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Genetic analysis of WSC’ s accumulation and transport characteristics in
different vegetative organs in wheat natural population under drought stress
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Abstract: A natural population composed of 165 wheat cultivars/lines was used to study genetic characteristics
of water soluble carbohydrates (WSC) s accumulation, transport rate, its contribution to grain mass, and the grain
weight of the main spike at the different growth stages, as well as the correlations between the target traits under
drought stress (DS) and well-watered ( WW) conditions. The results showed that under the two types of water con-
ditions, the phenotypic variation of each trait in the natural population was extensiveand the coefficients of
variations ranged from 7.11% to 68.55% under DS and from 9.50% to 57.37% under WW. The diversity index var-
ied from 0.61 to 0.93 under DS and from 0.62 to 0.88 under WW. The heritabilityvariedfrom 0.24 to 0.53. The phe-
notypic value of each target trait was significantly affected by the developmental stage, the organ and the water envi-
ronment( F=1.95"" ~32 775.74" " ). WSC content was significantly affected by developmental stageand organs( F=
32 775.74% 7,11 223.18" " ) , WSC transport rate was significantly affected by water environments (F=245.07"",
274.61" "), and WSC contribution rate to grain filling was significantly affected by organs (F =1 482.96" ",
390.15" ). There was a significant or highly significant positive correlation between the WSC content and grain

weight per main spike in the middle grain-filling stage (r=0.15"" ~0.36" "), with higher correlation coefficient un-
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der the DS (r=0.21"" ~0.36" " ). The phenotypic variation coefficient, diversity index and correlation coefficient

with othertrait phenotypeof WSC-related traits reached the highest in penultimate internodes. Based on the cluster a-

nalysis of WSC-accumulation-related traits in penultimate internodes, 15 accessions were selected with higher WSC

content in grain-filling stage and higher WSC remobilization rate and contribution rate in pre-anthesis stage.

Key words: wheat; natural population; drought stress; WSC accumulation and remobilization; genetic diversity
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Table 1  Wheat accessions
Ui Origin FEL Accessions

Jt5C Beijing

JL5 8686 Beijing 8686 ; 51k 10 5 Hanxuan 10; #21% 987 Lunxuan 987; 5 411 Jing 411; 514 8 5 Jingdong 8; 5175 8 5
Jingdong 8; 578 17 5 Jingdong 17; 5U 7R 22 5 Jingdong 22 ; 5{ A 2 5 Jingshuang 2 ; 17 175 Zhongmai 175 ; 1 7 553 Zhong-
mai 553 ; F1 9507 Zhongyou9507

Hif Gansu

21 -30;1389 -F—-2;22-23;C78-3-6-1-3;C42-2-3-3;C49-1-1-1-2;A80-4-2-1-2-1;C53-3-2-1-1;
0025 -17-1;99384-2-1;H-4-2-2-1;B160-2-2-1-1;C42-2—-1-1;E71-2-6;C47-1-1-2;B17-2-3-1—
1-2;C42-2-3-2;C55-8-1-3-1;70410;C72-6-1-2-1;980-4-1-1-2;0052-1-1-4-1;988-4-2-4-1;
0052 -11-2-3;A23-4-3-4-1;E69-4-1;A8-4-4-2;C28-5-1-3;C72-1-3-2-2;C14-14-1;E72-2-2;
9984 -3-2-1;C55-3-1-1;B11-2-3-1-1-2;0052-13;B61 -2-3-2-1;A80-3-2-2-1;1-4-8-1;C55-3
-1-2-1;B61-2-1-2-2;C47-1-1-1;C130-5-1-1;A80-3-1-1-1;B17-2-3-2-1;0052 17 -2 —2;Dd52
-17-3-2;1-1-2-7;0052-12-7-3;0052-1-4-2-1;A80-4-1-1-1;C42-2-3-1;0052-17-2;27 —1;0052
-12-1-2;00-71;A88-4-2-4;A80-3-1-1-3;29—2-2;0052-1-4-1;0052-1-6-1;9840-0-3-3;9840-0
—3-2;0052 —1-3;1R11;94164 —1;9840 -2 —3 —15;4 03 —07; 5% Z Baiqimai; fJi %t 01 Hangxuan 01 ; i1 121 Hangxu-
an 121; 223 1 %5 Lanxuan 152K 4 5 Lantian 4; %K 11 Lantian 11; %% 13 Lantian 13;>%2K 15 Lantian 15; %K 36 Lan-
tian 36;[92%‘-’5 35 Longjian 3;[9)22—&4 = Longjian 4;[9)2% 103 Longjian 103;[9’22—% 104 Longjian 104;@2% 108 Longjian 108;[9)2
%110 Longjian 110;[9)2%% 111 Longjian 111;[%% 127 Longjian 127;[9)2%@ 169 Longjian 169;]9!2%% 196 Longjian 196;[@2% 294
Longjian 294;[9)2%; 301 Longjian 301 ,[yz%i 385 Longjian 385;[9)2%? 386 Longjian 386;[9)2%? 387 Longjian 387;@2?{ 079 Long-
mai 079 ;%% 838 Longmai 838 ;B 7 844 Longmai 844 ; JEH 5 5 Longyu 218; B & 036 Longyu36 ; [Z Ji 218 Longyuan218 ; [
Ji 937 Longyuan 937 ; B J5 961 Longyuan 961 ,[QE‘:F' 15 Longzhong 1 B2 5 Longzhong 2; L 15 Longzimai 1 (TH
55 Ningmai 5; UK 151 Pubing 151 JTEA 3 Qingnong 344 Qingnong4;?jﬁzlll 782 Qingshan 782; K% 51 Tianxuan 51 ;387
218 Xindong 18; P45 16 Xifeng 16; P45 20 Xifeng20

A4t Hebei

% 68 Jinmai 68;3 601 Cangmai 601 ; B 4589 Han 4589 ;i 95 Heng 95 ; ffif 7228 Heng 7228 ; i/t 18 Hengyou 18 ;3137
32 Jimai 32; 41 4185 Shi 4185; A%< 8 5 Shijiazhuang 8; 477 12 %5 Shimai 12; A1 13 Shimai 13; PUBZL# 3k Sileng-
honghulutou

VR Henan

#2218 Yumai 18;

ZE[E America

1R8;1R14;1R20;1R19;1R6;1R5;1R1;1R39;1R38;11R27;1R25;1R26;1R2;1R17

1175 Shandong

1114€ 24 Shannong 24; Bk 5 5 Changle 5; %% 21 Jimai 21; 875 1 5 Lude 1;83 1 5 Lumai 1;%3 14 Lumai 14; 8%
15 Lumai 15

1175 Shanxi

15 Zeyou I;Eﬁ 47 Jinmai 47; A 63 Jinmai 63;}3‘% 72 Jinmai 72;E£ 76 Jinmai 76; WA 79 Jinmai 79; A 81
Jinmai 81 ;7% K 170 Jintai 170; % 4% 207 Jinnong 207 ; %% 2148 —7 Jin 2148 —7; K 721 Chang 721; K 4640 Changd640; K
4738 Chang 4738;1< 6154 Chang 6154 ;1 6359 Chang 6359 ;1K 6452 Chang 6452 ;K 6738 Chang 6738;1 6878 Chang 6878
K 8744 Chang 8744 ; 35 Linfeng 3:fFE 45 Linfeng 4; I = 615 Linfeng 615; Ifi 5 6 5 Linhan 6;1lfi §* 234 Linhan
234 Il 5% 538 Linhan 538; %5 51241 Linhan 51241 ;12 5 21 — 30 Yunhan 21 —30;32 5 22 — 33 Yunhan 22 —33;i5 % 23 -
35 Yunhan 23 —35;iz 5 2028 Yunhan 2028 ;32 5 2129 Yunhan 2129;iz 5 20410 Yunhan 20410

BPY Shaanxi

£ 521 Changwu 521 ;1K 5 4738 Changhan 4738 ; Pif¢ 688 Xinong688; P44 797 Xinong797; Pi4K 979 Xinong979

K Tianjin

FHist 29 Keyi 29; 4641 7 5 Lunkang 7
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2.1 INEBARBEEHERRESEZFESN
INFZ ASRIER WSC 32 8Ky KB BB
B RIE R AR K HL 4% IR 7 22 ) AR S%OR, Y I 3 (P <O,
05) Bl i 3 (P<0.01) IEm (R 2) . M F{EHEH,
KEMB(F=32775.74"" Y M#FE (F=11223.18" ")

FRoTIRERMEH ZRBE (K 1), &85
WSC Fra ¥ 2 3 e T Ja AR A 3 B WSC,
<WSC,<WSC,, H& I 2L 8 19 WSC % & T it
R, U HRAR AT AR =T 258 b WSC & e AN
KA ST B T HAB AR E . WSC AEHT AL
Je e ia T AR N B TR SR A (B R
TATZEREERAN) R EYE WSC BRI B R R ER T

SECIIZAEAR WSC B R R F RN R & H
(F=390.15"" ~1482.96" ") fI/K43(F=72.16"" ~
274.61° ") &34 WSC LB A6 5 e 12 23 N H X R
7 DT Rk 3 R AU AR S 17 32 PR A i A PR A E
FEXT B bt bR 26 29 A8 S 09 AR X BTk R/, WSC
2% BprtRas % T 8AIK, 78 0.24~0.53,
22 AEAKSEZEHTNMNEZERBEEAEREHEX
R R BT
TERPIK 50T, /N2 B AR BEIRORTR) & &
W] WSC & i, 45 a5 B AGHT ALJS WSC iz 38 J Hxt

PIAERE- ORI TAY (ST E = ) R Y ) SE]
FAFT WSC BT 2 b 2 TV W 45 (8 = B
Gh), BRI AT = TG, 2B T A,
TERFK 55T, /N A SRBFIR N & s A A2 S5
2, TRPHE AT & Bt R B R B E T
EHHEME, R RECN 7.11% ~ 68.55% (DS) Fi
9.50% ~57.37%(WW) .
2.3 INEBRBEME WSC HEMRRBEELSHEN
S
ML 2 FTLUE Y, /N2 B SREFAR WSCAHDCHER
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REIZHIEEE 2RI ECN 0.61~0.93(DS) Fl fEJEHEE A8 K H O RL DTk A B A 2295 2 /Y T

F%%ﬂiﬁ%ﬁﬂ@ﬁﬁ%ﬁ%ﬁtﬁo QR R SR
FE TEAE WSC & 2R

0.62~0.88(WW) , Hr F2Wha &4 T i WSC, .
WSC, \WSC,, \RR, Fl RR, Z MR 3 & T IE
HEWE,{H RR A CR AHSZ, WSC % i \WSC {EHiFI

pr

x2 NEARABERZERRESAEFESH(FE)
Table 2 Multi-factor variance analysis ( F value) of target traits in the wheat natural population
A 5K UR Source of variation WSC RR,, RR,, CR,, CR,,
IK5y Water (W) 584.18" % 245.07* % 274.61" * 271.39* % 72.16* "
REBBL Stage (S) 32775.74**
#E Organ (0) 11223.18* * 596.25* * 1312.01** 1482.96* * 390.15**
A Genotype (G) 3.06" * 14.15 0.64 0.92 0.90
WxS 83.67" "
Wx0O 231.27" " 87.51" " 242.18* ¢ 183.18* * 20.71* "
WxG 236" 14.36 0.70 0.93 0.98
Sx0 2245.02* "
SXG 248"
OxG 0.79 7.17 0.67 0.98 0.93
WxSx0 111.91**
WXSXG 1.95* "
Wx0xG 0.63 6.19 0.67 0.94 0.94
SXOXG 0.77
WxSx0xG 0.67
PR2Z Error
L1 hy, 0.24 0.50 0.27 0.53 0.38

TE: WSC /8 WSC & & RR,, Al RR AMIFRRAEHT WSC #618 EHAESG WSC #4828 CR, Fl CR, 735 /R AETT WSC STRRSE AL WSC

and CR

pr ps

respectively ; CR

mean different significence levels at P<0.05 and P<0.01 by the multi-factor analysis of variation.

pr

o Hllx J35) U%%r%l_l%?T?éﬂﬁrhﬁ% Pk h P<0.05 I P< 0.01,
Note; WSC mean WSC content;

ps

mean WSC (ontrlbullon rale at the pre-anthesis and WSC contribution rate at the post anthesis , respectively.

and RR  mean WSC remobilization rate at the pre-anthesis and WSC remobilization rate at the post anthesis,

# and ok ok

_ i a =RR,,
700 a sWSC, 100 a b E‘RRP
500 b owsC, © a =T T
~ d -wscmb S got| a a b a
@ _ 500 S5
L] = .=
IS 60t
= 3300 W E b ¢
o % S 40f
4@ 200 A g c . B
2% 100 =5 207 = K i E
3 7
0 e
FL Pedl SL Pend TL Thil
Ak P Treatment 4b P Treatment
L
5
<8
E=
i 2
O o
2§
B @]
w2
z
Ab B Treatment
TE: WSCp: WAL WSC &4, WSC, : #EJ5 14d WSC & i ; WSC,, : lUZUY] WSC &4 FL JHET s Ped L BT 9 5 SLo /8] — I s Penl . 8] —745;

TL 8] =M Thil . 8 =75 ;DS TR WA ; WW L IEF #EBE, N AR/NG F R KR R —4 B A 7 b B8] 22 5 i 3 (P<0.05) .

Note: WSC;: WSC content at the early anthesis stage; WSCg : WSC content 14 days after anthesis; WSC : WSC content at the mature stage ;
TL: top third leaf; Thil:the third internode from top.
WW . well-watered. The same below. Different small letiers mean significant difference between different treatment in the same

FL.flag leaf; Pedl;peduncle internode; SL: top second leaf; Penl:the second internode;
DS: drought stress;
organ( P<0.05).

1 REKSFMT/IEBRBE WSC RRFLIZRE

WSC accumulation and remobilization in wheat natural population under different water treatment

Fig.1
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Fig.2 Phenotype diversity index of associated traits related to WSC accumulation and remobilization of different organ

in wheat natural population under different water treatment
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WSC, 5 SGW [H]AH G R AL 2555 0.36 " (DS) F
0.32""(WW), 7ZETRIBEAM T, WSC, M1 RR 2
W EIEA G (r=0.28"" ~0.48 ") ,{H WSC_ #iZ
(r=-0.28""~-0.68""); H WSC, .RR,,.CR,, 5
SCW B A[FFREEIEA G, AR5 (r) M 0.11 ~
0.36" ", TEIEH MMM T, RR .CR, FI SGW £
ANIR) R BE TE AR OG, AH ¢ RALAE 0.14 ~0.27 77 5 1
WSC, 5 RR,, 58 W 2 /9 540 ¢, M OC R Bl
-0.29"" ~-0.72"" , TEAREIARE B, & 7 E £ 5
FE I E R, WS T A, BER =
F R KM,
2.5 INEERBERBBELSNT

TET 560 T XHZ A SR BFARESR I 196 ybi 5
PR EE WSC 8] 45 H G PR AR R BB 1T R 247
Mr( Ems) & B, %R WSC 8 1 g b =
2, 812 FE 76 MERR S HRFRE T WSC &
s, P adE 43 3 H A SRR 14 G v S A 7
P IAL SRl 3 A BEPE AN (5 B LLAR SRR 1 R
AR AR 3 b SR A I 26, 4% 96 Mk R Hop
54 Gy HOR R 17 O3l P R 4 T R 2
IZR R Ah 1 REES A 6 b st FhFloRn 12 13 35 [
A T2, AR R B 90 WSC & I, i dE
24 DRRF  Hor 16 4y HR SRR 2 43 e SRR L A
N RRY SR (e [ S A (S ST ERTE G T TN
T EE T WSC iz R AUEY /7 =25, 26
I 25,345 104 MR R, &SR R B — 7 WSC iz %
B, AL 61 4 HR Rl 19 Ll vg SRR 3 it

AP 2 B VE SRR 1 TR SRR 2 4 Ll AR SRR L6
BrAL s SRR 10 43 36 [ 5L Rl 5 T 24048 82 Mtk
2, Hor a6 Gy H R SRR L L7 S AR 7 L A
Flr 3 3B v b S B LA SR 6 Oy b 5t S b A 4
P32 [l 28 T2 035 10 MR R vk R 8
WSC Fiiz R, Horb 4 Oy H R AP 2 4y 1L P8 &
Pl 2 (B SR 2 R Rl 7 T 2450 Tz
PR 77 WSC BTRRRBr =25, 85 128 =
I WSC TRk, 4G 71 R R, Hid 36 3 H
AR 13 O L P SRR 6 b S AR 1 A3 R
Al 2 AR A 1 REES AP 5y kst s R A 7
Py & SRR 55 T 26, 048 77 DR R, Hih 44 (i |
R 12 O3 L P S A 4 B SRS O Ll AR R
Pl 1A R 4 Oy db Rt SRR RN 3 43 36 [ S R 5
25, f4E 48 MRR , & VR R B =75 WSC STk R
%, P 31 3 HOR AN 7 43 LLvE S A 2 £
Jedh Rl 1 YBEPE i FP 3 O U AR A 4 005 55
Pl ABFFEH B 196 15 AN ) iR R 117 /N 22 Ff ot
R S J A 2 REME , US4 Fh vk &
X R aE FREEIE I e ) 1 25 5, T SO TERE SR
AV PERR K AL & W AR 7 b i R B AL s B A
225 B T WSC B & M B h 5
SRR S IE ARG, AT /N 22 ol o e B
AFMPTREE S, AR - E SR, A,
IR A SRS I Y WSC & & s R
FILTTRRR R RAERE 53], A B WSC
i Lz B BTHCR I AR R 15 A4S, i 21
-30.08522-33 £ 03-07 . &% 15 f14 13.B61
~2-3-2-1.Dd52 — 17 - 3 — 2 I 5 51241 B %
127 525 Bl60-2-2-1-1,A80-3-2-2—
L ER3I AFIES T IHFE3 Z,
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£3 TEWEMEREZFAHTINEZEARELERE WSC RERSERNENHEXRY
Table 3  Correlation coefficients between WSC accumulation and remobilization of different organ and grain weight per spike

in wheat natural population under drought stress and well-watered conditions

PHE Organ MR Trait WSC, WSC, WSC,, RR,, RR,, CR,, CR, SCW
WSC; 0.11 -0.01 -0.14* 0.06 -0.07 0.05 -0.03
WSC, 0.03 -0.02 -0.04 -0.04 0.05 0.06 0.15*
WSsC,, -0.09 -0.01 -0.39" " 0.12 0.09 -0.02 -0.09
FL RR,, 0.38** 0.08 -0.28** 0.08 -0.05 0.01 0.02
RR,, -0.09 0.04 -0.02 -0.07 0.13 -0.06 0.16"
CR,, 0.09 0.01 -0.13 0.01 -0.04 -0.02 -0.05
CR,, 0.13 -0.09 0.11 0.07 0.01 -0.02 0.18*
SCW -0.01 0.22"" -0.05 0.11 -0.04 0.14~ 0.12
WSC, -0.05 -0.11 0.05 0.21%" -0.08 0.03 0.02
WsC, 0.03 0.26" " -0.03 -0.04 0.04 0.01 0.29**
WSC,, -0.08 0.19"" -0.48"*  -0.13 -0.03 -0.01 -0.09
Pedl RR,, 0.39" " -0.1 -0.64* " -0.05 0.02 0.02 -0.03
RR,, -0.01 0.11 0.06 -0.01 0.06 0.09 0.19% "
CR,, -0.11 0.04 -0.09 0.09 0.06 -0.06 -0.09
CR,, -0.15" 0.05 0.09 -0.05 -0.06 -0.04 0.23""
SCW 0.05 0.30" " -0.12 0.25**  -0.05 0.19"*  -0.14
WSC; 0.25%* 0.13 0.04 -0.03 0.07 0.15" -0.06
WSC, -0.02 -0.02 -0.09 -0.02 0.1 0.04 0.22%*
WSC, -0.17" 0.16* -0.32% " 0.08 0.01 -0.02 -0.1
- RR,, 038" -0.15" -0.60* * -0.06 0.05 -0.12 0.02
RR,, -0.02 -0.06 -0.03 0.03 0.04 -0.05 0.21*"
CR,, 0.15 0.06 -0.02 0.07 0.09 0.03 -0.15"
CR,, 0.17" 0.04 -0.01 0.03 0.04 -0.02 0.14
SCW 0.02 0.21"" -0.07 0.23"" 0.05 0.17* 0.04
WSC, 0.06 -0.1 0.43%* -0.07 -0.13 0.05 0.08
WSC, -0.08 0.23** -0.16" 0.11 0.06 -0.01 0.32""
WSC,, 0.11 0.21%" -0.72% " 0.02 0.04 0.08 -0.1
Penl RR,, 0.48* -0.08 -0.68* * -0.14 -0.06 0.03 0.02
RR,, 0.02 0.05 0.04 -0.1 -0.05 0.06 0.27*"
CR,, 0.06 0.08 0.02 0.07 0.04 0.1 0.02
CR,, -0.03 0.05 -0.03 0.06 -0.05 0.08 0.17*
SGW 0.13 0.36" " -0.18 * 0.32% " -0.03 0.22%*  -0.02
WSC, -0.06 0.14~ -0.1 0.08 0.05 -0.12 -0.03
WSsC, 0.05 -0.06 0.05 0.02 0.04 0.01 0.16*
WsC,, -0.03 -0.06 -0.29* * 0.17* -0.06 0.09 -0.07
-~ RR,, 0.28"" 0.12 -0.63** -0.07 -0.06 -0.11 -0.09
RR,, -0.07 -0.04 -0.05 0.01 0.05 -0.04 0.19*
CR,, 0.09 0.07 0.09 -0.04 0.04 -0.07 -0.11
CR,, -0.03 -0.07 0.01 0.03 0.03 0.06 0.21**
SGW 0.06 0.22 -0.04 0.17" 0.05 0.18" 0.03
WSC; 0.05 -0.03 031"~ -0.02 -0.06 -0.02 -0.03
WwsC, 0.04 0.15*  -0.08 0.01 0.08 0.08 0.24 "
WsC,, 0.07 0.19%~ -0.70* * 0.06 0.09 -0.02 -0.1
Thil RR,, 039"~ -0.03 -0.68* * -0.01 -0.03 0.04 0.14
RR,. -0.07 -0.11 0.03 -0.01 0.08 0.02 0.21*"
CR,, -0.01 -0.01 0.12 0.02 0.08 -0.01 0.01
CR,, -0.14 0.1 -0.06 0.09 0.04 0.19** 0.16*
SGW 0.06 0.28"" -0.05 0.21" 0.02 0.17" 0.13

T PR R PIAS = XI5 51 3R T S0 FIE A% 1 T MR BT 288

Note: Figures at the lower left segment are the correlation coefficients under rain-fed conditions ( DS) ;those in the upper right under well-watered

conditions (WW).
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