CYTOLOGICAL STUDIES OF SUGARCANE
L AND ITS RELATIVES:

XVIIL Trlgenerlc hybrrds of Sacchamm officinarum L., Sclerostcwhya
fusca A. Camus, and Miscanthus japomcus Anderss.?.
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In our prevrous paper (L1 et al, 1959) clone SG-310/6 wh1ch was a cross of
G 3662 Sclerostachya Susca, was found to have 72 chromosomes G 3662 in turn

k was a cross of S. oﬁicznamm var. VellaixS. fusca This was found to have 55

,chromosomes, of which 40 came from the female parent and 5 from the male

(Shang et al, 1960) By back-crossing SG 310/6 to the recurrent parent Scleros
tachya SG 363/4 was obtained which was found to have 50 chromosomes
Sugarcane can be crossed with Miscanthus Japonicus (Li et al, 1948) and it
can be crossed also with Sclerostachya However, crossing involving Mzscanthus
and Sclerostachya has never been made. It would ‘be interesting to find out

whether or not such a-cross is feasible by using sugarcane as an 1ntermed1ary

~If successful, the relationship of these genera would be revealed by thelr chro-

mosomal behav1or in the hybrid. Fortunately, two hybrid plants were obtamed
by crossmg SG 310/6 with M. Jjaponicus. The detailed cytologlcal studies are:

- veported in this paper.

o Material and Method

“There Were 18 seedlings obtained from the cross 8G 310/6><M Japoricus.
'I‘Iurteen of them were fixed and studied. All- but two, 58-1 and 58-2;, were

found to be selfs of SG 310/6 which had about 702 pollen fert111ty These selfed

plants had about 70  chromosomes and were further identified by the absence of

“awns on their fertile lemmas. Whereas, the two true hybrids, in addition to

haying a different chromosome number as will 'be described later, had awned

o fertxle lemma

Thlrteen seedhngs were obtained from the cross SG 363/4x M. ]apomcus,

but all of them were found to:-be selfs.

Acetocarmme method was used throughout this exper1ment
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- Experimental Results
Hybrzd 58-2

Hybrid 58~2 was a. cross of SG 310/6 (2n=72, 42(O)+30(S))><M japonicus
(2n=38(M)) and was found to have 55 chromosomes, 21 of which derived from
Saccharum, 15 from Sclerostachya and 19 from Miscanthus. As was mentioned
before, the fertile lemma“ of hybrld 58-2 was awned (Plate I1).  This character
was shared by the male parent M. ]apomcus in effecting this cross as well as

the _other hybrid 58-1 (Plate II). - It is apparent therefore that the awned lemma ‘

character is dominan‘g. It was also true that both paired spikelets were pediceled,
the same for M. japonicus and 58-1 (Plate I1). “Whereas in Saccharum, Scleros-
tachya, and BC; hybrids of them, one spikelet was pediceled and the other sessile.
Again, as in the case of awned lemma, pediceled spikelet is dominant.

The chromosome association at MI of this hybrid plant is shown in Table 1.

Table 1. Chromosome association at MI of hybrid 58-2.

Chromosome association Chromosome " association E :
- Frequency|- ) Frequency
WAy VN E T I MV VN T T
1 1920 8 1 2 13 .-18 1
122 8 2 1 1 14 |-18 1
311810 1 1 1-115118 5
1 1019 10 4 |- 1417 |18 8
121110 1 1 21121 18 1
S 201711 1 2 2111 119 1
1 20111 3 1 1114 119 1
: 22-1:11 7 i 2115 |°19 2
1018112 3 1 16119 5
1205 12 5 . 18.1°19 16
1 471137713 1 1 1114 |20 5
1 2116 }13 2 1116120 9
2:118:{.13 1 3 11421 FR |
1 19 |13 1 - ) 211421 1
21 13 7 1 15 | 21 1
1 311414 1 17 121 12
-2 1115 |14 1 111522 4
A7 14 1 21131 23 1
1019014 8 1 141 23 1
1 211571715 2 ” “-16::] 23 10
2 :171.15 4 2 1110124 1
1 1804015 9 1 111224 Lo
20115 13 1114} 24 2
10311316 1 115 |25 3
3115 (16 1 1113126 2
1 1]°16-|°16 3 14 127 1
e 1801016 15 1 1:4:101:28° I
1 211417 1 1112128 ‘1-
2 15117 4 13 1-29 i &
R TR AN |
: 4 7 . i
] g 12 18 1 Total ’ X 230

“There were altogether 230 cells studied.  The -chromosome "association was
mostly tefra-, tri-, bi-, and univalents. Very infrequently did pentavalents occur.
Only once was a heptavalent observed. - The frequency of each type of association
was found to be very much wvaried and ‘diversified. There was no way of
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determining which would be the most predominant type.. The average per cell
- of tetra., tri-, bi-, and univalents were 0.34, 0,60, 17.28, and:"17.'19 respectively.
It went without saying that 19"++17" was the modal class. In one cell, the
h’ighest ‘number of bivalents found was 22, and the lowest 13 (Table 1). The '
highest number of tetravalents found in one cell was 3, and that of trivalents
4, For the -univalents, the highest number in one cell found was 29, and the
lowest 8. The significance ‘of all these will be discussed. later. : '
Types of Bwalents k ;
As can be seen from Plate 11, Flgs 1 and 2, and Plate IV F1gs 4-and 5, there
were two kluds kof “bivalents found, i.e., closed and open.. -Of the open type,
there were unequal ones, dissimilar either in size mostly, or form or both. The
av,efage of these types from the study of 140 sporocytesfki‘s shown in‘Tah'l:e 2.

Table 2. Frequency of d1fferent types of bivalents found in 140
. sporocytes (multlvalents are not 1ncluded)

,\! i S ' : Average number of bivalents
' ' 1753 ‘
SClosed 7 7T "Open
Average number 12.87 4.66
% ‘ 7340 L 26.60
‘ Equal Unequal
. Average number. : 283 : : : 1.83
% e 3920

 The average number of bivalents in these 140 cells studied was 17.58. Of
these, roughly 3/4 belonged to the closed type, ‘and the remammg 1/4 was of
open type. ,

The open: type bwalents as a rule dw1ded precocxously at MI ahead of the
closed ones. This was particularly true with the unequal bivalents (Plate v,
Figs. 1, 2, and 3). Tt was found that in the early prophase stages the unequal
bivalents behaved differently from the equal bivalents. At leptonema (Plate IV,
Fig. 6) the end with unequal length did not even come close to one another.
At pachynema, singleness was evident:at the ’«unequal' end. Otherwise, close
'syuapsis and doubleness were observed for the other end (Plate IV, Fig. 6b).
 The number of chiasmata seemed to be greatly decreased in the case of the
unequal‘bi'valen't‘ at diplonema (Plate III, Fig. 6¢). However, there was no,aet,ual
count of the number of chiasmata per chromosome belonging to different types.
At diakinesis (Plate IV, Fig. 6e), terminalization of these unequal- b’ii(alente
~ seemed to be rather complete as compared with the closed chromosome on the
right. As a result, precocity in division was readily explginable,

Multivalents: :
Trwalents and tetravalents found in dlfferent cells were drawn as shown in




4 ’k L “ o - ‘,Botaﬁic'alti Bulletin of Academia Sinica ',Vo‘,l;’ 2

Plate IV, Flgs 2 ‘and 3. It was evident that some: of these multrvalents Were'

~composed of unlike partners. In the case of trivalents, the partnershlp nght,,'

' have been constituted by 2 Saccharum chromosomes and either a Sclevostachya
chromosome or a Miscanthus chromosome Sometlmes, the three partners mlght
' con31st of chromosomse of all three genera.: :

" In the case of tetravalents, the partners mlght have conte from two genera,
or else, chromosomes of all three genera “might be involved in constrtutmg the
- tetrayalent. L e
Uns valents e . ,

’I‘he umvalents ‘behaved typlcally as in other hYbI‘ldS At MI they were
scattered all over the cell. Either they grouped’ themselves at the nearest ‘pole
_ after thef separation of the bivalents and multivalents, or they congressed at the

equator to divide themselves or to pass to the poles at ,random. In'a Hfew cases
'observed, however,  the univ‘a‘lents ~shown in outlines (Plate 1V, Fig. 3) were at -
the polar regions ahead of the bivalents and multivalents which “congressed at
the equator yet to be divided. Whether or not these univalents would come"
‘back to the equator to divide or to be redlstrlbuted nothing has been known ,
: deﬁmtely about ‘this. ‘

Hybrzd 5 8—1

: Hybrrd 58-1. was the sister plant of the cross SG 310/5><M ]apomcus It
Was found to have 106 somatlc chromosomes. Morpholog1ca11y it behaved exactly .

L like 1ts sister hybrrd plant 58~2 with awned lemma and pedlceled splkelets ﬂ
. (Plate IL. Fig. 5). Undoubtedly, 58-2 was made up of reduced gametes from
L : both parents and presumably 58-1 was made up of a zygote Whose chromosomes .

 were bemg doubled right after fertlhzatlon and before the onset of embryogenesis.

' Bemg S0, 38 chromosomes would come from Saccharum 30 from Sclerostachya
and 38 from ,Mzscanthus Had there been two more chromosomes from Sac-' '
chamm, thrs tri- g‘enerrc hybrid would have been perfect as far as having all the

chromosome complement  from ‘Sclerbsfachya and Miscanthus and half the

complement from Saccharum. Li et al (1959) found that the chromosomes of -
Saccharum in the reduced numbers (80—-40->20) would form bivalents almost

‘exclusrvely Theoretlcally, therefore, the pamng of the chromosomes would be
f perfect _However, this was not found to be true. The chromosome assocratlon
‘ vat MI and diakinesis is ‘shown in Table 3. ’ : ’
* 'The average for the bivalents was 48.82, and univalents 7.90. There' were
also a few multwalents found in the course of our study (Plate 1L, Flgs 6 and
7) The tetravalents were in- chains as well as in rings.
“As many as 8 umvalents were found as an average in a cell ThlS would :

- merit some consrderatlon Itis true that non-pairing of s some of the chromosomes
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‘T?b‘le‘~3.' ~ Chromosome association at MI and diakinesis of 58-1.

' “Cllr(')mo’sofﬂe :.assoc";a—tionl o Cean ""VErVequen(':y'
¥y | & | I I M Diakinesis |  Total
52 2 2 2
1 49 4 1 1 2
: o e 4 2 1 3
e 1 49 5 1 ‘ 1
el BT 6 2 : 5
' ' 50 6 1 1 12
49 8 10 i
48 10 9 10
g : | 12 2 , 2
, 47 o1z 2 e
1 4 14 1 1
’ s 46 | 14 4 4
Total " 47 5 B2

did exist 'Whilefalmost perfect pairing would be expected. It can be explained
: snnply by physmloglcal disturbance. = This physmloglcal disturbance may  be
~ conjectured to be due to the non-orientation of the chromosomes from the male
gamete in a foreign: cytoplasm of the egg. - Unless ‘experimental proof could be
carried out, this may serve as a s‘cartmg hypothesxs Other explanations, how-
ever, are not precluded. ‘ - e G

e Pollen Fertility .
; Pollen was studied for all the parents and‘the‘ hybrids: 'S’inee Vellai does
: not ﬂower in Talwan, 28 NG 264 was used in its stead. : : '

Table 4. Pollen fertﬂlty and swe for all the clones 1nvolved

Clone : 28 NG264| SG 319/5 s, fusca fjapol\r/lli‘cus" ,58_1:’ | o2
% good pollen e 70 86 : 78 o0 b g
‘Number counted | 660 | 1,000 | 609 | 900 S
;"’Sizein‘,u:’ ; B Sl ; S :
' Average | 3393 | 4228 | 3236 | 3637 | 3689 30.28
. Range . 435-261 | 609-261 | 435-26.1 | 522-26.1 52;2;26.1 34.8726.1

The representatwe photo- mlcrographs of the pollen grains are shown in:
Plate HI, ‘Figs. 813 inclusive. 58-1, with whole chromosome complements of
Miscanthus and Sclerostachya and half of Saccharum, was expected to have '
good fertility so that a new species would thus be created. Unfortunately, it
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was completely male sterile. That 58-2 was completely male sterile was within

the realm of expectatlon It was interesting to notlce that the size of the empty

pollen grains of 58-1 was almost twice as large as those of 58—2 This was in
~comformity with the chromosome number of these two plants.”

Discussion

SG. 310/6, the female parent used in effecting this cross with Mz‘scanthus,
had 72 chromosomes. Its chromosome constitution, as was studied earlier (Li
et al, 1959), was 42(0)--30(S) while (O) representing chromosomes of Sabcharum
origin and (8) those of Sclerostachya origin. When this ‘was crossed to M.
japonicus (2n=38), two true hybrids were obtained:

1. '58-1 (2n=106) had chromosome constitution of 38(0)--30(S)+38M) while

(M) representing chromosomes of Miscanthus origin. With whole chromosome

complements of both Sclerostachya and Miscanthus present plus almost half the

complement of Sacchamm almost perfect pairing was’ expected becatse each.

' chromosome would: have its own homologue.

2. 582 (2n=55) had chromosome constitution of 21(0)+15(S)+19(M). The
21 chromosomes of Saccharum would naturally form 10 pairs+1 univalent as a
rule (L1 ¢t al, 1959). ‘The chromosomes -of both Sclerostachya and Miscanthus
are in reduced state. That is to say, each chromosome would not have any
homologue of its own. Th1s would mean further that in this hybrid plant, there
- are roughly 10 bivalents 41 univalent of Saccharim or1g1n plus 2 haploid sets

of Sclerostachya and Miscanthus. ' ,

- Katayama (1935) made the d1st1nctlon of monohaploid and polyhaploid
according to whether the hap101d is derlved from diploid species or from
allopolyploids. Tometorp (1939) found o»nly 5.6% of PMC while one bivalent
~ was observed in Hordewm distinchwm haploid. Olsson and Hagberg (1955)
observed 2-8 or 9 bivalents at MI'in haploids of Brassica napus L. Since there

was practically “no Iﬁairiilg' between the chromosomes of the haploid sets of

either campaestris-genome -or ‘oleracea-genome, both of which- constituted the
k "amphidiploid‘B. napus, the bivalents seen at meiosis of amphihaploid rape were
: omposed of one compestris- and one oleracea-chromosome each,
~Shang et al (in press) found less than 1 bivalent per cell in Sclerostachya
haplmd set. No study was ever belng made of the pairing condition of Mzsczm-
thus haplo1d If it should behave 11kew1se as Sclerostachya, then the pairing in
58—2 in addltlon 1o the 10 pairs which originate from- Saccharum can be easily
explained.  In our study, we found 17.28 bivalents per cell bes1des tetravalents
‘and trivalents. The. highest number of bivalents found in: a single cell was 22.
Th1s woild mean that the chromosomes of the haploid sets of both Sclerostachya

B
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cand kMz';scamthus' would pair with each other besides having very little pairing
between the chromosomes of one haploid: set of one spec1es '

Were this to be true, it can easily explain the existence of the unequal ‘
bivalents found in'this hybrid. ‘These unequal bivalents have only -one segment

- in common.: From the very beginning of me1031s, each bivalent of this type does

not have very close association between the chromosomes. Chlasma formation
is greatly decreased later in’ diplonema and there is a complete termmahzatmn
at diakinesis. Perhaps, some of the bivalents belonging to the open type (Table.

‘ , 2) may belong to this ‘category - even though the unequality  is not dxstmctly

visible microscopically. ,

Unequal bivalents were found in Secale vavilovii (Jain 1959), ‘in hybrids of
Lycopersicum. esculentum and Solanwm: pennellii (Rick, 1960); in haplo;d rape
(Olsson and Hagberg, 1955), and in other plants. However, the classical work
‘would be the study of the haploid wheat by Sears and Okamoto (1957).  From
‘pairing and crossing-over in the haploid, translocation rings and chains of 4
were found in the back cross generation. Eleven translocations were fuﬂY
examined and seven were found to reveal genetically related ’chfo'mosomes
These involved pairing of homoeologous chromosomes.  However, the other fourn
cases involved pairing of non-homoeologous chromosomes

‘Summing up, from 7 to as many as 12 chromosomes of Sclerostachya and

- Miscanthus would pair with each other in 58-2. ' This would mean to ,indicate;

that roughly 10 chromosomes from each genus are partially homologous. Since
some of the chromosomes of Sclerostachya and Mzscam‘hus are part1ally homolo-
gous with Saccharum (Li et al, 1959) and Wlth each other, consequently, ‘mul-
t1va1ents are observed.

In the study of the phylogenetlcal relat10nsh1p of the relatives of sugarcane,‘
should direct crossings between two different genera fail, the method by ‘using
sugarcane as an'intermédiary in order to éffect the bringing together of two
different genera can be applied, so that thelr mutual relatlonshlps can be studled
in the hybrid. o

Crossing of SG' 363/4 with chromosome constitution of 20(0)+30(S) and

Mzscanthus fa11ed to obtam any hybrid. Chances are that the seedhngs obtained -

were too few in number

~Sommary

Crossmg SG 310/6 (2n=T72) with Mzscanthus Japonicus (2n-—38), two true
hybrids were obtained. - Both were 1dent1ﬁed by hawng awned - lemma and

'delceled splkelets whose characters were contributed by the male parent,

'SG 310/6 had the chromosome constitution 42(0)+30(S) whﬂe (O) Sacchamm‘
oﬁ’icmarum (Zn :80) and (S)= Sclerostachya fusca (2n=30).
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One -of ‘the. hybrids, 58"1 has 106 somatic chromosomes.”  Presumably, “the
chromosomes in the zygote were ‘doubled after fertilization of the gametes WrthV

‘reduced number of chromosomes before the onset of embryogenes1s
The chromosome constitution might be: ' '
38(0)+30(S)-+38(M) - ' SR (M)=M.' Japonicus. "

~ Normal pairing of the chromosomes within each set derived from different

parents was expected and ‘realized. - However, a few univalénts were found in
each cell as well as occasional ‘occurrence of multlvalents

- This plant was male sterile. However, it was not fully tested about its

- female fertility.

The other hYbI'ld 58-2 had only 55.chromosomes. It was the result of fer-
tlhzatlon of gametes of reduced number - of chromosomes from both parents
: Its chromosome: constitution was therefore - 21(0)--15(S)--19(M): ,

: Pa1r1ng was observed to exist between the chromosomes of Sclerostachya
and  Miscanthus, 7-12: pairs bes1des the bivalents formed by the. sugarcane
chromosomes ‘ ' :

These bivalents were mostly of open type and some of these were: unequal .

either 1n size or in form or both.

Conclusmn could be drawn therefore that Sclerosmchya and” Mzscanthus :

- were closely related to each other Perhaps they shared a common ancestor in
the course of evolution.’ : : :

As multivalents were frequently found mdlcatmg that not only Sclerosmchya‘ e

was related ' to Méscanthus but they in turn Were related to Saccharum as both

could be crossed with Saccharum. : S
58-2 was also male sterile. This was to be expected.  Its female ffertility

was yet to be fully tested LT e e Sl s
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