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QTL Mapping of Leaf Area Index and Chlorophyll Content in Wheat
with Normal Irrigation and under Drought Stress

GAO Xue', JIA Zhong-li*, LIN Kai-li', HOU Xue-tong', ZHENG Fu-xing', GENG Hong-wei'
('College of Agronomy , Xinjiang Agricultural University/Key Laboratory of Biotechnology , Urumgi 830052 ; *South Xinjiang
Experimental Station, Shandong Heze Academy of Agricultural Sciences, Kashi 844500 )

Abstract: Using a set of 309 recombinant inbred lines of the spring wheat Worrakatta x Berkut grown with
normal irrigation and under drought stress, respectively, as materials, the phenotypes of leaf area index ( LAI )
at flowering, filling and ripening stages, and the flag leaf chlorophyll content ( CC ) at heading, flowering and
filling stages were identified. QTL mapping was carried out with wheat 50K SNP chip. The results showed that
LAI and CC decreased significantly under drought stress compared with normal irrigation treatment. It was
found that LAI and CC of the parents and RIL lines were significantly different with an obvious phenomenon of
transgressive segregation at different growth stages with the two treatments. Two and one LAl-related QTLs were
detected at flowering stage and ripening stage, respectively, which were located on chromosomes 5BS, 2BL and
IBL with normal irrigation. QLAIL xjau-5BS, QLAI xjau-2BL. I and QLAI xjau-1BL explained 6.8%-8.2% of
the phenotypic variation. CC-related QTL QCC. xjau-1DS was detected at both heading and flowering stages,
which was located on 1DS chromosome, explaining 5.3%-5.8% of the phenotypic variation. One LAl-related
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QTL, QLAIL xjau-2BL. 2, located on 2BL chromosome, was detected at ripening stage under drought stress,

explaining 13.8% of the phenotypic variation. Seven candidate genes related to LAI and CC were screened from

the QTLs found in the study, which included two genes related to F-box family proteins and one gene each related

to MYB, GATA, abscisic acid receptor, BTB/POZ and WUS. These genes are involved in regulating crop growth

and development and signal transduction, as well as in response to drought and other stresses. This study provides

reference information for gene discovery and molecular breeding of leaf area index and chlorophyll content

in wheat.

Key words: wheat; leaf area index; chlorophyll content; QTL ; candidate genes
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Table 1 Phenotypic analysis of RIL lines and their parents

10, SR FIHT MAP T P # 2R A 14 3t 1% 322 %
T, A EE IR T 28 AN EBRE, B 1 m
A 21 FRGL AR AL T 2220.26 M, B MR
WCZ B A IIEE A 1.38 oM, lad FRIEE 5 50K
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P 7: (ICIM-ADD ) Xf /v 2% RIL #f {A& LAI 1 CC ik
7 QTL JE 2. 73 A, QTL A6l 20 %% L 4 1.0 cM,
LOD = 2.5 ¥E y QTL 4% £ 1 [ & k6 I QTL' ",
QTL i %4 LA “Q + MREXHE + TAERLLHT
(xjau ) + QTL {7 S FTfEGLafk”
1.4 (RIZEE TN

F I B /) 22 5 P26 00 ) 3k B (IWGSC,
international wheat genome sequencing consortium )
BB b [ R 2 % 3t A 4 (https: /wheat-urgi.
versailles.inra.fr/Seq-Repository/Assemblies ), Xf LAI
1 CC AR QTL 7 s HEA T L A 424 , AR
O PR, A0t X Be N i 128 1 55 LAT#I CC A
KEEA

2 HER59H

2.1 EXK RIL BEHRESH

TEIE AT 500 T, BE & RIL BERTE
AFEAETIN LAL A CC #HHE—EM 2R (F£ 1,
K1), SIEF AN LE, £ T 2Wia T, %
A Worrakatta 1 LAL( BRFFAES] ) Fil CC (B

FEik HEH e JEZAS Parents RIL #{& RIL lines

Trait Grt:ﬂl Treatment o g Bor T/Iﬂjﬁ bR WE ERRE(%) f“xﬁﬁz—;ﬁ (%)

ean SD Range cr H

FEEBEE JHES] EwuEm 4.57 439 421 0.63 2.66~5.86 15.4 70

LAL T REn 4.60 3.58 3.07" 0.64 1.62~5.08 21.0 70

WO EREM 5.32 457 439 0.66 2.79~6.29 14.9 73

T IaE 4.42 3.80 2.94" 0.65 1.31~4.67 22.2 69

B IEE 4.57 3.95 3.85 0.77 2.24~6.05 19.9 73

TR E 4.26 3.65 291" 0.82 1.01~5.00 28.2 75

Mgk R A AR g 53.38 46.11 51.63 232 44.06~57.68 45 81

iﬂ; 1)32(1:) T 5 n 53.41 48.90 50.76" 1.99 42.41~55.08 3.9 75

FER IEEE 57.68 48.28 53.10 2.33 47.43~60.86 4.4 78

TR e 55.54 47.68 51.19" 2.16 44.52~57.08 42 76

R TERE 54.82 46.48 51.31 2.11 45.62~56.99 4.1 74

TREn 54.08 47.06 50.34" 2.07 39.57~55.67 4.1 74

T FIRAE P<0.05 /K FRFEASE ;T FIRTE P<0.01 K AR B EASE; TR

"indicates significance correlation at 0.05 level, “indicates significance correlation at 0.01 level, the same as below
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Fig.1 Frequency distribution of LAI and CC traits in RIL lines
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FEIEFHEBE T, LAL T3 780 0 31 3k ik
fH(4.39); 75 T2 WA, LAL 4876 - 6 )5k
HRAE (3.07 )o BARH T2 Jolpaf 7 8 B 151 P mf DA a0
LAL Fy3& I, (045 RN KA T T 2 Wha R,/
FHERE B Z, LAT TR, JEmiR/ N = i

PR K 7 AR, CC - S5 (E 35 7 1 46 19 34 2]
B K {# (53.10 SPAD values. 51.19 SPAD values ).
UL CC Xt Wad i mi i 45 3R 9%, HLiZ RIL
X} CC RESEFFAHXT R E I Bh S22 1L .

22 ARMERZERIHEXED T

FEIE H VE A R a8 A BE R, A F R

RV FH DG A3 BT 2 BH , 76 15 5 EE T, R AL 3K

1B Y LAT AR R AR 0] SR I CC
R AR W AR, M OCR BT T -0.20~-037 Z
8] 7 5 ra T, AR WA LATFI CC 2 i 3
IEASE (7=0.16 ), FE1EH FEMEA T S 3,
Xof [) — PR AN [ A= B R T AH G e BT e B, R IE
HHEWET , LAL &0 R M OC R B T 0.33~0.48;
TR T, MR BN T 0.22~0.47, BB FE IE
WUHEE T, LAL 7EAE FE AR K B B e o g, X o
OtEE & BRA M BRI T RIS 7
1EF HE T S AL R, CC 7E4 LR T 13 5
e it B E ARG MO R B KT 0.5(582),

*2 AELET RIL B#ESEROEXES T
Table 2 Correlation coefficients of traits of RIL lines with different treatments
FEIR Trait FEAEBANT AL RN A BT A AR 2R T2 R TSI 2%
BALLALL B LALR B4 LAI3 T CCl e CC2 i CC3
FEALII AR AL LATL 0.48" 0.39" -0.33" -0.34" -0.30"
T T AE 5 LALR 0.47" 0.33" -0.317 -0.28" -0.20"
BN AR5 LA 0.22 0.47" -0.37" -0.29" -0.24"
N4 3R & i CCl -0.08 -0.04 0.01 0.76" 0.65"
TFIEI S & & CC2 0.04 -0.14 0.10 0.56" 0.62"
RIS 5 R CC3 0.12 0.16" 0.16 0.63" 0.57"

ZETR =X T 5HIRA R I HRAH O R B A7 1 = A XA I 925 bR O R 4K

The lower left triangle shows the correlation coefficients under drought stress, and the upper right triangle shows the correlation coefficients with

normal irrigation

2.3 RIL Bk LAI #1 CC #J QTL £#f

H RIL B 14 309 17 %€ & 11 LAL Fll CC 3 AL %%
P 4 A /A2 SOK SNP U i, ok FH 58 4% IX [B) 4R (B :
AT IR QTL A7 43 A, Ak 5 4~ QTL £i7
M(FR3IE2), H 49 & LA X 09 QTL £
A5, 70 A T 5BS.2BL. IBL 4t (5 4 |-, o] fig B %
R A5 S5 19 6.8%~13.8%; 93 b 14~ & CCHH % 1Y
QTL 1 &5, 40 A T 1DS Y fk -, n fige B & AU AR
5 1 5.3%~5.8% B A0 5 QLAL xjau-1BL 4 34
I R T, 28 WAZ A AR 3 2% A5 A B DR R A R A
Worrakatta, HiA4x 4 AN 5 A3 S5 07 FE R ok B 2%
A% Berkut,

XT IE B WE AN T 5838 R LALAI CC # 17
QTL & o7 45 2R W7, 76 1E 5 I T 2LAa I 21 4 4
QTL i fi. o 34~ & LALM KA 4, 43 A T
5BS.2BL 1 1BL %% 4 1k |, OLAL xjau-5BS Fi

OLAL xjau-2BL.1 J&FF {6 LAY AH G AL A5, 7T fiff B¢
F AR 21 8.2% 1 6.8% , OLAIL xjau-1BL J2& i 5
9] LATAH G A, 7 fif B R B A S5 1Y 7.6% . 53 5b
14~ /& CC AR AL, 4345 T 1DS YL tafk |-, OCC.
xjau-1DS [RIEF I AEE I CC FIFAEW] CC, nl gk
FHIAZ 1Y 5.8% F1 5.3%.,

EF A, SRR 1A QTL f 5. %A
ST 2BL Jea i b, 2 LAT 500 5 QLAL xjau-
2BL. 2, W] i BERAAR F 1 13.8%

TEW AR 3 Ab BN %A &1 LALA G
QTL v s RETE 3 AR B I AR R 58, 1 B4 il /N
7 LAL (5L R 3RIR A2 SR8 s ) H W AT B 25 1, 7E
IEEVERE T, CC 7 b A 101 R0 48 1] [] bsf A 00 3] 1
AAETFFRIC X A] AX-110335177-AX-109983565 P
HI0 1. OCC. xjau-1DS, V] ff B e R4S S 1 5.8% Al
5.3% %07 RS CC IR E QTL {7440
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Table 3 QTLs information of leaf area index and chlorophyll content in RIL lines

PR o
A BB ME RGHK QILAK ARk (Mb)  fr(eM) LODME TNF g
Trait Stage  Treatment Chromosome QTL name Marker interval Physical Position LOD (;2) Addictive
location

M AR IR RS 5BS QLAL xjau-5BS ~ AX-179559227-  16.61~19.69 127 42 8.2 0.18

Giatist AX-179561411

B OJFIEN IR 2BL OL ALxjau-  AX-111757968-  791.98~795.83 96 3.4 6.8 0.17

LAI 2BL. I AX-110468087

WA T RIENA 2BL OLAL xjau-  AX-94407412-  687.75~713.53 56 4.6 13.8 0.30
2BL. 2 AX-111743644

MR Y I 1BL QLAI xjau-1BL  AX-111775778-  651.71~653.17 38 2.8 7.6 -0.19

E i AX-109367690

BECC gy EREM 1DS OCC. xjau-IDS  AX-110335177-  379.39~395.18 26 25 5.8 0.52
AX-109983565

TEAEWT  IE R 1DS QCC.xjau-1DS ~ AX-110335177-  379.39~395.18 26 32 53 0.57
AX-109983565
Chr.5B Chr.2B Chr.1B Chr.1D

0.0 —— AX-179476031 0.0 —f— AX-94823183
6.8 —{—— AX-111667478 6.1 —— AX-94908163
16.8 —f—— AX-108728239
26.7 ——— AX-94737435 18.1 ——1— AX-94508024
225 —— AX-94849048
35.6 ——— AX-179559859
49.1 ——— AX-110359988 39.1 AX-86167222
1 Ax-9567904 46.2 AX-94852864
575 95679040 46.9 AX-95631217
66.7 ——— AX-94653566 55.0 AX-94667571 N
55.4 AX-94407412 =
76.3 ——— AX-94424823 58.1 AX-111743644 5
59.6 —f - AX-94830964 %
60.1 | [ Ax-94394016
-
96.7 — [ AX-94556881 70.8 —— AX-94720732 "
106.3 —{—— AX-112290122
—— AX-95113041
116.2 AX-94484431 o 79.0 951130 o
121.2~] [ AX-95073977  © .
1250 [ Ax.oa971715 = 308 AX-94690042  §
5 91.3 /- AX-95107632 =
126.3 AX-179559227 = 035 AX.100851616 .
131.0 7N~ AX-179561411 & : AX-11175796s M2
315 AX-94814088 S 938 3 Iy
131 @ 97.0 AX-110468087
13377 }-{ L AX-111158370 & ®
143.8 AX-94711368 107.6 —| |- AX-95079165 L
149.8 AX-95658614 109.6 ——— AX-94974219

0.0 —f— AX-111127329

b
wo

-~ AX-109466368
=~ AX-94805297

6.7 ——{— AX-95110051
16.1 ——— AX-94817502
3801 A 13711862 ney| | acieuss S 8

. 2 25.7-\{yAX-110335477 T T

36.4 AX-108852649 = 4 ok
37.8 AX-111775778 = 261 - AX-109983566 —5 =3
38.4 /- AX-109367690 . 275 AXBI314186 L %
40.7 ——— AX-112289352 & 282 AX-111558345  © B
41.0 AX-86174144 &
41.9 AX-179559332 = 385 —{{— AX-94892080

51.8 ——— AX-112287490
519 7] [\ AX 111540441

61.9 ——— AX-109955697 49.0 —— AX-109402730
74.0 ——— AX-86172577 59.8 —— Ax-108836255
82.0 ——— AX-94923681 6.9 Ax.100462054
79.4 ~{ L~ AX-109872076
796 AX-111679536

106.8 —F— AX-179477122 83.4 —7 AX-94674257

RGO NN AR, ZE0 N T ARG A L 5 3 0 LT NSk (B ACRTETT LR BRI QTL (o2

The molecular markers are shown on the right of the chromosomes, and the genetic locations of the molecular markers are shown on the left, QTLs at

flowering, ripening and heading stages are shown in blue, red and green, respectively
2 LAI# CC FiERBEME
Fig.2 Locations of the chromosomes for LAI and CC

2.4 LAI f1 CC #HXEFIEEEHIIFIE

W T ARG 00 3] 14 457 4 BT X L Y QTL J 91 7 3t
T /N7 b R DR A BN PR T R SR AR
J¥ %1, 7E. NCBI %t 4f )2 1 i# 47 BLASTx, 4K 4f5 & A
TR Ih e, L0 K1 745 LAL B CC Ml 61
FH (£ 4), R H N YIRE R 2S5 A4
KEH R MY ENEYS NGS5
Koo AE X Bk KL A P, TraesCS5B01G019700 .
TraesCS2B01G517100 ¥ % % F-box F W% & 11,
F-box K G & H K ZAE N SCF & ARz R &

E3 1 = 2R 43, LA 57 TR 00 4 R At 0 SIS 4 2
(47 AP S N, BAT F-box 2K 152 i A
YI R TR R A SR I R AR A% S A Al
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