Korean Journal of Botany
Vol. 24, No. 4, 181~190(1981)

NEE S (Secale cereale) B Z&R82| HIJAREN CH5H

F # HE
(M & REHE WRREE EMEEFRD

Frequency of B-chromosomes in Rye (Secale cereale)
Cultivated in Paldang

Lee, Woong Jik
(Department of Biology Education, Seoul National University, Seoul)

ABSTRACT

Rye in Paldang was investigated with regard to the occurrence of B-chromosomes
from 1963 through 1977, and frequencies of B-chromosomes were as follows; 2%
(1963), 8% (1964), 8% (1965), 15% (1966), 11.5% (1968), 11.7% (1969), 20%
(1975), 19.6% (1976), and 12.8% (1977). The result of the chi-square test showed
statistically no significant difference between the frequency of B-chromosomes each
year. The analysis revealed that distribution of B-chromosomes seemed to be
relatively uniform in the rye field. With regard to the sample size 50 plants were
quite enough to estimate the frequency of B-chromosomes in rye population. Qua-
drivalent due to tranpslocation heterozygote were observed in the population of
Paldang rye from 1966 through 1977, their frequencies being 1 to 7%. Numerical
increase of B-chromosomes in rye due to non-disjunction process in the pollen as
well as in the ovules was well-known phenomenon, whereas B-chromosomes tend-
ed to be eliminated in meiosis and seed fertility of rye was reduced in the indi-
viduals with B-chromosomes. The mechanism of gain or loss for B-chromsomes

might support the equilibrium of B-chromosomes in Paldang rye population.
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Lee and Min (1965)= # o Bd(1968)2 #MBE 39 47;%%% #Arste] B'Y) Hl =)
2% A 73.3%9 W2 WHel dlen RHEE 30~40%%9U & sk

19639 HiEsE A\ME 392 BY v L}l 29%E4 WMBlE 33U Fd4 g 2o
Bo] vz & efdie] HHE Bl o W R A dtsHo] B wxst 8%
(1964), 8%1(1965), 15%(1966) = A A8 st ot (Lee and Min, 1965; 2=, 1966). o©]
FHEe 1968, 196997b7 AFeteksb 59z FREgloyt 197598 19778 7R b
ATFE Agstgdc. zEv 1979W BB AR BB A 59 RV st Hgle
D2 197d R NEE U9 RS niEE BOE BHEE HRBAA R Reste
okvh. 1963d F-H 19773743 AFg \HE 399 BY Zyulse] dee] z=Ag A
% AEste] fEstE viol o

mE S FE
o] ZHo RHS SUKE WNED LA VHEEER BiLge] (LER A A% A
o stosd (Fig. 1) @77k A=g 1963do] ol 1599 PHEMELSE 7431 Aol ek, St
Fell e 39 BEYG Ao ofmz @ARAA 399 BTE EHsx dx AR &

TE A Austr] WEel 249 BAAAY WMBHEY Q7o HES HEst "o

ol B, 1963d 3 1968Wel = TU-& A=K Mk Eigol Auiste] 59 FEMEM
KE(PMC)o] MiKs 7ol Biol ol e mAsg o [EERS acetic alcohol (1:3)e]
L3s Bl Hmingt A Agstoloh. 24 A 72 PMCol A diakinesis 8 H— s &
st @Rl B 128kl A AR 1E Alol & HEstgich. A g o] A BN 1FY £
t}& 70% ethanol & $¥l A 709 ethanole] Yol Wabzo| {#&slgcl. 1964~1966,
1969, 1975~1977xd ol = A wol A 4949 = 59 2o o4& A st

X £ 1964~1966, 1969 2 1975l W W 288dl A EIEBE ol 48 A3t
At 197637 1977l & 59 WS 10709 EE(section) & viFo] 5440 Zzb 2 fEEA
STt & Emol A o] Ahg oF 25704 A A B M@l RaAstA . Gefaig
BEe # ol A 207044 QA s

127° 127°15°

Fig. 1. The location of the rye field
in Paldang. The circle indicates
{ 37°30° Paldang rye field.

Laim @, PMC £ aceto-carmine 0. 2 @ Alsle] Zufmgs S A Aslelch,
%eho] =& acetic-butyl alcohol (1: 1)) HA o] Tz A Fetart ojxw Lelols
#Aw Feb~E il butyl alcoholo] 17770 & t}g Canada balsam o 2 J3sle] )AEAR
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ol 59 b, BHERT R = Kodak microfilm & Al-&38lx Kodak D11 22 HHEstglch. He
i B heE e £2 PMColA AAsR ot il HASH 3= FiEBEE a-bromo-
naphthalene & A1-8-3} 3 aceto-carmine © 2 ¥ufa3} 93 ot

= £

399 fufapss 2n=147F EFAE FHfE] wetd BRERES e A5t ded B

e MA et B2

Fig. 2-1-& B HRoHd A 1409 EF Rals oldd 4719 HEN BREME
Hol 3 gith B FH fMiie 2wt B x5 =7]olw sub-terminal o BjFHIE 1A
= 9t Fig. 2-2% PMCol A e 14+2B9 4445 vepd zloloh 7749
et @l olgd 279 = Bt &S stz 9ok Fig. 2-3-2% PMColA #Ad 14+
4B9 QAR E ZAS 4BE 278 By Adete A9 4B @A FAIse
Aot gt ojw AMAdAE Bt AgE 34 gz A& HojA ' AFE At

B'o| Uiz (1963~1977). Table 12 1963 %8 197747} 9 \HEpE 319 BHRARES
28 EE FA3 Zlojth. 196340l 2999 B Y wl st A A3 &ehrk 19661 15%
b Ho] 10%% W on 197516l & 20%8 EFsHethob 19770 12.8% 2 Wol F v},

19633 -8 19753 7HA = 4B'&= ‘)rEM%l dgtont, 19759 ol 03-?9% MERE \EE 3
g HEE ot ﬁﬁ’ﬁL & dF%F 4B'E fASG . 19761 B'Y wlE 2A A 2749
4B 7 B35 AL BY 2gulEr) 19.6%2 St BtE dAov sampleA az) 7k 199
2 Z7hs HRE & Aotk

B'Y ZgulEx B'E 714 A (with B)gF B'E Z2x ¢ A (without B') Ate] &

=4
W 78t Aol BE o] Hixrel Ay HELE with B’ without B'2 Aejgh o3 HEHEEE
3}gl oh. Heterogeneity of i & #* &S A e 0.50<p<0.60 24 HFEHE7 glonz 4
o) whE B'Y 2amsd solst gz A% U KA B FEE $49% U
Table 1. Frequencies of B-chromosomes in Paldang rye from 1963 to 1977
Year N Number of B’ Freq}lency Average No. of
o 1 9 A of B’ (%) B’ per plant
1963 50 49 0 1 0 2.0 0.04
1964 50 46 0 0 8.0 0.16
1965 50 46 0 0 8.0 0.16
1966 100 85 1 14 0 15.0 0.29
1968 104 92 1 11 0 11.5 0.22
1969 60 53 4] 7 0 11.7 0.23
1975 100 80 1 19 0 20.0 0.38
1976 199 160 0 37 2 19.6 0.41
1977 180 157 0 23 0 12.8 0.26
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B'o| HaHlzo| ﬁ#ﬁ 19759 M(ERBE T3 3 ol 4 10071 & 10 HIEZ H553te & &
of a%H 107HR1H AA4A 5 #Ag A Table 29 ek, 7 ES} RS Wibstd
Bt sh—3tA Haidel Az «LigEe] Aot 0.80<p<0.9024 £ o A2 Bo =
o Aok dv A& ¢ + Ak

19763 £ EHEZ T8 o4& A4 A Table 33 2ot HEE HMITH
219 ol Aol ARkl 1971 At AAH G 4 Erbeh HES Jolsk RolAul 47k
o A3hE 0.05<p<0.10 24 # 2] B9 5ol HEE} e ¢ 4 Ak

FEHEE 519 B%&é‘;‘m/] 3N Ed A dFE AFE B RK 2 EEE =4
Aofuk 2 EES B WEE HET 4 AEvtd dsted Azel s

19761 9] ZAbol| Al % nn—EE— t}A A, B, C, D¢ /pE(subsection) & }o] & /ol 57
A ZFAZ. ELEAA FEIEAR] % Bl £5d A/NES] ANE Z2 A& sum
AGOAANZ stz [F—3tAl sum B(50 1), sum C(50744), sum D49 AA )5 %zl
3] % sumofjA] g B'e WEE zAd A Table 48 2ok, 2#HEY 234 0.05
<p<0.10 24 % sum 9] B4 Nl E Aole] HEESF Q= AL o &7 ot

Table 4 9] A gol4 % sum o] WHE RMAA 50,100, 150, 199 A o leiA1e] B'ef
Bl Table 59 Zoh. 50 A4 150 44 Atolg] B wlE: 162 B A7t 9
= 1997HXﬂ A4 19.6%% %7 Lehzkovt Kz Bo Fdnl ke Holst g 2 &
:‘1:. 3] r,]..

19773 & 197613 7 #Fe]l % g 10fEEE el o4 TS o FEIES =
EA A7 RReto Prkelz ofiEat GAA 245 slgch. Table 6414 2 ups} 7ol
1976110 vlel % [@ol glolA B9 wlEst maA o ok #f fgEe] A= 0.80<p

Table 2. Analysis of the occurrence on B-chromosomes in Paldang rye investigated in 1975

Number of B’

N ST e
0 1 2

1 10 8 0 2 20 0.4

2 10 8 0 2 20 0.4

3 10 8 1 1 20 0.3

4 10 8 0 2 20 0.4

5 10 8 0 2 20 0.4

6 10 8 0 2 20 0.4

7 10 6 0 4 40 0.8

8 10 8 0 2 20 0.4

9 10 8 0 2 20 0.4

10 10 10 0 0 0 0

Total 100 80 1 19 20% 0. 39*

*Mean
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Table 3. Analysis of the occurrence on B-chromosomes in Paldang rye investigated in 1976

Number of B’

setin FEE A
0 2 4

1 20 13 7 0 35 0.7

2 20 19 1 0 5 0.1

3 20 14 6 0 30 0.6

4 20 16 4 0 20 0.4

5 20 18 2 0 10 0.2

6 20 12 7 1 40 0.9

7 20 18 1 1 10 0.3

8 19 15 4 0 21 0.42

9 20 17 3 0 15 0.3

10 20 18 2 0 10 0.2

Total 199 160 37 2 19.6* 0.41%
*Mean

Table 4. Analysis of the occurrence of B-chromosomes in sum of subsection (1976)

Sum of subsection

Total
A B C D
Without B’ 42 42 43 33 160
With B’ 8 8 7 16 39
Total 50 50 50 49 199
Frequency of B’ (%) 16.0 16.0 14.0 32.7 19.6

Table 5, Variation in the frequencies of B-chromosomes in different sample size (1976)

Number of B’

: Frequency Average No. of
Sample size 0 ) . of B’ (%) B’ per plant
50 42 8 0 16.0 0.32
100 84 15 1 16.0 0.34
150 127 21 2 15.5 0.33
199 160 37 2 19.6 0.41

<0.90 & vehfe] & EY] BY ZdulE Aolo] Aolst g AL & 4 AUrh.
19773 A = Fii4E 7o) g ABCDY /JEE U¥eo] sum A, sum B, sum C,
sum Dol gle]A9] B'el wi£E Table 7o) A3l x2ipEe] A3 0. 10<p<0. 20



186 Korean J. Bot. Vol. 24 No. 4

Table 6. Analysis of the occurrence of B-chromosomes in Paldang rye investigated in 1977

Number of B’

Section N - . A PRy Agsrggf g:r-ltof
1 20 18 2 10 0.2
2 20 16 4 20 0.4
3 20 17 3 15 0.3
4 20 17 3 15 0.3
5 20 18 2 10 0.2
6 20 17 3 15 0.3
7 20 17 3 15 0.3
8 20 20 0 0 0
9 20 17 3 15 0.3

Total 180 157 23 12.8 0.26

Table 7. Analysis of the occurrence of B-chromosomes in sum of subsetion (1977)

Sum of subsection

Total
A B C D
Without B’ 39 41 35 42 157
With B’ 6 4 10 3 . 23
Total 45 45 45 45 100
Frequency of B’ (%) 13.3 8.9 22.2 6.7 12.8

2A #% sumd| A B'Y F¥wlx Aol FEZE ¢l

Table 7 &] sum A, sum B, sum C, sum D & BjinAl# 45,90, 135, 180 7} Ao} gl o] 4] &
B'Y) £gul =g Table 8¢ ZA3tA . B & W=7t 11.1%~14.8% Atololl QlolA &
ol 74 givh. whebA 1976\t 19779 4dr A E fFASd ZEAHAL A Hef Jedd
5004 & Al = 39 4E] B'o Hlx g #HES T & Aolth

HEME  J\EE 399 BHRARNKS FENMEE Attt 5 HERAESE(T.H)M
ol g PU{EYEEES] 19661 ¥-H 19773 74R] 1%~7%9] ¥l =2 A= gich(Table 9).

o] MWEHEEE PMCdA 100%2 vebvx gz —i PMCE 778 “HEIEHEE
71 ASE Ak, 19689 47459 T.H.E #3338 A5 PMColA 11~85%9 W2 g
Eapgs deiges] T.He 3 AAedAde MERGES SELEHF Bestz g
9l et

o] ME M diakinesiso 4] MUEZRERL 3 a4 A #FHasA g 285
A= Aoz mol HEMEEY CHRMEEIR: 399 19 S8 AER A A
HA G F M deE & F AH(Fig. 2-4).
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Table 8. Variation in the frequencies of B-chromosomes in different sample size (1977)

Number of B’

Sample size I"Fegf"e(noig %\’fggrgeplig.t cf
0 2
45 39 6 13.3 0.26
90 80 10 11.1 Q.22
135 115 20 14.8 0.29
180 157 23 12.8 0.26

Table 9. Frequenmes of translocation heterozygote in Paldang rye from 1963 to 1977

1963 1964 1965 1966 1968 1969 1975 1976 1977

Number of T.H. 0 0 0 4 7 3 4 14 2
Frequency of T.H.(%) 0 0 0 4 6.7 5 4 7 1.1

T.H.; Translocation heterozygote

£ 2

Bf’hfﬂﬁ o] BB MERRY JiAiel ol g ol & ofe] el A o FolH ot & il
Bl wl=& LM Al a8 2y a2 B tEsE]'-

Jackson and Cheung (1967)2 w579 - -ff Phaulacridium vittatum -2 913 7} o 13}
o]l B9 vz} 11.2240.3% 24 ##Fo] 9= A< Baslygch. Kayano et al. (1970)
B BA Uil A wholr)v] (Acrida late)9) 11709 #E-S #HHow B 2Hu=E
3ol Al 9rdel AA A% zAste] 97 Fstel e B FfgikEA ol 24 A ghol
sEho) 9% B walgdth. Kayano ef al. (1970)= 970 Aol A= 2474 & EMrHE
AR Aol Az A Qo) wgel B E e RASE dx 2Ad Ade &
et SEREEE ol ABRY 9 FE e #A@ Fo BY ulEd WEo] g Aol
oL 5]] A 3}&;}

ATl A 19633 HE 19773 Y Bel HRwln Aele] HiaMBRCE 4R
=g oy g wek B'o wlxe] <kzk xfelsk Az AL FHEEA ia‘é‘ Y
s 19817 JfebA ekskr) @ ol obdsl A7bsiet. Jackson and Cheung (1967),
Kayano et al. (1970)7} #ft2 Abgaldl Blie (IR4EI vlel (il 388 o A
B F e HE Zlolrh

Miintzing (1946)2 %8| b8 HAFHS E—H A BYERIT ToHREs do
A B'e] 47} ZrlabE A% vhg = Hikansson (1948)& FR¥ES) Sy#del A = | -3 B9
F7kel #efiel deks Ba2stgivh

>

7]
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Fig. 2. Mitosis and meiosis in rye involving B-chromosomes and translocation

heterozygote. Bar indicates 10 um.
4 B-chromosomes at root tip mitosis.
2 B-chromosomes at diakinesis of pollen mother cell,

4 B-chromosomes at diakinesis of pollen mother cell,

Ll B A

Quadrivalent at diakinesis of pollen mother cell. The quadrivalent is not

associated with nucleolus.

s AdA B Fge FAste =l olelar By #ime mgishs sEple] glejek
el o RS ShbEA A KR Bl BkEE Bee T 4 Qxd
PMCell 4] zhgdo]l BuA BIRE TEH USRS (pollen tetrad)ol 4] 43Zke] ol thkd B
7} mlcronuclel€ e A% 2 4 glvh. Mintzing (1966)& 0B'9} 7B Ate]e] A
ol A e i B zabsted AAe B} %ﬂfﬂcﬂl wel ff - #ke] sl 7B
AAe 0Bl Wa 20%2 tad AL Bzl fig= 59 kol B'e] Z7}el
upet Zasle] 6B 7F 0B vuh ko] 1/10 2 ETFs: AL Bastdnh. o9 o] A4
BHZO og B Zobel sgiiiiac] 49 B'Y) K 9 B Zt)
o el A& Ifie o) Fol B 3 Auely THS FAsE A
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19681 AHE T9U& W2 Jones & HRAA Aulgk o] Fffel 1972de] B’ Hlxsl
22.29%E Zshslgd o] (Jones, 1975), 1975Wol = 40% %2 EHA3 A& 98 $kc)(personal
communication). o] 7 t}& &7 Aujg 09 BF JEE FAl 4L g B
ol WEoz 47T 4 vk s BHEE FEHRTA 1979d%E A AE 529
Pt 19814 27% = B'o] 2wl =st Sobstgich ohE 44 A= 5799 B
4% flE Mintzing (1967)9] Bx2%& & & vl & Lol 28%¢ B9 =% 7134
Transbaikal i W& ~9dlol 4 1445 Al sl FoF 10%74x] B/ Zed 28 2o
ok ot

T.H.8 2 Zo] #Haya Afetks Jebil = #HfE d8 <A gl Oka ef al. (1967)
o Fubol] X BEE st Etel T.H.O A @o=91-+1V)7 EH Eesd BT 8
Mol 31% #4ad AL Badte 4 9 FIE BHE  dE TEHS PERsdd.
Garber (1948)& XA A2 w2 Sorghum versicolor Zof A7 T.H. A A9 T £
o] IE¥ Eel Ml 60% #2438k A% B sl o

A7 T NEE 344 dgkd T.H At EW MM BF s v zstd
TH7L EW wal #T flfko] 12~23% 7243 A€ wdth zdz £AUDE 329
T.H. 8t E% 88 Aolol MHELEE 3 FLoA T.H A47 46~56% B A& 23
Stavh ol A IEF MA Y T.H. AA Aoldl 47 F o Aute] THo itz s &
e —

MRZHES e A5 s TH AAAY 58 Q] Eimpvez kMg as (T.
homo), T.H. 3 EH s 1:2:18 k&= A7ch. 2% T. homo$ THE EH
A Bl fF Rkl sternz {RE AF T oot WMEHEES MR @EE A 7
2% Aolel, zejuvt AEE Z9dA THI AL A3d AL o5t o] HA4E +
9l % Aoleh., L (UFE I ol ng THE /= B4 47 o8 fifke 1/29
ol TH.& #A #H=Awt T.H. AN A7l 1ol Fwol EHN MAiE #EAA =2 o2
el —#s T.H7L 5l = Zloleh. ol 9k o] MIFRZRES] HifEel MEERES A7t 74
BT Bk KT GBS wifste] AEE 39 £EAA A< T.H FEgE7 HBse 2o
2 44 4 dch

JNEEE 309 MK M 2 3 A Ak Mk @A Ao A7
1975). 1981}l C-banding & &lol ojste] (7 fiad A %E T.HE 5R (549 A4A)
o} 6R (69)7F 2zt B F-Zol A Yol delvt MAEEE MRE RS PR ¢
T AR CREESR).

WoB L ATE dstel LM U BHEN A Kk BFEAYS 2 ok S EA
A Zol ZAFUT. Refalh HAE £ FA BN, K ROET kel 24
Aol B AR F o FA BWD, BENES MR A 29 F4 AKX K
B e} oA AR o
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# 4

196346l 1977ul 7t At 1o BRMMEY MBEHEEE 2% Ads ooy 2d, 29
(1963), 8% (1964), 8% (1965), 15% (1966), 11.5% (1968), 11.7% (1969), 209 (1975), 19.6%
(1976), 12.8% (1977). 2*#yEs] Ase & HEd 3lej49 B'Y EaaE Aole] HEH) Qed
Ve o gl 1976w 3 1977l ell & 5 S 100 B2 v Fe] HEE F45td By S m2x)
A9 AAE Hhstdc. 399 Bv SBEARAA kg w—8A ShE s o B 50AAE =
sl 39 £HY B'Y SAUEE K & ok sl JUEE 3 S A 19661 %8 19774
AR ALehe] MERMESE(T.ICG o8 LUERGES Sla @) 1~7%9 A5z 335 g,

2 £ X R
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