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Abstract
stage. [ Method ] With a recombinant inbred line (RIL) population derived from two Chinese winter wheat varieties Kenong9204 and Jing411

[ Objective | To research the effects of functional genes on root traits of wheat at different nitrogen and phosphorus levels at seedling

as the research mateirals, we studied the root morphology at seedling stage under normal nitrogen (CK) condition, low nitrogen (LN) condi-
tion, and low phosphorus condition. Genetic effects of ten known genes on root related traits were studied using the corresponding functional
markers. [ Result] Glu-A1, Glu-B1, TaCwi-Al and Psy-B1 were significantly correlated with root morphology including main root length, root
volume, root area, tip number and the total root length under CK and LN conditions. These effects were distinct to some extent under different
nutrition conditions. PPO-A1 are significantly correlated with root morphology under LP condition. Rhi-B1b and Rhi-Bla were significantly
correlated with the height in seedling stage. Glu-A3, TaSus2 and Pinb did not have any effects on root morphology at seedling stage. [ Conclu-

sion] This research provided theoretical foundation for the rational fertilization of wheat.
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Table 1 The 15 functional markers of the research

SR Fit SIS (5-3) 5P H 78
< . . . Target fragment Chrom.
Gene locus Marker Primer sequence information Allelomorph bp
. o, Forward ; TTCTCTGCATCAGTCAGGA By9 662 1BL
Clu=B1 ZSBYSaF /RS verse: AGAGAAGCTGTGTAATGCC nonBy9 707
- s Forward : ATGACTAAGCGGTTGGTTCTT Ax2* 1319 1A
v x Reverse : ACCTTGCTCCCCTTGTCTTT
Chumt3 CluAl LA3F.TTCAGATGCAGCCAAACAA Glu—A3b 894 1AS
u UASD SA2R.GCTGTGCTTGGATGATACTCTA
CluA3 LAIF:AAACAGAATTATTAAAGCCGG Glu—A3a 573
uadac SA3R.GTGGCTGTTGTGAAAACGA Glu-A3c¢
CluA3d LA3F.TTCAGATGCAGCCAAACAA Glu—A3d 967
A SA4R . TGGGGTTGGGAGACACATA
4 Forward : GGTGATGAGTTCATGGTTAAT TaCwi-Ala 402 2AL
TaCwi=A1 Cwi22 Reverse : AGAAGCCCAACATTAAATCAAC
Forward : GTGGTGATGAGTTCATGGTTAAG - 404
cwizl Reverse: AGAAGCCCAACATTAAATCAAC TaCuwi=A1h
. PR Sus2—SNP-185 . TAAGCGATGAATTATGGC Hap-H 423 28BS
TaSus2=2B  Sus2=SNP=I85/589H2 g 5 oNp- 58912 GGTGTCCTTGAGCTTCTGG
Pinb-D1 Forward : ATGAAGACCTTATTCCTCCTA Pinb-Dla 250 5DS
i Reverse : CTCATGCTCACAGCCGCC
Forward : ATGAAGACCTTATTCCTCCTA Pinb-D1b 250
Reverse ; CTCATGCTCACAGCCGCT
— — Forward: GCCACAACTTGAATGTGAAAC Psy-Bla 151 7BL
5 Reverse: ACTTCTTCCATTTGAACCCC Psy-Bl1b 156
S Forward : GCCACCCACTGATTACCACTA Psy—Ble 428
Reverse: CCAAGGTGAGGGTCTTCAAC
PPO PPO33 Forward : CCAGATACACAACTGCTGGC Ppo—Ala 380 2AL
Reverse: TGATCTTGAGGTTCTCGTCG Ppo—Alb
Forward : GGTAGGGAGGCGAGAGGCGAG ~ 237 4B
Rhi=Bla BF-WR1 Reverse ; CATCCCCATGGCCATCTCGAGCTG Rhi=Bla
Forward : GGTAGGGAGGCGAGAGGCGAG Rhi-B1b 237
Rhi=B1b BF-MRI Reverse; CATCCCCATGGCCATCTCGAGCTA
2 RS W Glu—-A3d, 5T 411 7E Glu—A3 P& I 2 Glu—A3a L F

2.1 R 9204 AT 411 WERB S 15 N IhfeiricE

Glu-A3c, B 9204 1£ TaCwi-Al BAG REARR T 1Y TaCwi-

Bl 9204 Fimt 411 sh P R LA 1, PR EoR, &
Iy FEEREA TR Glu-B1 JIREhRiC ZSBy9aF1/R3 7ERHK
9204 4K 662 bp H 1 KB, 7E 5T 411 14 1 707 bp
W B S5 6 sy FRZZ AR 8 SDS-PAGE 45 5L, B4k 9204
FE Glu=B1 [SE 3L & 7+9, 5% 411 76 Glu—B1 {55 LA
Jg2+12, [FIBE, BhAC 9204 7E Glu—A3 (25 FE & Glu—A3b

Alb ZEfi 5 411 7E TaCwi—Al ELAG ¥R 19 TaCwi-
Ala ZEOHE R . FHR 9204 7F TaSus2-2B EATHE TR0 5 1)
S AE AR, M5t 411 7€ TaSus2-2B EATREA E AR
SRR, BEAC 9204 TE /N F2 R A FE (1% 5C B R TR A7 A
Pinb=D1 Z5( 5K Pinb=D1b, 5% 411 FEi2 A A5 5 B
g Pinb—Dla, B4 9204 50 411 fE/NA2 ¥ 6 R & ik 5L A



46 %21 31 TikEF

Fr AR B A E AR B RARF TR AR R

57

Psy=B1 {5 (i3 K 53 5 & Psy—B1b Fl Psy=Ble, i #45 F
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411 HRIIE] 237 F1 237 bp i H Y H B, F IR 9204 A5t
411 #£ Rht-B1 {7 g 5507 FEE 43 & Rhe—B1b Fl Rhi—Bla,
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7 : M. 100 bp marker; 1. ZSBy9aF1/R3;2. Ax2" ;3. GluA3b;4. GluA3ac;5. GluA3d;6. CWI22;7. CWI21;8. Sus2—-SNP - 185/589H2;9. Pinb-Dla;
10. Pinb—D1b;11. YP7B-1;12. YP7B-2;13. PPO33;14. BF-WR1;15. BF-MR1
B 1 15N IhEEFRICTERIA 9204 F07R 411 FhEYH 4R
Fig.1 Amplified fragements with 15 function marker primers in KN9204 and J411
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Hro HIFE 2 W41, Glu—B1 Ax2"  Glu-A3 TaCwi—Al F1 Ta-

Sus2-2B v 15 7E 188 4~ KI-RIL % R 454 114385 ool s
Psy-B1 Fll PPO 3£ 2 4N 5 78 188 4> KI-RIL K R P ARG
1153 o) i BB i i 5T 411,
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Table 2 The statistical analysis of the ten genes in the KJ-RIL population

L SrEH
C%en[ﬂes KN9204 Ja11 Miss Chi—sﬁﬁiﬁv alue P>0.05 P <0.01 Segrezg?t:itl)r)l ratio
Glu—B1 80 101 7 2.44 vV Y
AX2 81 107 0 3.59 Vv vV
Glu-A3 95 76 17 211 Vv 2
TaCuwi 83 87 18 0.09 VvV VvV
TaSus2 83 103 2 2.13 Vv VvV
Pinb 98 74 16 3.35 Vv v
Psy-B1 71 110 7 8.40 Vv x
PPO 50 86 52 9.53 Vi x
Rhi—B1b 86 95 7 0.45 Vv vV
Rht—-Bla 80 99 9 2.02 v vV

TV BRI R T G2 RMIEE B, P>0. 05 Zm Xt B IFRICTE KI-RIL 58 &5 8 HLOIAE & 11820 8 HUAR, R0 BT Hh ARV o s P<

0. 01 FIr X B AIARICTE KI-RIL ZR 708 B 1 LIS 85 LUAE, 7E 708 Le s h T X7 Fom

Note:“\V/” indicated the detection results of corresponding Chi-square statistics, P> 0. 05 indicated separation ratio in KJ-RIL of corresponding marker accor-
ded with 1:1 theoretical separation ratio, which was denoted by “V/” ;P< 0. 01 separation ratio in KJ-RIL of corresponding marker did not accord with

1:1 theoretical separation ratio, which was denoted by “x”

2.3 AEAEBIHEEERFEITR R RO

2.3.1 EATEEREN Clu-Al, HE 2 7%, T, K CK
SRR ARME 9204 Glu—A1 207 L AX? 52558 /I
FARRRB MR, LN &0 T B /N E R R RRLT, |
T, AbBEPGFIEH AL ] B RS B 22 7 (A (ol 35 —3k,
I,k AR 9204 S5y T-REEREAIER Glu-A1 IERFER
AX? HH1 CK FI LN 508 FHIARILL B LN Z50F T AR AL,
2.3.2 EATEEREN Gu-Bl, WK 3 FHL,T, AT, 4
HCK 04 F K TRHK 9204 Glu—B1 FYZE A7 3R 7+9 41

XFFRC 411 1Y 2+ 12 3 REAR/ N E R R SRS AR A AR
PFH; 538k, CK S5 R BRI, LN Z5 40N B bk e L AR
K AR AAE T, Ab PR P R A ] 22 53 B 3 (AL AE T,
T, bR, I, mor TR EAE N Glu-
B1 (REEA LN 7+9 FHXF 2+12 W R CK 40F F/NER &R
SR MR TR AR, DA K LN 5 AR R AR AR B LA B it
Witk o

2.3.3  YNMuREG LG TaCwi-Al, & 4 A7, T, kb3
CK FI LN ZF , AHXE T 51 411 3 DRLEE Y TaCwi-Ala 5547
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Fig.2 Genetic effects of Glu-A1 in different treatments on root related traits
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Fig.3 Genetic effects of Glu-B1 in different treatments on root related traits

(9%} B
= =)

=)

EARK

Main root length [/ mm

—_
(=

OCK—TI LN-T, LP-T, (K-T, LN-T, LP-T, CK-T, LN-T,
43245 Treatment code
TE: A RGBS C RIS
Note: A. Main root length;B. Total root length;C.

2 500
2 000
1 500

%)
1 000

Total root length /| mm

w
(=3
=

KT TN, LT, CR=T, LT, LB, G-, LV,

#3245 Treatment code

Root tip number

3000

2500

—_ N
W
(==
==

1 000

AL # Root tip number

w
[=3
=

ORI, TP-T, R, IT, 1P-T, R, IV,

K32 45 Treatment code

4 ‘RRAEEREILER TaCwi-Al EE IR R MRS E MM

Fig.4 Genetic effects of TaCwi-A1 in different treatments on root related traits



46 821 4 THhAE Dk

AR 3t F IR B R KR T AR R R 09 ¥R 59

B ok A TR 9204 HATREICR AN TaCwi-A1 554
FEH TaCwi-A1b 7] b 2458 5 /N AR RARSFO EARK, Horp
HRASEUAE T, A1 T, AbFH A 34— 20, H AR ZEAIRAUIT
BRI N RRIE 22 AR, T, AbHi LN 54, TaCwi-Alb
FHXFF TaCwi-Ala W] HE 5 BAR K AR R EL I, A X T
TaCwi-Ala , 20 il BEFE AL TG TaCwi-Al 2547 32 TaCwi-Alb
RN CK 40 F /AR R AR ARI%R, DL LN 2%
TR EAR K ARREL

2.3.4 EEETESN Psy-Bl, thHE 5 0[5, T, AT, ghrE
o CK F1 LN 254 F , #HX T2k A 5L 411 (% Psy-Ble, >k HF
Bl 9204 Psy-B1 ZENIE A Psy-Blb BEHI/NER R E
i8IS
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Fig.5 Genetic effect of Psy-B1 in different treatments on root

related traits
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PREIIR R I CK ZF T T, 4B 85K [ BR A 9204 8
TRE L BAAE R D BEARIC Sus2—SNP—-185/589H2 il & £ AR
KBEHAR, 5T, T, AR —2;

AT TR A F oL 411 TIARICRIZ FR , fF LN F1 LP 4%/
T T, Ab3r SR AR 9204 1 Tk E A% B D BEARIC
Sus2—-SNP - 185/589H2 [ 5% /N Az M A& I AR AR R L AR
K RREE E AL, T, T, bR RN —3, L,
TR A L R TaSus2 AR R 5L 2%, HAEAS R BR 58
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B Psy-B1 AN Iﬂ#ﬁ%lﬁmﬁﬁﬁ@ﬂ#?@—ﬁ%ﬂril/J\
EMAMFRK . XKV E 5 FHEA Glu-Bl Glu-A1,%
W4 AL PPO 8 (038 & i L [R Psy—B1 S5 BR5E M /INAZ 8 43
THEAE G ZWEALREYE AR S ®IN X/ NERR
M AR —E IR

HIANA BRI, N2tk a5 AR 2R A OG, TZ
WRZHEEZ AT Rhe—B1b 1 Rhe—Bla X i bk = 344
S HXAR R — RANPRIRTC A st AL 806, 3R /NEE
MR ZIERTHER Rhu—1 5200

% 0k
(1] ABess, B2, L 5 IR AT sTet iR [T, LI 2, 2012(18)

206—-209.

[2] CUI F,ZHAO C H,LI J et al. Kernel weight per spike; What contributes to
it at the individual QTL level? [J]. Molecular breeding,2012,31(2) :265—
278.

[3] ANDG,SUJ Y,LIU Q Y,et al. Mapping QTLs for nitrogen uptake in re-
lation to the early growth of wheat ( Triticum aestivum 1.. ) [J]. Plant and
soil ,2006,284 .73-84.

[4] CUI F,FAN X L,ZHAO C H,et al. A novel genetic map of wheat : Utility

for mapping QTL for yield under different nitrogen treatments [ J ]. BMC
Genetics,2014,15:1-17.

[5] S%fH, TR, SLIHME, . DHREPRIC AL b e AR Bl & P i p
HRRLI]. - FAEYE TR, 2009,7(3) :612-618.

[6] S5, MRt 5. I IRS R SRl Ay A AR AL A A HOR S
E/NE IBL - RS SrRLT]. VEYr#R,2010,37(3) :563-569.

(7] S, A= RN, 5. /)N Wx-A1 A0 Wx-D1 (iS5 PCR 4315
1C[J]. Z 25 B, 2005,25(1) :1-5.

[8] BAGGE M, XIA X C, LUBBERSTEDT T. Functional markers in wheat-
Commentary[ J ]. Current opinion in plant biology,2007,10(2) ;211-216.

[9] ELLIS M H,SPIELMEYER W,GALE K R et al. “Perfect” markers for the
Rht-B1b and Rht-D1b dwarfing genes in wheat [ J ]. Theor Appl Genet,
2002,105(6/7) :1038-1042.

[10] HE X Y,HE Z H,ZHANG L P et al. Allelic variation of polyphenol oxi-
dase(PPO) genes located on chromosomes 2A and 2D and development of
functional markers for the PPO genes in common wheat [ J ]. Theor Appl
Genet,2007,115.47-58.

[11] HE X Y,HE Z H,MA W et al. Allelic variants of phytoene synthase 1
(Psyl) genes in Chinese and CIMMYT wheat cultivars and development
of functional markers for flour colour[ J]. Molecular breeding,2009,23;
553-563.

[12] HE X Y,WANG J W,AMMAR K et al. Allelic variants at the Psy-A1 and
Psy-Bl loci in durum wheat and their associations with grain yellowness
[J]. Crop science,2009,49(6) ;2058—2064.

[13] JIANG Q Y,HOU J,HAO C Y et al. The wheat( T. aestivum ) sucrose syn-
thase 2 gene( TaSus2)active in endosperm development is associated with
yield traits[ J ]. Functional & integrative genomics,2010,11(1) :49-61.

[14] MA D Y,YAN J,HE Z H et al. Characterization of a cell wall invertase
gene TaCwi-Al on common wheat chromosome 2A and development of
functional markers[ J]. Molecular breeding,2012,29(1) :43-52.

[15] MA W,ZHANG W,GALE K R,et al. Multiplex-PCR typing of high mo-
lecular weight glutenin alleles in wheat[ J]. Euphytica,2003,134(1) :51-
60.

[16] LEI Z S,GALE K R,HE Z H,et al. Y-type gene specific markers for en-
hanced discrimination of high molecular weight glutenin alleles at the
Glu-B1 locus in hexaploid wheat[ J]. Journal of cereal science,2006,43
(1) :94-101.

[17] RAGUPATHY R,NAEEM H A,REIMER E,et al. Evolutionary origin of
the segmental duplication encompassing the wheat GLU-B1 locus encoding
the overexpressed Bx7(Bx7°" ) high molecular glutenin subunit[ J]. Theor
Appl Genet,2008,116(2) :283-296.

[18] LI G Y,HE Z H,PENA R J et al. Identification of novel secaloindoline-a
and secaloindoline-b alleles in CIMMYT hexaploid triticale lines [ J ].
Journal of cereal science,2006,43(3) ;378386

[ 19] s, BEEAR, SRR, 55, —PhPudiesdiy DNA $2B05 5[ 1], 22
RIEYpA1,2011,31(3) 1437-442.

< < 0 < 0 <

) MBI EERE B
B AR HEE GB/T 15834—2011 JRAT, AR 7 1K (BT 47 2 6) o 9S54k mea@%mw'rﬂ*

BT S —" PR ORAUR” ~7) FIRREE -7 AR . Bt 5 PR e BOBUE R, o 2 DT B —
TN LT B R SRR TR, A B LR BT AR SO AR e ( ﬁl]‘(fﬁ JAAIESE) ,

ST AXEE RN UM SCF P, —F4 " —" (RAES ~7) TR R ARSI (A a] Mk 45 ) sk k. Bl
1949—1986 4, b5t — Rk A A . 2% OIS RS I =7 o Lk A Beim 41, sl T e 5 W 4 Fk 5 0T ¢

AT 5 B, BT T3 ek A 1AT iR RS REAR SRS S o SN SO A5 ( Dash) 197 5 5 m 58, 35K m Dash,
HARES OO PR SRS o SN SCHE ARG 25 (hyphen) o oAt XETFIR IR 97 5 9 m 7 B i —2f M5 F 30
Azﬁivﬂ’]}ﬁ{i ST IFE T E S m SRR 13 R TR SO iR I

C e e e Y Y Y ) A Y e e ey Y e A Y Y Ry g R A A v v v OV



