A 6 T A
ABRICULTURAE & Jb R 4R - 2020,35(2) :35-42
BOREALI-SINICA

thiE e T/KMEE M EEf Na® K
KER QTL 4 #r

FEH,KELT ML, ZHE, W #,F T,
FOFFEMF OB AR

(ZRAEAP R FEHUR VR A B QT 5 A B A S R IR SR %, e VT BRURTE 150030)

FEE AeEh BSE S TR IR RS R B 3B Na*® K™ WIS Y QTL A5, MR A B SEK RS BT £ o1 5
FEHLH B Fhric i Bh B MR LSRR . FIH/NAET/ 28 131 fiAE & 200 MR R EA [ 58 RBEAR, I
AL 142 A~ SSR FRIC s A% 5 B R R X 58 B Bih 0 45 10 T KRR T 30046 0l 3 40 b 138 Na " MR KT ¥R JE & Nat/
K* #E4T QTL 23871, 78 2 R S0 R 8] 1 15 A QTL, HiripEh Bkl 504 F 2 34 m 2] 7,8 4~ QTL, 235 78
%2,3,5,7,8,9,11,12 Jefafk |- LOD fHM 2.52 ~ 6. 59, A TTHRZTE 6. 10% ~28.00% , HH, 3hWHE T 5 Na* ik
BEAHIEHY gSSNC3 FHSiE T 5 Na* /K " 3 gASNK3 28 v FEAHAB X [7] 5 $h W08 R 5 Na* /K * A3 gSSNK2 Fl
8 R 5 K W BEASC Y gASKC2 22 A A8 [R) X[ 5 B BR38 T -5 06 35 G MAH DG 1) ¢SATS AN Na* MR BEAHHSC 1Y gASNCS |
5 K WA Y qASKCS & SLAEAR RIS AB AR DX ], UEHH 2 B8 55 & Na® KT RERA —E M ES, Wil
[l BRI S PR AR I 93 25 SR 5 00 AR 45 SR AT B e, R BLA 13 /u\ QTL A A QTL,W‘zﬂE RM547 ~
RM22750 ) gSATS 1 gASNCS 1 QTL {3 4., ]

KRBIR KAE; QTL; Ehfdiflhif; Na® 5 K

FEYES.S511.03 XERFRIRE A XE4RS 1000 —7091(2020)02 - 0035 - 08

doi ;10.7668/hbnxb. 20190411

QTL Analysis of Na® and K* Concentrations in Rice
Seedling under Salt and Alkaline Stress

LI Jiarui, ZHANG Cuiwen, LIU Hualong, WANG Jingguo, SUN Jian, LI Ning, LEI Lei,

LI Xianwei, ZOU Detang , ZHENG Hongliang

(Key Laboratory of Germplasm Enhancement, Physiology and Ecology of Food Crops in Cold Region,
Ministry of Education, Northeast Agricultural University, Harbin 150030, China)

Abstract: QTL sites controlling the concentrations of Na™ and K™ in the upper ground of rice seedlings were
detected under salt and alkaline stress conditions to provide a theoretical basis for further research on salt tolerance,
alkaline tolerance genetic mechanism and molecular marker assisted breeding of rice. A group of 200 recombinant
autogenous lines was derived from Xiaobaijingzi/Kongyu 131 and its genetic linkage map containing 142 SSR marks
to analyze the QTL of score of salt and alkali toxicity, Na® concentration, K concentration and Na*/ K™ in rice
seedling stage under salt and alkaline stress. A total of 15 QTLs were detected under two conditions, seven and
eight QTLs were detected under salt and alkaline stress, distributed on chromosomes 2, 3,5, 7, 8,9, 11 and 12,
LOD values range from 2.52 to 6.59, and phenotype contribution rate ranges from 6. 10% to 28.00% . Among
them, gSSNC3 associated with Na™ concentration under salt stress and gASNK3 associated with Na*/ K™ under al-
kaline stress were located in adjacent intervals; gSSNK2 associated with Na® /K" under salt stress and gASKC2 as-

sociated with K* concentration under alkaline stress were located in the same interval; ¢SATS and qASNCS related
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to Na™ concentration and gASKCS8 related to K™ concentration were located in the same or adjacent interval under

alkaline stress. The results showed that Na® and K* concentrations had some genetic overlap under two stress con-

ditions. The results of this study were compared with those of previous studies by the same marker or comparative

map,13 QTLs were found to be known as QTLs, while ¢SATS and gASNCS, located between RM547 — RM22750,

were the new QTL sites.
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Tab.1 Evaluation criteria for score of salt and alkali toxicity at seedling stage of rice

LR ZEARUE i P PR
Score of salt and alkali toxicity Visual symptoms Tolerance
1 YE AR, A 32 H IR [
3 Y L IE R A K (MR E 7 & il £
5 Y A IR EESZBE /N A I A 1 SR
7 B AR R Rz B, 8o R TG &
9 P S8 A IR A RER SRR AE T T JE%
F2 HREREHES
Tab.2 Characters full name and abbreviation
b TR PEIR A2 NS
Condition ’ T The full name of the characters in English Short for characters
characters in Chinese
i EhFEY ) Score of salt toxicity SST
Salt stress Hi E 5 Na ™ ¥ The shoot Na® concentrations under salt stress SSNC
BB K e The shoot K* concentrations under salt stress SSKC
Mo FFB Na* /K * The shoot Na*™ /K™ under salt stress SSNK
e aE =3 Score of alkali toxicity SAT
Alkaline stress Hb b3 Na* e The shoot Na™* concentrations under alkaline stress ASNC
Hh 3K e E The shoot K* concentrations under alkaline stress ASKC
i E# Na*/K* The shoot Na* /K" under alkaline stress ASNK

1.3 =ERESEENMNER QTL 53

ARWFFEAE Xing 2 FI FH ML AR LK) F, RIL
PRI A A& 104 4> SSR 23 T-HRiC B0 845 1K1
Fehih e 38 4~ SSR #Ric, FIHH Mapmaker 3.0 4K
PRy | fd ] Kosambi R ECEE T 2H 3R 54k Ky 5
FEFEES (M) BT RS 4K 1290.25 oM, FH44Ric
A 9.09 cM, R Mapchart 2.2 #E47i5t4% % 4 4]
T2, R TciMapping v3. 3 Y5 24 X 0] 4 & 2
(ICIM) ¥E47 QTL EA77',LOD =2.5 SN QTL Y[
{8, QTL 4 4% JE U328 4% McCouch %51 751

2 HEREGHH

2.1 KFEE WHEZFHETEH Na* K" IRE
S
SEPOROE X N NS B L N R I SIS

PR B E S M Na® KB & Na®/K*
MG M, PTARH DU E53 (6 3) . 1E3h i
2k F SST SSNC ,SSKC . SSNK ,SAT ,ASNC ,ASKC ,
ASNK 7EZEE 131 Fl/IN OB 19 5 A [a] 1) S A dnb 3
2&5t . RIL #E4AH SST 5 T SAT, & B RIL HE A4
Xif £6 W 36 o8 i B W 3 SSNC A SSKC 43 ) i T
ASNC Fl ASKC, fH ASNK 5 T SSNK; SSNC % ¥ 28
SRR, M 7,83 ~35. 02, Hilk i ASNC, 28 5331
FEl o}y 5. 87 ~20.01,SSNK Fl1 ASNK )78 55 2 ¥ 5%
K, 91H 37.65% F132. 47% ; Bk ASKC b, H4H A
AERMHAD AR - E AN T/ NS F
131 Z [ HAFE I W Ry B G . X B kA 7
IEA IS A R 5, & AR SE AR AT & IEA
O3, R T B R MR BB RRE A5 A QTL
FENIIYER (EIT)
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Tab.3 Phenotypic characters of rice parents and recombinant inbred populations under salt and alkaline stress

fba etk A Parents FA 38 ARFA RIL population

Condition Trait MNEEF  FE 131 CFHE xR BREH BRER/ Y WE WG
Xiaobaijingzi Kongyu 131  Mean s RV Cv Skewness Kurtosis

EANTTIBIE] hE ) 6.80A 4.03B 6.43  2.00  1.00~9.00 31.10 -0.54 -0.22
Salt stress Na® ¥/ (mmol/L)  19.33A 11.23B 17.00  4.62  7.83~35.02 27.18 .16 2.21
K* ¥/ (mmol/L) 3.65B 4.84A 4.35 0.87 2.18~6.78 20. 00 0.22 -0.20

Na*/K* 5.30A 2.32B 4.09 1.5  1.63~9.50 37.65 .42  2.18

Y ISTE] B ) 6.53A 4.37B 4,99  1.12  2.20~8.20 22.44 0.16 0.28
Alkaline stress  Na* ¥¢FE/(mmol/L)  12.37A 8.14B  11.92  2.88  5.87~20.01 24.16 0.43 -0.32
K* ¥/ (mmol/L) 2.20B 2.98A 1.80  0.46  0.90 ~4.10 25.56 0.93 2.46

Na*/K* 5.62A 2.73B 6.99  2.27  2.61~16.05 32.47 1.02 1.91

I ARRE FHFIRAE 0. 01 K L2Em il B35

Note ; Different capital letter indicate extremely significant difference at the level of 0.01.
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Fig.1 The distribution of score of salt toxicity and alkali toxicity,the shoot Na* concentrations,

K™* concentrations,Na* /K * under salt stress and alkaline stress

2.2 JKFEE . WAE
REIHE K ES
XpEh O 4 T SST SSNC SSKC SSNK SAT
ASNC ASKC ,ASNK % 8 MASRIEITAI 30T (e 4)
ERMME T ,SSNK 5 SSNC. 4% i 3 IEAHSE 11 SSNK 5
SSKC 5:H i i A 5¢, SST 5 SSNC SSNK & i % 1F

T Na* K #HERE M

AHSE, UL 13 Na * ¥ B ey, b 3 G0 9 A B
H T, ASNC 5 ASNK 24 i 35 IEAHOG, 55 SAT 2 3%
1EAHSE, ASKC 5 ASNC £ 5 3% 1EAHE, ASKC 5 ASNK
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Tab.4 Correlation coefficients of each trait

8 Salt stress

B8 Alkaline stress

Ab PR EREGON Nat W K" ¥ WEHG  Na'WE  KTWRE
Condition Trait Score of  Na*concen- K*concen- Na®/K* Score of Na*concen- K*concen- Na*/K*
salt toxicity tration tration alkali toxicity  tration tration
Fai Sl HEHH 1
Salt stress Na* # )& 0.356" 1
K" e -0.046 -0.128 1
Na*/K~* 0.299 " 0.821* -0.624 1
(CUBES BEGCH0.241 -0.048 0.006  -0.046 1
Alkaline stress Na * #¢ )& 0.133 0.054 0.013 0.009 0.307" 1
K" e -0.037 0.019 0.037 0.429 ™ 0. 100 0.215° 1
Na*/K* 0.079 0.301° -0.028 -0.318" 0. 086 0.629 ™ -0.417" 1

T FE0.05 K BEEADE; ™ FE 0. 01 K AR B A,

Note: *. Significant correlation at the level of 0.05;

2.3 JkTEmEL RAE MR AY QTL 4347

e B W8 4 R, XF SST, SSNC., SSKC
SSNK ,SAT, ASNC , ASKC , ASNK 45 8 SRR i 17
QTL 43#H71 (£ 5) ,2 Fh T HA I £ 15 4~ QTL, 7
s 2,3,5,7,8,9,11, 12 Jefafk b (& 2) , kM
£ 13 4> QTL HE 1 QTL,LOD {f 2.52 ~6.59 , F%
TR N 6.10% ~28.00% .

FEER a5 0F T A E] 7 4 QTL, #i#) 3
A5 SST MR QTL, /- AR 7E4E 3,5, 11 Jefafk I,

™ . Extremely significant correlation at the level of 0.01.

Horbr gSST1I B TTHRAR IR K, N 9. 12% |, BE R S5 A0 Kk
H%E?*ﬁm FESS 3 AN 9 Yefafk FAGINF] 2
A5 SSNC M KAy QTL, Hid gSSNC9 Y 5 ik R 45
jt jyzs 00% ,BERCENFENR H T E 131745

et ik LRI #) 1 45 SSKC AH G QTL R
qSSKC]] BRI E A TAE 13157685 2
gefo (K F ARG E) 1 45 SSNK M Y QTL B
qSSNK2 , & G RAE A SR ok A T3 6 131,

TERR WA Z5 1 T JLRE 3] 8 4~ QTL, 7% 3



A C T A
39 AGRICULTURAE

2 4 FAEBLE . B T ARG E M LA Na® | K3 9 QTL &4
FAEHLE . AL T AR A L3 Na® | KRS QTL A ABRICULTURAE
®S5 KEEHZMEKE QTL RiEER
Tab.5 QTLs and genetic effects of rice traits at seedling stage
. Hoam ek NN . PR GIPN
wagen U e gmexm tong s TIPS AR
N . 1ive revious
Condition Trait Chr. Marker interval LOD peak PVE .
QTL effect studies
FaNIS el EELG ¢SST3 3 RM218 ~ RM1324 2.76 8.86 -0.85 YA A
Salt stress qSST5 5 RM405 ~ RM141 2.74 6.62 0.74 sl g [20]
qSST11 11 RM1233 ~ RM224 3.41 9.12 -0.86 Lo e [20]
Na* ¥k ¢SSNC3 3 RM13893 ~ RM1350 2.56 7.49 -1.80 g (21
gSSNC9 9 RM160 ~ RM24315 6.59 28.00 -3.47 st g [20]
K ¥k ¢SSKCII 11 RM286 ~ RM21 2.80 9.69 -0.38 s g [20]
Na*/K* ¢SSNK2 2 RM341 ~RM1358  2.52 6.10 -0.54 Pz g
A SiEl ERS]  ¢SAT3 3 RM1230 ~ RM523 2.82 10.13 -0.51 Z (2]
Alkaline stress qSAT7 7 RM214 ~ RM1364 2.77 8.98 -0.50 7k o 23]
qSATS 8 RM547 ~ RM22750 3.05 8.17 -0.46
Na* ¥R gASNCS 8 RM547 ~ RM22750 3.77 14.99 -1.60
gASNCI2 12 RM27462 ~ RM1302 3.45 10. 68 1.34 LY p ekl
K ¥k gASKC2 2 RM341 ~ RM1358 5.29 14.01 0.25 TR 5]
gASKCS 8 RM1235 ~ RM547 4.05 14.53 -0.25 FARvA A
Na*/K* gASNK3 3 RM1350 ~ RM504 3.22 7.77 0.90 g (21
T QTL fr & S — AN KRG 8 S A 3SR R Mo e
Note; The first capital letter S and A represent salt stress and alkaline stress.
1 2 3 4 5 6
RU497
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2.9 H—HRHIBL 45,7 A~ RUSTY  g3.p oy—|-1—RMI20  ALA 7RSI8 gy 7 oy —RN36 e oy T po
64 TR gy oy (L ey @BSATTTTRIT oy L s
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55.2 oMl —~—RM1328 — RM1
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O A FA FCFREA T Y SST SSNC SSKC \SSNK 11 QTL; 4 H & @ . /3 100138 T i SAT ,ASNC ,ASKC ,ASNK [ QTL,
@ A FA_ QTL for SST,SSNC,SSKC,SSNK under salt stress; 4 lld @ . QTL for SAT, ASNC, ASKC, ASNK under alkaline stress.

SR QTL E L

Fig.2 QTL mapping of salt-tolerant and alkali-tolerant traits in rice during seedling stage
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Jefa ik EARRIE 1 A4~ 5 ASNK AH G QTL P
qASNK3 , "B ISR FE DR H T/ N FRE T
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s P AR P A E — B A BRAL, T DAZE IR K [
a6 Na® FE A SEM A B &M KT /Na®, A
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BEAELEAR R s AL AL, TR W38 R 5 Na ™ ¥ B AH
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FE T AH R DX 0], 156 B 6 | e 38 2% 10 R Y Ml
Na® K" B HA — g Es,
3.2 #h WHMET Na*® K*HItEXH4S QTL 44
S AR IR B9 QTL % 9 2 3 76 A [A) 5l A0
SRR R X Sk g 2 FhhaE R Rk AR
(RIS e L, 5% M 7K A 401 TS0 AE X 1 5 9 RSHL 5
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