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(MABHEEFEZE LR E, EEMLAEFERAARET AL, PEMAEIIE RN, JLat 100091)

WE. [ BE ] AT UMk (Juglans regia L.) (2n=2x=32) £ 3FHAFYL @K [ SSR 7 5 f i K H 4
MAEE, TPRIFEIERAAIE SSREIY. [ F7ik ] TRk R bl — (9 & T S 5 S A 7 5 B,
MISA #4033 SSR fisi, FIFH Primer 3.0 #E475 19511, it HF PCRFFTIIVMZABMT, ik
G A SSR 71t 5L PCR LI I AR, (4R ] (1) RN 16 FY ik [ E
F] T 441 357 629 4~ SSR i A, 4> M % E N 662.28 SSRs-Mb™', H: A, 10~ 30 bp K 4E F 5 &
95.00% VA I, EHEE HICLL AT R 35 ARGLEAR F SSR 7 fdum 2 Rack, Hr, Chr1 Jeffk |-
SSR i sifitiE %%, Chr16 ik /b, SSR HA MAICHEE K Ahds 5 YL A BE AR 3 EAR DG, BE—
BGETH T ARA ) 644 FIFEA SSR HICH ST RRER T 240G (2) HPARYPAM - SSR EHE HiT
AR TR A B A R, R R B, LGRS ES 0.075 M E vl i e tafh iy 4 41, H, 26
4 WP Z (11 4%), M5 14000 Chr10 efafk, BAF, Chr10 Jetafk [ mli—A 4, SRHAT
REZ ) T RO RS FE ;s (3) FIHT SSR Az s FE M R<F 751153 SSR 514 303 009 X, iid By ¥
PCR eI HEHLE L T 32 XFERASHES 1WA TR E, o, 30 X (93.75% ) & 6 AMEBk st Al 3 i 1 % i
M HARr=4), 28 % (87.50% ) ) PCR ¥ HiZ5 R 57 PCRITAGZE R —30. [ &it ] AWFF e T e —
Btk S B AR L K7 51 il SSR s, K BUHAR A E S R AV iR, H A5 Y AR B A0 3
IEAG, HMALEE M SSR & H WAL, @57 THLF PCR S5 kB NS I K ke, [FEFIIE T
HARNE, Ak SSR 51 ARSI K B AL T A ORI . TRiERATFY 28 X HASPES n] Ry o Tl B A
T e 2 AR RLAE A S SR B R B A 55 %
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90 Mook B WF R % 35 %
IR A M SR T AR L HE. o LR | AR R B, A I S
BRSPS )TS] (SSR) FRCLUECRE 2, 7 BIRICLILINZ] DNA,
Fu . AV . EEM . LR SR 51 st
Sy TG DL AL A RS, O B RTR AR Table 1 Walnut cultivars used in this study
WA S Fh S TP B . N R 21 e R R
BRIC R G52 — 0, R IR A 0 T R A 9 1% ~ e SromEae
= :y ) n r ] y \5}
(UPOV) LAV FAIMEA T (BMT) w | P Cwner .
= ‘Li i 1L
LA LT 2 AT R R B ; o ingriong .
FHRIOD, SSRIEH DL 1~6 M1k & ) 55 Sianging PP,
BrfERIE T & ], (ESEBR AL 12 406 . T R S
OO, SRR SRR .
: N s 6 FiFT22 Xinxin 2 SR 7 A T

HBIF R it 4 5L A i L 1) SSR 51 I & TAE .
Woeste %' g VRT3 [F 7R H8 BAZ BRI K 41 DNA
FR T SSRARIL, XET|WHE )5 Ee Bk n
WAL ST AR 3] T R TS, Zhang%'® | Dang
SFUT LT M EST IFAI4IF R T 41 F1 39 Xf EST-
SSR 514, BrAiEl® | Ikhsan' Fil Eser 4520
THEA T YK (Bacterial artificial chromosome,
BAC) F#34r50F 4 T 19, 307 #1120 % BES-SSR
1. PEARsEegit, HATRACTF & 770 Xf
SSR H1¥y, ZHEM J. regia XAFIITREY, A%
BRI FARICHFRBeE T —& LR, F, h
TR I PR 2 1% A2 2 e ARk B R AR F S T A
02 B S WY RA 2 211 < B > € < 1 ) [ W2 N A
KTAERTEE, 100n] T Al B A 45 434 By
B FHFIE R BE B2 SSR A A5 A WL AR5 1,

Bifi 5 AR SE DR 2R e g SR A S s, AN TR
NI LR T —EBRORKFR SRS
FERAP, AR T %S % R AT 5 5 HoR
YL fk I SSR i oA . R HoTHiE KK
JE . WA SSROHE I o A I L AF RRAE, A HTHL
PCR # AR H1 SSR 51224, I-REHLEERGH
TS SSR 5 i1t PCR SEIRIGE, B4
i HLF PCR Jrik7E ik SSR 5145 Hr o 1A 5%
Pk, A T8k SSR 59 s fit s fb I A, i
AR BT IR AR  J o BRI L oy de it
Xt

1 A

Gk EuE
Ve 6 MMk ARG Bl T PCR SE B 56k,
HARMKPIEE LI 1, TARKTRHE

1.1

1.2 HEkR
FASTA 4% 2 1R Bk ity Ffr v g — 1) e (2 1
IKFZ 25 B A 9 T 48 8 B S8 R R B 2 4
Hil> ( CNCB-NGDC, K Jil: https://ngdc.cncb.
ac.cn/bioproject/browse/PRJCA002070 ) , % =
PRJCA002070, H:4u & 16 F 4 ik, KNy
540 Mb, Contig N50 & 3.34 Mb®%2; #% Bk i F
‘Chandler' ™ [y Je o (R K P LA 7 5 F 2 A
GigaDB ( http://gigadb.org/dataset/100735 ). {#iH]
famap F1 fahash K {46 2 25 5L R 41 550 55 5 0
hash B, LA# 519280k H 7 PCR U
i,
1.3 SSR{m#REM5|Wikit

| H MicroSAtellite ( MISA, http://pgrc.ipkga
tersleben.de/misa/ ) & /5 X 44k 4= 3 R 4 AS ] G
R SSR AL H T R G, BoE AL
iz (Mono-). A% (Di-). =A% HWR (Tri-).
VIR (Tetra-). A H R (Penta-) FI/SNH
R (Hexa-) Wi/ EE 7350 10, 6. 5. 5,
5 5, Siit SSRA AR . KIEFELE H
pIvE R R S N o 7 N [ PR L 7 N S |
SSR i sl ARG

FIH Primer 3.0 %31 SSR 5%, RHAMZ 5
K bn i E2A . 1K EE N 18~28 bp, 20
bp MiE; FEHK B 100~500 bp; 51438 kR E
h 55~65 °C, Lk 60 C KfE; 51475 GC &t
H 40%~60%, Lk 50% JfE; dEfmnly) Rk
R I RS 2429,
1.4 SSRi3|¥ZEMREF PCR &

FIHHLF PCR 2 1111 re-PCR & e i ik
Y SSRARICAE 1.2 Hhag i i 5 PR ZH 4300 P it
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%5 6 PORE, S

ETRMSH RN SSR A 5 4 T SRR LT & 91

BRI 38, FESHON . re-PCR -S <hashfile>
-n 0 -g 0 100-1000, ARHEHIFLLY 38 25 K59 7
SRS, Hrh, B 5 e S R 4 5
JE REY HEH — A7, TS5 AT LAY 11
AL, BPAnR Y3 7= ) K/ 22 =2 bp,
M SSR YIRS ZBMG1Y, ¥ 1 =P K/ NH R
TP R BAZS, T 1 bp 22519 SSR i £ A
ORI, IE AT R INBEREE,
1.5 #7514 SSR 5|48 PCR I&iF

AR A YL oAk T B PR P25 SSR 519145
2%, AW TP-M13 514 ( LiAT.), M13 B
J¥ %) Jy TGTAAAACGACGGCCAGT, ¥ Mtk B
() CTAB JEUST SR HUZ BT B () 3L 41 DNA, 2
Chen 887 (kb A T4 B RN B 4078 F vk ki, )
H GeneMarker v2.2.0 {32 BUH vk 5747, SR (i H
Excel 2016 A 758 ST R 50 HT o

2 ERHH

21 BHkEEFEA SSR MER SR F4HE
FIH MISA v2.1 Bk 45t 424 540 Mb ik 4=
FLH YT 5 ) SSRA s AT S, A5 R
357 629 /> SSR fii i, “F-¥% 1.51 kb 13 14~
SSR i1 45, SSR F4l MK 8 019 209 bp,
FEHAH 4K 1.49%, 145 4 005 PG HoT, H
W, BT RR R ST 7 iy, 8 58.93%;
A R 2 DU A% 1 R 55 52 BT o L 43l R 34.00% .
519%. 1.03%; HAZTRASELITIRER $.ITH)
di LA R 1.00%, (HERIEZE & v e Bt FR AL
W, FEEMER, HEE¥OLN A SETTRE
SR B 4 AR B n ¥4 . i ACTCCG/
AGTCGG /i 7~ #% # i & & 1Y tb i 8.96%,
AAAAAT/ATTTTT (5t 8.46% (1K 1 a), Mk
TRELZ R (A)n T hFE, BEAZITR
HE B —2F, B RER KA S (AT)n
£ (32.10%), — KA Ff (AAT)n i £
(16.50%), TPU#% T RZEAEIh (AAAT)N(9.00%) i
Fedes (B 1 b)o Joits B dtis & 2 it &
&2, HHEErs i EE ST, A AL TS
HEL, ULIAEAR A TR A AT 5 R
7., AGG. AAC. AGC., ACT. ACG #il CCG /4
LA 1.00%, FIREJE THifT SSR HIGH) 25
A L B . BBk SSR 41 K 7E 10~ 297
bp [F254k, 32k 73.30 bp, LA 10~30 bp K JiF

e EE PS8 (95.93% ), 1K RKTF 30 bp
(AL A7 4.07%, ARHEEERY SSR AT & HL il
TR ES, Hr, 10 bp KM SSR T & i
K (18.09% ), Bl SSRFHIK Ry, H
gt TR (B 1c).
22 #ZkARSEMALE SSRHHBERESH

BthSs ZHHEAU S 16Kk alk, W
Chr1~Chr16. AN[F4L ik I SSR i ik 22 7
BRK (K2a), HChrl FEiERZ (34 749,
9.72% ), Chr16 "% #/ (13 666, 3.82% ).
K — T A A BT &I, SSR 7 sS4k it
e R K B R R R, A5 3R Oy R
y=1437x + 1679 338, Y& RN 0.96, AR
R, Yo K BRI, AHN ) SSR i s 4
HilZ (Kl 2b), FY@ik L SSR A MR
WA R E , B AR R R 1 427~ 1 685
A~, Hd, Chr9 i fik, Chr15 ki, [RIAT, HE—
X SSR KL . S YLt (A B [B] A AH DG 53
Mr&m, Je ik KEYS SSREE (r=0.9820,
p<0.01). 2 (r=0.900 3, p<0.01) [A] ¥ FHk
B IE A G, R B Y R K B R,
SSR [WFZE SE R BRI

Xt 16 Syt ik B AR H A A Y SSR v s,
BOE g A M T BB, ASIA 2 25 SSR 1
SRR R EA R (p<0.01), Hrr, B
RS TR S B ERE (r) I K
(0.986 3), PUAZTFIR A AZ T BR A AH 5 2R Kt
AN, AUH 0.785 4 (£ 2). PARET RS DU T R
[ BX R A B % (r>0.90); 1l 5~6 &R &E 2K
TR (0 B30 AT B A SR (R A O R BURAIK, K
1 0.879 6, f/MUHK 0.785 4,

HRAE SSR v i A [ 5 57 2 AU AN o A B4
P AR e (i SSR {37 45 280 x 16 [ 437 4 [,
FEUEATAHSCHE A HT ST A O R BUE RS, T AHOC R
BOERE, X ERIETTRIMT (B 2d), Dl
L 0.075 Jhy B AE vT 4 Ak 16 45 4s (i o)y
44l (1~WN), Hr, HTHRA1RLEEK,
Bl Chr10; 55T 416045 2 4~ 5, B Chr1 Al
Chr3; 4511 414245 Chr14 F1 Chr16 iX 2 4 4v {4,
A SEIVALNERE T Hax 11 ke fafk, XA
Alayrk 2 AWl 1A Chrd, Chr7,
Chr5 fil Chr11iX 4 &L o ffk, 55 24 a4
Chr6. Chr13, Chr2, Chr9. Chr15. Chr8 i
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a Hexa-
= ACTCCG/AGTCGG
= AAAAAT/ATTTTT
= AAAAAG/CTTTTT
= AGAGGG/CCCTCT
= ACCTCC/AGGTGG
= others

N

Penta

= AGATG/ATCTC
= AAAAG/CTTTT
= AACTC/AGTTG
= AAAAT/ATTTT

= ACCGG/CCGGT
= others

Tetra-

= AAAT/ATTT
= ACAT/ATGT
= AAAG/CTTT
= AATG/ATTC
= AATT/AATT
= others

o

Horl
Percentage/%

S 2NN WWAAO
o ;o
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Different nucleotide types

"0 34.00%
0=

7.92% 8 o
Ay, 0.09%
// 1.57%
/’jM /

I | I 2.08%
S S E OO0 000000008 00
TEE Yy Vé?y??y?vc’??vovo?pvc’oo . 1TE% TS
AR RS

¥ O % %35 %
Mono-
= AIT
= C/IG

7.47% 0.28%

Di-
= AT/AT
——Penta- - AGICT
\ 0.69% = AC/GT
Hexa- = CG/CG
0.17%
9.49% _
3.53% Tri-
4.70% = AAT/ATT
\ = AAG/CTT
‘ - ATCIATG
- AGG/CCT
= AAC/GTT
= others

¢ *10bps11bp=12bp-13 bps14 bp=15bp-16 bps17 bp+ 18 bp=19 bp=20 bp
221 bp =22 bps23 bp =24 bp=25 bp=26 bp =27 bp=28 bps29 bp =30 bp=>30 bp

3.33%

1.81%0.38%
0.87% 1'51%

74

TE: a. SSR AL AN RIS R AL A s b, AREH IR SSR L A M5 c. SSRIFFIREE M

Notes: a. The proportions of different SSR units; b. Distribution of different nucleotide types; c. Sequence length distribution

& 1
Fig. 1
Chr12 % 7 Z4etafk, X 2 M4 st SSR
AR AR etk Bk L, B, M
IV 2 I 2[R —A~ F, s T 4000928 T 5l iy
—ANFAL, EW Chr10 - SSR A7 s py% s . /A
R R A 5 H AL 15 Ry O IRt b 22 K .
2.3 BHARESEK L SSRINES HTEEME
A SSR i x
AN G e R 0] 2 A2 R TR B B I RS A
E—EWNZES (K2c), Chl ik Fx£
(406 ), H: ¥k Chr3. Chr5#l Chri1, ifij
Chr16 Jefafk H/ (188 Fl), Hoh, PARAFIR
Fi4 SSRIFHIYILL AT EE TR FE, HaEE
AF G o fk FAH T AR, o, Chrd I A%
(93.76% ), Chr12 Lig & (95.05%); T

ke EFEE SSR L R EE KRN HFIE
Genome-wide distribution of SSR repeat types in walnut

M EE SSR FFIHILL AT/AT EE BTN, Ak
e fil#E 53.61% (Chr12) ~59.43% ( Chr9) [a]4g
fb; =#%AF R HE S SSR A 1 H & T A A Ye
BRI 10 FhEE RonAl, £ RN
AAT/ATT, HFr 5 &4 e 48.34% (Chr16) ~
55.35% ( Chr12) [Z54k; PUZTFER SSR ¥
F A oT e AAAT/ATTT, Hr i i@ 4 e 7e
30.52% ( Chr13) ~52.29% ( Chr14) [a] 25 4k ;
HRATIRER SSR FAIFE AR Y ik iy HEE H
JERAVEEN 18 (Chr12, 13, 16) ~36 (Chr3)
Ffr, Hrr, Chr3 (22.73% ) #i Chr14 (29.29% )
I i SSR £ & H.5C & AAAAG/CTTTT, Chr6
(23.91% ). Chr13 (29.32% ) FIChr15 (25.47% )
Ye ik Il AAAAG/CTTTT 1 AGATG/ATCTC H.
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Notes: a. The contents of different SSR units; b. One element regression equation of chromosome length and SSR locus; c. Distribution of
main repeat types; d. Dendrogram of different chromosomes based on SSR loci characteristics

2 ZHEEAREREME SSR AR
Fig. 2 Distribution of SSR loci in different chromosomes of walnut genome

®2 BHMAEEEALE SSREXMEST
Table 2 Correlation coefficient of different SSR repeat types in Walnut

HE TG BALHIR TRER =RHR VURZ IR THRR INEH R
Repeat units Mono-nucleotide  Di-nucleotide  Tri-nucleotide  Tetra-nucleotide = Penta-nucleotide = Hexa-nucleotide
FLI% T Mono-nucleotide 1.000 0
Z#%1F#; Di-nucleotide 0.986 3" 1.000 0
=H%H R Tri-nucleotide 0.9856" 0.969 0" 1.000 0
VY%t Tetra-nucleotide 0.928 6" 0.9387" 0.9118" 1.000 0
Fit%H R Penta-nucleotide 0.8796" 0.850 5" 0.870 2" 0.862 1" 1.000 0
NZE T Hexa-nucleotide 0.8456" 0.796 3" 0.822 9" 0.785 4" 0.798 5" 1.000 0

VE: **RRp<0.01
Note: **stand for p<0.01
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35 %

A EUARTE], g 11 SRk SSR £ H TN
AGATG/ATCTC, FrdiEsrtth 27.52% (Chrd ) ~
34.78% ( Chr10); NEH R E K HICm AN
13 (Chr14) ~43 (Chr1) #h, H KL faik
#BLL AAAAAT/ATTTTT 5 AAAAAG/CTTTTT T
v, Fr o H B AE 8.32% ( Chr2) ~ 22.73%
(Chr11) [a]A5 4k,

Bk EL N 40 rR 771 644 FhRA SSR it (H)

ZE R I — Y AR ), ARGk
EAFTER) SSR i A LB R 22 57, Hi,
Chrd g/, i 22 F, Chrs i Z, ik 64 Fil
(£ 3). #ifi SSRHILH 4~6 L HMREL, H
FLUABTRRZ (426 F), MUK (38
f), UiW] SSR FITA A H R Z , HPr i
HIRRAR, BUONR A SSR HLITHIMERBA

*3 EHRESEERATEREENES SSRESEAT
Table 3 Rare SSR units of different chromosomes in Walnut reference genome

Geto i TR HRRES
Chromosome Tetra-nucleotide repeats

TR HRES
Penta-nucleotide repeats

AEHRES
Hexa-nucleotide repeats

Chr1

Chr2

Chr3

Chr4

Chr5

Chr6

Chr7

Chr8

Chr9

Chr10

ATCA, CTGA, GTTC

CGTT, TGAT

AGCG, CGGA, GTCA,

TTCG

GCCA, GTCC, TCAA

AACT, GATT, GCGG,
GGGT

CCTG, GCTC, GTAG

GGCT, TCGC, TGGG

CACT

CCTA, TCCG, TGAC

ACTG, CCCG, CTTG,
TGGT

AACCC, AATAC, ACTAA,
CATAA, CGAGA, CGGGC,
CTCGT, GAAAT, GAGAG,
GATAT, GATTA, GGAAA,
GGCTC, GGTTT, GTTTT

ACATG, AGATC, ATTTG,
CCACT, CCTTC, CTAGC,
GGGTG, GTCGG, TGGTC

AACCA, ACAGA, ACATC,
ATCCC, CCGAT, CGCCA,
CTCTG, GAATT, GATTC,

GTGCA, TCTCC, TGAAT,

TGATG, TGCTG, TGCTT,

TGTGC

AAGCC, ACCTC, ATACT,
CATCA, CCAGC, GCTCG,
TGAAG, TTGAT

ATAAG, ATGTG, CAAGC,
CATAT, CTGGA, GAAAC,
GATTT, GGTGG, TCCCT,
TGAGG, TGTTA, TTAAT

AGTCT, CACCA, CCCCA,
CCCGA, CTACC, GCACT,
GCCGG, GCTGA, GGGGT,
GGTTG, GTGAA, TATTA

AACAT, AGTAG, CCTAC,
CTCAC, GATAA, GCCCG,
TGAGC, TTGAA, TTGTT

AAGGA, ACAAC, AGATA,
ATTTC, CAAAT, GTATA,

GTGTG, GTTAG, TAATT,
TCTGA, TTTGA

ACCCG, ATGGG, CCAGT,
CTAAT, GAGGT, GCAAT,
GCCAT, GCCCC, GGCAT,
GGGCT,GGGGA, GGTAA,
TCCAG, TCGGC, TCTTA

AGTCG, CATAG, CGTCC,
CTTCC, GATCG, GCCCA,
TCATG, TTAGC, TTGTG

AAATTA, ACAGCA, ACCCCT, ACTCCA, AGTGGT, ATTTGG, CCAGGT,
CCCTCT, CCGCCC, CCTACC, CGAAGA, CGGCTC, CTCAAA, CTCTGC,
CTCTGG, CTGCGT, CTTCCC, CTTCCT, GAAAAA, GAAGCC, GACGCA,
GATCGT, GCCAAA, GGAGGT, GGCTTG, GTCGGA, GTGAGA, GTTGGT,
TCATCT, TCTCCC, TGGGCA, TTCACT, TTGTTT

AATATT, AGGAAG, ATGGAT, CAGCCA, CCATCA, CCCTCA, CCGACT,
CGCAGT, CGGGAGT, CGGGTG, GAGAGT, GAGGAA, GAGTTC,
GCCTCC, GGTGGA, TCAAAC, TGGGTA, TTGATG

AAATAT, AATTAA, AATTCA, ACACCC, ACCCTT, AGCAGG, ATATAA,
ATCTCT, ATTCCA, CAATCA, CAGCTC, CATCAC, GCACAC, GCAGAG,
GGAGAG, GTGAAC, TATCTT, TGCCCC, TGTTGC, TTGAAG, TTTCAT

ATAGAT, CATGCA, CATTGC, CCGCCA, CCTCTA, GACAAA, GCCTCA,
GGGGCT, TCAAGG, TCTTGG, TTCCTA

AAAGGA, AAATAC, AACCCT, AAGGTC, AATTCC, ACACAT, ACATAC,
ACTGAT, AGAAGG, AGCCTG, AGGAGA, AGTCGG, ATAAAA, ATGCAT,
CCAAAA, CCCCTT, CCTCCC, CGACTC, CTCAAG, CTCATT, CTCCAT,
CTCCGA, CTGATA, CTGTCT, GAAATG, GACTCC, GCCACT, GGCGGG,
GGGCAG, GGGTGG, GTAGGT, GTTGCT, TACCCC, TATTAG, TATTTC,
TCCACC, TCGAAC, TCGGAG, TCTCTG, TGAGAG, TGCTCG, TGGCGA,
TGGGCC, TGGTAG, TGGTTC, TTCTTT, TTTGGT, TTTTAT

AATCAG, ACAAAA, AGACAG, AGTAGG, AGTCGG, ATAGGC, ATTTTT,

CCAACA, CCTCCG, CCTTTG, CGGAGG, CTCCAT, CTCCGA, CTCCGC,
CTCCTA, GACCTC, GCCTCT, GCTTCT, GGATCA, GGGTGT, GGTTAG,
GTAGGT, GTTTTT, TATCAT, TCCGAC, TCGGAG, TCTCCA

ACCCAC, ACTAAT, ACTCCT, AGAAAC, AGAGAT, ATACAC, ATACTA,
ATATAC, ATGTAT, ATTTGA, CAGAAT, CCACAC, CCACCT, CCACGC,
CCCAAC, CCCTGT, CCTGAG, CGGTCG, CTCTCC, GACTCC, GAGTGA,
GCGTGC, GGAGTG, GGGAGA, GGGTGT, TCTATC, TGGAGG, TGGTTG,
TTATTT, TTGGGT

AGGCTC, AGGGTT, ATGGCA, ATTGTC, CCCCCA, CCCCTT, CCTCCG,
CGGAGT, CTCCGA, CTCTCC, CTCTTG, GAGCTA, GCAAAC, GGCTGT,
GGGCTA, GGGTTA, GTGTAT, TAATTA, TCTTCC, TCTTTT, TGAGCA,
TGTCCC, TGTCGG, TTCGCC

ACGAAC, AGAGAC, AGCAGA, AGTCGG, CAACAC, CCCTCC, CTCCAA,
CTCCCT, CTCCGA, CTCTAT, CTCTCA, CTTGGT, GAATAT, GACTCC,
GAGGGA, GCAAAA, GGCCCA, GGTAGG, GTCGAG, TATATG, TATTAC,
TCAGTT, TCGGAG, TCTGTC, TCTTTT, TGGTCC

AAGCCA, AAGTGG, AATTTG, ACACAT, ACCCGC, ACCCTC, AGGGAT,
ATACTC, CATATA, CATCGT, CCCCTC, CCCTCC, CCTCCA, CCTCTT,
CGACTC, CGGAGG, CTGCTC, GACTCC, GAGGGA, GAGGTG, GCCCCT,
GGTTAG, GTGGGC, TAAAAA, TATATG, TATTTG, TCCGGT, TCGGAG,
TGATCA, TGGAGG, TGGCAG, TTATTT, TTCTCC, TTGGGG
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Yeta fis D% R A TMARES AEHBRES

ChromosomeTetra-nucleotide repeats Penta-nucleotide repeats

Hexa-nucleotide repeats

AAGCA, ACCAA, CATCC,
CCCGG, CCGCA, CGGGG,

AAAGAA, AAATAC, AATACT, AGAGAT, AGAGGG, AGATAG, AGCTTA,
ATTAAT, CACATG, CCACCT, CCCCCT, CTCCAT, CTCCCT, CTCCGA,
CTGGTG, GACCCA, GATTCG, GATTTT, GGAAGG, GGGTTA, GTAGGG,
TATTAG, TCCGAC, TGAGCA, TGGAGG, TGTTTT, TTCCCC, T TCTTT,
TTTAAC

AAGAAC, ACCTCC, AGTCGG, ATAAAA, ATCAAC, ATTTTT, CAGGCT,
CCAAGC, CCTCCA, CCTCTC, CCTGCA, CCTGTC, CTATTG, CTGGCT,
CTTTTA, GAAGGA, GAGATG, GAGCTC, GATGAA, GATGGA, TATTAC,
TATTAG, TCCGAC, TCTCAC, TCTGTC, TTACTT, TTCTTT, TTTATT,
TTTCTC, TTTGAT

AAATTG, AACCAA, AAGAGA, ACGGCG, AGACAG, AGGGGG, AGTAGG,
ATAAAA, ATCTAA, CAACAC, CAGCCC, CCTACA, CGACTC, CGCACA,
CGGAGG, CTCCGA, CTTGGG, GAATTT, GCTGTG, GGCACA, GTGCGT,
TCAAAA, TGAGCC, TGCATG, TTCATG, TTGATT, TTTAAA

AGTTCA, CACACG, CCCTAA, CTACTG, CTCTAT, CTTTTG, GAAGAG,
GCACCG, GGGTTA, TAAAAA, TCTTTT, TTATAT

AAGCCC, AATGCC, ACCTCC, ACTACC, ACTCCG, AGGAGT, AGTAGG,
AGTCGG, ATACAT, CCTCCG, CGAGCT, CTCCAC, CTCCCT, CTCCGA,
CTCTCG, GAGGGG, GCCCAA, GCGAGA, GTAGGA, GTGCTC, GTGTGC,

TATTAC, TCCACC, TCCCTC, TCCGAC, TCGGAG, TCTTTT, TGATCG,

TGGCTG, TTAGGG, TTTATT, TTTCTT, TTTGTG
AAAATT, ACATAT, ATACGA, ATTAGT, ATTTGA, ATTTTT, CACGCA,

Chri1  AGTC,CCGC, GBCC Crrtn ot GOABS
GTATT, TGCTC
AAACG, AAGTG, AATGC,

vz eebe ATTAC, CAATA, TTCCT
AGAGA, AGCCG, CAGTA,

vy e, e GGCCC, TATTG, TCACC
AGAAG, ATCCG, CACAT,

G Ao CAGTG, TAGTA
AACCT, ACACG, ACTAC,

chris ATTGC, CAATC, GAGGA,
GAGTT, TGTAA

chris CTAC ACTCG, ATAAC, GCATT,

GGGTC, TAGTG, TTCAC

CCCCGC, CCTTTT, CGGAGG, CTCCGA, CTTTTT, GACTCC, GATTTA,
GCTCCG, TATATG, TCATCC, TCATCG, TCCCTG, TCTCTT, TCTTTT,

TGGGTG, TTAGTA

24 #ZHEERBHESM SSR3|#WF %S PCR
I8IE
FIH Primer 3.0 £ AR 5 SSR 7 a5 M3 (1) £7
SERES, M 357 629 4~ SSR v s ik i
303 009 %} (91.51% ) SSR 5|¥y, L% 6 Fhse4
T (258 024,85.15% ). Aoe4idT A (1688,
0.56% ) i AR TR (43 297, 14.29% ) %
3R, AR5, FIH re-PCR ¥ 2~6 iR &
52105 421 SSR 5| ¥y kb X 31 3L [ 41 hash $ 45
J, Gl PR IR 2 A, R
SR i R R 1 S L S N 2R
WiZs, S K/NZE S 1 bp ISR 3 .
TP T R B, AFEG AR E RS ErRD
/0K 22954 (Chr16), %% Jy 10 8814
(Chr3), KEHEHIC (>30 nt) W5 IWHLEME
51 E 2 = TR A OB 1Y, XS Biswas
EEOY A E AR I R 2 TP IR G SR AL
R T IR H AR R 25 S T SRR &
) SSR FriciIA R, M2 re-PCR Al B4 5 |
Y BEALY S R — R IE A 519 32 X (£ 4),
A TP-M13 51978 55454 ( Chandler )'% 6 />
AR TR IR T A Uk R R AT A

([l 3), ik 32 X754 Bx CAF36 #1 CAF350
Db, Hx 30 XF SSR 514 (93.75% ) #0] LITE
PR Sl b B8 T T B AR, PCR P73 45
5 AR PP A, 4 SR — B . eAh, 30 X
SSR 5 ¥H 4 4 % ( CAF11, CAF129. CAF271
1 CAF364 ) 1 HbFE S 2 ] R 28
3 ittt
31 ZikEEEH SSR N HHFIE

SSR FERERIZH rp i) H B E BR T bkt R A
GAR, WERERSEC . — AR LT R A
RAE, I, Fee o FHK B SSR ] LIAE Ry ik
flad AR rp st AR A8 S AR AR P, AR ST N A —
kS HH A 16 e @ikrhIbye il T 357 629
A~ SSR i i, H# K 662.28 SSRs-Mb™", ik
T4 M (1294.62 SSRs-Mb™") © i ( 872.60
SSRs'Mb™") P4 R A, & F K ( 225.3
SSRs'Mb™") P9 ZsHf (216.88 SSRs-Mb™") 1Y
FIfELE (392.45 SSRs-Mb™") B 25y, 1 54
B (667.9 SSRs'Mb™) B ZE KL 2 [ oA 5745
FHY . SRR T BE S B T AN ) A B B PR 21 K
AN 22 57 DL R AR 91 s HE S AL T 2R B
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Table 4 Information of 32 primers from walnut genome
Gk R Yett ik V=R 50 LW (53D T (5-3D B KRB
Primer ID Chromosome Repeat motifs Forward (5'-3") Reverse (5-3") Tm/C
CAF271 Chr1 (TTC)s ATCGGATCGGTTCGTCATGG TTTGTGGCTTGGTTTTGGCC 60
CAF100 Chr1 (GAG)s GGCCAAGACATAACCCAGCT AGATGGGTAATCAGGGGGCT 60
CAF364 Chr2 (TCT)e GACTCCACCCCCTTGTCATG GTGAACAAGACCCGACCCAT 60
CAF169 Chr2 (ATG)s GGGTGACGACGGTGACTATC GATGCAGAAAGGCTCCCAGT 60
CAF36 Chr3 (TTC)s TGGGTTTGCACTACCTGAGT TGAAACTGATTGCACCCCCA 60
CAF322 Chr3 (TGC)s ATACCGCTGCTGTAGATGCC TGGCCCTCATCACCCTCATA 60
CAF293 Chr4 (AAG)s GTGTTGAGAGGAAGGGCGAA ACCCATGTGTGAGCATGCTT 60
CAF359 Chr4 (AGA)s CTCGTCGTAGAAGTCGGAGC TTGAGTCCGAGCACTTGCAT 60
CAF1 Chr5 (TCT)e GCCAATCGGGGTAGAGGATG GCGGAGGAGTTGATAGAGGC 60
CAF119 Chr5 (AGG)s GAGAGCGAGAGACGTGATGG CCTTGTGGAATCGTCAGCCT 60
CAF150 Chr6 (TAA)s GCATGCAGCAGTCTTGGAAC CTCCTTCTTCACCTGCCCAG 60
CAF186 Chr6 (TTA) ACGGAAACAACGGCCTATGT TTTCTTTTTCGCGGCTTCGG 60
CAF11 Chr7 (CCA)s TTCCATCTCCTCTCCCCCAG TTATCTTCGCGATCGGCACA 60
CAF103 Chr7 (CTT)s GCGACGGAGATATGCAGGAA CGAGGGCCAAAGTTGACTCT 60
CAF350 Chr8 (GCT)s TAAGCTGGAACCCAATGGCC AATCTCAACAGCAGCAGCAG 60
CAF288 Chr8 (TTC)s AATGTCGTTCCTGAGCACGT TATCTAACGACCGCCGCTTC 60
CAF6 Chr9 (GAG)g GAGGAGGAGGAGGAAGGGAG TCTGCGCTCTCTCGTTTTGT 60
CAF147 Chr9 (GAA)g TGCTGGCTCCCTTCCTAGAT CCCCTCACACCTCCATTTCC 60
CAF16 Chr10 (AGA)g TATCGCTGGCTTTCCGATCC GCGACATTGCAATCCAGGTC 60
CAF265 Chr10 (AAG)s TGACGTCCCTTGAGTTGTCG AGTGCGTACATGACCAAGCA 60
CAF107 Chr11 (GAG)s AGAAGCCGTGGAACTTGAGG TTGGACAACGCGATCCAGAA 60
CAF108 Chr11 (TTA)e CACACCCTTTCCCGCTTTTG TGTCACCGATCTGTCCGTTG 60
CAF15 Chr12 (AGA)s GAGAGCGGCGAGTACTACAC CCCTGCCTCCCTACTCTTCT 60
CAF208 Chr12 (TGA)s GTCAGCCACGAACACAACAC GATCCTGGAAGTCGACAGCC 60
CAF151 Chr13 (AAG)s AAACAGGGCGAGATTGGAGG CCTTATCGCCATCGTCGTCA 60
CAF153 Chr13 (TCT)s AATAGCAGAGCCCGTGATCG CTGCCACAGTTGTAGAGCCA 60
CAF236 Chr14 (AGT)s GCTGCAAAGCACACAATCCA GCTTTCTCCGCTGTTCCTCT 60
CAF246 Chr14 (TAA)s GCAACAGCAGGATTTTGCCA AGGGGATGGGTCTGTAGCAT 60
CAF131 Chr15 (TTC)s TGCTGTCAAAGGGGAATCAA AGCTCTTCCAAGCACCATGT 60
CAF8 Chr15 (GCT)s TCGCCAACGACACCATAACA TTTCCAGCTGCTTTTGTCGC 60
CAF129 Chr16 (CTA) TCTCAGGCCCAACAACCATC TAGAGAGAGATCCTCCGGCG 60
CAF536 Chr16 (CAG)s TTCTCCACAAGTACCGCACC CCTCTCTCACTACCCCAGCT 60

PUPERIAZ S0, DAL 58 2 W] B A 21 R/ 2 3 0

BRI AR T I3, i CG/ICG fE Mk

SSR R , (HIFAE P Yl —3% Z [A#RH.
A AR GRS, AR AL BE R 4 SSR
R . PP e (8 AP F1 R 2 S A S T A
Ko [AEF, SSR YA A EEAZALAR A, HonlfiE
Je TR EAE A28 T R A AN R 80
FARRIL T AT A SSR R A AL A 2H 45 Ak e (I
FERE IR, 2~3 AR, 4~6 Ak
A A, XA/ N2 P RIS PO A A ) kA
P A RE , (H 5 R vp LR A 2
N ERTEOAIE . e SSR BEALH 7 BT A

275 b B AR, X5 0 SR Y A A B A
AR YR ARl , Bk SSR iR £ M) BT R
HiE 2 AT/AT, HikJE AC/GT 1 AC/IGT, £k
GUORGE, DURRRET IR A S P B i 2
T RICIR IS AIT. AT/AT. AAT/ATT, AAAT/
ATTT. AAAAT/ATTTT 1 AAAAAT/ATTTTT. Lu
BN SR R A AR B F T S R S L, R
XA ER, BXF2HYERA NS,
AAN. AAAN. AAAAN FiI AAAAN Lt H: fib 5 &2 &
R UL
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Fig. 3 The capillary electrophoresis patterns from primer CAF11 in 6 main cultivars of walnut.
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Fegl, i Zik 28 X593k T 5 F PCR 4 #T
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S AT T SSR ARICTF R BURE-

4 Hig

Bttt FE R 2 B I B B TR R, A
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Genome-Wide Analysis of Microsatellite Loci and Specific
Monomorphism SSR Marker Development in
Walnut (Juglans regia L.) Reference Genome

HE Jun-xing, MA Qing-guo, PEI Dong, ZHANG Jun-pei

(State Key Laboratory of Tree Genetics and Breeding, Key Laboratory of Tree Breeding and Cultivation of the State Forestry
and Grassland Administration, Research Institute of Forestry, Chinese Academy of Forestry, Beijing 100091, China)

Abstract: [Objective] To identify the number and distribution of SSR loci on different chromosomes in the
whole genome of walnut (Juglans regia L., 2n = 2x = 32), and to develop and validate the monomorphic
SSR primers. [Method] In this study, walnut whole genome sequencing data were used as experimental
materials, and the whole genome microsatellites were screened and analyzed by bioinformatics software
MISA. Primer 3.0 was employed to design monomorphic SSR primers. SSR primers were evaluated by
electronic PCR and some of the monomorphic ones were synthesized randomly to detect their usefulness
and verify the effectiveness of the method. [Result] (1) A total of 357 629 SSR loci were identified in the
walnut genome, with a distribution density of 662.28 SSRs/MB. The dominant repeat units were mainly A/T
bases, showing significant base preference. These SSR sequences were mainly short sequences with a
length of 10~30 bp, up to more than 95.00%. The number of SSR loci on different chromosomes varied
greatly. Among them, the number of SSR loci on chromosome 1 was the largest, and the numer of SSR
loci on chromosome 16 was the least. The number and type of SSRs showed positively correlated with
chromosome sequence length. Most of the 644 rare SSR units were hexa-nucleotides. (2) Based on
cluster analysis, all the 16 chromosomes could be divided into 4 groups, of which the number of members
in group 4 was the most (11), and there was only chromosome 10 in group 1. In general, chromosome 10
forms a main branch, indicating that it may have experienced a relatively conservative evolutionary history.
(3) 303 009 pairs of SSR primers were designed by using the conservative sequence flanking the SSR
locus. And then 32 pairs of monomorphic primers clarified by electronic PCR were randomly screened and
synthesized for wet PCR experiments, of which 30 pairs (93.75%) were amplified in 6 walnut varieties. The
PCR amplification results of 28 pairs (87.50%) were consistent with that of electronic PCR. [Conclusion] In
this study, SSR loci in different chromosome sequences of ‘Zhongmucha-1’ walnut reference genome are
identified. Their amounts and repeat types are found to be highly variable among different chromosome se-
quences and show a highly significant positive correlation with chromosome length. Mono-nucleotide re-
peat SSRs are the most common type. A novel protocol combining electronic PCR and traditional screen-
ing methods are established and validated, which provide an effective strategy for the personalized and
rapid development of walnut SSR primers. The developed 28 pairs of monomorphic primers can provide
scientific basis for “lllegitimacy Testing” of hybrid offspring in molecular marker assisted breeding.
Keywords: Juglans regia L.; microsatellite; distribution characteristic; molecular marker
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