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Linkage Studies in Rice (Oryza sativa L.)

Some Albino Genes and Their Linkage
Relation with Marker Genes

NoBuo IwaAaTa and TAKESHI OMURA

Plant Breeding Laboratory, Faculty of Agriculture,
Kyushu University 46-01, Fukuoka 812
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WEBTEH © 7 ro 7 0 VREEZERERIC DT
&, 1AEBOTH HA hOoHENDZ (&, 1946
a, b; BE, 1950). HicRETIR, BEEHIO
BB ICE D TERD 7 nn 7 4 VRRERER
EBfEa T3, Lrl, Tho0EREOEE
BEFIC DOT BENETE ML ZEA LR
V. EH LI, BE, REERICX MERERED 2
0w 7 4 VRERRREREE BERFRE LTED,
o DB ERERE 4 » O MR CHAT S
ANTHREZED TS,

4A[E, 820 albino B/EFi2>\ THEMBETF &
DR ICHSBI R R & h, BFEHERERDOERE
BB IERAESERSNOTHRET 2.

MR KO HE:

uE s

Z¥ o albino HEEARSE HR U, EHEE
F & o Blic BEEEN B ohi0id 8XHKTHS
(Table 1). 5@ albino 33T 7 $HREICK
STERSh DT, ALY, 12, 15, 18, 48, 50
6 R ITKTEEM 8 Bk L, BHERBEBINGE
S ERE» OAEBE S F-bD, Al 63, 69 i3
G 65 Siclkl, RATERINLSOT b3,

1

Table 1. List of albino strains used and
their gene symbols for albino character.

Strain Original

Gene Original
pumber &6 mumeerat ol ariets
Al 9 67-16-29  alg., Norin 8
Al 12 67-66-34  alg_, ”
Al 15 67-16-49  alg, ”
Al 18 67-16-96  alx-, ”
Al 48 68-M, 61  aly_, ”
Al 50 68-M, 104 alg- ”
Al 69 aly., Taichung 65
Al 63 alg-g ”

b Institute of Radiation Breeding, National
Institute of Agricultural Sciences.

ZhoD Rific DBET 2 EREDHICIE #irics v
a7 4V EEET E SObHD, KFLLELR
albino LREX VA, YHBEETHLOT, L
TIREELF~T albino & L THEO .

Zhoo albino &, #®BT2LS5ic, WIFhb
HPMUBIEE THLEEILNLDT, Fhbitxtl
RiC alg—y, alg—y---alg 132 BETREE X/
(Table 1). albino #izTFic 2\ T &EE (1950)
ZOMic kD THRESHTBY, 4% R TEHD
HENBEEMNTFREINBYN, Thsd LoBEIERY
37:%, EHSHMERT 5 albino BEFRITNTA
MAZOBEXFKEED alyy, 5 5. L LTRTCE
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Table 2. List of marker genes used and
their linkage groups.

Linkage Gene

group  symbol Character
I wXxX waxy
I lg liguleless
I lax lax panicle
X nl, neck leaf 1
X ri verticillate arrangement of

rachis

Unknown d,; “Kotake-tamanishiki” dwarf

&L

T ICR OB T B L O S84 7 1 Table
2 IT;RLT: C&H - X, 1971; Nagao and Taka-
hashi, 1963; #H#E S, 1976).

HiE

albino ~7 ok LERRKEORE,»S F, b
303 Fy % FH/L, albino #z¥ & iE#ETT
OEBERE FFe MEEO BRI TT B
(Allard, 1956; Mather, 1954) icXko7-.

ZoBs, NEEd 2 albino I HHEBFETHEH»
5, EHBZTELUCHETHRIESEEEZERL
IBATIEWE, F, THOMT I ENHRENE 4
DORBABMAERGNGTZ LIFTERY. EHBEETFLE
LT YET BBIR R BEZHV B, F
THEDE&k» 5> F;, ZEEE/KL, albino %4
42 F, B albino 238 L7z F, ZR¥EOH
EroHMEEEEMEC Eiciis. Lo, ikt
BHEHOXD 5 W ITEEREZEHOREM L5 F, #
B BHER, EHEEToYETO BIOTRE,
F; L HRT 2 F, AROoXRBEROBRET Lick>
TR>TL 3.

albino #zF% o, EHBEFEbL LTH L al-
bino ~7 ofi{k AaBB EEEHREE AAbb L R
o495 F, i3 AABb & AaBb @ 2 FE¥E T, AaBb
» albino ~5 o F, T©& 3. albino ~5 v F, O
BFHiza L boilmMizp L35

AB Ab aB ab Total
pi2 UA-pd/2 UdA-pdf2 p)2 1

Thy, Lichs>T, F, THMT 2400 XHBE
FRICEENZ IDDBRETHOMFHEES LUZD
B3 Table 3 DEBYTHE. ZhdD3BEK
B aB BXU ab FYHEBHETH 3.

L2 T, MHMEOBEHICROED S ODDFEA%E
EZ I

Table 3. Expected frequencies of pheno-
types and observed number corresponding
with them in F, derived from albino het-
erozygous F, (AaBb) between albino strains
(AaBB) and marker strains (A4A4bb).

Phenotype Genotype Ifir)égfgjgy r?lg;e;gf d

AB AABB p*/4 a
AaBB 2p(l—p) /4 b

AABb  2p(l1—p) /4 c

AaBb 2(1-2p+2p) /4 d

Ab AAbb  (1—p)2/4 e
Aabb  p(1=p) /4 f

aB aaBB  (1—p)2/4 g
aaBb 2p(1-p) /4 h

ab aabb  p?/4 i
Total 1 n

a; albino gene, b; marker gene, p;
recombination value between a and b.

(1) $hiic #@ANFTRES EHEETE B0 ic BE
<, F, T AB, Ab, aB, ab D 4 ZBHBRAIN 3
(F,, 4 classes).

() YETHIREELERBETFERWIES
T, AB, Ab 123 s DR A& h B (Fy, 2 classes).

(3 =FBEFREORAFELERBEZTLEL
THWEEBAT, &>k F, EfkicEET2 F, &
FoORABEOHHEN S F, © 3 BT A-BB, A-
Bb, A_bb X Ejxn 3 (F; lines from A_ F,).

(4) AB B F; 5@ F, % albino 8RS
ENMRSK AT T F, © AB B% AaB. & AAB-
X4 5 (F, lines from B. F,).

(5) A4b # F, »5m F; % albino 3EER#E
SEEREIC DT T Ab B F, % Aabb & AAbb i€
X243 (F; lines from bb F,).

ZnFhoBA0oMREM (p) £ EHT23XE F,
fEE Y D DR () & Table 4 DEBDTHB.
5%, p OERERE SE,) LRI

SE,= V1T,
TH5. 2L, I 3AERET N (BEEE
B) tkHohs.

i R

albino HEZSEICE 12 albino ~Fuf@ik o 8
BRRBLI~NF oflikE EF BE) #Eikio F,
wHiF 5 albino 04383 Table 5 TRTEBDT
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Table 4. Summary of maximum likelihood equations for determining
recombination value (p) from the five cases of F, or F; data described
above and formulas for calculating the amount of information contrib-

uted per F, individual (i,).

Case Estimation equation of p Amount of information per individual ()
2P (esf 2p 2. _2(1+2p%)
(1) (@a+b+c+d) 2+pt (e+f+g+h) [—p? + i P 0 Z1p) (=pD
@ (a+btc+d —(e+D2=0 S, | —
2+ ? p2 Q@+p» (1—pD
2(1 p) 1-2p 2p - 4(—-p)2 | 2(1—-2p)? 4p?
3) (a+b +d —(e+f =0 Y +
® @by T O D o Ip-p) 30 —p+p) TIA—pD
2(1-p) 2p _ 2(2—2p—pH?
4 —(a+b+c+d =0
@ @rofGTR-brd - rbrerd =0 S
1 2
5 —e +f - —(e+f =0 T
O +D i p(+p) (A—pY
Table 5. Segregation mode for albino in selfed progeny of albino
strains and in F, between albino strains and normals.
_ Observed number 2 for
Strain Progeny - 3:1
+ al Total :
Al 9 Selfed 272 83 355 0. 497
F, 543 146 689 5. 339%
Selfed 265 75 340 1.569
Al 12 . 377 139 516 1,034
Selfed 43 18 61 0. 661
Al 15 F, 374 147 521 2.872
Al 18 Selfed 494 172 666 0.242
F, 193 55 248 1.054
Al 48 Se%fed 235 78 313 0. 001
X _ _ =
Selfed 461 148 609 0.158
Al 50 2 232 74 306 0.109
Selfed 64 18 82 0. 406
Al 69 F, 210 58 268 1.612
Selfed 44 20 64 1. 333
Al 63 F, 377 114 491 0.832

* Significant at 5 % level.

5. Al9 kTR F, THEHO S, o8E
Bichkdh Tz, HETRERLcL{EEL
Tie. ZOMORKTd BHkic X —HL T
7o. L7cdioT, REBRICHW/: albino g hd
HPERTHDLEEIONS.

albino @z T & EHEBEIET & O e EHEEAKRD
Doz AR OT MfEE BH L ERE
Table 6, 7, 8 Z;RL 7=

g9, Table 6 iF alg1 & wx &0 EHERICD
WTTH3. FyicEE LI F,BFico0nTEF, v
VFEERELZOBIC F, 2BRLT4>0EHH
ZRAUIAER () »5ik12.0%, /2510 F, ©
ER-RkicEE L F, BFoeF, yvFiit
BELLER G) 5154 BOMBMEIEE S h
fo. LIcsDT, MEADOMEFRERT.1 B LDk

2 &g, Table 7 i% alg_y, alx_y, alx_,, alg_s,
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Table 6.

and waxy calculated from F, and F,.

Weighted mean of recombination values between albino-1

Recombination

Items Segregation mode value (%)
++ + al wx -+ wx al Total
F . . e -
! 369 144 174 2 689 12.0+3.7
F, from F, plants wX non-seg. wx seg. - A,ll,,w{,,,, 7Tota1”
(alx+") 6 108 61 175 5.442.2
Weighted mean 7.1+1.9
Table 7. Recombination values between albino and marker genes
calculated from F,.
Cross Phenotype of Segregation mode in Fy lines Recorr:lt:t-lon rlefhott?dl{
inati F, plant ; i
combination :PIAMS  Albino seg. A0 Total value (%) V. (%)
nl 2 103 105 0.940.7
alx—xnl, nl* 214 3 217 1.4%0.8 1.1£0.5
nl 69 47 116 42.3+4.6
alg-yxnl, nl* 163 48 211 27.3%4.5  34.6+3.2
lax 43 124 167 14.8+2.2
alx-,xlax lax* 243 3l 279 11.9%2.2  13.3+1.6
Ig 13 13 26 33.3+8.7
alx—sx1g Ig* 52 19 71 38.249.8  33.7+6.5
nl 38 36 74 34.5+5.3
alg-¢x nl, nl* 100 20 140 37.7£7.9  35.5+4.4
. ri 17 69 86 11.0+2.6
alx-gxri ri* 114 22 136 18.1+4.1 13.1£2.2
d 16 60 76 9.1+2.4
alx-gXdis iyt 228 29 257 12,1423 10.8+1.7
alg-g, alg_s T2V T, F, THEEDL2ODREE, THHEZ /. &6k alk, S ENEPEEFHD lax &
AB BB XU Ab BAEFIEASOET L Fy B8k 13.3%, alrs GETARHO lg & 33.7%, alx

icB1F % albino SR L albino FEHEERFEDIK
THbb 4) BXY (5) LoHABEEEH LD
TbH3.

alyyy alx_g, alx_g O I BEFROTNS HDGER]
Bonl, EzheEh 1.1%, 34.6%, 35.5 %DMk
HCEFH LTS, alx IDWVTRH, & [F—H
BEIICREBYT 3 ri &3 13,1 BOMBIE T EE R
Boitz. nl-ri OB 5.7 THBH B
M« KA, 1971), alg-s & nly, ri & OBEFINEFEA
EROBENSRESHTRV. 8, nl, L0
hzheh 34.6%, 35.6BE ALK EETRL
7z alk -, alx-s ©2B/EFICOVTHE, BEFOR
FRTEODTOWROAECZTRIRICHIBEOBEFEL

nl,

REAB OSBRI dis & 10.8 BT THEL T
5T EDHBAL f2.

Table 8 &, alx— & lg £ #HFEFKICONTT
55. F, T4oDRBBEHMUIELR, TibDb
) »o1x26.5%, $ickE>22>o0KEA, AB
BB KO Ab B & 1T HED» S EB L Fs Rk
FThubb ) BLY G) 2o R ELEN 36.4%,
330 %D W\BES 2 oNt. LidioT, alg, &
lg Mo MEMEIZ ch oo MEFED»S 3L.1% T
b5, ZOESD, lg & 33.7%0 MsliE RLE
aly5; EDFEERTED TR,
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Table 8. Weighted mean of recombination values between albino-7

and liguleless (/g) calculated from F, and F,.

) . Recombination

Itefns Segregation mode value (%)

++ + al Ilg + Ig al Total

F S S

’ 136 53 74 5 268 26.5+5.6

F; from F, plants Albino seg. Albino non-seg. Total
lg) 24 21 45 36.4%6.9
(igH) 76 27 103 33.1%£7.9
Weighted mean 31.1%3.8

WEBEREE EHE TN C &’ RERE
ORESGETHITE 2 HTRE, BEHESEHRER
EBEBTOBRMICBLI b0 EAWESIILRTE
flchs. Lrl, $hEBHKET 2LMCd 5—H0
HESRELBVWIESIKE, F, T4o0 RERE K
BB ENTEROVDT, HEHEBROTFED S N
Mo R I, BEEEO 2 00RABORER
POBDTHERD BOHEEETES 2) K kdh,
HBENMIDAFERTIID 50 F, THEDIEENLS
F, ZFE2ERL TN @) 88X 6) kK &k3C
siTis .

REBOERICODNWTAHBZ E, BARETHZ wx
& oaly, OHEESE, BV, $ETHINTEER Ig
& alg, OWEETIE, EROFEEOTF, T4
DORABE /3T B EMalfETH 5. LpL, nl,
ri, lax 1 EHBELIB ICRET S BE L0 EAE,
bz, dis DD i EEIBETIEH B albino
DSBS 2 B T IHBIMRFBLLHE & DL
#HILD TR, Table7 wRLz&Hic, F, THE
D2DODRBB, AB BE Ab BhoEheEh F,
R¥EEER L albino RN & IR & D438
%55 (4) BLXU (5) It&> T MBii% Bl L.

2T, RICBNIHBBERO S D04 Ion
T, TRENABREp ZEH T 2RO THET
% fz, Table 4 iToRL7z ip LEGEE NS5 F2
S5 HE L BA OB E OEERN &0 54145
WE I, (=i ,xN) ZEHL, ALK (relative
efficiency) & LT Fig. | TR U7z #2d, NiEd)
DOBAEN, Q) BXUY 3) DE4AIR 3InM4, 4 o
BAE Q+pon/4, (5) oBAE (1-pHnj4 ©5
Zohd. Fig. | i Q) o3 HLEY

Relative efficiency

0 0.1 0.2 0.3 0.4 0.5

Recombination value (p)

Fig. 1. Relative efficiency of the different
types of F, and F; data for the estima-
tion of recombination values between albi-
no and marker gene,

(1); F,, 4 classes, (2); F,, 2 classes, (4);
F; lines from B_ F,, (5); F; lines from bb
Fa.

O ERIE—FKT 2. oM BHO»R XS,
HEREIZhER G 2) DEASRIMD 4 >DFAIHNT
B TELBERE SV, 2hicgk L, F, TH4B
DRRBEB AB b5k Ab DL2FEEMS FhEH
F, REEERTEZ @) 20z (5) ofd i i,
DEREDPEOELL S, L EATHLME (p) % 0.4
ET3E, B BIUY ) oBsoEIHThD
A) KENTHRDEVY, MEESERE ) +(
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Table 9. Segregation mode of marker genes in survived F, plants,

from which the F, lines shown in Table 7 are derived.

Segregation mode

Cross x2? for
combination AB Ab Total 3:1
alg_, X nl; 232 107 339 7. 789%*
alg_gx nl, 235 123 358 16. 719%%*
alg_ xlax 329 181 510 29. 932%%x
alx_;xlg 78 35 113 2.150
alg_¢x nl, 143 78 221 12. 490%**
alg_gXri 270 119 389 6. 486*
alg_gxdig 272 106 378 1. 866

*, ok wkk Significant at 5, 1 and 0.1 % level, respectively.

Tk (1) LEEEOYRT p 2HET B ENT
5. pHRO3IDUTOHELICE, P MRS 3B
Lo T Fy R#E%EBR L T albino BRI S
DR L DBBEE BB (1) OELSIREANT
MRS BB, Lihi>T, F, T 4B,
Ab, aB, ab © 4> D REHH RFTE A&
WTH, £k AB B H2W0E Ab BEh o FR
VAEBRL, $hEic albino o4EE%E F h T,
ORI F, KOE2HFEELL () O HEHT KT
X3 IicEL 5.

@) BX® 6) ko> THMMEEEH L/ Table
TOHAEICL2NT, #£0 F, 045#% Table 9 i
Rl FAHicEsd, algsxlg & alggxdyy O
2HAEERNASHARR, WIhd AB: Ab
B3l ofhkh oaRiciddTh, F, data 5
b—IGEEEROEENTFRENIY, alxsxlg &
alg.gxdiy @ 23 A&EIE, F, TIRIAELSHEED FE
BFEEshEh2icbrbbod, F;, TORE.
SHID THSBPARIEE S hicisDie. CDkdiL, Fy
data H S HGOELENAHBLZHEAETS F; )
HEERPHO PR EEELHS. LirLl, B,
F, data 55 38 TRINLICO L2 LT, Fy
TEEEROFY SN NFE DR,
oz &, Fig. 1 Rl ) DEA0HERDIE
XIEERITNITYUROIETHSS. LH>2T, $h
WEERZTEROEEAT TR, F, THEEHN #F
DONEAERDR, TEI38561E, Fuob b idalgy
MEDONIEVHA ROV TS, $XT F ZHT
FBETBCENEFT L.

DE, $HEBERER EREMTic H03E4, F
TOFBC L > THEMEHODENGE 0T, &
HREOHEE~T ofikick>TITR Sz &%, F,
BERT S EODIERSTDH B, BAEREND

3EEZIONDE. LchoT, 4BRI 2 iCBOTH
AFic k> albino %1i5%, xantha, necrosis 73
EDORBOYHBHRE COWT, LM IcEESHT
EFEDITHOE 0.

i} B

l. 4 %o albino R#E % BT #HPHR%E 772
W, FliciiRYT 3 8 oY% H: albino BEFICO
WCIES BT & OISR E R L7,

2. EEERT B SN (%) 1Bk
DBEDTHD. aly~wx (1) 1.1, alg,—nl, (X
L1, alggnl; (X) 34.6, alg_~lax (M) 13.3,
alg_-lg (1) 33.7, alx_g—nly (IX) 355, alx_qg-ri
(X) 13.1, alg~lg (1) 311, alxed;y (READ
10.8. 733, fiBMOBEM T NTRELEICLD.

3. albino BYHBEIFLTHAODT, T HIE
BUREE LSRR TE L TRV S, AR
OHEMFERKD . F, BEko 280 O HEETE S 5,
bownizenso F, fHigkd»rs F, REEERLT,
albino #3EER¥EE albino JEDEERSE L DEE »» B
75,

4. %27, EHBETOYHETOMINORE, »
30k F; R ERT 25460 F, BRoRHEIL
EREDTISSOBSEHELT, TLENMBMED
Hlticgks F, A4 o EHREEZEHL, F— F
ER» MR L B OMBMOBEHERICONTH
BRET L7z (Table 4).

5. ZOREE, S THEIRESEEESREET
ELTHVWIEATS, 24FEE»S F, ZExE
L TR OBBREITR S8 613, HMBER 40 %
BEOCBEAICESE CHIELEREETF AT
F, T420KRBRH I 284 L AEED $hEISH
FEh, MBEESI0BLUTOBEAKIS S I REN
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KRh#E»EE 5 ¥/ (Fig. 1).
6. Lll, 4% 0igfRick | 2 BFRRRERD
HRESER S .

17

M. Bk L,

PEEE. BHME, 21: 1-10
Mather, K. 1954 The measurement of linkage in

heredity. Methuen & Co. Ltd. London
Nagao, S. and M. Takahashi 1963 Trial con-

2, 3, dicing 2

X [ struction of twelve linkage groups in Jap-
anese rice (Genetical studies on rice plant,
All . .
ard, R. W. 1956 Formulas and tables to XXD). J. Fac. Agr. Hokkaido Univ., 53: 72—
facilitate the calculation of recombination 130

1 i ity. Hil ia, 24: - - .. ;
values in heredity. Hilgardia, 24: 235-278 SHE B K TR « BEEAE - BAJIZ

N AL S o e Tt : .
h ﬁg@ligk?ﬁi‘?gfg iﬁ?lﬁ{g@;ﬁf Hfﬁ: 1976 TEiEt | RO /LTS OB{EIE
1-9 15 - = BTy %jﬁ()“&c %Eﬂjﬁ }ﬁa’@?jégﬁac Egj-éﬁg% gg
’ A% DB A LXV#H. JLRRHOCE, 10: 69-74
1 7 1946b I T E LR B o - LXu#
: ﬁ%@ E?%'Vto)&?f&%@f Ojﬁléi{:l’:—géﬁj; %ﬂﬁ% BEEAH 1950 McRHShEEoRRER
21 - T . BT > . @‘f&’[ﬁ&%@iﬁ{itcob\z‘_ }‘ETE/@;E%&CBE'j‘%@%
ARMEK AN R 1971 MEEERICEZM 50 % OEXH. HFEWL 4: 33-42

Summary

Eight albino mutants which behaved as single recessive were investigated on
the linkage relation with several marker genes. Since the albinos are lethal at
seedling stage, when the marker characters used were difficult or impossible to dis-
tinguish from the normal type at the stage, it is the only way to calculate the
recombination value from the progeny test of them.

Here we suppose that ¢ and b are albino and marker genes respectively, two
kinds of F, genotypes, A4Bb and AaBb, are produced from crosses between hetero-
zygotes for albino gene (4aBB) and marker strains (44bb). In a heterozygous F,
for the albino gene (AaBb), the frequencies of four gametes, AB, Ab, aB and ab,
will be p/2, (1-p)/2, (1-p)/2 and p/2, respectively, where p is recombination value
between a and b. Therefore, nine genotypes composing the four F, phenotypes and
their expected and observed frequencies are as shown in Table 3.

Now we think following five cases for estimating p.

(1) Fs, 4 classes: When the marker gene used is possible to distinguish from
the normal at the seedling stage, F, phenotypes are classified into four classes, 4B,
Ab, aB and ab.

(2) F,, 2 classes: When the marker gene used is impossible to distinguish from
the normal at the seedling stage, F, phenotypes are classified into only two classes
of survivals, 4B and Ab.

(3) F; lines from 4. F,: When the gene for endosperm character such as wx
is used as marker, three genotypes of F,, A BB, A_-Bb and A_bb are possible to
classify according to the segregation of wx in F,; grains setting on the survived F,
plants.

(4) F; lines from B.. F;: F; individuals of 4B phenotype are classified into two
genotypes for albino, A4AB_ and AaB_, by the progeny test at the seedling stage.

(5) F; lines from bb F,: F, individuals of Ab phenotype are classified into two
genotypes for albino, 44bb and Aabb, by the progeny test at the seedling stage.

On the five cases, estimation equations for determining p and formulas for
calculating the amount of information per F, individual (i,) are shown in Table
4. The standard error of p (SE,) is given by the formula, SE, =1"1/1,, where
1, is total amount of information (i,xN).
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Using the above formulas, the recombination values (%) between the albino
genes and marker genes (linkage group) were calculated as follows: alx_~wx (I)
7.1, alg_o—nly (IX) 1.1, alxy_s—nl, (IX) 34.6, alx_~lax (M) 13.3, alxs-lg (O) 33.7,
alg_e—nly (IX) 35.5, alx_e—ri (X) 13.1, alyx..~Ig (1) 31.1, alys—ds (unknown) 10. 8.

To compare the efficiency for estimation of p in the five cases, the relative
efficiencies calculated from 7, (i,XN) are shown in Fig. 1. In these cases, numbers
of individuals (N) are calculated from the number of original F, (n) at n, 3n/4, 3
n/4, 2+p®»)n/4 and (1-p*) n/4 in the cases of (1), (2), (3), (4) and (5), respec-
tively. A curve of the case (3) was omitted in the Figure because it was similar to
that of the case (5). It is evident that the efficiency is extremely lower in the
case (2) than in the other four cases, and that the efficiencies in the cases (4) and
(5) were alike to that in the case (1) when p was about 0.3 and became still
higher than in the case (1) with the decrease of p. Therefore, it is well expected
that there were some crosses found the linkage relation between the marker genes
and the albino genes in the F; from survived F,, nevertheless the significant linkage
relations were not recognized in the survived F, (Table 7 and 9).

As mentioned above, it is found that the lethal characters such as the albino
are useful for linkage works in rice, notwithstanding there are some complications
to maintain albino genes with heterozygous condition and to breed F; lines from
the survived F, plants.



