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Relationship between QTL-SSR marker based genetic
distance,combining ability ,and heterosis of
productive tiller percentage in hybrid rice
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Abstract: [Objective] The feasibility of using molecular markers based parental genetic distances(GD)
to estimate combining ability and heterosis of productive tiller percentage (PTP)in hybrid rice was dis-
cussed. [Method) GD among 13 parents of hybrid rice(7 male sterile lines and 6 restorer lines) were exam-
ined using 56 SSR markers linked to QTLs of PTP. The relationship between GD, combining ability and
heterosis was analyzed based on the performance of 42 F, hybrids crossed by a 7X6 diallel crossing meth-
od. [Result] GD among the 13 parents based on QTL-SSR marker were ranged from 0. 15 to 0. 53 with an
average of 0. 33,and these parents could be classified into two groups. The correlation between GD and the
sum of two parents’ GCAs(r=0. 614) was significant, but was not significant between GD and SCA (=

0.033). The correlations of GD with mid parent heterosis and low parent heterosis were also significant,
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and the coefficients of correlations were —0. 523 and —0. 373, respectively. [Conclusion) Both the sum of
two parents’ GCAs and heterosis for PPT of F, could be reflected by QTL-SSR marker based GD.

Key words: hybrid rice; productive tiller percentage; QTL-SSR marker; genetic distance; combining a-

bility; heterosis

ZRBE R RPN KRR K & 57 =
HEEAG IR . ZEBREBRE L R R 1 K R
Fir CAL ) B B0 1 Je 91 R R el J2 435 /) RO B 2%
{4, BT By b A R T R 1 AR 1Y AR FE K
RGHEFRRE S, R ZEBE R R S KR A AL
FAL IR B R SE PR P AR IE A OGO R,
o KRR R R A AT DA R AR TG 23 BE 19 A K SR
B = AR 36 0T LU A K RS AR 0 = i 254
SRR S A CAA MR =TT B R E 2R A
PR R 1 5 b () B [ PN AR K A
HME T E R EBEFR "0

1AL P B AR Sy — Fou A st A% LA 2% 5 Ak
bR SR EM RS B MR AR BN EES B RIE .
PRTHE A 50 b 0 B S A i) 1 3 A% B L T R H S
Z AL A R DG 1 L T LG b R B A SE R AR
Fe AR BRSO . — E LK, 84 IE B I 5 3w E
if 2 PR ARSI — R T AR SR A Y 3R R TP
B2 AT A B AR T 22 SRS R
X AR — RIS Fy 7 25 40 3k R R i
FI AT VR R (R 2 4K A5 . SR, X 2 PR R #R A 1
FERT 9% 7 AT SR MEAR AR B A . DNA 2 FAric iy
A A S AL B B R TR R . A TR
VO R T AV A ) 45 A7 35 DRI AR 238 25 S5 ok il st % B
B DL HEAE DNA JK P b s Bl 35 A% 1] f it 15 25
S, HERER R, s R TS Tk R R,
JIZ R FORE NG KRR SR Y
105 I B 5 2% Rl A I M SC BIF5E . Saghai 251 A
JH RFLP il SSR bric % KA 35 AR UEAT VE - 2 A%
i E S Fhric et S Fy o ik R 2R 3 2
BEIEME., FEWE"H SSR Aric & 1T &
TR KRG FEAR M WAL 22 5, 25 R R AL IR
5% FOOL 7 O M 6 O R R E S
RFLP Fl SSR 7 i % 7K #8341 35t 1% 22 S 64T 1E
B R R SRR ) 22 5 5 2 R i R A DGR
BAK M5 22 Fh RS B E R &S, BIKH
LT F A L SSR b i it £4 B 50 A e MR
PR R T I EREN P 37 N9 e
ZeFp ST . 4 E# % T T RAPD ARid i
18 BE 5 55 Rl e R K B B S B A 8 1 B (RVA )

ZM AR R G H 5 EA B 8L 2 7R K
AN R BLWT, F AN A SR il
158 124 B8 T 7K A 24 PR B F 9 A R A
S TR S O T T G T 0 K R 2 B R
RPN B 58 8 R UL HGE . O e, AR A 58
5 2L A O QTL #E 1 SSR 43 F i . X 44
32 7K S A R] 1 358 4% HE B8 5 e A ) B 24 i O 34 1 A
KMEIEAT T oM HR T T FIH SSR i icd ik 4% #E 2
M2 Fh Fy B A 07 B a2 34 ml e, B 78 2458
TR 110 5 A 25 BE 1l B 3 0 RN 2 A i T 4 L 9
KA

R

1.1 4

BB RHRE A A 11-32A 200 97TA A T AT
FEH A E 64S A R I A 55 7 KA H
RN EH e TPk 128 Bk 63, Bk 86.02428
Fl Francis 45 6 DKW E &, DL L dE 7X6 NCIT J5
RECHIA 42 DA G . T A MR R R
KEFAON A= BRI 5T T 4 it
1.2 HENREAHE

IR AL X i it,3 IREE 31T X, &
710 9 BRATHE 21 em X 21 em, B/ . A BEHY
TEAS /N X B BUE KA — B0 5 ke s Ch a5
B 5 d A 1 WEEEERL, B A PR SR A
RS T 2009 4FE M 2= 7E T 7R W K 2% AR 5 B 2 b iF
A7 o T 457 38 [) K I 2 7
1.3 SSR 4#F

AN B DNA 42 Bt 2 I8 Bernardo 2577 iy
CTAB . R4 7K #8 £ 4 7 19 3 GRAMENE Cht-
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2.1

K1 BAEZTWEFERNSERBER
Table 1 Tillering characteristics of 13 parental lines
FHA ZEBERL A AR AR/ %
Parent lines Number of tillers Number of panicles Productive tiller percentage

1I-32A 12.47+2.30 bedAB 6.80+1. 25 deCDE 55. 147+ 3. 84 efgDEF

2l 97A Zhenshan97 A 12.93+1. 29 bedAB 8.73+1.47 bedBCD 67.904+5. 92 bedBCD

ft T A Youl A 13.53+1. 89 bedAB 9.60+1.00 bcABC 71.1943. 86 beBC
ﬁﬁ;i\tcrilc line HHH A LongtefuA 11.60+0.53 dB 5.7340. 90 eDEF 50.5248. 34 {ghEF

B % 64S Peiai 64S 15.73+0. 68 abAB 11.87+0. 38 aA 75.4540.89 bB

[# A BoA 17.27+1.10 abA 10. 67+1. 30 abAB 60.26+5.18 defCDE

T ABoll A 13.40+0. 87 bedAB 8.13=+1. 14 ¢dBCDE 62.0342.99 cdeCDE

H % Zhilong 15.40+1. 83 abcAB 6.53+0.99 deCDE 41,58+3.03 hF

J7 % 128 Guanghui 128 14.73+5., 46 abcdAB 7.20+2.78 deCDE 48.6742.09 ghEF
i‘fﬁir e WK 63 Minghui 63 13.8741. 70 abedAB 7.07+0. 83 deCDE 50. 799, 86 [ghEF

% 86 Minghui 86 11.87+0. 76 c¢dB 6.40+0. 53 deCDE 55.18+6. 04 efgDEF

02428 6.27+1.53 eC 5.20+0. 69 efEF 87.4146.79 aA

Francis 3.60+1.11 eC 3.27+1.01 {F 90.67+1.76 aA

TE « IR 9RO 5 AR A TR K /N 2 B 43 B R 7E 10 R 5 0K F L2 S 3

Note: Within a column, data followed by different uppercase and lowercase letters indicate significant differences at 1% and 5% levels.

respectively.
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0.31~0. 36, K& Z NG IR H 0. 21 ~0. 50,
WERMEFANBEP>0.05), ¥4 Francis 5
A (B B s A FE B R R, O 0. 535 MR A B e 5
JeFFHT A [A]38 AL B B B/, Sl 0015, JEAR 02428,
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A AL R EON 13 A SR A HEAT 257 37k (UP-
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Table 2 SSR markers of QTLs related to tillering traits in rice

g 'I';%. A éﬁfﬁ QTL L3S PICP{IEC/ Sk L%Eﬁ QTL FEAR PICP{IEC/ g
rime some Traits value Prime some Traits value
RM237 1 ¢PN-1 PN 0.75 RM528 6 — PN 0. 50
RM220 1 tml. 1 TN,PN 0.57 RM18 7 tpTa PTP, TN 0. 64
RM414 1 gNOT1-1 TN 0. 00 RM336 7 ¢TN-7-3 TN 0.50
RM104 1 gpvn(ffjl TN.PN 0.14 RM248 7 qTN-7T-4.ppl7.1 TN.PN 0.75
RM246 1 — PN 0.64 RM2 7 - PTP, TN 0.38
RM265 1 - PN 0.52 RM38 8 gNOT-$-1 PTP, TN 0.26
RM240 2 atpp2 PN 0.52 RM547 8 gNOT-8-1 TN 0.73
RM262 2 nt2. 1 TN,PN 0.46 RM433 8 gNOTS8-4 TN 0.36
RM152 2 ppl2.1 PN 0.54 RM477 8 gNOTS-1 TN 0. 26
RM341 2 qNOT2-1 TN 0.26 RM404 8 gNOTS-3 TN 0.27
RM135 3 QPn3 PN 0.38 RM210 8 — TN,PN 0. 62
RM156 3 ppi3.1 TN,PN 0. 00 RM215 9 ¢PN-9 PN 0.59
RM16 3 ppl3.1 PN 0.50 RM105 9 gNOT9-1 TN 0. 49
RM232 3 qTN-3-1 TN 0.39 RM321 9 gNOT9-1 TN 0. 00
RM36 3 — PN 0.38 RM409 9 ¢NOT9-1 TN 0.27
RM241 4 qPN-1 PN 0.54 RM257 9 - PN 0. 60
RM261 4 qPN-4,qpn4. 9 PN 0. 50 RM294 10 qPN-10 PN 0.49
RM471 4 tmd.1,gNOT4-2 TN 0.38 RM222 10 qpnl0.1 PN 0.39
RM564 1 gNOT4-1 TN 0.72 RM167 11 ¢PN-11 TN,PN 0.27
RM273 4 qpnd. 2.qpnt. 4 TN,PN 0.56 RM202 11 pplll.1 TN,PN 0.54
RM169 5 nt5. 1 TN 0.69 RM206 11 pplll.1 PN 0. 49
RM274 5 qTN-5-3 TN 0.63 RM536 11 ppill. 1 PTP,PN 0. 46
RM26 5 gINS- g TNy 0.58 RM209 11 ;1;1\1” 1-2, TN.PN 0. 66
RM440 5 — TN 0.49 RM224 11 QPnll,pplll.2 PN 0. 60
RM30 6 QRI6 b 0. 36 RM19 12 — PTP 0.38
RM121 6 1p6b PTP,DPN 0.57 RM155 12 QPnl2 PN 0.14
RM3 6 ppi6.1 PN 0.59 RM179 12 ¢PN-12 PN 0.12
RM454 6 ppl6. 1 PN 0.27 RM511 12 ¢TN-12-1 TN 0. 66

7 TN S BES PN. A5 208G PTP. BB R

Note: TN. Number of tillers; PN. Number of panicles; PTP. Productive tiller percentage.
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Fig.1 Dendrogram of cluster analysis for 13 parents based on genetic correlation coefficient
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865 Rp IR L A 71 8 N AE BT 3 47 43 B oA 1 I A/BH K
86. 4 I A/02428 FIJe i A/EH B, iX 3 4~ F, o,
M A/BIK 86 Al 1 A/02428 By X3 — B &
RO A A e s — e TC A T 2800y 2 ALY Oy e /v s T
TEREET A/ B e 0 BRSO A 3R AR /RS AL,
R4 ATLUE 42 D258 RE Foofg 8O0 3
g —34.29% ~27.15% 3R —11.78% ., L
S A/BIK 86 Jedr T A/ B e 1 A/ B L 1
A/ 86 F1 11 -32A/ WK 86 HAT IF 10 4 5, o5 41
AR 11,9006 s Hogy 37 A4l G B S Rt ik
B, 10 B X B SR AR R AT RO 2, ME LA 2R A5 A R
SRR Fo, SEYEALER SN 2. 70% , A iE K
—27.99%~35.04%, Hp 24 A A HA EmAL
PR HAE BB 5T 1TY% s B EAT L UANT R
TA FIK 5 Z B e P e 41 & 1 B AR R DL 3 o B I

2.4 FERBWEAREEBSEES NYMN EMRE
RIHE X

4 R FEARM QTL-SSR it {4 i 85 5 24 Fh
Fo p R e R b S (E 22 A0 0 3 IR AH G AH G R
Ky 50k 0,537 F100. 9065 524 Fl Fy Rl A8 5 45 Bk e
A B RN 0. 033, K ik B FEKF; 5 WE—
METE A 1 2 A 2 IR A G M SE R R 0. 614,
YL AEARBIF G v, 2 b By A RUE — e & 1 3 2
F5 2EA ] QTL-SSR 5t {4 1 85 & R % V), £ A (]
WL 25 5K 44 By BGE — ML A 1 BR800 5
. X QTL-SSR it {4 I B 5 4 Fh ol 1 22 3 7Y
{B OGE — B BC A 79 R0 2 AR AT [0 05 4 A7, 25
( 2)FR W, QTL-SSR it fL I g () 5§ F, sl AR
R Je b 248 (o 1 B 5 #2533 A y =81, 652+
35.95(R? = 0. 820) fil y = 35. 04x +43. 10 (R* =
0.288); QTL-SSR &I (v) 5 XE— A& N
RO Z F Cao) [y Il )3 5 #2 k y = 41, 402 — 13. 61
(R*=0.376),

QTL-SSR 8t 1% IE £ 5 rf 2 0 5 L 8 IR0 1 3
i ER S TE D ST PSS S
—0.523F1—0. 373, QTL-SSR i f& 1 5 (y) 5
FARFH OB FE R y=—56.00x+6. 64, JE
FER? H 0.273; 5HAREMH (o) By |H 75 72
y=—44.84x+17.99, P 5E ZH R* 4 0.139, i
B % QTL-SSR it 14 I B (1 38 K, o 3 f 35 Fn s A%
FOLHA AL R 7 — W FINGE A QTL-SSR
188 % I B TR0 6 BRSO R S A B, Ak AL A R
IRECA 1 () S a8 BRI (o) Z 1R 2 1
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BEIEMK, BE TS5 y=1. 352+3. 25 FlI
y=1.30c—11. 77, XF N 09 #0 3¢ R B0 53 B A 0. 542

F00.503, U B EZE R 435k 0. 253 1 0. 293, 135 0H
F£3 LARETHBASHEEE GCA, ., .SCAMPH # LPH

iR SR 7N e Wk QR IERIOR: PN s S iR (195
PLHA G

Table 3 GCA:,, ,SCA,MPH and LPH for productive tiller percentage of 42 hybrids %
A /Y W . A R/ % W — .
reREE B R wgm bk g | FERMmRER S0 RE S wmm wx ik
Male sterile line/ oI j]Zﬁ] ad I Y% R % Male sterile line/ wnic ijﬁ] ah o hEY% R/ Y%
Restorer line ypie - A SCA  MPH  LPH Restorer line ypie A SCA MPH  LPH
value  GCAfin value  GCAfn
1-32A/H e _ _ _ 5 JekeH A/BIK 86 . _ _
1l -32A/Zhilong 44,77 8.16 3.82 7.43 7.67 Longtefu A/Minghui 86 52.79 2.58 4.92 0.12 4.48
I —32A/) 4 128 B B B B T A/02428 . B B
11 32A/Guanghui 128 46,61 8.90 0.88 10. 20 4,22 Longtefu A/02428 57. 30 5.68 2.56 16.91  13.42
M-32A/H4% 63 U - - e 417 A/Francis - = o - -
11 -32A/Minghui 63 51.95 5.58 2.24 1.92 2.28 Longtefu A/Francis 61.95 5.42 3.38 12.25  22.61
1-32A/ 5% 86 ] o 1 648/ 1 . L
11 -32A/Minghui 86 57.50 2.90 0.47 1,25 4,28 Pefai 645/ Zhilong 44.95 12. 85 1.06 23.18 8.10
B . B BEi% 64S/ 7% 128 s . .
I —32A/02428 61.55 6. 00 2.36 13.64  11.63 Pefai 645/ Guanghui 128 45,97 13.58 3.05 25.92 5. 54
. o e R bE 64S/ WK 63 -
. / . — — H — — —
Il —32A/Francis 59.15 5.73 0. 36 18. 87 7.26 Pefai 645/ Minghui 63 50. 64 10. 27 5.35 19.78 0. 30
Bl 97TA/H _ - - 9 K% 64S/ WK 86 o o o o
Zhenshan 97A, Zhilong 46. 66 9.03 0.66 14,75 12.22 Pefai 645/ Minghui 86 47.90 1.79 6.47 26.66 —13.19
Bl 97A/) 1k 128 B B B B B4 64S/02428 B B B
Thenshan 97A) Guanghuitzs 3-8 ~9-77 114 —21.86 —6.10 || FEEL P 5433 131 179 —33.28 —27.99
2l 97TA/ WK 63 - - - 4% 64S/Francis - - -
Zhenshan 97A,/ Minghui 63 51.40 6. 46 2.46 13.38 1.21 Pefai 645/ Francis 54.58 1.04 1.22 34,29 —27.66
Bl 97A/ W4k 86 - _ A/ HE _ 5 Ja oq 47
Zhenshan 97 A,/ Minghui 86 57.50 2.02 1.34 6.56 4,21 Bo A/ Zhilong 53.84 7.80 6.74 5.73  29.47
Bill 97A/02428 . B B B A/ 128 . B
Zhenshan 97A /02428 56. 90 5.12 2.49 26,72 —16.19 Bo A/Guanghui 128 49, 82 8. 54 2.63 8.53 2.36
Pl 97A/Francis - [ A/BI% 63 . " .
Zhenshan 97 A/Francis 09.13 4.8 -90 12 Bo A/Minghui 63 4910 =523 -3
i IA/ B - T A/BIK 86 ) .
You I A/Zhilong 51.18 2.89 16 2 Bo A/Minghui 86 50.00 3.26 <38
M TA/) K 128 I 1 A/02428 .
YoulA/Guanghui 128 0 &1 LAl =38l Bo A /02428 26.38 - 6.36 A3
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T4 ZXBVWEABAEBEEME IBEERBEERENREMABHBEXSH
Table 4 Correlation coefficients among different parameters of productive tiller percentage %
28 PR R AUY PR RIS T PR MECE I PR BRI
Parameters PV MPV SCA GCAf+m MPH LPH
IR GD 0.537** 0.906* * 0.033 0.614** —0.523* " —0.373"
FKARH PV 0.571"* 0.544" > 0.839" * 0.309" 0.304"
F1El MPV 0. 000 0.678** —0.593* " —0.437* "
FRERTC & 51 SCA 0. 000 0.542% 0.503" "
WEE— Ml & 1 Z A GCApm 0.018 0.032
dr g P MPH 0.781" "

Heeox % o« ARFRIRAE 0,05 A1 0. 01 /K5 A0

Note: * , * % Significant at 0. 05 and 0. 01 levels,respectively.
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Fig. 2 Regression analysis of the associations between genetic distance and phenotypic value, mid-parent value,

and combining ability,and between special combining ability and heterosis
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