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Abstract: [Objective] Study of wheat kernel hardness is helpful to improving quality and introducing materials in Chinese
spring wheat regions. [Method] In total, 140 Chinese spring wheat cultivars, advanced lines, and breeding parents from seven
provinces in China were examined by a Single Kernel Characterization System (SKCS), STS (sequence tagged site) marker,
site-specific cleavage with Pvull, SDS-PAGE and sequencing to understand the distribution of grain hardness and its puroindoline
alleles. [Result] The results indicated that wild type, Pina-D1b, Pinb-D1b, Pinb-D1c (absent in Chinese winter wheats) and
Pinb-D1p were present in Chinese spring wheats, and Pinb-D1b was the most popular genotype with a frequency of 51.5% in hard
spring wheat. The percentages of Pina-D1b, Pinb-D1c and Pinb-D1p were 37.9%, 4.9% and 5.8% in hard spring wheats, respectively.
Pinb-D1c and Pinb-D1p are mainly distributed in Qinghai and Gansu provinces, respectively. In addition, SKCS hardness indexes of
mutation genotypes are significantly higher than that of wild type and SKCS hardness indexes of Pina-D1b and Pinb-D1c are
significantly higher than those of Pinb-D1b and Pinb-D1p. [Conclusion] This study characterized the distribution of puroindoline
alleles in Chinese spring wheat and provided the fact that Pinb-D1b are the most popular genotype in Chinese spring wheat region.
Also, Pina-D1b was very prevalent, especially in Heilongjiang, suggesting that some relatively superior genotypes should be

introduced to regions with high percentages of Pina-D1b due to its inferior quality. This study could provide useful information for
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improvement of wheat quality in Chinese spring wheat region.

Key words: Spring wheat; Kernel hardness; Puroindoline gene; Allelic variation
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Lane 1 and 2: Xinchun 9; Lane 3 and 4: Mengmai 28; Lane 5 and 6:
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Lane 10 and 11: Ningchun 16; Lane 12 and 13: Chinese spring.
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Fig. 1 The PCR amplification of genomic DNA of wheat

using serine-codon specific primers

*1 PEFREZRXEELEESH

Table 1 Frequencies of three hardness types in different Chinese spring wheat regions

#[X Wheat region FEA % Sample No. fifi# Hard (%) WA F Mixed (%) KF Soft (%)
#AbEHEZEZ X NESWR 29 55.2 6.9 37.9

JE# 42X NSWR 13 46.1 385 15.4
Pidb#HE# X NWSWR 84 56.0 17.9 26.1
WA X XIWSWR 5 80.0 20.0 0

A HEEX QZWSWR 9 88.9 11.1 0

i Total 140 57.9 17.1 25.0

NESWR: Northeastern spring wheat region, NSWR: Northern spring wheat region, NWSWR: Northwestern spring wheat region, XJWSWR: Xinjiang winter

and spring wheat region, QZWSWR: Qingzang winter and spring wheat region
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Table 2  Origin, phenotype, genotype and SKCS hardness distribution of surveyed spring wheats

RIS st SKCS fifi)f SKCS hardness EPapit]
Origin Cultivar A MY SD 4347 Distribution % Genotype
Class ~ Mean <33 33~46 47~59 =60 Pina-D1  Pinb-D1
MJPIT Heilongjiang 7.4 4 Kefeng 4 5 25 16 69 20 9 2 a a
HIJEYT Heilongjiang JeiEF 3 Longfumai 3 5 16 13 86 12 2 0 a a
1L Liaoning JL# 17 Liaochun 17 5 41 1320 48 28 4 a a
75 Ningxia 7% 12 Ningchun 12 5 25 20 72 7 15 6 a a
Hii Gansu ¢ 29 Linmai 29 5 2 18 96 1 1 2 a a
i Gansu {71 )5t 448 Gaoyuan 448 5 14 14 94 3 2 1 a a
Hft Gansu 1Kk Baidatou 5 16 19 86 7 2 5 a a
HIJEYT Heilongjiang JeiEZ 1 Longfumai 1 4 33 21 48 20 22 10 a a
HIJEYT Heilongjiang JeiEF 4 Longfumai 4 4 29 18 64 24 6 6 a a
H it Gansu 5K# 15 Zhangchun 15 4 36 18 38 38 13 11 a a
i7" Liaoning L4 10 %5 Liaochun 10 3 60 12 6 33 32 29 a b
i7" Liaoning IL# 13 Liaochun 13 3 48 13 12 27 37 24 a b
%% Inner Mongolia A i 5 %5 NongPin 5 3 49 14 11 30 36 23 b
%% Inner Mongolia 3 2 %5 Nongmai 2 3 58 18 11 11 27 51 b a
5 Ningxia 4K 2 %5 Zhengtian 2 3 45 18 23 21 36 20 a b
‘75 Ningxia #7225 Jinmai 2 3 63 22 16 3 9 72 a b
‘75 Ningxia *7*% 304 Ningchun 304 3 55 17 13 17 24 46 a b
i Gansu 214 1 5 Hongnong 1 3 51 18 14 20 30 36 a p
Hft Gansu X714 Laomangmai 3 46 18 23 27 25 25 p
H it Gansu 5K# 16 Zhangchun 16 3 51 18 12 21 33 34 b a
Hii Xinjiang #4775 Xinchun 7 3 43 14 25 28 37 10 a b
T ¥ Qinghai 001000 3 54 17 12 17 30 41 a c
P % Inner Mongolia %3 28 Mengmai 28 3 49 12 8 29 43 20 a b
%% Inner Mongolia JK K 4 Yongliang 4 2 56 15 7 21 31 41 a b
P % Inner Mongolia 4t 1 %5 Menghua 1 2 53 14 8 17 42 33 b a
P % Inner Mongolia %3 33 Mengmai 33 2 57 18 9 16 27 48 b a
‘1°5 Ningxia #E Biyu 2 53 14 8 21 38 33 a b
‘1°5 Ningxia ‘"% 16 Ningchun 16 2 52 17 9 27 26 38 a b
‘1°5 Ningxia "% 11 Ningchun 11 2 51 14 6 25 49 20 a b
*1°5 Ningxia 7% 10 5 Ningchun 10 2 58 20 5 7 33 55 a b
*1°5 Ningxia 7% 32 Ningchun 32 2 53 15 8 22 41 29 a b
T 5 Ningxia % 1# Hongtu 2 54 15 10 25 24 41 a b
Hi Gansu Be# 15 Longchun 15 2 63 20 6 7 21 66 a b
H it Gansu F13k Heshengtou 2 58 16 7 9 38 46 a p
Hft Gansu B 9 %5 Longchun 9 2 53 13 7 18 44 31 a p
HiiH Xinjiang Hi4 2 %5 Xinchun 2 2 51 13 7 26 42 25 b a
¥ Qinghai 980185 2 50 13 9 28 40 23 b
HIJEYT Heilongjiang % 10 Kefeng 10 1 65 15 1 11 21 67 a b
HJRIT. Heilongjiang JE#z 12 Longmai 12 1 75 14 0 2 10 88 b a
HJRIT. Heilongjiang JE#7 19 Longmai 19 * 1 76 13 0 0 11 89 b a
HJRIT. Heilongjiang JE#z 20 Longmai 20 1 67 14 1 7 21 71 b a
HJRIT. Heilongjiang JE#Z 30 Longmai 30 1 70 14 0 5 14 81 b a
HJEIT. Heilongjiang 5e: 3 Kefeng 3 1 75 15 0 3 17 80 b
JEIT. Heilongjiang 35 6 Kefeng 6 * 1 65 14 1 3 18 78 a b
HJRIT. Heilongjiang Hi5F 9 Xinkehan 9 * 1 80 13 0 1 5 94 b a
JEIT. Heilongjiang 365 16 Kehan 16 * 1 74 17 3 1 12 84 b a
iL7* Liaoning JL# 12 Liaochun 12 1 57 110 17 40 43 b a
iL7* Liaoning IL# 15 Liaochun 15 1 56 2 3 11 55 31 b a
P %% Inner Mongolia A3 201 Nongmai 201 1 65 12 0 7 25 68 b a
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%23 2 Continue table 2

K SR SKCS fi§iJ¥ SKCS hardness FE R A
Origin Cultivar 2 5 SESAAE SD 4345 Distribution % Genotype
Class  Mean <33 33~46 47~59 =60 Pina-D1  Pinb-D1

P4 5¢ Inner Mongolia P ZZ 19 Neimai 19 1 57 13 4 13 37 46 b a
75 Ningxia 34 1 %5 Doudi 1 1 59 15 5 16 34 45 a b
7 Ningxia ‘74 4 %5 Ningchun 4 1 58 13 5 11 30 54 a b
‘7*5 Ningxia FTE 25 Ayu2 1 58 11 0 12 41 47 b
‘7*5 Ningxia 5] 1% Pinyin 1 1 75 14 1 1 10 88 a
Hilt Gansu #5602 Gaoyuan 602 * 1 66 14 1 8 22 69 a b
Hft Gansu 93 (6) -4-1 1 64 15 3 8 25 64 a c
Hii Gansu {715t 314 Gaoyuan 314 1 57 2 2 14 41 43 a b
il Gansu €74 24 Dingxi 24 1 65 18 5 6 21 68 a p
Hft Gansu B4 23 Longchun 23 1 69 15 1 6 15 78 b a
it Gansu H3¢ 20 Ganchun 20 1 62 14 2 11 25 62 b a
B Xinjiang W7 2 5 Xinchun 2 * 1 66 14 3 10 20 67 b a
B8 Xinjiang B4 3 %5 Xinchun 3 1 55 14 5 15 43 37 a p
B9 Xinjiang B4 9 5 Xinchun 9 * 1 63 14 1 8 32 59 a b
B9 Xinjiang B4 6 5 Xinchun 6 * 1 56 13 5 16 34 45 b a
##F Qinghai 99-2 1 63 12 0 9 34 57 b a
1 Qinghai % 587 Qingchun 587 1 65 17 3 11 20 66 b a
T Qinghai % 533 Qingchun 533 * 1 67 14 2 6 15 77 a

##F Qinghai 187 1 69 13 1 3 20 76 a b
##F Qinghai 193 1 62 15 1 9 32 58 a c
1 #F Qinghai 202 1 64 14 1 10 29 60 a c

GO — R 1M 2 N 3 O0IRAE A 4 M5 BT BRid R BT SEHTIRIE S5 R K E

In column of “class”, 1 and 2, 3, 4 and 5 are hard wheat, mixed wheat and soft wheat, respectively. Genotypes with marker of “*” indicated correction of our

previous results
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1. Chinese Spring (Control for wild type); 2. Xinchun 3; 3. Xinkehan 9; 4.
Kehan 16; 5. Ganchun 8104; 6. Heshangtou; 7. Pinyin 1; 8. Falcon (Control
for PINA null)
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Fig. 2 Separation of PINA and PINB by SDS-PAGE

electrophoresis
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TEFFE, kT4 533, 1934 202 F11001000; 1 43
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BAEH R E VS 240 B 9 5. ANk, 20k 1
SHETEE 1 e, 3 5.

# A [H puroindoline S [FIRF 4. R I AN
SKCS PR . FrifEze . A2 iu [y T3 4. nl L
F i, BPIERISRY SKCS T i 44 i 2 v Ty AR A,
Pina-D1b I Pinb-D1c 2% %Y (1) A i {8 & =% &= T
Pinb-D1b 1 Pinb-D1p 284, 1fii Pina-D1b # Pinb-D1c

R3 AEXREDEF/NZE puroindoline HEEE S %

KM 7] LL K Pinb-D1b F1 Pinb-D1p 2% 2 [w) i & 1
Sop SUSTE

1 2 3 4 5 6 7 8 9

10 11 12 13 14

1B, 20 4R 1S 3. 5KF 15, 4. B3 9; 5. 93 (6) -4-1;
6. FIfsk: 7. DNA marker DL2000; 8. *EZF CRYIFIXMD ; 9. 2
V4 24; 10. BE#E 9 55 11.193; 12.202; 13.001000; 14. J&3F 29
1. Laomangmai; 2. Hongnong 1; 3. Zhangchun 15; 4. Xinchun 3; 5.
93(6)-4-1; 6. Heshangtou; 7. DNA marker DL2000; 8. Chinese spring (CK); 9.
Dingxi 24; 10. Longchun 9; 11. 193; 12. 202; 13. 001000; 14. Longmai 29

3 /NE Pinb E R PCR i 1 F=HIH Pvul | BETIE
Fig. 3 Pwull digested pattern of PCR product containing Pinb

in spring wheat

Table 3 Distribution of puroindoline genotypes in Chinese spring wheat from different origins

KU LRI B Soft fll 5T Hard
Origin Sample No. Pina-Dla Pina-D1b Pina-Dla

Pinb-Dla Pinb-Dla Pinb-D1b Pinb-D1c Pinb-D1p
75 Ningxia 49 12 6 31
Hi Gansu 35 11 12 6 1 5
MJEIT. Heilongjiang 24 11 8 5
P % Inner Mongoia 13 2 5 6
T Qinghai 9 4 1 4
BioE Xinjiang 5 2 2 1
I Liaoning 5 1 2 2
AT Total 140 37 39 53 5 6
&4 5™ puroindoline IF I HYRIEYFN SKCS FEFE PLAT
Table 4 Comparison of phenotype and SKCS hardness index among 5 different puroindoline alleles
HLpR 7Y LRSI FIA SKCS fili i
Genotype No. of samples Phenotype T-¥){H Mean SD AZF Range
Pina-Dla/Pinb-Dla 37 % Soft 242¢ 10.3 2-48
Pina-D1b/Pinb-D1a 39 fifl Hard 65.8a 8.9 52-80
Pina-D1a/Pinb-D1b 53 fif Hard 514b 7.1 43-72
Pina-D1a/Pinb-D1c 5 fifi Hard 622a 42 54-66
Pina-D1a/Pinb-D1p 6 fifi Hard 54.6b 6.0 46-65
&t Total 140 50.0 19.1 2-80

AN RER IR ZE L 5% 825K 1
Different letters indicate significant difference at 5% probability level
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