction procedure can significantly affect the results of RAPD reaction.
This may be caused by the presence of species-specific inhibitors, which affect
PCR, for example polysaccharides (D e m e k e, A d a m s, 1992), phenolic com- .
pounds, and/orRNA(Pikaart,Villeponteau,1993;Yoon,Glawe,
1993). In such cases, decreasing the template batch in the reaction is helpful, as
well as altering DNA extraction method (M unthali etal, 1992).

DNA purification through CsCl gradient provides very pure DNA, but it causes
DNA degradation. This could affect the resulting banding pattern in comparison
with another DNA isolation method. For obtaining consistent results, only one
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isolation procedure should be employed. There have been found slight differences in
the amplified products between CsCl purified and microextracted Brassica napus
DNA (Deragon, Landry, 1992). Strong differences exist in pea DNA
(Wi es ner, personal communication). Purification through CsCl gradient is very
expensive, and, moreover, it requires an ultracentrifuge facility which is inconve-
nient for a large number of samples. For these reasons, several “micro“ or “rapid“
DNA extraction methods have been developed and reported as suitable for RAPD
analyses (Deragon,Landry, 1992; Kresovich etal, 1992; Dwei -
kat etal., 1993).

Deoxynucleotides (dNTPs)

Relatively weak is the influence of dNTPs concentration on RAPD banding pattern.
Although usually 200 puM of each are used, 100 uM or 50 uM concentration also
provides good results (S a m e c, unpublished). The only requirement is to keep the
concentration of all four dNTPs in balance to avoid misincorporation or specific
suppression of biased sequences.

Thermostable polymerase

The type of polymerase has a fundamental effect on appearance of amplification
profile. There are various thermostable polymerases available supplied by numerous
manufacturers. The Taq polymerase is used in most papers published so far. Enzyme
concentration necessary for RAPD profiles ranges between 2-5 units per 100 ul of
reaction volume. Generally, when increasing the enzyme concentration, the yield of
amplification products increases. But at very high concentrations (above 40 U per
100 pl volume), Taq polymerase tends to produce a ladder (Caetano-Anollés
et al., 1992a). For consistent results, the usage of polymerase from one manufacturer
is strongly recommended. Fingerprints are not affected by batch-to-batch enzyme
variations (Bassam etal,, 1992).

Results using native Taq polymerase were not as reliable as those with AmpliTaq
polymerase (Sobral, Honeycutt 1993). Stoffel fragment of Taq polymerase
produced quite different amplification products than AmpliTaq polymerase (Ba -
ssam etal., 1992), and Pfu polymerase gave another new products in comparison with
the former two polymerases.

Reaction products obtained using the Stoffel fragment ranged from 0.1 to 1.5
kb in size, whereas the AmpliTaq and Pfu products generally ranged from 0.5 to
2.5 kb. DNA fragments amplified by the Stoffel fragment, being smaller, are better
resolved on polyacrylamide gels. Apparently, the Stoffel fragment is more suitable
for RAPD. From a set of primers, 30 % primers gave no products with AmpliTaq,
34 % failed with Pfu and 2.8 % failed with the Stoffel fragment (Sobral,
Honeycutt, 1993).

The average mapping output with Stoffel fragment is 3.8 polymorphic fragments
per primer, while 2.3 polymorphisms on average with AmpliTaq (Sobral,
Honeycutt 1993). Stoffel fragment had a wider and more useful range of
activity, including thermal stability and magnesium ion concentration, but it has a
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lower processivity, requiring at least the twice higher amount per assay than the
AmpliTaq enzyme (B ass a m et al., 1992).

Magnesium ion

Magnesium is an essential component of RAPD reaction mixture. It affects primer
annealing, strand dissociation, i. e. denaturation temperatures of both template and
PCR product, product specificity, formation of primer-dimer artifacts and enzyme
activity and fidelity Innis, Gel fand, 1990). Its influence on RAPD profile is
therefore fundamental.

No bands were observed in the absence of magnesium (Munthali et al., 1992). More
than 1 mM Mg was required for amplification (Bassam etal., 1992) When Mg
concentration increased, the number of bands increased up to the concentration of
4mMMunthali etal,1992).In the range of 0 - 2 mM the amplification products
may drastically alter (Ellsworth et al., 1993). Consistent fingerprints were produced
with 4 - 8 mM magnesium (Bassam et al, 1993). Above 2 mM threshold, the
banding pattern appears to be independent of magnesium concentration
(Ellsworth etal, 1993).

Stoffel fragment was inhibited at a concentration higher than8 mM (Bassam et
al., 1992).

Hence it is evident that the Mg concentration has a fundamental influence on RAPD
profiles.

Temperature profile

Thermal conditions are crucial for successful amplification. Temperature belongs to
those factors which may substantially change the resulting banding pattern (Munthali
etal., 1992).

There are no substantial differences between site-specific PCR and RAPD as concerns
denaturation temperature.

On the contrary, the primer annealing phase appears to be quite different from PCR.
Although several formulas exist for calculating the optimal annealing temperature
(Rychlik etal., 1990), none of them is suitable for RAPD short primers. These
formulas are very inaccurate for short primers about 10 bases in length. For
example, for 5-mer primer T_ = 41.8 °Cwas determined (R y chli k etal., 1990),
but the primer produced amplification products up to 55 °C(Caetano-An-
ollés etal, 1992a). Thus, optimal annealing temperature for the RAPD must
be predicted empirically. :

Originally, the annealing at 36 °C was successfully used for a wide range of
primers and templates while temperatures above 40 °C prevented amplification
(Williams etal, 1990; Fekete et al, 1992). The recently described
results indicate that amplification with short random primers proceeds at much
higher temperatures, for example with 7-mer above 60 °C, 12-mer up to 70 °C and
with 15-merupto75°C(Caetano-Anollés etal, 1992a).
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Random primers are expected to prime amplification also due to unspecific
annealing (Williams et al, 1990; Bassam et al, 1992). However,
there are ambiguous evidences for such events.

Annealing temperatures of 15, 30, 35 and 40 °C did not cause any significant
changes in the fingerprint (Sobral, Honeycutt, 1993). Caetano -
-Anollés etal.(1992a)admit that the elevated increased annealing tempera-
ture caused simplification of RAPD profiles due to a decrease in the number
of low intensity bands.

In contrast, alterations in the annealing temperature between 35 and 50 °C produ-
ced strong changes in the banding pattern and no linear relationships between annealing
temperature, fragment size and amplification efficiency were evident(El1lsworth
et al,, 1993).

The extension phase has apparently no or little effect on banding pattern because
of a high rate of DNA synthesis by polymerase. Two-step cycling (96 and 36 °C) was
applied to bacterial genomes with long ramping time (B as s a m etal., 1992).

The long ramping time between annealing and extension steps appears to be
important for both reproducibility and yield (Klein-Lankhorst etal, 1991;
Sobral, Honeycutt, 1993). Extension time above 90 s per cycle did not
improve the results of reaction(Sobral, Honeycutt 1993).

About products of RAPD reaction

Nonreproducible bands occasionally appear when the reaction is repeated in the
same conditions (Deragon, L andry, 1992). They represent bands of weak
intensity and are termed “secondary“ or “tertiary“ products (B as s a m et al., 1992).
However, these small differences do not affect the usefulness of the RAPD approach
because only strong bands are considered in fingerprint patterns and are used as
genetic markers in segregation analyses (Williams etal., 1990). As for the
purposes of DNA fingerprinting, this may sometimes cause problems with reprodu-
cibility of fingerprint patterns. Therefore optimal reaction conditions should be tested
for each teplate-primer combination.

RAPD products represent mostly dominant genetic markers and are inherited by
Mendelian fashion(Echt etal.,1992;Carlson etal.,1991;R oy etal,1992),
therefore heterozygotes cannot be distinguished (W e1s h et al., 1991a). There are
evidences that only strong markers are inherited by Mendelian fashion contrary to
weak bands(Deragon,Landry,1992; Echt etal, 1992).

Only very rarely are codominant RAPD markers reported (Hunt, P a g e, 1992)
which are probably a consequence of internal deletions or insertions.

Very little is known about nucleotide sequence of RAPD products. They are usually
expected to be a part of variable repetitive regions (Williams et al.,, 1990;
Caetano-Anollés et al, 1991), but no sequence information has been
available so far.

On the contrary, indirect sequence analysis based on Southern hybridization of
selected RAPD fragments with all products showed that there are no sequence
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similarities between various RAPD products of different length (Chalmers et
al,, 1992; Wilde etal., 1992) and, moreover, some of the products equally long
were found to be non-allelic(Chalmers etal., 1992).

Visualization of RAPD products

Amplification products are usually detected by agarose gel electrophoresis and
ethidium bromide staining (W il1lia m s et al.,, 1990). It should be noted that this
approach detects only the fragments amplified to a high concentration(Caetano -
-Anollés etal, 1991), thereby the number of detectable fragments decreases. Low
sensitivity causes the necessity of loading the whole reaction mixture onto the gel well
(25 wl) so that there is no sample left for further analyses.

Polyacrylamide gel electrophoresis followed by ethidium bromide staining is appli-
cabletoo (Wilde etal,1992). This procedure provides better resolution of complex
patterns and it is more sensitive than agarose (S a m e c, unpublished).

Subsequent restriction cleavage of RAPD products can extend polymorphism up to
discrimination among individual plant genotypes (Caetano-Anollés etal,
1992b).

For higher sensitivity, the polyacrylamide gel electrophoresis with silver staining of
nucleic acids is strongly recommended (Caetano-Anollés etal, 1991).

Evidently, the most sensitive approach to detection of amplified fragments is to use
radiolabelled deoxynucleotides in the reaction (Welsh,McClelland, 1990).
However, this approach is more hazardous, time and cost consuming so that its routine
application to plant breeding is limited. Furthermore, the increased number of visible
fragments need not lead to more useful polymorphisms (Sobral, Honeycutt,
1993).

RAPD applications and perspectives

A number of polymorphic bands, RAPD markers obtainable from a single primer
may vary substantially. Within the set of eight random primers only one primer was
able to give informative markers for discrimination within a serotype of Listeria (M a -
zurier,Wernars, 1992). The reported value of average polymorphism obtainable
persingle primer (2.9) is unusually high and is perhaps caused by highly variable plant
material (Beta vulgaris L., Up ho ff, Wricke, 1992). For Aspergillus fumigatus
only 15 out of 44 primers gave polymorphic patterns (Aufauvre, Brownetal,
1992).

In general, products generated in RAPD reaction fall into two categories: those that
are phylogenetically conserved and those that are individual-specific. It is assumed
that primer-target sites are randomly distributed along the template genome and cover -
both the conserved and hypervariable regions (Caetano-Anollés et al,
1991), thereby some RAPD-amplified fragments are polymorphic.

Such polymorphisms may be used as genetic markers to determine genetic relation-
ships, such as varietal identification (Tables II and III for review), protection of plant
breeders right, parentage determination (W elsh et al,, 1991), systematic and
evolutionary studies (Tables II and III), to develop high density genetic linkage maps
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(Reiter etal., 1992), to identify and map markers for QTL loci (Welsh etal,
1991b ) or genes coded for resistance (Up ho ff, Wricke, 1992), markers for
DNA fragments from pulsed field gels(Kolchinsky etal., 1993) and chromo-
somal markers (Klein-Lankhorst etal,,1991;Wardell etal., 1993).
The applications of RAPD markers are similar to those of RLFPs, but RAPD
approach has several substantial advantages over traditional RFLP technology:

1. increased speed (10x) of obtaining information in comparisonto RFLP (W elsh et
al., 1991a),

2. dramatic reduction of the amount of DNA template required for analysis (200 -1000 x),
even DNA from one cell is enough for RAPD reaction (B ro wn etal., 1993)

3. DNA template for RAPD is not required to be substantially purified so that rapid
methods for DNA isolation maybeused(Dweikat etal,1993;Kresovich,
etal., 1992),

4. there is no need for prior knowledge of sequence for RAPD - typing genomic DNA
(Williams etal., 1990), hence any genome, even yet fully unknown, is amenable
to rapid genetic analysis,

5. polymorphisms need not be cloned during their detection and mapping, therefore we
can circumvent host and vector limitations (W els h et al., 1991),

6. some of the polymorphisms detected may map the genomic regions for which RFLPs
need not be easily identifiable (Tin ge y, T u f 0, 1993),

7. RAPD in comparison with RFLP is quite open to automation processing of a high
number of samples necessary for mapping technologies (R ei ter etal., 1992),

8. there is no known restriction of RAPD with respect to template, in other words any
organism may be analyzed,

9. there is no need to use radioactive probes like in RFLP, hence RAPD technique is quite
open to routine usage.

On the other hand, there are some disadvantages of RAPD: lower reproducibility
of certain minor products and sometimes problematic interpretation of very complex
banding patterns. Both disadvantages can be circumvent either by selection of suitable
primers or by optimization of reaction conditions and/or visualization technique for
the given primer template-combination.

We can guess some perspectives of RAPD technology for the near future:

1. After RAPD products are sequenced, certain preference may be revealed toward all
coding, noncoding or regulatory sequences of a particular genome. Hence, RAPD
could become a powerful shortcut to isolation of eukaryotic genes or isolation of
genome-specific DNA polymorphism such as microsatellites.

2. Primers for RAPD reactions may be designed following some genome motives, like
mini- and microsatellites, motives derived from HTF islands or CpG regions often
flanking transcriptionally active regions in eukaryotic genomes. Hence, again, shortcut
strategy may be well designed for gene isolation or isolation of genome-specific DNA
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polymorphism capable to discriminate genomes at a desired level (genus, species,

individual).

There are two ongoing research projects solved in our laboratory in collaboration
with the Research Institute of Technical Crops and Legumes in Sumperk and with the
Research Institute of Forage Crops in Troubsko. One project is aimed at genotyping
of pea collection genotypes and cultivars, the other is aimed at DNA typing of grass
collection (Festuca sp., Lolium sp.).

Currently, we prepare new research projects based on the perspectives mentioned
above. Detailed facts concerning RAPD applications, especially various strategies of
genetic and physical mapping using RAPD markers as STS sites and various methods
of statistics to evaluate DNA fingerprints and mapping strategies, will be a subject of
another review.

GLOSSARY

DGGE - Denaturing-Gradient-Gel-Electrophoresis

cpDNA - chloroplast DNA

DNA CURVATURE - the double helix structure of DNA is not necessarily straight but rather
can be curved at almost every base pair, thus, each piece of DNA possesses a unique
silhouette, as individual as its base sequence

DNA FINGERPRINTING - a technique which requires the analysis of a set of poly-
morphic loci chosen so that the probability that two individual DNA samples with
identical fingerprints have come from different individuals is very low

DNA MARKER - polymorphic region of DNA sequence linked to a trait under interest

GENETIC HITCH-HIKING - the effect of strongly selected allele at one locus on the
neutral allele at genetically linked locus, hitch-hiking effect of linked favorably
selected variants on neutral polymorphism is an important mechanism for redu-
cing heterozygosity, it depends on the strength of selection pressure and the rate
of crossing over

GENETIC MARKER - DNA marker or marker derived from phenotype used in the
construction of genetic maps, which can be used to determine the chromosomal
location of a trait under interest

HVR - highly polymorphic hypervariable regions in eukaryotic genome

HVE - hypervariable elements, short, approximately 15-base pair repeating DNA sequences

MINISATELLITES - type of VNTR, i. e. type of repetitive sequences in eukaryotic
genomes composed of tandem repeats of a consensus core motif usually 10-30
base pairs long of medium to high variability

MICROSATELLITES - type of VNTR, i. e. type of repetitive sequences in eukaryotic
genomes composed of tandem repeats of a very short consensus core motif
usually 1-4 base pairs long, such a region shows extensive polymorphism due to
site-specific length variation as a consequence of the occurrence of different
numbers of repeat units, they are marked for instance like (TAT)x or (AT) where
n is the number of repeats in one locus, again there are many core-identical loci
dispersed throughout eukaryotic genome

mtDNA - mitochondrial DNA
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rDNA - ribosomal DNA
PCR - Polymerase Chain Reaction
PFGE - Pulsed-Field-Gel-Electrophoresis

PHYLOGENETIC WALKING - isolation of the homologous gene sequences from
related species using PCR or cross-hybridization strategy

QTL - Quantitative Trait Locus
RAPD - Random Amplified Polymorphic DNA

VNTR - variable number of tandem repeats of hypervariable locus, typical VNTR locus
contains 3-20 repeats and there are many different VNTR loci throughout genome
common in sequence consensus and different in the number of repeats, so pattern of
fragment is essentially unique for each individual
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P. Samec (Ustav molekuldrni biologie rostlin, AV CR, Ceské Budéjovice)

Polymorfismus DNA a technologie RAPD

V préci jsou uvedeny nejvyznamné;jsi zdroje polymorfni DNA v genomu. Polymorfni
DNA je mnohostranné vyuZivdna jako molekularni marker a jeji prakticky vyznam (ve
Slechténi i v jinych oborech) je jiZ dnes zna¢ny.

Stru¢né jsou popséany hlavni strategie pro detekci polymorfni DNA v genomu (hybri-
dizace, enzymatickd amplifikace, specidlni elektroforetické techniky a sekvenovéni
DNA). Nejvétsi pozornost je vénovana vyuZiti polymerdzové fetézové reakce (PCR)
a zvlaSt€ metodé ndhodné amplifikované polymorfni DNA (RAPD), kterd vyuZiva
principu PCR. RAPD technologie se zdd byt velmi perspektivni k produkci poly-
morfnich fragmenti DNA. Ackoliv je to metoda relativné jednoduch4, je u nds dosud
prakticky nezndma.

Hlavnim cilem tohoto pfehledu je pfibliZit tuto oblast viem potencidlnim uZivatelim.
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