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Comprehensive evaluation of salt-alkali tolerance of rice
germplasms at germination and seedling stages and analysis of
salt-tolerant genes

SUN Pingyong', ZHANG Wuhan', SHU Fu', HE Qiang', ZHANG Li*, YANG Zhuhong',
PENG Zhirong', XIE Yun', DENG Huafeng'”

1 State Key Laboratory of Hybrid Rice, Hunan Hybrid Rice Research Center, Changsha 410125, Hunan, China
2 Nuclear Agriculture and Space Breeding Research Institute, Changsha 410125, Hunan, China
3 Hunan Academy of Agricultural Sciences, Changsha 410125, Hunan, China

Abstract: Cultivating salt-alkali tolerant rice varieties is one of the important ways to meet the
increasing food demand of growing global population. In this study, twenty-one rice germplasms with
different salt-alkali tolerance were treated with six salt-alkali concentrations at germination and seedling
stages. The germination potential, germination rate, shoot length, root length, root number, fresh weight
of shoot and seedlings were measured. The average value of salt damage rate was used to evaluate the
salt-alkali tolerance. As the salt-alkali concentration increases, the inhibition on seed germination and
growth became more obvious. Upon treatment with 1% NaCl plus 0.25% NaHCOs, the salt damage rate
of germination rate has the largest variation, ranging from 0% to 89.80%. The salt damage rate of each
trait shows a similar trend at all concentrations. Four germplasm resources with strong salt-alkali
tolerance (Dajiugu, Nippobare, Mowanggu and 02428) and 7 sensitive germplasms were screened. The
salt-tolerant gene sequence of 4 salt-alkali tolerant varieties and 3 sensitive germplasms were analyzed.
OSHAL3 and OsRR22 were identical among the 7 germplasms, but SKCI/ and DST showed clear
variations between the salt-alkali tolerant and sensitive germplasms. Besides the salt-alkali tolerant
germplasm resources, this study can also serve as a reference for mining of genes involved in salt-alkali

tolerance and breeding of salt-alkali tolerant rice varieties.

Keywords: rice; germplasm resource; salt-alkaline stress; salt-tolerant gene
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FIRERH fLAY PCR (polymerase chain reaction)
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Table 1  Primers used for amplification of salt-tolerant genes
Primers Forward primer (5'—3") Reverse primer (5'—3") Product size (bp) Genes
SKA GCATCCTTGGCCTCTACTTC ATATGTCCCAGGCCAGAGTA 1074 SKC1
HA GACCGCTACATCAATCCAAG TTTGCTGTAGTCCCATGCTC 802 OsHAL3
DS GGCTGTTCCCGTGCTTGTTC CGCCTCCAGTTGAGCATGTCGA 622 DST
RR GAGGAAGTTCGGTAATCGTG TGTACTACATTTCTGTGCAGGT 839 OsRR22
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Figure 1

Effect of different salt-alkali concentrations on germination potential and germination rate. B, C,

G and F represent 1.0% NaCl solution, 1% NaCl plus 0.25% NaHCOj; solution, 1.12% NaCl plus 0.28%
NaHCOs; solution, and 1.2% NaCl plus 0.3% NaHCOs; solution, respectively. GR and GE represent the salt
damage rate of germination rate and the salt damage rate of germination potential, respectively.
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Figure 2 Effect of treatments with salt-alkali solution on shoot length, root length and root number. YC, GS
and GC represent the salt damage rate of shoot length, root number and root length, respectively.
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Figure 3 Effect of different salt-alkali concentrations on various traits at seedling stage. A and H represent
0.6% NaCl plus 0.15% NaHCOj; solution and 0.7% NaCl plus 0.175% NaHCOs; solution, respectively. YZ
and ZZ respectively represent the salt damage rate of shoot fresh weight and the salt damage rate of seedlings

fresh weight.
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Table 2 Comprehensive evaluation of rice
germplasms for salt-alkali tolerance

Rice Average salt  Salt-alkali Salt-alkali
germplasm damage tolerant grade tolerant
(x£s, %) ability
Dajiugu 26.76£13.70 3A5B2C Strong
Nippobare 35.92+18.62 3A3B3C1D Strong
Mowanggu 37.12420.29 2A3B3C2D Strong
02428 37.84+18.01 3A2B4CI1D Strong
Yandao3931  40.35426.94 2A3B3CIDIE  Moderate
YLCH 4431+18.63 1A3B3C3D Moderate
Zhongzao39  47.47+24.62 1A3B3C2D1E  Moderate
NIL-grf4 48.57+24.47 1A3B4C2E Moderate
NIL-GRF4 49.60+30.29 2A2B4C2E Moderate
Baisinuo 49.73+£13.06 2B5C3D Moderate
Lemont 51.69+24.96 1A2B4C2D1E  Moderate
CO39 54.51£31.47 1A4BICID3E  Moderate
Guangyanl 54.59+31.29 2A1B4C3E Moderate
Zhongjiazaol7 57.80+21.61 2B4C2D2E Moderate
9311 61.48+21.60 3B1C4D2E Weak
IR64 61.61+23.25 2B3C3D2E Weak
Tiannuo 62.66+23.41 1B5CID3E Weak
Guichao2 63.02+23.89 1A3C3D3E Weak
Minghui63 63.19+£22.53 2B2C4D2E Weak
Zhongzao35  69.34+13.33 4C3D3E Weak
Chuang7 69.48+20.81 4C2D4E Weak

Grades A, B, C, D and E represent the salt damage rate of
0.0%-20.0%, 20.0%—40.0%, 40.0%-60.0%, 60.0%—-80.0%
and 80.0%—-100.0%, respectively.
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Figure 4 Allelic variation types of DST and SKCI1.
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Koo MRE, MK, 2R N A D R S 2 TR
Pro ARG R K], HATE 1.0%H) NaCl
AFRT X BOUA S Rl ) & 2R3 ek, HoAh
WREA NS A ZE A . TR Mg, R, PR
TR S A B IR . IF B R
[E A LR A B 2R, X 5T AR
GERFEA TP FERTA Eh R AT
A G A5 AR TR B 1 R T SR HLAA AR AL A AR
fta 3, 10 HH X BE g bR 2 18] HL AT AR 5 A9 AH e
WL ZEAHRVEM, B ATiE 4 ik
B HE 77 58 K R BE IR, HOP S EF RN T
40%. EhHT 3931 WP Eh FRILIE 40%, 1EN
R R R HEA S 5, LI LR TR Eh B Ak
W bbAsm . iR 1 S5 1R E 0l 54.59%,
J& TS ERmOK R . 4 Oy ER B AE Sy 5 il E
DRYHERE, 7 3Tt ER B AE 7 55 i R B BT I
KL NHIFG ., 53K T OsGRF4 E—A2 Itk
FER, HE 3 4ME FHIBIEH TC RAE N AA,
T8 T miR396 Xf HARB MRS, 5K
(EEWRI DR S/ Y= v 1| I i VA% R 1% 2 9
FI T V4 P3G 5R P02 S T It OsGRF4 3%
PR 2 75 0 2 o i £ PR, X S R
NIL-GRF4 il NIL-grf4 JE47 &80, 250 %
AR R R0 R 49.60%F1 48.57%, i #
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2K, Y& T ST ER AR B OsGRF4
FEDPUAS 52 i i 6 B AR

JK R TR B 1 2 Pl 22 5 R 4 o ) B0
R, Bt R A B L BRI R A4
FHEYA Kk, —HitiifEh QTL (quantitative
trait locus) FHZAKYE E A7 FNFZIE 17 7K AR i i 35
PRI e o DR R AR SR VR IR IR 2, oAk oR
KRLZIRIER-AE QTL E M B, 2016 4F, ENJE
FHEMIE T —Fh A 50K SNP ik AidEid BSA
T kA A B A A A8 FR B (R A0 ity 4 5 it ofe R ik
WE KRR AR QTL vk, @iy
P EILEEE R 5021 NSNS 34 4~ QTLRY,
2020 4FF E AL AL K24 i AR fl s b oy 4 DA R
TRUBIK AR SRl IR36 FITi £R A1 K Weiguo Sh 3B A
T Fos BRI, @t ILHa QTL-Seq Ml F 4 A
Xf 40 Bt sy Bt T QTL %€, 12885 14
FR QTL iss gRSL7  FFRIALE 199 bk
JEACAT B HEARNG gRSL7 K5 4N 2 A1 3 222 kb A X
B . J53E g RNA-seq 5 A 78 M %k X 6] & PR
5 AMEER A T BEESRBIERH, Had
FCBSIN BRSEARTA] 050720569700 (OsSAPI6)
FENA 1 bp BIBRKRTEAS, OsSAP16 ihs—
AR E AP AT H AR 14 254 i £ o
RE HEZ S 2, H 0sSAPI6 JEAWA 1 bp bk
&K, HitEh bk Weiguo BIZESF—PT, Pt
WAL . DA ST, KR E L A
22 Z B BRI K, R K R XTI 36 Lt
of 6 ik a6 5 R AURK, 22 2 ) 18 NI PERL Y. QTL
P, XFRBAFZATTHRE R 6.02%-20.06%,

e ik 35 R o B DA K2 43 IR AL 5%
17, F Rk B AR A AR A AT TS A
BABAS T — RSB B R . 2005 45, BB
R a B T Gmt A B R S M A 12 B 1 Tk O
K SKC1, %K RE4Eas i ik o 7R Mg
T SKCI #utth b 42 £ 19 Na'iz H 2R, A
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MK Na 83, HEomILMERVE . i3k o
Fl Nona ZEFIHYZE 140 fi7. 55 184 i, % 332
S 395 iRl AN AR . AR . REATR
I 2 , AEE HUS AR Y b 40 51 il 2R
K2R . HERMesElR, XE5a g T
O R 22 0 R R P 2009 4F, A E
BATERE T OsHAL3 Fll DST X Wit $h 5L 4, 43
G i e SR R R BT R4S A R A
XK AR 3 | i 5 HAA TR B a5 B R 2
PSR A 5% S IR 7R3N H AR RYBIFSE & 7E 6 000 Fk
2 EMS 1578 fYFF IR LR R 3 1 AT 3R 28 AR 1A
JFi T MutMap A 7 ik R v B T i AR 5 IR
OsRR22. OsRR22 BN 3 AEF LM G
RN A ZJ5 FEO L L%, A
R B 70 T 3 28 AR AP

H T SKCI J& 55— Se [ i K R i £ 2L A
5 OsHAL3 . DST 1 OsRR22 HA 5 (1 1 F Ay
(EPP, R A T ARG 4 (3 6 el A
3 3Tt ER B S R WS IR SKC1. OsHAL3 . DST Fl
OsRR22 W HIREZAE 01 i o B5 R 78 OsHAL3
OsRR22 FEPRITEFTIN 7 4y b RL A 2 BE TR 1Y) 25
St 7 AR SKCT B TESS 140 7, 55 184 {7 .
55 332 FIEE 395 (A 4 AbARS, 5 SCHRIRIE 1Y)
P —B, 4 Oyt R B A L Rl CRIEAY . H
NG . JEEAYF 2428) A —IEE AL, 2 fyi
RIS AR O 7 FIEAR) R Ah—Fh LR
R ER AR B 63 SRR, pbAh, 8
Tk A Al R A I B s B Y A R, R
63 i Eh B 55 ) TR64 F 9311 By 3k PR A — 3,
fiid £5 B 55 AR R 2 55 R SL R RIEAS — 3K,
h ELE AR S, AR R SRR G
G. G # G (http://ricevarmap.ncpgr.cn/), DST H&
A WAL AR 5, JEA R 4 3T R A5 i) i
TR —FER AL, 3 (i A ) R OR S — R
B, 5 SRR RS A AR LA — P

&: 010-64807509

I, SKCI Fl DST H:[H 2 5 0] fig 2 S B
AR 5 R 55 Y S R, P BB Tk
BRI AN AR G, 3 5 o I PR A Fl st A% 4% 1k
PEATIRUE . BR THRHIFHI 27200, FEHEME
IR KRR A M 7K - 1 25 7t 7T g BUK A
il PP AT SRR BN, A R — 2P AR

AW AEZE IR W1 B 6 A )k i 4
SE T 21 By KAES AT (FR) RO ERms: , O 3
4 AR i A SRR AR T iR R SRR . © v R
IR A MR, SKC1 Al DST J R AE i}
R 5 RIS 8 553 7 it b 22 ) A B S i AR S
O 1 1) A4 S i 1) T D L R R DG T 2 AL
G 3BT R ik — 2542 W KR i £ A R Fn 8 B
Tt 55 57 R st e B AR i S g o o O A B
WA
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