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Abstract: To gain insight into the genetic diversity and relationship of the tropic bioenergy plant physic nut (Jatropha
curcas L.) in Yunnan, China, joint analysis of agronomic and molecular characters was performed in the present study,
using different accessions collected from nine sources / geographical provenances in Yunnan. To investigate the popula-
tion polymorphism, eight pairs of SSR molecular markers were developed by MISA program, and four of them with
higher polymorphism were selected for PCR amplification using 95 DNA samples collected from nine populations. The
results indicated that JCO1 exhibited the best polymorphism (0.711). UPGMA clustering analysis suggested that
Baoshan and Xishuangbanna might serve as the parents or origins of physic nut in Yunnan, which was partially related
to the geographical origin of populations. Comprehensive investigations revealed among all examined biological traits
of seeds or seedlings, the underground fresh weight (UFW) exhibited the highest coefficient of variation, with obvious
separation among populations. Two individual seedlings with extreme variance in UFW (BNMH and CXYM) were se-
lected for RAD-based genomic sequencing, while 2783 and 3033 contigs were assembled. Analysis of genome assembly
data using GenomeScope revealed that both materials were diploid, and a total 22 756 valid SNPs were detected at the
whole genome level using genome-wide association study (GWAS). High frequency-SNPs associated with UFW pref-
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erably located on LG9, and three candidate proteins were linked to the UFW trait. The results indicated that the physic

nut germplasm collected from different regions of Yunnan exhibited a high level of genetic diversity and uniqueness,
which should facilitate further studies on its molecular breeding.
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DOI: 10.3969/j.issn.1000-2561.2023.03.008

/i F- ( Jatropha curcas L. ) J& KeFHERBR
J& I ZAEAEARA R, SR, BTz 4y
T At Bl X #ur X, FEIREILLL =/
Sy A AR IR e KU NV T B A
Yok, ENERET . P e, YRR
P BT K AW iE Kk R A HLE R Y
HAR VR, T A T SR S 60% L E,
WA EA BRI R 2 G ae IR
REFRIOT RV AT 45 Sk [ PN AN OGN B BIF S AR
R RN, (R v e 25 3 8 B M R 24
D1 -SRI o6 - R 251 i | RN CU.//F <3 |/ LA
235 R IT & PV s, T Hh IR A 1L &
FEPERF ST RS A AR e, 55— T 1T, A BT B RN
A R 5 NS | R R R U P ORAEAS 5 5 A ] 2
o B A PR /N 7 M T % TR B

ARk, SREPE, BV, ENE ., BVEE
2 FH MR R 2585 R RAPD \AFLP 5%
B FARic xS N R SR AT T s G 2R
P A S AR T, B [ 9 Rl P AR A /N
i s R L R AR T e E (R,
Krg X 25 ) 201 (B 2w X /N 1 J 3
HA®BRRNEE WL 2R, BRI 8L
I3k TR U0 R S A — E R B
HE 7 1) P 55 2V A 2 T MR T R R Ol TR A
k22 A

FF LR WIIR, 8T T ML S
DX/ F- R RS R R A, AR ESE B S AR T R %)
HIERRE AT, 45 A WA B 415 Ao A
TC B AR AT = 45 b X /IR P ) 35 AL 22 RE R R
R FIH GWAS 4rBr i, #2488 T 343 fif 5 X
— R 25 S R R b X A v SR I, AT
FELE ST SRy /N R SR IR AR AP AL L AR ek
KDL A8 T Fh 2 AN 0 e 46 o B A% JE At

1 #MR5FZE
1.1 ##E

MRS A =M AR 9 AN TREE,
PR LA S L 1o A Hl DR 4 ik o3 A 17

BEMLIEHL 50 D HA R, B E D
[EFE S m DL b, BAFERRST I 3 iR, g5
L3N

12 FHik

1.2.1  4h¥ 353 FEAFRIE L A Fh T8 b Pk ik
ORI . K/N— T 50 ki, WEPEEE LA
1% CuSO, ¥ HL 1M B 20 min, £ 2818 /K 78401
Ve B, WK T 26 CHi k. KA 14 d )R
FiFRERASFEER LA, ETAT
SfEF Ak ii 37 14 d, HTYE YRR
M o

1.2.2 HkalE (1) BERCE LTI RIE .
FEA PR BB LR T, W3 ANER, B E
30k, D FRPnPrE (KR 0.01 g),
THEAFAERE, DS~ RIERR . 58k
4% CREAf % 0.01 mm ),

(2) BRI AR E . BAFIREAL
FEE 10 #RET, TG 14 d HrkEE O
% 0.01 cm ), EWENERHERED . ik
FEF SN R K T vk . W FRimAKa, 55
D L% N 1195 i 719

(3) Babs, UL SPSS i (v26.0) #kfT
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ML ) S e R, W2ER BEN 2 M
BEARE (4510 Bk ) i BSA 2y BEAR, Hodpan
@7 BNMH iy BSA1, % it CXYM A BSA2,
K H CTAB 72BN 4 DNA(ISS 2 A Bk
MEL), SRS UK (0.8%~1.0% ) FIHif
B5E074 o) 50 WAL L G AN LN 5- 33| ks 3
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AR o o) SR W BRE PR VKD A0 i S B A A R B
ST B4 Ik 2 Hr (ABI 3500),
GeneMapper 5.0 ( https://tools. thermofisher.com/
content/sfs/manuals/4476603A.pdf ) ZHZ&4H, H
MEGA 5.0%M#g# UPGMA A%k &HW, H
PopGene 1.31 ( https://sites. ualberta.ca/~fyeh/pop-
gene.pdf ) TS SR,
(5) FETEEMRZERK GWAS 73, LI
TR G R O IR R Y, DL A BRI A
SNPs SFEF R, fii ] R £ GAPIT 1R & 4P
(MLM ) 47 GWAS 7381 (A BEP 4 G 734
Genome Wide Association Study ), P4 CMplot fi i/
1 GWAS &5 R i, 735 A= 1 SNPs % B 731 141
IR R 2 e it 4]
(6) FEHHFR L ESE A b . X Lk
HIF 2 AR clean data #4742 K 4H HE X
( CLC Genomics Workbench 12.0.1 ) 752/ 3tk ¢
G5 xF 2 NN AT de novo 4% ( SOAPden-
ovo2®), 53|y 2 % ¥ 5 Fl Augustus ( http://
bioinf.uni-greifswald.de/augustus/ )#t17 CDS il .
X 2 f FE K L NCBI H protein databank il
swiss-prot protein databank AT AR LKL

ordr, FRIFERBALUT 2 MRS E A
OMAE B3k 2 bR A AE R s @5 3 &R0 i
HMR R EBL

2 HERE5SMH
21 ZFEMEAERMIENDFHFEREE
TR

FORE MRS (R 1) BN HAIRE 46.06~
80.40 g, AS[RIFHIR )22 57 7T 3k Ik 3 25 F K (P<
0.05 ), 42 | 5if% . MR AR IRAK Y A 13.00~19.50
7.50~12.00, 5.20~10.10 mm, i KF-II(E I K3
TLRSCS AR, S/NEYE I LA TR IR . XF
Pl PR A S e b R B, bR AR S R A
ZHE AR, HbhERNELR R EK

(13.93% ), K48, i S04 p AR S R BRI N
3.04%. 5.34%7F1 6.20%.

22 ZEMRARMBENMNMIFHEEREE
TROMW

M 1 ATLUE e bR 2 IR e i ) 2 i
REK DR, SEIW RN 11.46 cm,  WMUEA B i
BWEAEMMESNAEYE R R (& kiR
6.60 g ), HNVLARYE | HEMERRF FUAE M TR IR AE
Wi A E YRR R 2, RE T
P A MR e b R BB fE: (0.25), 22 RN
[ FPR A B . b o | AR AR 5
oI 3 22 52 o R [R)Fh U b /N - 26 78 R
SRR R . b s > SR EEE > M
TR > AR L > bR > A ORE > AR
> PP > MTPRE (R D), TUAYERZR
MR AR S5 R BRI A i, WG 7 ik S R R MR A
FERAEATENE, 525k EE .

23 RAD-seq ERANFRLERSH

745 % 8 BNMH ( BSAL ) K CXYM

(BSA2) Iy taficly 2 ik (B 1A), B8 HA
EcoR [ FYI{7 55 1% Reads B0 51 64 734 412 4%
160 187 766 %5. T34 Q4 98.6%, T3 Qs
H 93.9%, X reads TS A% (SFH AL
RIC1) JG/r 783 2783 F1 3033 4% & & 1
contigs (£ 2 ),

24 SSR3|MFALEKREERSHEEDH

FIFH MISA Ffi#ILFF A& i 8 %F SSR 514, PCR
P14 J5 F R BB W R J P DK A AT R Y 5 1 R
4 %F (F3); LLaxtgi¥. 94 maEdt 95 4~ DNA



534 ETNE e S N v ISR R B o TP N D B i 2 R 519

F1 ARMEMENMIFHFERRERIER

Tab. 1 Comparison of variations among physic nut seeds from various origins geography

. . K42 .y 4% R e g .
Mg e mem S it e LS JRLSEE RHBEE o, g
Length to . Lateral Under- Above-  Fresh weight
Source Place of 100-seed & Radial di d fresh d fresh £ whol Root/shoot Plant
number origin weight/g 1ame- width/mm 1ame- - ground fresh ground fresh ol whole ratio height/cm
ter/mm ter/mm weight/g weight/g plant/g
LCGM EREKE  61.79+3.96™ 16.75+0.66° 9.37+0.40° 7.31+0.32* 0.85+0.25" 3.46+0.30%° 4.32+0.49" 0.24+0.06° 11.46+1.14%
PRIG TH R 79.8240.51° 17.14+1.04" 10.60+0.87 7.81+0.76"
HHYY L CRH 51.4340.44° 16.62+0.42" 10.35+£0.40°  7.34+£0.41* 0.60+0.35" 3.89+1.32° 4.49+1.63™ 0.15+0.05° 7.59+0.97°
BSWY PRINELZEE  65.49+£1.07% 16.78+0.83" 10.68+0.59™ 7.32+0.48™ 0.66+0.21° 3.51+1.04™ 4.17+1.17" 0.19£0.05® 8.41+0.38"
BNMH WANENTE  57.0242.60% 16.55+0.77" 10.65+0.61"° 7.49+0.63° 1.02+0.79° 5.58+3.17" 6.60+3.90" 0.17£0.06° 8.42+1.57
LCSJ EEAUT.  69.5040.69™ 16.69+0.57° 10.77+0.40®° 7.39+0.37° 0.80+0.25° 5.15£0.41* 5.96+£0.56" 0.16+0.04° 7.40+0.40°
CXLF AR 54.27+1.66™ 15.91£1.07° 10.09+£0.85° 7.23+0.75% 0.77+0.18" 3.18+0.41° 3.96£0.48" 0.25+0.06° 8.31£1.57®
LJHP FRVTAREE  60.00£0.37% 16.35+0.68" 9.34+0.55° 7.01£0.49°  0.56£0.20 2.74+0.92° 3.30+0.98° 0.22+0.12% 7.03+0.55°

CXYM MEICIE  53.2946.77" 16.21£1.03% 10.29+£0.69°  8.22+0.66"°  0.52+0.22° 2.85+1.46° 3.38+1.63° 0.22+0.12" 6.79+1.09°
SIDWX BT KL S 63.76£5.38 17.75+£0.99° 10.86+0.51* 8.49+0.59" 0.71+0.26° 3.62+0.22" 4.33+0.31"* 0.20£0.08" 8.68+0.25"

e 61.64 16.68 10.30 7.56 0.72 3.78 450 0.20 8.23
i 8.59 0.51 0.55 0.47 0.16 0.98 1.10 0.04 1.38
R EX ) 13.93 3.04 5.34 6.20 21.90 25.87 24.49 18.41 16.81

TE: THORAN R T2 2R R R . RPA R TS S, MR R TS A TS AR A
[F)/NE R R AR B[R] 22 57 3% (P<0.05 ),

Note: “ means the seeds of this provenance after multiple germination caused seedling decay and did not obtain healthy plants for sub-
sequent experiments, which was speculated to be caused by seed carrying fungus; Different lowercase letters after the same column of data
indicate significant difference (P<0.05).

FEARSEAT RN ORI, 4550 kG 280 TH#Fr# # (underground fresh weight, UFW ) 4
PR IRE N 6 5%, W 2%, FEEHA 9N EREZEREK, WILABIE X UFW, B
H 4 DBAE Ik Y s e ZREHoK P35 eSS HAUK P29 2140 ¢ InDel 7ic 8182
o (F4). UMK ITE MEZESMELAW NE 4, SNPs FRic 82 155 4~ B/MRTFAZA A%
BEUEAT UPGMA BRI HT, S5REMAILIX A &, BESai G MmEa SRR (=50% ) o
VORI X P REAE A mm /M F IR A SR 5, 224 % SNPs 22 756 1~. GWAS 7 #r
U5, S TERFRDEG O R MRN8 A —E e 32D R, SNPs 43 T 11 Xf e afk (& 2A),

SIDWX LCGM
20 40 60 80 40 0200

BEE Coverage BEE Coverage Branches shorter than 0.0001 are shown as having length 0.0001

1 RBdkfEiE. EERAEERY (A) 5 UPGMA 517 (B)
Fig. 1 Genome scope analysis of ploidy and genome repeat length (A) and UPGMA cluster analysis
of 9 populations of physic nut (B)

(K 1B ). UFW =4l SNPs #£HF 9 S 4vafk (& 2B ),
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FEFIEFF A YRR A A R R BE, A 5 1 X S PR ZH I 5 A4 B BNMH ( higgh
R . :
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2000000 - A = ghosened, . 2000 000 - A — o 4%? %@ﬁ’
% j \ -_- %:Il:-c :::sueuce % )‘/ \ - ‘;&S‘EC ::::EBCB
21500000 | | P 2.1 500 000 [i) i \
> f \\ > i CXLF LIHP
% 5000000 | | s 5000000F | | 4
g'\g 500 000 - ’f 3\3 500 000~ j HHYY £ S CXYM
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0t / I Lv—rf ob— 1 I I I
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Tab. 2 Summary of genome assemble features among three cultivars of J. curcas L.

fhFf Cultivar % %5 Accession No. & BRI No. of contigs G+C % G+C content/%
BNMH - 2783 35.08
CXYM - 3033 34.87
RICI1 GCA_014843425.1 3383 33.65

* 3 ETF SSR#IRICH PCREI#MEFEIIER

Tab. 3 Detailed information of primers used for PCR analysis

5|#¥) 2 FX Primer name 51¥F % (5'-3") Primer sequence (5'-3") P14 F BeJEFl Amplified fragment range/bp
JacCHI1F GACAAGATACACTTGGACTAGAAAA 98149
JacCHIR CCCACTTGAACATATTTGAT
JacCH2F CACTTAAAAGCCGAGTACTC 110-178
JacCH2R AAAATAGAAAATGTATATATATACG
JacGE1F ATGCATAAAAAACATTAATTAT 118144
JacGEIR TCCTACATCCTCATAGTGAC
JacGE2F TTCGTATATCCAACAACATC 130-188
JacGE2R GATTTTGATTCTTTTGCTGG
R4 SSRIMETMIEY PUAE A= )24 4% (biological process ) 1, A3
Tab. 4 Polymorphism of SSR primers B4 H IR 20T P | 5 S W AL 87
SSR {7 45 SSR locus G FE He Z M4 % PIC TE4% F 3B ( molecular function ) 71 4H S 4 14
o 0-628 0711 ( cellular component ) W33 R ffbidite . 455
P oo oo Vi WBGAUMRI (F3).
el 0816 0.639 jﬂTT‘JJ%/FEﬂﬁﬁ%ZT'ﬁZI-‘i@/J\Tﬂ?E"Jﬁ'ﬂ%ﬁ, ik
1c33° 0712 0.592 — B BT R, AU7E BNMH Al CXYM P
1C41 0.290 0.132 W 4B AR e B AL 40 S, H R R
ICB2 0.158 0.041 MTIREE A 16 4>, Al UFW MRESIA 3 4
icp7 0.784 0.481 (F£5).
T TR BAE RIS Y.
Note: * primers selected to capillary electrophoresis. 3 -i;]-i/g
BhifE ) FCXYM (FEMETTif ) HEAT R T AE T /MAF (J.curcasL. ) J&—FhE 4t A ()

W, AyF53] 27 133 F 26 282 Mk fEE A . s Hh DX Tz R 0 2 R EY , HAE h—
Blast2GO 43 xf T & H#EA T GO ThAEERE, & FOBXARIRA Y T R0 mig e 7 et A ey

B
The number of SNPs within 1Mb window size
(I) 3 6 9 12 15 18 21 24 2|7

chrl [ I AR I

chr2 1 |

chr3 [l 11 I |

chr4 Il

chr5 || | I

chré6 || [ [0l 0
chr7 ] | | I}ug
chr8 Bis
ghfg"““""' 1l %§§3
C [] | (R 2927
Shrll |5 m B,

B2 /MMIFEEAMFF UFW EREERERTE (A) REBEN SNPZEESH (B)
Fig. 2 Rectangular-Manhattan UFW trait plot (A) and SNPs density within 11 chromosomes (B) of J. curcas L.
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Fig. 3 Blast2GO analysis of predicted proteins
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Tab. 5 List of predicted unique proteins in BNMH and CXYM
BEHFIS  AfrEAE p L aE st it
Protein ID HSPs Description
g12634.t1 4 0.42 Alpha-N-acetylgalactosaminidase NagBb from Bifidobacterium bifidum
82785.1 6 1.82 Chain a2, P10 [Paramecium bursaria Chlorella virus 1]
23265.1 1 0.04 Chain B4, Ribosomal Protein L34 [Spinacia oleracea]
26700.t1 84 0.00 Chain LC, Ribosomal protein L3 [Triticum aestivum)]
g2971.t1 3 4.42x10* Cryo-EM structure of a late human pre-40S ribosomal subunit - State C [Homo sapiens]
g7261.t1 1 7.46x107'¢ Crystal structure of Arabidopsis thaliana BIC2-CRY2 complex
g83.t1 9 0.21 Crystal structure of carbohydrate oxidase from Microdochium nivale
g7352.1 2 5.29 Crystal Structure of Colicin E9 In Complex with Its Immunity Protein Im9 [Escherichia coli]
2983.t1 1 3.63 Crystal structure of diaminopimelate decarboxylase [Escherichia coli]
213025.t1 2 4.40x107" Crystal structure of human CPSF30 in complex with hFip1 [Homo sapiens]
25788.t1 1 1.93x10™* Crystal structure of iron transporter VIT1 with zinc ions [Eucalyptus grandis]
22802.t1 21 3.05 Crystal structure of P4397 complexed with c-di-GMP [Pseudomonas putida KT2440]
g651.t1 7 1.11 Crystal Structure of Pyruvate Kinase from toxoplasma gondii
2726.t1 2 7.73 Crystal structure of tetR-family transcriptional regulator [ Sreptomyces coelicolor A3(2)]
23008.t1 1 8.40 Crystal structure of TLE1 N-terminal Q-domain residues 1-156 [Homo sapiens]
g5733.t1 3 1.71x1077 Crystal structure of UCH37-NFRKB Inhibited Deubiquitylating Complex [Homo sapiens]
24966.t1 1 6.11 DHD127 [synthetic construct]
Glutamate-1-semialdehyde 2,1-Aminomutase from Thermosynechococcus elongatus [Synechococcus
g615.t1 2 4.51 elongatus]
210682.t1 49 1.71x1022 he catalytic core of Rad2 in complex with DNA substrate (complex II) [Saccharomyces cerevisiae
S288C]
g12671.t1 1 5.20 Solution structure of fibronectin type III domain of mouse hypothetical protein [Mus musculus]
22630.t1 2 3.24 Structure of CBM32-3 from a family 31 glycoside hydrolase from Clostridium perfringens
g13597.t1 3 3.29x107% Structure of the 70S chloroplast ribosome from spinach [Spinacia oleracea]
210747.t1 95 9.90x10°** Structure of the photosynthetic complex I from Thermosynechococcus elongatus
g7098.11 2 0.05 Tim8-Tim13 complex [Saccharomyces cerevisiae] complex [Saccharomyces cerevisiae]
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Zi%k 5 BNMH 1 CXYM BN ERER
Tab. 5 List of predicted unique proteins in BNMH and CXYM (continued)

HAEAS AEEAR
Protein ID HSPs

haEd ik

Description

g413.t1 0
2611.t1

2687.t1

g770.t1

£956.t1

22668.t1
22815.t1
23010.t1°
23274.t1
27384.t1"
27385.t1"
g12632.t1
212720.t1
212768.t1
213142.t1
213276.t1

S O O O O O o o o o o o o <o

(=]

Hypothetical protein
Hypothetical protein
Hypothetical protein
Hypothetical protein
Hypothetical protein
Hypothetical protein
Hypothetical protein
Hypothetical protein
Hypothetical protein
Hypothetical protein
Hypothetical protein
Hypothetical protein
Hypothetical protein
Hypothetical protein
Hypothetical protein
Hypothetical protein

B v T B B 2R
Note: * was protein linked UFW.
TR, BRI, BUA B AR A s 2 R
1B Z R /N 558 4 Ik A 1) = ZERE AR, TP
JoR R UR A WCAE APEA X T L LR S
L B /N T Rl B, 184 IR EIF ST
z#ﬁm%ﬁﬁ¥ﬁﬂ¢,%?Pa<MHﬂm
RAPD ( BfiHLY 1 £ 25PE DNA ), ISSR ( fij ¥
HIEEL ). SSR (fHi P45 HEE ). EST-SSR Hl
AFLP (§# i BER 2381 ) ¥ E g T/
W 7 0 AL Z REE AR % Kk 4 . PECINA-
QUINTERO %22 gl AFLP 5 A X 3 [ V4 5 h
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