Online system: http://www.jabiotech.org

i U N

Journal of Agricultural Biotechnology
JAB 2018, 26(5): 888~898
DOI: 10.3969/j.issn.1674-7968.2018.05.016

FHK ASE AN BT ERALE el F (iso)4E.a F el F(iso)4E .c b1 55 £ R Al
F 4 e

XEErkt SKRENIT EALAR EERAE Bt BRfET OB skedyt BOKET ERGE

L IR BB B 88 546 70 58 /Ll 2R 48 Wit gk e A2 ) 2 T A SR =8/ 18 K B S 30 R AR o Ll 2R 43 H o, TR 250100 2 Ll ZR 28 £E R}

e AEMIBORBE S L, B 250100
* @ A, zhaozhizhong454@163.com

W E HIEH AL (Turnip mosaic virus, TuMV) 5| & 1195 8599 & K 1 32 (Brassica rapa ssp. pekinensis)
FEREZ —. KAZTEAA elF(iso)dE.a (A elF(iso)4E.c (C)IL[FA S5 75 1 B W12 G, Al A
B DR R A Dy e 2k TRAL K A B ME LR Gt ik, R ISR I NBUREER L. BT A BRIk elF(iso)4E.a
()R] A% BY U] 5 AR (o) R (K R A% () ~ el F(iso)4E .c FIFE T 5875 (") Rl Joa 13 N AR (%) ASHIF 0% 3 F
el F(iso)4E.a 55 A1 HE R F7 I BEAT 1 S8 0 A AVVEAS AR AL 1RSSR, 456 AR TR C 42 3R A5 1K) %€ eIF
(i50)4E.c S5 RAZ AR, % o [ 17 3% 85 65 11 38 /N K 11 S5 it Pt R AR 8L A2 1) ) 114 96 47 B .28 K 11 32
JRFIRAT T A . S5 R, Ava' T @ J R BUTE 165 K 1 S 29 A8 P AN 28 0 288 b o 08 9050 P DA Hh A28 43
il 36.8%+40.8%122.4%F126.1%-28.1%-45.8% . a' Fl a® P P 5 A5 25 {57 I [A] R AG: HA A% S8 AR 71.3% o
FHECZ T, E el F(iso)4E.c A7 55, BRI 134 i BB ACH 1 Bl o' FERIAL 13 3 Fh T2 ¢ B R AL, 7
Tt AR SEA L BRI BT o7 0 BB R 10.4% o ASTIE 50485 SR SR R i s 25 T e 2k TR 3 A7 b ot 468 7 R8T ot o i
BIRMAE T AR AR, X O SR TSR T HUR R TR .

KA KAZE, RPN, B VE, el F(iso)4E.a M el F(iso)4E.c 7 55, , S A8 5

FESES S643.1 XEERIAEE A

Precise Genotyping of elF(iso)4E.a and elF(iso)4E.c in Main Chinese
Cabbage (Brassica rapa ssp. pekinensts) Cultivars and Germplasms

LIU Shuan-Tao' ZHANG Zhi-Gang' WANG Li-Hua' WANG Rong-Hua' LI Qiao-Yun' CHEN Wei'

ZHAO Zhi-Zhong" ZHANG Quan-Fang® LIANG Shui-Mei’ WANG Shu-Fen'

1 Vegetable and Flower Institute of Shandong Academy of Agricultural Sciences, Shandong Branch of National Center for Vegetables
Improvement, Shandong Key Laboratory for Biology of Greenhouse Vegetables, Ji'nan 250100, China; 2 Biotechnology Research Center,
Shandong Academy of Agricultural Sciences, Ji'nan 250100, China

* Corresponding author, zhaozhizhong454@163.com

Abstract Virus disease caused by Turnip mosaic virus (TuMV) is one of the most serious problems during
Chinese cabbage (Brassica rapa ssp. pekinensis) cultivation. Initial infection of TuMV in Chinese cabbage has
been demonstrated to be related to wild type BraA.elF(iso)4E.a (A) and BraA.elF(iso)4E.c (C). Loss- of-
function mutation in one or two genes hinders TuMV infection and results in virus-resistant phynotype in

Chinese cabbage. Two kind of allelic variations, miss splicing mutation (a") and psedogene mutation (&) in elF

FEEIHE « (LR BREFFE 4 (No. ZR2015YL073). L R4 H s 1F Rl (No. GG20170309005 1) A1 L 2R 48 AR bR} 2Bt Bl
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(is0)4E.a, frame-shift mutation (¢') and transposon-insertion mutation (c?). in elF(iso)4E.c, has been identified
respectively from Chinese cabbage. In this study, the differences among three kinds of e/F(iso)4E.a genotype
were compared again. Simple and convenient markers were developed. The precise genotyping of elF(iso)4E.a
and elF(iso)4E.c was detected among 38 hybrids bought from seed market and 96 germplasms created by our
breeding team. The results showed that the allele frequencies for A, a' and @’ were 36.8%, 40.8%, 22.4%
among hybrids and 26.1%, 28.1%, 45.8% among germplasms respectively. Total genotype frequency for two
mutant alleles of @' and a® was 70.1% . Comparatively, only one germplasm carried c'c' genotype and 13
germplasms carried ¢’c® genotype. The total genotype frequency for ¢' and ¢ was only 10.4%. The results
provide molecular markers for utilizing the genes in germplasms detection and new vriaties breeding. They

also provide molecular evidence for continuing expanding of those virus-resistance hybrids.
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K H 2% (Brassica rapa ssp. pekinensis) & + 71t
BEEZR BB, 5= T L 2R E T R AR
W EEERAE 2 — o B 78 B0 K I
E S SYNE B Vel U s I AN S - KRR N
T SRR i A2 L 9 B9 16 T 1Y 1 838 42 (Suh et
al., 1995; Walsh, Jenner, 2002; £ 5%, 2005). F[H
K 7 B9 19 Ji 2 A0 4 I 35 A6 9 35 (Tur-
nip mosaic virus, TUMV)~ 5 JIK 1€ ' 97 £ (Cucumber
mosaic virus, CMV) Fl1 /b £ . Ath 55 25 (15 37 98 5%,
2008), i fE E T E 1) 2 TuMV. TuMV g T4

A Y 995 B 8 (Potyvirus) (X EE T4, 2004), & 1E 5
RNA 5 55, HAE R H A 5 HAZ AP mRNA & 450
&5ty . BRI, A DB AL 4R R T 4B (eu-
karyotic translation initiation factor 4E, elF4E) /% H:
SRS 5IX IS 5 YR ELAE, TS 9 2
EF ERNERM ARG R G P HEEENUR AL
R GRS SEIGAIE BT, #0079 TF (Arabidopsis thaliana)
elF4E Al elF(is0)4E 7] LA [F] TuMV [#] VPg &5 H (viral
genome- linked protein) 4 H. {F A (Wittmann et al.,
1997; Léonard et al., 2000), Tfi M & (Nicotiana taba-
cum)elFAE M AT DL 5 00 221k %1995 B (Tobacco etch vi-
rus, TEV) ] Nla 2 [ (nuclear inclusion-a protein)4f]
‘H.AF FH(Schaad et al., 2000). X FiAH B 1F H i o8
RHRE HAY E & mRNA BT 75 0 S 2
SEER A AN, BT LA eIF4E J elF(iso)4E [ — S22
R RABALWED H & A KK E AN SN
595 BARERAETAE, I AL 2 R ARG B
RYLHIREE o 7E 2 22 (Lactuca sativa)~ B (Capsi-
cum annuum)~ it JK(Cucumis melo) =5 B 2L ik S AE W)
2 KRBT A DX FE ) R A AR B U (Nicaise et
al., 2003; Ruffel et al., 2002; Nieto et al., 2006), iX L&

Chines cabbage, Main hybrids, Germplasmes, e/F(iso)4E.a and elF(iso)4E.c, Allele variations

TR E N EE N HUR B PUEAM B, BA5EA T K
FEE AT BARIIAE o

BRI, K A3 b 55 B4 e ELEAH OC 1) 2k
[K /& el F(iso)4E(Jenner et al., 2010; Qian et al., 2013;
Nellist et al., 2014; Z=[H 5, 2016), FH]72 A—Ffxt
Ji B IF U I K A S 2 T Fl R-0-18 (yellow
sarson, Brassica rapa ssp. trilocularis) ¥ 738 Hi K 1,
B3N, 7 345 % N BraAelF(iso)4E.a b Fl ¢
(Jenner et al., 2010), HH' 5 TuMV {2 4 B HAH 1
& elF(is0)4E.a f1 el F(iso)4E.c(Nellist et al., 2014; 2=
[E 5%, 2016).  H Ak H el F(iso)4E.a Al el F(iso)4E.
¢ AR IS5 A7 R AL 4 S (Qian et al., 2013; Nel-
list et al., 2014; Liu et al., 2017a #12017b), elF(iso)
4E.a A 53R AL B A 7] AL BT ) 5 AZ M el F(iso)de.a’
(Qian et al., 2013; Nellist et al., 2014)F1{F 3 [ 5 4%
R elF(iso)4e.a® (Kim et al., 2013; Liu et al., 2017a),
elF(iso)4E.c S 11 FEAL 72 2 i [X i L i 2k 3 B0
FERY GAR KT eI F(iso)4e.c' (Liu et al., 2017a) A% i
F 4 N 9 AE R elF(iso)4e.c*(Liu et al., 2017b). Liu
55(2017a; 2017b) FF K T % 5l el F(iso)4e.a’~ el F(iso)
de.c' Fl elF(iso)de.c’ W1 h REAR 1L, 25 [ 555 (2016) JF
KT % 5E elF(iso)de.a' 1) 56 5+ P 5 £ JE A 4 S 1
PCR (kompetitive allele specific PCR, KASP) 5 ic -
M FAE AR AT A ZR A b, b T A
B 1) TERIK 1 3t o DL B A R A B o 7K
SR VS URALE el F(iso)4E.a 1 el F(is0)4E.c W5 AN £
(R EAT T 02T, 15 AE E AR T E K 28 34k
Tt DL B AR PR ALK SR BEURAE IR PR A7 U ik
AT 2R PR 0 A0 SR A A 8 Y 1 R FE AR O, DARA A = 4
FRAOHURE ERRRE , LA R A BB FL A 987 A 55 ) el
JAATRLES B U K B SR dh AR AL 2 ik .
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1 #MR5AEx
1.1 SCLGdrat

P4 K 1 3% (Brassica rapa ssp. pekinensis) 73
iy, — Ry R E T AT B O 2 A A
(R Fy P, o538 4 AR SR ZH 30 4 1 ) ) B
FKREFFNBTEE . F il A 2 E 5 8 77 1E
EG Y P NE N SR E P SR i N S AT L
M2 E1, A EH B0 SH3FRA. M4
PR B B2 ) B Je B ERFIE R 1. K3
ol B 5 L AR A8 AL R 22 e B S AE ST T TR
FE R 2 B AT B (8 AR AR 6~10 48
F52 %, $L1196 4, 1 LK 2.

1.2 EFEZH DNA 2EX

DNA #2 U2 fi x4 Bk 45 (2014b) 1K 7 2%, BUR
FSEG I 402 e B T2 mL 0%,
A 800 pL Fiv4 1942 B (100 mmol/L Tris, 1 mol/
L KCI, 10 mmol/L & — %P4 Z, 1% (ethylene diamine
tetraacetic acid, EDTA), pH 8.0), F jit 2~3 i iff B
B, T B 3 BE A (Precellys 24, 7% &) LW B, 48
J& 65 Cil ¥ 30~60 min. %845 K54 M E =R
&, 10 000 r/min & C» 5 min, BU_E 3 0 N &5 4K FR
S AHVR AT, 12 000 r/min &5 0> 10 min; F K H_EiE
TN 5 44 R85 75 % DNA YT3E » 12 000 r/min 2
L 10 min, YTIE FH 75% £ BEPE, = iR T 18 5~10
min i H TE 22 40T 4 COKFE I A 1L 7%, 20 C
RAFH

1.3 elF(iso)4E.a X elF(iso)4E.c & S HEE

AP TR AL el F(iso)4E.a (A) 5P R
elF(iso)de.a'(a") 1 elF(iso)4e.a’(a”) I %1l (Qian et al.,
2013; XIEBEAE, 20140) FEHTHEAT /047, 2 — DAL
TRIAR SR EFE D RS AN TN S T
[T T PR 514
PaF1:5'-CCCTTCGCAAAGCCTATACCT-3',
PaR1:5-TTCAGCATTCGGCGwCAGTT-3';
PaF2:5'-GAGTGCGATGGCGACAGAGGAT-3',

PaR2: 5'-TCCACTTTCCGCCATTAGCACAC-3',

T 4% H PaF1/PaR1 4 38 Al , 3 Ik PR 28 i
T AR 7= 0 03 ) A157 @' 158 Fla®167. H1T A/
a AR ZE 1AM, — 2 TE 6% 7% 14 5 T I 1 i
BERR EAECAIX 7 o XT3 Ala' 338 2% HRBEAR

P} PaF2/PaR2 # 47 (R ELBE 14 M1 PCR 7™ ¥ B
T«

elF(iso)4E.c % AL &L 1) % 5 W 2 | Liu 55
(2017a; 2017b) ) 75 ¥%, BV elF(iso)de.c' 1ir pii %5 i 2K
F#30PCR 71875 (Liu et al., 2017a), ¢ 1% 515K
La Taq /5 () PCR ¥ 14 45 & 3515 B 5 I V5 (Liu et
al., 2017b).

AW 5T 38 PCR ¥ 38 2K H & YL BH 2% Tag
PCR Mastermix (KR, db 52, $5'5: KT201-01)i#47,
7£ 20 pL = M AR & H AL 7 2x Tag PCR Mastermix
10 uL, 10 pmol/L ) 1E S [71 51 ¥ % 1 uL, 50 pg/L
) DNA #% 1 uL, K 7K 7 pL. PCR /v %k 14
N 94 CHIAEYE 5 min. 94 CAE 1 30 5,59 “CiE k30
.72 CZEAH 10 s(/NF 200 bp HI7747)8% 5 min (KT
3 kb =), JE 38 35 K. iR B Y 4 R H 425X
4 (4t 50) 1) TransStart FastPfu DNA Polymerase
(AP221-01) F- 4% Ut B F 44, 34 26 #F: 95 €. 3
min, 95 °C.30s, 57.5 °C.20 s.72 °C.30 s, 35 N
¥, 72 CJ5 %A 5 mine PCR ¥ 1 7F BioRad T 100
6 B PCRAX _E3E47, /T 200 bp 938 729 FH 6%
7 A B AT 5 T i #t J L VK L R A TN, SRS A L
FARE ;s K T300 bp (199734 7240 F 1% 11 35015 4 vk
HLYK EB 4Lt B 3B UG R g ER . %
W7 1) PCR = IAE 2 KL R A IR A R AT . R
19 25 B 2%t R/NESGI Fp 45 2R v S BRAR O
S e DAL PR R DR 28 o b e R R 0 e = o i [
RULE AR B0 B i R DA ) 2 A
TR S F1x100%.

2 ZER5HH

2.1 elF(iso)4E.a i SHIEREERAE

K 3E el F(iso)4E.a 1 3 Fl &5 457 5 [K 1 FF 51 £
3" %y 15 41 22 S 1 B, AR BT Y) RAR o', 58
ERIAMIEE AR FHE—NE T ZIHE
— AN B A N R S R R R Ak o 5 B
AR A R o' FHEE, RS — & T H 4 10 bp
[I3d N o PaF 1/PaR 1 & 43 it i A5 43 i o B2 6
SeE g R 2 Frow, Hoi AR KR BRI ARAR T LA
i N a’a®s F A /N BB 1T R 4B A4 5.
a'a WATRE R AT Aa', 551X 3 i 32 R 24 ()00 57
SiRWME 3R, KA R TF B 38 AN DL &
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Table 1 Detailed

information about test hybrids

Fri5 4K

No.

Name

BaEHRMY
Heading type

B R AL
Institute/Company which produced the hybrid

1

O 0 9 N n A

10

11

12

13
14
15

16
17
18

19

20
21

22

23

24

25

26

Jb = #r =5 Beiling New No.3

RSN ShanDong No.6

111 %:-£5 ShanDong No.7

#F}8 19 NiuBrand No.19

R EFK 15 NiuZaoQiu No. 1
K% "5 GongGuan No.2
Pl =% GaoKang No.2

£ H—'5 LuBai No.1
755 LuBai No.6

F T ChunQiuWang

HRHR=E
Improved QingZa No.3
=£$1 60 FengKang 60

=£$1 70 FengKang 70
=£H178 FengKang 78
REEF R TianJinQingMaYe

J#E 75F1 JinYu 75F1
H#75 60F1 JinYu 60F1
K475 TianBai 75

1176 ZhongBai 76

1 62 ZhongBai 62
R A =

Improved TaiYuanErQing

3£ ="5 JinCai No.3
K Ji 75 TaiYuanErQing
fItik /N34 56 YouXuanXiaoZa 56

/N SUFIFK XiaoYiHeQiu

Kb St
JingPingGuiLong No.5

4 Inward-curling type with-
out overlap

&1 Overlapping type

ZH1 Overlapping type

3 Overlapping type
1 Overlapping type
Z 1 Overlapping type
Z 1 Overlapping type
Z4f Overlapping type
3 Overlapping type
A Inward-curling type with-

out overlap

&3 Overlapping type

Z 1 Overlapping type

Z 1 Overlapping type
&1 Overlapping type
H & Cylinder Type

L4 Cylinder Type
H. 4 Cylinder Type
H & Cylinder Type

.4 Cylinder Type
H. 4 Cylinder Type
H & Cylinder Type

H.f4 Cylinder Type
H & Cylinder Type
H & Cylinder Type

&1 Inward-curling type with-
out overlap

3 Overlapping type

AEHCHE s AL R R 7]

JingyanYinong (Beijing) Seed Sci-Tech Co., Ltd.

AR LV RL 22 B 35 S AL AT 78 i (VFI-SAAS)
Vegetable and Flower Institute of Shandong Acade-
my of Agricultural Sciences

ARE & B AA R TR 7

Shandong LuShu Seed Co., Ltd.

VFI-SAAS

VFI-SAAS

VFI-SAAS

VFI-SAAS

VFI-SAAS

VFI-SAAS

AR L B A X i it 7T B

HuaXing Seed Institute Weishan county Shandong
province

T & [ B Ao v A BR 22 ]

Qingdao International Seed Co., Ltd.

Ll 2 5 g oIl BB A A7 PR 22 =] 74 H A 93 4 W] (SD-
DHS-XY)

Shandong Denghai Seeds Co., Ltd. XiYou Seed
Branch Company

SDDHS-XY

SDDHS-XY

TR A A B 22 5] (SNS-TJ)

Tianjin Shennong Seed Co., Ltd.

SNS-TJ

SNS-TJ

KRAERHE AR A A R 7]

Tianjin Kerun Agriculture Sci-Tech Co., Ltd.
VFI-SAAS

VFI-SAAS

L7 45 ROl L B e 2087 72 BT (GRI-SAAS)
Gardening Research Institute of Shanxi Academy of
Agriculture Sciences

GRI-SAAS

GRI-SAAS

P S A T R AT BR A W] Zhengzhou Zhengyan
Seed Technology Co., Ltd.

T Sy A=A R

Qingdao Hefeng Seed Co., Ltd.

& S A A PR A

Qingdao Guilong Seed Co., Ltd.
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27 %% QiangShi 4 Inward-curling type with- & [E V3 F 7 22 7 Seoul (Korea) Seed Co., Ltd.
out overlap
28 #fi# HanChun &0 Inward-curling type with- J& 7 i [ /78 BH BT 25 5 Fiolk A IR 2 =) 44 65
out overlap Produced in Korea/Sold by Shenyang New East Seed
Co., Ltd.
29 Fk# 70 QiuHuang 70 & Inward-curling type with- i [ BIOTONG Fh i bk x4k
out overlap BIOTONG (Korea) Seed Co., Ltd.
30 # it 45 HuangXinZao 45 A48 Inward-curling type with- Ji= s s [5/) 444 R Fh 51 3E R 45 A &
out overlap Produced in Korea/Sold by Guangdong Provincial Im-
proved Variety Introduce Service Co.
31 FH I iR 4 Inward-curling type with- ZR SRR PP i AHE (L) A PR A
ChunYueHuang miniChinse Cabbage out overlap Dongbu Hannong (Beijing) seed Co., Ltd.
32 %% Julin & # Inward-curling type with- H A< 4= b A R 202 4 A2 7= /40 A 4% TR i A TR
out overlap AT E
Produced in Japanese Tohoku Seed Co., Ltd./Sold by
Fujian Nobowang Co., Ltd.
33 441 Jinlin 410 Inward-curling type with- H A< 4= b Al R 202 4 A 7= /40 A 4% £ A0 i TR
out overlap 7y 7] 84 45 Produced in Japanese Tohoku Seed Co.,
Ltd./ Sold by Fujian Nobowang Co., Ltd.
34 Rk H A5 HELfA Cylinder Type SR A 2R AR A 5] 1R S5 A
Carefully Selected Japanese ShaoCai Produced in Japanese and Sold by Guangdong Provin-
cial Improved Variety Introduce Service Co.
35 % "5 QinBai No.2 Z 3 Overlapping type e Aol Bk ke et A IR A =)
Yangling Agricuture High-Tech Developing Co., Ltd.
36 1% 16 DeGao No.16 Z ¥ Overlapping type Ly 2R A T 8 o S P AT 7
Shandong Degao Vegetable Seed Institute
37 {7 CR117 DeGao CR117 453 Inward-curling type with- 111 = 48N 7 42 iy B S Al i BT 2 i
out overlap Shandong Degao Vegetable Seed Institute
38 HL.# 55 ZaoShu No.5 %1 Overlapping type WL AL B2
Zhejiang Academy of Agriculture Sciences
PHGAGTGCGATGGCGACAGAGGATGTGAACGAAGCCCTTGCGGCGGCGGAAGTACCGGCAACAGAGACGACGGAGAAGCAGCCTGCTEACAAGCTCGAAAGA :gg
C E:Fg' gcgatggegacagaggatgtgaacgaageecttgeggeggeggaagtaccggeaacagagacgacggagaageagectget acaagetcgaaaga 100
200
200
Consensus aag.tnsngm:‘in:t tctggttcgataaccaatccaaaccaaagcaaggegecgectggggagecet cP:Fclt tcgcaaagcctataccttcgacaccgtccaagact
a .22222:1£21¥:212i1£5¥gzisz 1 TATTGTTAGCGATQMIRBIINCT T AAAGCT AGAT CTTCTTTT GCAGTTTGCACGAGACTATATTCJERY
[T CTRGGGGGTTTGTTTGTCTTCTCCTTTTANTTATTGTTAGCGAT(S NSNS WNNSCT GTAAAGCTAGATCTTCTTTTGCAGTTTGCACGAGACTATATT Clwidy
Consensus tct gggggtttgtttgtcttctectttta ttattgttagegat ctgtaaagctagatcttcttttgecagtttgecacgagactatatte
AT CCCTAGCAAACTGEICGCCGAATGCTGAAATTCACATGTTCAAAGCTGGTGTTGAGCCTAAGT GGGAAGAT CCTGAGTGTGCTAAT GGCGGAAAGT GGA ety
F2BAT CCCTAGCAAACT GEICGCCGAATGCTGAAATTCACATGTTCAAAGCTGGTGTTGAGCCTAAGT GGGAAGAT CCTGAGT GTGCTAATGGCGGAAAGT GGA JRIYI]
PRl AT CCCTAGCAAACT JYCGCCGAAT GCTGAAATTCACATGTTCAAAGCTGGTGTTGAGCCTAAGT GGGAAGAT CCTGAGT GTGCTAAT GGCGGAAAGT GGA JKITY

Consensus atccctagcaaactg cgeccgaatgetgaaattcacatgttcaaagetggtgttgagectaagtgggaagatcectgagtgtgetaatggeggaaagtgga
PaR1 PaR2

Bl 1 elF(iso)4E.a =FhE& A B E B F 5I7E 3-imHF 5 btk 3

Figure 1 The alignment result at 3"-terminus of three kind of elF (iso)4E.a allele

A BPER o PRSI RAR I ; o [RFE TR RARIY s A N RN DO R S I VAR B, SIMIBI AL FRAE T RIZ T 77 5 Wk g

RIS — AR T/AR — N TS AL s BRI ARR 3 PR R Y 41 58 A 1), B C B S A AR E R R 2 [A) 7 471 A ]

A: Wild type; a': Splicing mutation; a”: Psedogene mutation; Regions with underlings mean the sites of primers designed, and the

names of primers given below the underlings; The arrows point the junction site of exon 1/intron 1; The black shadow regions

mean complete identity among three kind of allele sequences, and the blue ones mean sequence identity existed in two of the alleles
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1 23 4 5 6 7 8 9 1011 12 1314 15 16 17 18 19 20 21 22 23 24 25

_A

1 2 3 4 5 6 7 8 9 1011 12 1314 15 16 17 18 19 20 21 22 23 24 25

_B

E 2 5[#4EEPaF1/PaRI EFS AEXKMMRFREPHEELER

Figure 2 Genotyping results in partial hybrids and germplasms by primer pair PaF1/PaR1

A BRIy AR E A . BB BEIR IS A . ALB R UKAE 1R 2 23 SR RS AE (VB AR A AA FIRARAK, o’a® 95T B, Tk
T8 3~25 73 S AR AR (A TR R 1 29, 32, 36, 23, 25, 6, 26, 31, 14, 33, 10, 1, 30, 21, 19, 24, 4, 34,37, 8,22, 7, 2)

B (B: KU B3R 2 K 75 3~25)

A. Results of partial hybrids. B. Results of partial germplasms. Lane 1 and 2 both in A and B referred to wild type AA and mutant
a’a’ control, lane 3~25 refers to the No. of different hybrids (A: The details reference to 29, 32, 36, 23, 25, 6, 26, 31, 14, 33, 10, 1,
30,21, 19, 24,4,34,37,8,22,7,2 in Table 1) and germplasms (B: The details reference to 3~25 in Table 2)

i

3 AA Ad'Fla'a BRI FIEE

Figure 3 Sequencing peak figure of AA, Aa' and a'a’
A AABERT . B Aa' eI, C.a'a' FEIHY

A. AA genotype. B. Aa' genotype. C: a'a' genotype

96 3 1% 0> B IR LE el F(iso)4E.a i 55 I % 5E 45 ok
2HME 3. WNRFEIRTTHE, A8 Ava #
a® 3 DR B PR 5505 5 1) /2 36.8% + 40.8% 1 22.4%, 1
Folt J53 % Y5 Hp 3 ol 5 TR 28 00 40 2R D 43 Sl 2 26.1%
28.1%H1145.8% . a' Fl a® FAZNL fAE Z A8 Fh A 1) 4
RN 63.2% FEM 5T BT U5 AR 73.9%, 7 AR
PR B AN 71.3%. 46, R % I AT 4
W AR AT RS A R, R 39555 N
Ad®, F A A2 5 N a'a?, K40y PR T Bk {48
alifk, AR NA AT,

2.2 elF(iso)4E.c i s HEREEIBHELTE

Xif 44 A8 B HL 30 PCR [ LA Taq ¥ 39 45 B 3£
W1, B A5 38 AN fh b LE el F(iso)4E.c i i ¥ N B 24
R, P55 IR ) 5 2 PCR A I 25 BAN & B — 1 44
BHE el F(iso)4E.c 7 5 FE Tl 3 B ok S ARk (K 4), 1%
k58 2015-359-1, /& Hel02 46 & 5. 5
A 1300 1% 0 VR K B 30 PCR ¥ 1 3 AT A 677 »
XEEHF R LA Taq 34 )5, #AS 2] T 5 kb A4
2kt (8 5), R IX L8R BHE el F(iso)4E.c fr iR A&
TR FARN R, LI JE T el F(iso)de.c’, %
B DR R LE ol o 8 5 1) AT R 13.5% . FEIX
13 13 elF(iso)de.c’ 44 & F: R B b, A 9 11 (3, 6, 10,
35,37, 48, 49, 51, 86) ¥ & H 826, 5 H 2 43(25, 26)
& DaQinBai(Liu et al., 2017b) (% & 548, H 42
(21 F132) 72 B S A kL. o Al RAR L R Y
(AR H A AR 10.4%

3 it

AW T T K A 32 Q4 AT PR B DI BE
elF(iso)4E.a Fl el F(iso)4E.c 3 K P9 3 15 51 £ 25 4 1
FER T X AR SR B R R B (1 73 Fhmad, J& T3t
BRI DIRENE S FARic . SR DI REIE 2 bR ic xf it
MR 5 52 B8 R U, BT DL B A A R R T
WA RILE AT A5 AR S5 A DRIR A, 3k T AR A 25 7 2
D] 1) Ty e B4R BT AR 0 55 R AL, M s A4
(32— A A B R HE S SR AP0 B 4 T UE R,
FH ORI FUAE K A S LL D WL o AR FAE ST el
(is0)4E.a 1) 3 B4 A7 A48 5 (B 1) EAT RS HE S € I, K
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Table 2 Information of Tested Germplasms

FFs T i 5 s T 5 i 5 5 T 5 i 5 FFs T i 5
Order No. Germ No. Order No. Germ No. Order No. Germ No. Order No. Germ No.

1 2017-YM4 25 2012-YZ6 49 2015-ZC52-1 73 2013-278-3

2 2017-YM5 26 2015-361-1 50 2016-72-1 74 2017-YM56
3 2017-YM6 27 2015-378-2 51 2016-126-1 75 2017-YM57
4 2017-YM7 28 2015-354-1 52 2016-153-1 76 2017-YM59
5 2017-YMS 29 2015-355-1 53 2016-165-2 77 2016-XC22-2
6 2015-YZ6 30 2015-389-2 54 2016-256-2 78 2016-XC22-3
7 2017-YM63 31 2016-291-2 55 2016-261-1 79 2016-XC23-1
8 2017-YMo64 32 B76-294 56 2016-331-2 80 2016-XC26-1
9 2017-M4 33 07-273-1 57 2016-DBI1-11 81 2016-XC26-2
10 2017-F4 34 07-274-1 58 2016-DB14-3 82 2016-129-2
11 2017-M1 35 2013-38-1 59 BCZY4 83 2016-133-3
12 2017-F1 36 2016-ZC16-1 60 09-552-3 84 2016-138-1
13 2017-YZ8 37 2016-ZC30-1 61 07-48 85 2016-139-1
14 2017-YZ9 38 2017-YM58 62 BCZY3 86 2016-142-1
15 2012-YZ1 39 2016-XC29-1 63 2016-156-1 87 2016-150-2
16 2012-YZ2 40 09-574-1 64 2017-YM15 88 2016-161-2
17 2017-YM61 41 2016-XC32-1 65 2016-332-2 89 2016-171-3
18 2015-369-3 42 2016-XC32-2 66 2016-315-2 90 2016-175-2
19 2015-363-1 43 2012-DB6-2-2-1 67 2015-189-1 91 2016-185-3
20 2017-M2 44 2013-381-2 68 2015-378-1 92 2016-186-2
21 2017-DB1 45 2013-382-1 69 2015-395-1 93 2016-189-1
22 Zao 219 46 2014-DB5-31-1 70 2015-38 94 2011-ZC39-4
23 2015-359-1 47 2015-ZC59-2 71 2012-178-2 95 2014-249-1
24 2017-YM20 48 2013-36-1 72 2013-276-2 96 2014-251-1

bp M 13 14 15 16 17 18 19 20 22 23 24 27 28 29 30 31 33 34 36 38 39 40 41 42 43

150—

100—
4 EHRBIEelF(iso)4E.c IS HIER PCRYIEER

Figure 4 Results detected by Nest PCR in some germplansms

Pl b B R SR ) 5 (SRS B L FR 2); M: DNA 73 T 45E 50 bp ladder
Numbers in figure means the order No. of germplansms (the details reference to Table 2); M: 50 bp DNA ladder

R T PRSI AR S G B 753 5l 64T PCR &3,
R E %6 H PaF 1/PaR 1 #E UK o’a” 75 18 H Sk (K 2),
SR J5 T PaF2/PaR2 % & ol 2 MR} 25 (R 24 (1 3),
FHAZ 71568 2R S0 K 1 2 i b B 5T e F (iso)4E.a (1)
FEDR AT DL RS #E %5 58 o 2 [E 52(2016) i Dy b
¥ ] A8 BY ) R AR A B T KASP bRid, {H R i
KASP Fric BER W GeH &4 o 5 K B AR )

R IEAREX 20 R AR ) A4 Ad® B a’a’, [H]
N B IR 3 AR PR RAE AT I A7 a3 52 4 A ) 5 ph AT AL
ZKASPARIANUE S CRHIAA B d’a’ 5 a'a' AREETT
ARG AR S E . AT L, SRR 25 E R
FNALEUM R P 2R AR LA R R, L BRI 2
s I T BOAH 45 65 B SR o ARHIE FERT el F(iso)4E.c
%8 R 7 2K PCR Y 1Y I T35, [FIRE S
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Table 3 Genotyping results on allele of elF(iso)4E.a in hybrids
A A4 R FERA A A4 B FeRRY A AL TR FL A
Hybrid name Genotyping Hybrid name Genotyping Hybrid name Genotyping
JeasH =5 d'a’ F4178 aa’ R AA
BeiJing New No.3 FengKang 78 QiangShi
RS a'a’ KA R Ad' e AA
ShanDong No.6 TianJinQingMaYe HanChun
xRt ad HEH 75F1 a'a K370 Ad’
ShanDong No.7 JinYu 75F1 QiuHuang 70
P19 Ad HH 60F1 ad LA 45 AA
NiuBrand No.19 JinYu 60F1 HuangXinZao 45
REAK LS a’a’ KHATS aa’ FH S AA
NiuZaoQiu No.1 TianBai 75 ChunYueHuang mini Chinse Cabbage
WR—5 a’a’ 76 a'a' B4 AA
GongGuan No.2 ZhongBai 76 JuJin
[TE s a'd’ 62 a'a' i Ad®
GaoKang No.2 ZhongBai 62 JinJin
BH—5 da R R = Ad' Fife H A4 AA
LuBai No.1 Improved TaiYuanErQing Carefully Selected Japanese ShaoCai
BENT Ad® HH=5 Ad' S Imes) Ad®
LuBai No.6 JinCai No.3 QinBai No.2
HFKE Ad' PN AA e 16 Ad’
ChunQiuWang TaiYuanErQing DeGao No.16
MRFR=S Ad® PLit/hak 56 ad = CRI117 Ad’
Improved QingZa No.3 YouXuanXiaoZa 56 DeGao CR117
FH160 aa’ AN SUFIRK Ad’ H#s55 aa’
FengKang 60 XiaoYiHeQiu ZaoShu No.5
FH70 a’a Kot e TS Ad®
FengKang 70 JingPingGuiLong No.5

A BPAET o W AR B U SEAR A ; o : (R E (R S AR S Y

A: Wild type; a': Splicing mutation; «’: Psedogene mutation

R A
BraAelF (iso)4E.a 1 BraAelF (iso)4E.c 1] 2l G¢

S RAZ AT LS K B S 2 A B SRR, AR 7T %08
SRR, AE R AR E RS M, elF(iso)4E.a {7 1
o5 00 B A DG 1 AR JE K Y (el F(iso)de.a' Fl el F
(iso)de.a” Hy B B AR 2 K 29 117 2/3(40.8%+22.4%), H
HA 17 AN R R REE [ s 5L % 9% 73 5k R 2 (Jak PR 284
Nad'a',dd B a’a®), B 14N FFIXCEZ — e RA
RURPRER BN Aa' Bk Aa?), 138 31 AN F R 304
mt P L B A ERALIE F B s Rl A
B 97%( 1 F13 3).  HH L AT U0 o [ 1) & it et
o KR 93 M B A1 el F(iso)de.a' BY el F(iso)de.a’ i

B WA B T RRXGEL N B AR, it e
& H A, R AR R HEH SR
B HOO R 45 AT AR S (R 1 ISR 3), 48 2 4E A7
SRR S R B oR, B R SRR 2 APUR RN, A
W 90 4 R0 IX — SR S T 114 TE
o H T RS A N SRS T BT
AL R B AN, 3 U EE I AT AR
B2, WO HEhan AhRe e PR IR E B3R —
M. (HAS R0 M RS (A) 5 KR 75 AA), /i &
S HAE G i Fh, b5 5 JLaE w5 it b B T
Yy, WA 45 T LR I SE A B8 o AT
A, 0] WL H AR 5 E e DU B R I AE 2



BN AR AR

896 Journal of Agricultural Biotechnology

R4 OFRelF(iso)dE.a i mpIE R

Table 4 Genotyping results on allele of elF (iso)4E.a in germplasms

FFs HE[AI Y s FE A s 2N FFs FE A 7Y
Order No. Genotyping Order No. Genotyping Order No. Genotyping Order No. Genotyping
1 AA 25 aa’ 49 aad’ 73 a’a’
2 aa’ 26 aa’ 50 a’ad’ 74 AA
3 aa’ 27 a'a' 51 a’ad’ 75 AA
4 AA 28 a’d’ 52 a'a' 76 AA
5 aa 29 aa’ 53 a'a' 77 AA
6 aa’ 30 aa 54 a’d’ 78 AA
7 AA 31 aa’ 55 Ad’ 79 AA
8 aa’ 32 a'a' 56 a’d’ 80 AA
9 a'a' 33 AA 57 ad’ 81 AA
10 aa’ 34 AA 58 a’a’ 82 AA
11 a'a' 35 aa’ 59 a'a 83 a'a'
12 a'a 36 a’d’ 60 AA 84 AA
13 a'a' 37 a’ad’ 61 a'a' 85 a'a'
14 a'a' 38 aa’ 62 a'a' 86 a'a'
15 aa’ 39 Ad’ 63 a'a 87 a'a'
16 aa’ 40 a’d’ 64 AA 88 a'a'
17 a’d’ 41 a'a’ 65 AA 89 a'a'
18 a'a' 42 a'a’ 66 AA 90 AA
19 aa’ 43 aa’ 67 a'a 91 a'a'
20 aa’ 44 a’d’ 68 a'a' 92 a'a'
21 a’d’ 45 a’d’ 69 a'a' 93 AA
22 aa’ 46 aa’ 70 AA 94 a’a’
23 aa’ 47 aa’ 71 AA 95 a'a'
24 AA 48 a’ad’ 72 a'a' 96 aa’
A B o WA BIYIRAR MY ; o« i R AR R

A: Wild type; a': Splicing mutation; ’: Psedogene mutation

kb M 3 6 10 21 25 26 32 35 37 48 49 51 86 SUSE N AZ T EAb BT 5 3L K], 3 A A ) 2

B 5 elF(iso)de.c i

HILA Taq ¥ 84 R
Figure 5 Results detected by LA Taq in some germ-

plansms
P B b TR S (b B SRR R VE L3R 2), M: DNA
S F &R DL2000

Numbers in figure mean the order No. of germplansms (the de-

tails reference to Table 2)

HEo 5N P Y g AR R N SRR
KR =75 (AA), WG 35 9 B A= A, (H AR 47 A= 7= 5k
BB 145 B 2% SRR T B IR Pl A, I I

FIK 2 b AP H TR ML B AR 2 57, XA Fpdt— 20 56
VE o AR VR GEZE O 1] 1) F BT A R, 73.9% 4857 o' B
@ BEPR Y, BOR AT 50 A 0 B R B B B R
PEEAT B2 b % 5, (B9 FH ) 36 B PR UL 5%, KR
M BB U dE R 1Y

5 elF(iso)4E.a 5878 BAW; |7 1 £ T B Ak B %o
ELIRT A2 s el F(iso)4E.c TR7F AT ri H IR AR A4 A 24X
N 10.4% , Ho i elF(iso)de.c' B HL BLAR AV N 0.7%
(1/(38+96)). FHAWF LR B, A T AR Gk iy
elF(is0)4E.a M el F(iso)4E.c 3:[F1 2 5 #2 Yx, Hrp
elF(iso)4E.a 1) R 74 B A Ba ik b A7 14 18 4% 2R
(Rusholme et al., 2007; Nellist et al., 2014). 7 4},
T3 55 1T DLk Bt R B 2 £ P R 4t
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244 (Duprat et al., 2002), #& 2= [F 7 (2016) 10 7 &
B, AN TuMV #k & 1 Vpg 5 1 5 48 [F#5 DL elF
(is0)4E & [ A, TuMV-C4 Vpg 7] LA [H] elF(iso)4E.
a HAE, B R fE [d elF(iso)4E.c H1E; #1 )2 , TuMV
CDNI1-Vpg A L[] elF(iso)4E.c H.AF, (B R fig [F] elF
(is0)4E.a. 1X H 7B A elF(iso)4E.a 5 elF(is0)4E.c
()2 5, 4 TuMV C4-Vpg 5 TuMV CDNI1-Vpg
(122 5, B 2% 3 B[R] B0 B 1) T 38 AN ] 1) 27
FH T BT IR E L7 K 0 B 1
s TuMV-C4 Pk & (15 2= & 55, 1988), M 48 2= [H 5%
(2016) 145 3, K AT TuMV-C4 Hi Mk 32 57 el F
(is0)4E.a F.5E DA B P SR AR (1 45 1], 31Xt 1] B 2 3 5
elF(iso)de.a' el F(iso)de.a” 3 R U |12 1 £ 1 S [A]
Z—o 3, KEXEPURTER 7T HLH 0 2 5%,
TAEIX A FE DR T e RIS RE 1) . I AE AR UR B2
FIHEFC & BL(Li et al., 2015; Liu et al., 2017a), B
A a'a'CCEERIRLF R H 3 H 2 5 8407 51471 TuM V-
CAMRR . @’a’CC HE Y FH A2 F i 291 (Guan 291) ]
X} TuMV-C4 17 BB B FFE B A o’ CC 3[R 7Y
(1) He304. 05-46 55 2 > H &2 & #1 % Wt = Bt
TuMV-C4 (Liu et al., 2017a).

AL TuMV R4 1R G4k H 32 BA SR AL,
AHEBR R X S L[R2 AR A7 AE AR PUR B AL R 5
HoZe. RAER 7SR 1Bl
fitlh b, XA [F) Dy R BE AL (1 00 25 55 61 78 S AR
R[5 FFRic, A Be 7870 I 4> F-Fric i Bh ik 5 F
BOHIFIES BT 05U B8 K E 2R B AE S

4 @i

AR T ] T 4 B 1 2 K S R
AR VR LB AR S R SR R SRR BEAT T P
B ) A 5 A elF(iso)4E.a F el F(iso)4E.c 1§ #E %
S, G R RW 3 BE 97% N 62% I E H T
(R 1 3 28 A2 PRI AR UR A B 32 Bl 1) 2 4828 K
SRR SR B AT B0 B 55 1 FE R el F(iso)de.a' B el F
(iso)de.a’s T K H FE 4 38 FPTE el F(iso)4E.c L 55,
BN AR, U AR R elF(iso)de.c' B el F
(iso)de.c” RAZAL s M B KL, RAR AL AN
10%. 1E 3 ISR H 5 5B TE el F(iso)4E.a
Ml elF(iso)4E.c i pi il A B AR . AR S RN
I B0 25 Dy i = DRLEEAT b o 46 e AT M R B
P 7 r RS AR BRI

S Lk
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