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Dit elnsomic alie n addition lines ( UtAALs : 211=2x'+- 2t ) of rice each carrying a pilir of 
tclocetl t ri<; dlromosomcs of Otyza }.nm.r.la.la wcre isolated aL low fre11llenries (2 .5-11 .1%) from 
the progenies or rcspective monOloelosom.ic alien addit.ion lines (~I.AALs: 2n=2x + It) 7, J 1 and 

one unidentifi ed Mt AAL. Duri ng t.he meiosis, the alien te locenr ric chromosomes of t.hree 
Dt AALs completely paiTed at the pachytene and usually separa t.ed to each daughter eel! a t. 
anaJlhase I, giving risc to viable g,unetes with an alien te (ocen \. ri(· chromosome at high 
frequendp,s. These DtAALs were dmractf!rized by stable transmission of t.he alien telocentric 
chroTtlO S(lIll ~ in the progenies. The \.ran~Ill i s sion rates ot· t.he alien chromosome were 
considr rably high in the DtAALs, and most plants of their self- pollinated progeny carried al 
lea'i t one alien telocentric chromosome. The pollen and seed fe rtilit.y wen~ di.fferent among 
three UtAAI,5. i1t.AAL 11 carrying a short telocell f. ric (:hrom050me of 0. puncfata showed high 
pollen and seed ferLili t.y s imilar to t he disomies The I)t.AA Ls sho' .... ed re lat ively staule 
transmission of alien te locent.ric chromosome(s), whe re ga([\~LeS with an extra te locenl.rk 
chromosome are fUlld ional in both female and male germ cells . These suggest [ha l small 
chromosome fragment with functional centromere, that is a \.elol:pntric chromosome, can be 
tnmsmitted to the progenies and be stable in the next gcneraliofl . High transmission rates of 
\.he alien telocentric chromosome in t hese DtAALs assure the efficient changes in genetic 
backgrollnd of any reCipient culLivars by hackcrossing. 

INTRODUCTI ON 

Disomic alien addition lines (DMLs: 2n=2x + 2) and ditelosomic alien addition lines 
(DtAALs: 2n=2x + 2t) can be used to int roduce alien traits because a pair of alien 
chromosomes normally form a biva len t at meiosis and at least a copy of that alien 
chromosome is transmitted to the whole progeny of the next generation. The meio tic 

chromosome behavior and the transmisslon of the alien chromosome in the offsprings of 
D(t)AALs have been observed in several species such as wheat (Riley and Chapman 
1958) and beet ( Lange et aI., 1993). These D(t)AALs in polyploid species could tolerate 
t.he condition harboring a n extra pair o f alien c hromosom es in addition to t.he no rmal 

complement and produced viable progenies. In diploid species , sever al tetrasomics can 

often tolerate the p resence of an extra pair of chromosoma l fragments in additio n to th e 

diploid complement and produce viable progenies as in barley (Fedak and Helgason 1970. 
Tsuchiya 1969, Wiebe 1975) and rice (Yasui et a[.. 1995). 

In this study I rice plants each c arrying an extra pair of ali en telocentri c chromosomes 
in addition to 24 clu'omosomes (DtAALs) were obta ine d a t low fre que n c ies in the 

self-pollinated progenies of three MtAALs and analyzed for the genet.ic basis by observing 
morp hology, cytology, seed and p o lle n fertility an d alien c h romosome tran smission. 
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MATERIALS AND METHODS 

Plant materials 
Three OtAALs C~n=?'x+2t) of rice each carrying an extra pair of telocentric 

chromosomes of Gryza purtctata Kotschy were isolated in the self-pollinated progenies 
of the three MtAALs X, 7 and 11. MtAAL 7 and ML,,""L 11 had been isolated from the 
progenies of monosomic alien addition line (MAAL) 7 (Tl11e I) and MAAL II, respectively 
(Yaslli and Iwata, 199B). MtAAL X had been isolated from the progenies of an 
unidentified l1AAL (MAAL X) with green leafhopper resistance, In the self-pollinated 
progenies of the three rvltAALs, the morphological features of the segregants were 
investigated at maturity. The plants showing deviated morphological features vvcre 
isolated OIl the basis of morphological difference from those of disamies and parental 
MtAALs, These isolated DtAALs were studied to identify the extra pair of alien 
chromosomes and characterize their morphological and reproductive features. 

Cytological analysis 
Chromosome number of the abcrrants \vere determined from root tip tissues. The 

plants discriminated by morphological deviation from disomies were used for mitotic 
chromosome analysis. The plants presumed as DtAALs were subsequently investigated at 
the diakinesis and metaphase I of PMCs by the acetocarmin squash methods. The 
telocentric chromosome was designated as small letter "t" in the meiotic chromosome 
configuration such as 12n+ Hrr or 12rr+ 2tT. 

Characterization of DtAALs 
Pollen and seed fertility of the DtAALs were investigated at heading stage and after 

harvesting, re:::>pectively. The transmission rates of extra alien chromosomes were 
examined from the rates of segregating M1AALs and DtAALs characterized hy their 
respective morphological features such as grain shape. 

RESULTS 

Isolation and identification 
The three MtAALs were unstable and gave rise to the respective DtAALs at a range 

Table 1. Frequency of DtAALs in the self-pollinated progenies of the 

Parf'ntal 
MtAAL 

MtAAL X 
MtAAL 7 
MtAAL 11 

three MtAALs each carJying an O. punctata teloentne 
chromosomes. 

Thr nllmhrT 
of plants 

The number of plants segregated 
in the selfcd progenies 

observed Nonna! ~!tAAL DtAAL 

126 72 49 5 
120 88 29 3 

9 [) 3 

% of 
DtAAL 

4.0 

2.5 
11.1 



3 

from 2.5% to 11 .1% (Table 1). The three DtAALs were putatively designated as DtAAL 
X. DtAAL 7 and DIAAL II. The morphological features of Lhese DtAALs deviated from 
those of disomies and MtAALs. The ext.ra pair of telocentric chromosomes incorporated 
ill the diploid complement were identified by karyotype analysis. DtAAL X carried an 
additional pair or telocentric chromosomes with a medium lengl.h , while lltA."-Ls 7 (Fig. I) 
and 11 each had an additional pair of telocentric chrom.osomes \\>it.h a short length . 

, 

a 

b 

.. ':'.: :i :::::i~L:/~: 

~. \ 't , 

Fig. 1. Somatic metaphase chrolll(Jsomes of it rnoTloteiosornj,c and a ditelosomic alien 
add ition Ji nes in rkp. ca rryiIlg chromosomc(s) of O. pnncta.ta Kotschy 
( Gt.: no llle: 21l=2x=BH). (a ) 2n=24 + L t e locentric 7 R c hromosome. (b) 
2n=24+2 leloeclltric 713 chromosomes. Arrows sho\ ... · t.elocentric: 76 t:hro­
Il\osome(s). A bar":!)]).l n. 
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Meiotic chromosome behavior 
The meiotic ehromosome behavi or were observed in Dt.AALs X, 7 and 11. The typical 

results are shown in Figures 2, 3 and 4. A telocentric bivalent wit.h short. length in 
addition to 12 bivalents vvith relativeLy long lengths were observed at the pac h3'iene in all 
DtAALs (Figs. 2a, 3a and 4a, b). As shown in Table 2, more t.han 90% of the PMCs in the 
DtAALs formed 1211 + Itll (Figs. 2b, c, ~h, d and 4c, d) at the diaki.nesi.s and metaphase I 

. ''' , OJ .•. "''''' 

• 

Fig. 2. Me:iosb ill ditclosomic ali en addition line X. (a) A pachYtene stage showing 
1211 + ltl! chromosome associati0T1; (b) An carly diakil lesis shm"ing 12n+ 1 ~\I 
chromosome association incl ud ing one tc losomic hivalent; (c) A metaphase 
s tage l>huwing 120+ 1111 chromosome associat.ion; Cd) A meLaphase stage 
sho\\·i ng 12n+2tl chrornosome association; (e) An anaphase st.age shov.'ing 
13: l~ segrega tion, Arrows and arrowheads show telocentric. 0. pu:nctaw 

d tromosome(s) . A bar shows 5;um. 
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Fig. 3. \1eiosis in dite1osomic alien addit ion line 7. (a) A pachYlenc stage showin-"l 
]2(( - l tn chromosome assodaLion; (h) An early diaki nesis snov,ing 12n+ 1 ttl 
chromUSOlll () associati un inC'Jll ding one te losornic bivalent; (c) Art early 
diakinesis sho .... 'ing 12n + 1t.1I chromosome association; Cd) A metaphase stag+'! 
showing 12u+ lLlr chromosome associati on ; (c) r\ rneta}1hase stage shcmring 
1211 + 2tr (:hromos()m(~ association; Anaphase stages sho\\ing 13:1 8 segregation 
(f) and wiT,1t lagging ehroll1o~om('s(g). Arrows a nd a r row heads show 
telocentri c 7B chromosomc(s). A bar shows fiJ.lm. 
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Fig, 4. Meiosis in ditd nsomic a lien adn it ion line 11. (a , b) A paeh.yten c 5tage 
showing l~ l:+ I til chromosome associ;:ttion ; (c) A diakinesi:-; shov.illg 
1211+ HII chromosome assudaLion jncludi~ one teJosorni(' bivalenl; (d) A 
me taphase sta,gc showing 12] + ltu chromosome assoc ia tio n; (12) A 
m~t.aphase s t. age sho win g pre co (,;j ous scgr~gation Arrows :<. how 
Le locentric ll B chrmnosornc(s). A liar shows 51-1.111 . 
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while the rest being 12][+2tI (Figs. 2d, 3c, e and 48) showing frequently precocious 
separation. Most of the PMCs showed 13:13 segregation at anaphase I (Figs. 2e and 3f). 
Lagging chromosomes sometimes occurred at anaphase 1 (Fig. 2g). 

Table 2. Meiotic chromosolTlf' bPllavior of three DtA ... <\Ls each carlJ-ing a pair of 
telocentric du·omosomes of 0. pnnctata Kotschy . 

.. _-- -
Ditelosumic Kumber of PMCs 

% of 
alien addition SLa~e' 1211 12:1 1211 
lone + Itll +2t] 

Others·' Total 
+ 1tl1 ---_. 

DtAAlL X DK 82 0 83 98.8 

111 101 fj 2 112 90.2 

DtAAL 7 OK 111 2 0 118 98.2 

MI 7!l 4 2 85 92.9 

DlAAL 11 DK :3G 0 0 :J5 100.0 
MI 61 2 64 95.~) 

a) Ok; diakinesis, M1; metaphase 1. 
b) T\\'o PMCs of each ditelosomic alien addition line shO\>;red precocious separation 

atMl. 

Morphological features and pollen and seed fertility 
The diagnost.k characteristics as ,vell as pollen and seed fertility of the DtAALs X, 7 

and 11 are shmvn in Table 3. The degrees of morphological deviation of the three DtAALs 
from disomic plant.s \vere more intensified than those of the parental MtAALs. DtAAL X 
showed more slender kernels than t.he parental MtAAL. DtAAL 7 ,vas characterized by 

Table 3. Comparison of morphological and reproduct.ive features of MtAA..Ls and DtAA,Ls 
each carrying single or a pair of chromosome(s) of 0. punctata Korschy. 

Line 

MtAAL X 

DtAALX 

MIAAL 7 

])tAAL 7 

MLAAL II 

])tAAL \1 

Disomies 

Diagnostic morphological features 

Semi-dwarf, semi-lax panicles, semi-rolled 
leaves, narrow grains ,vith tiny awn 

Dwarf, lax panicles, rolled leaves, 
narrow grains '\lith tiny awn 

Semi-short panicles, semi-round grains, 
slightly brmvn pericarp 

Short panicles, round grains, 
darkish brown pericarp 

Pselldo-normal, slightly compact. panicles, 
grains \'lith pointed apiculi 

Compact panicles, slender grains 
\\-ith pointed apiculi 

Normal 

* Average of t\'O'O sets of nata taken at different years. 

Pollen Seed 
fertility fert.ility 

(%) (%) 

91.2 85.5 

60.0 14.2 

SH.7 0:1.3 

82.4 78.6 

>90.0* 9.\.6 

>90.0* 91.9 

>90.0* 93.8 
----
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more round kernels and more brO"WIllSh pericarp than the parental :rvItA..A.L due to genc(s) 
located on chromosome 7 of 0. punctaf,a. DtAAL 11, on the other hand, has slender 
kprn(~ls than the parental MtA._A .. L. In addition, the panicles of DtAAL 11 wen: more 
incompletely exerted compared ""'ith the parental MtAAL. The pollen fertility of t.he three 
DtA_A.Ls \vere considerably high especially DtAAL 11 which was almost the sante as the 
disomics. The seed fertility of DtlL".Ls 7 and 11 can be classified high (78.6% and 91 J%, 
respectively), while that of DtAAL X as low (14.2%). 

Alien chromosome transmission 
Alien chromosome transmission of the three DtA ... A.Ls \vere shmvn in Table 4. All of 

the three DtA.ALs \vere recovered in their self-pollinated progenies and more than 95% of 
the self-pollinated progenies each had at least one alien chromosome. DtAAL X shmved 
complete transmission of the alien chromosome in the self-pollinated progeny. 

Table 4. Chromosome slahility in the sPlf-pollinated progenies uf DtAALs. 

Parental Nlimberof 
Dt.AAL plants 

idellrif.ied 

Number of plants 

l)isom.ics 
(2n0::24) 

\1tA:\L Dtj\/\L 

(2n=25) (2n=26) 
------------------

DtAAL X 2R 
DtAAL 7 41 
DtAAL 11 29 

() 

2 

DISCUSSION 

:3 
11 

25 

% of 
MtAAL 

,DtA_A..L 

100,0 
H5.1 
96.6 

Three DtAALs of rice each carrying an extra pair of telocentric chromosomes of 
Oryza punctata. occllrred at low frequencies (2.5-11.1 %) from the respective MlAALs X, 
7 and 11. The aberrant plant types v..ith the expression of chromosome-specific effects 
must have originated through the fertilization of male and female gamet.es each carI)"ing a 
telocentric chromosome of 0. punctata. At meiosis, the alien t.elocentric chromosomes 
of the three Dt)· .... l\Ls fully paired at pachytene and usually separated to each daughter cell 
at anaphase 1, giving rise t.o the viable gametes \\1th thp alien t.elocentric chromosorne at 
high frequencies. The transmission rates of the alien chromosome were considerably high 
in the DtAALs, \vhile most plants in their self-pollinated progenies carI)ing at least one 
alien telocentric chromosome. Pollen and seed fertility \yere different among DtA_A.Ls. 
DtAAL 11, carr;ying a short telocentric chromosome of 0. pu-nctata, showed high pollen 
and seed fertility similar to the disomics. 

The three Dtf\ALs of rice isolated in the present study can be used in transferring 
alien t.raits from 0. punrtato t.o () soti-ua_ These DtAALs sho\ved relatively stable 
transmission of alien telocentric chromosorne(s), where gametes \\-ith an extra telocentric 
dU'omosome are fnnctional hoth in female and male gametes. These facts suggest that 
small chromosome fragments with functional cer~tromere, that is a t.elocentric 
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chrornosorne, can be transmitted to the progenies with certain stability. In addition, 
pollen and seed fertility were considerably restored in t.he DtAALs carrying small 
fragments such as telocentric chromosomes 7 and 11 of 0. punctata,. The following 
procedures to develop materials for breeding program are, therefore, proposed: (1) The 
screening of MtAALs derived from spontaneous misdivision of the additional alien 
univalents in 1·fAALs, and (2) the selection of fertile DtA .. /\L stocks for the respective 24 
chromosome arms of a. pun,ctata. 
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