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Chromosomal Studies on the genus of Rhizopus

—I. Chromosomal studies on 7 species of genus Rhizopus—

MIN, Byung-Re, Taik Jun Lee,* and Yong-Keel CHOI**

(Sookmyung Women’s Univ.,

*Chungang University, and** Hanyang University)

ABSTRACT

This experiment was designed to elucidate the life cycle of 7 species (Rh. nigricans, Rh.

delemar, Rh. oryzae, Rh. acidus, Rh. tritici, Rh. formosaensis and Rh.

japonicus) in genus

Rhizopus isolated from Korean soil, so as to seize the appropriate stage for detecting their
chromosomal number and nuclear size under the method of thin layer slide culture using mo-
dified Rogers(19652) medium. The results are summarized as the followings;

1. The haploid chromosome number are found 16 in Rhk.

among 7 species. In RA. formosaensis, the haploid chromosome number are 12, in Rh.

nigricans, the highest number

tritict

are 9, and in Rh. delemar, Rh. acidus. Rh. oryzae and Rh. japonicus are 8, respectively.

2. Comparing the 7 species of Rhizopus with each other, it may be concluded that the basic

haploid chromosome number of genus Rhizopus distributed in Korean soil are 8 and that Rh.

nigricans is double of the basic hapolid chromosome number (n=16). Besides them, the other
two species (Rh. tritici and Rh. formosaensis) are believed aneuploids.
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Table 1. The chromosome number of seven species
belongs to the genus of Rhizopus

species chromosome number(n)
Rh. nigricans 16
Rh. delemar 8
Rh. oryzae
Rh. acidus
Rh. tritici
Rh. formosaensis 12
Rh. japonicus 8

(2-1) Rh. nigricans Ehrenberg; £ 25 PDYA
WA AFAZD F 26~28°Ce FL7ld] o
<ok 194 7+ wj oF# &= rhizoid (root-shaped) s} uk
Gz 2 92 9 24 Aol 4%
stgict. (Plate 4-1,2) o] A]7]7} (sporangioph-
ore)e]l F7|17 Fx2 A msE AA (Plate 3-

1,2) chromosome countd}r) 7} 7} & 4438} o}

chlamydosporex= ##& <7} ¢ 9drct. Rk
nigricans®] AN A 4= =AM Rhizopus & =
oA 74 & n=1671517(Plate 3-3). 4
A mepe A mapsl A oz Aol
£%9e Ageh

(2-2)9) Rh. delemer; TAZ PDYA )= o]
AEAA 26~28°Co) FLoANA F 2047 u)
¥ AzelA 2AS) LAEE §43 )
B Y¥gol doj e 3#3sh5oh(Plate 3-7).
gAY more ARz Areelz G439
T kA e o) 87 ot (Plate 3-4).

(2~3) Rh. oryzae Went et Prinsen-Geerling :
ZAE PDYA wixlo] FHEAA 26~28°Ce] 3}
271 ol oF 2041 7k W &g Al 5o A FAF
ez gohe @& 2 zAYHlA FA
FAT Gagdel Yol e AT St Qg
(Plate 3-6). FAAY EFe A2 Fmps)
Azmope) Aol £FH Az AAAY Fi
B 7} 841 o] o} (Plate 3-5).

(2-4) Rh. acidus Yamamoto : 2¥ 21 A} 7} #l} ©
T AR £ 4L Pl EAdd
A e diEdol gt A9l ch(Plate 3-8). 4
Ao Beoke FE FFol T AYAQ neg
d AL A ez 4FAY S s
(Plate 3-9).

O

)

Chromosomal studies on the genus of Rhizopus(1) 137

(2-5) Rh. tritici Saito : o 214 7 ) F3F F
#r9e 2T F A & 7]
2 Qe Ao zAGEe] JAHNS A FA
AZ dASAt dutH oz Amgoln] =z}
3} Rhizopus <9] 718 Zo|A Fd8tA JA4A
47} n=97) ¢ o} (Plate 3-10).

(2-6) Rh. formosaensis Nakazawa :
wokgt & geAer &g ZAgH
grdg FASAch AAAY BFe o6
e erE?ﬂ 70 et 2okl Aol velpkx 4
A 7} 20 24 Rh. nigricans 16
N gz ‘E%L 4 g ot (Plate 3-11).

(2-7) Rh. japonicus Vuilliemin : €F 224] 7} ul
ookj_’ %?’_ ode §%7Lxﬂ o &z Xé zc}--g].‘— 1;(].14—3:1 o

& BAtgon AAAY EFe
ol QAAG B VAR Aol B
o %= Rh. delemar. Rh. oryzae,
Rh. aciduss} 7ro] ul<=A 7} 87 4} (Plate 3-12).

Faold AAAY Fzot FE ATeEd
B2 Yol gl ot (Heath, 1978) ol 2] species
A A &3l mitosis ¢} meiosis®] T 4#S Fadt
9o BAE0 Aee TAzAA FY
+ 9

2% W_:_ 53] Singh, U.P.(1972)¢} 7 &
Abek2 Basidiomycetes®] o Z¢| Ravenelia®] 4

\O

2w

O
—
==

OF 21 A

_éri

oo
_yL

speciesd] 4] mitotic division®} meiotic division
£ E3to] A9 morphological patterng =
Abk #3190 F. Rogers(1968)-& Xylaria curtao)
A FEEvl 7 & Sste) T8 diplotene, diak-
inesis, early metaphase® HolF =z 9lr}.
BRS¢ Bobed el T 9AAE
Felotzdl dadg A4 A A4 42 McClint-
ock(1945)e o] 3te] o] FolZ vk zel vt THY
life cycles 7] A3 v frlEe] dade] o]
gt AAE 4 FFol9 life cycle Fof A
o] = Aol A S HAol sF LolFstE
Zelslr] $13le] thin layerd slide culture(Min
and Choi 1980, unpublished)& =z ¢l3le o] %
Rhizopus 7%9) JZA-E 3 4+ 9oz o
21 g Wl Frl ol Al delzl  Rhizopus v A &
Giemsa solution 9]¢ 2%
acetic acid 2% orceing 422 71 (Rogers 1964))
Iron aeto-camnine, Feulgen reaction 5-& %%

aceto-carmine, (60%



138 KOR. JOUR. MICROBIOL.

Agste] ARtk 2elv U2 WY QAo
524l 5o} chromosome? #38 =7} glg o
1} HCl-Giemsa methodej 9|3} staininge] fun-
gus nuclei®] 1] 714 T3¢ & Bqlaly
t}. (Hrushovefz, S.B. 1956, Knox-Davies and
Dickson 1960, Ward and Ciurysek 1961). m-
etaphase® o4 Fx3}7] $3ld
1~3A 777 AA el ste] Fo o) & znE
A% Fob g

Sinoto, L. and A. Yuassa(1940)7} yeasto]
Al E£8H i Fo colchicines A}-g39 o1} of
T8 w3lx glglen Slifkin, M.K.(1967)%=
0.0001%%¥ 0.30%7+4] o2 Hr =z T2z«
& w5 v wekgl ot colchlcmef somatic
ZEER

oA 74 5}

colchicine-2-

nuclear divisione] 3= o}¥-2] of gt
Trha Bastgleh. olelg A BEe
T BAR ] Aol dA s vl
Al &2l fixation& Farmer’s soln.3} Carnoy
9- vl Carnoy soln.o] t] stain-

ol = FAA W ¢ oil drops ®)

soln.-& A}
inge] =g 9—31
9l 7}1 et
B T E A
iR

1.;1 va]_ =7

A %
fungal nucleis}
FAbatr] o
9l . (Flanagan,
sao] sbsebet. %3 Rh-
izopus nigricans 73 %~ Sjowall(1945, 1946) o]
meiosisz} ol o] 1}i= e o
o] 9lowm %ol Eol AL vegetative nucleit c-
onvential mitosise] ¢]&}e] FH-ol3& H gk},
(Flanagan, P.W. 1969)

19 A e
Rhizopus %) A7) % 2
Bl A7) =
9 FAANE I

o8 Fol=glch

FEY 7359—} a71E 7hA =

D.W.1970) AA =

diploid nucleus%- 34

HAg A Folx it AHolxm
Astrlel g A
hyphae?] ¥3}7}# 3 sporangiophore
Ael 14 wiEAG A

Rhizopus < E-He3 x5 za23dhq
Fuller, M.5.(1976) = %% 671 2] evolutionary
]

E AL $

elvkele] Zfisls 759 Rhizopus

[Vol. 20, No. 3,
lineso 2 Aatx o] 59 #Bgo] 714 =zt
Ao]lH o 8= centric groups} non-centric group
28 FEeha vk

Z%o| A 53] higher fungio] <
S+ groupso. 2 zygomyc-
Az Ig=

<3l 3= nonce-
ntric mitosis&- {5
etes®] 9z &
Zygomycetesol] <3} phycomycese} Muco-
rales®] mitotic apparatus: lower aquatic fungi
$} ascomycetes®] Z7} o 2 mitotic apparatus
o &t evolutionary sequence= = ascomycetes
o Az=z R 9t (Frank and Reau 1973)
LA A FA G Rhizopuse] oI A4 o)
A Rh. migricanse] A 9] n=167] %= Flanagan
(1969)3 LA stz 9o}, Rh delemar, Rh.
oryzae, Rh. acidus, Rh. japonicus SolA = n=
8l 5, Rh. formosaensisol A) n=1271 Rh. tritici
7b n=97/0gvh. fungie] 7 9o A= olw] we
aneuploidy e} polyloidys} &) 8te] w3 o] ¢l
o} (Pittenger 1953, Boone and Keitt 1956,
Pantecorub and Kafer 1958, Enox-Davies P.S.
and J.G.Dickson. 1960)
Knox-Davies et al.(1960)¢] ]}
idy nuclei” anaphasesl] 4] ¢4 ] o]

“aneuplo-
non-disj-
unction®] g A ascous So] A A7 AL}k =z
2 vegetative hyphaeo] A Z S ol 4] ZAle] alo)
= 8 -*iogio] ofl spindle fiberse] 5& 2 4]
22 polyploidys} #& =
ek nEd AEY s

R D K

0

aneuploidyv} = A

H

omatic tissues® A3 4
el = B2 pelyploidyt} an-
euploidy7} 7] el dulalal 3 Aol v] fungi
vegetative mycelium ¢f 4] 2] aneuploidy 1= 21 &
CE R EEs
Z Ausz 9k

wfeba -2 vketel B8l Rhizopus <2 )
F AAA S HISO] Aoz ALEET olR o
2 FH A7 REGE (aneupleidy) 2 4] n=9q]
Rh. triticio} 127}] Rh.
3 2 f5RE 2 A =167 Rh. nigricans 7} 1} el

IRz AAE

fungid] 4 QuFe §a e

formosaensisy} vyelyk

E

45 PDYA wjx|o]l4 Thin layer-slide culture w}#}-g-



September, 1982]

Min et al.: Chromosomal Studies on the genus of Rhizopus( ) 139

Este] o] =9 life cycle @ dAa 45 WAetglch. Rhizopuse] 7% life cycled] patterno] oFzhe] A+

9ot fAsig o AAA4e] BnE 454 sporangiophore] 447 A A A& selshg.
Rhizopus’= 49ty 0.2 AW 22E P4 sty .o Rh nigricans, Rh. formosaensisg A& vr]z] 5%l

A% chlamydospores} &4 8¢ &qldtg L hyphaex gdldlole E3}34 o)A rhizoids JAstglet. 2z

old hyphaet: septume] 4= 5% Salstzt.

Rhizopus®] A2 4= Rh. nigricanse n=16, Rh. formosaensis7t n=12, Rh. triticiye n=90]x 1wz
Rh. delemer, Rh. oryzae Rh. acidus, Rh. japonicust n=8=z4 Sl uele] 445l Rhizopus £ wub4] 9
18R TE 8N 2 A= Rh. nigricans= 7| 279 G824, Rh. tritici @ Rh. formosaensis’= BB

24 47,

51 AR

Ainsworth, G.C.: “Introduction and keys to higher
taxa” in G.C. Ainsworth, F.K. Sparrow,and A.S.
Sussman(eds.), The Fungi, Vol. 4B, Academic,
New York, 1973 : 1~7.

Aldrich, H.C. & C.W. Mims 1970.
complexes and moiosis in myxomycetes.
Bot. B7(8) : 935~941.

Aldrich, H.C. 1971. Synaptonemal
meiosis in Didymium iridis, a reinvestigation. M-
yeol. 63 : 308~316.

Alexopoules, C.J. and C.W. Mims. 1979. Introduct-
ory Mycology. John Wiley and Sons.Cutter, V.M.
1942. Muclear behavior in the Mucorales II. The
Rhizopus, phycomyces and
Bull. Torrey. Bot. Club. 69(8) : 592~616.

Day P.R., D.M. Boone & G.W.Keitt. 1956. Venturia
inaqulias(cke) Wint.XI.The chromosome number.
Am. J. Bot. 43 : 835~838.

Flanagan, D.W. 1968. The life cycle and cytology
of Brachyallomyces. Ph. D. Thesis. Mcgill Unive-
rsity, Motreal Que.

Synaptonemal
Am. ].

complexes and

sporodinia patterns.

. 1969b. Nuclear division in the vegetative
hyphae of Rhizopus nigricans and Phycomyces b-
lakesleenus. Can. J. Bot. 47 : 2055~2059.

. 1970. Moiosis and mitosis in Saprolegnia-
ceae. Can. J. Bot. 48 : 2069~1079.

Frank, W.W. and Reau, R. 1973. The mitotic app-
aratus of Zygomycetes, Phycomyces blakesleenus.
Arch. Mikrobiol. 99 : 121~129.

Fuller, M.S. 1976. Mitosis in Fungi. Int. Rev.Cytol.
45 : 113~153.

Gillies, C.H. 1972. Reconstruction of the Neurospora

pachytene karyotype from serial sections of syn-

aptonemal complexes. Chromosoma.

Haskins. E.F. 1976. High voltage electron microsco-

in the
slime mold Echinostelium minutum de Bary. Chr-
omosoma (Berl) 56 : 95~100.

Harris, S.E., J.P. Braselton and C.E. Miller. 1980.
Chromosomal number of Sorosphaera veronicae

pical analysis of chromosomal number

(Plasmediophoromycetes) based on ultrastructural
analysis of synaptonemal complexes. Mycol. 72:
916~925.

Heath, I.B. & M.C. Health. 1976.
mitosis in the cowpea rust fungi Uromyces phaseoli
var vignae. J. Cell Biol. 70 : 592~607.

Heath, 1.B. 1974a. In “The Cell Nucelus” (H. Bus-
ched) Vol. II pp.487~515 Academic Press.
York.

. 1978. Mitosis in the fungi in

Ultrstructure of

New

“Nuclear
division in the fungi” Academic Press.New York.
. 1980. Fungal mitosis, the significance of
variations on a theme. Mycol. 72 : 229~250.
Hirsh, H.E., W.C. Snyder & H.N. Hansen.
Chromosome number
41 : 411~415.
Hrushovetz, S.B. 1956. Cytological studies of ascus
Can.]J. Bot.

1940.

in Hypocreaceae. Mycol.

development in Cochiobolus sativus.
34 : 641~651.

Ingold, C.T. 1978. In “The Biology of Mucor and
its allies.” Edward Arnold.

Knox-Davies, P.S. & ]J.G. Dickson. 1960. Cytology
of Helminthosporium turcicum and its ascigerous
stage, Trichometasphaeria turcica. Am. J. Bot.
47 : 329~339.

Lee, Y.N. & K.H. Ycon. 1973. Studies on the am-
ylase of Rhizopus (I) Kor. Jour. Microbiol. 11 :
31~50. )

Leighten, T.J., Dill, B.C., Stock, J.J. & Philips, C.



140

1971. Proc. Natl. Acad. Sci.
McClintock, B. 1945.

observations of the chromosomes of Neurospora

U.S.A.68 : 677~680.

Neurospera 1. Preliminary
crassa. Am. J. Bot. 32 : 671~678.

McGinnis, R.C. 1953. Cytological studies of chrom-
osomes of rust fungi. I. The mitotic chromosomes
of Puccinia graminis. Can. J. Bot. 81 : 522~526.

McGinnis, R.C. 1956. Cytological studies of chrom-
osomes of rust fungi III. The relaticnships of c-
hromosome number to sexuality in Puccinia. J.
Heredity. 47 : 255~259.

Min, B.R. & Y.K. Choi. 1981. The
number of fungi (I). Kor. Jour. Microbiol. 19 : 78
~101.

Min, B.R. & Y.K. Choi. 1981. (unpulblished) Thin
layer-slide culture of fungi.

Olive, L.S. 1953. The structure and behavior of f-
ungus nuclei. The Botan. Rev 439~578.

chromosome

. 1965. Nuclear behavior during mitosis. In
“The Fungi I.” Academic Press 143~161.

Pantocorub and Kafer. 1958.

Pittenger. 1953.
Roger, J.D. 1964. Hypoxylon prunatum: The chro-
mosome number. Mycol. 56 : 369~373.

_ '5a.196 The conidial stage of Conichaeta
57 :

ligniaria: Morphology and Cytolegy. Mycol.

368~378.

) . 1965b. Hypoxylon fuscum: cytology of the

ascus. Mycol. 57 : 789~803.
_. 1967a.  Hypoxylon

of the ascus. Mycol. 59 : 295~305.

multiforme: cytology

. 1967c. Cytological aspect of the ascopore

of Hypoxylon gremadese var. macrospora. Can. J.
Bot. 45 :1166~1168.

Roger: J.D. 1968a. Hypoxylon deustum: The chrom-

osome number. Mycopathol. Mycol. Appl. 35 : 249

KOR. JOUR.

MICROBIOL. [Vol. 20, No. 3,

~255.
___. 1968c. Nuclear phenomena in the asexo-
spore of Hypoxylon puchtulatum. Ca. J. Bot. 46
: 865~866.
o . 1968d. Xylaria curta: cytology of the
ascus. Can. J. Bot. 46 : 1337~1340.
Singh, U.P. 1972. Morphology of chromosome in R-
avenellia sp. Mycol. 64 : 205~207.
Singh, U.P. 1979. Cytology
Mycol. 71 : 1197~1205.
Sinote, L. and A. Yuassa. 1940. Cytologia. 11.
Slifkin, M.K. 1967. Nuclear division in Saprelegnia

of Puccinia ruelliae

as revealed by colchicine. Mycol. 59 : 431 ~445.
Sjowall, M. 1945. Akad. Avh. Lund. 1~97.
. 1946. Uber die zytologischen Verhaltnisse
blakasle-
enus und Rhysopus nigricans. Botan. Notiser. 331
~334.
Storey, F.H., and ].D.
by
(IPC). Stain. Tech. 42 : 15.
Ward, E.ZW.B. & K.W. Ciurysek. 1961. Somatic m-
39 : 1497

in dem Keimschauchen von Phycemyces

1967.
O-isopropyl-N-phenylcarbamate

Mann. Chromosome

contraction

itosis in a Basidiomycetes. Can. J. Bot.
~1503.
Whittaker, R.H. 1969, New concepts

of organisms: evolutionary relations

of Kkingdoms
are Dbetter
represented by new classifications than by the
traditicnal two kingdoms. Seience. 163 : 150~159.

Wilson, C.M. 1952. Meiosis in Allomyces. Bull. T-
orrey Bot. Club. 79 : 139~160.

Wilson, C.M. & I.K. Ross. 1955. Meiosis in the M-
yxomyceyes. Am. J. Bot. 42 : 743~749.

. & Patrick, W.F. 1968. The life cycle and
cytology of Brachyallomyces. Can. J. Bot. 46 :

1361~1367.



September, 1982] Min et al.: Chromosomal studies on the genus of Rhizopus(1) 141

Explantion of Plates

Plate 1-1 : Swelling spore of Rhizopus(X1500)

: Development of germination tube(<1500)
: Branching hyphae of Rhizopus(X1500)

: Rhizoid formatien of Rhizopus(<X150)

: Nuclear division in young hyphae(X1500)

o OU = W N

: Chlamydospore fcrmation of Rhizopus(X150)
Plate 2-1: Nuclear division in sporangium (X 1500)
2 : Sporulation of Rhizopus(X1500)
3 : Eruption of spore from sporangium((X1500)
4 : Oil drops in fungal hyphae(x1500)
Plate 3-1 : Nuclear division in sporangiophore adjacent to the well developed rhizoid(Rh. nigricans)
2 : Nuclear division at the initial stage of sporangiophore (Rh. nigricans)
: The chromosomes of Rh. nigricans(n=16)
: The chromosomes of Rh. delemar (n=38)
: The chromosomes of Rh.oryzae(n=8)
: Nuclear division in sporangiophore of Rh. oryzae
: Nuclear division in sporangiophere of Rh. delemay

: Nuclear division in sporangiophore of Rh. acidus

W G0 N & U s W

: The chromosomes of Rh. acidus (n=8)
10 : The chromosomes of Rh. tritici (n=9)
11 : The chromosomes of Rh. formosaensis (n=12)

12 : The chromosones of Rh. japonicus (n=8)
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Rhoryzae

Rh acidus
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Plate 3

Rh tritici

Rh formosaensis

Rh.japonicus
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Plate 3

Rh.nigricans

Rh. delemar






