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Identification of Tolerance to Low Phosphorus Stress
in Wheat-relative Addition Lines and Location of
its Related Genes on Chromosome
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( College of Life Sciences ,Henan Agricultural University , Zhengzhou 450002)

Abstract ; Seventy alien chromosome addition lines of wild wheat-relatives at the seedling stage are screened in
this study to identify their tolerance to low phosphorus stress under phosphorus-deficiency and phosphorus-sufficient
conditions. On the basis of relative-biomass examination of young shoots and roots, phosphorus efficiency , phosphorus
uptake efficiency and phosphorus utilization efficiency,the addition lines related to high phosphorus efficiency were
identified and the related genes are located on chromosome 4H of Hordeum vulgare and TE of Agropyron elongatum
(Host) P. Beauv. Genes related to accelerating root growth are located on chromosome 6E of Agropyron elongatum,
1R and 6R of Secale cereal 1.. ,4U* and 6M* of Ae. geneculata and 4S” of Ae. variables. In addition , genes related to
high phosphorus uptake efficiency and phosphorus efficiency are respectively located on the alien chromosome 5S of
Ae. speltoides and 4V of H. villosa. For wheat improvement and understanding of molecular mechanism of tolerance to
low phosphorus stress, these genes can be further introduced into wheat by inducing alien chromosome segment
translocation between wheat and wild relatives.
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Table 1 Relative biomass rates of wheat-wild relatives addition lines under low phosphorus stress
‘ i SR o A fﬁxﬁi%%(% ) Relative biomass
PN REAN R Alien 1 e i RETE R MR BERCR
Addition lines Wild relatives chromosome Shoots Roots Root Root Phosphorus
weight weight length volume efficiency
368 A A7 IE 50.0 72.0 162.4 60.0 91.9
444 KA E A 7 2F 42.3 95.7 157.3 62.5 85.6
411 KA E A 7L 3E 77.8 150.0 109.9 60.0 88.7
361 A A7 4E 55.1 100.0 77.4 55.6 89.4
324 KA EAE 7 5E 79.5 178.6 111.2 200.0 85.4
332 A A7 6F 66.0 207. 1 148.7 400.0 80.0
328 KA E A 7 7E 68.9 147.4 139.6 250.0 87.5
416 HEHE Y 42.6 95.0 78.8 80.0 85.8
423 HEE 2V 36.1 100.0 112.4 120.0 83.6
322 HEE 3V 34.8 100.0 92.6 140.0 81.1
K307 HEE 4v 123.8 340.0 182.5 400.0 84.3
369 MR 5V 41.4 90.5 107.0 42.9 86.6
371 HEHE 6V 43.8 100.0 152.4 100.0 86.2
418 HEE 7V 62.5 120.0 107.9 100.0 90.7
K291 K 1H 61.9 214.3 181.3 250.0 80.2
320 K& 2H 31.5 111.5 149.7 90.0 72.6
362 KR 3H 48.2 164.3 164.9 166.7 79.2
373 K#E 4H 57.4 171.4 132.0 225.0 80.5
352 K& 5H 49.6 135.7 123.1 150.0 84.5
314 K 6H 75.6 172.7 129.9 100.0 86.8
325 K& 7H 38.0 114.3 221.8 33.3 83.6
316 W E R 1R 59.0 172.7 212.3 200.0 81.6
408 R A 2R 74.4 161.5 126.1 160.0 86.2
355 TE B 3R 22.3 69.0 130.9 88.9 77.1
351 THE R 5R 31.8 100.0 157.9 66.7 83.0
342 TE R 6R 50.0 176.9 176.3 450.0 79.1
334 THE R 7R 35.8 119.0 165.4 200.0 76.4
397 wmk 1R 63.2 176.9 87.2 250.0 82.2
394 wE 2R 63.8 144. 4 177.4 66.7 85.5
393 B 3R 40.9 113.6 83.5 100.0 82.6
381 mik 4R 58.3 190.9 143.6 116.7 82.6
345 BE 5R 51.5 138.5 153.9 75.0 83.4
389 wmk 6R 88.2 177.8 140.7 350.0 89.4
430 wE 7R 37.7 70.6 103.2 40.0 90.8
366 R A 108 128.1 255.6 165.9 200.0 88.0
367 PRI A 20U 25.9 94.1 221.5 150.0 78.5
409 GRAE L A 3U¢# 54.4 128.6 103.1 100.0 86.0
443 ORI A 4U# 83.5 200.0 152.5 275.0 85.8
% 147 R SITE S 5U¢ 44.9 154.5 152.1 166.7 82.8
440 R A 6U® 53.6 146.2 47.6 125.0 84.6
441 PRI A 7Us 38.0 200.0 144.6 175.0 82.0
401 PRI A 1M# 39.8 80.8 109.7 72.7 87.5
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IIES RGN A Alien B WRETE SIS HRAKFN [ ES
Addition lines Wild relatives chromosome Shoots Roots Root Root Phosphorus
weight weight length volume efficiency
414 RSN 2M# 53.6 117.6 120.7 50.0 86.4
K195 Py ITE SN 3M# 46.8 85.7 104.7 66.7 88.6
K222 BRIl AR 4M® 34.9 92.0 109. 4 75.0 82.4
358 P YT E SN 5M# 50.8 100.0 143.6 71.4 89.3
372 P YT E SN 6M® 51.7 123.5 132.8 150.0 85.3
420 [irEAIESE TM# 62.1 133.3 169.9 80.0 87.8
K155 U /R FG LA 1S 66.7 181.8 181.7 80.0 87.7
K303 7 R FE L2 28 40.3 83.3 97.1 100.0 84.6
438 T LR FE LR 38 21.4 55.0 67.0 100.0 84.7
399 U /R FG IR 58 65.6 200.0 119.1 200.0 82.6
383 T HRFG I 6S 2.7 152.4 154.7 90.9 79.3
339 T LR FE L E R 7S 66.0 138.5 141.2 140.0 89.0
406 VEAlIES 1Y 41.6 94.1 102.0 66.7 87.8
375 VEAIIES 20" 67.9 170.4 144.6 116.7 85.3
363 VEAIIES 30" 41.5 114.3 224.1 4.9 84.8
377 VEAlIES 4U" 59.7 118.2 127.1 100.0 89.1
K257 VEAIIES 6U" 43.5 105.6 145.1 50.0 84.7
% 129 VEAIIES 70" 38.4 100.0 86.3 75.0 83.0
410 VEAIIES 18¥ 42.4 125.0 112.4 80.0 81.9
% 194 VpallE 28" 48.6 88.9 109.5 80.0 89.2
398 VEAIES 38Y 100.0 262.5 131.8 200.0 83.3
379 VEallE 48" 154.1 314.3 236. 1 75.0 85.8
% 275 VpallE 58" 45.8 136.4 85.1 100.0 79.3
384 VEAIIES 7S¢ 37.4 71.9 111.5 66.7 88. 1
433 BRI 4H 45.8 178.6 115.2 200.0 76.5
442 BRKRE SH" 39.7 73.7 112.4 85.7 90.2
429 BRKRE 6H" 43.2 117.6 211.7 150.0 85.9
424 AR 7HS 90.5 183.3 126.4 66.7 87.5
A — — 39.3 100.0 161.8 80.0 85.3

R (2 0y) JEEZE (1 ) Al /RFEI0 5 (1
) o B EKRRIERRE, 18 MMk ok A5 4
g 6 [MRBEN R Z , 25 5 A, HUOEE 1 [AE#
(3 13) TR 5 [RIVEAE (2 1) AR FIRAE (2 3.7) %%
11
2.2 SEiF&ER
2.2.1 FRMWHEREXEHE  AATE 18 MERIMAR
HEFT B TN 3 PR 2 7 BT, SR FH R AILIX %0, 3
23, MRS ESRNE2,

MFE 2 AT LUE Y, 75 SR AL 31T /IN22 Vi
TEBMR YR DA 7 AR EES,

i 5 A S EH 2 RR R E KO TR
INZEAR R HARABXT A= Py i = T B A, o e Ay
18 AN Z AR ZR AT A A A 4 B b b [ R
A 8 AN KB E K 1T T E RO b A S A
AR 6 A3k B3 KOV AR A A= P L
FEF WA 10 NMRINER A 3 MR8 EKT,
ZEA 4 T U R AR X AR B, BRI &R 373,
328 Fi1366 Z/A7 3 Hidghn 5 E A 10 2= 7k ) i
K 1BV R R IR 3 A4 L, 373 328
F1366 AN YL AR 53 IR K7 40 K E A &
TE FERFRILER LU, G, W1 4H 7TE Al



414 FEIIEE « /INZZ SR I I R B A bR s B R PR e € A for 715
2 MNEBEEZMERMRARAERBENEYE
Table 2 Relative biomass rates of wheat-wild relatives chromosome addition lines under low phosphorus stress
—— - A AN AP0 (% ) Relative biomass
- MY R MR LSS
Addition . B2 e Hey WAETH Hev Hev Herr
lines Alfen chromosomes Shoots weight No. Roots weight No. foots No. froots No.
weight length

373 KFE4H 104.2%* 1 166.7* * 2 250.0" * 1 136.6 6
328 KH{EE 7 TE 70.5%* 2 140.0* * 6 138.5" 6 178.0" * 1
k307 REE 4V 68.8** 3 145.5** 4 100.0 13 136.2 7
399 PETL/RFEINFERSS 67.0%* 4 151.6** 3 115.8 11 107.5*" 19
366 EESIES A I 65.6** 5 141.7%+ 5 200.0** 3 124.5 12
379 R AIIE SRy 56.3 6 125.0 8 166.7** 5 121.4 15
316 W E B IR 55.3 7 100.0 15 112.5 12 136.0 8
b E A — 54.7 8 112.0 12 80.0 18 130.9 11
375 AR 20" 54.3 9 111.1 13 87.5 17 133.0 10
372 UL B 6Me 46.3 10 121.4 10 212.5" % 2 133.4 9
397 B IR 44.5 11 124.2 9 171.4%* 4 158.2%* 2
389 B 6R 42.9* 12 83.3 % 17 72.7 19 113.3 18
324 KAEEE R SE 42.6*" 13 96.2 16 88.9 16 145.0 4
381 B4R 39.3% 14 126.1 7 100.0 14 143.3 5
398 Gy 1L ERE 38" 37.3% 15 71.4% 18 120.0 10 123.1 14
443 iR SITES A UL 35.1% 16 103.6 14 120.0 9 154.2%* 3
342 Wi R 6R 34.8% 17 114.8 11 127.3%* 8 120.7 16
332 KAEEA 7L 6E 31.6% 18 169.2% * 1 133.3%* 7 118.6 17
k291 K 6H 26.97" 19 66.7%" 19 100.0 15 123.1 13

/N 22RO (LSD) WS, X B R 2 ik B 5% BEKCE; + PR THEE; - CPHBRTEE

* + By the method of least significant difference( LSD)test,the difference with Chinese spring reached 5% significant level, + ; The average is higher than

Chinese spring, — :The average is less than Chinese spring
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93% , 5 G 46 A R e — 30 HUR | AR R I 0k
AT AIRBE N0 52 A AR A SRl Ak $HL T A R ol R WA
AT 8 FERT IR 30% LLF A —2F AR YR
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MRINZE A 13 143 (72. 2% ) B WCR AN LT
w399 375 373 Hl 316 W W R AR X AR
YRR R EFR 3 LA L, BeAh, R e X
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AEXS Ay B G T b AR AR 15 DS IR
WA AR AN 4278 33 1R, o a3 im & K291 19
R FH 3 A A B SRR IR 42%



716 Mo o fE

17 %

x3 ME-HFEFREZHERMABBRBERIFAEEANEYE

Table 3 Rates of phosphorus uptake efficiency and utilization efficiency of wheat-wild relatives addition lines under low

phosphorus stress

FHXF A= 48 (% ) Relative biomass

IAIES SN A &S BEFI I BERCR
Lines Alien chromosomes Phosphorus uptake ﬁF Phosphorus ¥ Phosphorus H
efficiency No utilization efficiency No- efficiency No-
399 T HRFBIL AR 5S 29.6 1 101.2 3 84.3 17
375 Gy IR 20U 26.8 2 51.4 16 89.2 7
373 K 4H 22.1 3 139.7 2 92.7 1
316 WESE IR 20.9 4 68.9 10 90.9 2
397 BEIR 20.4 5 52.1 15 83.8 18
389 B 6R 15.7 6 57.2 13 90.9 3
328 KAEA 7L TE 14.9 7 92.7 4 89.4 6
379 SHAR I 48 12.1 8 82.5 6 86. 4 12
342 HEEY. FI 12.0 9 50.0 17 85.5 15
k291 K 6H 11.3 10 42.0 19 89.7 5
366 SRR IR 1Us 9.7 11 68.8 11 88.8 8
324 KEZEZ R SE 9.5 12 74.1 8 87.6 10
372 IR SE B 6Me 7.8 13 72.2 9 85.5 16
443 PRI E B 4 U 7.3 14 49.8 18 85.6 14
A 7.1 15 85.2 5 88.6 9
332 KIEEZ R 6K 6.5 16 59.5 12 81.4 19
381 B AR 5.1 17 79.5 7 86.6 11
398 SR I 38 3.7 18 55.5 14 90.7 4
k307 B4V 1.1 19 209.7 1 85.9 13

LR 3 B URINZ 373 F 328 TERESCE
W S5 Tl 1) FH 238 4% T T AR A0 T o L 4 5 399 FE
W SR AN A R 2 7 T S5 IR 57 K307 7E 8% A
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