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The Estimation of Aneuploid Frequencies in the Progenies
of Induced Autotetraploid Renge (Astragalus sinicus L.)

Kisaburo HavasHi and Tetsuo Morisawa :
Laboratory of Crop Science and Plant Breeding, Faculty of Agriculture

Abstract : It is serious obstacles for autotetraploid breeding that there are aneuploids making
poor agronomic charactors or seed fertility in autotetraploid variety. In this paper, by means
of Markov chain, we pursued on how the frequencies of eu-(4x) and aneu-ploid (4x+1 or 4x42)
will change from generation to generation in the population of induced autotetraploid Renge.

The chromosome conjugation at meiosis and the number of the gametic chromosomes at pollen
mitosis were observed in the eu-and the aneu-ploid plants, and also the number of somatic chromo-
somes in their offspring plants were observed. Theoretical frequencies of the eu- and the aneu-
ploid offspring plants that produced from the eu- or the aneu-ploid parent plants were estimated
from the results both of the observation and of the Hayashi’s previous report. Those theoretical
frequencies were regarded as transition matrix in Markov chain and the frequencies of the eu-
and the aneu-ploid were calculated in the each successive generations by means of electronic
digital computor. According to those results, it became clear that the euploid frequencies decreased
already about 0. 75 in the next generation of euploid plants and that the eu- and the aneu-ploid
frequencies reached a steady state after 4—5 generations (frequencies of eu- and aneu-ploid at
steady state were 0.68 and 0. 32, respectively), whichever there were only the eu. or the aneu-
ploid plants in the initial population. Therefore we suggest that the productivity of autotetraploid
strain is unable to select within 4—35 generations after the induction of autotetraploid and that
few frequencies of the aneuploid in the culture field decrease by selecting the euploid plants in
seed farm of autotetraploid varieties.

&

il

ABRE 4 55 TE, RASEROREETHORNIC b & SOTREBEBTF 5 AL 5 129
W, MRICEBANHERTICEEBR hOIEHINT a2, COAICEUEMICKE L 7 Toku-
‘masu, Moore*, =%, Ahloowalia*’, Simonsen’™®, kM -[E&Y S0oHEickhid, Dk
S REUADKIoNE 4XE£L HB T 4X+2 TH o, HARERY BFREZE4HELD
$0, LrbendRBBENRRDOIS~O0ZICHET2EBHETH L CLHPALLICENT S,
L7chi> T, CO&IURMEEEOMAICHI 2 ZAEHLMC T8 &E, 4EERREDE
BROMRED LTHRATERLEETH S0, COMCBELTIE, Lkiln> 5, Tokumasu?, =
AY, RUKHE - TR OLEOMENSBICTET, UERFORMABINT S,

WO GV rRE 4 RO RRBEOMIBICET AEDOLNT, E4EKICAEL 5 BER
BFHEEZ, B 1RBRSUDPHICERINS VEREAE» bHETE R CE, T, BEWKK
BFREBLES2 NEEEIERESREHENER CEREEZBELMC L, VYA TRIOXHIKK
RAREEERLICET 2 RBFHEECHENKBENESTHEDT, 4EKTROBRBEEEOCER
BRI DS RER DR 5 2 VR HFEL DHREICITR S &N Ta b EEL 505,

UEDEDBEADS, KBEI LV vy 2RE LT, ABEE 4 EETHROE 4 EERUEK
BHEEOHEE -V 7HEHE LTREL, B4 EHRBEOBREUM#BO LTHIBLL SR

\



126 BRAYERILEE P26 B % gnE

WDV TRELABDTH B,
HERUEE

BERABEE, 196048, BEBARWAREN S v e F VRBICK STHERL, Uk, BRKEEY -
%@?m%ifﬁﬁm&afﬁﬁbfét4#%ﬁﬁfééowﬁﬁﬂ B L TR AR S
PICURIE 4 fifk 2n=32) RUREHE Q7=30, 31,'33, 34) BLUIENEORREYEHL
7o BERRPIOHHEIC LI, HARSHTTE 70

(1) BEARIHEBOLEEES i&ﬁmﬁ%m&ﬁﬁ®gmﬁﬂéfétb BHTERIWIOR D
HOEEEET v~ (1 3) TEZEL, 2hé) PMC OF 1 454 (MD Kk 55
é%wﬁAﬂﬁ%%&ﬁ—i/%éiiéﬁbo&b&%iaf%«to

(2) BRBEFOLBHEH BEHWIEOERLD, %@%W@%%wowf TELE | 3
ﬁw@%éﬂ%%é%ﬁ%ﬁ%ﬁ—\/%EK;5Wb9$L$K$oTﬂNto

(3) REKBEOERBEEERY &KKEL%E4#%&UiﬁWEE%%b#M?5tb,
R, 25 RoShiEy L DBEERERL, 0°C, mﬁ@®MME%ﬁmqt&,,/ kA VI
FAEFHUOHEUETHEL,, ’

RRRU %S
1. BMEEEORKEBOREER ‘
(1) <Iba7Es ~Mwﬁgmﬁﬂmtﬁé4@%%.WT®E4FW&0£&%(@Hw

@w)@%ﬁ@ﬁﬁ@ﬁﬁ@%tw;of&ﬁénomr AX ta FREEORAHEBICES ZE
fbid=na 7 HE LTHERD T ENTE B, (Bartko and Watterson”’)o Z DB EFENIC

Vi = V(o) . Pt 1
Vo - %tﬁﬁmkwé4X+a@%®%§ﬁﬁ(ﬁ«¢#»)
Vio @ BoltRicky 3 Xt BEDEEST FT~7 br)
P Xza BESENTNRNRIC X e BEEED BEE GEBRBRTFD
2L, HROEZOWMETR ad3ULOBER, BHTENTHEDT, AR
KT a=0,1,2 DBAKDVTDLZELEEELETH,

TELENB, LT, cmﬁ@ﬁ@%&ﬁﬂ%m5c¢wfgnw,mﬁﬁgmwﬁﬁﬁw
FENBH T EICN S,

(2) HBEFITIOHESE 4x+a@%m%n%n&ﬁm4M+aEW%¢L5%A(%
BRERTHD EHET 30T, (@4x+a@¢m$L52XiﬂRﬁ%®EE &, )
%nb2X+5Eﬁ%m&ﬁ@%&ﬁm%5?5ﬂA(ﬁﬁ%@mﬁ%ﬂ)m&%m&%&m
3,

a) 4Xta BEKICEC 3 2X+8 BIBFHE ﬂw>m4xm¢@ MI ¢ » {HD VEEEH
(V) BRI, cmo%kmwwmz—zwﬁbmn k@@N#3—1CﬁEén5%$%

P = aCe g™ @
cctp@lﬁwwmz—zm q(—b¢)ﬁ3—1KﬁEéﬂ5%$%FT°



VY ABRE 4 BARTFRICED 2 REBUABEBEOHEE (K - HiR) 127
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Table 1. Theoretical gametic frequencies estimated from chromosome conjugation
at meiosis in plants with 4X+a (a=0, 1 & 2) chromosomes *)

Chromosome B . Chromosome numbers of gametes
numbers of
parents 2X-2 2X~-1 2X 2X+1 2X+2
4X~2 3/16 + sPo ¥ 3/16 + 3Po 3/16 - 3Po 1/8 + sPo 1/16 - sPo
+3/16 + sP1 +1/4 - 3Py +3/16 - 3Py +1/8 « sP1 +1/16 - sPy
+1/4 - sPq +1/4 + 3P2 +1/4 - P2 +1/8 - 3Pz
+1/4 - sPs +1/2+-3Ps . +1/4+3Ps
4X—1 3/16 - sPo 3/16 - 3Po 3/16 - sPo 3/16 + sPo 1/16 « sPo
+1/8 +sP1 . +1/4 - 3Py +1/4 < sP1 +1/8 - sP1 +1/8 - sP1
+1/4 + 3Pz +1/4 ¢ 3P2 +1/4 « 5P +1/4 - sP2
+1/2 - sP3 +1/2 - sPs .
4x 1/4 + 3Py 1/2 - 3Pz { - sPs 1/2-9P2  1/4+3Py
+3/8 « 3Po +1/2 « sP1 +3/8 - sPo
4X+1 1/16 - sPo 3/16 - sPo 3/16 - sPo 3/16 - sPo 3/16 < 3Po
+1/8 - sP1 +1/8 - sP1 +1/4 - 3Py +1/4 - sP1 +1/8 + 3P
+1/4 + 3P2 +1/4 +3P2 - +1/4 + 3P2 +1/4 + 3Pz
+1/2 « 3Ps +1/2 « sPs
4X+2 1716 + sPo 1/8 » sPo 3/16 - 3Po 3/16 « sPo 3/16 + 3Po
+1/16 » 3P1 +1/8 « sPy +3/16 - sP1 +1/4 + 3Py +3/16 - sP1
+1/8 ¢ 3Pz +1/4 + sP2 +1/4 - sP2 +1/4 - 3Pz

+1/4 « sPg +1/2 - :P3 +1/4°3P§

¥ Rectifing the summation of elements in row to 1.

*%) P, : Probability that at the first anaphase of meiosis, the chronosome will separated equally
to the both poles in “k” out of “n” pairs of quadrivalents (2—2) but unequally in “n—k” pairs
in the remains (3—1).

b 2X+p EBEFORFESN Table 1. OXSUHEELIHETIRBTFOULT, HK'O #iE
WUk D, BHERFITRTHEIHENEZ S, BUHERTFR X EROS0ZBENE D
D& EANE, TORRELEL S EAKEERIE 4 4L BEEKOBMBERMEBRIC 5bIROED
Table 1. i 2X+8 % 4Xta (@=B) EHEpALBDEMLHDICHS, LivL, E
CR—BMOEKRIZIEANET LT ELEZONE0T, thonHE (EBOZHED %
MBIk, Table 1. OEEERBICRRICEL 2 4X+ta BEOFEFEEZRBIAE IV, 74D
L, Table 1. @ ¢ {7 j SUDHEEE Pey (L,j=1~5) &L, ThOoDBEMEET Py’ &Thid

Pey (1=Si¢5)/Wi. =Py’ (3)
G,j=1~5)

772U, We=E Py (1=8:p), (.j=1~5) THBo Sus i Table 1. 7 {7 j 5
DEEARICEE T 2HBEDH b, REFICKZ SDODEE (REHBEEE) ER
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L, Sis, Saz, Sss, S4s, Sszs =0 &bf:ﬂ:ﬁf EbhTdHDET S, LT,
(1=S:y) BREBICTFREABLEZRKKOBE (ZHENEHLE) ZRT,

OBEMNERYTT B, LicdiaT, Py ZERLT Sis 3R, 2D (1-S¢;) % Table 1. OFfT
FIDEAY Py ICENENFET L, aXta B OSRAICEL S X ta BEORRFE AR
bNB, 121X L, KBOHFICH > TRHERTHIOFRBES LT owIc, FITORMDLICEE L
SKWET BMENH D,

2. HBERTIOME
(1) BIBRBRSHPHOREEKES 4XLta B PMC o MI TERENS 1 EEE
(1) Ruell, W, Vigeedk (1, T, V) OEBELRRE~/HERE Table 2. DLH30DTHS,

Table 2. Chromosome conjugation in the PMCs of plants with 4X=* @ chromosomes

Chromosome 4X—-12 4X—1 4X 4X+1 4X+2
. cell cell cell cell cell
pairing no. no. /cell no. no. /cell no. no. /cell o. no. /cell no. no. /cell
v 30 2.7 25 2.8 150 2.9 35 2.1 30 2.1
(100)® (100) (94.8) ©(100) (100)
i 0 0.0 0 0.0 4 0.03 1 0. 02 0 0.0
0) )} (2.5) 2.8) )
0 9.4 25 9.3 158 9.6 35 103 30114
(100) (100) (100) (100) (100)
1 0 0.0 25 1.0 61 0.9 35 Lt 0 0.0
)} (100) (39.8) (100) 0)
Y %

REicLhiE, BRENE4EETH-TH BEEKTH-TH VRU TREKEHETHES
N, FETELVIHEBEA-VMIETHD, 1@ 4X+2 THIHE, 4X+1 & 4X THL0{E,
4X—1 & 4X -2 THIETH 3, [t 4Xx1 TRLERT, 4X TRHWOZDOHIBTAHOND
B AXE2 TRIEREAEALNK, T/, TOAHLNAHITZLBICEDTOE O, UEOEE
B BIE 4 ERICE D TEHOBESKRBELT, 29 NV+003M+9.614+09]1 THBLLT
WEDEBHTEUTED, BRKICENT SBREBICIEU B2 5N 5 DS AER 73 %
EBH oG,

(2) 4Xzta BEEHRICELS 2X+8 REBFHE TEHEEI1DRICET 2 REEBERA K
i3 Table 3. OKITH 1H EEFO, B2 FHE) 0LIDTH5.
FROBEMEI S L, 4X BELLTES 2X EMIEBGO0%EEHEL, DT 2X+1
TEBDOTS T 2, 2X2MEBRDM 2% T 2 EEFORBRBOBRENKEL DI EDEL
B AL, BEORBARDBREICH L BEHAE 2 RTIERO R ek S BRE NI
Fe kD, TORE X WAL REHEBOEEIRINL T 5, 22TRQRD » Ol
LT Table 2. 75, n=3 &L, p KU ¢ i Table 3. O 2MOHFHEL LK DFNLEN
Zh 0.825, 0.175 RV, BWNICERBTFOHEENMERD S L Table 3. OFTHIMDL D
DICIEB, ZDEHIICLTRONEBBFHEDOIG & BICHE S N/TEBOBESHIIIERICRL
—&HK LT3,

(3) 2X+p BHEOZTHEENRUHEBERTH 197545 & 1976458k, EARAD 4 181 Eik
@%éw&&%ﬁut%%aTww3.@@%ﬁﬁé@g&rﬁ?&T@m4,waﬁbﬁﬁao
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Table 3. Gametic frequencies observed at pollen mitosis and estimated
from chromosome conjugation at meiosis in plants with 4Xtea (a=0,
1 & 2) chromosomes

Somatic*® Chromosome numbers of gametes * .
chromo- Total
some no. 2X-2 2X—1 2X 2X+1 2X+2
4X—-2 4548 74 46 10 1 176
0.2557%%% 00,4204 -  0.2614 0. 0568 0. 0057 1. 0000
0.2610%*%) (0, 4150 0. 2610 0. 0580 0. 0050 1. 0000
4X—1 26 119 123 25 5 298
0.0872 0. 3993 0.4128 0. 0839, 0.0168 1. 0000
0.1010 0. 3940 0. 3940 0. 1010 0.0100 1. 0000
4X 8 71 245 1 10 405
0.0198 0. 1753 0. 6049 0.1753 0. 0247 1. 0000
0.0190 - 0. 1810 0. 6000 .0.1810 0.0190 1. 0000
4X-+1 8 34 141 142 36 361
) 0.0222 0. 0942 0. 3906 0. 3933 0. 0997 1. 0000
0.0100 0.1010 0. 3940 0. 3940 0. 1010 1.0000
4X+2 1 - 12 57 89 55 214
0.0047 0.0561 0.2664 0.4158 0.2570 1. 0000
0. 0050 0. 0580 0.2610 0. 4150 0.2610 . 1. 0000

* X=8. * Numbers of observed pollen. **¥ Rates of observed pollen.
*4%) Theoretical frequencies estimated from chromosome conjugation at meiosis. 72=8.01
d.f. =20 (0. 990<P<0. 995).

Table 4. Observed and theoretical frequencis of plants with 4X=+ @ chromosomes
in the offsprings produced by parents with 4X chromosomes

Chromosome _ _
b 4X—2 4X-1 4X 4X+1 4X+2
Observed 0. 0050 0.0990 0. 7160 0. 1650 0.0160

frequencies

Theoretical i
frequencies 0.0190 0.1810 0. 6000 0. 1810 0.0190

=12.09 d.f. =4 (P<0.05).

RRicEhiE, 2X EBOHHTIICEET 3 & LEBADE 4 RO DR HEEAE &
DHES, BEATRRICEC L -THD, 45T, EREATIOEDISZELL, Chid 2X
B REDS3HB B H 0—2 WINT B ICONTEZWEHINED, EREARTRZOESNELIC
BCEbhBWEEIONE, 20T, 3) RAEHANT (1-S3y) ks & Table 5. D& S
DICT B, '

R0 BEM Bk D ZREEE % Table 3. O Table 5. Fertilization abilities of ovules
BAEIWOBICENENEL, RITOH 1

Chromosome no. ‘ S 1-8

&8 B EDICWIET L Table 6. OKT LM ” 08104 : 0. 189
S0 B, ks, L ) . .

DESIDICIE B, 1k, ARORITTHICIHE 15 0. 6337 0. 3663

Xta BHREELXLCALTE N, BEKkT 17 0. 3507 0. 6493

FEREEEEISDE NI DIC— IR TEIRE S 18 , 0.4318. 0. 5682

HEB—H LB VEE b5 028 0C3IEE S; Rate of ovules unfertilized..
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Table 6. Theoretical and observed frequencies of plants with 4X* @ chromosomes
in the offsprings of parents with 4X+ a chromosomes

Chromosome Chromosome numbers 6f offsprings
numbers of

parents 4X-2 4X—1 4X 4X+1 4X+2
4X-2 0.0982% 0.3023 0.5193 0.0747 0.0055
0. 2500°%%) 0.0625 0.5909 . 0.0625 . 0.0625
4X—1 0.0303 0.2295 0.6271 0.1042 0.0089
0.0455 0.2273 0.5909 0.0454 0.0909
4X 0. 0045 0.0830 0. 7519 0.1472 0.0134
0.0050 0. 0990 0.7160 0. 1650 0.0160
4X+1 0.0024 0.0494 0.5285 0.3429 0.0768
0. 0400 0. 0800 0. 4800 0. 3600 0. 0400
4X+2 0.0012 . 0.0302 0.3724 0. 3846 0.2116
0.0204 0.1020 0.4286 0.2858 0.1632

*)  Theoretical frequencies (Transition matrix).
*¥) Observed frequencies. :
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Fig. 1. Change of eu- and aneu-ploid frequencies from generation to generation
in induced autotetraploid renge. A, B, C, D & E: Initial population constitutes only
4X, 4X+1, 4X—1, 4X+2 & 4X—2 respectively.
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