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A method for combining the best features of two (or more) strains into a stable

line.

ollen chucking isn’t necessarily bad. It just gets judged unfairly when people pretend it is the same thing as directed

breeding. A simple cross between two excellent cannabis plants can absolutely produce something excellent. If both

parents already carry strong resin production, good structure, desirable terpenes, vigor, potency, and market appeal, then
the offspring population is starting from a high baseline. Cannabis is highly recombinatory, and a lot of traits people love —
aroma, color, hash yield, bag appeal, effect — can reshuffle in exciting ways. Sometimes “great x great” really does make more
great.

The only real issue is that pollen chucking is exploratory, not directional. It can create winners, but it does not reliably move
toward a defined goal. It usually does not answer questions like: Are we increasing hash yield? Are we fixing a terpene profile?
Are we improving trichome separation? Are we stabilizing flower structure? Are we reducing hermaphroditism? Are we

preserving a rare trait? Are we testing enough offspring to know what the cross actually produces?

Pollen chucking can create great plants.

There is nothing wrong with making interesting crosses and This guide shows you how to pyramid breed cannabis. It’s an
hunting through them. That is how a lot of good material is age-old technique used on everything from dogs and rabbits
found. But without selection pressure, population size, testing, to pistachios and corn.

documentation, and follow-up generations, it is mostly

discovery, not improvement. It may produce fire, but it does

not necessarily build a line.

1 Define your features as characters first



Before you pollinate anything, write down exactly what you
are breeding for. A vague goal like “better bud” gives you
nothing to select on. A character is a single, well-defined
feature you can score on every plant in the room. A good

character is:

* Modular — one trait, not a bundle. “Resin coverage” and
“flower density” are two characters, not one. Keep them

separate so you can track them independently.

* Measurable or binary — either you can put a number on
it (trichome density, flowering time in days, terpene %
from a lab, internode length in cm, yield in grams) or it is
cleanly present/absent (purple coloration yes/no, web-toed
leaf yes/no, hollow stem yes/no).

The reason this matters is that selection is only as good as
your ability to rank plants. If a character is fuzzy, two
people scoring the same plant disagree, and you end up
selecting noise. If it is crisp, you can line up 40 plants worst-
to-best and confidently keep the top few. Sharp character
definitions also let you tell whether a trait is even heritable —
if your “best” plants don’t pass the feature to their offspring,
your scoring was probably capturing environment, not
genetics.

TIP Decide the scoring method before the plants are
mature, and score blind to which plant is which where you
can. Write the scale down (e.g. trichome density 1-5 under a

loupe at day 49) so it means the same thing every generation.

2  Why you only work two features at a time

This is the part most people get wrong. The trouble is

combinatorial.

Suppose a feature you want is controlled by a single gene and
you need a plant homozygous for it. In an F2 segregating
population, roughly 1 in 4 plants will be homozygous for that
one feature. Fine. Now stack a second independent feature:
you need both at once, so the odds multiply — about 1 in 16.
Add a third — 1 in 64. A fourth — 1 in 256.

And that is the optimistic case, assuming each feature is a
single gene. Most real cannabis traits (yield, potency, terpene
profile) are polygenic — many genes each contributing a
little — which makes the odds dramatically worse and the “is

it fixed?” question much harder to answer.

So the math punishes you for greed:

Features
stacked at once

Approx. plants needed to
find one combining all

1 ~4

2 ~16
3 ~64
4 ~256

You don’t have room for 256 plants, let alone the thousands
polygenic traits would demand. Two features at a time is the
sweet spot — findable in a normal-sized room, while still
making real progress. The strategy below shows how to keep
stacking more than two features over time without ever

fighting worse-than-1-in-16 odds in a single generation.

3 The plan: two lineages, one feature each

Start by choosing your two targets and where each lives:

You want

You will purify each feature in its own line first, then bring
them together. Don’t try to do it all in one messy cross —

separate, perfect, then combine.

, and .



4 Build an IBL for each feature

An IBL is an inbred line — a population that has been inbred
(selfed or sib-mated) for enough generations that it breeds
true: its offspring reliably look like the parents for the trait
you care about, with little variation. An IBL for Feature A
means that when you grow its seeds, essentially every plant
shows a strong, consistent Feature A. That stability is what

makes the later steps predictable.
To make each IBL:

1. Self the line. Cannabis is normally dioecious (separate
males/females), but you can reverse a female to produce
pollen (colloidal silver / STS) and pollinate herself or a
sister. Selfing collapses variation fast and lets you work

with the female you actually like.

2. Select the most extreme expression. Out of every plant
you can fit in the room, keep only the few that express
Feature A the hardest — the most extreme tail of the

distribution. More plants = a more extreme tail to choose

from, so grow as many as you can house. This is where

population size pays off.

3. Work the line down several Each

generation: self — grow a big population — keep the most

generations.

extreme — repeat. With each pass the feature gets more

concentrated and more uniform.

4. Backcross if you dead-end. Inbreeding can corner you —
you push for extreme Feature A and suddenly the line goes
weak, sterile, or stops improving (you’ve lost the genetic
variation you needed, or dragged along a bad linked trait).
When that happens, backcross to an earlier, more vigorous
ancestor of the same line that still carried strong Feature A,
then resume selecting. This recovers lost ground without

abandoning the feature.

Do this for both lines in parallel: an IBL-A that is rock-solid
for Feature A, and an IBL-B that is rock-solid for Feature B.

5 Cross the IBLs — but the F1 is not the finish line

Cross IBL-A x IBL-B. The result is the F1.

The F1 will be strikingly uniform and vigorous — that vigor
is heterosis (hybrid vigor), and it’s why F1 hybrids look so
good. But here’s the trap: the F1 is not your stable,
combined line. Every F1 plant carries one copy of the
Feature-A genetics and one copy of the Feature-B genetics
(it’s heterozygous), so it can look great but it will not breed
true. If you stop here and sell seeds, your customers get a

scrambled mess in the next generation.

Cross the F1 to itself (or sib-cross F1 siblings) to make the
F2. This is the generation that does the work.

In the clean single-gene, independent-locus case, about 1 in 16
F2 plants will be homozygous for both target alleles. More may
visibly express both traits if the traits are dominant, but true-

breeding combiners are rarer. Pull those out.

They are the foundation of your new combined line.

A nice bonus: the F1/F2 cross between two unrelated
IBLs masks inbreeding depression. All that weakness you may
have accumulated grinding each line down — small
size, low vigor, touchy plants — largely vanishes, because
each line covers the other’s recessive flaws. You get plants

that are both vigorous and carry both target features.

CAVEAT| “1 in 4” and “both features at 25%” are clean-
case rules of thumb. The real fraction depends on how many
genes control each trait and whether the alleles are dominant
or recessive. The logic holds regardless — segregate in the
F2, select the combiners — but for polygenic traits

you’ll want a bigger F2 to be sure you catch a true combiner.

The larger the F2 population, the better your selection.



Once you’ve selected the best both-features F2 plants, inbreed
them down (Section 4 method) into a new true-breeding IBL
— now an IBL that carries both A and B.

6 Adding a third feature (and a fourth...) — recursion

Here is the elegant part, and why this approach scales without
ever facing terrible odds. Treat your new combined line as a
single lineage and pyramid the next trait onto it the exact

Same way:

1. Take your best A+B F2 plants and line-breed them into an
IBL for the two new features together — i.e. an IBL that is
true-breeding for A and B. Build it exactly as in Section 4.

2. Separately, build a 4th IBL that is true-breeding for Feature
C, your new target (purified in its own line, just like A and

B were).

3. Cross them (the A+B IBL x the C IBL) - F1 - self -
F2, and select the F2 plants that combine all three.

7 Is this technique named?

Yes — what you’ve described is essentially gene pyramiding
(also called gene/trait stacking), carried out by convergent
(stepwise) crossing. It’s a well-established conventional-
breeding strategy: purify each trait in homozygous parental
lines, cross to F1, self, and recover the homozygous
combiners in the F2, then repeat to stack additional traits.

Inbreeding depression vaporizes again on the cross; the F2
hands you the recombinants.

4. Inbreed the best of those into an IBL carrying A+B+C.
Want a fourth feature? Build an IBL for Feature D and
repeat.

The stepwise method keeps the breeding problem organized,
but the stacked traits still segregate after each outcross. To
keep population sizes sane, use backcrossing to the stacked
line, keep clones, progeny-test, and, where available, use
markers/lab tests. Without markers, larger F2s are needed
every time you add traits. You climb the staircase one stable

IBL at a time instead of trying to leap it all at once.

Your instinct to never juggle more than two units at once, to
build solid IBLs first, and to lean on big F2 populations, is
exactly the textbook logic — minus the lab markers the
academics use to find the combiners faster (marker-assisted
selection). You’re doing the same thing by eye and by
population size.



. Define every feature as a crisp, modular, measurable/

binary character.

. Pick two features, one from each of two strains. Never

chase more than two per cross.

. Self and select the extreme in each line; work down

several generations; backcross out of dead ends.

. Result: IBL-A and IBL-B, each breeding true.

. Cross — F1 (vigorous but not stable). Self the F1 -

F2.

. Select F2 plants showing both features. Grow the

biggest F2 you can — the payoff step, where inbreeding

depression disappears.

. Inbreed the combiners into a new A+B IBL.

. For a 3rd feature: build an IBL for it, repeat the F1 - F2

process against your A+B line. Recurse forever, two

units at a time.
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Weeding out variability: a proof-of-concept for producing
uniform F; hybrid Cannabis sativa L. using single-seed
descent

Lennard Garcia-de Heer

, Adam Burn, Matthew Nolan, Lei Liu<,

and Tobias Kretzschmar’

, Jos Mieog
Stephen Manansala-Siazon

Abstract

Cannabis sativa is a wind-pollinated, predominantly dioecious, and outcrossing crop associated with high levels of genetic
variability even within a single cultivar. As such, seed-grown crops are often constrained by variability issues, decreasing
production efficiency and product consistency. F; hybrid seed technology offers great potential to address these limitations
by generating genetically uniform populations from a cross of two inbred parental lines. In C. sativa, single-seed descent (SSD)
is currently the most viable method to produce these homozygous parental lines necessary for F, hybrid seed production. This
study exemplifies the potential of SSD coupled with chemically induced sex reversion to produce fully homozygous lines and
its subsequent application in creating five F, hybrid accessions. Up to six rounds of SSD were performed in an 18-month period
on 16 different lines, highlighting the speed of methodology. Inbreeding through XY males was most successful and offered
the greatest advantages of the lines assessed. The F; hybrid lines were statistically more uniform than the inbred or original
lines and more vigorous than the inbred lines, with F, lines increasing seed yield between 3.9% and 155% when compared
to their midparents indicating the potential to exploit heterosis. Chemotype stability was achieved in some F, hybrid lines,
showing that seed-grown cannabinoid crops would be possible in some contexts using F; hybrid methodology, paving the way
for the validation of this breeding technique in field settings and highlighting a path toward commercial hybrid seed systems
in C. sativa.




Use these as candidate characters. The best targets are ones you can score cleanly. Binary features are present/absent;

measurable features get a number or a fixed 1-5 scale. Pick crisp ones and define exactly how and when you’ll score them.

Growth habit & structure

Plant height at finish (cm) — measurable

Stretch ratio (flip to finish) — measurable
Internode spacing (cm) — measurable

Branching: single-cola vs. bushy — categorical
Apical dominance strength — measurable (1-5)
Stem girth / stalk thickness (mm) — measurable
Hollow vs. solid stem — binary

Stem rigidity / self-supporting — measurable (1-5)
Lateral branch strength — measurable (1-5)

Root vigor / clone rooting speed — measurable
Node stacking density at finish — measurable (1-5)

Leaf morphology

Leaflet count per fan leaf — measurable

Leaflet width: broad vs. narrow — categorical
Webbed / duck-foot leaf — binary

Petiole length (cm) — measurable

Leaf color (green saturation) — measurable (1-5)
Leaf-to-calyx ratio (trim load) — measurable (1-5)

Margin serration pattern — categorical
Color & pigment

Anthocyanin / purple in flower — binary or 1-5
Purple cold-dependence — binary

Pink / red pigment expression — binary

Stigma color: white/pink/orange/purple — categorical
Leaf variegation — binary

Sugar-leaf fall coloration — binary/1-5
Flower (bud) traits

Flower density / firmness — measurable (1-5)
Calyx-to-leaf ratio — measurable (1-5)

Bract (calyx) size — measurable

Avg. cola weight (g) — measurable

Bud shape: round/foxtail/spear — categorical
Foxtailing tendency — binary

Calyx swelling at maturity — measurable (1-5)

Trim difficulty — measurable (1-5)

LER]

Gland-head density — measurable (1-5)

Trichome stalk length — measurable

Gland head size / diameter — measurable

Head-to-stalk ratio (big heads, short stalks) — measurable
Head durability / shear resistance — measurable (1-5)
Wash yield / return (g per b, or %) — measurable

Melt grade of pressed rosin — measurable (1-6)
Trichome maturation uniformity — measurable (1-5)

Resin stickiness / tackiness — measurable (1-5)

Aroma & flavor (terpenes)

Total terpene % (lab) — measurable
Dominant terpene identity — categorical

Named-aroma presence: gas, citrus, pine, floral, fruit, cheese,
mint, choc/coffee, pepper, cream, sour, candy — binary each

Aroma intensity / loudness — measurable (1-5)
Cured flavor retention — measurable (1-5)

Rosin aroma stability over time — measurable (1-5)

Cannabinoids / chemotype

THC % (lab) — measurable

CBD % (lab) — measurable

Chemotype: Type I/ II/III — categorical
CBG % / CBG-dominant — measurable
THCYV presence — binary/measurable

Minor cannabinoids (CBC, CBN precursors) — binary/
measurable

Total cannabinoid potency — measurable

Flowering & timing

Days to harvest (flip to ripe) — measurable
Photoperiod vs. autoflower — binary

Autoflower: sprout-to-harvest days — measurable
Flowering uniformity (population) — measurable (1-5)
Onset speed after flip — measurable

Ripening uniformity (single plant) — measurable (1-5)



Sex & reproductive traits Resistance & resilience

Sex stability under stress — measurable (1-5) Powdery mildew resistance — measurable (1-5)
Ease of STS reversal — measurable (1-5) Botrytis (bud rot) resistance — measurable (1-5)
Pollen viability / fertility — measurable Russet / spider mite resistance — measurable (1-5)
Seed set per pollination — measurable Root aphid / pest tolerance — measurable (1-5)
Seed size & shell hardness — measurable Overwatering / root tolerance — measurable (1-5)
Germination rate / vigor — measurable Recovery after stress / topping — measurable (1-5)
Vigor, yield & efficiency Post-harvest
Total dried yield per plant (g) — measurable Cure quality / smoothness — measurable (1-5)
Yield per watt or per sq ft — measurable Ash color (white = clean burn) — measurable (1-5)
Flower-to-leaf biomass ratio — measurable (1-5) Shelf-life / aroma longevity — measurable
Dry-down weight retention — measurable Rosin press yield (% from flower) — measurable

Nutrient demand (light vs. heavy) — measurable (1-5)
Drought tolerance — measurable (1-5)
Heat tolerance — measurable (1-5)

Cold tolerance — measurable (1-5)

Gene Pyramiding — overview (ScienceDirect) * Gene Pyramiding Using Molecular Markers (eXtension Plant Breeding & Genomics) ¢ Optimized

breeding strategies for multiple trait integration (PMC)
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A Practical Guide to IBLs and True F1 Hybrids in
Cannabis

The Big Idea

True F1 hybrid cannabis seed is possible, but the difficult part is not making the F1 cross. The difficult part is
building the stable parent lines first.

Cannabis is naturally a wind-pollinated, outcrossing, highly heterozygous crop. Most seed lines contain a lot
of genetic variation, even when sold under a single cultivar name. That is why seed-grown cannabis often
shows variation in height, flowering time, sex expression, cannabinoid profile, yield, vigor, and resin traits.

The promise of true F1 hybrid breeding is that two highly inbred, genetically fixed parent lines can be
crossed to produce a uniform, vigorous, predictable seed crop. In theory, this gives the grower the
consistency of clones with the scale, cleanliness, and logistics of seed.

But in cannabis, the bottleneck is severe: making the inbred parent lines.

This guide explains what the recent research shows about making cannabis IBLs, what works, what fails,
and what breeders should realistically expect.

1. What Is an IBL in Cannabis?

An IBL, or inbred line, is a line that has been selfed or otherwise inbred for enough generations that most
loci have become homozygous. In practical breeding, the goal is not merely to call something “S4” or “S6.”
The goal is to create a line that breeds predictably because most of its important genetic variation has been
fixed.

In cannabis, this is harder than in self-pollinating crops because cannabis is naturally outcrossing. It does
not begin as a species adapted to repeated selfing. Most elite cannabis plants are heterozygous, and much
of their vigor, fertility, and “magic” may depend on heterozygosity.

That means an IBL in cannabis is usually not the final product. It is usually a parent line.

A good cannabis IBL may be less impressive than the original clone or population, but it can become
extremely valuable if it produces excellent F1 hybrids when crossed to the right partner.



2. Why Make IBLs at All?

The purpose of making IBLs is control.

With normal cannabis seed-making, two heterozygous parents are crossed. The offspring can be
interesting, but they are often variable. That kind of cross can be useful for hunting, exploring, or creating
breeding populations, but it does not necessarily produce a uniform production crop.

True F1 hybrid breeding is different. It uses two homozygous parent lines. Every F1 seed receives the same
fixed haplotypes from each parent, so the crop becomes much more uniform.

IBLs can help a breeder stabilize:

« flowering time

* sex expression

* plant architecture

« chemotype

* cannabinoid ratios

* seed yield

« fiber or biomass traits

+ disease responses

« terpene tendencies, if properly selected
+ hash-relevant traits, if properly screened

But the IBL itself is not always the commercial goal. The IBL is the machinery. The F1 is often the product.

3. Why Cannabis Makes IBL Work Difficult

Cannabis presents several problems that crops like tomato, rice, or wheat do not present in the same way.

Cannabis is naturally outcrossing
Because cannabis is normally outcrossed, many deleterious recessive alleles can remain hidden in

heterozygous form. When a breeder self-fertilizes the plant repeatedly, those alleles become homozygous
and begin to show themselves.

This is the classic problem of inbreeding depression.

Cannabis is usually dioecious

Many plants are either male or female. That makes selfing complicated. To self a female, the breeder must
induce male flowers. To self a male, the breeder must induce female flowers. Both are possible, but neither
is as simple as selfing a naturally bisexual flower.



Cannabis sex expression is plastic

Cannabis sex expression is influenced by genetics, hormones, photoperiod, environment, and stress. A
plant can be chromosomally XX but produce male flowers, or chromosomally XY but be induced to produce
female flowers. This plasticity is useful for breeding, but it also introduces risk.

A breeder may unintentionally select for plants that are too willing to produce intersex flowers.

Chemotype inheritance is not always simple

Major Type I, Type II, Type III, Type 1V, and Type V chemotypes can be treated as major breeding categories,
but real cannabinoid expression involves synthase genes, copy number, allelic variation, minor
cannabinoids, varin pathways, and polygenic modifiers.

A line can look fixed but still segregate chemically.

4. What Single-Seed Descent Does

Single-seed descent, or SSD, is a method of inbreeding where one seed from each generation is selected
and advanced. In cannabis, SSD can be combined with sex reversal to create repeated generations of self-
fertilization.

The logic is simple:

SO0 —S1—>S52—>S3—>54—>S5— 56

With each generation of selfing, heterozygosity declines. By around S5 or S6, a line may approach functional
homozygosity.

But in cannabis, generation number alone is not enough. An S6 line is not automatically stable.
Heterozygosity can decline unevenly, and important traits may remain unfixed. Genotyping and progeny

testing matter.

The paper used SNP testing to estimate heterozygosity and treated lines with less than 3% heterozygosity
as functionally homozygous. That is a much better standard than simply counting selfing generations.

5. The Main Limitation: Inbreeding Depression

The central warning from the research is that inbreeding depression is real in cannabis.



As lines were pushed through successive generations of selfing, the researchers observed:

+ abnormal flowers

* reduced fertility

* poor seed set

* reduced pollen performance

+ developmental irregularities

+ weaker performance in some lines

« greater difficulty advancing certain accessions

The problems became especially visible from about the fourth generation of selfing onward.

In one line, abnormal flowers increased sharply from the original generation to S6. These abnormalities
included flowers growing from unusual positions, mixed male/female organs, abnormal ovaries, abnormal
anthers, and malformed floral structures.

This matters because flower morphology is directly tied to fertility. If flowers become abnormal, seed
production becomes unreliable. If seed production becomes unreliable, maintaining the line becomes
expensive or impossible.

For breeders, the practical lesson is clear:
Do not assume every elite cannabis plant can be converted into a useful IBL.

Some lines will tolerate inbreeding. Some will collapse. Some will survive but become commercially useless.
Some will only become useful again when crossed into an F1.

6. IBLs Are Usually Not Production Plants

This is one of the most important lessons.

In self-pollinating crops, an inbred line may itself be a strong commercial cultivar. In cannabis, that is less
likely.

Cannabis IBLs may be:

* less vigorous

* less fertile

* more abnormal

* slower

* lower yielding

+ chemically narrower but not necessarily better
« useful mainly as parents

That does not make them failures. It just means their value is different.



A weak-looking IBL can still be valuable if it has fixed important traits and combines well with another IBL.
The breeder’s job is not just to make pretty inbreds. The breeder’s job is to make inbreds that produce
excellent hybrids.

7. Female-Side Inbreeding Is Useful but Risky

Many cannabis breeders focus on females because the commercial flower traits are female traits: resin,
bract density, cannabinoid profile, aroma, hash quality, and flower structure.

Female-side inbreeding is attractive because it lets the breeder work directly with the traits that matter in
cannabinoid and hash production.

But it has serious limitations.
To self a dioecious female, the breeder must induce male flowers. In the study, female-to-male reversal
often produced limited pollen, especially in later generations. This caused more failed attempts in female-

side dioecious inbreeding.

There is also a deeper breeding risk: if a breeder repeatedly selects females that can be induced to produce
male flowers, the breeder may also be selecting for sex instability. In a production cannabis crop, that can
become a serious problem.

The danger is not simply “herms happen.” The danger is that a breeding program may accidentally fix a
greater tendency toward spontaneous male flower production.

For cannabinoid flower and hash breeding, this is the central tension:

You want female lines that can be manipulated for breeding, but you do not want production plants that
express intersex traits under normal cultivation.

8. Male-Side Inbreeding May Be More Efficient
Than Expected

One of the most interesting findings is that inbreeding through XY males worked better than expected.

In the study, XY male-side inbreeding had several advantages:

« faster developmental timeline

* better pollen viability

* lower failure rate

* maintained fertility more reliably



* greater end-use flexibility
« ability to produce both XX and XY offspring

This challenges the instinct of many cannabis breeders, who often treat the female as the real breeding
object and the male as secondary.

For true F1 seed systems, the male side may be a better technical route for making inbred lines, especially
where the target traits can be evaluated, marked, or recovered in hybrid progeny.

That does not mean male-side breeding replaces female selection. It means the most efficient route to
parent-line development may not always begin with the most impressive female clone.

9. Monoecious Lines Are Easier to Inbreed

Monoecious lines, especially those that naturally produce both male and female flowers, are easier to work
with because they may not require chemical sex reversal every generation.

The study found that monoecious lines were generally easier to advance than dioecious female lines. They
avoided some of the pollen problems associated with reversing females.

But monoecious lines also come with tradeoffs.

They may be less relevant to drug-type flower production if the end goal is seedless female flowers. They
may also carry sex-expression traits that need careful management. A line that is convenient for breeding
may not be ideal for commercial cannabinoid production unless its sex expression is tightly controlled.

Still, for seed, fiber, grain, or parent-line development, monoecious material can be extremely useful.

10. Sex Expression Can Be Fixed, But It Is
Complicated

The paper found that inbreeding could reduce variability in male-to-female flower ratios. That suggests sex
expression has a strong genetic component and can be stabilized.

This has practical value.

For hempseed production, a breeder may want a predictable ratio of male to female flowers to optimize
pollination and seed set. For cannabinoid production, a breeder may want to suppress male flower
formation as much as possible.



However, cannabis sex expression is not controlled by one simple switch. It involves sex chromosomes,
hormones, environmental signals, and genetic modifiers.

The study observed extreme examples of sex-expression plasticity, including XX plants with all male flowers
and XY plants with all female flowers. That is both powerful and dangerous.

For breeders, the lesson is:
Sex expression is selectable, but it must be stress-tested.

Do not evaluate sex stability only under ideal conditions. A line that behaves under perfect conditions may
fail under production stress, light leaks, crowding, nutrient shifts, heat, drought, or hormonal disturbance.

11. S6 Does Not Automatically Mean Stable

A common mistake is to treat generation number as proof of stability.
S1is not stable. S2 is not stable. S3 is not stable. Even S6 may not be fully stable for every trait.

The study showed that heterozygosity declined unevenly across lines. Some lines became functionally
homozygous. Others did not progress cleanly. Some had remaining variation that mattered.

This is especially important for cannabinoid and terpene traits. A plant may appear morphologically fixed
while still carrying segregating chemistry.

A real IBL program should include:

* repeated phenotyping

* progeny testing

* chemotype testing

* sex-expression testing

* vigor testing

« fertility testing

+ and, ideally, marker-based genotyping

Without that, “IBL" is more of a marketing term than a breeding reality.



12. Cannabinoid Uniformity Is Possible, But Not
Automatic

The study found that some F1 hybrids produced cannabinoid profiles that were uniform enough to meet a
strict medicinal tolerance standard. But not all did.

This is very important.

The F1 method improved uniformity, but it did not automatically stabilize cannabinoid chemistry. Some
hybrids still showed chemical segregation or subpopulations.

The unstable hybrids often came from parents of different chemotypes, such as Type I crossed to Type III or
Type I crossed to Type V. That suggests that parental chemotype matching is critical.

For cannabinoid production, the breeder should not assume that two homozygous parents will
automatically create a chemically uniform F1. The parent lines must be carefully matched for the
cannabinoid pathway.

A practical rule:
The more different the parental chemotypes, the more careful the breeder must be.

Crossing a THC-dominant line to a CBD-dominant line may be useful for exploration, but it is not
automatically a route to uniform production seed. Marker-assisted selection will likely be necessary for
serious cannabinoid seed systems.

13. F1 Hybrids Show Promise, But Not Every Cross
Wins

The F1 hybrids in the study were generally more uniform and often showed heterosis compared with their
inbred parents.

That is the expected benefit of F1 breeding.

But the F1s did not always outperform the original open-pollinated populations. This is important. Original
cannabis populations are often already heterozygous and vigorous. A true F1 has to beat not only weak
inbred parents, but also the highly heterozygous seedlines and clones already in production.

Some F1s showed better seed yield and uniformity. Others were less impressive.

The conclusion is simple:



Homozygosity creates the possibility of a good F1. It does not guarantee one.
The breeder still has to test combining ability.

Some parent pairs will click. Others will not. A strong IBL is not just a line with good traits. It is a line that
makes strong offspring when crossed to the right partner.

14. What This Means for Hash and Flower Breeding

For high-end flower and hash work, the implications are especially important.
Elite hash plants often depend on complex trait combinations:

+ gland head size

« stalk architecture

* trichome density

* resin membrane behavior
* resin greasiness or brittleness
+ wash release

* melt quality

* terpene profile

« flower architecture

* maturation timing

+ yield

* cannabinoid profile

Many of these traits may be polygenic. Some may be highly sensitive to environment. Some may depend on
heterozygosity.

When an elite clone is selfed repeatedly, some of the magic may disappear. That does not mean the project
failed. It means the clone may have been valuable because of a heterozygous combination that cannot be
fixed whole.

The better strategy may be to break the plant into components:

« fix one parent for resin quality

« fix another for structure or yield

« fix another for maturity or field behavior

* test F1s for restored vigor and combined performance

For hash breeding, the F1 may be where the magic returns.



15. Practical Breeding Lessons

Lesson 1: Start with more lines than you think you need

Some lines will fail. Some will lose fertility. Some will become abnormal. Some will not produce enough
seed. Some will not become useful parents.

Do not build an IBL program around one favorite plant.

Lesson 2: Select for vigor every generation

The study advanced the most vigorous individuals each generation. That likely helped prevent total collapse
from inbreeding depression.

Without selection, selfing cannabis can quickly expose weak plants.

Lesson 3: Track fertility, not just morphology

A plant can look acceptable but fail as a parent. Pollen quantity, pollen viability, seed set, and germination
rate matter.

Lesson 4: Watch sex expression closely

Intersex tendency is not a side issue. It is central. Especially in female-side IBL work, the breeder must avoid
fixing unwanted sex instability.

Lesson 5: Use genotyping if possible

Generation number is not enough. If a line matters, test it.

Lesson 6: Do not expect IBLs to be beautiful

The IBL is often a tool. Judge it by what it fixes and what it produces in hybrids.

Lesson 7: Test combining ability

The real value of an IBL may only appear when crossed.

Lesson 8: Match chemotypes carefully

For uniform cannabinoid production, parent selection must be precise. Type I x Type III or Type I x Type V
crosses may produce interesting plants, but they may not produce uniform production seed without deeper
selection.
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Lesson 9: Field-test the F1

Controlled-environment success is not enough. F1s need to be tested under the conditions where they will
actually be grown.

Lesson 10: Think long-term

IBL/F1 breeding is not the fastest route to a hype cultivar. It is the route to repeatability, seed-scale
production, and long-term control.

16. Best Use Cases for Cannabis IBLs

IBL/F1 breeding is especially useful for:

+ seed-grown medicinal crops

* hempseed production

« fiber hemp

+ uniform field-scale cultivation

* research populations

* mapping traits

* stabilizing sex-expression patterns

* making predictable F1 production seed
« developing proprietary parent lines

* creating repeatable commercial hybrids

It is less immediately useful for:
+ quick clone-based hype releases
* preserving a one-off elite clone exactly as-is
+ small-batch pheno hunting

* highly polygenic aroma or hash traits without large population testing
* production systems where clones already solve uniformity better

17. The Breeder’s Bottom Line

Making cannabis IBLs is possible, but it is not simple.
The process exposes the biological reality of the plant: cannabis is an outcrossing species with flexible sex
expression, high heterozygosity, and complex chemistry. It can be forced into an IBL/F1 system, but not

without losses, failures, and careful selection.

The best way to think about IBLs is not as finished strains, but as breeding infrastructure.
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An IBL is a fixed tool.

An F1 is the product of that tool.

The test of the IBL is not how impressive it looks alone.
The test is what it produces when crossed.

For cannabis breeders, especially those working in flower and hash, the lesson is both encouraging and
humbling:

True F1 seed systems are within reach, but they require real breeding. Not just pollen chucking, not just
repeated selfing, and not just calling something S6. They require parent-line development, fertility
screening, sex-expression control, chemotype testing, and combining-ability trials.

Cannabis F1 breeding can work. But the hard part is earning the parents.
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