Han WHGEE YR 2019, 27(1): 19 ~ 28
Journal of Tropical and Subtropical Botany

T RAD-SNPs 43 #r B 09 )11 1% Bk B F % J5 iR 4%
ZREME R
EES T AR Y, BE FE&L ZFAL ZAR2 FET L

ERU? B

(. PN R bR R, S 611130; 2. VU1 MRARh 55, B 610081)

<

B 7 M0 Rk Quglans) RS B2 5 8 15 2 BEE, R RAD AR FFH AT 42 U3 i%bk R FH G J5EAT IS, 4 b Heisk
TR B REE . 5K, JLIRM 70G clean data, Q30 “F-¥1°4 96.3%, F£3K75 160 309 & &M SNPs. HK., itk
EERIRI AN T R T — 3 42 P T RIS R, HEA R T AN JRAR G I gE, BB AR (AR, 33 1)
AR (AIS, 9 14), PIERER B S IB L/ (Fsr=0.285), H/»3& 5B Ar B 40 A AR BEAN 3¢, HASIE 7 01, <A
o 15 AR B3 AN R R EEAE . AJS AT AJR SREER 430G 9 A1 14 AN RFPCRAi NS HIRE R REUE, THRKR
TP ML SRR F4 o 42 MZHE KR VU5 AOA% 7R 28 RE K [Pi() AN Y1 28 4= 45 2 (He) 43 51y 0.029 F1 0.286, 3 HHIX LA
4R S RN, HI T AIR 288, AJS KBEINZL &R (He) 5L IR Z A EHE K, 10 SNP $es /b, AJS itk 2 ket
FE o IR AP R R Al 5 R AR AT RN 2 A8 B R ST B T A

KEEAE: RAD-SNP; HidEiZbk: bk L2

doi: 10.11926/jtsh.3906

Studies on Genetic Diversity of Juglans Cultivar Germplasms in Sichuan
Based on RAD-SNPs Analysis

YAN Si-yu'®, ZHU Peng!*, GONG Wei'™, WANG lJing-yan!, WU Kai-zhi?, WU Chun-yan?,
LI Hai-ping?, GONG Yi-hong?, DUAN Qiong?

(1. College of Forestry, Sichuan Agricultural University, Chengdu 611130, China; 2. Forest Seedling Station of Sichuan Province, Chengdu 610081, China)

Abstract: In order to understand the genetic diversity of walnut (Juglans) in Sichuan, the genetic diversity and
genetic structure of 42 walnut germplasms were analyzed by RAD-SNPs method. The results showed that a total
of 70G clean data and 160 309 high consistent SNPs were obtained, and the average Q30 was 96.3%. Forty-two
walnut genotypes could be divided into two main groups, such as AJR (J. regia group, n=33) and AJS (J. sigillata
group, n=9). The high genetic differentiation (Fsr=0.285) between two groups had correlation with their
geographic distribution. Meanwhile, the groups of three varieties of ‘Weibo No. 1°, ‘Bailong No. 1’ and
‘Shimianjuhe’ were adjusted. There were 9 and 14 varieties in AJS and AJR groups with pure blood, respectively,
while the rests in AJS and AJR groups were mixed blood. There were high genetic diversity among 42 walnut
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germplasms with nucleotide diversity [Pi(z)] of 0.029 and expected heterozygosity (He) of 0.286, and the J.
sigillata group has higher genetic diversity than J. regia group. So, these would provide basis for the preservation
and cross breeding of walnut germplasm resources in Sichuan.
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PEfaj B, PEMT LGS, RIIRASELLA T 11 () SNP FRid,
Oz X R A B 7418, g, ARHit
Fi K H RAD-seq $E A 1% Bk B FhAd 57 B U5 i 47 I
Fr, [FEFELNCBI 42K 700 Mb f)“Chandler’ 4%
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# 142 Mk R
Table 1 42 varieties of Juglans
M5 f il HeIR T it bl S
No. Variety Species Source No. Varieties Species Source
1 k1% ‘Bawumi1”  J.regia JR) A&/ Dazhou 22 %7 ‘Qingxiang’ J.regia(JR) k77 North China
2 “%EJpR ‘Kelongzao’ J.regia JR) [l E/K Heishui, Aba| 23  “Fki-1° “Linping 1’ J.regia(JR) k77 North China
3 ‘E§f% 1% Nanhel’ J.regia JR)  ELr Bazhong 24 “HgAE 15 ‘Nanfu 1’ J.regiaJR) k75 North China
4 ‘Ff% 25 ‘Nanhe 2 J.regia(JR)  EH Bazhong 25 )i} “Chuanhezao’ J.regiaJR)  JkJ7 North China
5 kil ‘Qiqushan’ J.regia JR)  45FH Mianyang 26 *JI|#’ “Chuanxiang’ J.regiaUR)  JkJ7 North China
6 i)l 15 Qingchuan1’ J.regia(JR) J"J¢ Guangyuan 27 43¥% 15 ‘Mianhe 1° J.regia(JR) k77 North China
7 “f#RE 7 <Shikan Purple’  J.regia JR)  43fH Mianyang 28  “E]T 2 5’ <Shujiang2’  J. regia(JR) =T Yunnan
8 J#5eh ‘Bokezao’ J.regia JR) [ SE/K Heishui, Aba| 29 <H.=’<Zaofeng’ J.regia OR)  AHLA4%Z Local hybrid
9 ¥ 15 <Shuxinl’ J.regia(JR)  ¥PH Ziyang 30 ¢JIF. 15 Chuanzao 1’ J.regia(JR) A% Local hybrid
10 &3 3 5~ ‘Shuyuan 3° J.regia (JR)  F§7E Nanchong 31 <&¥’ ‘Shuling’ J. regia (JR) A3 Local hybrid
11 %3t 4 5 <Shuyuan 4 J.regia(JR)  ®§7¢ Nanchong 32 XY *Shuangzao’ J.regia(JR)  AHhZ4x2 Local hybrid
12 “##% 0035’ “Tonghe 0035> J. regia JR) [+ Bazhong 33 fFBEZ’ ‘Shimianjuhe’ J. sigillata (JS) #i%2474% Shimian, Yaan
13 “if#% 0046’ “Tonghe 0046> J.regia JR)  ELr Bazhong 34 ‘HJE 1% ‘Bailongl’  J.sigillata (JS) il Liangshan
14 “j@#% 0114’ “Tonghe 0114> J.regia JR) [+ Bazhong 35  <FEik’ Xiangsu’ J. sigillata (JS)  t1l1 Liangshan
15  “j@#% 0147° ‘Tonghe 0147° J.regia JR) [+ Bazhong 36 515 ‘Kangwul  J.sigillata (3S) il Liangshan
16 i 01° “Weibo 017 J.regia JR) YL Neijiang 37 “HE “Leixi’ J.sigillata (JS) il Liangshan
17 “BEk’Zhenzhw’ J.regia JR) [ HIE/K Heishui, Aba| 38  uhk 119 ‘Lianglin 119> J.sigillata (JS) #gili Liangshan
18 {4 Zisenzaohe’  J.regia JR)  4FH Mianyang 39 “JUHk 98° ‘Lianglin 98° J.sigillata (JS) il Liangshan
19 <#hJEE “Yanyuanzao’ J.regia JR) i1l Liangshan 40 E#E K’ ‘Meigudapao’  J. sigillata (JS) 71l Liangshan
20 &P 15’ Shuxing 1’ J.regia(JR) = Yunnan 41 <FHkR4EH% <Shimianzhihe’ J. sigillata (JS)  Ffk22 7 #4 Shimian, Yaan
21 “Ej»% 6 %5 Shuxing 6 J.regia(JR)  Z=F§ Yunnan 42 “B¥% ‘Mianyang’ J.sigillata (JS) il Liangshan
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TN 4%~6%2% 2451k s 152 B (polyviny! pyrro-
lidone, PVP)FHIE & A B Wt , KA EAEWHEY)
DNA 2Bk 77 £ (TaKaRa, Dalian) & B bk 3k K 41
DNA. FZHLU1) DNA K H Bt 5 B 5 it B 9k F1 ND-
2000 43 66K S DNA BB AR E, Ko
PIRE ik T RS H AR 4R A IR A =1 AT
RAD-seq fiiifb. 2% B 45 o

1.3 SCEEM AR

1) FH T 7 P00 2 A2 o 2 2 ik R 4 33 A T g U] 9
M, PRI RCR S L N ) Tagl (TCGA Thermo-
fisher)i2E 17 5 S22 56 o G I A% 1100 B it 228 IR 41
DNA LLEE 800 ng Z:1E Baird Z52315E 47 il 1) 30 %2
FEE, SRS &4% f5 ) Nlumina Hiseq™ 7 &G #H4T
W, MFSE0E A lumina PE150. JAYTEAL e 52
I6 I ER I, 3% FH /K% (Oryza sativa) fE XTI 2 5
FEPEFRIFE o S T ARUEI 7 o &, oAk 119° 545
o 15T TR, ok g R At AT
PRI R P, DRI AT T 44 G AR

FF o W P 5t AT R i, X R A S
reads . SBHEEEL. Q30 I35 IR B AT G
its

1.4 SNP #RieFF R

1ZH BWA AR % 5 1) reads 527 2k
R4 #1347 EE Xt , B A GATK #EREIH BB $H
% SNP #1 Samtools 3K {4 P61 {1 vefutils T H i &
L 0 3 R PR R B T o R AR R A A, AR
N @ i HEE R A ) A B X e I A,
WL 7E S % I 4 B 1K) reads (GBE AR AR4S k-
) @ R AR BA R 7 Bk PR A 5 R 7E 40%~60%
ft1 SNPs; @ FHABI SNPs % /b AHFE 50 kb; @ i
MR i 73 Y 25 SR rh B SR A R R A% MAF<0.05
MIAL R B Jiiis 3 R A &2 /78 56 BT A FE AR 60% LA
EAMEREIFR IS (AR AERR TS SL PR bR iR AT IS
ML), RIS T A ZEMERRCAL AL, 100 MEEA
/A 60 MFEASA I E R A ol a2k ] Y
SEREVETE S5 002 bR G AT I UE . AR R
SNP i H T 5 2504 .
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I RAXML B A4-R7(F) maximum likelihood 5
TER AR, £ ARy GTRGAMMA, bootstrap
1 000 ¥; JEiT STRUCTURE v2.3.4[@81% 44, i
WAL, REFEA R 2 FEEU(K () 1~10, A
DU SEEHE S AE BAR S B AN L S
&L . HRHE CV error (cross validation error) i fi &5
X KB R € e . i GCTA 129
HEAT 3 143 23 #r (principal components analysis, PCA)
N, ARBIREAH s BRI O, T4 Bhigi A
S5k

1.6 BESFMES T

HRHEXF 42 AMFEA BB G500 I AT 25 31, X 2K
BB Z AT 0, B TR Z N
[Pi(m)]. HEAAMIEE A5 B2 (He) S5 . IR Z AEMEK
Fl PopGenome X HHBOIHEATUH5, MR & B AT
M RREFHE SITAEFARSHE 2, RERKET
B G5 Amm, BCeFAME.

2 RSB

2.1 MFPEERM SNP FFR

X 44 A pEEATINT , 283818 70G clean data,
Q30 T4 96.3%, GC & & F#IK 43.0% (BdhiE
1), FEAUFEREE N 23%~64 % (BiE4E 3). Fifatt
AEN RN B FER A E clean reads &5 T &
% clean reads %1 88.6%, [FIHFF& M5 H BLKFEY
reads %7 5 FTH clean reads 1) 74.7% (i 4E 1).

PARZ Ak ‘Chandler’ i Fi o 225 B R 40 7 51 1EAT
toxt, L3543 7 360 659 /> SNPs ($ifliE 2). &t
AP F 2 i o R e DR Y e R 7 SR B S, SRR
160 309 /™= — BRI #F & SNPs, Hrf 6 357 ANl
JFORFELE T A R S R AT 10, 160 309 > SNPs
4 52 A7 F|“Chandler” JE K] 21 /7 71 (105 811 MK 4 743
AN BCE, Hodfg 1116 4> SNPs € £7 5] LIHL01055144
HEB, NERBEZMA B EREERX. 4MET.
FiE _EIEAT ncRNA 421 (ncRNA-exonic) 73l &
A ) SNPs 24 158 049 (98.6%). 928 (0.6%). 479
(0.3%). 764 (0.5%)#189 (0.1%). HA4 G &4
1928 1~ SNPs 1, [] 3. SNV (single-nucleotide variant)
FIFE[E] L SNV 73514 319 (34.4%)F1 375 (40.4%)
(EAR£E 4).

2.2 BAEGE ST

RN (E 1), 42 A5 F1Chandler’ i
T B B S RO PR R 2B — R 9 A
Fhi(hr v AJS), BB 0L 4k, HapmFiss g+
AL, sigillata (JS)]; ‘Chandler’ 153 4h 33 4~
RN KB (e N AJR), A 1 5 FAH3
Eiz s, HpimRE T @&k regia
(IR)]- & T STRUCTURE # A4 73 #r (R385 25 F  S1
R, 20 A K=2 I CV-error /M 2), &
B 42 ANFF 5 AT Re E EAAAE R R Gk IS, Bk
DM ERER K=2 I 42 AR i) i 45 k05 (5 3),
AJS KRB IER . RY 15, “HIE . Ak
119 B3R5 5 AN FloA 74 I ailiE (g (b A
AJS-2), H 4 AR R A G (bR o
AJS-1); AJR KA 14 AN S FRoA 58 4 Al 5L
GL(br A AIR-2), AR S PR35y A 55 (o TS (5 1 e 1)
TR 2% (b5 N AJR-1).PCA B 45 SR 5 R 2K 0 #r .
STRUCTURE 73t 45 5 B A A M I, 42 A4~
Pl AT 2 KSR 4 A EHE(E 4), RIS AR 4 R
bl (o 19.2%) 1) T psr PCL, 4 MERER — &
fIRE FEHES, M AJS-2.AJS-1.AJR-1 F1 AJR-2,
ENEH WA IEAH SRS 1= 2% & i G — AH 26 i
g5 W [RRRE R &, AJS-2 Al AJR-2 P MV REAH BE iz,
BUEE Z R EROR, SRR AR,

2.3 BIEZRED T

WAL 2R TR, AJS BT [ b Rl i B AR
ZDT AJR R, (H AJS R IIAZ H IR 2 FEME[Pi(n)]
FIHAE A FE (He)#l T AJR 2838, AJS R4
4 0.030 A1 0.308, AJR #4504 0.027 1 0.278,
1M 42 A0 K2 Wk Fh 07 A% 7 1R 22 A PR R B 2 5 BE A
THANEREZ ], 20514 0.029 1 0.286, HEE )
WL A

3 Wi MEiie

Wt & ) 4 AL PP S T AR 2 0T,
SNP Fric CFaR) 2 N TR A A% 7 A2,
AUFFLERY], KSR AE RAD Il 52 m) b T HE
A5 AR S DR AL (O PR R 230, R b A M R R
FAC, 2B, RIS, (ERMEE N IRRRE 27
PR S A RT3, S R A DNA T 1K) SNP 4
MERASASRTF R BRAC xS T 0F FU 3% 22 BRI I 2K
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and ‘Lianglin 119’. The same is following Figures.
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Fig. 2 Reasonable group number of tested Juglans germplasms infered by

Cross validation error (CV-error)

SRR, AR, ik S Ak E IR
5 H] RAD SRS #EATZE AL, R0 IabK 1197 AN
‘Ade 15 EE WM, A ST S

0.03
1 42 MBI T SNPs A MK S5 1~38 L3R 1; Chandler: 2% FE[RI41; 34-1. 34-2 il 38-1. 38-2 435 A7 15 FUtak 119719/
ERWFEA. T,
Fig. 1 Phylogenetic tree of 42 Juglans varieties based on SNPs. 1-38 see Table 1; 34-1, 34-2 and 38-1, 38-2 are the two sequencing replicates of ‘Bailong 1’

HEBRY A B SR B4, M PRIED 7 i . Ak
LI RI E e 1 -5 PR 0N /> 4k 1] 1) 203 4% 2R B8 A7 A
A BRALN(<0.005), X 1] HE5 7B b B HdE (AR
FEIURBAR)AEX AR A K04, R d, A
FE AR - 505 B 35 5 vy (U PR FEE R 23 %~ 64 ), T
160 309 > —H itk B HEA& SNPs Hf 6 357 Nl
IREAEFTAFEAR TG 7 10%, &1 Xu K
B #i F7 (Lagenaria siceraria)[¥] RAD-seq ~F-#4ill 57 I&
FE, PRI 42 A i BT e B a8 AL o At B U1
LIRS

FHRo e KM, 42 MZPE AT Chandler’
PSR ORISR, S5 o3 i R B N S R i
PRI KM, HBRATLBOm ) i 1 50, e
AR AR E A A L S E A A 1504k, &
Fofi 19, 5 A G T A W E B3 38 A2 Hk AR AZ B 1
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Fig. 3 Genetic structure of 42 varieities of Juglans (K=2)
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Fig. 4 Principal coordinates analysis (PCA) of 42 varieties of Juglans
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P, Al G Ak E ) PG L 5 F . BT DL 3,
VU )1 22 P 1036 A% B ok < B 1 5 40350 5 b i 1)

—E, EZHRE T B L*ﬂ%*/’ﬁi
mléon IRYEAZ AR BB RS IR, @kl fei
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B34 2T RAD-SNPs 237 0 )11 % bk R SR 1845 2 RETERT 5T 25

R S22 G RRIM A ) NGRS AR DY 1] F 7 b 35 A
AR, VUL G s 2 N R iR b X
(491 25 SIZ AR G 38 1 X740 )1 P SRR, (AR 5
S5 b PR KRI T 0 ) A% Bk I35 A A H At 1]
PORZHR R N — A0, T2 5 )1 AR A AN b 7 # bk
EERA—AFKHE . Wang SEBIEXTIRE 8 MEF A4
BEAHEREAT B AL 0 AT i, A BRI R Bk R S
AL X AR SO — 3K, B 54077k
HHEIERME KRR, KRR R 7L Bz
X 55 73 bt X bE v 1Lt XA B A0 S 1 S A Ko
22 T R 0 R RH I DA 14 7 1L e DX YA Ak 11
P AR IX 2 — 36, i b X AR I A% B B < Eh YR
GBI a1 5 #HE TR,
AFFE AT 2. SRR EAR I TRk R
FEp AR X L YRR, BARYE HE A RRIE LS ER
TR ELE BRI AR T s, B e
(727 ASIE: NS Y O S S 57 i b A R S
BRI L2 AL B e 15 AT AR E
iERERE, ARE AT TSR i ) T Ak T —
FLRE PREEEE], AW 9T TG 10 A2 B RIL A2 I Gt 53 B 25 SR
T, EATE X E T8 A% Ak A E
Beo FEULHTINE Jy Bz i) St Meh, VL Bz A
W EE 15 R ME— 1 AN i Rk I A,
HRHE STRUCTURE 18853 #r, A% Bk i Se i
7 60%, PRz s R T ULk LR A HE R,
AT TR 2 FEVE 2 R YA FR N DNA JF7 51178 5
T2 L 1 1 B S 4 100431, 5 X )40 /e 7 (Arabidopsis
thaliana)Z& T 334 /> SNP {i7 s fI7K % (Oryza sativa)
FT 111 4> SNP A7 s A% H IR 2 FEVEIR S N
0.007 £ 0.003 213441, RAMYIHIIZE TR Z VSR
$% N 0.001 86~0.016!1, & 4% (Picea abies)
BT 22 MR IR E TR 2 AR 20N 0.003 991461,
FE R (Populu trichocarpa)dt T 4= K41 SNPs )
MR 2 FEPEFEHCN 0.016147), WK 2% (Magnolia
sargentiana)& 1 7 4 SNP A7 s A% R 22 FEPEFR 2L
790.017 8B, FEAWIFLH, 42 MEBk G FRIE T
L FE[RIZH SNPs % H R 2 FE 145 50X 0.029, &5
T ZARKEMEY), BRiX 42 i w8 B
BONEEMBE . SR E R, A0
F 42 AR R AR & FE (He) v 0.278, 5%
FhYMEET SNP IR %A FEAH LL A T Bk
WG AL (Stipa breviflora, 0.131). Prunus avium
(0.269~0.303)181, % %j (Vitis vinifera, 0.340)191%%

X HanBOR B 7 45 58, AW 7 A% Bk A4 0 22
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