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ABSTRACT

The purpose of this study is to find out the linkage relationship of the resistance genes Wbphi and Wbph2
which are known to be present in the rice cultivar N22 and ARC 10239 respectively, with the genetic markers
which are identified as the specific linkage tester.

Crosses were made between the resistant parents and the genetic marker stocks and their F, populations
were grown out in the field. The genetic segregations of the marker character were studied and the seeds were
harvested individual plant base. These F3 seeds were grown into plant-line base in the greenhouse and their
responses to the whitebacked planthopper were tested. Then the linkage relationship between the F; plant
marker character and the Fj resistance responses to the whitebacked planthopper were examined.

In the F, generation of the crosses between the resistant parent N22 and the genetic marker stocks, the
genetic markers, such as lg, d-, g, la, bl and gl, showed the segregation of 3 dominance to 1 recessiveness, and
the Bh marker segregated into 9:7 ratio. Another 4 marker genes, such as Cl, gh, Lh and bc, did not show the
good fittness to the expected value.

In the F, generation of the crosses between the resistant parent ARC 10239 and the genetic marker
stocks, the genetic markers, such as Ci, lg, Pn, g, la, bl and gl, showed the segregation of 3 dominance to 1 re-
cessiveness, and the Bh gene segregation fitted well to the 9:7. The rest 4 genetic markers, such as gh, Lh, nl
and b, did not show the good fitness to the expected ratio.

The resistance genes Wbphi of N22 and the Wbph2 of ARC 10239 appeared to be single dominant gene
each.

The Wbphl gene was linked with the marker gene, liguleless (lg) of linkage group Il with the recombina-
tion value of 36.8%, and with the black hull (Bh) with the value of 35.9%.

The Wbph2 gene appeared to be independent of all the markers tested here, such as Cl, 1g, Pn,g, Lh, la,
nl, b, be, gl, Bh, of linkage gtoup I, 11, 111, IV, VI, VII, VIII, IX, X, X1 and XII, respectively.

That the Wbph2 linkage relations were not investigated was regarded as the causes that the tested marker
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genes on the chromosome were located with the resistance gene at the distant loci, and of the phenctypic

properties of the marker characters.

The Wbph2 linkage relations should be reexamined in the cross combinations of linkage group VII, VIII,

X and XII including linkage group V which was not tested in this experiment.
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Table 1.

2 4#A N22¢ ARC10239 € Astdrh ol&
£ 2% 28 yet BTN BE7 TREstded
AEPFo Hate -2 EHAKET YERT

MERoZE #Hhe FP Kkt FRE £ K
2 {9 semi-dwarf EHEE 7HAH 5Tl
B 129 Genetic marker stock GEREH) &
A oE WEHEL =T semi-dwarf &
Be ZIXHA B TA 26 B4 88 6H
Abojoll Foisbe B4R oIt olm| FRREo]l <Al
EXBE TS 71xlve 1289 Genetic marker stock
o} RS #HiitE SF N22¢ ARC10239 & &
& Rt BEANA F & #EKIA 794
#ES F, & EEe 30 x15mE FHiEstd & M
Bl EHMEETE HESl F; BT E @EBI=
wEst il BEd ERsHTh

AEHETo e Bl BES, 19834 £%F
M BEEGTAA giiEoz Fmstgdch 40x
60 x10cmel 4 trayol && H$+2 tray & 60
8%, RHEE 15 @B BESIQeY & trayolve
WEE HrREEo= o] BESINACL BXS 10X
28m bedol 100tray & Y2 BEHKd= d5=
Fo| BEES ZESS 10trayd K AoxE
e 49 EsrEgch

HEol FAY 358 FE £ KB KEHFEME
FolA BRETFHL U AoBA F 2004 2
+ ¥te} o]l T(N) 1% A8tz N22 (Wbphl),
ARC10239 (Wbph 2), IR 2035(Wbph 1+Wbph 2), Co-

Characteristics of semi-dwarf marker lines and their responses to the Whph tested.

Pedigree Marker Link. group Heading date Response to Wbph
Resistant var.
N22 Whbph 1 ? July 29 R
ARC 10239 Whbph 2 ? July 29 R
Marker lines
HP856-12-1-2- B-1 Cl I Aug. 6 S
HP907-B-1-1-B-1 wx, lg I, 1 Aug. 27 S
HPB849-32-1-1-B-~1 Pn, Pau i} July 27 S
HP748-7-2-B-1 ig, g, gh n wmv v July 29 S
HP907-B-2-1-B-1 g. gl. wx N, 1 Aug. 2 S
HP849-32-3-3-1 1-BfPst Bh vV, A July 28 S
HP553-3-1-2-1-1 gh, wx, gl Vi, 1, Xi July 27 S
HP914-3-2-1 Lh VI Aug.2 S
HP904-B-1-1-1-1 la Vi Aug. 2 S
HP887-1-1-3-1-1 nl X July 26 S
HP745-2-3-1-1 bl X July 26 S
HP1013-1-1-B-1 be X1 July 29 S
wx124-341-23-10-1-1-1 gl, wx X, I July 29 S
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o F—3 Aoz =T

hel BMERS ke BEKk £ Lo 3~
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F, ffidlA BED HBBEF, & 19 HHH
9] clustered panicle (C1), I BB liguleless
(lg), MUY purple node (Pn), IV¥1¢ long extra
glume (g), VI¥el gold hull (gh), Vi<l
hairy (Lh), V2] lazy(la), X9 neck
(nl), X¥e brown leaf spot(bl), XI™ 2] brittle
culm(bc), X9 glabrous (gl) ¥ black hull (Bh)
59 EEA & R#S Ei (Wbph1 22 Wbph
2) e EBMKE fsEstddch Wbphl
Whbph 2 ¢} $FEM H4 #Hsle = Immer' o K
Hmog HMHEES koldeod, BEBHETY S8
Rikel = MEel Heted: Mather (1957) %) ¢
e R Bk WmEE stk

Table 2. Response to the whitebacked
planthopper used in this experiment.

long
leaf

Q
e

?;ffggg;“ d  Ruistance genes tliee\l;tgg}r}l Origin
TN1 S Taiwan
N22 Whbph 1 R India
ARC10239 Wbph2 R India
IR 2035 Wbph 1 + Wbph 2 R IRRI
Colombo Wbph 2+1 recessive R India
ADR 52 Whbph 3 R India
wx 817 S Korea
wx 126 S Korea
Suweon 290 S Korea
EBRB & B

1. EmER REI
U= Ehl B8 N22 ¥ ARC10239 & #%

ERE Mo KER F, BdA vy ERe B
Agt I~X1Y ERE Bse E#BEMEFs 4
B mESY % 33 £ 49 HRSH

1) #HRTEEAL © clustered panicle(Cl ;1 ® #BAED)

EREYE M1 pERS ASYT BHit RE
N22 eto] X3 F,olA fHE85I2 S FED &
FERER Biolsio MM EwREMe
3:1 SEHE 0% 4+ 99z ARC10239¢
o HAdAE 3:19 SELE BEY 5 Uk

2) |IEE : liguleless (1g ; I8 FBAE)

EHeo £FHo] g METY HEe A BmE
H N22 = ARC10239 ote) %58 F, tH{tolA
28 e T3 WESD EFEHY S¥HEEs 1:3
o2 veEh EERKELS 1 HY HEBEETI &
st XEEES ¢ & Uk

3) ¥%—% & . dwarf of Tongil (d-t ; I FH
)

MESR N22 oo HAdAs %k F o &
gt @A H—-EHAS EERETe Axsged
M—EHAL N22¢ ER H3l9 1:322 48
sl BMSHRE T sl FmEges ¢ 4+ 4
gk

4) %6k { purple node (Pn: I EBIE)

ARC10239 = #%&urlE 714 HEgEs xEst
dedl 2 F, #HRAA E@nids &Eaoiod 4§
Blod 220:6924 3: 1% ¥t #Ege] s
A Efeltls 1Ee] BHRETF ity Xied
<+ ¢ 4 Udrh

5) Ri#i%E : long extra glume (g ; IV EBFEE)

R#HH BETF g e BESES N22 ¥
ARC10239¢te] #& F, oA+ E¥E S EHFl
HE 277:98 286 :8 =24 3: 1% sl &
#E ol B gl Kold XEHE Aoz
y-Ebit e}

6) H&EF  gold hull (gh; VIl HBRE)

Eet#e 711 BERs 1597 Kiig A8
N22 ¥ ARC10239 &} K& FpolA + #4 2
T HetFo $UKEE JEtgou 319 Sl
Kb gz 234

7) EER ! long hairy (Lh; VI'd B

VI ER#e] REHE 714 BEfRSe REcol
A N22 2 ARC10239 #8429 F, ftflols F
e F3) BEERC Biter BHEEo 3119
Sl A getx gk, Lhe B EETF
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8) laziness (la ; VI EBIEE)

RER HPI04 = #F oF BBEM/AA €77
4o AR lazy KES 7HXz d+=d WEd
T i &8 N22 2 ARC10239 ¢+ X# F,
NAM EHEH: lagy7t 3: 12 FEstE 2ol BAE
=0 Jazy € XA BETFE EMsHdS L+
Ui

9) neck leaf (nl : X1 EEIE)
neck leaf& (L 9ol RE48HA = shube] o)
st F Aol o4E AR s EEHE
A BERT N22 ote #adAde EER: neck
leaf 7t 3 : 19 BT BE= Ao ARC10239
MeolAe 301 SEEIT BUREA Rk o
Hu AF7tAe gES B #RE & o
leaf & BEMEUHBEETA K9 XkE=l+
TR o

10) ZA 4k : brown leaf spot (bl ; X B
i)

bl & ol ol Aol VEtve A&
XEse BEFE XY EHBA Biled BER

neck
Ao=

I N22 % ARC10239 &2 #HAEdA =% EHE
BoozAubdel 3119 Skl AEsle] Hip
HEEFYE & 4 AdddEh

11) brittle culm (be ¢ X0 ERREE

brittle culm <> X0 EBABS] BHEHEZA BE
# HP1013 3 N22 % ARC10239 ¢to] &l A
$Hoz BFHEVG 3:19 HEIF SURA &gt
=4l brittle culm ©] E71v 4 Fe] & AL #
Holol A BRUHENA 277 24N E Aoz 4
-l e,

12) glabrous (gl : XI'd SREIEE)

glabrous EHS B HEol EHo 451A &
of Wime-¥ AN gl BEFES A wx 126 3
N22 % ARC10239 fgel #i& F, ttfolA 2
HE 33 B4 AH glabrous 7t 3: 12 sEEs}
itk ol24 glabrous HHE-S HEMEHBET 2
e XESE AT 4 4+ AdH

13) A€ : black hull (Bh)

Bh e BRBEANA e Mzo] Bfmcz Wl
= FEo2 fE# HP8499 N22 9 ARC10239
Sto] MEAANA BT 9:79 HEEHI BEded B

Table 3. Segregation of marker characters of the 11 linkage groups in the F, of the crosses
between marker lines and Wbph resistance variety, N 22

Link age Mar- Cross

Segregation mode

3 2
group kers combinations Ratio o P
Clustered Normal Total
I Ci HP856/N22 246 109 3 3:1 6.1605 <.05
Normal Liguleless Total
I Ig HP907/N22 184 48 232 3:1 22988 .10-.20
Tall Short Total
it} d-t HP849/N22 268 79 347 3:1 09232 30-.50
Normal Long extra glume Total
v g HP 748/N22 277 98 375 3:1 0259 .50-.70
Normal Gold hull Total
VI gh HP553/N22 170 77 247 3:1 50216 <.05
Long hairy Normal Total
Vi Lh HP914/N22 257 64 321 311 43873 <05
Normal Lazy Total
VI la HP904/N22 254 73 327 311 12487 .20-.30
Normal Neck leaf Total
X nl HP887/N22 159 45 204 3:1 09323 .30-.50
Normal Brown leaf spot Total
X bl HP745/N22 226 75 301 3:1 00011 >.95
Normal Brittle culm Total
X be HP1013/N22 108 17 125 3:1 86640 <.05
Normal Glabrous Total
Xi gl wx124/N22 198 70 268 3:1 01791 .50-.70
Black hull Normal Total
Xi Bh HP849/N22 213 142 355 3:1 20286 .10-.20
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Table 4. Segregation of marker characters of the 11 linkage groups in the F, of the crosses
between marker lines and Whbph resistance variety, ARC10239.

Link, Mar-~ C.ross. Segregation mode Ratio e p
group kers combinations
Clustered Normal Total
1 Cl HP856/ARC10239 185 253 3:1 04756 .30-.50
Normal Liguleless Total
I lg  HP907/ARC10239 147 51 198 3:1 00606 .70-.80
Purple Green Total
if Pn  HPB849/ARC10239 227 85 371 3:1 04505 .50-.60
Normal Long extra glume Total
V. g HP90T7/ARC10239 286 85 371 3:1 06477 .30-.40
Normal Gold hull Total
VI gh HP553/ ARC10239 232 155 387 3:1 46.7605 <£.05
Long hairy Normal Total
it Lh HP914/ARC10239 274 31 305 3:1 358044 K.05
Normal Lazy Total
VE la HP 904/ ARC10239 281 81 362 3:1 13297 .20-.30
Normal Neck leaf Total
X nl HP887/ARC10239 304 69 373 3:1 64084 <.05
Normal Brown leaf spot Total
X bl HP745/ARC10239 248 67 315 3:1 23376 .10-.20
Normal Brittle culm Total
X bc  HP1013/ARC10239 229 28 - 257 3:1 271652 .05
Normal Glabrous Total
XM gl wx124/ARC10239 251 79 330 3:1 01980 .50-.70
Black hull Normal Total
Xt Bh  HP849/ ARC10239 168 1585 323 3:1 23613 .10-.20
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Table 5. Segregation of resistance response to the Wbph in the F; of the crosses between N22

and each of 12 marker lines.

Cross Reaction to Wbph

2

combinations R* Seg. S. Total (1 :x2 D P Marker
HP856/N22 87 178 90 355 0.05 >.95 Cl
HP907/N22 63 119 50 232 1.61 .30-.50 Ig
HP849/N22 86 178 83 347 0.29 0.80-0.90 d-t
HP748/N22 97 186 92 375 0.16 0.90-0.95 g
HP849/N22 97 172 86 355 1.02 0.50-0.70 Bh
HP553/N22 58 137 52 247 3.24 0.10-0.20 gh
HP914/N22 81 165 75 321 0.48 0.70-0.80 Lh
HP904/N22 - 78 1m - 78 327 0.69 0.70-0.80 la
HP887/N22 50 103 51 204 0.03 >0.95 nl
HP745/N22 65 163 73 301 2.50 0.20-0.30 bl
HP 1013/ N22 23 66 36 125 0.10 0.20-0.30 be
wx124/N22 70 132 66 268 0.18 0.90-0.95 gl
*R : Resistant

S : Susceptible
Seg : Segregating

Table 6. Segregation of reaistance response to the Wbph in the F; of the crosses between ARC

10239 and each of 12 marker lines.

C_ross_ Reaction to Wbph x? p Eg%fsg
combinations R> Seg. S. Total (1:2:1) Marker
HP856/ ARC10239 53 138 62 253 2.73 0.20-0.30 Cl
HP907/ARC10239 38 117 43 198 6.80 <0.05 g
HP 849/ ARC10239 69 154 73 296 0.60 0.70 - 0.80 Pn
HP907/ ARC10239 102 194 75 371 4.71 0.05-0.10 g
HP849/ ARC10239 73 176 76 323 233 0.30-0.50 Bh
HP553/ARC10239 94 209 84 387 3.00 0.20-0.30 gh
HP914/ ARC10239 75 161 69 305 1.18 0.30-0.50 Lh
HP904/ ARC10239 78 187 97 362 2.39 0.30-0.50 la
HP887/ARC10239 99 178 96 373 0.82 0.50-0.70 nl
HP745/ ARC10239 69 172 74 315 2.83 0.20-0.30 bl
HP 1013/ ARC10239 64 133 60 257 0.44 0.80-0.90 be
wx 124/ ARC10239 74 183 73 330 3.92 0.10-0.20 gl

*R : Resistant
S : Susceptible
Seg : Segregating
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Table 7. Linkage relations between each of the marker genes and Wbph 1 gene in N22

Lin ) ) Segregation mode
grgﬁfg)e Linkage relation AB Ab aB ab Total * P

I Cl (3:1)>-Wbphl1(3:1) 185 61 80 29 355 6.35 0.05—0.10
il d-t(3:1)>Wbphl(3:1) 202 66 62 17 347 142 050—0.70
v g(3:1)-Wbphl1(3:1) 210 67 73 25 375 037 0.90—095
Vi gh(3:1)>-Wbphl1(3:1) 129 41 55 11 247 422 0.20—0.30
it Lh(3:1)-Wbphi1(3:1) 193 64 52 12 321 549 0.10—0.20
v la (3:1)—-Wbphl1(@3:1) 189 65 60 13 327 307 030—0.50
K nl (3: 1)—Wbphl1(3:1) 120 39 30 15 204 2.43 0.30—0.50
X bl (3: 1)—Wbph1(3:1) 173 53 55 20 301 040 090—0.95
Xt gl(3:1)>-Wbphl1(3:1) 151 47 51 19 268 0.30 >0.95
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Table8. Independence test between Wbphl

be (XD, which are the segregation

and the marker, Cl1(I), gh(VD), Lh(VI), and
is disturbed.

Link. Link. Segregation mode .
group relations AB Ab aB ab Total X P
I Cl—Whbph 1 *obs. 185 61 80 29 355 0.14 .50—.77
exp- 1836 624 814 276
VI gh~ Wbph 1 obs. 129 41 55 11 247  2.09 .05—.10
exp. 1266 358 49.2 139
VI Lh-Wbph1 obs. 193 64. 52 12 321 1.08 .25—.50
exp. 196.2 609 48.9 15.2
X b;: - Whbph 1 obs. 77 31 12 5 125 0.03 >. 06
exp. 76.9 31.1 12.1 49
* obs. : observed
exp. : expected
Link. : linkage
Table 9. Linkage relations between Wbph1l and liguleless (1g) and black hull (Bh).
Linkage . . Segregation mode * Linkage
group Linkage relation AB Ab sB ab Tomal ¢ *R.V. phase
Bh(9:7)— Wbph1(3:1) 178 35 91 51 3565 1703 359 Coupling
I : lg (3:1)—Wbph1(3:1) 1656 31 30 16 232 7.54 36.8 Coupling

* R. V. : Recombination value.

Bh(Ph) Wbph1

35.9 |

Te

=

Whbph1

36.8

T 9%

Fig. 1. Linkage maps of Wbphl, Bh and lg
genes.
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Table 10. Linkage relations between Wbphl in ARC 10239 and marker characters.

Linkage . . Segregation mode 2
group Linkage relation N 25 B b Total b4 P
I Cl1(3:1)—Wbph1(3:1) 135 50 54 14 253 1.65 0.50—0.70
I 1g(3:1)—Wbph1(3:1) 114 33 38 13 188  0.57 0.90—0.95
114 Pn(3:1)—Wbph1(3:1) 172 55 51 18 296 0.57 0.90—0.95
v g(3:1)—Wbph1(3:1) 222 64 68 17 371 2.95 0.20—0.30
v la(3:1)—Wbph1(3:1) 211 70 54 27 362  4.02 0.10—0.20
X bl (3:1)—Wbph1(3:1) 195 53 46 21 315 5.44 0.10—0.20
Xi gl (3:1)—~Wbph1(3:1) 202 49 55 24 330 544 0.10—0.20
Bh(9:7)~Wbph1(3:1) 128 40 117 38 323 250 0.30—0.50
Table 11. Independence test between Wbph 1 and the markers, gh (VI), Lh (VI), nl(IX),
and be (XI), which are the segregation is distured.
Linkage Linkage Segregation mode p
group relations AB Ab aB ab Total
A gh ~ Wbph 2 *obs. 180 52 123 32 387 0.16 .75—.90
exp. 181.6 504 1214 32.6
VI Lh-Wbph2 obs. 216 58 20 11 305 029 .05—.10
exp. 2120 620 24.0 7.0
X nl — Wbph 2 obs. 226 78 51 18 373 0.004 > 95
exp. 2256 782 51.2 17.8
X bc - Wbph 2 obs. 174 55 23 5 257 0.501 .25—.50
exp. 1755 535 215 6.5
* obs. : observed
exp. : expected
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