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Abstract Plukenetia volubilis is a perennial woody oilseed vine, which belongs to Euphorbiaceae family. Seed
oil of P. volubilis is rich in polyunsaturated fatty acids, especially the a-linolenic acid, which accounts for
44.2%-50.8%. Therefore, P. volubilis has the great potential to be an ideal feed stock for production of oil with a
high nutritional value. However, P. volubilis still suffers from mortal diseases caused by Fusarium oxysporum,
which considerably hinder the widely exploitation and utilization of products from P. volubilis. At present, it is
difficult to breed new variety by traditional cross-breeding because of rare germplasm resources. Therefore, it is
urgent to obtain new germplasm resources of P. volubilis. In this study, seeds of P. volubilis were irradiated with
fast neutron (FN) for creating new germplasm. Firstly, the effects of different dose of fast neutron on seedling

survival rates of the plants were investigated to determine the semi-lethal dose, which will be applied to construct



the P. volubilis mutant library. The agronomic and other biological traits of the M1 plants were investigated. The
results showed that: (1) The semi-lethal radiation dose of FN on P. volubilis seeds is approximately 47.6 Gy; (2)
The M1 seedlings induced by fast-neutron radiation grew abnormally; (3) FN induces a range of abnormal
phenotypes in P. volubilis, accounted for 9.2% of M1 surviving plants; (4) Five mutants were identified by
random amplified polymorphic DNA (RAPD) analysis; (5) The fruit size of mutant 3A423 was significantly
increased, and the average weight of its seed was 1.8-fold heavier than that of the wild-type (WT) plants. Thus,
mutant 3A423 is an excellent candidate parent for breeding high-yielding P. volubilis. Taken together, these
mutants obtained in this study will be useful for further research of genetic breeding and functional genomics of P
volubilis.

Keywords Plukenetia volubilis, Sacha inchi, Mutation breeding, Fast neutron, RAPD

B (Plukenetia volubilis L) X AR 2Bk . EIINA . SEMEIRSE, Gk Euphorbiaceae) 2 44 AR it
FEASHURHE ) T 7 HE IR 800~1 700 m FY T 5 22 27 iy Ll Jik #Ariy FY AR (Hamaker et al., 1992). - 2006 ££5| A
rhORHRE P8 AU N By LA Bl IR s o B IR Al R B AR TR & S IE 90% LA E(HH o- MERRIR
TN 44.2%~50.8%), FHETHEAER AL 4R E AT — R G E (Bondioli et al., 2006; Gutierrez et al.,
2011; Maurer et al., 2012; Rosana et al., 2013), X7 AAKRILAG . FBG O ML . RIFVUK. MZE = EE
YERBRE, AT 2 AT Ran. TR, HI25. Aol i &5 TR H 4 (Connor et al., 2007; Gorriti et al., 2010;
Garmendia et al., 2011; Chirinos et al., 2016). It4h, ZEJMBERIM, Zhsefimt ol HT& s IhRe b 9K Mk ,
S EERE R R IR JFU BN Kumar et al., 2016a; 2016b). 5 i BE(E N —F0 2 DIREMEMEY) IEAE AT, B IT
RANHE) R AT S0(% 54, 2011; Wang et al., 2018a).

HOAT, [ A bR A B2 el e ot o B R B — KT AR R R i TR I 5 Rk G TR AR 45 2 L (Meloidogyne
Jjavanica) (Wang et al., 2014), 278 J] & (Fusarium oxysporum) (Chai et al., 2017), J& 58 J] & (Fusarium
solani) (Yang et al., 2017)FUE 4R 5.0 B8 (Ralstonia pseudosolanacearum)(Wang et al., 2018b)1i 51 & F A 2595
MIZERLSE WSS, BT TN S MR T AASE T o B2 I Re )98 5 PR A itk P Ak A R ) R R 22—
FAh, RIMBRNMERE FEIRR AR Y, SARIET, BAMETA 60 ZeMElE, HACA 1~2 ZeMEfEE A T e A
#(Fu et al., 2014). FANTETMETE P EARRR S T 2R A= 5. Rk, 07i% 2 METE 0 S i R IR &
R E E RMBE A TR — LR ETA, O T SO B R — EE ST R R, 2
TR EERAT PR AR, BB HUR & R AR BB SRR SR Ao BRI . E A P R R o o R
—, eV R G A B R IR SRAR PR G R A

N TAFARE Fha] DL RS KR I RARR, M als A gt e —. tRb 72 —MaEse s
SR, ReRE TS K Z AR RAE, ZIEERANF 0, CERERA DNA K BRI E A, 6t
KRG OMKE R R BN, B TR AR 2 R IR S HH DNA SRk 35,
FERPRBIEE, — MEK EASTAERZ MR R, R BIHEHMET . & & A A 20% 12 (Men et
al., 2002; Bolon et al., 2011; Li et al., 2016). tRHFIHFELENHT 72, CAWEZEY R TR 7528 R R
1 . Campbell 1 Ronald (2005)7E P o175 A2 I K B 40 v Bl RE DD I8 25 0E 1 4 M EA FOIEm HUPE PR &
(ebrl. ebr2. ebr3 Al ncrl), e T S ebr3 Al nerl KHAR R AL, Pérez-Pérez Z5(2009)K H
Pt F EMS JLEEAR, € [ el p S B R AR, SRS E T 25 MRpF A 153 A EMS i S RAR
P&, JRiE EEE R R e AL T, R T 25 N RAERIFEER . Bolon 25(2011) K F B T4R 5548
AP AFER R R N 2 MR IR Rk R, € TEARRSEH ZRMFEE A
e E R ER R . Wang 55(2015)0F 7T PR b HEU AR AR IR ZF /Nt B AR R SR 1520, 25 R R M2
RIEVTETE 1. thims BRISEE. B3R/, TITRIR EARRIL AR Al 4 55, R B PR A 4 R AT 4 21
IR A 7 202 G 8LHT A8 A Bl T 1A 20T

AR TR AP TR SR B R, AR R MR R . RE M1 AR 2 R AR R 2 H
TN ARG TR, FEAESEN 2 DNA SRARTT FE 8L Ry RN B R AL b T 28 AR TE R I
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BREEAT, BEARAOR TR MR 156 i 156 i 170 K. 75 Ri. 164 Ri. 170 RiF1 59 ki, 85K Gt Hg
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Figure 1 Effect of FN with different irradiation dose on relative survival rate of P. volubilis seeds
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Table 1 The seeding survival rate of P. volubilis under near semi-lethal radiation dose

FR 5T (Gy) FEREL DAEE: ¢ JE 2 (%) FHR T Z2(%)
Radiation dose (Gy) No. of seeds No. of survival seedlings Survival rate (%) Relative survival rate (%)
0.0 360 324 90.0 100.0

423 1918 1306 68.1 75.7

56.3 1387 387 28.0 31.0
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Figure 2 Effect of FN with different irradiation does on length of the hypocotyl of P. volubilis
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Table 2 Effect of different radiation does on the survival rate and growth of P. volubilis seedlings

thepy EHELE IR TR

7l #(Gy) No. of seeds Hypocotyl length Branching phenotype

Radiation K& (cm) XK (%) AR E AR (%)
dose (Gy) Length (cm) Relative length (%) No. of branches Branching rate (%)
0 127 7.0£1.2 100.0 0 0

14 156 5.9+1.4 84.3 1 1.0

19 156 6.1£1.4 87.1 0 0

35 170 4.9+1.2 70.0 5 7.2

45 175 3.9+1.1 55.7 16 16.2

60 164 2.7+0.9 38.6 20 55.6

84 170 0 0 4 100.0

125 59 0 0 0 0
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Figure 3 Seedlings with early branching phenotypes induced by FN

1.3 M1 BN IR H R R L

M1 REMBEEFRERE KNG, TREAMEAEI, gk, RS RS, Fit
SN 154 #k M1 ARE M ERER B IUT AR 3R 8, (HAFSERRIY 9.2%. 56.3 Gy A1 60 Gy AbFEZH (1)
R FR =, AR 17.1%FM 11.6% (K 3). RER 525 &2 MBRA H 2R, Xty
Bolon %5(2011)iF5748 45 R AL . T WL IR B AR S R BERIUAM FTEES AL T A/ NMETE S LRSS A S5 7 TH .
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Table 3 Phenotypic mutation rate of P. volubilis induced by different dose of FN

WHFIE (Gy) 14 19 35 45 60 423 56.3 B
Radiation dose (Gy) Total
1A HL 78 84 56 75 43 1052 281 1669
No. of survival plants

R AR 0 5 6 5 5 85 48 154
No. of phenotypic mutants

FIYAR 7 2 (%) 0.0 6.0 10.7 6.7 116 8.1 17.1 9.2

Phenotypic mutation rate (%)

E o AAEBEE R ROK B S S I R PR, SR AR R R T AR R LR (S AEE R T 0 b
Note: No. of survival plants refer to the number of mature plants were planted in the fields; phenotypic mutation rate refers to the rate

of visible phenotypic abnormal plants in the surviving plants
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LA 130 #k M1 AR MR R R IR KA T R, ] ILRA R RS2 (154 PR)F 84.4%.
SEPARIME, ARG R R A R AR IRARARS, MM AR SR LRIER AR, R0
S AT AR A (B 4B); RN 4C); ML, B ZR8E R EE IR () 4B); 4m, Eprt
R I B R 4D); MR K (B 4F) & . o, i R AR NI AR SRR B 2 (44.6%), HLURI 2%
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BRFEHAR.
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Figure 4 Different abnormal phenotypes of leaves induced by FN in P. volubilis

Note: A: Wild-type leaf; B: Leaf with chimeric chlorosis; C: Small leaf, D: Wrinkled leaf; E: Serrated leaf; F: Longer petiole; Bars

represent 1 cm
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TR, FESR AR (B TAVFRIAE SLIR R0 AR (B TB)s AR vk I ETEAE R AR BE (B 8A); 3B142 AL
AMASE K (B 8C) HAEA LT 3G (& 8B).
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Figure 5 Inflorescences with multi-female flowers induced by FN in P. volubilis

Note: A: Inflorescence of wild-type plant; B~D: Inflorescences with different types of multi-female flowers induced by FN, and

number as 13512, 3B261, 3B038 respectively; The arrows in the picture indicate the female flowers
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Figure 6 New flower buds of 3B261 scion bud with multi-female flowers
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TE: Az 3A428 [MEAECA) B A T MERE (o) R, ML, HLEESRINJEE; B: 3A390 FIMETECH )R A U MESE (/) 284, HAE SRR
Figure 7 Abnormal phenotypes of female flowers induced by FN in P. volubilis

Note: A: The female flower of 3A428 (right) show shorter and boader style, and thicker stigma than that of wild-type plant (left); B:
The female flowers of 3A428 (right) show shorter and broader style, and deeper splited stigma than that of wild-type plant (left)

P 8 R 1A S 5 1 TR A e SR Y

VE: A: 3B129 FEFF B RMETERUR () BU AL R () 2 HABRIRBL; B: 3B142 MIFER (Ch)BEF A RAER () K; C: KA 3B142
(AR (R ) B AR B AR () R

Figure 8 Abnormal phenotypes of male flowers induced by FN in P. volubilis

Note: A: 3B129 (right) breeds more and sharper male flowers than wild-type plant (left) does; B: The inflorescences of 3B142 (right)



were longer than that of wild-type plant (left); C: The male flowers of 3B142 (right) were bigger than that of wild-type plant (left)
1.3.3 SRR

XPIRSEMIRHEAT IR GE T 5 K, A 29 #k M1 ARE AR R SR A 1 AT W i 380, s,
TERFKANGE . o 6 FRIERRI R SRS R IR I T 4k, 0 R KB s RS R B, 5
HPAETAALL, 3A296 A R G R SR(B] 9B); fERBYAR kb, FER ISR MARA, CHER AT
MMM, i 3A212 KRB R A T2 (& 9C): 3B038 B A ANHI R (& 9D), [EI 3B038 & —Hk
FaE M 2 METEAL k(B SD) . RSN M FEEF NS BN EZRZ MR, PEONES . 5
AR RSB 4~7 A A, R 4 MR IR T2 (4 B R P o L A9 B i (Shaw, 1981). FRATTAR I
HH S REMBER R R NRAEL R, G iHE 4 R, 5 BEM 6 R RKEREI(E 4), 2A072,
2AS553 Fl 3A321 (RS EAR, Fi7 sk 8 5 BY AR RUAR LLES A AN [FIFREE /N, 3A321 587 A= Tyl /b il B
o, BEREEER. SEEMMI, 24181 KRSHEKEAIER, (HAf7 R E P Em T B AR, 3A423
14 SR I e K A2 AR B 3 J 2 T () B S A R SR S AN, RSP BB A 2.0 g, SRR AE (1.1
2] 1.8 .

9 FRH TR R T ) S T R S S R Y

TE: A PRI B 3A296, RETEAL; C: 3A212, FIEHEIRALE; D: 3B038, HAEIX 4 ANHA &

Figure 9 Abnormal phenotypes of fruits induced by FN in P. volubilis

Note: A: Fruit of wild-type plant; B: Fruit of 3A296 with chimeric chlorosis; C: Fruit of 3A212 with wings spirally twisted; D: Fruit
of 3B038 with ambiguous angles

R4 RELKDERAER) ST

Table 4 Statistics on fruit size (maximum diameter)

RPRR R WT 2A072 2A553 3A321 2A181 3A423

Fruit characters  Fruit No. of angel

4 1R 6.1+0.30 b 5.1£0.19 ¢ 5.1£0.26 ¢ - 7.0+0.35 a 7.3+0.33 a
o / 4-angel fruit
& K HE 42 (cm) N
) 5 R 6.0+0.30 b 4. 80 5.2+0.19 ¢ 4.2+0.37d 7.4+025a 7.8+0.41 a
Maximum
5-angel fruit
Diameter (cm) .
6 AR 6.4£0.39 b - 5.5£0.24 b - - 8.4+0.15a
6-angel fruit
Bk E () 1.140.17 ¢ 0.840.08 ¢ 0.9£0.09 d 0.740.10e  1.44£0.10b  2.0+0.22 a

Seed weight (g)




TE: 2A072 R E R —A S HER, A 6 B R 3A321 MR LIS 4 BN 6 MR 24181 HERR BH 6 MR R EUE T
HpREZ; NG FRERORZ R R (p<0.01); HCKEAR: n>1; HRIH: n>25
Note: There is only one 5-angel fruit on 2A072, no 4-angel fruit on 3A321 and no 6-angel fruit on 3A321, 2A181; Values are mean +

standard deviation; Lower case letters indicated significant difference at p<0.01 level; Maximum diameter: n>1; Seed weight: n>25

1.4 REIZZ RHERE RAPD 4347

DB A2 7Y B M SE DR 2H DNA AR, B 4 IRES, XF 50 s&BENLII idkAT ik, Hof 46 % AFH
PG . WGV YEI  BECH N 1~10 2%, K/NZ008 200~5 000 bp, FE11 238 /> DNA B, P34
TABIMAT 2y 5.2 N B

FIH LR 5190t 8 #rF AR 5 01 1B AE#R(3A321, 3A423, 3B033, 3B035, 3B038, 3B060, 3B091, 3B261)
WL Wr, BTN 2 ANMEWFES . IR0, 514 S68 fd 1 44, 3B261 7E 750~1 000
bp AR T —AN 567 (B 10A); 514 S88 [ 14 &7 v, 3B060 F1 3B091 fEH:IL 750 bp ML Bk T —
AN 10B); 514 S93 K9 #4647, 3A321. 3B038 A1 3B091 7EME KT 1.0 kb HIAL B 30— 4% (B
11A); 5199 S99 HIF #2671 71, 3B060 7F 1~2 kb 2 [AI A B R T — 445415 (B 11B). 1% e R A1 RH(3A321,
3B038, 3B060, 3B091 £ 3B261)RAPD 4 34 557 [ Rk R BEHG N, PTAEEH T DNA (BRI . 3 A\ BB EE 1) 2 Ae
MmaLEET =250 FRGEREY, XETREERIE DNA KFRA T8,

10 BEHLTIH) S68, S88 Xof FEAL A KL 47 484 sy

TE: M: Trans2K Plus I1; A: 514 S68 Xt Ef2E RAT 3B261 A4 19147, B: 514 S88 Xt B £, 3B060 A1 3B091 )41 1 47
Figure 10 PCR amplification of mutants by RAPD primers S68, S88

Note: M: Trans2K Plus II; A: PCR amplification of 3A321 by RAPD primer S68; B: PCR amplification of 3B060 and 3B091 by
RAPD primer S88

B 11 BENLEI WD S93, S99 i S AR AR} 47 48 3 45
VE: M: Trans2K Plus IT; A: 5[4 S93 S #74: %4, 3A321, 3B038 #1 3B091 K1 14; B: 514 S99 Xt Ef £ A1 3B060 friH 1 1 77
Figure 11 PCR amplification of mutants by RAPD primers S93, S99



Note: M: Trans2K Plus II; A: PCR amplification of 3A321, 3B038 and 3B091 by RAPD primers S93; B: PCR amplification of
3B060 RAPD primer S99

20T

F BRI SRR AE AL B AR, PR SE T E M ULEE . A RARRR. LR,
REFTRNAS R BRSSO A BB —MobR DA RN (] P AT & HH i b S5 T |32 38 T N Gl o g %
J¥(Tanaka et al., 2010; Shirasawa et al., 2016). R+ -7 & —Fh S ReiE R, FHER BRI K HIER A E N
FFHARSH A FAF R R TR T T R B, 60 Gy HHR b T 48 5 5 1) B 22 5 A3 R 4L A AN s (1 R AR
Bk 359.7x107, 5 H K RALFR (GBI RAEZA 7.1x10°)[) 50 f%(Stephan et al., 2010; Belfield et
al., 2012). AR A R b 758 5917570 B2 vl e ) ) 9 b B SR, GBI A AR S 1) MO AR AR L AR
R HAT G b, RILT 2R E IR, Hhm R R K. £ 154 HEARERIM
M1 AR, A 84.4%MITE K B I T iR B SR o 3@ 0 B2 i g = S AE DGR R SR T I E S it
BT WIREAR T 2 AR LR PR SR S S KR 2, Hoh 3A423 RS/ NI P E I KON R, R
o E AR 1.8 i o

X M1 AR RIEAT R AT T 2R SRR iR, 45620 FArid vl DR i tH 0 43 1k
RAGR AT FEF H RAPD 43 FhRic f AR 408 1 BT A R AR AN 2 Y A8 S R R (1) ik (R 2 DNA (8] 2 25 PRI 22
RO 5 BRFAIA RV AR RAPD 514, Wi 7 MRS RAUKTF ERA TR, Nk bR A gk
RE LA D) RE M AT B8 8 1 B, H2, ARFAANTERK 728 MR M) PR FER i T AR, 75 22— X
H AR ERBH AR R DNA 531700 SRR TN B ES i —Fr, il R %5, AP
fi M1 AR R AR 22 DNA SUB R 51 HE & 36 4 i AR K A0 B MR T2 7 55 (Ramesh et al., 2014; 2%
5%, 2016; Sjahril et al., 2018). H M1 ARZ N AR, FEMEAZEEE, DRE4dE.
EMRABRR, @6 FRRUMBERAFHAB, #heRA RIRAR ., Fit, AR T —D TIEEZ
M1 RELS AL FRBHAI M E, THiERMBRERSR, R CEYI0%E R 2 L RAZARGB261), %
1675 SRR (3BO38)FI R AR 57 4k (3A423) J5 ARIEAT HE L 4 2 0 T, it — D 2 HL DNA IS RUR Z o IRAR 5

IMBLETTE
3.1 BHAP R A AR A

A L2 T R (Plukenetia volubilis L)FHE T 2= FE44 oh i £ dh- O 10 A B R 22 B 78 XU g #4355 4
W, ZRE 101°25', dbZh 21°417, #FK 570 m, P50 21.4°C, FREME 1556 mm (B KEE, 2009).

3.2 B

P AL 0 R IR T, BREAM, B TR iR . B 7 MR T AR (4 Gy,
19 Gy, 35 Gy, 45 Gy, 60 Gy, 85 Gy 1 125 Gy)4a5f =M1, DAIAGRSHAE B EXTIE, R H B
&, NG TR BUEH E(42.3 Gy 1 56.3 Gy) ST, JLitAbBE 3 320 R P T @ RAREE . BAH 5
PR TR T N TARMEEN, 28CHik. R TS B ZFEH [ 5 T Re Bl 2w A B AT
3.3 SRR 5 X 2

B SEXT PR AR R AR (R R T R R DUEEAT Si s SRR R A A A I SR SR A
HAAEREI . R RKE] 30 cm A B ERBE L, RITHON 1.5 mx2.0 mo. ££ M1 AU IR E 74K



FAEGAAEKIAAT A MR R A, R BT RS P AVNMEES . ERSEESEZ R, id
A RRHIE

THEALUWF:

i R R =i R U BRI £ x100%

FEXT R R =(5 A8 1 R 6 /6 IR R )% 100%

JR T F= (R T BN < 100%

EDOT 8 28 =175 A il e 2800 R 1 2) < 100%

II B =(RL B M W) v U LT 50 < 100%

e P SE A BT IR T -

3.4 RAIEK RAPD £ 52

Z: [ Porebski 55(1997)#18 ] CTAB E MW ALIRAT R 2l F2 BUCEE R 4H 5 DNA, Xt 50 2 RAPD 5|
WIATHIG I, SR I RE W R 51 ot B AR A S R S A R AREAT PCR F74% ., PCR ¥ 3%
MNARFAA 20 uL, fLFE 2xTag Master Mix 10 uL, 5 pmol/L f51#) 1 pL, 20~40 ng/uL ) DNA 4% 1 pL,
ddH,O 8 uL. ¥ 2 : 94°C AR 2 min, ZRJGHEN 45 MEIR(94°CAEME: 205, 33°C~36°C Bk 205, 72°C
FEH 2 min), FFF 72°CLEMH 6 min. PCR F“#IH 1.6%Ei fEFEBER Ik M EE, R EE 4~5 Ko

YR Tk

FERMORASEIRHT FLRIAT N, e 0 T AR SCHIRS OB 'S s ATz 52 5 AT ST R SEae e b sk
Bife T WMHB SRS . BERE SR B B E AT H I EE LT, 25X
W FCRI S Bt AR STB . AR AR AR I 1 [ R iR 2 R SOA

Bt

AW I = B AR R 4 T 1 T0 H (2016FBO51) Al o [ Rk 27 5t 78 X0l 4 #4is i 47 el — = AL H
(2017XTBG-T02) 5 By o T b [EIR} 72 B PE O A A AL Del SR M ORI AR 3, TR S8R5 ST 7 B R 1R 2
TR AR, BRICAERT U145 T 1036 s R I 53 1 45 1 i) S99 3 AR S N Lo AR ot R B rh 2
RGP
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