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ABSTRACT 

Tests were conducted to determine if the accessory (B) chromo

somes, the abnormal tenth chromosome (KIO) or the aberrant ratio (AR) 

phenomenon affect the resistance of maize (Zea mays L.) to viral infec

tion* Genetically similar stocks of maize with and without these 

elements were compared to determine their effect upon the plants 

response to Brome Mosaic Virus (BMV), Maize Dwarf Mosaic Virus (MDMV), 

Wheat Streak Mosaic Virus (WSMV) and Barley Stripe Mosaic Virus (BSMV). 

None of the test results with BSMV were found to be conclusive. Neither 

the B or KIO chromosomes altered the resistance of maize to BMV and 

MDMV infection. However, these chromosomes were found to affect the 

resistance of the plant lines tested to infection with WSMV. The AR 

phenomenon was not found to alter the resistance of maize to infection 

with BMV. However, it was found to affect the resistance of the plant 

lines tested to both MDMV and WSMV infection. 

Cross protection experiments were conducted to determine if 

viruses become integrated into the genome of maize and if so, whether 

or not the B or the KIO chromosomes would affect this process. The 

progeny of reciprocal crosses of healthy and viral infected plants with 

and without B or KIO chromosomes were compared with respect to viral 

susceptibility. No differences were found between the lines of maize 

that would be indicative of the integration of cross protective viruses. 

x 



INTRODUCTION 

The intent of this study was to determine if accessory or B 

chromosomes of maize affect the resistance of the plant to viral infec

tion. Since B chromosomes alter the cellular synthesis of both nucleic 

acids and proteins in maize (Ayonoadu and Rees 1971) viral replication 

within this cellular environment could be affected. The abnormal tenth 

chromosome (K10) of maize may be related to the B chromosome (Ting 

1958) and was therefore included in the study. In order to test the 

hypothesis that B or K10 chromosomes directly affect the resistance of 

maize to viral infection, genetically similar stocks of maize with and 

without B or K10 chromosomes were compared with respect to suscepti

bility to Brome Mosaic Virus (BMV), Maize Dwarf Mosaic Virus (MEMV), 

and Wheat Streak Mosaic Virus (WSMV). 

Viruses have been shown to become incorporated in the chromo

somes of hosts and to be subsequently inherited in an inactive state or 

as a provirus (Campbell 1962). While proviruses have been shown to 

exist in microorganisms (Campbell 1962) and animals (Huebner and Todaro 

1969) they have not been shown to exist in plaints. However it is 

thought by some researchers that proviruses do exist in maize and that 

the aberrant ratio (AR) phenomenon may result from viruses being inte

grated near marker genes (Sprague and McKinney 1966). This idea could 

be verified if the integrated viruses exhibit properties of cross pro

tection. Cross protection is the phenomenon whereby the presence of 
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one pathogen in an organism prevents a secondary infection by a similar 

pathogen. In order to test the hypothesis that cross protective pro-

viruses exist in plants exhibiting the AR phenomenon, stocks of maize 

having similar genetic backgrounds with and without the AR effect were 

compared with respect to susceptibility to BMV, MDMV, WSMV and Barley 

Stripe Mosaic Virus (BSMV). 

If viruses capable of cross protection do become integrated 

into the chromosomes of maize, then the B or K10 chromosomes could 

affect this process and consequently the susceptibility of the plant to 

subsequent viral infections. The B or K10 chromosomes could affect the 

integration of viruses in two ways. First, recombinational events be

tween homologous regions of host and viral genomes are believed to lead 

to the integration of viruses (Campbell 1962). Because both the B 

chromosomes (Hanson 1969) and the K10 chromosomes (Rhoades and Dempsey 

1957) increase recombination in maize, they could then also enhance 

viral integration. Second, each accessory chromosome increases the 

amount of cellular DNA by 9# (Ayonoadu and Rees 1968), and the K10 

chromosomes similarly increase the amount of DNA per cell. These 

chromosomes could increase the amount of cellular DNA available for 

random integration of viruses or they could contain regions of DNA 

homoedLogous to the viral genomes and offer specific sites for incor

poration. To investigate these possibilities the progeny of infected 

plants with and without the B or K10 chromosomes were compared with 

respect to viral susceptibility. Reciprocal crosses of infected and 

healthy plants were made to test for male and female differences in the 

possible inheritance of proviruses. 



3 

Accessory chromosomes of many species and particularly maize 

are largely heterochromatic. Since the initiation of this research, 

Hsu (1975) proposed the hypothesis that heterochromatin might function 

to protect the more vital euchromatin of cells from mutagens and 

viruses. This study could provide information on the validity of this 

hypothesis. 

In the last decade a great deal has been learned about the 

properties of B chromosomes. However, it is still not known why they 

exist in natural populations when increasing numbers of B's within an 

organism usually decrease its viability. One view is that B chromo

somes are maintained in populations exclusively by mechanisms of 

meiotic drive (Randolph 19^1; Ostergren 19^5)• Another view is that a 

selective advantage may exist for organisms containing B chromosomes 

over those without them (Darlington and Upcott 19^1). This study could 

indicate if maize plants with B chromosomes have a selective advantage 

against viral infection over those plants without them. 

This study will indicate if accessory chromosomes directly 

affect the resistance of maize to viral infection. If they increase 

the resistance of maize to viral infection, a selective advantage could 

be shown for their maintenance in natural populations. It would also 

reveal if the abnormal tenth chromosome similarly alters the resis

tance of maize to viral infection. This could offer a clue to the 

possible evolutionary relationships of the B and K10 chromosomes. The 

study will also reveal if the aberrant ratio phenomenon in maiz:e is in

duced by the integration of cross protective viruses. If cross 



protective provirus do exist, it will reveal the effect of B and K10 

chromosomes upon their viral integration. The results should indicate 

if these chromosomes enhance viral integration by increasing recombi

nation or by offering additional sites for viral incorporation. 



LITERATURE REVIEW 

Accessory Chromosomes 

Accessory (supernumerary or MB") chromosomes were first identi

fied in sweet corn by Kuwado (1915) by virtue of differing somatic 

chromosome counts. In addition to sweet corn, B chromosomes have been 

observed by Longley (1927) in flour and dent corn and by Kozhuchow 

(1933) in flint corn and popcorn. Examining native Indian maize vari

eties Longley and Kato (1965) observed the presence of B chromosomes 

not only in North, Central and South American stocks but also in those 

from the Caribbean Islands. Maize is not alone in possessing B chromo

somes. They have been reported in 608 plant species and 116 animal 

species (Rees, 197*0 • 

Randolph (1928) coined the term "B" chromosome to describe the 

chromosomes not essential to an organism in contrast to "AH chromosomes 

which represent the regular members of the chromosome complement. 

Cytological examination of somatic metaphase cells reveals that the B 

chromosomes in maize are shorter and stain more intensely than A chro

mosomes. 

While small numbers of B chromosomes have not been found to 

alter the phenotype of maize, large numbers do decrease vigor and fer

tility (Randolph 19^1). Darlington and Upcott (19^1) considered that 

B chromosomes might confer a selective advantage upon plants possessing 

them to compensate for the meiotic losses they observed. However, 

Randolph (19^1) noticed an increase of B chromosomes in experimental 
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crosses and conjectured that a meiotic drive mechanism might be re

sponsible for their maintenance in natural populations. It was postu

lated that B chromosomes of maize are parasitic in nature, functioning 

only in their own propagation by means of meiotic drive (Ostergren 

19^5). 

Using A to B translocations labeled with marker genes, B chro

mosomes in maize were shown to undergo nondisjunction at the second 

pollen grain mitosis 80& of the time (Roman 19^8). In the same study 

it was discovered that 75# preferential fertilization of the pollen 

containing B chromosomes over the pollen without them resulted in a 

selective advantage of 60# in favor of the B chromosomes. Blackwood 

(1956) cytologically confirmed this genetic study and found that the 

degree of nondisjunction and preferential fertilization varied greatly 

depending upon the maize variety tested. Studies with A to B trans

locations have shown that nondisjunction was restricted to the trans

located chromosome containing the B centromere (B^) and that it does 

not occur in the absence of the reciprocally translocated chromosome 

(A ). It has been concluded that nondisjunction of B chromosomes 

occurs at the centric heterochromatic region and is regulated by the 

distal euchromatic region (Roman 1950; Longley 1956; Carlson 1969; 

Ward 1973b). 

Accessory chromosomes have been found to increase the frequency 

of recombination at specific regions of chromosomes 3 and 9 (Hanson 

1969)• Recombination at specific regions of chromosome 5 has been 

shown to increase proportionally to the number of B chromosomes present 

(Nel 1969)• Cytological analysis revealed an increase in the chiasma 
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frequency at Metaphase I of microsporogenesis in Black Mexican Sweet 

Corn (Ayonoadu and Rees 1968). The promotion of crossing over was 

found to be greater in microsporocytes than in megasporocytes on chro

mosomes 5 and 9 (Nel 1973)* Using A to B translocations, Ward (1973c) 

showed that the heterochromatic region of the B chromosomes was re

sponsible for the increased recombination of A chromosomes. He found 

the amount of increase in recombination to be proportional to the 

quantity of heterochromatin in the B chromosome present. Odd numbers 

of B chromosomes have been shown to enhance crossing over to a greater 

extent than even numbers of B chromosomes (Rhoades and Dempsey 1972; 

, Chang and Kikudome 197*0 • 

Accessory chromosomes in all organisms should be assumed to 

have arisen from the regular chromosome complement (Rees 197^)• Studies 

have shown that the nucleic acid of B chromosomes has a higher GC base 

composition than A chromosomes in seeds (Van Schaik and Pitout 1966) 

but not in leaf tissue (Pitout and Van Schaik 1968) nor in seedlings 

(Chilton and McCarthy 1973) of Black Mexican Sweet Corn. By examina

tion of root meristem tissue of Black Mexican Sweet Corn, Ayonoadu and 

Rees (1971) revealed that while B chromosomes contained the same quan

tity of DNA as the average A chromosome they were 1.7 times the density 

at metaphase. They also found that while the amount of histone pro

tein per cell continues to increase along with the frequency of B 

chromosomes, nuclear RNA and total protein content increased with the 

addition of up to four B chromosomes and then decreased. Nuclear RNA 

and total protein were disproportionately high in plants with even num

bers of B chromosomes while the opposite was true of histone protein. 
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Abnormal Tenth Chromosome 

The abnormal tenth chromosome of maize was first described by 

Longley (1937) as having a large terminal knob and a longer hetero-

chromatic arm than the more common tenth chromosome. It was discovered 

in native Indian maize varieties from North, Central and South America 

and also the Caribbean Islands (Longley and Kato 1965)* This abnormal 

tenth chromosome has since been referred to as the knobbed chromooome 

10 (K10) and the more common chromosome 10 as the knobless or normal 

one (klO). 

In plants heterozygous for the abnormal tenth chromosome (KlO 

klO) preferential segregation resulted in 7C$ of the functional mega-

spores receiving the KlO chromosome whereas 5Q& was expected with 

random segregation (Rhoades 19^2). However, it was found that,the KlO 

pollen competed poorly with the klO pollen. In addition, preferential 

segregation occurred in several pairs of chromosomes heterozygous for 

knobs in the presence of the abnormal tenth chromosome (Longley 19^5)• 

Secondary centric regions or neocentromers formed between homologous 

chromosomes in plants heterozygous for the KlO chromosome, which may 

explain the preferential segregation observed (Rhoades 1952). In the 

presence of an abnormal tenth chromosome the degree of preferential 

segregation of the knobbed chromosome 9 over the knobless one quanti

tatively increased along with an increase in the knob size (Kikudome 

1957). 

Crossing over in maize was found to be increased by the pres

ence of the abnormal tenth chromosome, but the increase was not uniform 



throughout the genome (Rhoades and Dempsey 1957 and 1966). The in

creases in crossing over promoted by the KIO chromosome were greater 

in the female than the male sporocytes (Nel 1973; Ward 1973a)• 

In 1958, Ting hypothesized that the KIO chromosome in maize 

was the product of a B to A translocation. He based his conclusion on 

the similar appearance of the terminal heterochromatic region of the 

KIO chromosome to that of the B chromosomes observed at pachytene of 

meiosis. He also pointed out that the neocentric region of the KIO 

chromosome could be the vestiges of the B chromosomal centromere. 

Aberrant Ratio Phenomenon 

Sprague and McKinney (1966) discovered that Barley Stripe 

Mosaic Virus (BSMV) could infect maize plants and cause unexpected 

genetic ratios of some of the progeny plants. When inoculated homo

zygous dominant plants (AA) were used as males and crossed to homozy

gous recessive female plants (aa), the self-pollinated F^ (Aa) produced 

T?2 progeny that would occasionally exhibit unexpected ratios other than 

the expected 3tl (A_: aa). They termed this phenomenon aberrant ratio or 

AR and demonstrated that it occurred in the progeny of about one in two 

hundred systemically infected plants and could persist indefinitely. 

They noted that backcrosses exhibited different degrees of AR ranging 

from as little as 60:1K) to as much as 95:5 for either genotype when 

50:50 was expected. Unlike other cases of meiotic drive, male and 

female transmission was equally aberrant. Later Sprague and McKinney 

(1971) found that Wheat Streak Mosaic (WSMV) and Lily Fleck Corn Virus 
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(LFCV) could also induce AR but that Maize Dwarf Mosaic Virus strain-B 

(MEMV-B) would not. 

The AR action could affect either allele of a single gene or 

it could switch to another previously unaffected gene. It was postu

lated by Sprague and McKinney (1966) that the existence of an episomal 

like particle, possibly viral in nature, located adjacent to the 

marker genes could promote the AR phenomenon. Viruses that have become 

incorporated into a chromosome and inherited in the inactive state are 

commonly referred to as proviruses. To investigate this possibility 

Pring (197^) analyzed maize plants infected with BSMV and observed that 

while a single stranded RNA similar to BSMV was present in the maize 

tassels of infected plants, none was detectable in the pollen or seed 

of these plants. Although the existence of proviruses has been docu

mented in microorganisms (Campbell 1962) and animals (Huebner and 

Todaro 1969)t this would be the first case reported of a provirus in 

plants if Sprague and McKinney's postulation was correct. 

Maize Viruses 

Brome Mosaic Virus (BMV), Maize Dwarf Mosaic Virus (MDMV), 

Wheat Streak Mosaic Virus (WSMV) and Barley Stripe Mosaic Virus (BSMV) 

all occur worldwide in temperate regions. They infect several mono-

cotyledonous plants and can be readily transmitted to maize by means 

of mechanical inoculation with crude sap. 

Brome Mosaic Virus (BMV) consists of isometric particles 25 nm 

in diameter (Fig. 3a, page 23) containing a single strand of RNA 

(Bancroft 1970). It is transmitted by nematodes (Xiphinema spp.) to 
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many monocotyledonous and a few dicotyledonous plants. Seedlings of 

most varieties of maize develop primary lessions followed by systemic 

necrosis and death within one to two weeks after infection. 

Maize Dwarf Mosaic Virus (MDMV) consists of flexous rods 750 nm 

in length (Fig. 3b, page 23) which contain one piece of single stranded 

RNA (Pring and Langenberg 1972). There are two common MDMV strains. 

Strain A is identical to strain B in most respects except that the 

former can infect Johnsongrass and the latter cannot. MDMV is very 

closely related to Sugar Cane Mosaic Virus (Snazelle, Bancroft and 

Ullstrup 1971; Ford 197*0 • MDMV is transmitted nonpersistently by 

aphids (Messieha 1967) and infects many monocotyledonous plants. The 

virus has been shown to be seed born in one variety of maize at a fre

quency of 0.256 (Hill, Martinson and Russell 197*0 • Seedlings of maize 

do not develop local lessions but will show systemic necrosis within 

a week of inoculation. The virus will cause mild stunting in maize, 

Tu and Ford (1970) found the concentration of MDMV to be the 

same in susceptible Seneca Chief and resistant Illinois A varieties of 

maize by using dilution e.nd point assays. Since the former variety had 

systemic symptoms and the latter did not, they concluded that the mech

anism of genetic resistance is in the movement of the virus rather than 

its multiplication. This conclusion was supported by similar experi

ments conducted by Jones and Tolin (1972). 

A comparison was made of the degree of resistance to MDMV of 

double cross hybrids from eigjht inbred lines of maize (Zuber et al. 

1973). It was concluded that resistance was inherited in a quantitative 

fashion and postulated that several genes with additive effects control 
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resistance. These conclusions were also reached by similar experiments 

conducted by Genter (1973)• 

In a study with chromosomal translocations it was determined 

that genes for resistance to MDMV are carried on both arms of chromo

some 6 (Scott and Nelson 1971). This conclusion was supported by 

Findley et al. (1973), who in addition revealed that genes for resis

tance were located on the long arms of chromosomes 1, 2 and possibly 

10 and the short arms of chromosomes 3, 7, 8 and 10. 

Wheat Streak Mosaic Virus (WSMV) consists of flexous rods 750 

nm in length (Fig. 3c, page 23) which contain one piece of single 

stranded RNA (Brakke 1971)• It is transmitted persistently by the 

eriophyid mite, Aceria tulipae K. (Rosario and Del 1959) and infects 

many monocotyledonous and a few dicotyledonous plants. WSMV has been 

shown to be seed born in maize at a frequency of 0.1# (Hill et al. 

197*0. Maize varieties have shown a great deal of variation in sus

ceptibility to V/SMV. McKinney (19^9) found the majority of the vari

eties he tested of sweet corn (9 out of 13 varieties tested) and field 

corn (7/8) to be susceptible to WSMV but the average percentage of 

diseased plants was low, being 25^ and 31# respectively. Sill and 

Agusito (1955) found the majority of the varieties of field corn they 

tested to be susceptible (7/9) to V/SMV but not sweet corn (3/7), flint 

corn (10/37) or popcorn (2/9). The percentage of plants diseased with

in the susceptible varieties was low, being 25.7#, ^2.3#, 19»^ and 

23»5# respectively. Seedlings of maize do not develop local lesions 

but will show faint systemic necrosis two to three weeks after inocu

lation. 



Barley Stripe Mosaic Virus (BSMV) consists of three sizes of 

tubular rods (Fig. 3d, page 23), 111 nm x 30 nm, 128 run x 30 nm and 

1^8 nm x 30 nm (Harrison, Nixon and Woods 1965) which represent re

spectively 20&, 3C$ and of the total RNA (Lane 197*0. Chiko (1973) 

was unable to transmit the virus by aphids, leaf hoppers or grass

hoppers in barley, and so far a vector of transmission in nature has 

not been found. However, the virus has been known to be transmitted 

by pollen in barley, and in addition, the seed of 68# of the varieties 

of barley in the world collection have shown transmittance of this 

virus (Timian 1975). The virus infects several monocotyledonous plants 

and a few dicotyledonous ones. BSMV has been found to induce non-

Mendelian gene ratios in maize, the AR phenomenon (Sprague and McKinney 

1966), and also to induce triploids and aneuploids in several varieties 

of barley (Sandfaer 1973). Most varieties of maize show little or no 

susceptibility to BSMV. No local lesions appear but systemic necrosis 

results in large white stripes, and in severe cases, stunting in maize. 



MATERIALS AND METHODS 

Seed Stocks 

Seeds of Sib 67 Black Mexican Sweet Corn (Zea mays L. 2n = 20) 

consisting of two separate lines, one with B chromosomes (B line) and 

one without B chromosomes (A line) were obtained from Dr. R. J. Lambert 

of the Maize Cooperative in Illinois. Cytological examination of root 

tips were made for verification of the presence or absence of accessory 

chromosomes in the lines during the study. This was possible since B 

chromosomes in maize are somatically stable and their presence or 

absence can be determined by cytological analysis of root tips (Black

wood 1956). Cytology was done by pretreating the root tips in 0.02 M 

hydroxyquinoline, fixing them in three parts ethyl alcohol to one part 

acetic acid and staining with acetocarmine. Accessory chromosomes were 

revealed by counts of more than twenty chromosomes at metaphase of 

mitosis (Fig. lb). 

The seeds used in the first experiment were the Sib 67 bulk 

Black Mexican Sweet Corn. Five plants in the A line were analyzed and 

all were found to consist of the normal set of twenty chromosomes. 

Eight plants in the B line were analyzed and the mean number of B*s 

per plant found was 1.9 (Table 1). For the second experiment the A and 

B lines were separately increased by outcrossing. Five plants in the 

A line were examined and all were found to consist of the normal chro

mosome complement. Fifteen plants in the B line were examined and the 

I k  
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Figure 1. Mitotic metaphase of Black Mexican Sweet Corn:: (A) without 
B's and (B) with one B; meiotic taphase of ize: (C) 
homozygous for the KlO chr osome and (D) heterozygous for 
the KlO and klO chro osomes 
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Table 1. The number of B chromosomes and centric B fragments (F) 
found in the A and B seed lines of Black Mexican Sweet Corn. 

Seed Sample Number of plants with 0 to 3 B's and fragments 
Line No. 0 0 + F 1 1 + F 2 2 + F > 3 

A 1 5 0 0 0 0 0 0 

2 5 0 0 0 0 0 0 

B 1 0 0 if 0 3 0 I1 

2 0 3 k 5 2 0 1* 

1, 1 plant with 5 B's 
2, 1 plant with 3 B»s 
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average number of B's per plant was 1.1 (Table 1). In addition, sever

al of the plants in the B line were found to contain centric B frag

ments, which varied in size. For the third experiment seeds were 

obtained from reciprocal crosses of healthy and infected plants from 

the B line and reciprocal crosses of healthy and infected plants from 

the A line. The viruses used for infection were BMV, MDMV or WSMV. 

BSMV was not included in this study because of its low infectivity of 

Black Mexican Sweet Corn. 

Aleurone color in maize is controlled by the three genes Rr, Cc 

and Aa and all three dominant alleles must be present for pigment ex

pression. Seed from a cross of 0^5-70 x C2 KYS, which was heterozygous 

for the abnormal tenth chromosome and the marker genes R and C_, was 

obtained from Dr. E. Dempsey at the University of Indiana. In this 

seed the marker gene R_ for Purple aleurone was linked with the knobbed 

portion of the abnormal tenth (K10) chromosome and the gene r for 

colorless aleurone was linked with the normal chromosome ten (klO), 

The gene R has been shown by Rhoades (19^2) to undergo approximately 

1% recombination with the distal knobbed portion of the KlO chromosome 

(Fig. 2). Non-homologly of the distal one sixth of the klO chromosome 

to the KlO chromosome has been shown by Kikudome (1957). He showed 

that while the SR^ (striate) gene is located approximately 35 recombi-

national units distal to the R gene less than 1% recombination occurs 

in plants heterozygous for these two types of chromosomes. 

Since the seed obtained from Dr. Demsey had the KlO R/klO -j? Cc 

AA genotype it was crossed to a tester stock with the colorless 
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Figure 2 Cytogenetic maps of B, KlO and klO chromosomes of maize. — The maps 
were constructed from information published by Kikudome (1957)» 
Longley and Kato (1965)* and Ward (1973b)• 
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aleurone genotype of klO r^/klO CC AA in order to record the segre

gation of the R locus and thereby reveal the presence of those plants 

in the population with the KlO chromosome. The tester stock 73-13^ 

(rerg CC A^A^ A^h^), having colorless aleurone, was obtained from 

Dr. R. J. Lambert at the Maize Cooperative in Illinois. The r® gene 

is similar to the r gene, the superscript refers to the green colora

tion of the anthers and will not be included in the subsequent dis

cussion. 

Test crosses were made and the progeny grown from purple and 

colorless seeds were examined cytologically to confirm the presence or 

absence of the KlO chromosome. Plants grown from purple seed should 

have the heterozygous genotype of KlO R/klO _r and contain the abnormal 

tenth chromosome, whereas plants grown from colorless seed should have 

the homozygous genotype of klO r/klO £ and not contain the abnormal 

tenth chromosome. Cytological analysis was done by collecting tassels, 

fixing them in three parts ethyl alcohol to one part acetic acid and 

staining the sporocytes in acetocarmine. The KlO chromosome was evi

dent at Metaphase I of meiosis because of the unequal length of a 

bivalent pair (Fig. Id). 

For the first experiment involving the abnormal tenth chromo

some, seed was collected from test crosses of healthy plants. For the 

second experiment seeds were also obtained from reciprocal crosses of 

healthy plants of the test stock to MDMV or WSMV infected plants hetero-

zygods for the KlO chromosome. It was not possible to recover seeds 

from plants treated by BMV or BSMV because plants inoculated with BMV 
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died at an early stage of growth and plants inoculated with BSMV did 

not become systemically infected. 

Two lines of maize with the aberrant ratio phenomenon and two 

genetically similar lines without it were obtained from Dr. G. F. 

Sprague at the University of Iowa. The two aberrant ratio lines were 

designated AR^ (7*f: 302-9 x 303-5) and AR2 (7^: 310-8 x 311-7) while 

the other two lines with normal ratios were designated NR^ (7^: 3^2-2 

x 3^3-1) and NR2 (7^: 322-1* x 323-7). The AR lines obtained from 

Sprague had been derived from AA plants (red aleurone) that had been 

inoculated with BSMV and crossed as males to aa plants (colorless 

aleurone). 

The seed increases for the experiment, involving the AR phe

nomenon, were made by backcrossing heterozygous plants (Aa = red 

aleurone) to recessive plants (aa = colorless aleurone). The seed 

increases were scored with respect to seed color ratios to verify the 

AR and NR lines. The normal ratio lines showed the expected gene ratio 

of 1 Aa: 1 aa and the aberrant ratio lines showed unexpected gene ratios 

(Table 2). 

Virus Stocks 

The different kinds of viruses used in this study were Brome 

Mosaic Virus (BMV), Maize Dwarf Mosaic Virus (MDMV), Wheat Streak' 

Mosaic Virus (WSMV) and Barley Stripe Mosaic Virus (BSMV). These 

viruses can be readily transmitted to maize by means of mechanical 

inoculation with crude sap. These viruses are common to grasses such 

as maize and some of them may become integrated as proviruses in maize 
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Table 2. Genotypic ratios obtained from backcrosses of two normal 
ratio lines (NR.. and NR_) and aberrant ratio lines (AR. and 
A^) °f maize. 

Plant 

«*1 m2 ARi 

Plant Aa : aa Aa : aa Aa : aa Aa : aa 

1 51:27* 37:33 25:70* 110:188* 

2 21:12 13:12 lif: 84* 112:185* 

3 27:28 78:99 5^:89* 127:117 

k 121:128 9:16 97:164* 92:162* 

5 11^:1^3 25:50* 79:125* 

6 151:1381 55:104* 148:241* 

7 7:25* 91-.3101* 

8 20:91* 130:21c1* 

9 91:2021* 

10 224:3211* 

Totals k85: 137:160 612:1,200 889:1,538 

1. Seed from several ears. 

•Significantly different from the expected 1:1 gene ratio at the 
.01 level. 
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chromosomes as indicated by induction of the AR phenomenon. While 

WSMV and BSMV induce AR, MDMV has been found not to (Sprague and 

McKinney 1971) and BMV has not been tested. 

Maize Dwarf Mosaic Virus strain B isolated from maize in Iowa 

was obtained from Dr. R. E. Ford at the University of Illinois. The 

strain B will not infect Johnsongrass while strain A will. The virus 

culture was maintained in Golden Gross Bantam Sweet Corn, a variety 

donated by the Crookham Seed Company in Idaho. 

Brome Mosaic Virus type strain, Wheat Streak Mosaic Virus 

strain 530 and Barley Stripe Mosaic Virus mild Argentina strain were 

all obtained from Dr. M. K. Brakke at the University of Nebraska. The 

BMV and WSMV cultures were maintained in Sieta Cerros Wheat which was 

obtained from the University of Arizona stock. BSMV was propogated in 

the Moore variety of Barley which was obtained from Dr. R. T. Ramage at 

The University of Arizona. 

Verification of the virus stocks was made by examination of the 

crude sap from infected host plants under an electron microscope (Fig. 

3) by Mr. Raymond E. Wheeler at The University of Arizona. 

Experimental Procedures 

All experiments were conducted in greenhouses at The University 

of Arizona. Plants were grown in thirty-two ounce styrofoam cups. The 

potting mixture was one part sterilized soil, one part peat and two 

parts vermiculite. Rapid Grow Fertilizer was applied periodically to 

plants to maintain optimum growth. Cygon and Galecron insecticides 

were used when necessary to control insects. 



Figure 3- Electron micrographs of virus particles, X 97,000. -
(A) BMV, (B) MDMV, (C) WSMV, (D) BSMV. 
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The seeds of some of the varieties of maize used contained 

Rhizopus fungus spores and were therefore sterilized prior to planting. 

This was done by soaking the seed for six hours in water and then 

soaking them for ten minutes in a solution of 0.29& sodium hypochloride 

(9£ bleach), followed by rinsing with water. In addition, a solution 

of Captan's fungicide was applied to the seed at the time of planting. 

Plants were inoculated at the two to three leaf stage. Inocu

lum was made by grinding the systemically infected leaves of source 

plants in water (1:1 w/v) with a mortar and pestle. A small amount of 

carborundum was added to the crude sap to act as an abrasive. Cotton 

swabs were used to apply the inoculum to the leaves of the plants. 

In the first experiment the viral susceptibility of two lines 

of Black Mexican Sweet Corn, one with B chromosomes (B line) and one 

without them (A line), of otherwise similar genetic background were 

compared. The experiment was set up in a split-plot randomized com

plete block design. Each block was randomly divided into four virus 

treatment plots which were in turn divided randomly into subplots con

taining the A and B lines of maize. The plots and subplots consisted 

of 50 and 25 plants respectively. The design included treatments with 

BMV, MDMV, WSMV and a control. Five replications of the complete 

blocks were made, consisting of a total of 1000 plants. 

The second experiment with Black Mexican Sweet Corn was set up 

in a split-plot randomized complete block design similar to the first 

one. However, three replications of the complete blocks, instead of 

five, were made involving a total of 600 plants. 
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A third experiment with Black Mexican Sweet Corn was conducted 

to determine the effect of accessory chromosomes upon the viral re

sistance of the progeny of plants previously infected by viruses. The 

plants used in the experiment were derived from reciprocal crosses of 

healthy and infected plants in the B line and also from reciprocal 

crosses of healthy and infected plants from the A line. The viruses 

used for both the initial infection of the parent plants and the sub

sequent infection of the progeny of these plants were BMV, MDMV and 

WSMV. For this analysis a four factor experiment was designed. A 

group of 1,800 plants was partitioned according to (a) the three 

parental virus treatments (600 plants/virus); (b) the sex of the 

treated parent (300 plants/sex); (c) the three progeny virus treatments 

(100 plants/treatment); and (d) the two seed lines (50 plants/line). 

In the first experiment involving the abnormal tenth chromosome, 

sibling groups of sweet corn plants with this chromosome (K10 klO) and 

without it (klO klO) were compared with respect to viral susceptibility. 

The experiment was set up in a split-plot randomized complete block 

design. Groups of the KlO klO and the klO klO plants were randomly 

assigned to subplots of 25 plants per subplot. The design included 

four treatments consisting of the three viruses BMV, MDMV and WSMV and 

a control. Four replications of the complete blocks were made which 

involved a total of 800 plants. 

Another experiment was conducted to determine the effect of 

the KlO chromosome upon the viral resistance of the progeny of plants 

previously infected by MDMV and WSMV. Reciprocal crosses of healthy 



and infected maize with the K10 chromosome and reciprocal crosses of 

healthy and infected maize without this chromosome were made. The 

progeny of these reciprocal crosses involving the virus treatments MDMV 

and WSMV were then inoculated by the same two viruses as well as BMV. 

A four factor experiment was designed consisting of a total of 800 

plants. In it plants were partitioned according to: (a) the two 

parental virus treatments (400 plants/virus); (b) the sex of the 

treated parent (200 plants/sex); (c) the three progeny virus treatments 

(100 plants/treatment); and (d) the chromosome type (50 plants/type). 

An experiment was conducted to compare the viral susceptibility 

of genetically similar maize lines with and without the aberrant ratio 

(AR) phenomenon. Four lines of maize, two exhibiting normal gene 

ratios and two exhibiting aberrant gene ratios were used. The experi

ment was set up in a split-plot randomized complete block design. Each 

block was randomly divided into five treatment plots with 200 plants 

per plot which were divided into subplots containing the four lines of 

maize with 50 plants per subplot. These were further divided into sub-

subplots containing 25 plants per sub-subplot that were derived from 

seeds with red or colorless aleurones. The design included five treat

ments consisting of the four viruses BMV, MDMV, WSMV and BSMV and a 

control. Two replications of the complete blocks were made which con

sisted of a total of 1000 plants. 

The susceptibility of the maize plants treated with the dif-
/ 

ferent viruses was judged by three criteria or parameters: the post 

inoculation time of systemic necrosis, the percentage of plants showing 



necrosis and plant fresh weights. Characteristic leaf necroses induced 

by the viruses used in this study aire shown in Figure k. Scoring for 

systemic leaf necrosis was done at five day intervals after inoculation. 

The time of necrosis was estimated by converting the percentages of 

necrotic plants at the various time intervals to probit and using the 

least squares method of analysis to determine the time at which 5C$ of 

the necrotic plants (P.D.^Q) developed symptoms. Plant fresh weights 

of both treated and untreated plants were measured with a Mettler scale 

at the conclusion of the experiments. This was done by severing the 

plant at the ground level and weighing the above ground portion of the 

plant. Experiments with B chromosomes, K10 chromosomes and the AR phe

nomenon were concluded 50» ^0 and 30 days respectively after inocula

tion. 

All the experiments were set up in randomized complete block 

designs in an east to west direction in a greenhouse in order to reduce 

the weight variability that would occur as a result of differences in 

light intensity. An analysis of variance was made on the data obtained 

for the disease variables examined. The data on the percentage of 

diseased plants were transformed to arcsin in order to normalize it 

prior to analysis. A 5# level of significance was chosen prior to the 

experiments. F tests were used to judge the significance of main 

effects and interactions in the analysis of variance. Within treatment 

comparisons were made between plants with and without the B chromosomes, 

the K10 chromosomes and the AR effect. This was done by using least 



Figure 48 Photographs of sections of Black Mexican Sweet Corn leaves 
illustrating leaf necrosis. -- {A) control, (B) BMV, 
(C) MDMV, (D) WSMV, {E) BSMV. 
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significant differences which were determined at the .05 and .01 level 

by taking the product of the stsindard deviation of the mean differences 

and tabulated t values. 



RESULTS 

A series of experiments were conducted to determine if acces

sory (B) chromosomes, the abnormal tenth (K10) chromosome or the 

aberrant ratio (AR) phenomenon affect the resistance of maize to viral 

infection. The viruses used were Brome Mosaic Virus (BMV), Maize Dwarf 

Mosaic Virus (MDMV), Wheat Streak Mosaic Virus (WSMVO and Barley Stripe 

Mosaic Virus (BSMV). A control treatment was included, and the cri

teria of disease susceptibility were the time of systemic necrosis, the 

percentage of plants showing necrosis and plant fresh weights, as dis

cussed in Materials and Methods. 

B Chromosomes and Susceptibility 

In the first experiment the viral susceptibility of two lines 

of Black Mexican Sweet Corn, one with B chromosomes (B line) and one 

without them (A line), of otherwise similar genetic background were 

compared. The majority of plants in the B line had one or two acces

sory chromosomes (Table 1). The experiment included treatments with 

BMV, MDMV, WSMV and a control. 

The data are summarized in Table 3 and the results of the two 

factor analyses of variance of the experimental variables are presented 

in Table k. No significant differences in susceptibility to BMV or 

MDMV were found between the A and B lines. However, a significant dif

ference at the .01 level was found in susceptibility to WSMV between 

the two lines with respect to the time of systemic necrosis. The 

30 
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Table 3. Viral susceptibility of Black Mexican Sv/eet Corn with (B 
line) and without (A line) accessory chromosomes: the 
figures aire based on 125 plants. 

Onset of Necrosis Percent with Mean Weight 
Virus (days) Necrosis (grams) 

Treatment A line B line A line B line A line B line 

BMV 6.3 6.8 99.3 98.6 52.4 49.8 

MDMV 6.7 6.0 97.9 97.9 55.6 51.8 

WSMV 27.0 31.*+* 35.7 30.0 58.4 59.6 

Control - - 2.9 2.9 62.6 57.6 

•Significant at the .01 level. 

Table 4. Two factor analyses of vauriance of the data from the experi
ment summarized in Table 3« 

Onset of Necrosis % with Necrosis Mean Weight 
(days) (arcsin) (grams) 

Source df MS df MS df MS 

Block 4 2.83 4 11.47 4 183.46 

V (virus) 2 1,728.3̂ * 2 8,578.64* 3 183.69 

Error V 8 5.01 8 42.47 12 47.13 

C (chrom.) 1 14.7 * 1 24.30 1 65.03 

VC 2 17.78* 2 3.70 3 18.02 

Error C 12 .79 12 52.73 16 21.59 

""Significant at the .01 level. 



plants with B chromosomes showed leaf necrosis on an average of 31 

days after treatment while those without B chromosomes showed leaf 

necrosis on an average of 27.0 days after treatment (Fig. 5). This 

represents a 16.0# difference between the two lines in the time of 

WSMV symptom expression. 

In view of these results, a second experiment similar to the 

first one was performed with Black Mexican Sweet Corn with (B line) and 

without (A line) B chromosomes. Cytological analysis indicated that 

the plants in the B line contained one or more B chromosomes and/or 

centric B fragments (Table 1). 

The data are presented in Table 5 and the results of the two 

factor analyses of variance of the parameters tested are shown in Table 

6. The results confirmed those of the first experiment. No signifi

cant differences were found between plants with and without B chromo

somes to BMV or MDMV infection but a significant difference was found 

at the .05 level with respect to the time of WSMV systemic necrosis. 

Plants in the B line developed leaf necrosis on the average of 26.9 

days after inoculation while plants in the A line developed leaf 

necrosis on the average of 23.^ days after inoculation (Fig. 5)• WSMV 

symptom expression appeared 15.0^ later in plants with B chromosomes 

than in plants without them. Both experiments illustrate that symptom 

expression of WSMV is significantly delayed in the line with B chromo

somes. 

A third experiment was conducted with Black Mexican Sweet Corn 

to determine if B chromosomes could affect the process of cross 
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Figure 5* The percent of diseased Black Mexican Sweet Corn plants 
with (B) and without (A) accessory chromosomes obtained 
after inoculation with WSMV. — First experiment above 
and second experiment below. 



Table 5« Viral susceptibility of Black Mexican Sweet Corn with (B 
line)and without (A line) accessory chromosomes: the 
figures are based on 75 plants. 

Onset of Necrosis Percent with Mean Weight 
Virus (days) Necrosis (grams) 

Treatment A line B line A line B line A line B line 

BMV 5.9 6.9 100 94 52.0 45.0 

MDMV 7.8 7.8 86 90 44.7 45.0 

WSMV 23.4 26.9* 36 24 54.7 54.0 

Control - - 0 0 58.7 60.3 

•Significant at the .05 level# 

Table 6. Two factor analyses of variance of the data from the experi
ment summarized in Table 5. 

Onset of Necrosis % with Necrosis Mean Weight 
(days) (arcsin) (grams) 

Source df MS df MS df MS 

Block 2 2.10 2 1.84 2 47.55 

V (virus) 2 652.67** 2 4,404.50*» 3 250.26' 

Error V If 1.01 4 68.08 6 20.26 

C (chrom.) 1 10.28 1 118.11 1 12.04 

VC 2 4.80 2 94.61 3 22.15 

Error C 6 3.69 6 69.11 8 29.00 

•Significant at the .05 level 
••Significant at the .01 level 



protection. The progeny of reciprocal crosses of healthy and viral 

infected plants were compared with respect to their resistance to sub

sequent viral infection. These comparisons were made with plants con

taining B chromosomes and also with plants without them in order to 

determine what effect these chromosomes might have on the integration 

of viruses into the maize chromosomes if integration indeed occurs. 

The viruses used for both the initial infection of the parent plants 

and the subsequent infection of the progeny of these plants were BMV, 

MDMV, and WSMV. 

The data are summarized in Table 7 and the results of the four 

way analyses of variance of the experimental variables are shown in 

Table 8. No differences in the onset of necrosis or the percentage of 

plants showing necrosis were observed from the secondary infection of 

the plants. However, the analysis of variance of the plant weights 

showed a significant difference at the .01 level between the plants 

with respect to the sex of the treated parents. The plants derived 

from male infected parents weighed on the average 46.9 grams while 

those derived from female infected parents weighed on the average 51 »7 

grams. In addition, the analysis of variance revealed an interaction 

between the sex of the treated parents and the parental virus treat

ments at the .01 level of significance. The progeny of BMV infected 

parents showed no difference in weight between the sexes treated but 

the progeny of MDMV and WSMV infected parents did show differences in 

weight between the sexes treated. As was the case in the previous ex

periments, no differences were found between the A and B lines with 



Table 7. Viral susceptibility of Black Mexican Sweet Corn with (B line) and without (A line) 
B chromosomes derived from reciprocal crosses of healthy and male (M) or female (F) 
infected parents. — The figures are based on 50 plants. 

Sex of Onset of Necrosis Percent with Mean Weight 
Virus Infected Infected (days) Necrosis (grams) 

Treatment Parent Parent A line B line A line B line A line B line 

BMV BMV M 5.8 5.1 100 86 61 58 
F 6.3 5.0 96 86 49 49 

MDMV M 5.7 4.4 98 98 45 44 
F 4.8 5.6 100 100 50 50 

WSMV M 5.1 6.4 100 100 32 34 
F 6.7 5.0 100 100 34 38 

MDMV BMV M 4.6 4.8 82 96 57 45 
F 5.0 5.0 7k 88 54 44 

MDMV M 5.2 6.6 98 84 39 45 
F 4.6 4.4 86 98 56 58 

WSMV M 4.8 5.5 76 68 54 48 
F 5.0 5.3 84 94 57 59 

WSMV BMV M 12.5 22.5 4 4 42 45 
F 23.8 17.5 23 4 44 42 

MDMV M 19.6 17.5 16 4 43 54 
F - — 0 0 56 60 

WSMV M 17.5 17.5 4 4 50 49 
F - - 0 0 63 67 
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Table 8. Four factor analyses of variance of the data from the experi
ment summarized in Table 7. 

Source 

Onset of Necrosis 
(days) 

% with Necrosis 
(arcsin) 

Mean Weight 
(grams) 

Source df MS df MS df MS 

C1 1 .01 1 26.69 1 8.02 

s2 1 .07 1 .03 1 156.25* 

P5 2 .23 2 130.36 2 21.53 

1 1.08 2 16,56̂ .33* 2 173.69* 

cs 1 .57 1 6̂.69 1 6.25 

CP 2 .25 2 23.03 2 37.03 

SP 2 Az 2 2.19 2 132.58* 

cv 1 1.17 2 87.86 2 10.53 

sv 1 

o
 

-4" • 2 21.19 2 36.75 

PV 2 • OO
 

172.61 4 289.99* 

Error 9 .**9 16 75.05 16 11.68 

•Significant at the .01 level. 

1 = chromosome type 
2 = sex of treated parent 
3 = parental virus treatment 
4 = progeny virus treatment 
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respect to secondary infection by BMV or MDMV. In the case of WSMV 

too few plants inoculated with this virus developed symptom expression 

to arrive at any conclusion. 

K10 Chromosome and Susceptibility 

In an experiment the viral susceptibility of sibling groups of 

maize plants with (K10 klO) and without (klO klO) the abnormal tenth 

chromosome were compared. Plants heterozygous (KlO R/klO r) for the 

abnormal tenth chromosome carried the linked R allele for purple seed 

color, whereas plants homozygous (klO r/klOr) for the standard tenth 

chromosome carried the linked r allele for colorless seed. The experi

ment included treatments with BMV, MDMV, WSMV and a control. 

A summary of the data is presented in Table 9 and the results 

of the two factor analyses of variance of the experimental variables 

are shown in Table 10. No significant differences were found between 

the KlO klO and the klO klO plant groups with respect to BMV or MDMV 

infection. However, the WSMV treatment showed a significant difference 

at the .01 level in the percentage of diseased plants between these two 

plaint groups. Fifty percent of the plants in the KlO klO plant group 

showed systemic necrosis while 2% of the plants in the klO klO plant 

group showed necrosis. The group of plants with the abnormal tenth 

chromosome displayed twice the susceptibility to WSMV infection as the 

group without the abnormal tenth chromosome. 

A cross protection experiment was conducted to determine if the 

KlO chromosome could affect the integration of viruses into the maize 

chromosome. The progeny of reciprocal crosses of healthy and viral 
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Table 9. Viral susceptibility of maize with (KIO klO) and without 
(KIO klO) the abnormal tenth chromosome. ~ The figures 
are based on 100 plants. 

Onset of Necrosis Percent with Mean Weight 
Virus (days) Necrosis (grams) 

Treatment klO klO KIO klO klO klO KIO klO klO klO KIO klO 

BMV 3.0 3.2 89 92 - -

MDMV 2.8 2.6 99 100 49.5 49.5 

WSMV 20.6 22.6 25 50* 49.8 48.8 

Control - - 0 0 49.8 49.0 

"Significant at the .01 level. 

Table 10. Two factor analyses of variance of the data from the experi
ment summarized in Table 9. 

Onset of Necrosis % with Necrosis Mean Weight 
(days) (arcsin) (grams) 

Source df MS df MS df MS 

Block 3 .04 3 79.49 3 33.48 

V (virus) 2 929.05*• 2 5,303.0k** 2 2.38 

Error V 6 .78 6 39.32 6 16.82 

C (chrom.) 1 2.87 1 234.37* 1 7.04 

VC 2 2.54 2 117.38 2 3.29 

Error C 9 6.87 9 28.26 9 9.21 

Corrected 
Total 23 84.03 23 530.61 23 13.16 

•Significant at the 
••Significant at the 

.05 level 

.01 level 



infected plants were compared with respect to their resistance to sub

sequent viral infection. These comparisons were made with plants con

taining the K10 chromosome and with plants without it in order to 

determine what effect these chromosomes might have on the process of 

cross protection. The viruses used for the initial infection of the 

parent plants were MDMV and WSMV, and for the subsequent infection of 

the progeny of these plants the same viruses were used in addition to 

BMV. 

The results are summarized in Table 11 and the analyses of 

variance of the variables scored are shown in Table 12. The analysis 

of variance of the percentage of plants with systemic necrosis showed 

a significant difference at the .01 level between the plants derived 

from MDMV and WSMV infected parents. No significant variation was 

found between plants derived from male or female infected parents. 

No significant differences were found between the K10 klO and the klO 

klO plant groups with respect to the second infection with BMV and 

MDMV. There was a significant difference at the .01 level between 

these two plant groups with respect to the percentage of plants showing 

WSMV systemic necrosis. When reinfected with WSMV, twenty-two percent 

of the KlO klO plants and 10# of the klO klO plants derived from MDMV 

infected parents showed systemic necrosis while kOfa of the KlO klO 

plants and 28# of the klO klO plants derived from WSMV infected parents 

showed necrosis (Fig. 6). These results confirm those of the previous 

experiment in which twice as many plants with the abnormal tenth chro

mosome showed necrosis as those without the abnormal tenth chromosome. 



Table 11. Viral susceptibility of maize with (KlO klO) and without (klO klO) the abnormal tenth 
chromosome derived from reciprocal crosses of healthy and male (M) or female (F) 
infected parents. — The figures are based on 25 plants. 

Sex of Onset of Necrosis Percent with Mean Weight 
Virus Infected Infected (days) Necrosis (grams) 

Treatment Parent Parent klO klO KlO klO klO klO KlO klO klO klO KlO klO 

BMV MDMV M 7.6 9.8 6k 80 20 20 
F 6.2 7.6 68 60 20 18 

WSMV M k.3 k.9 81* 76 19 20 
F 5.9 k.7 76 80 16 18 

MDMV MDMV M 6.0 7.3 88 80 22 22 
F 7.2 7.5 Sk 76 21 2k 

WSMV M ^•5 5.k 96 100 26 23 
F 5.1 5.0 100 96 22 21 

WSMV MDMV M 17.3 26.6 k 28" 38 25 
F 22.2 20.1 16 16 r* 29 27 

V/SMV M 2k.k 20.1 2k 36 28 36 
F 18.3 23.3 32 60^ 29 28 

Control MDMV M 0 0 30 27 
F - - 0 0 23 23 

WSMV M — — 0 0 26 26 
F — — 0 0 26 28 

•Significant at the .01 level when combined. 
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Table 12. Four factor analyses of variance of the data from the experi
ment summarized in Table 11. 

Source 

Onset of Necrosis 
(days) 

% with Necrosis 
(arcsin) 

Mean Weight 
(grams) 

Source df MS df MS df MS 

C1 1 7.37 1 51.04 1 2.67 

S2 1 1.08 1 1.04 1 28.17 

P5 1 15.84 1 1,107.04** 1 .00 

V* 2 628.61* 2 4,017.79** 2 256.29** 

cs 1 1.87 1 70.04 1 1.50 

CP 1 5.51 1 3.38 1 16.67 

SP 1 .26 1 30.38 1 4.17 

cv 2 1.14 2 110.29 2 2.79 

sv 2 1.19 2 43.79 2 2.79 

PV 2 4.20 2 74.04 2 2.38 

Error 9 6.56 9 32.91 9 12.19 

•Significant at the .05 level 
*"Significant at the .01 level 

1 = chromosome type 
2 = sex of treated parent 
3 = parental virus treatment 
4 = progeny virus treatment 
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Figure 6. The percent of diseased maize plsints with (KIO) and without 
(klO) the abnormal tenth chromosome obtained after inocu
lation with WSMV. — The plants were derived from MDMV 
(above) and WSMV (below) infected parents. 



AR Phenomenon and Susceptibility 

An experiment was conducted to compare the viral susceptibility 

of genetically similar maize lines with and without the aberrant ratio 

(AR) phenomenon. Four lines of maize, two designated NR^ and NR£ that 

exhibited normal gene ratios and two designated AR^ and AR^ that ex

hibited aberrant gene ratios for the alleles A_ for red aleurone color 

and a for colorless aleurone were used. In addition to the comparison 

between the maize lines, one was made within these lines between plants 

of the Aa and aa genotypes. The experiment included five treatments 

consisting of the four viruses BMV, MDMV, V/SMV and BSMV and a control. 

The data Eire summarized in Table 13 and the results of the 

three factor analyses of variances of the variables scored are presented 

in Table Ik. The results of the analyses showed no differences between 

the seed lines with respect to the BMV or BSMV treatments. But with 

the MDMV treatment, a significant difference at the .05 level was found 

between the NR and AR lines. Seventy-two percent of the plants in the 

AR lines showed systemic necrosis while 539^ of the plants in the NR 

lines showed necrosis when treated with MDMV. Another significant dif

ference at the .01 level was found with the WSMV treatment between the 

AR and the NR lines. In this case, 2# of the plants in the AR lines 

showed systemic necrosis after being inoculated with V/SMV while 2^.5^ 

of the plants in the NR lines showed necrosis. No differences in 

disease susceptibility were found between the Aa and aa genotypic 

plants within the maize lines. 



Table 13. Viral susceptibility of maize with (AR) and without (NR) the aberrant ratio phe
nomenon. — The figures are based on 50 plants. 

Onset of Necrosis Percent with Mean Weight 
Virus (days) Necrosis (grams) 

Treatment Genotype NR1 nr2 ARX AR2 NRX nr2 AR1 AR2 NR^ nr2 ARX ar2 

BMV aa 7.0 6.5 8.6 10.6 72 76 48 70 . . mm 

Aa 7.9 7.3 5.7 9.8 82 80 93 72 - - -

MDMV aa 8.8 5.5 8.2 5.8 48 3^ 76 74"}, 14 18 14 16 
Aa 7.7 7.5 6.4 6.1 62 68 70 68) 13 15 10 11 

WSMV • aa 11.2 19.3 12.3 14.7 24 24 4 
1}" 

33 32 31 31 
Aa 12.3 18.3 12.3 14.7 20 30 0 1}" 35 31 33 27 

BSMV aa 22.3 15.0 12.3 12.3 6 4 4 13 18 17 16 
Aa 17.2 17.3 18.8 18.3 6 4 6 8 11 16 15 14 

Control aa A. 0 0 0 0 47 49 44 56 
Aa - - - - 0 0 0 0 45 48 42 55 

•Significant at the .05 level when combined 
*"Significant at the .01 level when combined 

-p-
VJl 



Table l*f. Three factor analyses of variance of the data from the 
experiment summarized in Table 13• 

Onset of Necrosis % with Necrosis Mean Weight 
(days) (arcsin) (grams) 

Source df MS df MS df MS 

Block 1 .63 1 3^1.33 1 68.06 

V (virus) 2 261.30** 2 8,283.52^ 3 *ff215.19* 

Error 1 2 1.18 2 128.65 3 212.10 

G (genotype) 1 2.0if 1 225.33 1 ^2.25 

GV 2 .23 2 160.27 3 7.71 

Error 2 3 k.ho 3 93.29 if 2^.66 

C (seed class) 3 9.37 3 90.03 3 26.6o^ 

CV 6 22.79** 6 k29.J0* 9 H.51** 

CG 3 3.26 3 50.61 3 2.5^ 

CVG 6 2.58 6 212.88 9 2.78 

Error 3 18 ^.65 18 155.97 2*f 6.79 

•Significant at the .05 level 
••Significant at the .01 level 



DISCUSSION 

One intent of this study was to determine if accessory or B 

chromosomes of maize affect the plants resistance to viral infection. 

It has been found that B chromosomes eilter the cellular synthesis in 

maize of both nucleic acids and proteins (Ayonoadu and Rees 1971)• 

Therefore it was anticipated that these chromosomes could have, an 

effect upon the cellular synthesis of viruses as well and possibly 

upon the integration of the virus into the maize genome. 

Genetically similar lines of Black Mexican Sweet Corn, one with 

B chromosomes (B line) and one without them (A line), were compared 

with respect to susceptibility to BMV, MDMV, and WSMV. In two separate 

experiments these two lines of sweet corn were found to respond simi-

larily to BMV and MDMV infection but differently to WSMV infection. 

In the first experiment with WSMV, as illustrated in Figure 5» the 

plants in the B line on the average showed leaf necrosis 31»i* days 

after treatment while plants in the A line on the average showed leaf 

necrosis 27.0 days after treatment. This represents a significant dif

ference of 16.0$ between the two lines with respect to the time of WSMV 

symptom expression. In the second experiment with WSMV, as illustrated 

in Figure 5» on the average plants in the B line showed leaf necrosis 

26.9 days after inoculation while plants in the A line showed signs of 

necrosis 23.^ days after inoculation. This represents a 15.0^ dif

ference, a significant value, in the time of WSMV symptom expression. 

V? 
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Although the illustrations in Figure 5 are suggestive of a difference 

in the percentage of plants showing necrosis at fifty days, this was 

not found to be statistically significant. 

The experimental results reveal that accessory chromosomes 

affect the resistance of maize to WSMV but not to BMV or MDMV. Despite 

differences between these experiments in the number of days until the 

onset of WSMV necrosis, the relative difference between the lines re

mained constant. The line of plants with B chromosomes showed a l6.($ 

and 15.0# delay in the onset of WSMV necrosis relative to the line of 

plants without B chromosomes in two separate experiments. These re

sults could be obtained if B chromosomes slow the cellular synthesis 

of either the RNA pr the protein components of the WSMV particles. 

An experiment was conducted to determine if the abnormal tenth 

chromosome (K10) of maize has an effect similar to B chromosomes in 

altering the resistance of maize to viral infections. It has been 

hypothesized that the K10 chromosome may be the product of an B to A 

chromosomal translocation (Ting 1958). This idea is based on the 

similar appearance of portions of these chromosomes at pachytene of 

meiosis and the neocentric activity of the K10 chromosome which is 

reminiscent of a B centromere. If this hypothesis is correct then 

these chromosomes may similarly alter the plants' resistance to viruses. 

An experiment was conducted in which sibling groups of maize 

plants with (K10 klO) and without (klO klO) the abnormal tenth chromo

some were compared with respect to their resistance to BMV, MDMV and 

WSMV. The results of the experiment showed no difference between these 



two plant groups in susceptibility to BMV and MDMV. However, these 

plant groups did respond differently to infection with WSMV. Fifty 

percent of the plants in the KIO klO group showed systemic necrosis 

while 2% of the plants in the klO klO group showed necrosis. 

If the KIO chromosome of maize is related to the B chromosome 

then it might be expected to similarly alter the resistance of maize 

to viral infections. This was partially found to be the case. The 

KIO and B chromosomes were similarly found not to alter the resistance 

of maize to BMV or MDMV but to alter the resistance of maize to WSMV. 

However, both chromosome types differently affected the plants* re

sistance to WSMV infection. The B chromosome was found to delay the 

onset of WSMV systemic necrosis while the KIO chromosome was found to 

increase the plants susceptibility. Although portions of these chro

mosomes may be related, the chromosomes as a whole are unique. Genes 

present in the KIO chromosome but absent from the B chromosomes could 

account for the different effects they have upon V/SMV infection. 

In the aberrant ratio (AR) phenomenon observed in maize, un

usual progeny ratios of specific marker genes are found. This phe

nomenon is induced by viral infection and may result from viral 

integration near the aberrant marker gene (Sprague and McKinney 1966). 

When plants become infected by one virus they may become resistant to 

a secondary infection by similar viruses, which is known as cross 

protection. If lines of maize exhibiting the AR phenomenon do contain 

cross protective viruses integrated near marker genes, this might be 

made evident by the alteration of their resistance to subsequent in

fection by similar viruses. 
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An experiment was conducted in which four genetically similar 

lines of maize, two exhibiting the AR phenomenon (AR lines) and two 

exhibiting normal gene ratios (NR lines) were compared with respect to 

susceptibility to BMV, MDMV, WSMV and BSMV. The AR stocks used were 

originally induced by BSMV inoculation of AA plants which were crossed 

as males to aa plants. A comparison within the maize lines was made 

between plants with (Aa) and without (aa) the A_ gene which had been 

exposed to BSMV.' 

The results showed no difference between the plant lines with 

respect to BMV or BSMV infection. However, only 5^ of the plants be

came infected by BSMV which may not be sufficient to reveal any differ

ences between the plant lines. However, when treated with MDMV, 72% of 

the plants in the AR lines showed systemic necrosis in contrast to 

of the plants in the NR lines. After being inoculated with WSMV, 2& of 

the plants in the AR lines showed systemic necrosis while 2^.5^ of the 

plants in the NR lines showed necrosis. The genotypic differences of 

Aa and aa were not found to alter the plants viral susceptibility. 

BSMV and WSMV have been shown to induce the AR phenomenon while 

MDMV has been shown not to (Sprague and McKinney 1971) and BMV has not 

been tested. If the provirus hypothesis is correct and BSMV was 

present in the AR lines and is capable of cross protection then these 

lines would be expected to show resistance to infection by BSMV and 

possibly WSMV. While the results with the BSMV treatment were not con

clusive, the results with the WSMV treatment were consistent with this 

hypothesis. Although BSMV and WSMV are not structurally similar they 
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both induce AR and may therefore become integrated at similar sites in 

the maize chromosome. The presence of the BSMV genome in the AR plant 

lin~s may account for their resistance to subsequent WSMV infection. 

It has been hypothesized that the AR phenomenon may be induced 

by the integration of BSMV adjacent to the ~ allele. In the event that 

this is true then plants in the AR lines with the A allele might be 

expected to show more resistance to WSMV than plants without this 

allele. However, the experimental results did not support this hypoth-

esis since within the AR lines plants with the!! genotype (i.e., 

carrying the A allele) and plants with the aa genotype (i.e., not - -~-

carrying the A allele) were equally susceptible to ,_,ISMV infection. 

Studies involving the inheritance of the AR condition have 

shown the !~ genotypic plants in the AR line are not equivalent to the 

!!~ genotypic plants in the NR line. A cross involving a male ~~ geno

typic plant from the NR line to a female !! genotypic plant from the 

NR line will result in a normal progeny ratio. However, crosses in

volving the same male parent to a female !~ genotypic plant from the 

AR line will often result in an aberrant progeny ratio (Sprague and 

McKinney 1971). The results of the cross protection study, in accord-

ance with the inheritance studies, suggest that proviruses may exist 

in both the Aa and the aa genotypic classes of the AR lines. 

A study was made to determine if the B or the KlO chromosomes 

could affect the integration of viruses into the maize chromosome. If 

the viruses were capable of cross protection then these chromosomes 

would in effect indirectly alter the resistance of maize to subsequent 



viral infections. The B and K10 chromosomes have similar properties 

which could affect viral integration. Both the B chromosome (Hanson 

1969) and K10 chromosome (Rhoades and Dempsey 1957) increase recombi

nation in maize. Since viral integration probably comes about through 

a recombinational event (Campbell 1962), these chromosomes could en

hance this process. In addition, each B chromosome increases the 

amount of cellular DNA by % (Ayonoadu and Rees 1968), and the K10 

chromosomes similarly increases the amount of DNA per cell. These 

chromosomes could offer additional sites for the random or specific 

integration of viruses. 

In two cross protection experiments comparisons were made be

tween the progeny of the reciprocal crosses of healthy and viral 

infected plants with respect to subsequent viral infection. In the 

first experiment, the comparison was made with plants containing B 

chromosomes and with plants without them in order to determine what 

effect these chromosomes might have on cross protection. The viruses 

used for both the initial infection of the parent plants and subse

quent infection of the progeny of these plants were BMV, MDMV and WSMV. 

No differences were found in the resistance of the progeny of the 

plants which had been previously infected by the viruses. In the 

second experiment a similar comparison was made, but with plants con

taining the K10 chromosome and with plants without it, in order to 

determine what effect this chromosome might have on cross protection. 

MDMV and WSMV were used for the initiail infection of the parent plants 

and BMV, MDMV, and WSMV were used for the subsequent infection of the 



progeny. No differences were found in the resistance of the progeny 

of plants which had been derived from previously infected parents that 

would be suggestive of cross protection. 

The results of the experiments with B and KIO chromosomes did 

not reveal any evidence of cross protection. It was therefore not 

possible to ascertain what effect the B or KIO chromosome might have 

on viral integration. The induction of the AR phenomenon, which may 

represent the integration of viruses into the maize genome, occurs at 

a frequency of one in two hundred systemically infected plants (Sprague 

and McKinney 1966). In view of this, it is possible that the frequency 

of viral incorporation into the chromosomes of maize could be too low 

in the B and KIO chromosome experiments to have detected it. 

The cross protection study involving the abnormal tenth chro

mosome confirmed the results of the earlier study by indicating that 

while the KIO chromosome does not affect the plants resistance to BMV 

or MDMV it does alter the plants resistance to V/SMV. When infected 

with WSMV, 22# of the KIO klO plants and 1Q& of the klO klO plants 

derived from MDMV infected parents showed systemic necrosis (Fig. 6). 

Forty-eight percent of the KIO klO plants and 28% of the klO klO plaints 

derived from V/SMV infected parents showed necrosis when infected with 

WSMV (Fig. 6). Thus, despite differences in the susceptibility of the 

plants derived from MDMV or WSMV infected parents, twice as many plants 

with the KIO chromosome became necrotic than without this chromosome. 

The relative susceptibility of plants with the KIO chromosome 

to those without it is suggestive of a 2:1 genetic ratio. In actuality 



this 2:1 ratio may represent a 3:1 ratio of WSMV susceptibility gov

erned by a two gene model of duplicate dominant epistasis. According 

to this hypothesis, the results obtained suggest that one gene (Ws^) 

could be linked closely to the j? gene on the K10 chromosome and the 

other gene (Ws^) would assort independently of the first gene. Plaints 

with the Ws^ and/or Ws^ genes would be susceptible to viral infection. 

The plants used in the experiments would represent the progeny of a 

Ws-jWa^ Ws2ws2 x ws-jWf^ ws^ws^ cross. Thus, the purple (K10 R/klO r) 

aleuroned seeds would represent the Ws^wg^ Ws^ws^ and Ws^ws^ wg^ws^ 

genotypic classes and all would be susceptible to WSMV infection. The 

seeds with colorless (IdDr/klO r) aleurone would represent the geno

types ws^wsj. Ws^ws^ and ws^ws^ ws^ws^ and only the former class would 

be susceptible to WSMV infection. 

This model may be applied to the results obtained with acces

sory chromosomes. This model relies on the Ws^ gene being tightly 

linked to the I? gene. Thus, the Wa^ gene would be present on the K10 

chromosome and absent from the B chromosome (Fig. 1). If the Ws^ and/or 

WSg genes were present in both the A and B lines they would be expected 

to have an equal percentage of plants showing necrosis which was found 

to be the case. If the B and K10 chromosomes were related then the K10 

chromosome would be expected to delay the onset of WSMV necrosis as the 

B chromosome does. Although this was not found to be the case in these 

experiments subsequent studies may reveal this to be true. 

It has been proposed that heterochromatin might function to 

protect the more vital euchromatin of cells from mutagens and viruses 



(Hsu 1975). Since plants with the B and KIO chromosomes contain more 

heterochromatin than those without them it was possible for this study 

to provide information on the validity of this hypothesis. The results 

obtained showed that heterochromatin in the form of B and KIO chromo

somes does not alter the susceptibility of maize to BMV or MEMV infec

tion but it may delay the time of WSMV disease onset. Thus while 

heterochromatin does not appear to protect euchromatin from exposure 

to viruses in general it may do so with certain viruses by delaying 

thier ability to penetrate the nuclear membranes of cells. 

It has been proposed that organisms containing B chromosomes 

may have a selective advantage over those without them (Darlington and 

Upcott 19^1). The results of this study indicate that plants with B 

chromosomes do not have a selective advantage over those without them 

to BMV, MDMV and probably WSMV infection. Although B chromosomes did 

delay the onset of WSMV necrosis this delay would probably not be 

sufficient to alter the plants fitness* 



SUMMARY 

A study was made to determine if accessory (B) chromosomes, 

the abnormal tenth chromosome (K10) and the aberrant ratio (AR) phe

nomenon affect the resistance of maize to viral infection. Stocks of 

maize with and without these elements of otherwise similar genetic 

background were compared. 

Accessory chromosomes were not found to alter the resistance 

of maize to BMV or MDMV infection. However, these chromosomes did 

affect the resistance of the plants to WSMV infection. The group of 

plants with B chromosomes became diseased 1596 and 16% later than the 

group without them in two separate experiments (Fig. 5)• 

The abnormal tenth chromosome of maize was not found to affect 

the plants resistance to BMV or MDMV infection but it did affect the 

resistance of the plants to WSMV infection. In two experiments twice 

as many plants showed WSMV symptoms in the group that contained the K10 

chromosome than in the group that did not. This ratio was found to 

remain constant despite differences in the percentage of diseased 

plants obtained (Fig. 6). 

The aberrant ratio phenomenon observed in maize is induced by 

viruses and may be the result of viral integration. The AR stocks used 

in this study were induced by BSMV inoculation. The results obtained 

indicate that the AR phenomenon had no effect on BMV or BSMV infection 

in maize. The infection rate with BSMV was only 5& which may not be 

56 



sufficient to reveal any differences between the lines of maize tested. 

Plants with the AR phenomenon showed more susceptibility to MDMV in

fection and much less susceptibility to WSMV infection. 

Cross protection experiments were conducted to determine if 

viruses become integrated into the genome of maize and if so whether 

the B or K10 chromosomes would affect this integration. The presence 

of proviruses would be detected if they alter the susceptibility of the 

plaint to subsequent infections. The progeny of reciprocal crosses of 

healthy and infected plants with and without B or K10 chromosomes were 

compared with respect to viral susceptibility. No differences were 

found that would be indicative of proviruses. Therefore it was not 

possible to ascertain what effect the B or the K10 chromosomes might 

have on viral integration. 
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