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Abstract To understand the effect of male gametophyte selection caused by different grown altitude environment, the male
gametophyte genotype selection populations generated by cross between one cold tolerance japonica landrance Xiaomagu and one
subspecies progeny Nan34 under three different altitude condition. Eleven morphological characters and seven molecular loci of
these selection populations grown at the environments were analyzed, and found significant genetic segregation distortions of these
characters and loci. It was also screened difference of selection effect derived from differ grown condition. There were appeared the
lowest Shannon-Weiner diversity for seven characters and significant genetic segregation distortion for seven loci at altitude 2 200
meters where grown cold tolerance japonica rice. At altitude 1 250 meters grown indica rice area had one characters and six loci,
respectively. However, it was found the highest diversity for five characters and significant genetic segregation distortion for five loci
at altitude 1 860 meters where grown japonica rice. Anyway, it could be occurred the selection among rice male gametophyte
genotypes under different altitude environmental pressure, and the trend was 2200m > 1250m > 1860m.
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Table 1 Differences of morphological traits of rice male gametophyte genotype selecting population generated at different altitude

2N IR 5 A/ 34NRE B R 2AVNIREE 34
Trait AL Hexi 42A//Nan 34/Xiaomagu Hexi 42A//Xiaomagu/Nan 34
BEA SFHME S bR ERME 2R FEA  CPEME S WdEE BB SR
N Mean SD \ H N Mean SD W H
2200 146 84.40B 11.76 0.97 2.68 137 79.92C 12.13 0.92**  2.54
e 1860 158 98.67A  20.66 0.96%** 2.89 172 106.68A 16.08 0.99 3.05
PH 1250 121 98.14A  14.75 0.98* 2.88 115 98.28B 14.44 0.90**  2.72
2200 146 22.77B 5.62 0.95%* 2.75 137 20.19C 7.09 0.91**  2.69
gl 1860 158 32.74A 879 0.98** 2.90 172 33.80B 7.65 0.98*%* 299
FL 1250 121 29.54A  4.44 0.97* 2.88 115 38.50A 5.97 0.91**  2.94
2200 146 17.09B  2.66 0.96%* 2.85 137 17.11C 2.29 0.98* 2.43
SN 1860 158 21.92A 333 0.97** 2.98 172 21.53B 291 0.99 2.89
PL 1250 121 18.76B 3.32 0.96%* 2.93 115 24.66A 2.62 0.98 2.69
2200 146 3.11B 2.59 0.96%* 2.94 137 2.14B 2.77 0.98* 2.99
K 1860 158 536A 3.1 0.95%* 2.85 172 6.04A 3.14 0.98 291
PE 1250 121 473A 2.6l 0.97** 2.81 115 5.42A 2.69 0.94** 248
2200 146 31.61C  26.07 0.86%* 2.58 137 60.94B 57.38 0.86*%*  2.59
Rtkigh 1860 158 66.26A 49.29 0.88** 2.82 172 80.49A  54.64 0.94** 279
UG 1250 121 48.57B  25.66 0.94%* 2.83 115 67.42B  27.06 0.98 3.03
2200 146 116.72B  41.65 0.98* 2.90 137 99.05C  47.73 0.99 2.87
MR 1860 158 182.62A  58.69 0.98* 291 172 147.19A  46.53 0.97**  2.99
TG 1250 121 110.23B  41.74 0.97* 2.90 115 133.82B  32.87 0.99 2.88
2200 146 72.06A  0.20 0.87** 2.67 137 47.04a 0.38 0.81** 2.18
ghsi® 1860 158 64.29B  0.23 0.89%* 2.76 172 43.59ab 0.34 0.84** 244
SS 1250 121 55.53C 0.17 0.97* 2.98 115 38.05b 0.19 0.95%*  2.82
2200 146 8.50A  3.06 0.98* 2.78 137 7.73A 243 0.98 2.73
EREE 1860 158 6.48B  2.20 0.96%* 2.98 172 6.85B 2.00 0.98**  3.00
TSD 1250 121 5.90B 221 0.93** 2.81 115 4.05C 1.48 0.98* 2.86

VE: AL: SRR ARG N FEASE ; Mean: “F331E; SD: ks Z; W: Shapiro-Wilk F&3&; H: Shannon-Weine & %; PH:
Fiisr; FL: 8K PL: #K; PE: BHZEK; UG: RURIEG TG: SRS SS: GESEE; TSD: HHRIZEREE; *l*+ 405 FoR B4
P<0.05 Fl P<0.01 7KF; FMsHHHUE G R AR Z-BE, FEAZRIR 0.05 B 0.01 FIZER/KF, T MR = AN 1)

B3

Note: AL: Population-generated altitude; N: Number of sample; Mean: Average value; SD: Standard deviation; W: Shapiro-Wilk; H:
Shannon-Weiner; PH: Plant height; FL: Flag-leaf length; PL: Panicle length; PE: Panicle exertion; UG: Unfilled grains per panicle;
TG: Total grains per panicle; SS: Seed-setting rate; TSD: Spikelet Density; * and ** represent the significance levels of P<0.05 and
P<0.01 respectively. Values within a column followed by the same letter are not significantly different at the 0.05 or 0.01 probability

level, comparisons were made among three altitudes within each character
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Table 2 Chi-square test of three qualitative traits of rice male gametophyte genotype selecting population generated at different

altitude
T HEth(m) FEA R et i
PP AL(m) N TC GC TA
Ff(%) %% 18 Ff(%) %) FH E(%) 11 (%) xH
White (%) Purple (%) y*value White(%) Purple (%) y*value No (%) Yes (%)  y*value
2200 146 70(47.95) 76(52.05)  0.17 95(65.07) 51(34.93) 12.66** 138(94.52)  8(5.48) 113.98%*
REMR 1860 158  74(46.84) 84(53.16)  0.51 95(60.13) 63(39.87)  6.08*  156(98.73) 2(1.27) 148.16%*
NX 1250 121 35(28.93) 86(71.07) 14.75%* 49(40.50) 72(59.50)  4.37* 110(90.91)  11(9.09) 79.37%*
2200 137 87(63.50) 50(36.50)  9.46%* 88(64.23) 49(35.77) 10.54** 128(93.43)  9(6.57) 101.64%*
FEAE 1860 172 98(56.98) 74(43.02)  3.33 107(62.21) 65(37.79)  9.77** 166(96.51)  6(3.49) 147.98%*
XN 1250 115 50(43.48) 65(56.52) 0.31 61(53.04) 54(46.96)  0.87  102(88.70) 13(11.30)  67.34**

TE: PP: BEIK TC:
Xzo.os, 1=3.84, X20.01, 1=6.63
Note: PP: Population; TC: Glume tip color; GC: Glume color; TA: Tip awn; NX: Hexi 42A//Nan 34/Xiaomagu population; XN: Hexi
42A//Xiaomagu/Nan 34 population; Xzo.os, 1=3.84, Xzo.m, 1=6.63
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Table 3 Chi-square test of molecular loci of rice male gametophyte genotype selecting population generated at different altitude

TRRE Rk R NX A XN e
Marker Chr. AL NX population XN population
FEA B34 (%) /DA%  RUTE FEA B 34(%)  PRRE(%) RIiE
N Nan34 (%) Xiaomagu (%) y*value N Nan34 (%) Xiaomagu (%) x*value
RMAN7 2 2200 143  85(59.44)  58(40.56) 472 83  68(81.93)  15(18.07) 32.58%*
1860 127  75(59.06) 52(40.94) 381 149  93(62.42)  56(37.58) 8.70%*
1250 109  63(57.80)  46(42.20) 235 89 44(49.44)  45(50.56) 1.12
RM166 2 2200 121 93(76.86) 28(23.14) 34.92** 104  69(66.35)  35(33.65) 10.47%*
1860 114  70(61.40) 44(38.60) 548% 149  84(56.38)  65(43.62) 2.17
1250 109  48(44.04) 61(55.96) 132 112 48(42.86)  64(57.14) 2.01
RM218 3 2200 116 56(48.28) 60(51.72) 0.08 99  51(51.52)  48(48.48) 0.04
1860 107  61(57.01) 46(42.99) 1.83 166  84(50.60)  82(49.40) 0.01
1250 105 67(63.81) 38(36.19) 747 101  52(51.49)  49(48.51) 0.04
RM257 9 2200 124  57(45.97) 67(54.03) 0.65 107 51(47.66) 56(52.34) 0.15
1860 126 67(53.17) 59(46.83) 039 163  91(55.83)  72(44.17) 1.98
1250 109  77(70.64) 32(29.36) 17.76** 106  65(61.32)  41(38.68) 4.57*
RM333 10 2200 134 108(80.60) 26(19.40) 48.96** 105  54(51.43)  51(48.57) 0.04
1860 129 97(75.19) 32(24.81) 31.75%* 170  83(48.82)  87(51.18) 0.05
1250 101  73(72.28) 28(27.72) 19.17** 106  58(54.72)  48(45.28) 0.76
M45461 10 2200 137 134(97.81) 3(2.19) 123.36%* 91  47(51.65)  44(48.35) 0.04
1860 116 108(93.10) 8(6.90) 84.49** 147  76(51.70)  71(48.30) 0.11
1250 119 106(89.08) 13(10.92) 71.13** 117  63(53.85)  54(46.15) 0.55
68923-10 10 2200 134 131(97.76) 3(2.24) 120.37** 105  55(52.38)  50(47.62) 0.15
1860 110 102(92.73)  8(7.27) 78.63** 141  67(47.52)  TA(52.48) 0.26
1250 101 89(88.12) 12(11.88) 57.19%* 98 52(53.06) 46(46.94) 0.26
MNX 1 2345 67 89101 FEREE A R S RAT A B Fy, 3R ABCTE L HERR

1 000 bp
750 bp

K 1 R 68923-10 7F NX FEA i85 /0 5
VE: 1~110 NX BEAR TR Bk X ZNEEZS: N F§ 34; M: DNA
marker

Figure 1 The genetic segregation of marker 68923-10 in NX
population

Note: 1~11: Plants in NX population; X: Xiaomagu; N: Nan34;
M: DNA marker
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1250 m AXA 3 MAIRAFAE T35 22 7 XU it
PRAR IR P B3 5 A1 v AR 1 B 58 2L A R K W e 4
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WEEE ). MRS FEMERRECE, 8 MR 7
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860 m. XK i ARIRIN B B J ok,
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FFBNESE . 7R R A28 I 20 B 1 7 107 s i L
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e i 23 B B ER PR T RN 2%, A1 2 ML A
AR AN A S . AT 70 3R WO MERC 1~ 14T LA
S W IR B R R AT IR AR, S AT
A SIS PR 2 P B A5 3142 51 (Clegg et al., 1978).
AHIE 5% 2% B v v A AR T P B AR I s i A
B0 MRS T AR R R I 6 IS K. IRARH =/
HA K BRAAAR, EHEZERERRFM4 T E
T IF Ml T FEE /M, IRmIEFEEE. 4k
HMEY. F b, BAEE#D 70 FA, HAR
FHRRETE 51K 126 3 8 b 1 7 V2 R B ey B AELPDIR 26 A
T ML % (Hormaza and Herrero, 1996). & Z4AFHE
AR SEAT TN HERC TR TE k £Fe  , PRAE R B
PEREI Y 46 ¥y , FHZ #5008 & Pt ar it B &
F(Sari-Gorla et al., 1994; Ravikumar and Patil, 2004).
T 4 1R O O 2 PR i A PR, a2 B E AR
J7 k1 i PEAR SR IR R (Clarke et al,, 2004).

£ 4 AN[EFR SRR SRR
Table 4 Environmental factors at different altitude

J 3 — J7 5 1 R D B 5 H T 4 PR R 2 (Searcy,
1993) i £ ] N 32 (Searcy and Mulcahy, 1985).

3B
3.1 SEIRAF R

MORMELEE 3 ANKERG S Ah () S HAE ok Ak
O N SR Ny VR B N PR U B v o 0 NI S W S
ANKERE S b (R) it FEREFE Hb J7 2 i MK T2 /N R
BCRBWEH 2650 m MEFEEKTZ), KRG
5 R e 347 1 AT R RIKE R)FIVE 1
HAMPFIEEASE RE R 42A.

TR T~k 5 R 2R e B B AR T A4 2 - 2008 4E7E
A ZE PP R R 34 R/ INRR Y, JB e TE R 2% 28 7= AR R A
R A 2N I FHF, RO EG34//N RS RN A /1
34. 20094F, 7fzFa 3 N ERAHZE950m . Z A A
PR EMETCHARBIEAES SRS 2. B
B ANZE H(R4), DRMEDAFF AT RE R
DA, JFEHLLEFF A RAR N AEANE R A
RA2A, K REA 2N G R HERC AR SR DR AL IR
FEAR(CL R MIRR “IRBEREAR” ), BIA R42A//F534/
INRA(BL R TRIFR “NXBEAR” ). B RA2AINRE/
FA34(LA MR “XNEEAER” ), FE3IDNAFEEIK A
= Ao R B REA . 20104F, SRS T4
{3 A AR Ak S b T 4 th
3.2 R FiE

TEIANAN A HERR P AR IR AR AR 15 D02 » W41 250 m
PRI X 5 B T3 H28 HiEkFr, SH8H®#, 7-8H
ZARERhAR . WK1 860 miAE ARG IX R T3 H 15H #%
i, SH2H® R, 7-8H A RHIER. #E4k2 200 mi
M FEAFFEIX F45 2 T3H 1 HiER, 5SH4H B, 8
H 2R . SR BEARR A, SR AR 60K, %
PRI AE2000k L o 56 K IR B 5 24k
HH AR = A A

FHEL A IR (m) s 413 FEBRCC)  FHEEEUHYIRCC) O BIEX

Site AL (m) LOT LAT AAT (C) ATBH (C) Rice Region

44t & 2200 25°05' 102°36’ 13.2 16.5 i SRS [X

TJ Cold tolerance japonica rice
AL 1 860 25°01' 102°41' 14.7 19.5 ARG X

KM Japonica rice

35| 1250 23°23' 103°23’ 18.6 23.6 HIFE X

MZ Indica rice

VE: T B45 2 KM: B, MZ: 52 H; AL: #4R; LOG: 4 %; LAT: £6J%; AAT: “EI5Ji; ATBH: Z2 B AR A T 33
Note: TJ: Tuanjiexiang; KM: Kunming; MZ: Mengzi; AL: Altitude; LOT: Longitude; LAT: Latitude; AAT: The annual average
temperature; ATBH: The average temperature during at booting and heading stages
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AR PR AR KRR ME G 7 P DRI 2 R A

3IAMRELR

FANRS M 34 76 11 MR EEA W
B2 (R S), B LAAEE 1 A 5 8 B B R PR 1 iX
11 MBS, B3 8 NEMIR, wHE S
(cm). MK (cm). K (cm). FEZEK(cm). &k
BCRL/RR) « RORL B ORI/ 4550 (%) ERL 3 (Fl
SMRLHUREA), A3 AN EMR, WFREIt . Fi
FEAUEAT . R MR SRR RRE L, b
WA 1, BhridHh 2.

3.4 PCR i #r

K CTAB V42 iUt Jr & DNA. F >k B /KHE
12 gLtk 1) 200 X+ SSR SI ¥ HrsEAs, ik
HA AT 4 2GR i) 7 3 5l AR A AR 2745
PEo FIFIX 7 X6 51 Pt ok B AN R4 3% R 3 A
1750 PCR R NiAE FA 13 pL, H 2xpower Tap
PCR MasterMix 6.5 uL, ddH,O 4.9 pL, )5 5| 1%

5 PANEAR 11T MESHERIILLE

0.3 uL (10 pmol/mL), DNA #if% 1 pL (20~40 ng).
PHFERF: 94°C A, S min, 94°CAEME: 30s, 53°C
~61CiBK 30s, 72°CHEfH 50 s~1 min, 35 MEIF,
72°CHEAH 5 min. PCR F“WITE 2%~2.5% )35 g B ok
Jie b HK, BRSNS A
3.5 HARSG T4t
BRI R 2 R, ESERR
(Shapiro-Wilk), &F77(;")#:%:, Shannon-Weiner ¥
SRR VTR EU(H, =—2PinP), FFEIR A DPS 4y
WrtEgeit
TRLRGETE, B R B AR BRI i B 4
SEAIAE, HEANRAHHEMAKIL AN 0, 538
AR 34 WRAMFEAEA 1. 208 SR BB S
FEBI (L) EAT R A e, HE TRl s il 2317 s 2 15
KA AL 53 55

Table 5 Comparison of eleven morphological traits between two parents

PR INFRAR i 34 T 56

Trait Xiaomagu Nan34 T test
P B bR HEZE P BREZE T k3 fE WEN
Mean+SD Mean+SD T-value P

7S] 156.46+6.6 83.43+4.7 41.0 0.00

PH

S 39.06£6.1 29.26+3.7 6.2 0.00

FL

JiSS 26.49+2.7 22.88+2.7 4.2 0.00

PL

ESIS 12.54+3.4 -1.75+1.1 18.0 0.00

PE

FiimaRd 27.30+11.8 78.76+18.9 10.4 0.00

UG

JSY R 147.70+19.1 189.71+41.1 4.2 0.00

TG

ghisid 81.58+7.3 61.34+9.1 7.8 0.00

SS

ES 5.63+0.9 9.08+1.6 8.4 0.00

TSD

R %S it

TC Purple White

Bt -] A

GC Purple White

T ¥ H

TA No Yes
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