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Abstract: The optimal design of clonal seed orchard was carried out to determine a more reasonable ratio
of clones, so as to avoid self-crossing and inbreeding between clones, and ensure the consistency of
florescence of clones in seed orchard as far as possible, in order to promote effective parental pollination,
improve seed yield and quality, and provide reference for the design of high-generation seed orchard. The
genetic distance between the parents of Pinus sylvestris var. mongolica Litv. in the National Production
Base of Improved Seeds in Honghua’ erji of Inner Mongolia Autonomous Region was determined by using
SSR markers and Gene Marker V2.2 software. Florescence and pollen range were set, and 13 clones
were randomly selected as experimental data. The two-population improved adaptive step-length fruit fly
optimization algorithm ( TIASFOA) was designed, and improved fruit fly optimization algorithm (IFOA) ,
particle swarm optimization (PSO) and genetic algorithm ( GA) were compared and analyzed in three
aspects: fitness value, convergence and the number of clones with adjacent or identical flowering period
in pollination range. Under genetic distance, flowering and pollen counts were known, the population size
of 20 ~60 was carried out 200 times respectively, the average, maximum, minimum and variance fitness
values of TIASFOA were smaller than those of IFOA, PSO and GA. When the population size was 20,

the mean value of the sum of number of clones in the same or adjacent florescence of TTASFOA was 125
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and 204, respectively, which was larger than that of the other three algorithms. In this population size,
TIASFOA can obtain the optimal fitness value of 133. 016, which was 0. 283 different from the minimum
value of 132. 733 when the population size was 50. Genetic distance, flowering period and pollen quantity

were taken as constraints for optimal calculation, which were closer to the production environment and

provided references for the optimal design of clonal seed orchard. In practical application, population

scale of 20 can be used to obtain better seed orchard schemes in a short time and maintain the high

genetic diversity of seed orchard.
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1.2 BiR&EH
AR SCBEH H AR s &N

M

(1)

0.9P,
R

R =nh
X d,,— A R R Y I AR BE B R F] — o &R
B 5 o Bk BE B 2 R 5 B A R BR A AR
A6 Ky 5 B BOR A B B e /ME

G55 i BRIGPE R G j Rk IO R Z (8] 1Y
AR R, LA @ BRICIE R AR j bk
P 22 TE X 3T 4R

G, —5 i BRICHE R ANES b BRICHE R Z 1) Y
BARREE, HAS @ BRIGPE R NG b Rk
Tk 2 A A 3 4

d, 55 i BRIGPE R FNEE ¢ BRICHE R Z [0 1Y
Yy PREE RS 5 @ BRI R ANER ¢ Bk
AN A —To bk R A 73 Bk

P, —5% i R EVER 55 ¢ S ME R Z ML

& A6 M 5
q—LASE i BERE R PO 2B AR RIS N
FIT A To vk & i B
w, v, —BR i H
R——AL G 75 1 1%
P ——%F q BRW W 55 0 BRAY AL 4 10 16 8
h—m s——ATHR
n—— 4% 50 R 1 LU B, AR S0 3

Q—— BB LA AR o R AY [ ¥ B 9 /Y ek

EX§
d,—% i REMER S ¢ BRIGMER Z B 1)
L/ BL e

[ I 25 FE AR ST K2 0, A5 0 LT 2R A1
Py (i A j A3 A ) — %)
P;={0.5P,_ (i fljAEWIN A4 B ) (2)
0 (HAt)
A P50 R I 2R @ bR A2 3% 19 1B H
P2 J AR A fE 0 B

2 MBEFRE

2.1 HEXRR

PNZESUEARIFIE 3 SR NP IR LR S R AW i
FhE 1S AR B 2 AURE T B R AR R 24 A AR A
3~5 BT O R ARL, T RALH IR 2 A
(Single nucleotide polymorphism ,SNP) 4T Fric 3% A
AR o BB AN RO, TR G A S 3 i B
ARG SSR 737 BR300 1k 52 BORE - #0 E [R 20
DNA, ]\ 15 f SSR 5|9 b e 5% 2 350 R 47 A8 i
Wi 11 X SSR 5| ¥ AF o 2 5 51 ¥, A ] Gene
Marker V2. 2 B4R 4000 (5 B EAT O 5, 2% 1 257
BLI AR Nei 1983 BR 2 11 5545 204 148 T 1 &
B RO ) TGP 2R 22 ) Ak 1 B B A S A SO
SR
2.2 MRAE

T4 (LSTIBEREK 45" 34 5% Ji ok i it



244 & ol HLOM ¥ R

2020 4

SR X b1 N 0 JC M R HEAT I E B, SR EE AR
24 TR PR R SR B SR TR T B R 4 R
BB Re L SRR TR S i i ik . 5
SR R BB SA 0 (U035t £% 553k (Genetic algorithm,
GA) ki T BE % 7% (Particle swarm optimization , PSO )
SE) A B, SR G A6 58 3% ((Fruit fly optimization
algorithm , FOA ) /S 1 #L05 AF 8 RE 55 125, AT T 54
oy THIAED ARG T ENINRZ 2 E )28
RS TR R TR FURL 2% 5 S A5 3] T
B, I HARR Tt SRR i kU sE AL
B, L BEE s (Artificial bee colony algorithm
ABC) (GA FEiE R Z FhRE SRS, FOA B3 10t By B2,
X FOA L P AER B B D
2.2.1  FRfERuE L

FOA 55 55 ) ] 5 1 ( Drosophila melanogaster) /1
(IR IR/ G/ ST NS S LR E= 273 Qi) ST:]
5 Al R A A e 5 SR A R SR ok B L A
TR v AR A5 B D B W R T 10 SR A I, SR 5 T B
LB YR Y SR S R AR IR R IRZ R Oy K
GRS R Y, HEHR Y IR . FOA STk A
A RZA AR TCE B H ] T B R, H A
SEPERE 22 AR Bl B AL BT ], SF R
A BTG IFOA Sk T T D B v AL (H A
PO B $E & o AR SCX FOA B3 IFOA 3k
AUAS AT RO, BT 1 AR ik 2 | 7 2D R
WG 4k 3 1 ( Two-population improved adaptive step-
length fruit fly optimization algorithm, TIASFOA) ,
2.2.2 TIASFOA &k

7 IFOA L5 i SEfl b, AR SCHEAT T LR K
i g8

(1) A&

FOA B FME P, PR E 1% &K
B, DT B AT I W S50 B 2 AR B S
R BEAR ; TFOA Bk A0 A8 S IR 1 i 8 9 5 28 N 45
il s 275 SCHR[22 - 24 1, MR A Bl 4 i, B3 T —
A BN Z A I8 AL K R B, TR A

I
L=, -—% 41

M ygen = 1 (3)

M
/
_H..
~
=)
|

A L—PRK L—WHREK
g HHTE R

I REEAC AL
X penara= P Bl X b 7 1) P A 7 B R
Y oo 0T Y b 7 1) PR A R

(2) ZFhBE SR

1 FOA B35 Al IFOA S35 o ¥ 2R T # o 3-
L, Bl HE 2 B 1R BE IR, B35 2 B A R i .
TIASFOA 53045 5 A B i Xl 20 o A4S MUASE A ] 1)
Bk 0 I DN R s R 3 VA v X (S
Fob it 22 18] A 45 S S MIL R, 38 ok S 44, £ B de A
figE ANUAIE A, 5 BHE 1) JHL A SR o 531 DA e A i DI
LA bR HEAEL T JSCH 1 ) - M, 5 B T 3k 0%
T, R 2 d Rk AR, & HF P AS T e,
i 1 A A0 e A B dm DI e o b A A R

(3) S fe

T A AR B SR A Y e SO T e ] o
SR BEALALR , B i SR S R Bk R B A UG Y
AE A7, 76 B U R B It [ i >R P 5 40 A0 BB BIL 74 b 3 2
Fiohe MR —A T R ML, i 22 Uk S Bk L
0. 8, ffi e SR A M A A U TR B (BSR4 R
— 8 BRE R R e 0 8 B B ML BE o RO
B R RN AE B — A BE UL R, S REPLEER N T
OB AR, TR AR 14 i 2 ok B A7, A T A
DU A 5 HREHUBER T B BRI R FHBERLAL A o
2.2.3 TIASFOA Bk

TIASFOA F AR AT -

(DR W EIH LM, KRELRHAXS
BBl R M 47 x N B R AL sizepop | Fie K
BRRE m,,,., BEBRP,

(2) W 72 WD U6 e B M B o 400 4 Al I £ B e A
gk AR U e 2R 0 R 3 RS B 3 A 4 Jey e I ik A
YA A T e B A

(3) K MhaE A 3 B 2 A~ TR RIS 14 5 Ff A

(4) BT B LK, 23 5 2 A Fh e 2 17l
SET LR A B UL BTG AT, G RE AL AR B R
P, SRJE W PR P RN, 2 P < PR RN T
el Hh e B2 e 2 1 B S BB DT ), 2 Po= PO F
Pl HEAT R BE £ o

(5)XFEE 2 A7 Bl RE 1) A, DR AT B A A 9 B
(U IR S N DR RGO A 4

(6) X 4 ik A i e % R 42 )R de L
fifp R UL R E AT FL A, I Wt 7 o 2 4 SRy e
AL it R0 U it A A 8 B LA % Al D68 o7 4 7

(7) BEAGEACT AL, W 2R B AR ¢ /N TF ek
IEARUHL, WA 3R SAAT IR (3) ~ (6) 5 15 W45 3 2

m axgen



%3 1

FrEEZR A TOME AR AT Bl fee /)N I S T B AT 245

AP O B R 7 R %O B AR
PSSR EPI S
TIASFOA 553 iy LA i A I L 1A 2,

|seaumsite (o BE SALF RV R T bR

[ ssmemerisr o MR R oA B) |
»

)
| A BHEAR 3) IS K T B B |

BEDLLE IR B P,

| FhiA BIRE ARG AL B I |

| Eee iR A BRL S R AT RO AR |

| i 2 B AR BB T R E R

P2 BUR R Bt 2 B 38 R AR K 1 SR 0 A 5 D AR A
Fig.2  Flow chart of two-population improved adaptive

step-length fruit fly optimization algorithm

2]

3 XRE5ERSH

3.1 XWigE

PP AL E 2 9 AT x 9 B3 TIASFOA 33k
I RIEACK AN 1000, 47 [E] 0N 1 m x 1 m, 44 &
U m (A 35250 Bt , ol LA A € ) 5 #5181 B € 1
5 A 15—20 H , AN [a] 5 bk 2 [8] 5 A1 542 32 A6 B e 7Y
JLH A 50 ~500 Ff 2 (6], 7R N Bl AL A AR
BERR A AL A AL B i 8B B R 9 AL # R A2h
3ER (B3 m)  fE LA B 5 IFOA (GA (PSO &
IEREAT X E, R TFOA 5303 1 2 i A« ik AU AT )
5NN 0. 4, UG AN T 0.02;GA
LSRR E . MR 0.8, 8 RN 0.2
PSO Bk B RO & 2 I IR 00 2, BRI AL 1.
3.2 &ZRaMm
3.2.1 [ FRAERUSET (9 35 B BE X EE

%f TIASFOA [IFOA ,PSO ., GA 55 ¥ 7 M BE 20 ~
60 3 Bl A LS (1) o H AR BR80T 580 30 ) o (0 3 1 2
d i » 53 BIIRAT 200 YT IR I X5 B MEL e R fEL L H
AMERTT 22 AT LRI o

WML 1, e AR R EE AT, PSO (GA B
/MBI RAE P ¥ E L 5 22 3 K T TIASFOA |
IFOA By XT R, H PSO GA B3 it f /M 1 &
KT TIASFOA e KAH , W] PSO [ GA 5 R I K
22 5 W G Fh RS (38 i, TROA B335 19 e KAEL I/
TEFPREMAL R 50 11 &0 T TFOA 53 B4 i /IME
137. 097 , /x F TIASFOA 8 ¥ 4 & /IME 132. 733, i3
W] IFOA LA T R B L TEAS [F R BE AR T
IFOA B i e /N e KAE P 28 R T
TIASFOA & 7, 1 B TIASFOA 4 ¥ {f F IFOA 44
Pio TEFMEE LBy 60 115 0L, TIASFOA 53 1 HY
13 707 Z 8/ ME 1,288, /N T HAB T . FE R
Bk 50 19 1% & K, TIASFOA 55 ¥ W15 & /M fH
132.733, TIASFOA B33k M\ 3d J B AR 2 %k O T 3
T HoAts 3 Fh o BEE RO RE B3GR, & BB 1k
1) 25 234 B /0N, AB B [ A A 55 K, TIASFOA 5
AT DATEFPRERLAR 20 T A5 B AL ARAE , B I FE 2D .

R 1 AFEEREREFBEMETHEREXT L

Tab.1 Fitness values comparison of four algorithms

under different population sizes
TR A
20 30 40 50 60
SEH(E 136.879 136.821 136.711 136.580 136. 522
A 140.128 139.687 139.916 139.957 140. 041
TIASFOA ",
f/ME 133016 133.213 133.597 132.733 132.978
% 1.304  1.460 1.723 1.562  1.288
SEHIMH 141,628 143.665 141.299 141.591 141.459
R 171.964 162.447 158.350 155.846 155.275
fe/ME 137.714 137.719 137.562 137.097 137. 194
¥ 8.440 38.407 5.401  7.67  5.254
SEHIH 200. 840 197.210 195.307 195.053 193. 134
Bl 222.953 222.471 216.741 210.336 213.385
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Tab.2 Comparison of four algorithms performed 200 times of clones under different population sizes
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- o
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rso A4 87 31 56 87 35 57 82 35 59 82 25 57 88 30 58
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M 88 4 64 95 39 63 88 41 64 89 43 64 87 42 64
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pso MR 143 58 100 158 55 99 154 52 98 153 58 99 156 57 99
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A MR 155 56 99 147 58 101 146 65 101 143 66 101 150 60 99

FAE 245 111 175 243 104 174 235 105 174 228 112 175 242 99 179
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