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Il (R 3 | T I 1R =YAY
BRIk SR TR ENRERRET RS
BET- 12, BAIE ., WAL B, ORME L BB, B S, s
(LA LR, M K1 410125; 2. Rl R¥R2EBe, WIR KV 4101285 3RS R KA 24
Be, #im K> 410128)
B OE. WRIRBEROI e HE RIS, DL B BRI A 18 B AR, T 10, 25, 50, 75, 100,
150, 200, 300, 400, 500 Gy 3t 10 NAFIFEESFIERAY O0Co—y FHRALPEAIGLHL, L0 Gy AN HE, B4 E
R RIS SRR R T AT o 45 TR WA < 28 100 Gy R IAAR AL B , £ B BRBER A1 412 B2 R L2 T & 35.9%,
R RIRIE R 77.8%; FETF UL, vk 100 Gy iz A @4 g i0iE 245728 5445 i 100 Gy 578 4 FAb Bt
1 680 B2 BH BBk {5204, M9 T il 1 026 RRFEAE B 400 20 BH BRI DR S AR IR , ISR IRBEE I Fr | ok
RIEMR EMAEEFENES, BESHRIK 35.9%.
X B I SRk OCo-y; SUARKPE; FHEIMT
FESAES: S663.4 MEKFRESED: A NERE: 1007-1032(2024)06-0062—09

Construction of a kiwifruit mutant library

and analysis of phenotypic variations

YUAN Ping!2, YANG Liying', TANG Jiale!, XU Hai', HE Kejia', SHEN Wanqi', YANG Bozhi*, BU Fanwen'"

(1.Hunan Horticultural Research Institute, Changsha, Hunan 410125, China; 2.College of Agronomy, Hunan Agricultural
University, Changsha, Hunan 410128, China; 3.College of Horticulture, Hunan Agricultural University, Changsha,
Hunan 410128, China)

Abstract: To accelerate the development of functional genomic research, the mutant library of ‘Hongyang’ kiwifruit was
constructed. The callus of ‘Hongyang’ kiwifruit were treated with ®®Co-y rays at 10 distinct radiation doses: 10, 25, 50,
75, 100, 150, 200, 300, 400, and 500 Gy, with 0 Gy serving as the control, and the phenotypic variation characteristics of
the mutagenic progeny were analyzed. The results indicated that after mutagenic treatment with a dose of 100 Gy, the
mutation rate of callus tissue from ‘Hongyang’ kiwifruit increased to 35.9%, while the differentiation rate reached 77.8%.
Based on these findings, a radiation dose of 100 Gy was selected as the further studied condition. After treating 1 680
‘Hongyang’ kiwifruit callus under optimal mutagenesis conditions, a kiwifruit mutant library contained 1 026 regenerated
seedlings of ‘Hongyang’ kiwifruit was constructed. The mutant library had rich variation in leaf, plant type and other
characters, with a total variation frequency of 35.9%.

Keywords: kiwifruit; ®*Co-y; mutant library; phenotypic analysis
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Wik (Actinidia LindL) 5= F [, FHE SR
WrER, B OKRZ T, RZENINE A
FHRROSI, HATARBRk nFh e B 3285 i AR R
SEE R IS E B AR A A )y O T
Hrp P A VRL R, (HE = SRk | MR IR A PR
HARMREMES R, MELIREE B EA QU R
AT E PN Sl = s N2 o= LSS R ] L o 7 S
W R AR HERR LU (54 1 DA B R PR B 2 5 S5k
i, RN Z RIS, ARFEFEMZRTA
AT TAER R . A8 S ELUWLIN DL K 728 S {145 [
A, FRSCREARTS, M, AN TiHERAR
AR SRR AR S, BRI AR,

o T LS A P T G g s R 70 R IR R Y
KIThaem B2 F-B, HRTCEKRO, mRIO B
R 2L R Rl 2 A EY g3 iz s
Mo RIBRZEAEREL, AMUATLUH T Fhit s,
QU I i 0 R

TEP ], BRESE S FRMA T 20 T2 90 4ER0,
KPR A= 2R T B O T AR F A Y
BUS T A IRCR o (HIFASM B 2 LUK 5% Fl R
F, PR EA FE IR E TN AR i IE
RAFRRO - ZAERRERN | R R A AR —
B, 20 WL LA AR 2 R AR T AR 58 A8 A A
AR HGE 75 HOR B PR TE AR A A e
RS — MR 55 B PR AR B A AT LU i
Fh e B O EAR , T 2 2535 WA ) T 8 AR AR 1 43 15
KGR HRAINER , I, AR 8U bk,
AR S S SR BRI S G e AT R =75 AR AL
12324 i A A Bk e R 4 0 A 4 S B 25271,
R 7L A PR T ) e A T ) 78 R TR A 2 i 9 it
WH FREEENER.

A5 R AN R 1 0Co—y 5 4k, X240 FH>
BRIk @ O S A TRR S AL B, GEit A brdm S S
AR GG A i R 25 5, DA iE B
AR, T UL 4 P BRI Rk S AR IR
PSSR RN B R R D REE A B S AR

1 MR5ERE
1.1 #eb
CLFH R — AR AR A% T i 4 Pl 25

ST i AR = AL
1.2 iRk7
MS RigRdk ., Rhike. 6" RIS (6-BA).
ZEZM(NAA) ., EKRZE @D H A E R A
PR F], B . BEeRl T 25 4 b7 A TR
VNI
1.3 ERE
BRI MS 553+ 6-BA(0.25 mg/L) +
NAA(1 mg/L)+REERE(30 g/L)+BiliEH(8 /L), pH 5.8,
PefREEFRIL: MS Hi 375+ 6-BA(0.25 mg/L) +
NAA(1 mg/L)+HERE30 g/L)+EiIEH(8 g/L), pH 5.8,
MR FREE: MS BERIEHZT(1 mg/L)+HERE
(30 g/L)y+EiEH3(8 g/L), pH 5.8,
AMREEFREE: 12 MS BRI+ (1S gL+
PIE(10 g/L), pH 5.8,

14 5%
1.4.1 “Co—y RAEFZELME THik

BULIRRBRIRE— AR AR B R 2%, BYAY S om 72
F 28 BE, T5%ORERIANNTE 30 s, JoIR7KTE
3 1% EFRANALHE 12 min, JCEKYE 3~5 X,
SRIGHRN TS SR T 80, JhEat
ORI FR A TAMASE SR, R A S R B
HER R A HL YR 0.3 cmx0.3 cm ZEA B/ INT
He, TEARCREIRIE FARSRRE SR . RiFR 4410 H - 25 °C,
16 h EHE, 8 h 2EMmE, YEREREE 5000 Ix; 3% 7~10d
JEH 2 SRUBARE TR, TSR E @i 4
LU TR, FAE O, SR AR
SR BRI A TR S AR 15 10, 25, 50,
75. 100, 150, 200, 300, 400, 500 Gy #t 10 f~A
[R5, DL 0 Gy IXTRE, FH 5 Gy/min B35
RISk AG AL, BRI 80 Hedifs;
M, F=H 3 W AR, WAL 50
TEAMRE SR BEER 20 d, BT 8UEE,

FEAF TG 0 A L A AR AR SR B R AT 4R AX
R, B 20 d 400 1 Ik, EEAME 2 IRUUE,
BOMEIG T T AR, B 20 d AR 1 SR
o LR 60 d JE ST AL ER R LR R A A
KAGOL, 254 PEAL LA a2 < 21 BH kA ik 45 41 40
OCo—y §RHHAA AR A
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1.4.2 REARGER GBS FAFTAER

2019 4%, ORI BHIHOR B B 0 bk, =i
T3 ARAERNAR o 2020 A% 2021 4, SR (R
i DUS WAsra sk )e) ), DALLBA AR
BT ER, A SR AR SRR T (R E . ia
W R RN SRR . SRSTRAR SRR

AR ARG H I HER Y, T ARC S
B RIWES SAF U TRAN, B2 56 R AR 51 7
AFtgE AR, Hoh, RADNER E RS R

AWM WREERAEE . SRR
mFk 1 PR, b RSP 10 45 PCR VAR
(25 puL): 2xMS5 HiPer plus Tag HiFi PCR Mix 12.5 pL .
IEMB#1(2.5 pmol/L)2 pL, JZ[H15]4(2.5 pmol/L)
2 uL, DNA(35ng/uL) 1 uL. ddH>O 7.5 uL. PCR %
IR : 95 °CHZEYE 5 min; 94 °CZ8ME 1 min, 35 °C
B K 1 min, 72 °CZEff 2 min, 5 PMEIR; 94 °CAEYE
1 min, 55 °CiB:K 1 min, 72 °CZEf# 2 min, 35 4
PEFR; 72 °CHEMH 6 min; PCR =4 FH 3% 5 b
a8

#= 1 SRAP #FHrIE5I1¥IFES

Table 1 SRAP molecular marker primer sequence

ELE i 35 19)(5-3") 519> TS 153
P-F1 TGAGTCCAAACCGGTGT P-R1 GACTGCGTACGAATTTCG
P-F2 TGAGTCCAAACCGGTCA P-R2 GACTGCGTACGAATTCTA
P-F3 TGAGTCCAAACCGGTTG P-R3 GACTGCGTACGAATTCTC
P-F4 TGAGTCCAAACCGGTAG P-R4 GACTGCGTACGAATTCGA
P-F5 TGAGTCCAAACCGGAGC P-R5 GACTGCGTACGAATTAGC
P-F6 TGAGTCCAAACCGGAAG P-R6 GACTGCGTACGAATTCAA
P-F7 TGAGTCCAAACCGGTGC P-R7 GACTGCGTACGAATTCAG
P-F8 TGAGTCCAAACCGGAAT P-R8 GACTGCGTACGAATTAAT
P-F9 TGAGTCCAAACCGGAGG P-R9 GACTGCGTACGAATTGAC
P-F10 TGAGTCCAAACCGGAAC P-R10 TGACTGCGTACGAATTGG
14,3 ‘LTFRBRAEARR AR 4G4 22 S HOR R IEAC, R 5 08 5 0 55 m ¢

2021 4RI, K B 21 B SR s 2l
BUR F AR SR T AR Ab 3, Ay R AR A
o K abBRE S E AR R i kAR
iR, 20 d 40 1R, AR S DG, %
OISR T AR SR, 15 20 d B 1 ISR
Beo TP ZFHIZRK ST 3 em Ja, #EATAAREE
TSR, BLARBIHA . AR e TR
Del ZWFIE BT b, AR 21 P A 98 A 1A Mo
AR, Ff42 JEHH () MBI KUK A 44 o HT %8 Hin,

2 HERESH
2.1 OIFREREHEA AN R ES T ZHHTHIE
REF|Z “Co— vy S &K ATHRIEARA A LB 425
% S A S LA

Kb A [ 53 500 T Ak A A H A B B R
KA AR o0, SR EE 2. B DR FREHT

2.1.1

/N, Bl SRR BB R , 200 Gy 193
AN 33.3%, 300 Gy ISR N 57.5%. FIFHLZ
P18 )5 (y=0.001 7x — 0.009 4, R?=0.99)i155.75 5]
B (LDso) A 299.64 Gy, FESF 750k
NS A7 A X (y=—0.001 7x+0.988 5, R>=0.992), Kt
BRI G IS ARB AR, 100 Gy BHMEEN
77.8%, 200 Gy B3HE% K 61.1%, 300 Gy LA F4rk
RINAXTRAR, HfE S, SRR hiZ .

2.1.2 REREHTFAFITAEN

PR R ADIEL AT RE 2t I il o3 58 A2 Y, kot
Gy FARICXS SRARAEA T HE— 20 H , 255 RAN
B B UEAS 59 1Y 77 A2 IR G BUR R (R 2), il
SRAP 43Fhric, 745 AR A5 L1 I Rtk Z [l
38 22 F 45l (B 2) IEBER A3 i il LA S0
RIS AB Ko A G L . 456 RIAEAK S SRAP 4%
R(E 2)rl 1, 100 Gy BHEUEE K 35.9%, 200 Gy
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B RIK 78.2%

*2 OCo-y BB DMHBLNHIER, DURMBER

Table 2 The mortality, differentiation rate, and mutation rate of kiwifruit callus after °°Co—y radiation treatment

R /Gy PISEY HICHE/% S % HERY%

0 240 0.0 100.0 0.0
10 240 0.4 96.7 4.9
25 240 2.1 95.7 15.7
50 240 3.8 91.8 25.4
75 240 12.1 89.6 30.3
100 240 17.5 77.8 35.9
150 240 25.4 70.9 49.8
200 240 333 61.1 78.2
300 240 57.5 471 100.0
400 240 68.3 26.4 100.0
500 240 80.8 158 100.0

A 0Gy; B
K 500 Gy.

10Gy; C 25Gy; D

1
Fig.1

50Gy; E 75Gy; F

100 Gy; G

150 Gy; H

2 50Co-y fRATAL IR HVBRIRHE A 5 LA

Kiwifruit callus treated with “’Co—y radiation

200Gy; I 300Gy; I 400 Gy;
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VKIE 1 DL2000 Marker; PKiH 2 S ZLFHBRBE; DKIE 3~13 AR IARMREM s Sk T AR i Beh B o
2 SRAP #R5) 5|44 B EIE
Fig.2 Amplification profile of SRAP partial primers

2.2 FREHERTRERMAE
FEAF T AR S IHTEE T, AR AT RedAS T
FA = B PRI R AR A, 255 BOER 41k
., LA 100~200 Gy [HRSSFIEXTRIGERE A 4140
WATARbIE . Z5RRM], MAFERIEALE 150 Gy B,
AT (49.8%) , ML EAK(70.9%), AF]
FoRAMARFE R, HAFRIRIE A R,

] TSRS, (ATCA R E, Bk, B
FELL 100 Gy MRS T oA R e A A e fiff
FH 100 Gy AbFE 1 680 B2L R SRk A 204, &
A, SH55] 1 026 SRR, PR ER T
A T 2T i, R 2T B RSB R Mo
A 3).

A UL B AGMSERITALE; C
B3 ‘ARFSEREGERANFEREKREE
Fig.3 Mutation induction and plant regeneration of ‘Hongyang’ kiwifruit callus tissue
Syt AR R AT BEAE Mo AU IR, IAE Mo AUfE
FRGEHAAE R, K 3 aJLE W, 15 Mo fUHE
PR RS S 20y 4 AN, Hodr, B

2.3 CLIREBRMRM SRR R B R
AN 9 7 W R S S A N TS 7 S

WERRAIET; D e B OAENIESE; FOMRE.
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R3 BIEHERTRE Mo B ARBETRER
Table 3 Statistic of mutant type of Mo generation in kiwifruit

mutation library

FARFT AR BARRAR AT Yo
B 230 22.4
R B, 88 8.6
TR 42 4.1
RS 8 0.8
ER 368 35.9

AR Sy 22.4%, FEAEHAZR, HHE
NS TR B AR SIS 8.6%, EEA TS
RAVARLL | TR BUEARTRST . AR AL AR ST AR5

HY 2L ienk s H20, H400 it AL A8 SRR A,

4.1%, FEALE R SRS RIVE AR
0.8%, EEALTRLLAL, IR,
thBERA

LT BRI RO DR, LSS, %
AR B R AR SRR 22.4%, R
A 62.5% AR RIBAAE 4 R
R B RY) . AR N MRS (R E S
BARES)E, Hh, H20 M5 B KT EAEAN,
177 HA00 i LR 248N, ESPmH E R A (] 4).

2.3.1

H400

B4 OREBMRME SRR RS RRES

Fig.4 ‘Hongyang’kiwifruit and some leaf morphological variation mutants

2.3.2 "tHAREER

L1 BH BRI RE A BB SR, BRI
SRR S, . SRR A B B €6 A8 S AR
K 8.6%, 5 MGEARIRAN 23.9%, M H AR 4
MBI A ANARLL | A B a s g, H30

HY M2LFRBik; H30, H22, H950 Mit(agerisihk .,
B 5 ‘OfRHRBERSHRsHETRERT

Fig.5 ‘Hongyang’ Kkiwifruit and some leaf color variation mutants

RI AR EASE A IRR B sk o, wl
RER R GBURTEA R B SE N Kt T RA8 . (EIEH
FiFRIGOUT , H22 BB AR 2L B R ki
AR Sy ek, ISR R B FRmAE;
HO50 MIZEHLH A A 32 2L 2sAH ] i (151 5).
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2.3.3 HAR#RA GEALPRIAF R IBIEE S 2.5 cm, Horfr, H38 1 H100

B T 11 e, A (RIS ICE ), Al
b AR LT 11 em ok OB IEERR . (IR IRAR MR A
LIRS BR A, v (D ORIERRR, BURAEA
ISRy 4.1%, (S RTTEBIRIY 11.4%, Bk

HY LB BRBERE; H38. H300, HI0, H75. H100 REEILZEAEA,
El 6 ‘ZIPRFREHES BRI E R
Fig.6 ‘Hongyang’kiwifruit and partial dwarf mutants
2.3.4 REERF ARSI R RV RIE RS
ST BT R R 65 @, Moy (B 7)o H201HROHARIMIBYIRILLE; H200
SESHOBCRR 0.8%. HEGVIHURI 20%. 0O T LRI RIREAER

H200

HY 2L BRIRE; H201, H200 MRS58 4,
B 7 ‘OSBRSS HRsRITRET

Fig.7  ‘Hongyang’kiwifruit and some fruit mutant mutants
3 R 5itie AR ZERS] i NISWFSY & PR 0Co—y HR AT A8 Je itk

WKL 2519 LDso 4 50~75 Gy. BHAETF 1A K, 4
TEARF R AR 38 LA LDso MARIEIEEZE  FIh 50 Gy B BBkl 22 0 A KA kI vE R
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AHERE 25~50 Gy AAE RN, HHETEL
T, BEERGWHFRMILE L, ER R, B
R BT RAR ARG -1, ABEsE, BriEsk
AGLHL LDso 4 299.64 Gy, W35 TR ABIER;
257 th S B BB . B LDso 522 )5 T H £ 5%
M, AR | IR ESE N R 25 LDso 4L
Tho TELIBRERNOBA A R AR e Hh 8, 4 o
T A B 2 R UG AR T R ARG, AN
VeRE, MEHAAAE MR G BB, T AR
Tl AWFFErh, LDso i TRl A BIFEAR SR b7
W ATAR B A B, (AAEARARERIE T, BRepk
A LB R AR T, Bk, ASRER A
LDso VE KA, NGB, bl E 4 =
3R S 22y T R 2R DA i A s 5 A A T N 214 SR BRI
VAR, X HIET FEPI L e —3.
AWFGEH, L0 BRBERR AL SUE 100 Gy /Y
BERIER T, MMEER 77.8%, FEEN 35.9%, It
B m, AR T oA R A H TR 3¢
/b ORI 100 Gy RS 55 e B A Rk 1572
FEE T 21 BRIk I S AR AR, I AR 4544 R i
VEARUE, FEORIERS R BUE R MR, T fREEseAE
PR ZE HAT — 5 BRI HAT 3 s B R
TRAERE AR 7= N A R e A T
Wi, AR MR AR IR AT L BRI, 5O Mo
RBEA S T E PRI, 45 R R, AR E
BLHBEM HIEAS . MR R AL A R RS
FHIESE 4 DFRBURHIE, Hrp, MRIESASENE
W, 5 EARSEAY 62.5%, MIRIZRHE AR S, AL
07 2.2%0 X— RIS ET ARG 45 R IA—
FERMERIAR A R i 1, AT ANE 249
RS TFIRCHEAR . XP-FEBOR A ISSR 43 Fhr
AT, TESE T AR ST A AR R S R AR Bk AR 5
ISSR A VRGN AE A 5 S 2 AR 1A, BRAR = 2 L)
TEX BRI IES T4 ST AL S #-4 T SSR §4% , & Bk
BRI RRRE, 28R ERIN. AT,
FIF SRAP S FARCH AR, TE45ARRS 21 B Hk
Wbk 2 () e oy Hh 25 5 4500, I FhRid
HARBEA A ARG B . SR, A3 FAricsAR ]
REJCTAE ST AR g, B BTEMT A FARic i)
RS, 454 RS TR A%, AT
BT ERGR SHAE TR AORCR, EUGEE RN

H 5 R R A T T B AT PO A 0 DL
TE v UL RER S 1RGSR . A S Hh BB AR S
AR s 83 5 T BV R PR T i
AR SR T5 10
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