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Evaluation of Waterlogged Seedling Characteristics and Screening of

Excellent Rice Germplasm Resources

ZHANG Shuo, HE Yonggang, LI Bo, YANG Xiaolong, ZHA Zhongping, GUO Ying, JIAO Chunhai, XU Yanhao,
CAIl Haiya

(Institute of Food Crops, Hubei Academy of Agricultural Sciences/Hubei Key Laboratory of Food Crop Germplasm and Genetic Improvement/Key Laboratory of
Crop Molecular Breeding, Wuhan 430064)

Abstract: Rice waterlogging direct seeding can not only avoid the labor cost of raising seedlings, transplanting seedlings, and
drainage, but also effectively prevent the weeds, birds and rats, therefore, has broad application prospects. However, because of the
low seedling rate under waterlogged conditions, most of the rice cultivars are not suitable for waterlogging direct seeding. Lack of
variety seriously limited the development and popularization of waterlogging direct seeding technology. The identification and
screening of rice germplasm resources with good waterlogged seedling characteristics is an important foundation for breeding new
varieties of waterlogging direct seeding rice. This study utilized domestic and foreign rice germplasm materials preserved in the
Mid-term Crop Germplasm Resource Bank of Hubei Province, measured the indicators of waterlogged seedling rate, germinative force,
low-oxygen germination rate, low-oxygen relative germination rate, coleoptile length, low-oxygen coleoptile length, and low-oxygen
relative coleoptile length, and identified and screened out 17 rice germplasm with waterlogged seedling rates of over 50%. Correlation
analysis showed that there were significant positive correlations between waterlogged seedling rate and indicators including
germinative force, low-oxygen germination rate, coleoptile length, low-oxygen coleoptile length, and low-oxygen relative coleoptile
length, among which the correlation index between waterlogged seedling rate and low-oxygen coleoptile length was the highest. Thus,
the ow-oxygen coleoptile length could be used as an important index to identify and evaluate the waterlogged seedlings characteristics.
By detecting the OsGF14h haplotype attribute of 254 rice germplasm resources, corresponding clues for study on regulation genes of
waterlogged seedling characteristics were provided. This study has certain reference value for improving the screening and
identification efficiency of waterlogging tolerant rice germplasm resources, exploring the regulatory genes of waterlogged seedling
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characteristics, and cultivating new varieties of waterlogging direct seeding rice.

Key words: Oryza Sativa (L.); germplasm resource; waterlogged seedling; evaluation and screening
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(CBL-Interacting Protein Kinase 15) , $&efn KR, M2t Fh A e R EMHE T g 2222 1AA #
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N 1.0 ml KE K, JEN 5 BOH R AT, E T 28 CHEIEE ISR 92 7d, St HIER &4 T
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IR R 2 1] AR S 5 #T o
1.5 0sGF14n BA{ERIZERIGE N
K CTAB V- HEEUEFh 5 ARG 1M A DNA. fd ] Primer 3.0 2k 14, 7E OsGF14h FE[K 1) 2 N L A&A7 A

(11 5 4.0 &, 23555223 F1 23555426 ) W5 fill % it ¥ % 51 ¥ ( F-AGCATTTCGCTTGTGGGGTT,
R-AGTATGTGCATGTTCGCACG) . {#i fl{#H DNA %4 Gloria Nova HS 2X Master Mix K471 DNA
A BIFEATINR . P45 R L H ARG OsGF14h JL A 75110827, FIH] DNAMAN $AFEAT EEXE, G R i Fe
45 23555223 ¢ I 5 bp v TATCTCATAAA, Jf H. 23555426 % I Fijit 5 bp Jy CTGATCAGTAG, NI
LRI e AT Re Y s W7 45 5 23555223 % b i 5 bp i TATCTCAAGAA, Ei# 23555426 & I T
i 5 bp A CTGATCAAGTA, I £ SRR A gy To T e A .

2 RS
2.1 MR

DL 4048 13 /K FEFN S SR AT RE, I LRI IL A o 7 T PR 3086 1 A K FEFTE BEUE 330 £
= S1 KRG BT TR 212 47 KFEEE SRR 79 . S ASEURIFNTMRL 341 4y, TF IR K B AR HER) D T i o
WA KT PO KS BHOK ST S, VDTS 164 /K E&M T KARERE . HKHH L
IKBCHTREPE RAFFO, AT T —2BWF 5. X SRl b R AL 2 5 PR BRI 122 6. AN 7K RS AT B
13 4y EAMKFEFT PR 18 . KRGEE S Fh 5 40 S B TRATEL 6 4. FIRHE /R RE P R4 R 5

BEUR A S SRR i B EL ] IR 1
R 1 ARSI RIFAOMR D BT %X TR S B AL

Table.l The numbers and proportions of germplasms with good waterlogged seedling characteristics in preliminary

screening

Tl 2R3 A TR AV R B A B fitl (%)
Germplasm category Total number The number of germplasms with good waterlogged seedling characteristics Percentage
WAL 1 5 K AE A

Local rice germplasm of 3086 122 3.95

Hubei province
S8 KRG
Rice germplasm from 330 13 3.94

other province

KRG

212 18 8.49
Foreign rice germplasm
IKFELEE A

79 5 6.33

Rice bred variety
AR

341 6 1.76
Created germplasm
Bt

4048 164 4.05

Total




2.2 MFIHEAMERGHFE S

B FEHE AR SRR HARGE R R R AR S, GRH 479 ok B B A AN K R RZ oA s, R LI T
32N 164 BT BEUR, it 643 MKFERN BT R H . AT AR IREMX AR, IEZFIHKE.
R SEUIE 2 B L R IR 2F BB L KRR SR AR IO SE , 7E 643 AR /KRB h 2% e AL MR B
M AT R 1 s Herf, 87.400 I AT RHA 28 954E 80%~100% 2 18] (& 1a) , FEHISKIGLEHL A BT #4
Rk B BT A% 7. 42,5290 R A RMIREAX R <1 (E 1o , HR 2 IULE LML
1M T P+ 35.61% )M SR BHIC AN 85 % 3 = 1B 10D, HoR 3 S SZARSA SR A2 s A A Hi0F 5T (21.31%)
TEREAM TR F ST (B 10 o MK R I LR A M R i fE 1.5~2.0 cm Y[y (&
1d) , AHEEXTER (33.59%) , ARAESCME TR ZF BN AT 2.0 cm IATRIBE £ (50.09%) , H K Z % (64.85%)
PEEME X IR K BERT 1 (B 1e) , BRI IR 2F B B S ik L 2R AR S AR AT T B . 643 43Fi
i, HEKECE R KZH (68.74%) 734t 0~10%Vu N (B 16) , A /DBERIL R 47 BWE K i R,
H K U %> 30% A BHE 59 fr, 1 9.18%:; /KMUHIF> 40% M BT 32 6y, 1L 4.98%; H/KMUH
> 50% A BT 17 4, 5 2.49%; WK RUETRIES] 60% A EATEHT 3 4 (1 1g)

a K PHITEOM; b: AREI ARSI o MREARN BT A FIRE A, d: MR IS e (RSEUIRZF 85 R EAE I A, f: ARSUHTX AR 2ZF
R A, 9 MR R A, A B _ETT A 0 BORRA R AR B BB R AR
a: Frequency of germination potential; b: Frequency of low oxygen germination rate; c: Frequency of low oxygen relative germination rate; d: Frequency of
coleoptile length; e: Frequency of low oxygen coleoptile length; f: Frequency of low oxygen relative coleoptile length; g: Frequency of waterlogged seedling rate;
The percentage above the histogram showed the frequency distribution of each phenotypic value range
1643 Bk BMRMTIELERIBESE

Fig. 1 Frequency distribution histogram of seed germination traits of 643 rice germplasm resources

X H R IBVEAR AT G F 00 (R 2) o G5 RRW 643 i /KREFRIE S Fbr g R T HEE LR . K
SR RAEN, N 14.63%, RYVKZFBAESFIARHE I Z 5 b IRZEE AR (IRZEEK



B ARFEMRZFE L . RSEAHXT IR ZF I ) IR 7 R B W T B R R A AR e (RS AR REARRS
H R D AT R H, AR ZF A REAR B 310 5 AR AR SRR ) 22 3 BE W 5, SE e AR B e 8] 14
ZESEIE . VEZK BT 22 (38 57 R RE 149.54%, 3% A /Kl vy 2R AE s A A o 9 U0 ) 22 Sl R, B H o3
Iz WAL

®2 BHERBEXMERBGEHF S5

Table.2 Statistical analysis of germination related traits

LERIN e ME ON] FEME AR (AN PRk 7 A5 REL
Phenotype Minimum Maximum Average Standard error Standard deviation  Variable coefficient
R (%)

2.22 100.00 90.35 0.52 13.22 14.63

g\Germination potential

A KZE (%)

0.00 100.00 84.90 0.84 21.27 25.06
Low oxygen germination rate
RSEAR AT %

0.00 4.00 0.95 0.01 0.32 33.83
Low oxygen relative germination rate
JEZE K (cm)

0.00 3.58 1.77 0.03 0.64 36.05
Coleoptile length
RSV 2 B K (om)

0.00 5.48 2.15 0.04 1.08 50.23
Low oxygen relative coleoptile length
RS X IR 2 i K 3

0.00 9.50 1.35 0.04 0.90 66.76
Low oxygen relative coleoptile length
HEKRHTZE (%)

0.00 72.22 9.28 0.55 13.87 149.54

Waterlogged seedling rate

2.3 REMEXMTH

Xf AR Z TR AR AR AT 0 Ao 45 RER U] AR AR 8] IR A UM 5SS . K BT 2 5 R
A REHIRE . IR . R SEUIE 2B L R IR 2K AR 2 IEAOG (B 2) o Horfr, M
SRS K RE S K OROE A Se e B, TR 0.526; REAHX IR ZERE KR L IR 2R RS BT S K B R 1
HREA, 7090079 0.239 A1 0.216; 11253 (RS A 57K i A 8 R BB e, BRARXT
R KR SRR 8] AR SRR 2 K 5 R R 35 IRV HAT AR OGRS, At 2 Y ) 22 22 I 14
P25 AR O, b, R 2RSS SRR R R 2 SR S U DG, HL At 32 B MR P 796 i) 52 TE AR O



**FINAE P<0.01 KF EAFERBEM KM GF, KA LGR, AW KE: LRGR, AW RZE: CL, MIFMKE: LCL, RANMIIHKE;
LRCL, R&EHIXARZFIIICRE: WSR, HEZK I &
**means there was a very significant correlation at the P<0.01 level; GF, germinative force; LGR, low-oxygen germination rate; LRGR, low-oxygen relative
germination rate; CL, coleoptile length; LCL, low-oxygen coleoptile length; LRCL, low-oxygen relative coleoptile length; WSR, waterlogged seedling rate
2 HRICREBEX ST

Fig.2 Correlation analysis among phenotypic characters

2.4 0sGF14p B ERIRI SR R 587K BB R IR K 1

AP T I F X LM SR O S5 R SRR E AT OsGFL4h JE KI5, B H: OsGF14h B U247
PINThReR . Jitk— 43t OsGF14h B BRI S s it RV K R E Y, AR SO AN L3k 643 470 o B U5 v 3k
X 254 7, #ardll OsGF14h fy L UMY . 25 R LD RESL F 5 USRS 219 13, 1 86.22%, T L ThAE
TR B R SE R (R R AL 35 63, 1 13.78%. FLrbAT 69 KR B R AT 20%(KkHkE, L OsGF14h A th,
JE&TIhRER AL, 7 B KB i T A0% R T A kL, M OsGF14h JE AT RE R A5 Y o Xof B A 2
A FIC S R T FE AT BRI AW, I 35 IR E 2 25 #H G (Corelation index = -0.063, p = 0.949 >
0.05) .
2.5 R FMEMRAKRIE, RN, SERRR

ANHIF 9 % 5 8 H A K ST FRAE 30% LA_E R 3L 59 4 Rl 44 R S /K i 26 Lk 3D « Horh,
S K S SR 50% M MEVE DL SRR B IE 17 fr, DABEAE S AE XTI, X SRR R 2 B I 4 R S
AR, ZEFFREG BRI L SR A D B0 T 4 R I AT, B AR AL, il
08-371. 08-396. H7r ik 10 cm s T M 7 d JEHIZRILANIE 3 frax. N T 45 a SRR 4 TAE St
HEHAREE, X 36 MK B 2 7E 30%LA L[ OsGFL4h B AIR AL TR I (WK 3D , H 8
FliiE OsGF14h FAF YR AN TCTHREAY , 73 Jill /2 35 7kl CHEZK LT 6 72.22%) « BR5TAE CREZK AT 28 60.00%)
TTOHT-2 (KT 28 56.67%) R RIHL (HEZK BT 28 52.22%)  08-449 (/K BT % 52.22%) « 08-371

(/KR R 52.22%) « BEALES (/KA 3 46.67%) « Hi4&TE (/K R 34.44%) .
F£3 WKBREZRIL 30% L ERMREER

Table.3 Germplasm resources with a waterlogged seedling rate of more than 30%

5 P 4 F KRG (%)  OsGF14h HfiAIA Frs T g 44 R AWK (%) OsGF14h Hufi I
Number Cultivar Wiaterlogged Haplotype attribute of Number Cultivar Wiaterlogged Haplotype attribute of
seedling rate OsGF14h seedling rate OsGF14h

1 TN 72.22 N 31 AR 42.22 F

2 FH & 67.78 F 32 61728 41.11 F

3 Xk R 65.56 F 33 61607 40.00

4 FRTEHE 60.00 N 34 KANFE 38.89

5 IF0018-3 60.00 F 35 HELR S 38.89

6 ez 56.67 F 36 61846 38.89

7 08-489 56.67 F 37 Feb-36 38.89

8 H5EhE-2 56.67 N 38 SR 37.78




9 08-477 55.56 F 39 08-340 37.78 -
10 BIRE 53.33 F 40 62113-2 37.78 -
1 =Tk 53.33 F 0 08-576 37.78 -
12 EEF N 52.22 N 42 17-1555 34.44 -
13 08-449 52.22 N 43 08-544 34.44 -
14 08-371 52.22 N 44 I 34.44 N
15 R TBCA 52.22 F 45 08-574 33.33 F
16 08-396 51.11 F 46 62013 33.33 -
17 NERFANE 2 50.00 F 47 7Kk 33.33 -
18 B15 48.89 F 48 IF0025 33.33 -
19 B28 47.78 F 49 FII R 33.33 -
20 FEALE# 46.67 N 50 FEAE T 33.33 -
21 HKA-2 45.56 F 51 RS T 33.33 -
22 61701 45.56 F 52 548 32.22 -
23 K755 B 45.56 F 53 PNAR S 32.22 -
24 JRE Tt BB o 44.44 F 54 Fe e 1 32.22 F
25 PR 44.44 F 55 914 31.11 -
26 IEELL IS 43.33 F 56 R 31.11 F
27 08-586 43.33 F 57 P-729 31.11 -
28 YR 43.33 F 58 KAR AR 31.11 -
29 61833 43.33 F 59 08-588 31.11 -
30 TR KL 42.22 F

SR RIS TR T F RN AR T RE AL, N R B A5 B A N To o g Y
- indicates that the haplotype attribute has not been determined; F indicates that the haplotype attribute is “Functional”; N indicates that the haplotype

attribute is “Non-Functional”

E 3 B EKMEMMRRKEMNREAKRE 10 com £4TEM 7 d BHRHA
Fig.3 The performances of several excellent rice germplasm with high waterlogged seedling rate under the condition of 10 cm

depth-waterlogging for 7 days after sowing.
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